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Abstract 

1.1 Background 

NICE public health guidance 47 recommended screening for obesity-associated co-

morbidities in children attending community weight management services to identify 

those at risk, and provide support/treatment to minimise future complications. 

1.2 Aim 

Assess the feasibility of developing a screening programme for obesity-associated 

co-morbidities in children. 

1.3 Methods 

The programme of work consisted of three stages based on the National Screening 

Committee’s criteria: 

1. A systematic review and meta-analyses of observational studies to determine the 

prevalence ratios of co-morbidities in children who were overweight and obese, 

relative to those of a healthy weight using a random effects model. 

2. Results were presented to a panel of health professionals and researchers, and a 

separate panel of service users to obtain consensus on co-morbidities and 

screening methods for the proposed screening programme. 

3. Feasibility of the proposed screening programme was assessed via thematic 

analysis of the transcripts from consensus meetings with the health professionals 

and researchers. 

1.4 Results 

1. Twenty-six co-morbidities from 162 studies including 1,801,388 children were 

identified.  Prevalence ratios ranged from 1.4 (diabetes) to 58.0 (metabolic 

syndrome) for children with obesity, and 1.2 to 15.8, respectively, for children who 

are overweight, relative to those of a healthy weight. 

2. Consensus was achieved for the screening of five co-morbidities, 

hyperglycaemia, hypertension, obstructive sleep apnoea, depression and anxiety. 

However, consensus for screening methods was not achieved. 
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3. Thematic analysis identified concerns regarding the appropriateness of screening 

for the co-morbidities, relating to acceptability of screening methods and impact of 

the screening programme. 

1.5 Conclusions 

Although screening for five co-morbidities was deemed important, further work is 

required to explore costs and benefits of a screening programme in line with 

National Screening Committee criteria with regards to screening methods, treatment 

and the practicalities of implementing a screening programme.  



- Page v - 
 

    

Table of Contents 

Declaration _________________________________________________________ i 

Acknowledgements __________________________________________________ ii 

Abstract ___________________________________________________________ iii 

1.1 Background _________________________________________________________ iii 

1.2 Aim ________________________________________________________________ iii 

1.3 Methods ____________________________________________________________ iii 

1.4 Results _____________________________________________________________ iii 

1.5 Conclusions _________________________________________________________ iv 

List of Tables ______________________________________________________ xiii 

List of Figures _____________________________________________________ xiv 

List of Boxes ______________________________________________________ xvii 

Chapter 1: Thesis Overview ____________________________________________ 1 

1.1 Introduction to Thesis _________________________________________________ 1 

Chapter 2: Background to Obesity and Screening Programme Development _______________ 1 

Chapters 3 and 4: Systematic Review and Meta-Analyses of Obesity-Associated Co-morbidities 1 

Chapter 5: Consensus on Co-morbidities and Screening Methods for the Proposed Screening 

Programme ___________________________________________________________________ 2 

Chapter 6: Expert Opinion on the Feasibility of the Proposed Screening Programme _________ 2 

Chapter 7: General Discussion and Conclusion _______________________________________ 2 

Chapter 2: Background to Obesity and Screening Programme Development _____ 3 

2.1 Introduction _________________________________________________________ 3 

2.2 Introduction to Overweight and Obesity __________________________________ 3 

2.2.1 Rise in the Prevalence of Childhood Obesity_____________________________________ 4 

Prevalence of Child Obesity in England ___________________________________________ 4 

2.2.2 Definition of Overweight and Obesity in Adults versus Children _____________________ 6 

2.2.3 Aetiology and Risk Factors for Overweight/Obesity _______________________________ 6 

Obesity as a disease __________________________________________________________ 8 

2.2.4 Implications of Obesity _____________________________________________________ 9 

Implications for the Individual __________________________________________________ 9 



- Page vi - 
 

    

Societal and economic burden of obesity ________________________________________ 10 

2.3 NICE Recommendation: Screening for Obesity-associated Co-morbidities in Children 

attending Community Weight Management Services __________________________ 12 

2.4 Introduction of Population Screening ___________________________________ 14 

2.4.1 Definition of Screening _____________________________________________________ 14 

2.4.2 History of Screening Programmes ____________________________________________ 15 

2.4.3 Appraising the appropriateness of a Proposed Screening Programme _______________ 16 

The Condition: Obesity-associated co-morbidities in children ________________________ 17 

The Test: Obesity-associated co-morbidities in children _____________________________ 18 

The Treatment: Obesity-associated co-morbidities in children _______________________ 20 

The Screening Programme ____________________________________________________ 24 

2.5 Overview of Programme of Work _______________________________________ 26 

2.5.1 Aim and objectives of the PhD _______________________________________________ 26 

2.6 Summary and Subsequent Thesis Chapters _______________________________ 27 

Chapter 3: Systematic Review and Meta-Analyses of Obesity-associated Co-

morbidities ________________________________________________________ 29 

3.1 Introduction to Systematic Review and Meta-Analyses _____________________ 29 

3.2 Systematic Review and Meta-Analyses __________________________________ 29 

3.2.1 Background to Systematic Reviews ___________________________________________ 29 

Justification for a Systematic Review Childhood Obesity-Related Co-morbidities _________ 30 

3.2.2 Background to Meta-analyses _______________________________________________ 30 

Justification for Meta-analyses of comorbidities ___________________________________ 31 

3.3 Aim _______________________________________________________________ 31 

3.4 Methodological Considerations ________________________________________ 32 

3.4.1 Study Design _____________________________________________________________ 32 

3.4.2 Weight Measurement _____________________________________________________ 32 

3.4.3 Co-morbidity Measurement ________________________________________________ 33 

3.4.4 Prevalence ______________________________________________________________ 33 

3.4.5 Prevalence Ratio __________________________________________________________ 33 

3.4.6 Quality Appraisal of Studies _________________________________________________ 34 

Criterion 1: Number of Domains _______________________________________________ 34 

Criterion 2: Specific as Possible ________________________________________________ 35 

Criterion 3: Checklist rather than a Scale _________________________________________ 36 

Criterion 4: Evidence of Careful Development and their Validity and Reliability __________ 37 



- Page vii - 
 

    

Summary of Quality Tool Appraisal _____________________________________________ 37 

3.4.7 Meta-Analyses ___________________________________________________________ 38 

Summary Effect Models ______________________________________________________ 38 

3.5 Methods ___________________________________________________________ 38 

3.5.1 Stage 1 Methods _________________________________________________________ 39 

Stage 1 Study Eligibility _______________________________________________________ 39 

Search Strategy and Data Sources ______________________________________________ 40 

Title Abstract Review and Full-Text Review _______________________________________ 41 

Data Extraction _____________________________________________________________ 41 

Quality Appraisal ____________________________________________________________ 42 

Stage 1 Data Analysis ________________________________________________________ 42 

3.5.2 Stage 2 Methods _________________________________________________________ 42 

Stage 2 Study Eligibility _______________________________________________________ 43 

Stage 2 Data Analysis ________________________________________________________ 43 

Meta-Analyses______________________________________________________________ 45 

Potential Reasons for Heterogeneity ____________________________________________ 46 

3.6 Results ____________________________________________________________ 46 

3.6.1 Stage 1 Results ___________________________________________________________ 46 

Study Characteristics ________________________________________________________ 46 

3.6.2 Stage 2 Results ___________________________________________________________ 48 

Study Characteristics ________________________________________________________ 48 

Study Quality _______________________________________________________________ 49 

Co-morbidities excluded from Stage 2 ___________________________________________ 55 

Co-morbidities included in Stage 2______________________________________________ 56 

3.7 Chapter Summary ___________________________________________________ 59 

Chapter 4: Results of the Systematic Review and Meta-Analyses _____________ 60 

4.1 Introduction ________________________________________________________ 60 

4.2 Results ____________________________________________________________ 60 

4.2.1 Hyperglycaemia __________________________________________________________ 60 

Fasting Plasma Glucose _______________________________________________________ 61 

Oral Glucose Tolerance Test ___________________________________________________ 65 

Insulin Resistance ___________________________________________________________ 66 

4.2.2 Dyslipidaemia ____________________________________________________________ 68 

High Total Cholesterol: _______________________________________________________ 68 

Low High Density Lipoprotein (HDL) Cholesterol ___________________________________ 72 



- Page viii - 
 

    

High Low Density Lipoprotein (LDL) Cholesterol ___________________________________ 76 

High Triglycerides ___________________________________________________________ 79 

4.2.3 High Blood Pressure _______________________________________________________ 83 

4.2.4 Metabolic Syndrome ______________________________________________________ 92 

Metabolic syndrome according to Cook et al. _____________________________________ 93 

Metabolic syndrome according to de Ferranti ____________________________________ 96 

Metabolic syndrome according to the International Diabetes Federation (IDF) __________ 98 

Metabolic syndrome according to NCEP ________________________________________ 102 

4.2.5 Non-Alcoholic Fatty Liver Disease ___________________________________________ 106 

NAFLD screened by ultrasound _______________________________________________ 106 

NAFLD screened by AST and ALT ______________________________________________ 110 

4.2.6 Asthma ________________________________________________________________ 111 

4.2.7 Less Established Co-morbidities ____________________________________________ 114 

Exercise Induced Wheeze/Cough ______________________________________________ 114 

Flat foot __________________________________________________________________ 115 

Carotid Intima-Media Thickness _______________________________________________ 118 

Elevated Uric Acid __________________________________________________________ 118 

Gallstones ________________________________________________________________ 119 

High C-Reactive Protein _____________________________________________________ 121 

Traumatic Dental Injuries ____________________________________________________ 121 

Anxiety ___________________________________________________________________ 123 

Depression________________________________________________________________ 123 

Low Self-Esteem ___________________________________________________________ 123 

4.2.8 Overview of Prevalence Ratios _____________________________________________ 125 

4.3 Discussion ________________________________________________________ 127 

4.3.1 Summary of Findings _____________________________________________________ 127 

4.3.2 Previous Systematic Reviews _______________________________________________ 127 

4.3.3 Between-study Heterogeneity ______________________________________________ 128 

Differences in Terminology and Definition ______________________________________ 128 

Differences in Sample Size and Weight Status Group Sizes _________________________ 128 

Geographical Variation ______________________________________________________ 129 

Differences in Ethnicity ______________________________________________________ 129 

Gender Differences _________________________________________________________ 130 

Socioeconomic Status _______________________________________________________ 130 

Quality Appraisal ___________________________________________________________ 130 

Control of potential confounders ______________________________________________ 131 

4.3.4 Implications for the proposed screening programme ___________________________ 131 

The Conditions (Co-morbidities) ______________________________________________ 131 



- Page ix - 
 

    

The Screening Tests ________________________________________________________ 132 

4.3.5 Strengths and Limitations _________________________________________________ 134 

4.4 Conclusions _______________________________________________________ 135 

Chapter 5: Consensus on Co-morbidities and Screening Methods for the Proposed 

Screening Programme ______________________________________________ 136 

5.1 Introduction _______________________________________________________ 136 

5.1.1 Justification for Consensus Methods _________________________________________ 136 

5.2 Aim ______________________________________________________________ 137 

5.3 Methodological Considerations _______________________________________ 137 

5.3.1 Informal versus Formal Consensus Methods __________________________________ 137 

5.3.2 Overview of Formal Consensus Methods _____________________________________ 138 

Delphi Method ____________________________________________________________ 139 

Nominal Group Technique (NGT) ______________________________________________ 141 

RAND/UCLA Appropriateness Method (RAM) ____________________________________ 144 

National Institutes of Health (NIH) Consensus Development Conference (CDC) _________ 146 

5.3.3 Enhancing the validity and reliability of Consensus Methods _____________________ 148 

Validity ___________________________________________________________________ 148 

Reliability _________________________________________________________________ 149 

5.3.4 Integration of scientific evidence ___________________________________________ 149 

5.3.5 Expert Group ___________________________________________________________ 149 

5.3.6 Service User Group _______________________________________________________ 151 

5.3.7 Opportunity to privately re-rate initial ratings _________________________________ 152 

5.3.8 Pre-determined definition of consensus ______________________________________ 152 

5.3.9 Summary of Methodological Considerations and chosen Consensus Methods _______ 153 

5.4 Methods __________________________________________________________ 155 

5.4.1 Design _________________________________________________________________ 155 

Stage 1: Pre-meeting Questionnaire ___________________________________________ 156 

Stage 2: Service User Focus Group _____________________________________________ 156 

Stage 3: Face-to-Face Meeting ________________________________________________ 156 

Stage 4: Post-Meeting Questionnaire __________________________________________ 156 

5.4.2 Participants _____________________________________________________________ 157 

Expert Panel ______________________________________________________________ 157 

Service User Panel __________________________________________________________ 157 

5.4.3 Cycle 1: Consensus on Co-morbidities ________________________________________ 159 

Stage 1: Expert Panel Pre-meeting Questionnaire ________________________________ 159 



- Page x - 
 

    

Stage 2: Service User Panel Meeting ___________________________________________ 160 

Stage 3: Expert Panel Meeting ________________________________________________ 161 

Stage 4: Expert Panel Post-meeting questionnaire ________________________________ 162 

5.4.4 Acceptability of Blood Tests: a sub-Study _____________________________________ 162 

5.4.5 Cycle 2: Consensus on Screening Methods ____________________________________ 163 

5.5 Data Analysis ______________________________________________________ 163 

5.5.1 Quantitative Analysis for Pre- and Post-Meeting Questionnaires __________________ 163 

5.6 Results ___________________________________________________________ 164 

5.6.1 Participants _____________________________________________________________ 164 

Expert Panel ______________________________________________________________ 164 

Service User Panel __________________________________________________________ 165 

5.6.2 Cycle 1: Consensus on Co-morbidities ________________________________________ 165 

5.6.3 Acceptability of Blood Tests: a sub-Study _____________________________________ 167 

Results of Staff Member Questionnaire _________________________________________ 167 

Results of Service User Questionnaire __________________________________________ 168 

5.6.4 Cycle 2: Consensus on Screening Methods ____________________________________ 168 

5.7 Discussion ________________________________________________________ 170 

5.7.1 Summary of Findings _____________________________________________________ 170 

5.7.2 Cycle 1: Co-Morbidities ___________________________________________________ 175 

5.7.3 Cycle 2: Screening Methods ________________________________________________ 177 

5.7.4 Implications of the Results _________________________________________________ 178 

Co-morbidities _____________________________________________________________ 178 

Screening Tests ____________________________________________________________ 179 

5.7.5 Strengths and Limitations _________________________________________________ 180 

5.7.6 Future Research _________________________________________________________ 181 

5.8 Conclusion ________________________________________________________ 182 

Chapter 6: Expert Opinion on the Feasibility of the Proposed Screening Programme

 _________________________________________________________________ 183 

6.1 Introduction _______________________________________________________ 183 

6.2 Background to Thematic Analysis ______________________________________ 184 

6.2.1 Strengths and Limitations of Thematic Analysis ________________________________ 185 

6.3 Aim ______________________________________________________________ 185 

6.4 Analytical Considerations ____________________________________________ 185 

6.4.1 Credibility ______________________________________________________________ 186 



- Page xi - 
 

    

6.4.2 Transferability___________________________________________________________ 187 

6.4.3 Dependability ___________________________________________________________ 187 

6.4.4 Confirmability ___________________________________________________________ 187 

6.4.5 Considerations Specific to Thematic Analysis __________________________________ 188 

Inductive versus Deductive analysis ____________________________________________ 188 

Semantic versus Latent themes _______________________________________________ 189 

Essentialist versus Constructionist Approach ____________________________________ 189 

6.5 Method __________________________________________________________ 190 

6.5.1 Six-Stage Framework of Thematic Analysis ____________________________________ 191 

Stage 1: Familiarisation with data _____________________________________________ 191 

Stage 2: Coding data ________________________________________________________ 191 

Stage 3: Search for themes ___________________________________________________ 192 

Stage 4: Review themes: _____________________________________________________ 192 

Stage 5: Define Themes _____________________________________________________ 193 

Stage 6: Producing the report ________________________________________________ 193 

6.6 Analysis __________________________________________________________ 193 

6.7 Summary of the National Screening Committee Criteria ___________________ 195 

6.8 Results ___________________________________________________________ 195 

Theme 1: Appropriateness of the Co-morbidity ____________________________________ 197 

Sub-Theme 1.1: Co-morbidity Prevalence vs Impact _______________________________ 197 

Sub-Theme 1.2: Treatment Guidelines _________________________________________ 200 

Theme 2: Suitability/Acceptability of the Screening Measure _________________________ 202 

Sub-Theme 2.1: Accuracy of the measure _______________________________________ 203 

Sub-Theme 2.2: Staff Training ________________________________________________ 204 

Theme 3: Impact of the Screening Programme _____________________________________ 206 

Sub-Theme 3.1: Impact to Child _______________________________________________ 206 

Sub-Theme 3.2: What is the GP’s Role? _________________________________________ 208 

6.9 Discussion ________________________________________________________ 209 

6.9.1 Summary of Findings _____________________________________________________ 209 

6.9.2 Strengths and Limitations _________________________________________________ 212 

6.9.3 Implications of the Results _________________________________________________ 214 

6.9.4 Future Research _________________________________________________________ 215 

6.10 Conclusion _______________________________________________________ 217 

Chapter 7: General Discussion and Conclusion ___________________________ 218 

7.1 Introduction _______________________________________________________ 218 



- Page xii - 
 

    

7.2 Summary of Findings ________________________________________________ 219 

7.2.1 Phase 1: Systematic Review and Meta-Analyses _______________________________ 219 

7.2.2 Phase 2: Consensus Study _________________________________________________ 220 

7.2.3 Phase 3: Thematic Analyses ________________________________________________ 221 

7.3 Strengths and Limitations ____________________________________________ 222 

7.4 Implications for Research ____________________________________________ 225 

7.5 Implications for Practice _____________________________________________ 225 

7.6 Conclusions _______________________________________________________ 226 

References ________________________________________________________ 227 

Appendices _______________________________________________________ 267 

Appendix 1: Medline Search Strategy _____________________________________ 267 

Appendix 2: Data Extraction Form ________________________________________ 273 

Appendix 3: Blood Test Acceptability Questionnaires _________________________ 278 

 

  



- Page xiii - 
 

    

List of Tables 

Table 1: Classification of body weight in adults and children adapted from Hruby and Hu (2015) ___ 6 

Table 2: 2x2 table depicting the accuracy of a screening test _______________________________ 20 

Table 3: Sanderson et al.’s domains addressed by the Newcastle-Ottawa Scale and Critical Appraisal 

Checklist _________________________________________________________________________ 35 

Table 4: List of co-morbidities identified via the systematic review ___________________________ 47 

Table 5: Summary of studies included in meta-analyses ___________________________________ 49 

Table 6: Critical Appraisal Checklist responses for the 45 studies ____________________________ 51 

Table 7: Co-morbidities/indicators excluded from the systematic review ______________________ 55 

Table 8: Estimated prevalence per 1000 children in each weight status _______________________ 57 

Table 9: Summary of studies reporting prevalence data for Hyperglycaemia (Fasting Plasma Glucose 

≥100mg/dL) ______________________________________________________________________ 62 

Table 10: Summary of studies reporting prevalence data for Hyperglycaemia (Oral Glucose Tolerance 

Test ≥200mg/dl) ___________________________________________________________________ 67 

Table 11: Summary of studies reporting prevalence data for Hyperglycaemia (Insulin Resistance 

>3.16) ___________________________________________________________________________ 67 

Table 12: Summary of studies reporting prevalence of High Total Cholesterol (≥200mg/dL) _______ 69 

Table 13: Summary of studies reporting prevalence data for Low HDL Cholesterol ______________ 74 

Table 14: Summary of studies reporting prevalence data for High LDL Cholesterol (≥130mg/dL)) __ 77 

Table 15: Summary of studies reporting prevalence data for High Triglycerides (≥150mg/dL) _____ 80 

Table 16: Summary of prevalence ratios by definition of High Blood Pressure __________________ 83 

Table 17: Summary of studies reporting prevalence data for High Blood Pressure _______________ 85 

Table 18: Definitions of Metabolic Syndrome ____________________________________________ 92 

Table 19: Summary of studies reporting prevalence data for Metabolic Syndrome (Cook et al.) ____ 94 

Table 20: Summary of studies reporting prevalence data for Metabolic Syndrome (de Ferranti, et al., 

2004) ____________________________________________________________________________ 97 

Table 21: Summary of studies reporting prevalence data for Metabolic Syndrome (International 

Diabetes Federation) _______________________________________________________________ 99 

Table 22: Summary of studies reporting prevalence data for Metabolic Syndrome (NCEP) _______ 103 

Table 23: Comparing prevalence based on two definitions of Metabolic Syndrome _____________ 106 

Table 24: Summary of studies reporting prevalence data for NAFLD (ultrasound) ______________ 107 

Table 25: Summary of studies reporting prevalence data for NAFLD (AST and ALT) _____________ 112 

Table 26: Summary of studies reporting prevalence data for Asthma (self-report) _____________ 112 

Table 27: Summary of studies reporting prevalence data for Exercise Induced Wheeze/Cough (self-

report) __________________________________________________________________________ 116 

Table 28: Summary of studies reporting prevalence data for Flat foot (physical examination) ____ 116 

Table 29: Summary of studies reporting prevalence data for Carotid-Intima Media Thickness (Carotid 

ultrasonography) _________________________________________________________________ 120 



- Page xiv - 
 

    

Table 30: Summary of studies reporting prevalence data for Elevated Uric Acid (≥7mg/dL) ______ 120 

Table 31: Summary of studies reporting prevalence data for Gallstones (patient records) _______ 120 

Table 32: Summary of studies reporting prevalence data for High C-Reactive Protein (≥3mg/L) ___ 122 

Table 33: Summary of studies reporting prevalence data for Traumatic Dental Injuries (physical 

examination) _____________________________________________________________________ 122 

Table 34: Summary of studies reporting prevalence data for Anxiety (self-report), Depression (self-

report), and Low Self-Esteem (self-report) _____________________________________________ 124 

Table 35: Summary of the combined estimates of the prevalence ratios (95% confidence intervals) for 

co-morbidities in overweight groups and obese groups, relative to healthy weight _____________ 125 

Table 36: Comparison of the consensus methods against key criteria ________________________ 154 

Table 37: Participant eligibility criteria ________________________________________________ 159 

Table 38: Example data to demonstrate calculating the disagreement index __________________ 163 

Table 39: Summary of results for cycle 1 - co-morbidities _________________________________ 166 

Table 40: Summary of results for Cycle 2 – Screening Methods _____________________________ 171 

Table 41: The expert panel members' roles and the code assigned to them ___________________ 190 

Table 42: Example of the codes identified in the text _____________________________________ 194 

Table 43: Summary of the National Screening Committee's criteria _________________________ 195 

 

List of Figures 

Figure 1: Worldwide obesity levels in adults ______________________________________________ 4 

Figure 2: Stages of the PhD to address NSC criteria for developing a screening programme _______ 27 

Figure 3: 2x2 prevalence table and prevalence ratio calculation _____________________________ 34 

Figure 4: Subject groups for the search strategy __________________________________________ 41 

Figure 5: Example funnel plot using fictitious data ________________________________________ 44 

Figure 6: Stage 1: systematic review flowchart ___________________________________________ 47 

Figure 7: Eligible studies based on the additional eligibility criteria ___________________________ 49 

Figure 8: Overview of Hyperglycaemia and screening methods (X: number of studies; N: number of 

participants) ______________________________________________________________________ 60 

Figure 9: Funnel plot showing prevalence of High Fasting Plasma Glucose per 1000 population ___ 63 

Figure 10: Forest plot of prevalence ratio for overweight relative to healthy weight, children for High 

Fasting Plasma Glucose _____________________________________________________________ 64 

Figure 11: Forest plot of prevalence ratio for obese relative to healthy weight, children for High 

Fasting Plasma Glucose _____________________________________________________________ 64 

Figure 12: Overview of studies of Dyslipidaemia (X: number of studies; N: number of participants) 

(number of studies is higher as some reported data for multiple lipid profiles) _________________ 68 

Figure 13: Funnel plot showing prevalence of High Total Cholesterol per 1000 population ________ 70 



- Page xv - 
 

    

Figure 14: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for High 

Total Cholesterol ___________________________________________________________________ 70 

Figure 15: Forest plot of prevalence ratio for obese, relative to healthy weight, children for High Total 

Cholesterol _______________________________________________________________________ 71 

Figure 16: Funnel plot showing prevalence of Low HDL Cholesterol (≤40mg/dL) per 1000 population 73 

Figure 17: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for Low 

HDL Cholesterol (<40mg/dL) _________________________________________________________ 75 

Figure 18: Forest plot of prevalence ratio for obese, relative to healthy weight, children for Low HDL 

Cholesterol (<40mg/dL) _____________________________________________________________ 75 

Figure 19: Prevalence of low HDL cholesterol, restricted to studies conducted in China ___________ 76 

Figure 20: Funnel plot showing prevalence of High LDL Cholesterol per 1000 population _________ 77 

Figure 21: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for High 

LDL Cholesterol (≥130mg/dL) _________________________________________________________ 78 

Figure 22: Forest plot of prevalence ratio for obese, relative to healthy weight, children for High LDL 

Cholesterol (≥130mg/dL) ____________________________________________________________ 78 

Figure 23: Funnel plot showing prevalence of High Triglycerides per 1000 population, excluding 

Tandon et al. (2013) ________________________________________________________________ 81 

Figure 24: Forest plot of prevalence ratios for overweight, relative to healthy weight, children for High 

Triglycerides (≥150mg/dL) ___________________________________________________________ 81 

Figure 25: Forest plot of prevalence ratios for obese, relative to healthy weight, children for High 

Triglycerides (≥150mg/dL) ___________________________________________________________ 82 

Figure 26: Overview of High Blood Pressure and the three cut-offs used in the studies (X: number of 

studies; N: number of participants) (number of studies is higher as some studies reported the 

prevalence across multiple cut-offs) ___________________________________________________ 83 

Figure 27: Funnel plot showing prevalence of High Blood Pressure per 1000 population __________ 84 

Figure 28: Funnel plot showing prevalence of High Blood Pressure per 1000 population, truncated x-

axis _____________________________________________________________________________ 88 

Figure 29: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for High 

Blood Pressure ____________________________________________________________________ 89 

Figure 30: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for High 

Blood Pressure ____________________________________________________________________ 90 

Figure 31: Prevalence of High Blood Pressure (≥95th Percentile), reported by Dyson et al. (2014) __ 91 

Figure 32: Overview of Metabolic Syndrome and the four definitions (X: number of studies; N: number 

of participants) (number of studies is higher as some studies reported the prevalence across multiple 

screening methods) ________________________________________________________________ 93 

Figure 33: Funnel plot showing prevalence of Metabolic Syndrome (Cook et al.) per 1000 population

 ________________________________________________________________________________ 94 



- Page xvi - 
 

    

Figure 34: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for 

Metabolic Syndrome (Cook et al. 2003) _________________________________________________ 95 

Figure 35: Forest plot of prevalence ratio for obese, relative to healthy weight, children for Metabolic 

Syndrome (Cook et al. 2003) _________________________________________________________ 95 

Figure 36: Prevalence of Metabolic Syndrome (Cook et al.) by age sub-groups _________________ 96 

Figure 37: Funnel plot showing prevalence of Metabolic Syndrome (IDF) per 1000 population ____ 100 

Figure 38: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for 

Metabolic Syndrome (IDF 2007) _____________________________________________________ 100 

Figure 39: Forest plot of prevalence ratio for obese, relative to healthy weight, children for Metabolic 

Syndrome (IDF 2007) ______________________________________________________________ 101 

Figure 40: Prevalence of Metabolic Syndrome (IDF), restricted to studies conducted in China ____ 101 

Figure 41: Funnel plot showing prevalence of Metabolic Syndrome (NCEP) per 1000 population __ 104 

Figure 42: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for 

Metabolic Syndrome (NCEP ATP III 2003) ______________________________________________ 104 

Figure 43: Forest plot of prevalence ratio for obese, relative to healthy weight, children for Metabolic 

Syndrome (NCEP ATP III 2003) _______________________________________________________ 105 

Figure 44: Overview of NAFLD and the 3 screening methods (X: number of studies; N: number of 

participants) _____________________________________________________________________ 106 

Figure 45: Funnel plot showing prevalence of NAFLD (Ultrasound) per 1000 population _________ 108 

Figure 46: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for 

NAFLD (Ultrasound) _______________________________________________________________ 109 

Figure 47: Forest plot of prevalence ratio for obese, relative to healthy weight, children for NAFLD 

(Ultrasound) _____________________________________________________________________ 109 

Figure 48: Funnel plot showing prevalence of Asthma per 1000 population ___________________ 113 

Figure 49: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for 

Asthma _________________________________________________________________________ 113 

Figure 50: Forest plot of prevalence ratio for obese, relative to healthy weight, children for Asthma

 _______________________________________________________________________________ 113 

Figure 51: Funnel plot showing prevalence of Flat foot per 1000 population.  Left-hand side displays 

prevalence for Chen et al. with an adjusted x-axis.  Right-hand side displays prevalence for Chen et al. 

and Tenenbaum et al.______________________________________________________________ 115 

Figure 52: Forest plot of prevalence ratio for overweight, relative to healthy weight, children for Flat 

foot ____________________________________________________________________________ 117 

Figure 53: Forest plot of prevalence ratio for obese, relative to healthy weight, children for Flat foot

 _______________________________________________________________________________ 117 

Figure 54: Average random effects estimates of prevalence ratios and 95% confidence intervals for 

the co-morbidities/co-morbidity indicators.  Left-hand side excludes metabolic syndrome and NAFLD 

due to differences in scale __________________________________________________________ 126 



- Page xvii - 
 

    

Figure 55: Steps in the Delphi Method _________________________________________________ 139 

Figure 56: Steps in the Nominal Group Technique _______________________________________ 142 

Figure 57: Steps in the RAM _________________________________________________________ 145 

Figure 58: Steps in the Conference Development Conference ______________________________ 147 

Figure 59: Flowchart for Stage 2 (HP/R – Health Professionals and Researchers) _______________ 155 

Figure 60: Example of how data was presented in the expert panel questionnaire _____________ 160 

Figure 61: Example question from the Cycle 1 questionnaire _______________________________ 160 

Figure 62: Example of how data was presented to the Service User Panel ____________________ 161 

Figure 63: Initial Thematic Map ______________________________________________________ 196 

Figure 64: Final Thematic Map ______________________________________________________ 197 

 

List of Boxes 

Box 1: Summary of the criteria for appraising the viability, effectiveness and appropriateness of a 

screening programme (Department of Health 2013) ______________________________________ 17 

Box 2: The Joanna Briggs Critical Appraisal Checklist ______________________________________ 42 

 



- Page 1 - 
 

    

Chapter 1: Thesis Overview 

1.1 Introduction to Thesis 

In 2013, NICE released Public Health Guidance 47 (Weight management: lifestyle 

services for overweight or obese children and young people)(NICE 2013).  The 

guidance recommended screening children and young people, henceforth referred 

to as children, attending community weight management services for obesity-

associated co-morbidities to identify those at risk, and provide support/treatment to 

minimise future complications. 

This PhD was undertaken to assess the feasibility of developing a co-morbidity 

screening programme over three stages based on criteria developed by the National 

Screening Committee (NSC) which considers four areas: the condition, the test, the 

treatment, and the screening programme (Public Health England 2015a).  The 

following outlines the stages of the PhD, and the work undertaken. 

Chapter 2: Background to Obesity and Screening Programme 

Development 

Chapter two provides the background to the prevalence and impact of obesity in 

children globally and in the UK.  This includes definitions for weight categorisation 

and the health and socio-economic impacts to the individual.  The chapter goes on 

to present the NSC’s criteria and how this applies to the proposed screening 

programme.  The chapter ends with the aims and objectives of the PhD.  

Chapters 3 and 4: Systematic Review and Meta-Analyses of 

Obesity-Associated Co-morbidities 

Chapters three and four detail the systematic review and meta-analysis undertaken 

to identify a comprehensive list of co-morbidities associated with childhood obesity 

and their prevalence relative to those of a healthy weight.  Additionally screening 

methods for the co-morbidities were identified.  This work addressed part of the first 

and second criterion put forward by the NSC, the condition and the test, when 

considering the appropriateness of implementing a screening programme.  The 

chapters provide an account of the aims, methods, and results of the systematic 

review and meta-analyses along with a discussion of potential confounding factors, 

and implications of the results. 



- Page 2 - 
 

    

Chapter 5: Consensus on Co-morbidities and Screening 

Methods for the Proposed Screening Programme 

Chapter five provides an overview and examination of four consensus methods 

(Delphi, Nominal Group Technique, RAND/UCLA Appropriateness Method, and 

Consensus Development Conference), before providing the rationale for selecting 

the RAND/UCLA Appropriateness Method for undertaking the consensus study.  

The chapter goes on to detail the methods and results of the consensus study, and 

their impact on the proposed screening programme. 

Chapter 6: Expert Opinion on the Feasibility of the Proposed 

Screening Programme 

Chapter six provides a thematic analysis of the face-to-face meetings conducted 

with the health professionals and researchers as part of the consensus study. The 

aim and methods are described, as well as the results, which assisted in explaining 

the results of Chapter 5, their implications and areas for future work. 

Chapter 7: General Discussion and Conclusion 

Chapter seven summaries the results obtained in the previous chapters and the 

implications of the results in line with literature on screening programme 

development.  The chapter goes on to discuss the strengths and limitations of the 

programme of research, and the opportunities for future work. 
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Chapter 2: Background to Obesity and Screening 

Programme Development 

2.1 Introduction 

This chapter provides the background and rationale for the feasibility of developing a 

co-morbidities screening programme for children and young people with obesity, for 

the purposes of the thesis this is hereon referred to as children with obesity.  Section 

2.2 provides an overview of obesity and compares definitions of obesity in adults 

and children.  The section then provides an overview of the prevalence and risk 

factors for obesity.  Section 2.2.4 discusses the individual and societal 

consequences of childhood obesity.  Section 2.3 presents the NICE 

recommendation which was the premise for this PhD and provides the rationale for 

screening children attending UK weight management services.  Section 2.4.3 

discusses literature associated with the development of screening programmes and 

the criteria developed by the National Screening Committee, which are presented in 

relation to childhood obesity and its associated co-morbidities.  Section 2.5 provides 

an overview of the work and the aim of the PhD, followed by Section 2.6 which 

summarises the remaining chapters of the thesis and the steps undertaken to 

assess the feasibility of developing a co-morbidity screening programme for children 

with obesity attending UK weight management services. 

2.2 Introduction to Overweight and Obesity 

Before 1980, less than one in 10 people in OECD (Organisation for Economic Co-

operation and Development) countries were overweight or obese (OECD 2014).  

Since then, worldwide obesity levels have doubled, and in some countries tripled 

(OECD 2014; WHO 2016) (Figure 1).  In 2016, it was estimated that globally more 

than three in 10 adults (aged 18+) were overweight or obese (OECD 2014; World 

Health Organisation 2017).  Obesity is considered a worldwide epidemic, and has 

emerged as one of the most serious public health concerns of the 21st century 

(James et al. 2001; Racette, Deusinger and Desusinger 2003; Güngör 2014).  

Based on current trends, it is estimated that by 2030, 38% of the world’s adult 

population will be overweight and an additional 20% will be obese (Kelly et al. 2008; 

Ng et al. 2014).  This will have major implications for individuals and society. 
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Figure 1: Worldwide obesity levels in adults 
Graph taken from OECD (2014), which illustrates the rise in obesity prevalence in 

adults, by country, since the 1970s. 

2.2.1 Rise in the Prevalence of Childhood Obesity 

Over the past four decades there has also been a steady rise in the global 

prevalence of overweight and obesity in children (Han, Lawlor and Kimm 2010; 

OECD 2014).  A review of childhood obesity concluded that its prevalence had 

increased over the last two to three decades in most industrialised countries and 

several lower income countries, particularly in urban areas, from 8% in 1980 to 13% 

in 2013 (Wang and Lobstein 2006; Ng et al. 2014).  At a country-specific level, 

between the 1970s and late 1990s the prevalence of childhood obesity doubled or 

tripled in many countries, including Australia, Brazil, Canada, France, Germany, the 

UK, and the USA (Wang and Lobstein 2006; Ng et al. 2014).  In 2014 an estimated 

41 million children under the age of 5 years were overweight or obese globally 

(World Health Organisation 2017).  In Africa, the number of children who are 

overweight or obese has nearly doubled from 5.4 million in 1990 to 10.6 million in 

2014, and nearly half of the children under 5 who were overweight or obese in 2014 

lived in Asia (WHO 2016). 

Prevalence of Child Obesity in England 

Estimates of obesity prevalence are usually derived from surveys or population 

studies.  In England, child overweight/obesity levels are estimated using data from 
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the National Child Measurement Programme (NCMP).  The NCMP measures the 

height and weight of children in reception (4-5 years old) and year 6 (10-11 years 

old) in England (NHS Digital n.d.).  The programme began in the academic year 

2006/2007.  On the whole, the prevalence of childhood overweight/obesity has 

remained relatively stable in reception aged children since the programme began 

(22.9% in 2006/07 and 22.6% in 2016/17); although it is still considered to be high.  

For children in year 6 the prevalence increased from 31.6% to 34.2% over the same 

period (NHS Digital 2017b). 

After primary school, children are not measured at a national level; however, van 

Jaarsveld and Gulliford (2015) analysed primary care records for 370,544 children 

and reported the prevalence of overweight and obesity in 11-15 year olds increased 

from 28.7% in 1994 to 37.2% in 2013.  Taken in conjunction with the NCMP data, 

this would suggest children continue to gain weight into adolescence.  UK child 

obesity levels remain amongst the highest in the world, with little evidence of the 

prevalence reducing in the near future (Ogden and Flegal 2010; Dinsdale, Ridler 

and Ells 2011; WHO 2014a; Public Health England 2015b; van Jaarsveld and 

Gulliford 2015; NHS Digital 2016). 

Over recent years the prevalence of childhood obesity overall appears to have 

levelled off.  However, analysis based on the 2016-2017 NCMP data has suggested 

a disparity in prevalence based on ethnicity and socioeconomic status.  NCMP data 

has reported a higher prevalence of obesity in South Asian boys and girls, aged 4-5 

and 10-11 years, and in Black girls aged 10-11 years, compared with White boys 

and girls, and a higher prevalence in those from more deprived areas (Hudda et al. 

2017).  Furthermore, comparing the most recent NCMP data with 2006/07 data 

indicated that the difference between obesity prevalence between the most and 

least deprived areas has increased from 4.5 to 6.8 percentage points in reception 

children and 8.5 to 15.0 percentage points in year 6 children; indicating widening 

inequalities between sub-populations (Hudda et al. 2017; Public Health England 

2018a; Public Health England 2018b). 

In addition to differences in prevalence between sub-populations, there has also 

been  steady rise in the prevalence of severe obesity (Skinner and Skelton 2014; 

NHS 2015b).  In UK children aged 10-11 years, between 2006/2007 and 2012/2013 

the prevalence of severe obesity (BMI≥99.6th percentile) increased from 3.6% to 

3.9% in boys and 2.5% to 2.9% in girls (Ells et al. 2015).  In 2016/2017 the NCMP 

reported the prevalence of severe obesity in children for the first time.  Data 
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indicated 2.4% of reception aged children and 4.0% of year 6 children were classed 

as severely obese, which received widespread media attention (BBC News 2018; 

Public Health England 2018a; Public Health England 2018b).  Furthermore, Ells et 

al. (2015) reported that the prevalence of severe obesity varies geographically, with 

a higher prevalence in children from deprived areas, and in those from Black ethnic 

groups; in line with data from the NCMP regarding health inequalities (Hudda et al. 

2017). 

2.2.2 Definition of Overweight and Obesity in Adults versus 

Children 

Obesity is characterised by an excess of body fat or adiposity; however, its 

measurement at a population level is predominantly assessed using BMI (kg/m2) 

which, while correlated with adiposity, is not a direct measurement of it (Güngör 

2014).  In children, population-based, gender- and age-specific BMI percentile 

curves are often used to define overweight and obesity.  This is due to differences in 

body composition in children resulting from puberty.  In the UK, the 1990 reference 

charts are used in clinical practice and population monitoring, in which overweight is 

defined as BMI≥85th and <95th percentile, and obesity as BMI≥95th percentile (Table 

1)(National Obesity Observatory (NOO 2011)). 

Table 1: Classification of body weight in adults and children adapted from Hruby and 
Hu (2015) 

 Age Indicator Healthy 

Weight 

Overweight Obese Severe 

Obesity 

Adults ≥18 

years 

BMI 

(kg/m2) 

18.5 - 24.9 25 - 29.9 ≥30 ≥40 

Children 2-18 

years 

BMI 

Percentile 

≥5th - <85th ≥85th - <95th  ≥95th  ≥99.6th  

 

2.2.3 Aetiology and Risk Factors for Overweight/Obesity 

At a simplistic level, overweight/obesity in children can be regarded as resulting from 

a prolonged period of energy imbalance, where energy intake is surplus to energy 

expenditure requirements (Wiskin et al. 2011; Güngör 2014).  However this view 

does not account for the range of factors that determine the levels of energy intake 

and expenditure.  These factors are multifactorial and can be regarded as a 

combination of individual, familial, and societal factors (Davison and Birch 2001; 
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Campbell 2016).  For example, improvements in the amount, availability, and variety 

of food, socioeconomic status, and technological advancements have been 

associated with an increase in the prevalence of obesity (Chopra, Galbraith and 

Darnton-Hill 2002; Monteiro, Conde and Popkin 2004; Hruby and Hu 2015; World 

Health Organisation n.d.).  The influence of these factors varies from person to 

person, which makes the aetiology of childhood obesity a complex issue (Davison 

and Birch 2001; Vandenbroeck, Goossens and Clemens 2007).  An in-depth 

assessment of all possible risk factors is beyond the scope of this PhD, and only a 

brief overview of individual/genetic, family, social factors is provided. 

At the individual level, research has considered genetic explanations for obesity.  

Twin studies estimated the heritability of body weight as being 30% to 70% 

(Borjeson 1976; Stunkard, Foch and Hrubec 1986; D’Amore 2006).  Furthermore, 

genome-wide association studies have identified a number of genes, such as the 

FTO and MC4R genes, that have a positive association with increased weight 

(Mergen et al. 2001; Farooqi et al. 2003; Lubrano-Berthelier et al. 2003; Frayling et 

al. 2007; Tanofsky-Kraff et al. 2009; Fawcett and Barroso 2010; Karra et al. 2013).  

However on their own each gene is shown to have only a small effect on weight, 

accounting for less than 5% of cases of childhood obesity (Farooqi and O'Rahilly 

2000; Anderson and Butcher 2006; Hindorff et al. 2009; Speliotes et al. 2010).  

Suggesting other factors are involved. 

When considering families, research has indicated familial correlations with regards 

to obesity, a key part of which is parenting (Berge 2010).  Parents have a key role in 

determining a child’s behaviour and preferences related to food, physical activity 

and sedentary behaviour from an early age (Owen et al. 2000; Patrick and Nicklas 

2005; Gustafson and Rhodes 2006; Budd and Hayman 2008; Bauman et al. 2012; 

Tzou and Chu 2012; Erkelenz et al. 2014; Sahoo et al. 2015; Vilchis-Gil et al. 2015; 

Wilkie et al. 2016; Garriguet, Colley and Bushnik 2017; Jago et al. 2017).  Food 

preferences tend to develop at an early age and remain relatively stable (Skinner et 

al. 2002a; Skinner et al. 2002b; Story, Neumark-Sztainer and French 2002; De 

Cosmi, Scaglioni and Agostoni 2017).  Children from overweight/obese families tend 

to have a higher preference for high fat foods, and a lower preference for fruits and 

vegetables than healthy weight children, and the children are more likely to become 

obese themselves (Wardle et al. 2001; Kral and Faith 2009).  Furthermore being 

obese as a child increases the risk of adult obesity (Whitaker, Wright and Pepe 

1997; The et al. 2010).  Evidence has shown that parents can also have a positive 

influence on increasing levels of physical activity and reducing sedentary behaviour 
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in their children through role modelling (being active themselves), providing support 

for activities (financial, logistic, co-participation), setting clear rules and limits on 

sedentary activities, such watching television, and limiting access to electronic 

devices (e.g. computers, tablets, etc.) (Gustafson and Rhodes 2006; Moreno 2011; 

Bauman et al. 2012; Schmidt et al. 2012; Erkelenz et al. 2014).  Evidence from 

systematic reviews has demonstrated that weight loss interventions are more 

successful when parents are actively involved (Ewald et al. 2014; Loveman et al. 

2015). 

Environmental influences on obesity are also well-documented (Kumanyika 2008; 

Ochoa and Berge 2017).  As children age, the factors influencing behaviour expand 

to include friends, the media, and environmental factors, such as fewer parks and a 

decrease in active transport (Owen et al. 2000; Carver et al. 2011; Epstein et al. 

2012; Hingle and Kunkel 2012; Salvy et al. 2012; Salvy and Bowker 2014; 

Mwaikambo et al. 2015).  Additionally over the years there has been an increase in 

the consumption of both convenience foods and calorie-dense foods, in increasingly 

larger portion sizes (Harris and Shiptsova 2007; Wales 2009; Zheng et al. 2017).  

This, in combination with changes to the built-environment has led to a reduction in 

physical activity and an increase in sedentary behaviour (Owen et al. 2010; Janssen 

et al. 2016). 

The Foresight Obesity Systems Map was developed to conceptualise the complex 

structure of factors associated with obesity, and identified 108 variables with over 

300 interconnections (Vandenbroeck, Goossens and Clemens 2007).  The impact of 

each variable on an individual’s weight differs depending on the strength of 

connections between other variables. For instance, the variable palatability of food 

offerings will be influenced by variables such as food variety, food convenience, and 

individual dietary habits (Finegood, Merth and Rutter 2010).  The wide-ranging 

factors associated with obesity and the varying associations between variables and 

individuals makes obesity a complex problem to address (Vandenbroeck, Goossens 

and Clemens 2007; Finegood, Merth and Rutter 2010; Frood et al. 2013). 

Obesity as a disease 

In May 2017, the World Obesity Federation released a position statement 

recognising obesity as a "chronic, relapsing, progressive disease" (Bray, Kim and 

Wilding 2017).  This view is in accordance with the World Health Organization and 

the American Medical Association (WHO 2000; Pollack 2013).  Furthermore in 2016, 

Members of the European Parliament called for the European Commission and 
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Council to work towards a Europe-wide recognition of obesity as a chronic disease; 

however this has not yet occurred (European Association for the Study of Obesity 

2016). 

Although it is not for the PhD to state whether or not obesity is a disease, there were 

potential ramifications for how the PhD was structured and the language used.  The 

PhD is considering co-morbidities associated with obesity, therefore framing obesity 

as a disease would infer causation between the presence of obesity and the co-

morbidity; however the thesis is not providing evidence of causality, but of 

association.  Furthermore, obesity is not currently classed as a disease in the UK 

and the studies conducted as part of the PhD were completed with the view that 

obesity is not a disease; therefore it was decided to continue using language and 

definitions consistent with the time the PhD was commenced.  Therefore for the 

PhD, obesity is seen as a contributor to disease and not a disease itself. 

2.2.4 Implications of Obesity 

Having an increasingly obese population has many implications for the individual 

and society. The following section first considers individual implications before going 

on to discuss societal implications. 

Implications for the Individual 

Research in adults indicates that being overweight/obese is associated with an 

increased risk of developing physical and psychological co-morbidities, such as type 

2 diabetes, cardiovascular disease, depression, and some cancers (Must et al. 

1992; van Dam et al. 2006; Narayan et al. 2007; Bjørge et al. 2008; Abdullah et al. 

2010; Basen-Engquist and Chang 2011; Reilly and Kelly 2011; Must, Phillips and 

Naumova 2012; Schienkiewitz, Mensink and Scheidt-Nave 2012; Inge et al. 2013; 

Segula 2014; Pantalone et al. 2017; Pereira-Miranda et al. 2017).  Co-morbidities 

are “any distinct clinical entity that has co-existed or that may occur” in an individual 

who is overweight/obese (Feinstein 1970).  Comorbidities can be concurrent or 

successive depending on whether there is an overlap of conditions or one condition 

precedes the other (Angold, Costello and Erkanli 1999). 

A meta-analyses of 89 studies identified statistically significant associations between 

BMI, a measure of adiposity, and the presence of 18 co-morbidities, including 

cardiovascular diseases, asthma, gallbladder disease, osteoarthritis, and chronic 

back pain (Guh et al. 2009).  Previously, obesity-associated co-morbidities were 

only thought to affect adults; however evidence suggests that children are also 
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susceptible to a range of obesity-associated co-morbidities (Reilly et al. 2003; 

Hannon, Rao and Arslanian 2005; Al-Agha, Ocheltree and Shata 2012; 

Gunnarsdottir et al. 2012; Pulgarón 2013).   

Child obesity can adversely affect multiple organ systems which can lead to the 

development of multiple co-morbidities, including hypertension, dyslipidaemia, 

insulin resistance, and type 2 diabetes (Daniels 2009; Han, Lawlor and Kimm 2010; 

Güngör 2014; Yoon 2014; Parker et al. 2016; Reuter et al. 2016; Brady 2017).  

Developing these co-morbidities at a younger age prolongs the duration of the co-

morbidity and potentially influences the rate of its progression and the severity of 

any associated future complications (Gungor et al. 2005; Dean and Sellers 2007; 

Dabelea et al. 2017).  The impact of prolonged exposure in children is particularly 

concerning as children can remain asymptomatic for long periods, which delays 

identification and early treatment of co-morbidities and associated complications 

(Daniels 2009; Wake et al. 2010; Mortensen et al. 2011; Öztürk 2017). 

In addition to physical co-morbidities, evidence indicates an impact on one’s quality 

of life by impacting social and psychological functioning, and their motor skills, 

affecting educational attainment and interpersonal relationships, which can persist 

into adulthood (Stunkard and Burt 1967; Gortmaker et al. 1993; Strauss 2000; 

Reeves, Postolache and Snitker 2008; Luppino et al. 2010; Esposito et al. 2014; 

Cheng et al. 2016a; Rankin et al. 2016). 

Evidence has suggested that obesity can impact on multiple organs and systems 

and is associated with an increased risk for a wide spectrum of co-morbidities and 

associated complications (Dean and Sellers 2007; Daniels 2009; Han, Lawlor and 

Kimm 2010; Yoon 2014; Parker et al. 2016; Reuter et al. 2016; Brady 2017; Dabelea 

et al. 2017).  These co-morbidities can severely impact one’s health and wellbeing in 

childhood (Must et al. 1992; van Dam et al. 2006; Bjørge et al. 2008; Welsh, Karpen 

and Vos 2013).  As a result, children are likely to require additional medical 

resources/treatment at an earlier age and will have a significantly decreased life 

expectancy (Hsia, Fallon and Brandt 2012). 

Societal and economic burden of obesity 

Having a high proportion of overweight and obese citizens also has socioeconomic 

implications for health services and the wider society. 

Treatment and management of obesity and associated co-morbidities places a huge 

financial burden on the economy (NOO 2010; Rudisill et al. 2016).  The global 
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economic impact from obesity has been estimated as approximately 2.8% of GDP, 

roughly $2.0 trillion (Dobbs et al. 2014).  This is roughly equivalent to the global 

impact from smoking ($2.1 trillion) and armed violence, war, and terrorism ($2.1 

trillion) (Dobbs et al. 2014).  Evidence from the US indicates that men who are 

obese are thought to incur an additional $1,152 per year in medical spending 

compared to their non-obese counterparts, whereas women incur an average of 

$3,513 per year (Cawley and Meyerhoefer 2012).  This is largely due to increased 

hospitalisations and medication costs (Cawley and Meyerhoefer 2012).  Based on 

these values the authors estimated that 21% of annual US healthcare spending 

(approximately $190 billion) is due to treating obesity and related conditions 

(Arterburn, Maciejewski and Tsevat 2005; Cawley and Meyerhoefer 2012).  These 

estimated costs are attributed to the treatment of obesity, such as bariatric surgery 

and associated conditions, such as type 2 diabetes (NOO 2010; Dobbs et al. 2014; 

Rudisill et al. 2016; NHS Digital 2017c; Diabetes UK n.d.). 

In the UK, an economic analysis undertaken by the McKinsey Global Institute 

predicted that being overweight/obese costs society at least £27 billion each year 

(Dobbs et al. 2014). This figure attempted to calculate the wider societal costs of 

obesity, beyond NHS costs, such as lost working days due to sickness (Tunceli, Li 

and L.K. 2006).  In 2007 obesity was estimated to cost the UK economy 

approximately £15.8 billion, with direct NHS costs estimated to be £10-12 billion per 

year by 2030 (NOO 2010; Health & Social Care Information Centre 2011; Wang et 

al. 2011; Dobbs et al. 2014).    In 2015/2016 the NHS carried out 6,438 bariatric 

surgery procedures, at a total cost of approximately £38.6 million (NICE 2014a; NHS 

Digital 2017c).  Evidence suggests the cost of surgery may be recouped in the 

following years as a result of healthcare savings elsewhere.  For instance if the 

healthcare savings from the cost of diabetes drugs alone is considered, then the 

cost of surgery is likely recouped within 2 to 3 years (NICE 2014a).  However 

caution needs to be applied regarding the projected estimated costs of obesity.  

Subsequent evidence has suggested there was a mathematical error in the 

calculation due to a misinterpretation of the data upon which prevalence of obesity 

was estimated (Vadon, 2007; Smith, 2011; Jebb, 2017). 

Being overweight/obese has implications for the individual (Enzi 1994).  Children 

with obesity, particularly girls, are socially stigmatised, which adversely affects their 

education, and in adulthood affects their socioeconomic and marital status (Puhl and 

Heuer 2010; Kark and Karnehed 2012; Cohen et al. 2013).  A systematic review of 



- Page 12 - 
 

    

educational attainment and obesity reported an inverse association, this was 

particularly evident in girls compared to boys (Cohen et al. 2013).  However the 

authors reported that majority of studies in the systematic review did not adjust for 

confounders such as race/ethnicity, which limited generalisability of the results (Enzi 

1994; Puhl and Brownell 2012; Cohen et al. 2013).  Being overweight or obese as a 

child can also profoundly affect one’s social and emotional well-being, and self-

esteem (Strauss 2000; Reeves, Postolache and Snitker 2008; Sahoo et al. 2015).  

This in turn is associated with poor academic performance and a lower quality of life 

(Strauss and Pollack 2003; Sahoo et al. 2015). 

These issues can perpetuate into adult life.  Obesity also represents a major risk 

factor for premature resignation and has been associated with lower salaries 

compared with healthy weight counterparts, even when controlling for intelligence 

and social class, particularly for women (Sargent 1994; Reilly et al. 2003; Baum and 

Ford 2004; Jusot et al. 2008; Han, Norton and Stearns 2009). Moreover, the number 

of co-morbidities associated with obesity (see Section 2.2.4) means that obese 

employees are more likely to be sick, more often and for longer, impacting on their 

productivity, and subsequently increasing an employers’ costs (Burton et al. 1998; 

Bhattacherjee et al. 2003; Chau et al. 2004; Degli Esposti et al. 2006; Tunceli, Li 

and L.K. 2006; Gates et al. 2008; Jusot et al. 2008).  In the US, Gates et al. (2008) 

attempted to calculate the impact on employee productivity and sickness.  They 

considered 341 manufacturing employees and reported that those with a BMI 

between 30-35kg/m2 had the highest absenteeism, averaging 91 hours/year, and 

those with a BMI ≥35kg/m2 had the greatest health-related work limitations, 

specifically regarding the time needed to complete certain tasks and ability to 

perform the physical demands of the job.  This equated to a 4.2% loss in 

productivity, which annually resulted in an additional loss of $506 per employee. 

2.3 NICE Recommendation: Screening for Obesity-associated 

Co-morbidities in Children attending Community Weight 

Management Services 

In 2013, NICE released public health guidance 47 – “Obesity in children and young 

people: prevention and lifestyle weight management programmes” (NICE 2013).  

The guidance provided advice for community weight management services on the 

delivery of effective weight management programmes that “support children and 

young people to change their lifestyle and manage their weight” (NICE 2013).  
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Community weight management services were developed to provide lifestyle and 

behavioural strategies to manage weight, which include education regarding healthy 

diets, physical activity, and the risks of being overweight/obese, and setting realistic 

goals and appropriate rewards (NICE 2014c).  However, the majority of child weight 

management services are not part of the NHS, therefore the staff running the 

services are not trained health professionals. 

NICE health guidance 47 included a number of recommendations for child 

community weight management services, one of which was: 

“Assess each child or young person for obesity-associated diseases or 

conditions (co-morbidities). Use a locally approved co-morbidities 

assessment tool, where available. Assessment is particularly important 

if the child or young person and their family have self-referred to the 

programme, or have not been assessed by a health professional. Refer 

them to their GP if any concerns are identified.” (NICE 2013) 

Currently in the UK, child weight management services do not screen for obesity-

related co-morbidities, although basic anthropometric measurements (height and 

weight) are taken to monitor progress.  Some services, such as WatchIt, do assess 

self-esteem; however this is to assess the effectiveness of the programme and the 

results are not shared with families or the GP. 

Screening children for obesity associated benefits may proffer some benefits.  

Firstly, children with co-morbidities would be identified sooner.  Given that referral to 

community weight management services does not require a GP referral, the majority 

of children may not have had a clinical assessment.  Thus this might be the child’s 

first assessment.  Currently weight management services conduct anthropometric 

measurements (i.e. BMI, waist circumference, waist-to-height ratio). However, 

evidence suggests that anthropometric measurements alone are not accurate 

markers for metabolic co-morbidities, indicating more comprehensive methods are 

required (Seibert, Allen and Carrel 2014; Morandi et al. 2014).  Some services refer 

children, typically those who are extremely obese, to tertiary services for an in-depth 

clinical assessment (Sharma 2014).  However, anecdotally the majority of service 

users do not attend these appointments, indicating that potential opportunities for 

early identification of co-morbidities may be missed (Sharma 2014).   

Awareness of co-morbidities might encourage children and families to take weight-

loss more seriously.  Although there is no evidence of this in children, Ramirez et al. 
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(2017) reported that in adults awareness of modifiable risk factors for myocardial 

infarction increased the perceived need to change particular lifestyle behaviours.  

However, the association between risk factors and perceived need for change 

varied; for instance smoking, obesity, and low physical activity were most strongly 

associated with a perceived need to improve physical health, whereas hypertension 

and diabetes mellitus showed no association (Ramirez et al. 2017).  In contrast, a 

systematic review and meta-analysis of 21 trials indicated that early intervention has 

been shown to prevent or delay the progression of impaired glucose tolerance to 

type 2 diabetes (Gillies et al. 2007).  Although generalisability of the results to 

children is limited as the studies were based on adults; however the results do 

suggest that awareness may lead to positive lifestyle changes.   

2.4 Introduction of Population Screening 

Screening from a healthcare perspective, is “actively seeking to identify a disease or 

a pre-disease state in people who are asymptomatic but potentially have the 

disease” (Wilson and Jungner 1968).  Screening grew in popularity in the twentieth 

century and in the UK there are currently 11 screening programmes which cover 

specific diseases at particular stages of the life cycle (Reiser 1978; Charap 1981; 

Ruf and Morgan 2008; Harris et al. 2011; Gov. UK n.d.).  The benefits of screening 

programmes include early detection of conditions, sometimes prior to any symptoms 

(NHS Choices 2018).  Early detection also means treatment is likely to be more 

effective (PubMed Health 2016).  Additionally, awareness of a health problem may 

help people make informed decisions about their health, in terms of lifestyle choices.  

Finally, screening can save lives (NHS Choices 2018). 

2.4.1 Definition of Screening 

One of the first definitions of screening was put forward by the US Commission on 

Chronic Illness (1957): 

“Screening is the presumptive identification of 

unrecognised disease or defect by the application of 

tests, examinations or other procedures, which can be 

applied rapidly.  Screening tests sort out apparently 

well persons who apparently have a disease from those 

who probably do not.” 
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In 2013 the definition was simplified to “screening is the process of identifying 

healthy people who may be at increased risk of disease or condition” (UK National 

Screening Committee 2013).  Although there is variation in terminology the core 

components remain consistent; the idea of actively testing an otherwise healthy, but 

potentially at risk individual, to identify a disease prior to the presentation of 

symptoms (McKeown 1968; Wilson and Jungner 1968; UK National Screening 

Committee 1998; UK National Screening Committee 2000; UK National Screening 

Committee 2013). 

2.4.2 History of Screening Programmes 

The first screening programme which demonstrated benefits was the use of MMR 

(mass miniature radiography) for identifying individuals with tuberculosis, (Semple 

1953, 1960, 1966); Hawthorne 1964; Holland and Stewart 2005).  The resulting 

global reduction in tuberculosis encouraged the use of screening for other chronic 

diseases (Breslow and Roberts 1955).  The view was that regular screening, or 

preventative medical examination of adults, for a variety of conditions could reduce 

the costs and utilisation of medical services (Cutting 1985). 

Despite the success of tuberculosis screening in the UK, there was a decline in 

screening programmes until Sir George Godber, Chief Medical Officer between 

1960 and 1970, recognised the importance of screening as a method of delivering 

preventative healthcare (Holland and Stewart 2005).  In the late 1970s, the UK’s first 

steps towards implementing screening programmes began with cervical cancer 

screening (Godber 1975; NHS 2015a). 

Over the years, screening programmes made their way to the forefront of the health 

agenda due to their appeal of early detection and therefore early 

treatment/prevention.  However, programmes had varying degrees of success 

(Holland and Stewart 2005).  An evaluation of 10 screening programmes found that 

in six programmes there was insufficient evidence with regard to one or more of: 

i) The natural history of the disease; 

ii) The methods of diagnosis and treatment; 

iii) Operational problems; 

iv) Assessment of benefits and costs.  

Secondly; the research and administrative framework for screening required 

developments in three areas: 
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i) Greater definition of the screening’s requirements and evidence of existing 

programmes; 

ii) More larger-scale, long-term research looking at the economics of screening; 

iii) Meticulous attention to the introduction and development of programmes to 

ensure they were co-ordinated with the health service as a whole. 

(McKeown 1968; Wilson and Jungner 1968; Holland and Stewart 2005). 

Thus, the evaluation raised questions about the evidence base for screening 

programmes and criteria to assess the effectiveness of existing and future screening 

programmes (Harris et al. 2011). 

At the same time as the evaluation, a Joint Standing Sub-committee on Screening in 

Medical Care was established.  Their remit was to review the evidence for any 

screening programme and make recommendations on what was needed prior to 

introduction of the programme into the NHS (Holland and Stewart 2005).  However 

the sub-committee only continued until 1980 as its future was being considered by 

the Standing Medical Advisory Committee.  It was not until 1996 that the National 

Screening Committee was established.  Along with this came an effective 

mechanism to influence the implementation of effective programmes and identify 

areas for further research (Holland and Stewart 2005). 

2.4.3 Appraising the appropriateness of a Proposed 

Screening Programme 

A key aim of screening is to bring disease detection and treatment to those who are 

undiagnosed whilst limiting harm to those who do not require treatment.  However 

harm is a broad concept having physical and psychological components, and there 

is subjectivity in terms of what constitutes harm from person to person.  As such, it is 

important to make specific considerations when developing and evaluating a 

screening programme that applies in the broadest sense.  In 1968, Wilson and 

Jungner proposed 10 principles for evaluating screening programmes; the overall 

aim being to assess the benefit versus the cost of screening.  In the UK, the 

National Screening Committee are tasked with assessing a suitability of 

implementing a screening programme (Kitchener et al. 2014).  The National 

Screening Committee developed their own criteria, based on Wilson and Jungner’s 

original criteria, but taking into account both the more rigorous standards of 

evidence required to improve effectiveness and the greater concern about the 

adverse effects of screening (Kitchener et al. 2014; Public Health England 
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2015a)(Box 1).  The criteria are grouped into four categories, each of these are 

discussed below. 

Box 1: Summary of the criteria for appraising the viability, effectiveness and 
appropriateness of a screening programme (Department of Health 2013) 

The Condition: 

 Important health problem 

 Epidemiology, prevalence and natural history should be understood 

 Implementation of cost-effective primary prevention interventions 

The Test 

 Simple, safe, precise and validated 

 Suitable cut-off level defined and agreed 

 Acceptable to the target population 

 Agreed policy on further diagnostic investigation 

The Treatment 

 Effective intervention 

 Pre-symptomatic intervention leads to better outcomes 

 Agreed policies about what interventions are offered and to whom 

The Screening Programme 

 Effective in reducing mortality or morbidity 

 Information provided about the test is readily understood 

 Screening programme is acceptable to health professionals and public 

 Benefits from the screening programme outweighs any harms 

 Opportunity cost of the screening programme should be balanced in relation to 

expenditure on medical care as a whole 

The Condition: Obesity-associated co-morbidities in children 

The condition under consideration for screening should be an important health 

problem from the perspective of the individual, the wider community, and the health 

service in terms of length, course, and consequences of the condition (Public Health 

England 2015a).  Furthermore, the epidemiology and natural history of the condition, 

including development from latent to declared disease, should be adequately 

understood and there should be a detectable risk factor, or disease marker (Public 

Health England 2015a). 

Adults who are obese are at risk of developing a number of obesity-associated co-

morbidities, such as type 2 diabetes, hypertension and depression (Hannon, Rao 

and Arslanian 2005; Wardle and Cooke 2005; Loth et al. 2011; Maggio et al. 

2014)(see section 2.2.4 (page 9)).  Evidence suggests these co-morbidities are also 

present in children (Daniels 2009; Han, Lawlor and Kimm 2010; Yoon 2014; Parker 

et al. 2016; Reuter et al. 2016; Brady 2017), and if left untreated, can have serious 

health complications (de Gonzalez et al. 2010; Flegal et al. 2013).  Obesity-
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associated co-morbidities may meet the criteria for screening given the 

aforementioned evidence, in terms of being a significant problem, and the impact to 

the health service and wider society. 

The Test: Obesity-associated co-morbidities in children 

The National Screening Committee criteria state there should be a simple, safe, 

precise and validated screening test available, which is acceptable to the target 

population (Public Health England 2015a).  Additionally, the distribution of test 

values in the target population should be  known and a suitable cut-off level should 

be defined and agreed (Public Health England 2015a). 

Given that the proposed screening programme is likely to screen for a number of 

different psychological and physical co-morbidities, for example, hyperglycaemia, 

hypertension and depression, and that a single test for all the potential co-

morbidities is not available, the screening programme is likely to consist of a battery 

of tests.  The number of screening tests will be contingent on the number of co-

morbidities deemed suitable for inclusion in the proposed screening programme. 

Additionally, each co-morbidity may potentially have multiple screening tests, for 

instance hyperglycaemia can be screened via fasted, 2-hour post-prandial, and 

random glucose measures, insulin resistance, and a risk factor screening 

questionnaire (Diabetes UK 2018b).  Each of these screening tests will vary in terms 

of acceptability to the target population, i.e. children attending a community weight 

management service, and in terms of its cut-off and accuracy in screening for 

hyperglycaemia.  Acceptability and accuracy of a screening test are considered in 

the following sections. 

Screening Test Acceptability 

Acceptability of screening tests amongst service users will likely vary by age, 

gender, and the type of screening test, e.g. blood test versus questionnaire 

(Gemmill et al. 2006; Eyles et al. 2013; Balán et al. 2016; Kirkøen et al. 2017).  

Research has indicated that acceptability of a screening test can be increased by 

engaging individuals in the screening process and informing them about the 

importance of screening and the potential benefits (Gemmill et al. 2006; Eyles et al. 

2013; Balán et al. 2016; Kirkøen et al. 2017). 

As mentioned above (Section 2.4.3) the proposed screening tool is likely to consist 

of multiple screening tests, one for each co-morbidity.  Having multiple tests 
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increases the burden placed on service users, and each test is likely to have its own 

level of acceptability amongst the target population, for instance blood tests that 

require an overnight fast have lower acceptability than those that do not (Eborall et 

al. 2012; Diabetes UK 2016). 

Another factor which affects acceptability of the test is the impact to the service user 

from the screening.  The potential benefits of a screening test must outweigh the 

risks, both in terms of the potential for physical harm from the test, and 

psychological impacts from a true positive result, as well as from false positive and 

negative results (WHO 2003; Public Health England 2015a).  A systematic review 

and meta-analysis considered the short (<4 weeks) and longer term (>4 weeks) 

emotional impact of screening (Collins, Lopez and Marteau 2011).  Results indicated 

no significant impact of screening on longer term anxiety, depression, or quality of 

life (Collins, Lopez and Marteau 2011).  However, only 12 studies were included in 

the systematic review, and even fewer were eligible for the meta-analysis.  

Furthermore, there were not sufficient studies assessing short term outcomes for 

meta-analysis.  This outcome has been supported by other studies, which did not 

find psychological effects from screening or from false-positive results (Adriaanse 

and Snoek 2006; Eborall et al. 2007; Asif et al. 2014).  Further research indicates 

that psychological impact can be reduced by providing appropriate information pre-

screening, details of the screening test, the implications and risk, and information 

about what happens post-screening, in terms of impact of the results, and the next 

steps (Connelly et al. 1998; Adriaanse et al. 2002).  The results indicate the 

importance of pre- and post-screening information given to the service users and 

their parents, in particular ensuring it is age-appropriate, as well as the 

communication skills of the staff member to go over the results with the family. 

Screening Test Accuracy 

The accuracy of a screening test is its ability to identify those with and without the 

co-morbidity of interest, and is usually quantified using sensitivity and specificity 

(Baratloo et al. 2015).  Sensitivity of a test is the number of people correctly 

identified as having the co-morbidity, divided by the total number of people with the 

co-morbidity.  Using a 2x2 table sensitivity can be expressed as 𝑎 ÷ (𝑎 + 𝑐) (Table 

2).  Specificity of a test is number of people correctly identified as not having the co-

morbidity, divided by the total number of people without the co-morbidity; this can be 

expressed as 𝑑 ÷ (𝑏 + 𝑑). A perfect screening test would have 100% sensitivity and 

specificity. 
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Table 2: 2x2 table depicting the accuracy of a screening test 

  Best Proxy for Truth  

  Positive Negative Total 

Test Result 
Positive a b a+b 

Negative c d c+d 

 Total a+c b+d a+b+c+d 

 

However no screening test is likely to be perfect (100% sensitivity and specificity), 

therefore false positives and false negatives will occur.  False positives occur when 

the screening test indicates presence of the co-morbidity even though the person 

does not have the co-morbidity (cell B in Table 2).  False negatives occur when the 

screening test indicates absence of the co-morbidity, when in fact the person does 

have the co-morbidity (cell C in Table 2).  As a screening test is not usually used to 

obtain a definitive diagnosis and is sometimes an indirect measure of the condition, 

it may have a higher degree of error than would be considered appropriate for 

diagnosis (Maxim, Niebo and Utell 2014).  When selecting a screening test, 

consideration needs to be given to the practicalities of the test and the sensitivity 

and specificity of the test to minimise harm to the individual and potential impact to 

the screening programme as a whole (Raffle 2017a). 

The Treatment: Obesity-associated co-morbidities in children 

Chapter 1: Once co-morbidity has been identified, the NSC criteria states there 

should be an effective treatment or intervention available.  The intervention should 

be supported by evidence indicating that early intervention leads to better outcomes 

than late intervention, with suitable provision of the treatment and clinical 

management of patient outcomes (Public Health England 2015a).  For obesity, the 

first line of treatment for associated co-morbidities is typically weight-loss (NICE 

2014c).  For certain co-morbidities, however, such as the psychological ones or 

severe physical co-morbidities, additional treatment is recommended in addition to 

weight-loss.  However treatment pathways and availability of services nationally for 

the treatment of co-morbidities specifically in children are less developed.  For 

instance, for obstructive sleep apnoea there are currently only 32 sleep centres 

across the UK which are catered towards adults with sleep apnoea rather than 

children.  Additionally the lack of centres nationally means they are not easily 

accessible to all.  Furthermore for child mental health services there are typically 

long waiting lists, which means a child, once referred, may have to wait a long time 
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before being assessed and commencing treatment due to service specific 

constraints. 

With regards to weight-loss, treatment strategies are designed to assist individuals 

in attaining and maintaining a healthy weight.  Treatment interventions can be 

categorised as lifestyle and behavioural, pharmacological, and surgical (NICE 

2014c). 

Lifestyle and Behavioural Interventions 

Lifestyle and behavioural interventions are intended to support individuals and 

families in adopting healthy lifestyle habits, increasing physical activity levels and 

improving diet to support weight-loss (Department of Health 2013).  The lifestyle 

component typically includes education regarding the risks of being 

overweight/obese, information on the distinction between losing weight and 

maintaining weight loss, and the importance of developing skills for both, and 

realistic targets for outcomes other than weight loss, such as increased physical 

activity and healthier eating (NICE 2014c).  Lifestyle strategies can also be 

supplemented with behavioural strategies, which provide training on self-monitoring 

of behaviours, goal setting, and deciding on appropriate rewards for reaching goals 

(NICE 2014c).  To assist with lifestyle and behavioural interventions, community 

level services were established for children and adults (Department of Health 2013).  

A summary of the effectiveness of lifestyle interventions in children are considered 

below. 

One systematic review and one meta-analysis were identified which considered the 

effectiveness of multicomponent lifestyle and behavioural interventions for weight 

loss in children (Al-Khudairy et al. 2017; Elvsaas et al. 2017).  Although there was 

some variation in eligibility criteria, minimum duration of interventions, length of 

follow-up, and databases searched, results suggested multi-component lifestyle 

interventions, which consisted of a combination of diet, physical activity and 

behavioural components, achieved the greatest weight-loss when compared with 

controls (Al-Khudairy et al. 2017; Elvsaas et al. 2017).  A systematic review of 28 

studies in 2774 adolescents indicated the intervention group had on average a 1.18 

kg/m2 (95% confidence interval (CI) -1.67 to -0.69) reduction in BMI compared with 

control groups, suggesting a benefit from multi-component interventions (Al-

Khudairy et al. 2017).  Furthermore the BMI reduction was maintained at 18 to 24 

months of follow-up, at which point BMI was on average 1.49 kg/m2 (95% CI -2.56 to 
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-0.41) lower in the intervention groups compared with the control groups (Al-

Khudairy et al. 2017). 

A meta-analyses of 39 studies in children reported a significant difference in body 

mass index (BMI) after 6 months, 12 months, and 24 months in favour of 

multicomponent lifestyle interventions compared to standard, minimal, and no 

treatment (Elvsaas et al. 2017).  A subgroup analysis indicated a greater effect in 

the short-term in studies conducted in specialist health care settings, which included 

a group treatment component; however, long-term benefits could not be confirmed.  

Although there was increased weight-loss, significant improvements in cardio-

metabolic risk factors or psychological measures were not found (Al-Khudairy et al. 

2017).  Conclusions were that multicomponent lifestyle interventions resulted in a 

moderate improvement in BMI at 6, 12, and 24 months compared with standard and 

no treatment.  In general the recommendations were that further research is 

required to assess the impact on cardio-metabolic risk factors and psychological 

measures. 

Pharmacological Interventions 

Only after lifestyle and behavioural interventions have been started and evaluated 

should pharmacological treatment be considered as an adjunct to an overall weight 

management plan (NICE 2014c; NICE 2014b).  This is typically considered for 

people who have not reached their target weight loss or have reached a plateau 

using lifestyle and behaviour change techniques (NICE 2014c).  Pharmacological 

treatment is not generally considered for children younger than 12 unless 

exceptional circumstances exist, such as the presence of severe co-morbidities 

which have been assessed by a multidisciplinary team (NICE 2014c). 

A Cochrane Review of drug interventions for the treatment of childhood obesity 

identified 21 RCTs comparing investigational medical products against placebos, 

each group also had a behaviour change component such as diet, exercise, or both 

(Mead et al. 2016).  The drugs considered by the studies included metformin (10 

studies), sibutramine (six studies), orlistat (four studies) and one study group 

evaluated the combination of metformin and fluoxetine (Mead et al. 2016).  Results 

indicated that the control groups had an average reduction in BMI of 0.45 kg/m2, 

whereas the intervention groups had an average reduction of 1.3 kg/m2.  However 

the authors noted that many participants dropped out of the studies due to serious 

side effects, which limited the generalisability of the results, which were already 

based on relatively small samples.  Mead et al. (2016) concluded that on average 
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the intervention groups lost 3.9kg more that the control groups, however many 

studies were of low quality, with short or no post-intervention follow-up period, and 

high dropout rates.  They recommended future research focus have longer follow-

ups to understand the long-term effects of any pharmacological intervention, and 

ensure sufficient power once drop-outs are considered (Mead et al. 2016).  Of the 

drugs considered in the systematic review, only orlistat is currently available on the 

NHS (Wise 2016).  The European Medicines Agency has approved the use of two 

additional medications in Europe, liraglutide and naltrexone-buproprion, but these 

are not available on the NHS (NICE 2017).  This is due to a lack of data on the long-

term effectiveness of the medications.   

Surgical Interventions 

Surgical treatment is typically for individuals who have a BMI ≥40 kg/m2, or between 

35 and 40 kg/m2 and have a co-morbidity, such as type 2 diabetes or high blood 

pressure (Cheng et al. 2016).  Bariatric surgery is considered once non-surgical 

interventions have been tried and the person has not achieved or maintained 

“adequate, clinically beneficial” weight loss (NICE 2014c).  There are five main types 

of bariatric surgery (gastric band, gastric bypass, sleeve gastrectomy, intra-gastric 

balloon, and biliopancreatic diversion) (NHS 2017b).  The mechanisms of effect vary 

between procedures, and include restriction of intake, diversion of food from the 

small intestine, and malabsorption of macronutrients (O'Brien 2016).  At 10 years 

the weight-lost varies by type of surgery, ranging from 45-55% for gastric banding to 

70% for biliopancreatic diversion (O'Brien 2016). 

A meta-analysis of 637 children (age ranged 5-23) from 23 studies comparing 

surgical interventions (adjustable gastric band, sleeve gastrectomy, Roux-en-Y 

gastric bypass or biliopancreatic diversions) indicated significant reductions in BMI 

at one year, with a mean difference of 13.4kg/m2 (Black et al. 2013).  Results 

suggested that bariatric surgery led to significant short-term weight loss in obese 

children, with Roux-en-Y gastric bypass being associated with the largest reduction 

in BMI, followed by sleeve gastrectomy and then adjustable gastric band.  With 

regards to co-morbidities, Black et al. (2013) reported that data on co-morbidity 

resolution were of very poor quality; studies examined different co-morbidities and 

the majority did not provide definitions.  Only one of the included studies was an 

RCT (O'Brien et al. 2010).  Results from the RCT indicated a mean weight loss of 

34.6kg in the intervention group compared with 3kg in the control group.  

Furthermore 84% of those in the intervention group lost more than 50% of excess 
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weight compared with 3% in the control group.  Gastric banding also had positive 

impacts on cardio-metabolic risk factors at 24 months and improved quality of life 

(O'Brien et al. 2010). 

Despite the promising weight-loss resulting from surgical intervention, there is a lack 

of long-term data regarding the long term implications and risks from surgery for a 

still-developing adolescent (Hsia, Fallon and Brandt 2012).  Furthermore, surgery is 

often not considered as treatment for children who are obese.  A survey of 381 US 

paediatricians and family physicians indicated that 48% would not refer an obese 

adolescent for bariatric surgery (Woolford et al. 2010).  The remaining would 

consider the severity of obesity, the child’s age, and the duration of attendance at a 

weight-loss programme before referring an adolescent for surgery (Woolford et al. 

2010). 

The Screening Programme 

The final NSC criteria relates to the screening programme itself, and requires 

evidence from high quality randomised controlled trials that the screening 

programme is effective in reducing mortality or morbidity (Public Health England 

2015a).  Related to this, the NSC requires evidence that the entire screening 

programme, the test, diagnostic procedures, and treatment) is “clinically, socially 

and ethically acceptable” (Public Health England 2015a).  Part of this is ensuring 

that the benefits from the screening outweigh any harm, such as from false 

negatives or positives, and treatment issues, e.g. lack of suitable treatment.  A lack 

of suitable treatment with a positive screening result can cause anxiety and worry, 

and not having a suitable treatment available makes the screening programme 

unethical (Raffle 2017b).  The criterion is focused primarily on the effectiveness of 

the screening programme; although individual elements of the screening (test, 

diagnosis, and treatment) can be assessed individually, until a screening 

programme is implemented, the effectiveness of the programme, i.e. better 

outcomes for the target population, cannot be assessed.   

Another element considered by the NSC is the opportunity cost of the screening 

programme.  The screening programme (including testing, diagnosis, treatment, 

administration, training and quality assurance) should be economically balanced in 

relation to expenditure on medical care for the condition as a whole (i.e. value for 

money).  For screening programmes, there is a small cost incurred for each person 

screened, which is dependent on the cost of developing and administering of the 

programme, e.g. cost of the test, and the time and training of staff.  The cost of the 
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conducting the screening test(s) can be reasonably well estimated, however the 

subsequent costs for diagnosis and treatment will depend on the accuracy of the 

test in the target population.  Therefore the total cost of the screening programme 

overall may be high if there are a lot of false negatives (i.e. low prevalence and/or 

poor sensitivity of test) and/or a lot of false positives who then go on to have further 

unnecessary tests.  Additionally there will also be additional costs associated with 

treatment for the true positives.  The cost of the screening programme should be 

offset by reductions in costs associated with successfully treating/preventing a co-

morbidity, but these savings will only be realised if morbidities can be prevented or 

delayed.  This relies on the treatment being effective for a reasonable number of 

cases.  If the co-morbidities may be identified outside of the screening programme 

with reasonable frequency then the programme is also not likely to save money. 

Pharoah et al. (2013) assessed the overall effectiveness of the NHS breast 

screening programme, comparing 364 500 women aged 50 years, who would be 

eligible for screening, and a similar cohort who had regular mammographic 

screening.  The results suggested that screening was cost effective due to an 

increase in quality adjusted life years (QALYs), however in 588 scenarios screening 

actually resulted in a reduction in QALYs (Pharoah et al. 2013).  The authors 

concluded that the breast screening programme is only moderately likely to be cost 

effective and further primary research is required to provide definitive cost 

effectiveness data.  This was supported by Morton, Sayma and Sura (2017), who 

focused on the cost-effectiveness of the breast cancer screening programme over a 

20 year period.  The results suggested that overall the breast cancer screening is 

cost-effective, however in the future this may change as more evidence becomes 

available over the risks of screening and chemotherapy drugs become cheaper.  In 

contrast the cost-effectiveness of prostate cancer was considered to be less clear 

(Sanghera et al. 2018).  The results from a systematic review of decision analytical 

models indicated there was no consensus on the optimal model type or approach to 

model prostate cancer progression and there was a general lack of data to enable 

analysis of cost-effectiveness. 

With regards to co-morbidity screening, as the programme is likely to screen for 

multiple co-morbidities, each with its own treatment pathway involving different 

services to different extents, the cost effectiveness of the programme as a whole 

may be difficult to assess.  Instead, the cost-effectiveness of screening for co-

morbidities may need to be assessed individually. 
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Based on the criteria by the NSC in relation to obesity-related co-morbidities, there 

may be a potential benefit of screening for co-morbidities in children attending 

weight management services.  However there are some unknowns, such as which 

co-morbidities and screening tests are suitable for inclusion in a screening 

programme and how many comorbidities may be prevented or ameliorated as a 

result of screening.  Before assessing the suitability of screening for obesity-

associated co-morbidities it is important to identify which comorbidities are 

important, whether there are suitable screening tests available, and whether or not 

such a programme is feasible.   

2.5 Overview of Programme of Work 

2.5.1 Aim and objectives of the PhD 

To assess the feasibility of implementing an obesity-associated co-morbidities 

screening programme for children attending community weight management 

services in the UK. This aim will be meet via the following objectives, which are 

based on the criteria developed by the National Screening Committee (Public Health 

England 2015a): 

 Co-morbidities: Identification of obesity-associated co-morbidities in children, 

that are suitable for inclusion in the proposed screening programme. 

 Screening Tests: Identification of screening tests for the co-morbidities that 

are suitable for community weight management service settings. 

 Screening Programme: Identification of the factors which should be 

considered when considering the feasibility of implementing a co-morbidity 

screening programme 

 

The objectives and the chosen methods are summarised in Figure 2. 
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Figure 2: Stages of the PhD to address NSC criteria for developing a screening 
programme 

  

2.6 Summary and Subsequent Thesis Chapters 

Over recent decades there has been a steady rise in the global prevalence of 

obesity, to the point that it is now considered a global health epidemic (Racette, 

Deusinger and Desusinger 2003; Flegal et al. 2013).  This rise has also been 

observed in children, and although the prevalence varies between specific sub-

groups defined by, for example, ethnicity and socioeconomic status, the prevalence 

is alarmingly high throughout (Gatineau and Mathrani 2011; Devaux and Sassi 

2013). 

The rise in obesity has been followed by a rise in related co-morbidities in both 

adults and children (Abdullah et al. 2010; Parker et al. 2016).  Each of these co-

morbidities results in additional implications for the health and well-being of the 

population, which in turn has repercussions for society as a whole (de Gonzalez et 

al. 2010; Health & Social Care Information Centre 2011; Flegal et al. 2013). 

The rise in obesity and its associated co-morbidities supported the NICE 

recommendation to screen children attending community weight management 
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services, for obesity-related co-morbidities (NICE 2013).  Screening for the early 

identification of obesity-related co-morbidities may seem theoretically justified; such 

screening programmes should meet specific criteria to ensure their success in 

achieving the desired goals from a medical and financial standpoint (Sheehy, 

Coursin and Gabbay 2009; Kitchener et al. 2014).  Furthermore, such criteria should 

be used as part of an ongoing evaluation of screening programmes to justify the 

continued investment of limited resources. 

Subsequent chapters of the Thesis report work undertaken to assess the feasibility 

of developing an obesity-associated co-morbidity screening programme, aimed at 

children attending community weight management services in the UK: 

 Chapters 3 and 4: discusses the methodology and presents the findings of a 

systematic review and meta-analyses to obtain a comprehensive list of 

obesity-associated co-morbidities and their estimated relative prevalence, for 

consideration for inclusion in a screening tool. 

 Chapter 5: takes the results of Chapter 3, to obtain consensus on the co-

morbidities and screening measures that are suitable for the intended 

population and settings (community weight management services in the UK). 

 Chapter 6: presents the results of a thematic analysis to better understand 

the factors considered by the consensus panel in arriving at their decision in 

the consensus study (Chapter 5).  The results are compared with other 

consensus studies and with the outcomes of current and previous screening 

programmes in the UK. 

 Chapter 7: summaries the findings of the overall programme of work.  

Implications of the results and areas for future research are discussed. 
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Chapter 3:  Systematic Review and Meta-Analyses of 

Obesity-associated Co-morbidities 

3.1 Introduction to Systematic Review and Meta-Analyses 

This chapter reports on a systematic review and meta-analyses, which was 

undertaken to identify a comprehensive list of co-morbidities associated with 

childhood obesity, their prevalence, and population prevalence ratio for children who 

were overweight and obese relative to those of a healthy weight.  In addition, the 

review was used to identify co-morbidity screening methods.  This was the first 

stage in identifying co-morbidities and screening methods that may be appropriate 

for inclusion in the proposed screening programme.  Section 3.2 provides an 

overview of and justification for systematic reviews and meta-analyses.  The chapter 

goes on to provide the aim (Section 3.3), details of methodological considerations 

(Section 3.4), methods (Section 3.5), and an overview of the results (Section 3.6).  

Results for the individual co-morbidities and discussion of the findings are provided 

in Chapter 4. 

3.2 Systematic Review and Meta-Analyses 

3.2.1 Background to Systematic Reviews 

Systematic reviews, through a comprehensive process, aim to identify all studies 

pertaining to a focussed question (Egger, Smith and Altman 2001).  The studies are 

appraised, their results summarised, and the key findings presented (Oxman, Cook 

and Guyatt 1994; Cook, Mulrow and Haynes 1997; Garg, Hackam and Tonelli 

2008).  Systematic reviews may also identify gaps in the literature, that future 

research should address in order to develop an understanding within the field 

(Egger, Smith and Altman 2001).  The key strengths of systematic reviews are that 

they: 

1. Identify, appraise and synthesise all available research relevant to a 

predefined research question.  This reduces biases in the review and 

increases replicability of the results. 

2. Collate all published data on a topic, providing a reliable foundation for 

decision makers by resolving conflicting information. 

3. Provide details of a clearly documented review process.  This enables 

replication and integration of new evidence as it becomes available. 
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(Oxman, Cook and Guyatt 1994; Cook, Mulrow and Haynes 1997; Egger, Smith and 

Altman 2001; Garg, Hackam and Tonelli 2008). 

Justification for a Systematic Review Childhood Obesity-Related Co-

morbidities 

A systematic review was conducted to identify a comprehensive list of co-morbidities 

associated with childhood obesity, and to estimate their prevalence as part of a 

programme of work considering inclusion in a co-morbidity screening programme.  

Previous systematic reviews on childhood obesity-related co-morbidities have been 

conducted; however these had limitations (Guh et al. 2009; Pulgarón 2013; Sanders 

et al. 2015).  Guh et al. (2009) considered co-morbidities over the entire lifespan, 

with participants aged 14 to 98.  The exclusion of children aged 5-13 and inclusion 

of individuals over 18 meant a comprehensive list of obesity-related co-morbidities 

specific to children could not be constructed.  Although the review was well-

conducted and structured, the authors did not conduct a quality appraisal of the 

studies and only included prospective cohort studies, limiting the accuracy of the 

estimated population prevalence (Fletcher and Fletcher 2005).  Pulgarón (2013) 

focused on paediatric obesity, with participants aged up to 22 years.  However, 

Pulgarón’s review lacked a clearly focused question, as well as details regarding the 

search strategy and study eligibility criteria, limiting the replicability of the review.  

Additionally, the review started with a predefined list of co-morbidities. Thus it does 

not provide an exhaustive list of comorbidities.  A more recent systematic review 

was conducted by Sanders et al. (2015).  Overall, this was well conducted with a 

clear, focused question and replicable search strategy; however, the review was 

restricted to children in Australia, limiting the generalisability of the results to the UK 

population and the identification of all obesity-related co-morbidities.  Conducting a 

global review increases the probability of identifying all childhood obesity-related co-

morbidities.  However, data from non-UK countries are less likely to be 

representative of the UK population (where the proposed screening programme 

would be implemented), due to variation in culture, diet, lifestyle and ethnic 

composition.  Thus caution is required when analysing results from non-UK 

countries. 

3.2.2 Background to Meta-analyses 

Building upon the structured nature of systematic reviews, meta-analyses are 

defined as the “statistical synthesis of results from a series of studies” (Borenstein et 
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al. 2009).  Unlike narrative reviews where reviewers implicitly assign a degree of 

importance to each study, in meta-analyses each study is assigned a weighting 

(importance) based on the estimated precision of the study estimates (Egger, Smith 

and Phillips 1997; Haidich 2010).  This weighting, in combination with statistical 

analyses, provides a transparent, objective, and replicable analysis of the literature 

(Egger, Smith and Phillips 1997).  The outcome of a meta-analyses is a pooled 

(population) estimate; the population prevalence ratio of the co-morbidities in 

children in the overweight and obese groups relative to the healthy weight group 

(Klassen, Jadad and Moher 1998; Garg, Hackam and Tonelli 2008).  This estimated 

population prevalence ratio would allow for conclusions to be drawn regarding the 

association between weight status and co-morbidity prevalence (Stroup et al. 2000).   

Justification for Meta-analyses of comorbidities 

To date, there has been no meta-analysis of the prevalence of obesity-related co-

morbidities in children.  One existing meta-analysis was identified, however it 

considered participants aged 14-98 years and therefore the results would not apply 

directly to children (Guh et al. 2009).  Therefore meta-analyses were conducted to 

understand the extent of increased prevalence of co-morbidities in children who are 

overweight/obese relative to those of a healthy weight.  This was to ensure the co-

morbidity was sufficiently more prevalent in overweight/obese children to warrant 

inclusion in the proposed screening programme.   

3.3 Aim 

The aim of the systematic review and meta-analyses was to identify a 

comprehensive list of co-morbidities associated with childhood obesity, to estimate 

their prevalence and population prevalence ratio (primary aim), and identify 

screening methods (secondary aim).  This was the first stage in identifying co-

morbidities and screening methods that may be appropriate for inclusion in the 

proposed screening programme for community weight management services in the 

UK.  This aim was met through the following objectives: 

1. Identification of articles reporting co-morbidity prevalence in children, who 

were overweight and/or obese, compared to those of a healthy weight. 

2. Extraction of study data, such as study design, participant characteristics, 

and prevalence by weight status. 

3. Estimation of prevalence ratio of co-morbidities in overweight and obese 

weight groups (separately) relative to healthy weight. 
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4. Appraisal of study quality. 

5. Development of a comprehensive list of obesity-related co-morbidities in 

children. 

6. Identification of candidate screening/assessment techniques for the co-

morbidities and cut-off points for referral. 

3.4 Methodological Considerations 

3.4.1 Study Design 

Four observational study designs were considered for inclusion in this review: 

1. Cross-sectional studies examine the prevalence of a disease in a specified 

population (MacMahon and Trichopoulos 1996).  They may use existing patient 

data collected as part of routine clinical care, or may recruit and survey new 

participants.  The former often being economical as the data have already been 

captured, but is more likely to suffer from missing data, retrieval bias and poorly 

defined outcomes (MacMahon and Trichopoulos 1996; Mann 2003). 

2. Cohort studies identify a sample of participants from a population according to 

potential risk factors (e.g. weight status) and assess subsequent outcomes (e.g. 

the presence of disease) (MacMahon and Trichopoulos 1996; Fletcher and 

Fletcher 2005).  Cohort studies can use prospective data collection or existing 

data (Fletcher and Fletcher 2005; Sedgwick 2014). 

3. Case-control studies select groups of individuals based on whether they do 

(cases) or do not (controls) have the disease of interest (MacMahon and 

Trichopoulos 1996).  The two groups form the basis of an evaluation of the 

relationship between the presence of a disease and existing characteristics 

amongst the participants, e.g. increased weight (Fletcher and Fletcher 2005). 

4. Case series provide a description of the course of a series of patients with a 

similar diagnoses (Carey and Boden 2003; Chan and Bhandari 2011). 

3.4.2 Weight Measurement 

Measurement of a child’s weight can be self-reported or measured by the 

clinical/research team.  Self-report data is less reliable and less accurate than 

measured weight (Wang, Patterson and Hills 2002; Sherry, Jefferds and Grummer-

Strawn 2007; Enes et al. 2009; Gokler et al. 2018).  Weight measurement is used, 

along with height, to categorise children as healthy weight, overweight, or obese 

using national BMI percentile charts (NHS Digital 2017c). 
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3.4.3 Co-morbidity Measurement 

Self-reporting of co-morbidities is common, especially for psychological co-

morbidities such as depression and anxiety, usually via a questionnaire.  Conditions 

screened for using questionnaires, rather than objective clinical tests, may be more 

susceptible to self-report/response bias, for example as a result of social desirability 

effects (Grimm 2010; Rosenman, Tennekoon and Hill 2011).  Conversely, excluding 

these studies could exclude potentially relevant co-morbidities that can only be 

screened for through self-report. 

3.4.4 Prevalence 

Prevalence is defined as the proportion of a population who have a specified 

characteristic/disease of interest in a given timeframe, represented as n/N or as a 

percentage ((n/N)*100) (Egger, Smith and Altman 2001).  The definition of the 

timeframe influences the type of prevalence that is calculated: 

1. Point prevalence: proportion of a defined population affected by the disease 

in question at a specified point in time. 

2. Period prevalence: proportion of a defined population affected by the disease 

in question at any point during a given time period, e.g. past 12 months. 

3. Lifetime prevalence: the proportion of a population that, at some point in their 

lives, up to the time of assessment, have ever had the disease. 

(Adapted from Egger, Smith and Altman (2001) and National Institute of Mental 

Health (2017)). 

3.4.5 Prevalence Ratio 

Given the prevalence for two or more comparison groups, the prevalence ratio (PR) 

can be estimated.  This is the ratio of the proportion of people who have the disease 

in the exposed group, and the proportion with the disease in the unexposed group 

(Figure 3).  A ratio equal to 1 indicates the prevalence is the same in the exposed 

(e.g. obese) and unexposed (e.g. healthy weight) groups.  A ratio greater than 1 

indicates greater prevalence in the exposed group, and a ratio less than 1 indicates 

a lower prevalence in the exposed group.   
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  Co-morbidity  

  Yes No  

Exposure 

(e.g. 

obese) 

Yes a b Prevalence Ratio = (
𝑎

𝑎+𝑏
)  ÷ (

𝑐

𝑐+𝑑
) 

No c d 

    

Figure 3: 2x2 prevalence table and prevalence ratio calculation 

 

One thing to consider is that PR is influenced by the prevalence in the healthy 

weight group.  For example, if the prevalence in the healthy weight group is 0.1 for 

one study, and 0.2 in another, and the prevalence in the obese group for both 

studies is 10, the PR would be 100 and 50, respectively.  This would suggest a 

considerable difference, when in fact it is not; therefore the prevalence in the healthy 

weight group needs to be considered when interpreting the PR. 

3.4.6 Quality Appraisal of Studies 

A key part of a systematic review is the quality/critical appraisal of included studies, 

as the main source of bias is predominantly due to limitations or design issues in the 

original studies, which reduces confidence in and generalisability of results 

(Sanderson, Tatt and Higgins 2007; Bown and Sutton 2010; Dhillon and Gill 2014).  

The proposed systematic review considered observational study designs to assess 

the prevalence of obesity-related co-morbidities in children, thus a quality/critical 

appraisal tool suitable for observational studies was required. 

A literature search identified two potential tools; the Newcastle-Ottawa Scale and 

the Joanna Briggs Critical Appraisal Checklist for Studies Reporting Prevalence 

Data (Hartling et al. 2013; Lo, Mertz and Loeb 2014; Munn et al. 2014; The Joanna 

Briggs Institute 2016).  Both tools were assessed against four criteria that were 

developed from a systematic review of observational study appraisal tools 

(Sanderson, Tatt and Higgins 2007).  The four criteria are, i) number of domains, ii) 

specific as possible, iii) checklist rather than a scale, and iv) evidence of careful 

development and their validity and reliability.  Each criterion is discussed below. 

Criterion 1: Number of Domains 

Sanderson, Tatt and Higgins (2007) identified six key domains that should be 

addressed by a critical appraisal tool (Table 3).  The domains were developed using 

the STrengthening the Reporting of OBservational studies in Epidemiology 

(STROBE) Guidelines. 
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The Newcastle-Ottawa Scale addressed four of the domains using eight questions; 

in contrast the Critical Appraisal Checklist addressed five with 10 questions (Table 

3).  Neither tool assessed whether there was a conflict of interest in the study, yet 

many articles publish this information and it is a requirement of many journals that 

this is disclosed.  Additionally the Newcastle-Ottawa Scale does not ask about 

whether appropriate statistical methods were used for the primary analysis of effect.   

Table 3: Sanderson et al.’s domains addressed by the Newcastle-Ottawa Scale and 
Critical Appraisal Checklist 

Domains Identified by 

Sanderson, Tatt and Higgins 

(2007) 

Newcastle-Ottawa Scale  

(Wells et al. 2014) 

Critical Appraisal 

Checklist (Munn et al. 

2014) 

Methods for selecting study 

participants 

 - 4 items  - 4 items 

Methods for measuring 

exposure and outcome 

variables 

 - 2 items  - 2 items 

Design-specific sources of bias 

(excluding confounding) 

 - 1 item  - 1 item 

Methods to control 

confounding 

 - 1 item  - 2 items 

Statistical methods (excluding 

control of confounding) 

  - 1 item 

Conflict of Interest   

 

Criterion 2: Specific as Possible 

Sanderson et al. (2007) did not provide detailed information regarding how this 

criterion should be assessed, however they did state that due consideration of the 

study’s design and topic area was required, whilst still being applicable to all forms 

of observational studies.  This links to some of the key domains reported in criterion 

one, specifically participant selection, appropriate measurement, and control of 

confounders. 

The Newcastle-Ottawa Scale has separate versions for use in cohort, case-control 

and cross sectional study designs (Anglin et al. 2013; Hermont et al. 2014; Wells et 

al. 2014).  Each version gives consideration to the representativeness and selection 

of participants, comparability between groups, and ascertainment of disease (e.g. 
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self-report versus clinical records).  The response options available vary by 

question, for instance question one (Is the case definition adequate?) has three 

options (a - yes, with independent validation; b - yes, e.g. record linkage or based on 

self-reports; c - no description), whereas question four only has two response 

options.  The number of potential responses ranges from two to four depending on 

the question.  The Critical Appraisal Checklist also gives consideration to the 

representativeness and selection of participants, however neglects to consider how 

the presence of the disease was assessed.  In contrast, the Critical Appraisal 

Checklist offers standard options of Yes, No, Unclear, and Not Applicable for all 

questions. 

To assist with completion, both tools provide guidance to minimise subjectivity.  The 

existing guidance for the Newcastle-Ottawa Scale, however, has been described as 

“vague” and “unhelpful”, which increases subjectivity in responses (Devereaux et al. 

2004; Soares et al. 2004; Stang 2010; Hootman et al. 2011; Oremus et al. 2012; 

Hartling et al. 2013).  In contrast, the guidance of the Critical Appraisal Checklist 

appears to be more detailed, with information on which factors the reviewer needs to 

consider. 

Criterion 3: Checklist rather than a Scale 

Sanderson et al.’s (2007) stated the quality appraisal tool should be a checklist as 

opposed to a scale. A checklist identifies which elements are addressed by study, 

whereas a scale assigns a score to each item which is used to calculate a summary 

score.  Although the summary score can be used to rank studies as high, medium, 

or low quality, summary scores do not reflect the numerous considerations that go 

into assessing a study’s quality (Jüni et al. 1999; Dreyer et al. 2014).  Additionally 

scales typically treat each item as being of equal importance, whereas two studies 

scoring six might differ greatly in terms of quality when the individual items are 

reviewed (Greenland and O'Rourke 2001; Stang 2010; Higgins et al. 2011; Higgins 

and Green 2011).  

Despite the Newcastle-Ottawa Scale begin called a “scale”, it can be used as a 

simple checklist without modification.  The Critical Appraisal Checklist was designed 

as a checklist; however it has been amended for use as a scale (Stang 2010; 

González-Serrano et al. 2016). 
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Criterion 4: Evidence of Careful Development and their Validity and 

Reliability 

This final criterion evaluates the tool’s development methods and its validity and 

reliability.  There is limited information available on the development of the 

Newcastle-Ottawa Scale, its first reported publication being an abstract at the Third 

Symposium for Systematic Review in Oxford, UK (Hartling et al. 2013).  The lack of 

publication in a peer-reviewed journal detailing the development process makes it 

difficult to assess development methods and the tool itself.  Data regarding reliability 

of the Newcastle-Ottawa Scale are also poor (Devereaux et al. 2004; Soares et al. 

2004; Stang 2010; Hootman et al. 2011; Oremus et al. 2012; Lo, Mertz and Loeb 

2014).  Hartling et al. (2013) had reviewers independently apply the Newcastle-

Ottawa Scale to 131 cohort studies included in 8 meta-analyses, the overall Kappa 

was 0.29 (95CI 0.10 to 0.47), indicating only fair agreement.  In contrast, for the 

Critical Appraisal Checklist there is information on its development in a peer-

reviewed journal (Munn et al. 2014).  A working group identified and reviewed tools 

which had previously been used to assess quality in prevalence studies.  This 

information was collated to develop the first version of the Critical Appraisal 

Checklist, which was piloted with 16 workshop participants at the Joanna Briggs 

Institute Convention (Munn et al. 2014).  Based on feedback the tool was adapted 

and refined.  However, despite use in multiple reviews, there is limited evidence on 

the validity and reliability of the Critical Appraisal Checklist. 

Summary of Quality Tool Appraisal 

Assessment against the criteria put forward by Sanderson, Tatt and Higgins (2007) 

indicated the Critical Appraisal Checklist covered a greater number of the key 

domains in comparison to the Newcastle-Ottawa Scale (Table 3, page 35), and was 

developed specifically for prevalence systematic reviews.  Both are relatively similar 

in terms of being specific and both can be used as a scale or checklist.  There is 

more information available on the development of the Critical Appraisal Checklist, 

but less evidence on its validity and reliability.   

Based on the above analysis the studies included in the meta-analyses were 

assessed for quality using the Critical Appraisal Checklist. 
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3.4.7 Meta-Analyses 

Summary Effect Models 

Within meta-analyses there are two commonly-used statistical approaches for 

estimating the summary effect, the Common Fixed Effect Model and the Random 

Effects Model. 

Common Fixed Effect Model  

The common fixed-effect model starts with the assumption that there is one effect 

size (prevalence ratio) which underlies all the studies in the analysis, and any 

variation between studies is due to sampling error (Hedges and Vevea 1998; 

Borenstein et al. 2010).  However, the assumption that the prevalence ratio is the 

same across all the studies is often not plausible.  There may be sufficient 

commonality between the studies to enable a meta-analyses, but variation in the 

study design (e.g. participant ages, country of study, lifestyle and diet, and/or 

ethnicities) may result in variation in the underlying prevalence ratio (Borenstein et 

al. 2009). 

Random Effects Model 

The random-effects model assumes that the prevalence ratio may vary from study to 

study, and that the prevalence ratio for these studies follows a statistical distribution, 

often assumed to be normal on the natural, log-odds, or log scale (Hedges and 

Vevea 1998; Higgins, Thompson and Spiegelhalter 2009; Borenstein et al. 2010).  

The prevalence ratios reported by the studies are assumed to represent a random 

sample from this distribution of prevalence ratios.  The average prevalence ratio 

from a random-effects meta-analyses has a greater standard error than the common 

fixed-effect model, since both within and between-study variation is accommodated 

(Hedges and Vevea 1998; Borenstein et al. 2010). 

3.5 Methods 

The systematic review search was conducted on the 6th of March 2015.  A protocol 

was developed and approved prior to running searches.  MOOSE guidelines were 

adopted to structure the search, review, and reporting of the systematic review 

(Stroup et al. 2000).  The systematic review was registered with Prospero 

(registration number: CRD42015029997). 
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Scoping of the identified studies highlighted that there were two distinct populations 

sampled, i) population samples and ii) clinic samples; the latter being more likely to 

have a higher reported prevalence and be less generalizable to the wider 

population.  This limited comparability between studies.  With regards to data by 

weight status, some studies provided prevalence for the overweight and obese 

groups combined, whereas others did not report prevalence for the overweight 

and/or healthy weight groups.  This increased heterogeneity between the studies 

and limited the understanding of the association between weight status and co-

morbidity.  Therefore it was decided to apply an additional level of eligibility criteria 

to increase homogeneity between the studies.  As such the methods and results 

sections are separated in to stages 1 and 2. 

3.5.1 Stage 1 Methods 

Stage 1 Study Eligibility 

Stage 1 Inclusion Criteria 

Population: The sample included children aged 5-18 years (inclusive) to cover the 

varying ages seen by weight management services.  

Study Design: Cross-sectional, cohort, case-control and case series study designs 

were eligible for the systematic review.   

Data: Weight status had to be measured by the research/clinical team or obtained 

from clinical records to categorise the child as healthy weight (BMI <85th percentile), 

overweight (BMI ≥85th and <95th percentile), or obese (BMI ≥95th percentile).  

Point prevalence provided as n/N, or sufficient information provided to calculate n/N.   

Language/Country Restriction: No language or country restrictions were applied 

to the initial search.  For non-English language articles, attempts were made to 

source English translations.  If English translations were not available, the articles 

were not included in the systematic review, but were retained in a separate EndNote 

folder.   

Stage 1 Exclusion Criteria 

Population: Studies with the following populations were not included in the 

systematic review: 
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1. Studies related exclusively to the non-obese/non-overweight population, e.g. 

BMI <85th percentile. 

2. Studies related exclusively to adults (aged over 18). 

3. Studies related exclusively to infants (aged under 5). 

4. Studies where obesity is a symptom of an underlying illness, e.g. Prader-Willi 

syndrome, Cushing Syndrome, or Hypothyroidism, or a side effect from 

medication, e.g. anti-depressants, anti-psychotics, anti-hypertensives, and 

steroids. 

 

Study Design: RCTs, case reports, qualitative studies, editorials, commentaries, 

letters to editors, author replies, study protocols, and non-human studies were 

excluded as they would not provide prevalence data or the studies are conducted in 

a highly selected population.  Systematic reviews were excluded.  Conference 

abstracts and presentations were also excluded as the study quality could not be 

assessed and there can be discordance between results presented at a conference 

and subsequent published results (Martin et al. 2005; Tam and Hotte 2008). 

Data: Studies that utilised self-reported weight were excluded, since these may 

result in biased prevalence estimates in different weight categories (Wang, 

Patterson and Hills 2002; Enes et al. 2009). 

Search Strategy and Data Sources 

Scoping searches were initially conducted to balance the search’s sensitivity and 

specificity in identifying relevant articles.  Search results were assessed for 

suitability with supervisors, and discussion led to refinements in search keywords 

and mesh terms. 

Relevant articles were identified through a systematic search of MEDLINE, 

EMBASE, PsycINFO, and Web of Science since the date of inception. The search 

strategy for MEDLINE is available in Appendix 1.  For each database search MESH 

and free-text terms were grouped into four categories (Figure 4).  The Boolean 

operator “OR” joined the terms and subject headings within each category, and the 

operator “AND” combined the four categories.  Search terms and keywords were 

altered as per each database’s requirements.  The search strategy included 

examples of specific co-morbidities associated with obesity, such as depression, 

hyperglycaemia, and sleep disorders (e.g. sleep apnoea).  This was performed to 

increase the specificity of the results, but the search was not limited to these co-

morbidities. 
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Figure 4: Subject groups for the search strategy 

 

Title Abstract Review and Full-Text Review 

After conducting the searches, amalgamating the results, and removing duplicates, 

title and abstracts were screened for eligibility.  One of the supervisors (MB) acted 

as an independent second reviewer on 603 studies to assess agreement.  

Agreement was assessed over three rounds using Kappa values (Landis and Koch 

1977; Viera and Garrett 2005).  After each round, disagreements were discussed 

with all supervisors to ensure that all potentially eligible articles were taken forward.  

Review of the first round of articles indicated that a high proportion of articles were 

coded as “no”, which may have artificially inflated the level of agreement.  For the 

subsequent two rounds an equal number of articles coded as Yes/Maybe/No 

underwent a second review.  Once all articles had been screened and the full-text 

obtained, agreement for full-text review was assessed over one round with one 

supervisor (MB) acting as an independent reviewer.   

Data Extraction 

Upon completion of full-text reviews, pertinent data from the articles were extracted.  

A modified version of The Joanna Briggs Institute (2014) form was utilised to 

capture details of the co-morbidities and prevalence by weight status (healthy 

weight, overweight, obese).  The data extraction form was pilot tested, and 

additionally assessed by two supervisors (MB and SC) on six randomly selected 

articles to ensure the form was easy to use and appropriately designed to capture all 
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the relevant data.  Key components of the data extraction form were study 

information, sample demographics, weight status categorisation, and prevalence of 

the co-morbidity by weight status.  The full data extraction form is available in 

Appendix 2. 

Quality Appraisal 

Quality appraisal of the included studies was assessed using the Critical Appraisal 

Checklist (Munn et al. 2014) (Box 1).  The checklist was selected as it can be 

utilised across multiple study designs and addressed more of the criteria reported by 

Sanderson, Tatt and Higgins (2007) (see section 3.4.6). 

Box 2: The Joanna Briggs Critical Appraisal Checklist 

Items in the Critical Appraisal Checklist 

1. Was the sample representative of the target population? 

2. Were study participants recruited in an appropriate way? 

3. Was the sample size adequate? 

4. Were the study subjects and the setting described in detail? 

5. Was the data analysis conducted with sufficient coverage of the identified sample? 

6. Were objective, standard criteria used for the measurement of the condition? 

7. Was the condition measured reliably? 

8. Was there appropriate statistical analysis? 

9. Are all important confounding factors/subgroups/differences identified and 

accounted for? 

10. Were subpopulations identified using objective criteria? 

Stage 1 Data Analysis 

Upon completion of the data extraction and quality appraisal, data from eligible 

studies were summarised in a flow diagram to report the number of studies 

identified, reviewed, and included in the systematic review.  For the included 

articles, the year of publication, number of participants, and age range of 

participants were reported.  Co-morbidities were separated into physical and 

psychological co-morbidities, and physical co-morbidities were further separated by 

the bodily system they impacted. 

3.5.2 Stage 2 Methods 

Due to heterogeneity between the identified studies in terms of the population 

sampled and the availability of prevalence data for all three weight statuses, 

additional eligibility criteria were applied, in addition those in Section 3.5.1 (page 
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39).  The additional criteria (see below) were applied to increase homogeneity 

between the studies and enable more justifiable comparisons between studies and 

population prevalence ratio estimates. 

Stage 2 Study Eligibility 

Stage 2 Inclusion Criteria 

Population: The sample included children aged 5-18 (inclusive) recruited from a 

general population. 

Data: Prevalence was provided for all three weight categories (healthy weight, 

overweight, and obese) to enable estimation of prevalence ratio of the overweight 

group and obese group relative to the healthy weight group. 

Stage 2 Exclusion Criteria 

Population: Participants recruited from narrowly defined samples, e.g. clinical 

samples. 

Data: Studies which did not report data for all three weight statuses, or combined 

the prevalence for the overweight and obese groups. 

Stage 2 Data Analysis 

Descriptive Analysis 

Articles were grouped by co-morbidity (e.g. hyperglycaemia) and then by co-

morbidity indicator/definition (e.g. fasting plasma glucose) and by cut-off (e.g. 

100mg/dL).  The extracted data were grouped by weight status (healthy weight: 

<85th percentile; overweight: ≥85th and <95th percentile; obese: ≥95th percentile) to 

enable comparison between subgroups (WHO 2014a). 

Funnel Plots 

Funnel plots were provided to indicate the prevalence of the co-morbidity by weight 

status for each study (with weight statuses differentiated by shape and colour) 

(Figure 5).  The x-axis represented the sample size and the y-axis the prevalence of 

the co-morbidity per 1000 of the population (Spiegelhalter 2005; Fisher et al. 2012).  

In Figure 5, point A shows the prevalence of a co-morbidity in a fictitious healthy 

weight group of 301 out of 1000 (30.1%) for one study.  Adjusting the prevalence to 

per 1000 enabled comparison between studies to identify variation between study 
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prevalence estimates, and visually assess whether the overweight and obese 

groups had substantially different prevalence relative to the healthy weight group; as 

well as variation in prevalence within weight status groups.   

 
Figure 5: Example funnel plot using fictitious data  

 

To assess between-group differences, the overall prevalence for the healthy weight 

data points was calculated (solid horizontal line at 231).  Secondly the upper and 

lower 95% and 99.8% control limits were calculated for the healthy weight data 

points (the dotted curved lines above and below the overall prevalence (Figure 5)).  

Control limits are funnel shaped due to the smaller sampling variability in prevalence 

estimates for larger samples (Dover and Schopflocher 2011).  These control limits 

had two functions: 

1. For the healthy weight group, if the study participants are from a similar 

population, and vary only due to sampling error, then 95% of prevalence 

estimates should fall within the 95% control limits (Dover and Schopflocher 

2011).  If fewer points were contained within these limits, it would indicate 

between-study heterogeneity.  In Figure 5 only one of the seven data points 

for the healthy weight group lies within the 95% control limits suggesting that 

the observed variation within the healthy weight group is likely due to study 

specific differences. 

2. If the prevalence of the comorbidity differs by weight status (i.e. increased 

prevalence for the higher weight status groups), the estimates for the obese 

group should fall outside the 99.8% control limits, and data points for the 

overweight group should lie between the obese and healthy weight data 

group.  In Figure 5, prevalence estimates for the obese groups are higher 
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than the healthy weight groups.  In this example, children with obesity have 

higher co-morbidity prevalence than those of a healthy weight. 

Funnel plots for the prevalence ratios have not been provided, since forest plots of 

these estimates are presented for the co-morbidities. 

Meta-Analyses  

A meta-analysis was performed to estimate the population prevalence ratio for the 

overweight and obese groups relative to the healthy weight group.  Since the studies 

included in the meta-analyses were from diverse populations and study designs, a 

random-effects model on a logarithmic scale was adopted, and data were analysed 

using MedCalc version 17.9 (MedCalc Software 2017).   

Prevalence Ratio 

For each co-morbidity eligible for meta-analysis, the total number of participants and 

the number with a positive test result in each weight status were entered into 

MedCalc (MedCalc Software 2017).  The average prevalence ratio was then 

calculated using a random effects model based on the DerSimonian and Laird 

method (Deeks and Higgins 2010).  The prevalence ratio was calculated for the 

overweight and obese groups relative to the healthy weight group.  For the 

prevalence ratio the 95% confidence intervals were calculated on a logarithmic scale 

(𝜃 ± 𝑆𝐸{𝜃}Φ(1 −
𝛼

2
)), where 𝜃 is the estimated log prevalence ratio and Φ is the 

standard normal deviate (Deeks and Higgins 2010).  For the co-morbidity the 

following are provided: 

 Table summarising the prevalence ratio 

 Forest plot providing the individual study prevalence ratio (95% confidence 

intervals) and summary effect  

 The Q statistic and I2 statistic 

Forest Plot 

Forest plots were used to present the prevalence ratio and 95% confidence interval 

for each study, along with the average prevalence ratio (Fletcher and Fletcher 

2005).  This enabled comparison between studies and assessment of the overall 

effect. 
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Q and I2 Statistic 

The Q statistic summarises the variation between study results and can be 

compared with a Chi-squared statistic to test the null hypothesis that all studies are 

evaluating the same effect, i.e. absence of between-study heterogeneity (Huedo-

Medina et al. 2006; Borenstein et al. 2009).  However the statistic is known to have 

low power for detecting between-study heterogeneity, particularly if the number of 

studies included in a meta-analyses is small, and is over-sensitive when a large 

number of studies is included (Higgins et al. 2003; Huedo-Medina et al. 2006).     

To overcome the shortcomings of the Q Statistic the I2 statistic was developed; I2 

measures the proportion of the total variation in observed effects that is due to 

between-study variation rather than due to sampling error (Borenstein et al. 2009; 

Borenstein et al. 2017).  Therefore it provides the proportion of total variation that 

would remain if sampling error could be accounted for/removed (Borenstein et al. 

2009; Borenstein et al. 2017).  I2 ranges from 0-100% with higher values indicating 

that most of the observed variance is due to between-study heterogeneity, and 

investigation of the reasons for heterogeneity may be warranted (Borenstein et al. 

2009).  Higgins et al. (2003) tentatively assigned adjectives of low, moderate, and 

high to I2 values of 25%, 50%, and 75%, respectively. 

Potential Reasons for Heterogeneity 

The third stage of the analysis considered the potential reasons for heterogeneity 

that might explain the observed differences in prevalence between studies.  

Reasons may include: participant or sampling differences, country of study, sample 

size, gender, setting and/or study design.  The focus was directed by information 

reported in the articles, e.g. if prevalence was provided by gender or age, or if a 

number of the studies were conducted in the same country. 

3.6 Results 

3.6.1 Stage 1 Results 

Study Characteristics 

The database searches identified 10,391 articles, after removal of duplicates 8,173 

were eligible for title and abstract review.  Kappa agreement at the title and abstract 

review stage indicated substantial agreement for all three rounds, 0.84 (95% CI, 

0.75-0.93, p<0.001), 0.92 (95% CI, 0.87-0.98, p<0.001) and 0.85 (95% CI, 0.78-
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0.93, p<0.001).  Of the 8,173 articles, 769 were obtained for full-text review (Figure 

6).  Of these, 162 fulfilled eligibility criteria for data extraction.  These 162 studies 

were published between 1996 and 2014, and included a total of 1,801,388 

participants (median 484; range 33 - 825,964), including children ranging in age 

from 1 to 22 years.  

 
Figure 6: Stage 1: systematic review flowchart 

 

The systematic review identified 22 physical and four psychological co-morbidities; 

physical co-morbidities were further grouped by the bodily system they impacted 

(Table 4).  For some of the co-morbidities multiple indicators/definitions were 

identified; for example six indicators of hyperglycaemia were reported (fasting 

plasma glucose, oral glucose tolerance test, Hb1Ac, HOMA-IR, insulin resistance, 

and the presence of acanthosis nigricans). 

Table 4: List of co-morbidities identified via the systematic review 

Physical Co-morbidities 

Endocrine Hyperglycaemia (fasting plasma glucose, oral glucose 

tolerance test, Hb1Ac, HOMA-IR, insulin resistance, 

and acanthosis nigricans) 

Gastrointestinal Non-alcoholic fatty liver disease 

Non-alcoholic steatohepatitis 

Gallstones 

Pulmonary Obstructive Sleep Apnoea 

Asthma 
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Physical Co-morbidities 

Exercise induced wheeze/cough 

Cardiovascular Carotid-Intima media thickness 

Metabolic syndrome 

High blood pressure 

High C-reactive protein 

Dyslipidaemia (total cholesterol; LDL cholesterol; HDL 

cholesterol; triglycerides) 

Musculoskeletal Bone Fractures 

Joint Pain 

Flat foot 

Other Vitamin D deficiency 

Enuresis 

Iron deficiency 

Elevated uric acid 

Traumatic dental injuries 

Psychological Co-morbidities 

Attention Deficit Hyperactive Disorder 

Anxiety 

Depression 

Low Self-Esteem 

 

3.6.2 Stage 2 Results 

The following section provides an overview of the results, beginning with study 

characteristics and study quality for the studies eligible for Stage 2.  In Stage 2 

additional eligibility criteria were applied (see section 3.5.2) to focus on studies 

conducted on general populations with data for all three weight status groups 

(healthy weight, overweight, and obese).  The section goes on to summarise the co-

morbidities excluded from analysis, based on the additional eligibility criteria applied 

in Stage 2.  After which descriptive analysis of the included co-morbidities is 

provided.  Results of the meta-analysis are provided in Chapter 4. 

Study Characteristics 

Of the 162 studies identified in Stage 1, 90 referred to a general population, of which 

45 provided data for all three weight statuses (Figure 7).  Whilst data were extracted 
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from all 162 papers meeting the stage 1 eligibility criteria, the results presented in 

this thesis focus on the 45 papers providing data for all three weight statuses in 

children recruited from a general population.  Summary of the 45 studies is provided 

in Table 5.  This enabled a more focused account in papers that are most likely to 

be relevant to the aim of the systematic review and thesis overall. 

 

Figure 7: Eligible studies based on the additional eligibility criteria 
 
Table 5: Summary of studies included in meta-analyses 

Number of studies 45 

Number of participants 1,597,733 

Studies by continent*: 

Asia 

Australia 

Europe 

North America 

South America 

 

22 

3 

12 

5 

7 

Year of data collection (range) 1998-2014 

Study Design: 

Cross Sectional 

Cohort 

 

43 

2 

*some studies collected data across multiple continents hence the total is 49 

Study Quality 

Quality appraisal results for the 45 studies included in stage 2, using the Critical 

Appraisal Checklist, are shown in Table 6.  Two studies fulfilled all the criteria and 

were classed as high quality studies, whereas seven studies met only four of the 10 

criteria.  The criterion studies were least likely to address was “Was the condition 

measured reliably?”, with 29 studies rated as “Unclear”.  Another area where studies 

did not provide sufficient information related to the adequacy of the sample size.  
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Although details of the final sample size and dropouts were provided, 26 studies did 

not provide details of an a priori sample size calculation.  A quality categorisation 

was defined using Gonzalez-Serrano et al.’s (2016) criteria, <6 – low quality; ≥6 – 

high quality.  The categorisation was used to assess the association between quality 

score and reported prevalence. 
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Table 6: Critical Appraisal Checklist responses for the 45 studies 
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Co-morbidities excluded from Stage 2 

Restricting analysis to studies conducted in general populations and with data for all 

three weight statuses meant nine co-morbidities/indicators were excluded from 

further analysis.  For hyperglycaemia and metabolic syndrome, 4 indicators and 1 

definition, respectively, were also excluded (Table 7).  This meant that the 

assessment of the prevalence of co-morbidities potentially associated with 

increased weight may not be comprehensive.  Additional research in general 

populations, stratified by weight category is required to obtain an understanding of 

the impact of increased weight on the prevalence of these co-morbidities. 

Table 7: Co-morbidities/indicators excluded from the systematic review 

Comorbidity Indicator/Criteria Reason for Exclusion 

Hyperglycaemia Oral Glucose Tolerance Test 

(≥140mg/dL and 140-

200mg/dL) 

No data for some weight 

categories 

Fasting Insulin 

 

No data for some weight 

statuses 

HbA1c 

 

No data for some weight 

categories 

Acanthosis Nigricans No general population studies 

Metabolic 

Syndrome 

 

WHO, 1998 No data for some weight 

statuses 

Non-alcoholic 

steatohepatitis 

Ultrasound No general population studies 

Obstructive Sleep 

Apnoea 

Questionnaire No data for some weight 

statuses 

Bone Fractures Case note review No general population studies 

Joint pain Questionnaire No data for some weight 

statuses 

Vitamin D 

Deficiency 

Blood test No data for some weight 

statuses 

Dental Caries Physical examination No data for some weight 

statuses 

Enuresis Questionnaire No general population studies 

Iron Deficiency Blood test No general population studies 

ADHD Questionnaire No general population studies 
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Co-morbidities included in Stage 2 

Descriptive Analysis 

Nineteen co-morbidities/indicators remained in the analysis for Stage 2.  The 

reported results from the studies were used to estimate the prevalence per 1000 

individuals in each group (Table 8).  This enabled comparison within and between 

co-morbidities by weight category.  For some of the co-morbidities it was observed 

that there was a low prevalence in the healthy weight group, and therefore the 

increase observed in the overweight and obese groups, which may be statistically 

significant, may not be sufficiently important clinically to justify screening of children 

in weight management clinics.  For example, when considering fasting plasma 

glucose, 66/1000 children of a healthy weight would exceed the threshold of 

100mg/dL (based on the overall reported prevalence in the identified studies), 

whereas in the overweight and obese groups 93/1000 would reach the cut-off.  

Thus, although the prevalence ratio is statistically significant, from a clinical 

perspective identifying an additional 27 children per 1000 may not be sufficient to 

justify the implementation of a screening programme, given the potential cost and 

time implications of developing and running a screening programme (Watmough 

and Kumar 1994).  On the other hand, an increase in prevalence from 31 to 124 per 

1000 in high blood pressure (>90th percentile) as weight category increases, 

together with a simple screening test, may be sufficient to warrant screening, 

provided that an effective intervention strategy is available, and the test is deemed 

suitable and appropriate for a weight management setting.   
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Table 8: Estimated prevalence per 1000 children in each weight status 

Co-morbidity Indicator / 

Measure 

Prevalence in 

Healthy 

Weight 

Prevalence in 

Overweight 

Prevalence in 

Obese 

Hyperglycae-

mia 

Fasting Plasma 

Glucose 

66 (62 to 71) 

out of 1000 

93 (80 to 106) 

out of 1000 

93 (80 to 113) 

out of 1000 

2 Hour Plasma 

Glucose 

0 (0 to 0) out of 

1000 

0 (0 to 1) out of 

1000 

3 (1 to 8) out of 

1000 

HOMA-IR 22 (6 to 68) out 

of 1000 

16 (1 to 128) 

out of 1000 

108 (25 to 462) 

out of 1000 

Dyslipidaem-

ia 

Total Cholesterol 

(≥200mg/dL) 

148 (134 to 

163) out of 

1000 

178 (118 to 

267) out of 

1000 

267 (148 to 

459) out of 1000 

Low HDL 

Cholesterol 

(<40mg/dL) 

81 (71 to 84) 

out of 1000 

163 (122 to 

212) out of 

1000 

236 (179 to 

334) out of 1000 

High LDL 

Cholesterol 

(≥130mg/dL) 

39 (25 to 58) 

out of 1000 

77 (35 to 166) 

out of 1000 

127 (62 to 262) 

out of 1000 

High Triglycerides 

(≥150mg/dL) 

46 (40 to 52) 

out of 1000 

115 (87 to 151) 

out of 1000 

193 (147 to 

257) out of 1000 

High Blood 

Pressure 

≥90
th
 percentile 31 (30 to 32) 

out of 1000 

65 (53 to 80) 

out of 1000 

124 (86 to 176) 

out of 1000 

Metabolic 

Syndrome 

 

 Cook et al. 2003 10 (6 to 15) out 

of 1000 

24 (8 to 73) out 

of 1000 

202 (11 to 984) 

out of 1000 

IDF 2007 7 (5 to 9) out of 

1000 

90 (13 to 612) 

out of 1000 

371 (67 to 561) 

out of 1000 

NCEP ATP III 2001 5 (4 to 8) out of 

1000 

85 (40 to 182) 

out of 1000 

312 (149 to 

653) out of 1000 

de Ferranti et al. 

2004 23 (18 to 30) 

out of 1000 

234 (150 to 

365) out of 

1000 

352 (227 to 

546) out of 1000 

NAFLD Ultrasound 26 (21 to 32) 

out of 1000 

157 (85 to 288) 

out of 1000 

672 (242 to 

938) out of 1000 

Elevated ALT 0 (0 to 100) out 

of 1000 

7 (0 to 124) out 

of 1000 

20 (1 to 326) 

out of 1000 

Elevated AST 43 (25 to 70) 

out of 1000 

109 (51 to 232) 

out of 1000 

297 (103 to 

855) out of 1000 

Asthma Questionnaire 109 (96 to 123) 

out of 1000 

174 (130 to 

207) out 

185 (152 to 

228) out of 1000 
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Co-morbidity Indicator / 

Measure 

Prevalence in 

Healthy 

Weight 

Prevalence in 

Overweight 

Prevalence in 

Obese 

of1000 

Exercise 

Induced 

Wheeze/ 

Cough 

Questionnaire 

5 (2 to 14) out 

of 1000 

369 (134 to 

601) out of 

1000 

687 (255 to 

943) out of 1000 

Flat foot Physical 

examination 

135 (134 to 

136) out of 

1000 

175 (175 to 

189) out of 

1000 

243 (189 to 

310) out of 1000 

Anxiety Questionnaire 131 (123 to 

140) out of 

1000 

124 (102 to 

149) out of 

1000 

97 (74 to 126) 

out of 1000 

Depression 

Questionnaire 301 (290 to 

313) out of 

1000 

302 (271 to 

337) out of 

1000 

309 (270 to 

352) out of 1000 

Self-Esteem 

Questionnaire 45 (37 to 56) 

out of 1000 

82 (55 to 121) 

out of 1000 

146 (100 to 

213) out of 1000 

Carotid-Intima 

Media 

Thickness 

Ultrasound 242 (196 to 

294) out of 

1000 

369 (280 to 

485) out of 

1000 

427 (311 to 

587) out of 1000 

Elevated Uric 

Acid  

Blood Test 145 (129 to 

162) out of 

1000 

283 (231 to 

345) out of 

1000 

436 (367 to 

519) out of 1000 

Gallstones 

Ultrasound 1 (1 to 1) out of 

1000 

2 (1 to 2) out of 

1000 

3 (3 to 4) out of 

1000 

High C-

Reactive 

Protein 

Blood Test 

26 (12 to 53) 

out of 1000 

76 (71 to 337) 

out of 1000 

323 (149 to 

699) out of 1000 

Traumatic 

Dental 

Injuries 

Physical 

Examination 

172 (146 to 

202) out of 

1000 

185 (125 to 

272) out of 

1000 

126 (72 to 219) 

out of 1000 

 

Of 19 co-morbidities/indicators only 10 were eligible for the meta-analyses; nine 

were not eligible as only one general population study was identified.  Twelve of the 

studies reported the prevalence of hypertension (≥95th percentile) and nine reported 

hyperglycaemia (fasting plasma glucose ≥100mg/dL).  Eight studies were conducted 

in China, five in America and only one in the UK.  Review of the studies indicated 
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that overall children who were obese did have a higher prevalence for many of the 

co-morbidities compared with those of a healthy weight.  For children who were 

overweight, the increase in prevalence compared with those of a healthy weight was 

not as substantial.  There were considerable differences between the studies which 

may influence the prevalence of some co-morbidities, such as differences in sample 

sizes, ranging from 211 to 825,964 (Davis et al. 2005; Tenenbaum et al. 2013).  

Such differences impact the precision and accuracy of population estimates of 

prevalence ratios.  For some of the co-morbidities/co-morbidity indicators, however, 

only a small number of studies were eligible for the meta-analyses, thus caution 

must be applied when interpreting the results. 

3.7 Chapter Summary 

This chapter provided a detailed account of the methods undertaken to conduct the 

systematic review and meta-analyses, and a brief overview of the systematic review 

results.  The results suggest children with obesity have a higher prevalence of all co-

morbidities/indicators included in the meta-analyses, though there is considerable 

variation between co-morbidities.  The results for those who are overweight also 

suggested a marked increase in prevalence relative to the healthy weight group.  

Furthermore, considerable between-study heterogeneity was observed, related to 

factors such as country of study, sample size, and measurement method.  The 

following chapter provides details of the 19 co-morbidities/indicators included in the 

meta-analyses, and discusses the factors that may explain some of the between-

study variation in reported prevalence.  This is followed by a discussion of the 

results and implications for the programme of work.  
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Chapter 4: Results of the Systematic Review and 

Meta-Analyses 

4.1 Introduction 

Chapter 3 presented the methods and an overview of the results of a systematic 

review conducted to ascertain the prevalence of obesity-associated co-morbidities in 

children who are overweight/obese relative to those of a healthy weight.  This 

chapter focuses on the 19 co-morbidities from the 45 studies eligible for Stage 2 of 

the systematic review and meta-analysis.  Prevalence ratios for the co-morbidities 

are presented and factors which may have influenced the prevalence ratios are 

discussed (Section 4.2).  This is followed by a discussion of the findings, their 

implications and the strengths and limitations of the systematic review and meta-

analyses (Section 4.3) and conclusion (Section 4.4).   

4.2 Results 

The following section provides the results of the systematic review and meta-

analysis for each individual co-morbidity/indicator. 

4.2.1 Hyperglycaemia 

Hyperglycaemia is defined as an elevation of blood glucose, which is a biomarker 

for diabetes. Over prolonged periods high glucose can cause damage to internal 

organs (Diabetes UK 2018a).  Eleven studies were included in the systematic review 

using three different screening methods (Figure 8). 

 Hyperglycaemia  

  

    

Fasting Plasma 

Glucose 

 Oral Glucose 

Tolerance Test 

 Insulin 

Resistance 

    

X = 9 

N = 76,732 

 X = 1 

N = 20,889 

 X = 1 

N = 481 

Figure 8: Overview of Hyperglycaemia and screening methods (X: number of studies; 
N: number of participants) 
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Fasting Plasma Glucose 

Nine studies that measured the prevalence of fasting plasma glucose ≥100mg/dL 

(5.5mmol/l) were identified (Table 9).  The funnel plot displayed considerable 

heterogeneity between the studies, with no clear clustering of studies by weight 

status (Figure 9).  Point estimates for prevalence ranged from 0.5% to 26% in the 

healthy weight group, suggesting that study methodology varied widely.  Seven 

studies reported fairly low prevalence of fasting plasma glucose, whereas Chu and 

Pan reported prevalence that was substantially higher for all weight statuses.  There 

was also considerable overlap between weight statuses, suggesting that the 

relationship between weight status and fasting plasma glucose is complex. Study 

quality scores ranged from four to 10, with five studies being classified as high 

quality (Davis et al. 2005; Chu and Pan 2007; Seki, Matsuo and Faria Carrilho 2008; 

Khader et al. 2011; Wang et al. 2013).  Study quality was not related to reported 

prevalence as the two highest scoring studies reported markedly different 

prevalence for the weight groups (Davis et al. 2005; Seki, Matsuo and Faria Carrilho 

2008). 

Overall the studies suggested that prevalence of fasting plasma glucose increased 

with weight status (Table 9); however the relationship between weight status and 

prevalence was not consistent.  Five of the nine studies reported that prevalence 

increased in line with weight status, whereas three reported a lower prevalence in 

the obese group compared to the overweight group, e.g. Chu and Pan (2007) 

reported a prevalence of 36% in the overweight group and 29% in the obese group.  

However in all cases the prevalence in the obese group was higher than the healthy 

weight group. 
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Table 9: Summary of studies reporting prevalence data for Hyperglycaemia (Fasting Plasma Glucose ≥100mg/dL) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean Age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence (%) 

in Obese 

(n/N) 

Study 

Quality 

Score 

Caserta et al. (2010) Italy 575 11-13 

(NR) 

Education 0.6 

(1/164) 

1.7 

(3/179) 

3.7 

(3/82) 

4 

Chu and Pan (2007) Taiwan 2405 6-12 

(NR) 

Education 26.0 

(455/1753) 

35.5 

(128/361) 

29.2 

(85/291) 

6 

Davis et al. (2005) America 211 7-18 

(NR) 

Education 12.0 

(10/83) 

15.2 

(5/33) 

18.2 

(8/44) 

8 

Del-Rio-Navarro et al. 

(2008) 

Mexico 1819 6-13 

(9.8) 

Education 1.3 

(12/923) 

4.4 

(18/411) 

3.4 

(15/438) 

4 

Gong et al. (2013) China 538 9-15 

(12.0) 

Education 3.5 

(10/283) 

4.3 

(5/115) 

7.9 

(11/140) 

5 

Khader et al. (2011) Jordan 1034 7-18 

(NR) 

Community 4.5 

(38/837) 

3.6 

(4/111) 

7.0 

(6/86) 

7 

Seki, Matsuo and 

Faria Carrilho (2008) 

Brazil 2170 6-16 

(11.3) 

Education 0.5 

(9/1755) 

1.0 

(3/299) 

0.9 

(1/116) 

10 

Wang et al. (2013) China 3373 6-18 

(12.0) 

Education 9.8 

(151/1541) 

13.5 

(86/637) 

13.7 

(164/1195) 

7 

Xu et al. (2012) China 8764 7-11 

(8.6) 

Education 2.5 

(120/4813) 

3.3 

(22/675) 

4.0 

(25/629) 

9 
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Figure 9: Funnel plot showing prevalence of High Fasting Plasma Glucose per 1000 population 
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All nine studies were included in the meta-analyses, the average prevalence ratio 

(PR) indicated that for every 1 child of a healthy weight with high fasting plasma 

glucose there would be 1.4 (CI 1.2 to 1.6, p<0.001) who were overweight (Figure 

10) and 1.4 (CI 1.2 to 1.7, p<0.001) with obesity (Figure 11) who have high fasting 

plasma glucose (assuming equal population sizes in the three groups).  The I2 

statistic in Figure 10 is 0% indicating little heterogeneity between studies, whilst the 

I2 Statistic in Figure 11 was higher at 23.4%, indicating low heterogeneity.  Overall 

the results show a moderate but significant increase in prevalence of high fasting 

plasma glucose in the higher weight categories, with similar increases in prevalence 

in the overweight and obese groups relative to the healthy weight. 

 

Figure 10: Forest plot of prevalence ratio for overweight relative to healthy weight, 
children for High Fasting Plasma Glucose 

 

 

Figure 11: Forest plot of prevalence ratio for obese relative to healthy weight, children 
for High Fasting Plasma Glucose 

 

Although heterogeneity between prevalence ratios was not statistically significant, 

prevalence estimates varied widely, which may relate to key differences in 

population characteristics.  Variation was seen between and within countries, 
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perhaps due to regional differences.  Three of the studies examining fasting plasma 

glucose were conducted in China, with comparable age ranges (Xu et al. 2012; 

Gong et al. 2013; Wang et al. 2013).  Wang et al. reported a prevalence of 14% for 

the obese group compared with 8% and 4% reported by Gong et al. and Xu et al., 

respectively.   

Studies with smaller samples would be expected to have lower precision and report 

a more extreme prevalence estimate for high fasting plasma glucose.  However, 

examination of studies did not indicate a pattern between sample size and 

prevalence, with similar prevalence reported by Caserta et al. and Xu et al., despite 

having markedly different sample sizes.  

The other main difference between the studies was participant eligibility criteria.  

Seki, Matsuo and Faria Carrilho (2008) and Xu et al. (2012) excluded participants 

with pre-existing conditions that may affect metabolism, or influence the results of 

the tests, which might explain the lower reported prevalence.  The other studies may 

have included participants with pre-existing diagnoses/conditions that can affect 

results but this was not recorded in the eligibility criteria. 

Overall the results of the meta-analyses suggest that the prevalence of high fasting 

plasma glucose may be related to weight status, although the increase in 

prevalence was small.  Variation between studies may be due to factors such as 

sampling methods, country and region of study, sample size, and eligibility criteria, 

although the prevalence ratio estimates were consistent.  There were no studies 

based in the UK, so generalisability of results to the UK population is limited due to 

population, cultural, and dietary differences. 

Oral Glucose Tolerance Test 

One study considered the prevalence of elevated glucose (≥200mg/dl) using an oral 

glucose tolerance test (OGTT) and had a quality score of nine (Bar Dayan et al. 

2005).  The prevalence estimate in the recruited sample ranged from 0.0% (healthy 

weight and overweight groups) to 0.3% (obese group) (Table 10, page 67).  Bar 

Dayan et al. recruited 76,732 Israeli 17 year olds who were screened by the Israeli 

Defence Force for military service, which is mandatory for all Israelis.  As only one 

study was eligible, definitive conclusions regarding the association between weight 

status and elevated fasting plasma glucose using an OGTT could not be drawn and 

a meta-analysis was not possible.   
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Insulin Resistance 

One study of the prevalence of insulin resistance (>3.16) was included in the 

systematic review (Manios et al. 2008).  The study showed that the prevalence 

increased from 2% in the healthy weight group to 11% in the obese group (Table 

11), with a lower prevalence in the overweight group compared to the healthy weight 

group (1.4%).  The high prevalence reported for the obese group may be a factor of 

lower precision due to the small sample, 37 participants, compared with the 137 

participants in the healthy weight group.  Manios et al. recruited 481 children aged 

10-12 from primary schools in Crete, although insulin levels were only measured in 

248, which was not based on an a priori sample size calculation.  Therefore it is 

unclear if the study was sufficiently powered to be representative.  This, along with a 

lack of detail on the sample, lowered the quality score and limits generalisation of 

the results beyond the study population. 
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Table 10: Summary of studies reporting prevalence data for Hyperglycaemia (Oral Glucose Tolerance Test ≥200mg/dl) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Bar Dayan et al. 

(2005) 

Israel 76732 17-17 

(17) 

Community 0.0 

(7/53684) 

0.0 

(4/9202) 

0.3 

(8/2897) 

9 

 
Table 11: Summary of studies reporting prevalence data for Hyperglycaemia (Insulin Resistance >3.16) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Manios et al. 

(2008) 

Greece 248 10-12 

(11.3) 

Education 2.2 

(3/137) 

1.4 

(1/74) 

10.8 

(4/37) 

5 
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4.2.2 Dyslipidaemia 

Dyslipidaemia is defined as an abnormal amount of lipids in the blood (National 

Heart Lung and Blood Institute 2005).  Lipids are composed of total cholesterol 

(consisting of Low Density Lipoprotein (LDL) and High Density Lipoprotein (HDL) 

cholesterol) and triglycerides. Higher values for LDL cholesterol and triglycerides, 

and low levels of HDL cholesterol have been linked to adverse outcomes (National 

Heart Lung and Blood Institute 2005; British Heart Foundation 2012).  Eight studies 

examined total cholesterol and/or the individual lipid profiles (Figure 12). 

Dyslipidaemia 

 

     

Total 

Cholesterol 
 

HDL 

Cholesterol 
 

LDL 

Cholesterol 
 Triglycerides 

      

X = 3 

N = 3,518 

 X = 6 

N = 14,979 

 X = 2 

N = 1,113 

 X = 6 

N = 14,439 

Figure 12: Overview of studies of Dyslipidaemia (X: number of studies; N: number of 
participants) (number of studies is higher as some reported data for multiple lipid 
profiles) 

High Total Cholesterol:  

Three articles were identified using the cut-off ≥200mg/dL (5.2mmol/L) to define 

cases (the normal range should be <200mg/dL (5.2mmol/L) (NHS 2013)).  All 

studies reported a higher prevalence in the obese group compared with the healthy 

weight group (Table 12).  All three studies neglected to provide sufficient details 

regarding the recruitment of participants and for Chu and Pan (2007) and Gong et 

al. (2013) there was insufficient information regarding the control of potential 

confounding factors, such as gender and age. 

The funnel plot did not indicate a clear association between weight status and 

prevalence of high total cholesterol (Figure 13).  The two data points above the 

99.8% control limits were from Chu and Pan (2007).  This suggested the prevalence 

was not due to random variation between studies and that the data from Chu and 

Pan (2007) may arise from a different population or a different assay than the other 

two studies.  The data for the other two studies did suggest some clustering by 

weight groups and the prevalence in the healthy weight group for these two studies 

was close to the expected 5% from the normal range. 
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Table 12: Summary of studies reporting prevalence of High Total Cholesterol (≥200mg/dL) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range (yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) in 

Obese 

(n/N) 

Quality 

Score 

Caserta et al. (2010) Italy 575 11-13 

(NR) 

Education 5.1 

(16/314) 

7.3 

(13/179) 

8.5 

(7/82) 

4 

Chu and Pan (2007) Taiwan 2405 6-12 

(NR) 

Education 18.2 

(319/1753) 

16.9 

(61/361) 

24.1 

(70/291) 

6 

Gong et al. (2013) China 538 9-15 

(12) 

Education 4.6 

(13/283) 

8.7 

(10/115) 

14.3 

(20/140) 

5 
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Figure 13: Funnel plot showing prevalence of High Total Cholesterol per 1000 
population 

 

All three studies were included in the meta-analyses, the average PR indicated that 

(assuming equal sample sizes in the three groups) for every 1 child of a healthy 

weight who has high total cholesterol there would be 1.2 (CI 0.8 to 1.8, p = 0.4) who 

are overweight (Figure 14) and 1.8 (CI 1.0 to 3.1, p=0.04) who are obese (Figure 

15).  The I2 Statistics were 46.4% (Figure 14) and 65.5% (Figure 15), suggesting 

moderate heterogeneity between the studies.  Excluding Chu and Pan (2007) from 

the meta-analyses increased the PR to 1.6 (CI 0.9 to 2.7, p = 0.08) and lowered the 

I2 Statistic to 0% for the overweight group relative to the healthy weight group.  For 

the obese group relative to the healthy weight, the PR increased to 2.4 (CI 1.3 to 

4.4, p = 0.004) and the I2 Statistic decreased to 20.1%.  This supports the view that 

Chu and Pan used different methodology from the other studies, although the small 

number of studies meant definitive conclusions could not be made. 

 

Figure 14: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for High Total Cholesterol 
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Figure 15: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for High Total Cholesterol 

 

Review of the studies indicated variation between the studies in terms of sample 

size.  Caserta et al. and Gong et al. had similar sample sizes and comparable 

prevalence across the weight statuses.  Chu and Pan had a much larger sample 

size, which increased precision, but the reported prevalence was two to three times 

greater than that reported in the other studies, suggesting the population studied 

was at greater risk or the test used was more sensitive. 

Chu and Pan adopted a two-stage stratified sampling method targeting 6 to 13 year 

olds enrolled in 104 public or private schools registered with the Ministry of 

Education.  From each school 24 children were randomly selected (Tu et al. 2007).  

In contrast Gong et al. (2013) recruited 538 children aged 9 to 14 from 14 schools in 

two of Shanghai’s districts.  Caserta et al. (2010) recruited 575 randomly selected 

children aged 11 to 13 in Reggio Calabria, Italy, from the school census list.  The 

samples were of a comparable age, and were appropriately selected to obtain a 

representative sample of the target population.  With regards to eligibility criteria 

Caserta et al. (2010) excluded one participant from analysis due to the presence of 

type 1 diabetes.   As neither Caserta et al. (2010) nor Chu and Pan (2007) explicitly 

stated their eligibility criteria it is difficult to determine if their samples only included 

healthy children or if those with diagnosed conditions were included, which may 

have resulted in a biased estimate of prevalence.  However it is unlikely that this 

difference alone would account for the higher prevalence reported by Chu and Pan.   

Prevalence data by gender was only provided Chu and Pan and Caserta et al.  Chu 

and Pan reported that females had a higher prevalence of high cholesterol than 

males across the weight statuses, this was only significant in the obese group 

(Fisher’s exact test, p=0.015), whereas Caserta et al. (2010) found that females had 

a higher prevalence in the healthy weight group. However as weight increased, the 

relationship reversed and males had a higher prevalence in the overweight and 

obese groups. None of these comparisons were significant.  The variation between 
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studies may be indicative of population differences or may be partially attributable to 

the smaller sample sizes in the higher weight status groups reported by Caserta et 

al. 

Overall the results show a higher prevalence of total cholesterol in obese children 

relative to the healthy weight group.  However the variable prevalence between 

studies suggested other factors are involved, such as study methodology.  There 

was insufficient data to determine an association with gender and there were no UK-

based studies, so generalisability to the UK population is limited. 

Low High Density Lipoprotein (HDL) Cholesterol 

Six articles measured the prevalence of low HDL Cholesterol, three studies utilised 

the threshold of <40mg/dL (1.03mmol/l), two studies used ≤40mg/dL (1.03mmol/l) 

and one study provided data for both (Wang et al. 2013), resulting in seven data 

points (Table 13).  Review of Wang et al.’s data indicated they reported a higher 

prevalence for the <40mg/dL cut-off than for the ≤40mg/dL cut-off across the weight 

statuses.  Review of the data showed the estimated prevalence for girls over 10 

years was notably higher for the <40mg/dL cut-off than the ≤40mg/dL cut-off, 

casting doubt over the accuracy of the data.  Therefore data for the <40mg/dL was 

removed from the analysis, leaving six prevalence estimates, which were analysed 

together. 

The quality scores ranged from four to nine, and there did not appear to be a clear 

association between prevalence and quality score.  Tandon et al., Wang et al. and 

Khader et al. all had a score of 7, yet the reported prevalence varied between the 

studies, with Wang et al. consistently reporting a lower prevalence across the weight 

statuses, suggesting other study specific factors may be associated with the 

variation in prevalence.  Five of the studies had not conducted an a priori sample 

size calculation, with additional uncertainty regarding the control of potential 

confounding factors for three of the studies (Caserta et al. 2010; Khader et al. 2011; 

Gong et al. 2013; Tandon et al. 2013; Wang et al. 2013). 

The studies suggested that the prevalence of low HDL cholesterol increased with 

weight category (Table 13). However the prevalence varied considerably within the 

weight statuses.  In the healthy weight group prevalence ranged from 1.1% (Gong et 

al.) to 23.1% (Khader et al.); similar variation was noted for overweight and obese 

categories.  Tandon et al. and Khader et al. reported a consistently higher 

prevalence regardless of weight status compared with the other studies.  The overall 
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variation between studies suggested that factors other than weight may influence 

HDL cholesterol levels. 

 

 

Figure 16: Funnel plot showing prevalence of Low HDL Cholesterol (≤40mg/dL) per 
1000 population 

 

The funnel plot suggested considerable heterogeneity between the studies, with no 

clear clustering of studies by weight status (Figure 16).  For the healthy weight 

group only one of the six data points was within the 95% control limit, with the others 

distributed outside the 99.8% control limits (Caserta et al. 2010).  Similar variation 

was observed in the overweight and obese data points.  The between study 

variation in prevalence suggested the relationship between weight status and low 

HDL cholesterol was not straightforward. 

All six data points were included in the meta-analysis.  The combined average PR 

indicated that for every 1 child of a healthy weight who had low HDL cholesterol 

there would be 2.0 (1.5 to 2.6, p<0.001) who were overweight (Figure 17) and 2.9 

(2.1 to 4.1, p<0.001) who were obese (assuming equally sized populations) (Figure 

18).  The plots indicated significant heterogeneity between studies with I2 statistics 

of 63% (Figure 17) and 79% (Figure 18), indicating moderate to high heterogeneity. 
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Table 13: Summary of studies reporting prevalence data for Low HDL Cholesterol 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

<40mg/dL 

Gong et al. 

(2013) 

China 538 9-15 

(12) 

Education 1.1 

(3/283) 

3.5 

(4/115) 

6.4 

(9/140) 

5 

Tandon et al. 

(2013) 

India 695 10-18 

(13.4) 

Education 18.9 

(56/297) 

26.7 

(55/206) 

41.1 

(79/192) 

7 

Wang et al. 

(2013)a 

China 3373 6-18 

(12) 

Education 6.2 

(95/1541) 

15.4 

(98/637) 

17.8 

(213/1195) 

7 

Xu et al. (2012) China 8764 7-11 

(8.6) 

Education 4.0 

(82/2044) 

10.0 

(33/330) 

14.3 

(39/273) 

9 

≤40mg/dL 

Caserta et al. 

(2010) 

Italy 575 11-13 

(NR) 

Education 10.2 

(32/314) 

20.7 

(37/179) 

35.4 

(29/82) 

4 

Khader et al. 

(2011) 

Jordan 1034 7-18 

(NR) 

Community 23.1 

(193/837) 

36.9 

(41/111) 

43.0 

(37/86) 

7 

Wang et al. 

(2013)b 

China 3373 6-18 

(12) 

Education 4.3 

(67/1541) 

12.4 

(79/637) 

17.3 

(207/1195) 

7 
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Figure 17: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for Low HDL Cholesterol (<40mg/dL) 

 

 

Figure 18: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for Low HDL Cholesterol (<40mg/dL) 

 

Heterogeneity may be due to factors such as country of study and regional variation.  

Three of the studies were conducted in China (Xu et al. 2012; Gong et al. 2013; 

Wang et al. 2013), with fairly comparable age ranges.  Wang et al. and Xu et al. 

reported similar prevalence for all three weight statuses, with Gong et al. reporting 

substantially lower prevalence.  Gong et al. was conducted in Shanghai (a coastal 

city), Wang et al in Beijing (China’s capital), and Xu et al. in six provincial capital 

cities, including Beijing and Shanghai.  Regional differences in these populations 

may explain some of the variation in reported prevalence. 

Overall the meta-analysis indicated that children who are overweight or obese have 

a higher prevalence of low HDL cholesterol than those of a healthy weight. 
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Heterogeneity between studies and lack of UK-based studies again limits 

generalisability.    

 

Figure 19: Prevalence of low HDL cholesterol, restricted to studies conducted in 
China 

 

High Low Density Lipoprotein (LDL) Cholesterol 

Two articles measured the prevalence of high LDL cholesterol using the cut-off of 

≥130mg/dL (3.4mmol/L) and both reported that the prevalence of high LDL 

cholesterol increased with weight status (Table 14), with comparable prevalence for 

the overweight and obese groups, and minor difference in prevalence for the healthy 

weight groups.  This suggested that the prevalence of LDL cholesterol is associated 

with weight; however the small number of studies and the failure to address 

confounding limited conclusions.  The quality scores for the studies were four 

(Caserta et al. 2010) and five (Gong et al. 2013), however the lack of studies limited 

definitive conclusions being drawn.  Neither study conducted an a priori sample size 

calculation, nor did they provide sufficient detail regarding the sample, which 

lowered their quality rating. 
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Table 14: Summary of studies reporting prevalence data for High LDL Cholesterol (≥130mg/dL)) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study Quality 

Score 

Caserta et al. (2010) Italy 575 11-13 

(NR) 

Education 5.1 

(16/314) 

7.3 

(13/179) 

12.2 

(10/82) 

4 

Gong et al. (2013) China 538 9-15 

(12) 

Education 2.5 

(7/283) 

7.8 

(9/115) 

12.1 

(17/140) 

5 

 

 

Figure 20: Funnel plot showing prevalence of High LDL Cholesterol per 1000 population
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The funnel plot showed that the prevalence rate in the overweight and obese weight 

categories were very comparable (Figure 20).  The data points for the obese group 

were almost identical and both fell outside the 99.8% control limits, with the healthy 

weight data points within the 95% control limits.  This would be expected if there is 

an association between weight status and prevalence of high LDL cholesterol. 

A meta-analysis of the two studies was conducted.  For equally large populations, 

the average PR indicated that for every 1 child of a healthy weight there would be 

2.0 (CI 0.9 to 4.3, p=0.082) who were overweight (Figure 21) and 3.3 (CI 1.6 to 6.8, 

p=0.001) with obesity (Figure 22) who have high LDL cholesterol.  The I2 Statistic 

ranged from 35.6% (Figure 22) to 41.5% (Figure 21) indicating moderate 

heterogeneity between the studies.  The results suggested a moderate increase in 

prevalence of high LDL cholesterol in the higher weight categories, with a higher 

increase observed in the obese group than the overweight group. However the non-

significance of the PR for the overweight group relative to the healthy group may be 

the result of the small number of studies and the low prevalence of high LDL.  

Further studies would be required to assess whether the significance is achieved, or 

if the healthy weight and overweight groups have similar prevalence of high LDL 

cholesterol. 

 

Figure 21: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for High LDL Cholesterol (≥130mg/dL) 

 

 

Figure 22: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for High LDL Cholesterol (≥130mg/dL) 
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The studies were conducted in different continents, albeit with comparable age 

groups and sample sizes.  Gong et al. recruited 538 children aged 9-14 from 14 

elementary and junior high schools in two of Shanghai’s (China) districts, without 

any explicitly stated eligibility criteria.  In contrast, Caserta et al. sampled 575 11-13 

year olds in Reggio Calabrai, Italy who were randomly selected from the school 

census list.  Caserta et al. did not state any specific inclusion criteria, however one 

participant with type 1 diabetes was excluded.  Despite these differences, the 

reported prevalence estimates are very similar, particularly for the overweight and 

obese groups (Table 14). 

Overall the results suggest that the prevalence of high LDL cholesterol was higher in 

the obese groups than in the healthy weight groups.  However the lack of studies, in 

particular with a UK based population, limits generalisability of the results. 

High Triglycerides 

Six studies measured the prevalence of high triglycerides using the cut-off 

≥150mg/dL (1.7mmol/L) (Table 15).  Of the six studies, Tandon et al. reported a 

substantially higher prevalence for all weight statuses than the other studies; e.g. 

16% in the healthy weight group versus the second highest of 5% (Wang et al. 

2013)(Table 15).  The reported prevalence in the other five studies was more 

comparable.  Study quality scores ranged from four to nine.  The main areas where 

studies did not provide sufficient information related to adequacy of the sample size 

and reliability of the screening method.  There did not appear to be an association 

between study quality and reported prevalence, as the three studies which scored 

seven reported considerably different prevalence, e.g. 4.7%, 5.2%, and 16.8% 

prevalence in the healthy weight group (Pereira et al. 2009; Tandon et al. 2013; 

Wang et al. 2013).  Similar variation was observed for the overweight and obese 

groups. 

The funnel plot suggested considerable heterogeneity between the studies, with no 

clear clustering of data points by weight status (Figure 23).  The three highest data 

points for each weight category were from Tandon et al., suggesting the study may 

be an outlier.  Only two of the healthy weight data points fell within the 95% control 

limits, which also included some overweight and obese data points, suggesting the 

prevalence may not be due to weight status alone.  However the low number of 

studies meant definitive conclusions could not be drawn.  

 



- Page 80 - 
 

    

Table 15: Summary of studies reporting prevalence data for High Triglycerides (≥150mg/dL) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study Quality 

Score 

Caserta et al. (2010) Italy 575 11-13 

(NR) 

Education 1.3 

(4/314) 

6.7 

(12/179) 

8.5 

(7/82) 

4 

Gong et al. (2013) China 538 9-15 

(12) 

Education 1.1 

(3/283) 

8.7 

(10/115) 

10.7 

(15/140) 

5 

Pereira et al. (2009) Brazil 494 2-19 

(9.9) 

Education 4.7 

(18/383) 

14.6 

(7/48) 

27.0 

(17/63) 

7 

Tandon et al. (2013) India 695 10-18 

(13.4) 

Education 16.8 

(50/297) 

43.7 

(90/206) 

61.5 

(118/192) 

7 

Wang et al. (2013) China 3373 6-18 

(12) 

Education 5.2 

(80/1541) 

10.8 

(69/637) 

15.1 

(181/1195) 

7 

Xu et al. (2012) China 8764 7-11 

(8.6) 

Education 3.3 

(68/2044) 

6.1 

(20/330) 

16.5 

(45/273) 

9 
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Figure 23: Funnel plot showing prevalence of High Triglycerides per 1000 population, 
excluding Tandon et al. (2013) 

 

Although the funnel plot suggested Tandon et al. might be an outlier, the forest plots 

suggest the PR is comparable with other studies; therefore all six studies were 

included in the meta-analyses. Assuming equal population sizes in the three groups, 

the average PR indicated that for every 1 child of a healthy weight with high 

triglycerides there would be 2.5 (CI 1.9 to 3.3, p≤0.001) who were overweight 

(Figure 24) and 4.2 (CI 3.2 to 5.6, p≤0.001) who were obese (Figure 25).  The I2 

Statistic in Figure 24 was 38.9% indicating low-moderate heterogeneity between 

studies, whilst in Figure 25 the I2 indicated high heterogeneity (57.3%).  The results 

suggested a moderate and significant increase in prevalence of high triglycerides in 

children who were overweight or obese, with a larger increase in the obese than the 

overweight group. 

 

Figure 24: Forest plot of prevalence ratios for overweight, relative to healthy weight, 
children for High Triglycerides (≥150mg/dL) 
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Figure 25: Forest plot of prevalence ratios for obese, relative to healthy weight, 
children for High Triglycerides (≥150mg/dL) 

 

Three studies were conducted in China (Xu et al. 2012; Gong et al. 2013; Wang et 

al. 2013); Wang et al. and Xu et al. reported comparable prevalence in the obese 

group, 15% and 17%, whereas Gong et al. reported a prevalence of 11%.  Gong et 

al. recruited a smaller sample than the other two studies (Table 17), thus prevalence 

estimates may be more subject to sampling error.  There may also be geographical 

variation; Gong et al. recruited from two districts in Shanghai (China) and Wang et 

al. recruited children from Beijing.  Xu et al. recruited from Shanghai and Beijing, 

however city level prevalence was not provided.  Other methodological differences 

were ages of the participants, dietary differences and sampling methods.  Wang et 

al. recruited the broadest age range, six to 18 years in comparison to Xu et al. 

(seven to nine years) and Gong et al. (nine to 15 years).  Although Caserta et al. 

and Wang et al. also provided prevalence data by gender, no clear association 

between prevalence and weight status was observed.  This is likely due to the small 

number of studies. 

Tandon et al. reported the highest prevalence across the weight statuses, 17% in 

healthy weights and 62% in obese,  despite recruiting 695 out of 900 randomly 

selected children from schools located in four different geographical areas of Delhi, 

India.  The higher prevalence may be an indicator of higher risk in South Asians, or 

differences in lifestyle and diet.  The prevalence is considerably higher than Caserta 

et al., who reported a prevalence of 9% in the obese group.  

Overall, a higher prevalence of high triglycerides was observed in children who were 

obese than in those of a healthy weight; however the reported prevalence is likely 

confounded by many factors such as study methodology, country of study, and diet 

and lifestyle factors.  The lack of UK based studies meant that generalisations were 

limited. 
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4.2.3 High Blood Pressure 

High blood pressure is the pressure exerted on blood vessel walls; consistent high 

pressure can cause extra strain on the blood vessels, heart and other organs.  

Three definitions for high blood pressure were identified (Figure 26). 

  High Blood 

Pressure 

  

  

    

≥90
th
 

Percentile 

 ≥90
th
 and <95

th
 

Percentile 

 ≥95
th
 

Percentile 

    

X = 4 

N = 4,474 

 X = 8 

N = 30,239 

 X = 12 

N = 

145,611 

Figure 26: Overview of High Blood Pressure and the three cut-offs used in the studies 
(X: number of studies; N: number of participants) (number of studies is higher as 
some studies reported the prevalence across multiple cut-offs) 

 

Nineteen studies were identified across the three definitions, with three studies 

providing prevalence data for two or more definitions (Ramos and Barros 2005; 

Genovesi et al. 2010; Pecin et al. 2013).  Another study provided prevalence data 

for three countries; each country was included as a separate data point (Dyson et al. 

2014).  In total 24 data points across the three definitions were available for the 

meta-analysis.  Analysis indicated that the prevalence ratios of overweight/obese 

relative to healthy weight were similar for each definition (Table 16).  Therefore the 

data for the three definitions were combined for analysis. 

Table 16: Summary of prevalence ratios by definition of High Blood Pressure 

Definition of high blood 

pressure 

Prevalence Ratio: 

overweight relative to 

healthy weight 

Prevalence Ratio: 

obese relative to 

healthy weight 

≥90
th

 Percentile 2.5 (1.4 to 4.5) 4.4 (2.2 to 8.8) 

≥90 and <95
th

 Percentile 2.2 (1.4 to 3.4) 3.9 (1.9 to 8.0) 

≥95
th

 Percentile 2.0 (1.5 to 2.6) 4.0 (2.5 to 6.5) 

 

All 24 data points suggested prevalence increased with weight status (Table 17); 

however there was considerable variation within weight statuses.  For instance, in 

the healthy weight group prevalence ranged from 0.1% (Nur et al. 2008) to 17.5% 

(Ramos and Barros 2005), similar variation was observed for the overweight and 
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obese groups (Table 17), suggesting that estimated prevalence may be the result of 

other factors in addition to increased weight.  There was considerable variation in 

quality scores, with a modest negative association between quality score and 

reported prevalence.  The main quality criteria that studies did not address were a 

lack of detail regarding the subjects and setting, uncertainty over the reliability of 

measurement, and control for confounding factors.  Eleven studies did not state if 

the people taking measurements were suitably trained, the remaining eight studies 

stated that measurements were conducted by trained physicians or nurses (Moura 

et al. 2004; Bar Dayan et al. 2005; Nur et al. 2008; Seki, Matsuo and Faria Carrilho 

2008; Genovesi et al. 2010; Rafraf, Pourghassem Gargari and Safaiyan 2010; Guo 

et al. 2012; Xu et al. 2012). 

The funnel plot of all studies indicated moderate clustering of prevalence by weight 

status, suggesting a positive association between weight status and prevalence, 

particularly when comparing the healthy weight and obese groups (Figure 27).  As 

Bar Dayan had a sample size of 53,000, a funnel plot with a truncated X axis is also 

presented to show dispersion of prevalence at smaller sample sizes (Figure 28, 

page 88).  Only four of the healthy weight data points were inside the 95% control 

limits and there appeared to be greater variation in prevalence for the overweight 

groups, which were distributed predominantly to the outer edges of the 95% and 

99.8% control limits, whereas the obese data points were outside the 99.8% control 

limits, indicating considerable difference between the groups in prevalence.  

 

Figure 27: Funnel plot showing prevalence of High Blood Pressure per 1000 
population 
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Table 17: Summary of studies reporting prevalence data for High Blood Pressure 
(NR – Not Reported)  

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) 

in Healthy 

Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) in 

Obese 

(n/N) 

Study 

Quality 

Score 

≥90
th

 Percentile 

Caserta et al. (2010) Italy 575 11-13 

(NR) 

Education 9.2 

(29/314) 

11.7 

(21/179) 

15.9 

(13/82) 

4 

Khader et al. (2011) Jordan 1034 7-18 

(NR) 

Community 4.9 

(41/837) 

9.0 

(10/111) 

15.1 

(13/86) 

7 

Seki, Matsuo and 

Faria Carrilho 

(2008) 

Brazil 2170 6-16 

(11.3) 

Education 6.6 

(116/1755) 

17.1 

(51/299) 

39.7 

(46/116) 

10 

Tandon et al. (2013) India 695 10-18 

(13.4) 

Education 2.4 

(7/297) 

17.5 

(36/206) 

28.1 

(54/192) 

7 

≥90
th

 and <95
th

 Percentile 

Chu and Pan (2007) Taiwan 2405 6-12 

(NR) 

Education 0.3 

(5/1753) 

2.2 

(8/361) 

9.6 

(28/291) 

6 

Genovesi et al. 

(2010) 

Italy 5131 5-11 

(NR) 

Education 1.1 

(41/3780) 

5.6 

(57/1025) 

11.7 

(38/326) 

7 

Guo et al. (2012) China 6802 5-18 Education 14.4 16.4 17.1 6 
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Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) 

in Healthy 

Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) in 

Obese 

(n/N) 

Study 

Quality 

Score 

(10.9) (752/5230) (178/1088) (83/484) 

Pecin et al. (2013) Croatia 756 15-18 

(15.9) 

Education 6.3 

(4/64) 

15.8 

(3/19) 

24.0 

(6/25) 

4 

Rafraf, 

Pourghassem 

Gargari and 

Safaiyan (2010)* 

Iran 985 14-17 

(15.7) 

Education 13.7 

(109/795) 

14.8 

(24/162) 

14.3 

(4/28) 

6 

Ramos and Barros 

(2005) 

Portugal 2023 13-13 

(NR) 

Education 11.9 

(175/1476) 

16.6 

(55/331) 

18.9 

(39/206) 

6 

Wang et al. (2013) China 3373 6-18 

(12) 

Education 3.0 

(47/1541) 

7.8 

(50/637) 

16.1 

(192/1195) 

7 

Xu et al. (2012) China 8764 7-11 

(8.6) 

Education 1.7 

(35/2044) 

4.2 

(14/330) 

7.3 

(20/273) 

9 

≥95
th

 Percentile 

Bar Dayan et al. 

(2005) 

Israel 76732 17-17 

(NR) 

Community 0.1 

(70/53684) 

0.5 

(44/9202) 

2.6 

(75/2897) 

8 

Duzova et al. (2013) Turkey 3622 5-18 

(11.9) 

Community 5.5 

(146/2656) 

7.6 

(25/331) 

11.4 

(36/317) 

5 
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Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) 

in Healthy 

Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) in 

Obese 

(n/N) 

Study 

Quality 

Score 

Dyson et al. (2014)a 

(China) 

China 4444 12-18 

(NR) 

Education 4.0 

(148/3706) 

7.7 

(46/596) 

23.2 

(33/142) 

6 

Dyson et al. (2014)b 

(India) 

India 4197 12-18 

(NR) 

Education 9.4 

(378/4025) 

25.8 

(40/155) 

47.1 

(8/17) 

6 

Dyson et al. (2014)c 

(Mexico) 

Mexico 4089 12-18 

(NR) 

Education 11.1 

(286/2572) 

16.6 

(195/1174) 

28.3 

(97/343) 

6 

Genovesi et al. 

(2010) 

Italy 5131 5-11 

(NR) 

Education 1.3 

(50/3780) 

5.7 

(58/1025) 

20.9 

(68/326) 

7 

Moura et al. (2004) Brazil 1253 7-17 

(12.4) 

Education 8.1 

(88/1081) 

12.1 

(14/116) 

28.6 

(16/56) 

6 

Nur et al. (2008) Turkey 1020 14-18 

(15.9) 

Education 4.1 

(39/962) 

19.4 

(7/36) 

0.0 

(0/2) 

5 

Pecin et al. (2013) Croatia 756 15-18 

(15.9) 

Education 14.1 

(9/64) 

21.1 

(4/19) 

20.0 

(5/25) 

4 

Pereira et al. (2009) Brazil 494 2-19 

(9.9) 

Education 8.9 

(34/383) 

12.5 

(6/48) 

28.6 

(18/63) 

7 

Ramos and Barros 

(2005) 

Portugal 2023 13-13 

(NR) 

Education 17.5 

(259/1476) 

29.9 

(99/331) 

41.7 

(86/206) 

6 

Wiegand et al. Germany 16390 1-20 Clinical 11.4 10.8 20.9 6 
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Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) 

in Healthy 

Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) in 

Obese 

(n/N) 

Study 

Quality 

Score 

(2010) Austria 

Switzerland 

(12.5) (60/528) (291/2697) (2748/13165) 

 

 
Figure 28: Funnel plot showing prevalence of High Blood Pressure per 1000 population, truncated x-axis 
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All 24 data points were included in the meta-analyses, the average PR indicated that 

(for equally sized groups) for every 1 child of healthy weight there would be 2.1 (CI 

1.7to 2.6, p<0.001) who are overweight (Figure 29) and 4.0 (CI 2.8 to 5.7, p<0.001) 

with obesity (Figure 30) who have high blood pressure.  The I2 Statistics indicated 

high heterogeneity (Higgins et al. 2003). 

 
Figure 29: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for High Blood Pressure 
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Figure 30: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for High Blood Pressure 
 

 

Some of the variation in reported prevalence may be due to measurement error.  

Blood pressure is difficult to measure accurately due to the range of factors which 

might lead to a false positive, although some studies provided details regarding the 

methods, e.g. the average of multiple measurements (Karnath 2002; Bauldry, Bollen 

and Adair 2015).  As well as potential misclassification due to staff, there may be 

variation in the accuracy of the measurement device.  Most of the studies reported 

using a manual calibrated mercury sphygmomanometer, whereas Dyson reported 

using an automated device.  Previous studies have reported that automatic devices 

are less accurate (lower sensitivity and specificity) than manual devices, so that 

comparisons between automatic and manual devices may not be appropriate 

(Mansoor et al. 2016; Shahbabu et al. 2016).  However the reported prevalence by 

Dyson et al. was comparable with other studies, suggesting other factors are 

involved in determining the prevalence of high blood pressure. 



- Page 91 - 
 

    

Differences in eligibility criteria may explain some of the observed variation in 

prevalence.  Caserta et al. (2010) recruited a random sample of 576 children aged 

11-13 from the school census list in Reggio Calabrai, Italy, without eligibility criteria.  

Similarly Khader et al. did not provide eligibility criteria for the 1034 children aged 7-

18 recruited in Jordan; neither did Tandon et al. for the 695 participants aged 10-18 

years recruited from multiple schools in Delhi, India.  In contrast, Seki et al. reported 

excluding those with severe illness/disease that may affect results, those who were 

pregnant, as well as irregularities in data/sample collection, though this is not 

elaborated upon.  By excluding particular individuals Seki et al. had a more narrowly 

defined sample, thus differences in prevalence are more likely due to increases in 

weight status.  Some of the observed variation may be due to country-specific 

factors.  For instance Dyson et al. recruited from three countries (China, India, 

Mexico) using the same methodology, and reported marked differences in 

prevalence, particularly for India (Figure 31).  Thus a generic screening tool, which 

does not account for potential confounders, may not be appropriate. 

 

Figure 31: Prevalence of High Blood Pressure (≥95th Percentile), reported by Dyson et 
al. (2014) 

 

Overall the results suggested higher prevalence of high blood pressure in those with 

obesity compared to the healthy weight and overweight groups.  The meta-analyses 

suggested a significant prevalence ratio for both comparisons, yet the high I2 

statistics suggested that there was considerable heterogeneity between the studies 

which may be due to factors such as study methodology, measurement error, 

subjectivity of the measurer, and/or country of study.  Additionally the lack of studies 

from the UK restricted generalisability of the results. 



- Page 92 - 
 

    

4.2.4 Metabolic Syndrome 

Metabolic Syndrome is not a condition itself, but is a composite of high blood 

pressure, high blood sugar, excess body fat, and dyslipidaemia.  Four definitions of 

metabolic syndrome were identified during the review, with no current consensus on 

which definition to use, and different definitions resulting in somewhat different 

estimates of prevalence (Kassi et al. 2011)(Figure 32).  Body size or weight is 

included in all commonly-used definitions, but for three definitions this is not a 

mandatory criterion (Table 18).  Furthermore, there is variation between the 

definitions in how body size is measured; Cook et al and de Ferranti assess obesity 

using waist circumference, but using different cut-offs, whereas the International 

Diabetes Federation (IDF) and the National Cholesterol Education Program (NCEP) 

definitions are based on BMI percentiles, again using different cut-offs, limiting 

comparability of the results.  Therefore the definitions were investigated separately. 

Table 18: Definitions of Metabolic Syndrome 

 Cook et al. de Ferranti et 

al. 

IDF NCEP 

Criteria Three of five Three of five Obesity, plus 

two others 

Three of five 

1. Obesity Waist 

circumference: 

≥90
th
 percentile 

Waist 

circumference: 

≥75
th
 percentile 

BMI > 90
th
 

percentile 

BMI >95
th
 

Percentile  

2. 

Hyperglycaemia 

Fasting glucose: 

≥100mg/dL 

Fasting glucose: 

≥110mg/dL 

Fasting glucose: 

≥100mg/dL 

Fasting 

glucose: 

≥100mg/dL 

3. Dyslipidaemia Triglycerides: 

≥110mg/dL 

Triglycerides: 

≥100mg/dL 

Triglycerides: 

≥150mg/dL 

Triglycerides: 

≥110mg/dL 

4. Dyslipidaemia 

(second criteria) 

HDL 

Cholesterol: 

≤40mg/dL 

HDL 

Cholesterol: 

<45mg/dL 

HDL 

Cholesterol: 

<40mg/dL 

HDL 

Cholesterol: 

<40mg/dL 

5. Hypertension Blood Pressure: 

≥90
th
 Percentile 

Blood Pressure: 

≥90
th
 Percentile 

Blood Pressure: 

≥130/85mmhg 

Blood Pressure: 

>95
th
 Percentile 
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 Metabolic 

Syndrome 

 

  

     

Cook et al. 

(2003) 

 de Ferranti 

et al. 

(2004) 

 IDF 

(2007) 

 NCEP 

ATP-III 

(2001) 

     

X = 2 

N = 2,732 

 X = 1 

N = 2761 

 X = 6 

N = 18,792 

 X = 6 

N = 8,705 

Figure 32: Overview of Metabolic Syndrome and the four definitions (X: number of 
studies; N: number of participants) (number of studies is higher as some studies 
reported the prevalence across multiple screening methods) 

Metabolic syndrome according to Cook et al. 

Two studies measured the prevalence of metabolic syndrome using the cut-off 

developed by Cook et al. (2003), both had a quality score of seven (Table 19).  

Khader et al. had not conducted an a priori sample size calculation, whereas 

Messiah et al. selected all Mexican American, non-Hispanic white, and non-Hispanic 

black boys and girls aged 8 to 14 years from the combined 1999 to 2000 and 2001 

to 2002 NHANES (National Health and Nutrition Examination Survey) data, 

potentially providing a more representative sample.  Both studies indicated that the 

prevalence of metabolic syndrome increased with weight status (Table 19).  The 

prevalence in the obese group ranged from 11.6% (Khader et al. 2011) to 20.8% 

(Messiah et al. 2008).  

The funnel plot showed that the studies were fairly similar in terms of reported 

prevalence by weight status of the healthy weight and overweight groups (Figure 

33).  The healthy weight estimate for Messiah et al. (2008) fell below the 95% 

control limit whereas for Khader et al. it was just inside the control limit.  The data 

points for the overweight group were also within the 95% control limits; in contrast 

the data points for the obese were considerably above the 99.8% control limits.  This 

suggested the prevalence of metabolic syndrome increased dramatically as weight 

reached higher levels; however without continuous data it is not possible to identify if 

there is a tipping point, and the small number of studies means the results offer 

limited generalisability. 
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Table 19: Summary of studies reporting prevalence data for Metabolic Syndrome (Cook et al.) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(Mean Age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Khader et al. (2011) Jordan 1034 7-18 

(NR) 

Community 1.8 

(15/837) 

2.7 

(3/111) 

11.6 

(10/86) 

7 

Messiah et al. (2008) America 1698 8-14 

(NR) 

Community 0.3 

(3/1049) 

1.4 

(4/289) 

20.8 

(75/360) 

7 

 

 

Figure 33: Funnel plot showing prevalence of Metabolic Syndrome (Cook et al.) per 1000 population 
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The meta-analyses of both studies indicated that (assuming equal population size) 

for every 1 child of a healthy weight there would be 2.5 (CI 0.8 to 7.7, p=0.1) who 

were overweight (Figure 34) and 21.2 (CI 1.2 to 381.6, p=0.04) with obesity (Figure 

35) who have metabolic syndrome based on Cook et al.’s definition.  The I2 Statistic 

was 28.8% in Figure 34 and 94.3% in Figure 35 indicating low to high heterogeneity. 

 

Figure 34: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for Metabolic Syndrome (Cook et al. 2003) 

 

 

Figure 35: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for Metabolic Syndrome (Cook et al. 2003) 

 

Khader et al. conducted a population survey of households in Jordan, recruiting 

1034 children aged 7-18, whereas Messiah et al. utilised NHANES data from 1999-

2002 of 1698 children aged 8-14 years.  Messiah et al. included Mexican American, 

non-Hispanic white, and non-Hispanic black boys and girls in their study, whereas 

Khader et al. participants were selected from the 12 governorates of Jordan. In the 

latter study, no details of ethnicity were provided, so its impact on prevalence could 

not be determined. 

Both Khader et al. and Messiah et al. provided prevalence data by age group, 

Khader et al. for 7-12 and 13-18 year olds and Messiah et al. for 8-11 and 12-14 

year olds.  Given that obesity tends to increase with age it would be expected that 

the prevalence of metabolic syndrome would increase with age if it is associated 

with weight (NHS Digital 2016). This was reflected in the data (Figure 36).  However 

the data from Messiah et al. suggested the prevalence increased from 6% to 44% 

between the age groups in the obese, much steeper than that reported by Khader et 
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al.  This may partly be due to the low number of children in the obese group (86) 

affecting the precision.  

 

Figure 36: Prevalence of Metabolic Syndrome (Cook et al.) by age sub-groups 

 

Overall the results suggested a higher prevalence of metabolic syndrome in children 

with obesity, although there was heterogeneity between studies and these analyses 

are based on only two studies.  Additionally there were no UK based studies, further 

limiting application of the results to a UK population. 

Metabolic syndrome according to de Ferranti 

One study reported the prevalence of metabolic syndrome using de Ferranti’s 

definition (de Ferranti et al. 2004).  Li et al. reviewed data of 2761 Chinese 

adolescents from the 2002 China National Nutrition and Health Survey, which is a 

nationally representative cross-sectional survey covering thirty-one provinces.  The 

estimated prevalence in this study increased with an increase in weight, from 2.3% 

in the healthy weight group to 35% in the obese group (Table 20).  Although weight 

is not a mandatory criterion for de Ferranti’s definition, it is included as one of the 

components.  Therefore those who are overweight or obese already meet one of the 

three requirements for metabolic syndrome.  The lack of data from other studies 

meant it was not possible to assess if this would be consistent across studies, nor 

was it possible to conduct a meta-analyses. 
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Table 20: Summary of studies reporting prevalence data for Metabolic Syndrome (de Ferranti, et al., 2004) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence (%) 

in Obese 

(n/N) 

Study 

Quality 

Score 

Li et al. (2008) China 2761 15-19 

(17.1) 

Community 2.3 

(60/2613) 

23.4 

(22/94) 

35.2 

(19/54) 

7 
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Metabolic syndrome according to the International Diabetes Federation 

(IDF) 

Seven studies reported the prevalence of metabolic syndrome using the 

International Diabetes Federation’s cut-off (Zimmet et al. 2007) (Table 21, page 99).  

Two articles were based on the same population, thus the data from Garg et al. 

(2014) was removed (Tandon et al. 2013; Garg et al. 2014).  For the remaining six 

studies, quality scores ranged from four to nine, with four classed as high quality; 

there was no association between quality score and prevalence. 

The studies suggested that the prevalence of metabolic syndrome increased with 

weight status (Table 21).  Five of the six studies reported a prevalence in the healthy 

weight group of less than 1%, whilst Mehairi et al. estimated it at 5% (Chen et al. 

2012; Papoutsakis et al. 2012; Xu et al. 2012; Tandon et al. 2013; Wang et al. 

2013).  For the overweight and obese groups the data from Mehairi et al. was more 

similar to the other studies, whereas the prevalence reported by Papoutsaki et al. 

and Xu et al. were consistently lower. 

The funnel plot suggested considerable variation between the studies, with no clear 

clustering by weight status (Figure 37).  Only two of the healthy weight data points 

fell within the 95% control limits, one was within the 99.8% control limits, and the 

rest were outside the 99.8% control limits, suggesting considerable heterogeneity 

(Papoutsakis et al. 2012; Xu et al. 2012; Tandon et al. 2013).  Similar between study 

variation was observed for the overweight and obese groups, two of the overweight 

data points fell within the 95% control limits for the healthy weight group 

(Papoutsakis et al. 2012; Xu et al. 2012). 
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Table 21: Summary of studies reporting prevalence data for Metabolic Syndrome (International Diabetes Federation) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence (%) 

in Obese 

(n/N) 

Study 

Quality 

Score 

Chen et al. (2012) China 3814 10-18 

(NR) 

Community 0.2 

(4/1745) 

10.0 

(116/1155) 

27.6 

(252/914) 

6 

Mehairi et al. 

(2013) 

United Arab 

Emirates 

1018 12-18 

(15.4) 

Education 5.1 

(33/645) 

13.1 

(23/175) 

40.3 

(77/191) 

8 

Papoutsakis et al. 

(2012) 

Greece 1128 9-13 

(11.2) 

Education 0.0 

(0/698) 

0.0 

(0/327) 

7.8 

(8/103) 

4 

Tandon et al. 

(2013) 

India 695 10-18 

(13.4) 

Education 0.3 

(1/297) 

13.6 

(28/206) 

46.4 

(89/192) 

7 

Wang et al. (2013) China 3373 6-18 

(12) 

Education 0.0 

(0/1541) 

3.1 

(20/637) 

11.9 

(142/1195) 

7 

Xu et al. (2012) China 8764 7-11 

(8.6) 

Education 0.5 

(10/2044) 

0.9 

(3/330) 

6.6 

(18/273) 

9 
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Figure 37: Funnel plot showing prevalence of Metabolic Syndrome (IDF) per 1000 
population 

 

All six studies were included in the meta-analyses, the average PR indicated that 

(assuming equal population sizes) for every 1 child of a healthy weight there were 

13.1 (CI 1.9 to 88.9, p=0.008) who were overweight (Figure 38) and 53.9 (CI 9.7 to 

298.0, p<0.001) with obesity (Figure 39) who had metabolic syndrome based on the 

IDF definition.  The I2 statistic was high in Figure 38 (92.3%) and Figure 39 (93.7%), 

indicating high between-study heterogeneity.  

 

Figure 38: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for Metabolic Syndrome (IDF 2007) 
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Figure 39: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for Metabolic Syndrome (IDF 2007) 

 

Three of the six studies were conducted in China, with fairly large sample sizes 

(Chen et al., Wang et al, and Xu et al.). Although the prevalence in the healthy 

weight group was consistently low, there was considerable variation in the 

overweight and obese groups (Figure 40).  Part of this variation may be due to the 

population sampled.  Both Chen et al. and Wang et al. recruited a sub-sample of the 

Beijing Child and Adolescent Metabolic Syndrome (BCAMS) cohort.  The complete 

cohort consisted of 19,593 children, thus it was difficult to ascertain if any of the 

participants were included in both studies.  In contrast, Xu et al. recruited from six 

provincial capital cities (including Beijing).  However they did not provide prevalence 

by city limiting comparison, therefore the between study variation may be due to 

regional variations, perhaps in diet and lifestyle, as well as methodological 

differences. 

 

Figure 40: Prevalence of Metabolic Syndrome (IDF), restricted to studies conducted in 
China 
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Mehairi et al. and Tandon et al. reported similar prevalence for the overweight and 

obese groups, and both recruited a random sample of schoolchildren.  Mehairi et al. 

recruited 1018 schoolchildren from eight selected schools in Al Ain Abu Dhabi, 

United Arab Emirates (UAE), and Tandon et al. recruited 695 schoolchildren across 

Delhi, India.  A large proportion of UAE citizens are from India, thus there may be 

similarities between the two study populations related to diet, ethnicity, and lifestyle 

(Global Media Insights 2018).  However, the studies did not report ethnicity data, 

and without additional data definitive conclusions cannot be made. 

Overall, the results suggest that a higher prevalence of Metabolic Syndrome using 

the IDF criteria was observed in children with obesity than those of a healthy weight 

(Zimmet et al. 2007).  The association is likely influenced by multiple factors, such 

as study methodology, country and city of study.  Again, there were no studies 

conducted on a UK sample, limiting generalisability of the results. 

Metabolic syndrome according to NCEP 

Six studies that measured the prevalence of metabolic syndrome based on the 

NCEP definition were identified (Expert Panel on Detection 2001).  Quality scores 

ranged from five to 10, with no clear association between quality score and reported 

prevalence (Table 22).  Five studies did not conduct an a priori sample size 

calculation, thus it was unclear if the sample was sufficient to provide a 

representative assessment of prevalence.  Additionally there was uncertainty around 

the reliability of the measure, however this related predominantly to measurements 

of blood pressure. 

Data suggested that the prevalence of metabolic syndrome increased with weight 

status (Table 22). There was within weight group variation, in the healthy weight 

group prevalence ranged from 0.0% to 1.3%, 1.7% to 18% in the overweight group, 

and 28% to 49% in the obese group.  This indicated that weight status group alone 

may not explain the observed variation. 

The funnel plot showed considerable variation in prevalence between the weight 

categories (Figure 41).  All bar one of the data points for the healthy weight group 

fell within the 95% control limits, suggesting fairly homogenous studies (Xu and Ji 

2008).  Additionally for the overweight and obese groups the data points were 

clustered together, supporting an association between prevalence and weight 

status. 
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Table 22: Summary of studies reporting prevalence data for Metabolic Syndrome (NCEP) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence 

(%) in 

Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Davis et al. (2005) America 211 7-18 

(NR) 

Education 1.3 

(1/77) 

15.6 

(5/32) 

41.9 

(18/43) 

8 

Elizondo-Montemayor 

et al. (2014) 

Mexico 236 6-12 

(9) 

Education 0.0 

(0/44) 

1.7 

(1/58) 

40.3 

(54/134) 

5 

Seki, Matsuo and 

Faria Carrilho (2008) 

Brazil 2170 6-16 

(11.3) 

Education 0.3 

(5/1755) 

10.7 

(32/299) 

34.5 

(40/116) 

10 

Tandon et al. (2013) India 695 10-18 

(13.4) 

Education 1.0 

(3/297) 

18.4 

(38/206) 

49.0 

(94/192) 

7 

Wang et al. (2013) China 3373 6-18 

(12) 

Education 1.0 

(16/1541) 

7.7 

(49/637) 

29.4 

(351/1195) 

7 

Xu and Ji (2008) China 2020 14-16 

(14.6) 

Education 0.2 

(3/1490) 

6.0 

(23/385) 

28.3 

(41/145) 

7 
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Figure 41: Funnel plot showing prevalence of Metabolic Syndrome (NCEP) per 1000 
population 

 

All six studies were included in the meta-analyses, the average PR indicated that 

(assuming equal population sizes) for every 1 child of a healthy weight there were 

15.8 (CI 7.4 to 33.8, p<0.001) who were overweight (Figure 42) and 57.9 (CI 27.7 to 

121.3, p<0.001) with obesity (Figure 43) who have metabolic syndrome based on 

the NCEP ATP III definition.  The I2 statistic indicated moderate heterogeneity 

between studies in both Figure 42 (59%) and Figure 43 (61%). 

 

Figure 42: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for Metabolic Syndrome (NCEP ATP III 2003) 
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Figure 43: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for Metabolic Syndrome (NCEP ATP III 2003) 

 

A primary reason for the variation may be the low reported prevalence in the healthy 

weight group, which would increase the prevalence ratio in comparison to studies 

with a slightly higher prevalence.  For instance, for Davis et al. the prevalence in the 

healthy weight group is 0.01 (1/77) in comparison the prevalence for Seki et al. is 

0.002 (5/1755).  Thus, dividing the prevalence in the overweight/obese groups by a 

smaller healthy weight prevalence would alter the prevalence ratio for each study, 

and thus impact the estimated population prevalence. 

Another reason for the variation in prevalence may include participant eligibility 

criteria.  Tandon et al. recruited 695 children aged 10-18 years in Delhi, India, 

without any explicitly stated eligibility criteria.  Wang et al. recruited a much larger 

cross-section of 3373 children aged 6-18 year olds from the BCAMS cohort, and 

excluded those with physical disability, congenital diseases, and any diagnosed 

medical condition that might influence metabolism and therefore test results.  With 

this narrowly defined sample a lower prevalence would be expected in comparison 

to Tandon et al., which is observed.  Two studies recruited from a Chinese 

population, with similar age distributions and large sample sizes (3370 versus 2020), 

and reported fairly similar prevalence across the weight statuses (Wang et al. and 

Xu et al.).  This would suggest the variation in prevalence may be due, in part, to 

differences in the population sampled, as well as study specific differences.  Davis 

et al. considered differences between ethnic groups, reporting a lower prevalence 

among Black children than White children, 10% versus 17%, respectively. However, 

these comparisons are crude and no adjustment is made for potential confounders, 

such as age, sex and sampling characteristics. 

Both Tandon et al. (2013) and Wang et al. (2013) reported prevalence using both 

the IDF and NCEP definitions (Table 23).  In Wang et al. the prevalence among 

obese children increased from 12% using the IDF definition to 29% for NCEP.  
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However, for Tandon et al. a similar increase is not observed, suggesting interplay 

between many factors.   

Table 23: Comparing prevalence based on two definitions of Metabolic Syndrome 

Study  Prevalence (%) in 

Obese Group 

(IDF) 

Prevalence (%) in 

Obese Group 

(NCEP) 

Tandon et al. (2013) 46.4 49.0 

Wang et al. (2013) 11.9 29.4 

 

Overall, the meta-analysis estimated a considerably higher prevalence of metabolic 

syndrome in children who were overweight and obese than in those of a healthy 

weight.  Potential factors for this include country of study, ethnicity (though this was 

not often reported) and the definition used.  Again, there were no UK studies. 

4.2.5 Non-Alcoholic Fatty Liver Disease 

Non-alcoholic fatty liver disease (NAFLD) is the accumulation of fat in the liver not 

due to excessive alcohol consumption.  Seven studies assessed for NAFLD using 

three methods (Figure 44). 

 NAFLD  

  

    

Ultrasound  Elevated 

AST 

 Elevated ALT 

    

X = 5 

N = 5,305 

 X = 1 

N = 236 

 X = 1 

N = 496 

Figure 44: Overview of NAFLD and the 3 screening methods (X: number of studies; N: 
number of participants) 

 

NAFLD screened by ultrasound 

Five studies diagnosed NAFLD via ultrasound and all five suggested that the 

prevalence of NAFLD increased with increasing weight group (Table 24), yet there 

was considerable variation in prevalence between the studies. The prevalence for 

the healthy weight group ranged from 0.4% to 6.8%, with similar variation in the 

overweight and obese groups, suggesting between-study heterogeneity (Ayonrinde 

et al. 2011; Lawlor et al. 2014).   
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Table 24: Summary of studies reporting prevalence data for NAFLD (ultrasound) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range (yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study Quality 

Score 

Adibi et al. (2009) Iran 952 6-18 

(12.6) 

Education 1.0 

(4/408) 

10.5 

(33/314) 

53.9 

(124/230) 

6 

Alavian et al. (2009) Iran 966 7-18 

(NR) 

Education 2.6 

(18/700) 

11.0 

(21/191) 

32.0 

(24/75) 

4 

Ayonrinde et al. (2011) Australia 1138 16-17 

(17) 

Other 6.8 

(60/878) 

21.3 

(34/160) 

62.0 

(62/100) 

7 

Gong et al. (2013) China 538 9-15 

(12) 

Education 1.1 

(3/283) 

13.0 

(15/115) 

52.1 

(73/140) 

5 

Lawlor et al. (2014) UK 1711 NR-NR 

(NR) 

Community 0.4 

(5/1226) 

4.3 

(12/279) 

22.2 

(26/117) 

6 



- Page 108 - 
 

    

Quality scores ranged from four to seven, with little evidence of an association 

between prevalence and quality score.  The key areas where studies lost points 

related to a lack of information regarding the adequacy of the sample size, a lack of 

detail regarding the participants and setting, and not accounting for important 

confounding factors, such as ethnicity. 

The funnel plot indicated some clustering by weight category (Figure 45).  Two of 

the five healthy weight prevalence estimates fell within the 95% control limits 

(Alavian et al. 2009; Gong et al. 2013), with Adibi et al. (2009) falling just outside the 

95% control limit, and Ayonrinde et al. (2011) and Lawlor et al. (2014) falling above 

and below the 99.8% control limits, respectively.  This suggested a fair degree of 

homogeneity between the studies, though this was difficult to assess with five 

studies. 

 

Figure 45: Funnel plot showing prevalence of NAFLD (Ultrasound) per 1000 
population 

 

All five studies were included in the meta-analyses, the average PR indicated that 

(assuming equal population sizes) for every 1 child of a healthy weight there would 

be 6.1 (CI 3.3 to 11.2, p<0.001) who were overweight (Figure 46) and 26.1 (CI 9.4 to 

72.3, p<0.001) with obesity (Figure 47) who have NAFLD.  The I2 Statistic indicated 

high heterogeneity between studies, 67.9% (Figure 46) and 91.4% (Figure 47).  

Reasons for this high heterogeneity are unclear, but may in part be due to 

differences in study methodology, such as eligibility criteria or measurement of 

NAFLD.   

 

 



- Page 109 - 
 

    

 

Figure 46: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for NAFLD (Ultrasound) 

 

 
Figure 47: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for NAFLD (Ultrasound) 

 

Two of the studies were conducted in Iran with similar sample sizes (952 and 966, 

respectively) and similarly aged participants (6-18 and 7-18 years, respectively) 

(Adibi et al. 2009; Alavian et al. 2009).  They reported comparable prevalence for 

the healthy weight and overweight groups, yet considerably different prevalence for 

the obese group (32% versus 54%).  The studies were conducted in different parts 

of Iran, Tehran (the capital) and Isfahan, and the number of children with obesity 

differed.  There were also differences between the studies in eligibility criteria; Adibi 

et al. excluded participants with a history of diabetes or metabolic diseases, taking 

medications or symptoms of liver disorders, whereas Alavian et al. only excluded 

those with a history of alcohol intake. 

Lawlor et al., the only UK study, recruited a cross-section of 1711 children from the 

Avon Longitudinal Study of Parents and Children, which is a prospective, UK 

population-based cohort study of 14,541 pregnancies (http://www.alspac.bris.ac.uk).  

Ayonrinde et al. recruited 1771 participants from the Western Australian Pregnancy 

Cohort (Raine) Study (the Raine Cohort), a prospective cohort of pregnancy, 

childhood, and adolescents (http://www.rainestudy.org.au).  There were substantial 

differences in results, with the estimated prevalence for the obese group in 

http://www.alspac.bris.ac.uk/
http://www.rainestudy.org.au/
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Ayonrinde et al. almost three times that reported by Lawlor et al.  The results are 

consistent with the idea that country specific factors, such as diet and lifestyle, may 

be related to the prevalence of NAFLD, in addition to increased weight. 

Overall, the results suggest that obese children were at greater risk of developing 

NAFLD than their overweight and healthy weight counterparts in these studies.  This 

may be partly due to other factors such as geographical locations and age 

distribution.  One study was conducted in a UK population, and reported the lowest 

prevalence across the weight categories, although it found a strong association 

between weight group and prevalence of NAFLD, one study is not sufficient to draw 

conclusions for the whole of the UK (Lawlor et al.). 

NAFLD screened by AST and ALT 

As there was only one study screening for NAFLD using AST (>33U/L for males, 

>26U/L for females) and one for ALT (>40U/L), both will be considered together 

(Booth et al. 2008; Elizondo-Montemayor et al. 2014).  AST (Aspartate 

transaminase) is an enzyme produced by the liver; high levels of AST indicate liver 

damage.  Whereas ALT (alanine aminotransferase) is an enzyme used to break 

down food into energy; high levels of ALT indicate liver damage. 

Both studies reported similar results, with increasing prevalence of elevated AST 

and ALT with weight status (Table 25).  Booth et al. (2008) recruited 496 children 

aged 14-17 from 48 randomly selected secondary schools in New South Wales, 

Australia.  However special schools, schools with less 180 students and remote 

schools were excluded, which limits the generalisability of the results.  Furthermore, 

the obese group was considerably smaller than the healthy weight group, 28 versus 

376, and more likely to be biased due to small numbers of positive results, and also 

impacting the precision of prevalence estimates.  Within the obese group, results 

suggested a (non-statistically significant) gender difference, none of the 10 girls in 

the obese group had NAFLD according to AST levels, compared with 26% of 19 

boys in the obese group (Fisher’s exact test, p=0.1336).  Elizondo-Montemayor et 

al. (2014) recruited 236 children aged six to 12 years from schools in Monterrey, 

Mexico.  Children with known diabetes mellitus, blood pressure, glucose or lipid 

altering medications, alcohol intake, and medications that can alter liver enzymes 

were excluded.  Elizondo-Montemayor et al. also reported a slightly higher 

prevalence in boys than girls (20% versus 16% in the obese group) but as with 

Booth et al., this is based on very small numbers and was not significant (Fisher’s 

exact test, p=0.5729). 
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Compared with data from studies using an ultrasound as an indicator of NAFLD 

(Table 24), the reported prevalence for Booth et al. and Elizondo-Montemayor et al. 

is much lower.  The overall prevalence in the obese group using an ultrasound was 

47%, compared with 17% and 22% for Booth et al. and Elizondo-Montemayor et al., 

respectively.  This highlights the potential impact that the chosen tool has on 

reported prevalence, though comparison of the tests within the same population 

would be required to see if the difference remains. 

Overall, both Booth et al. and Elizondo-Montemayor et al. suggest an association 

between weight category and prevalence of elevated AST or ALT, respectively.  

However further studies are required in order to draw definitive conclusions 

regarding the association with weight status. 

4.2.6 Asthma 

Asthma occurs when the airways narrow and swell, producing extra mucus.  This 

can make breathing difficult and trigger coughing, wheezing, and shortness of 

breath.  Three articles considered the prevalence of asthma, measured by self-

report questionnaire.  The studies suggested that the prevalence of asthma 

increased with weight status (Table 26).  In two studies the prevalence in the 

overweight and obese groups was fairly similar, with a much lower reported 

prevalence in the healthy weight group, whereas Riberio-Silva et al. reported similar 

prevalence for all weight statuses (Kwon et al.; Noonan et al.).  Furthermore the 

prevalence estimates varied considerably within weight statuses; for example, for 

the healthy weight group prevalence ranged from 7% to 17%.  In terms of quality, all 

three studies rated fairly well.  The main concern was the reliability of the measure, 

which was a child or parent completed questionnaire and is subject to responder 

bias.  Additionally, a lack of detail regarding the target population and an a priori 

sample size calculation also lowered the quality rating. 

The funnel plot showed little difference in the prevalence of asthma between weight 

statuses (Figure 48).  The three data points above the 99.8% control limits were all 

from Kwon et al., implying the study may have important differences from the other 

two studies.  
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Table 25: Summary of studies reporting prevalence data for NAFLD (AST and ALT) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

AST (>33U/L for males, >26U/L for females) 

Booth, 2008 Australia 496 14-17 

(15.4) 

Education 4.3 

(16/376) 

10.9 

(10/92) 

17.2 

(5/29) 

9 

ALT (>40U/L) 

Elizondo-

Montemayor, 2014 

Mexico 236 6-12 

(9) 

Education 0.0 

(0/44) 

6.9 

(4/58) 

22.4 

(30/134) 

9 

 
Table 26: Summary of studies reporting prevalence data for Asthma (self-report) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Kwon et al. (2006) America 853 2-11 

(7.5) 

Community 17.7 

(85/479) 

28.8 

(40/139) 

30.9 

(58/188) 

7 

Noonan et al. 

(2010) 

America 1852 9-22 

(13.2) 

Education 7.1 

(50/703) 

12.1 

(41/339) 

11.7 

(62/528) 

7 

Ribeiro-Silva et al. 

(2013) 

Brazil 1307 6-12 

(NR) 

Education 10.2 

(97/952) 

12.0 

(15/125) 

14.9 

(13/87) 

6 
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Figure 48: Funnel plot showing prevalence of Asthma per 1000 population 

 

All three studies were included in the meta-analyses. The estimated PR indicated 

that (assuming equal population sizes) for every 1 child of a healthy weight there 

would be 1.5 (CI 1.2 to 1.9, p<0.001) children who were overweight (Figure 49) and 

1.7 (CI 1.4 to 2.0, p<0.001) children with obesity (Figure 50) who have asthma.  

Both forest plots (Figure 49 and Figure 50) reported an I2 Statistic of 0%, indicating 

little heterogeneity between the studies.  For both forest plots the PR for Ribeiro-

Silva et al. crossed the line of no effect suggesting no difference between the 

healthy weight and the overweight and obese groups. 

 

Figure 49: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for Asthma 
 

 
Figure 50: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for Asthma 
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None of the studies explicitly stated any exclusion criteria for the participants.  

However Kwon et al. did state inclusion criteria; only children who were part of the 

Harlem Children’s Zone Asthma Initiative (http://www.hcz.org) could take part.  The 

Harlem Children’s Zone was established to address the high asthma-related 

morbidity observed among children (0–12 years) within a 60-block area of Central 

Harlem, New York City (Centers for Disease Control and Prevention 2005).  Thus 

the population was considered to be at a higher risk of developing asthma due to 

factors unrelated to weight, which may have confounded the results.  Kwon et al.’s 

sample consisted of Hispanic children (19.7%) and Black children (80.3%), with 

comparable asthma being reported in both groups (25% in Hispanics versus 22.2% 

in Blacks).  Kwon et al. was conducted in New York city, a location with high levels 

of pollution (World Health Organisation 2014), which may explain the very high 

levels of asthma across all weight categories in comparison to Noonan et al. and 

Ribeiro-Silva et al. (Table 26).  Removing Kwon et al. from the meta-analysis did not 

considerably impact the PR for the overweight group relative to the healthy weight 

group (1.5 (1.0 to 2.1), p=0.032) or the obese group relative to the healthy weight 

group (1.5 (1.2 to 2.1), p=0.002).  However these results are based on only two 

studies, thus caution is required when interpreting them. 

Some of the variation in prevalence between studies may, in part, be explained by 

the use of self-report questionnaires, resulting in either intentional or unintentional 

bias.  Unintentional bias may be due either to a lack of clinical knowledge or to 

misclassification of a general lack of fitness as asthma (Cortés-Télles et al. 2015; 

Yang et al. 2017). 

The results suggest a higher prevalence of asthma in children with obesity 

compared to the healthy weight group; however the evidence base is small and 

confounded by imperfect methods of screening for asthma and biased samples.  

4.2.7 Less Established Co-morbidities 

The following section provides an overview of co-morbidities with predominantly one 

study.  Each co-morbidity will be discussed, however the lack of studies means in-

depth analysis was not feasible. 

Exercise Induced Wheeze/Cough 

Exercise induced wheeze/cough is the narrowing of the airways causing difficulty 

moving air out of the lungs during physical activity.  One study considered 

prevalence of exercise induced wheeze/cough using a self-report questionnaire 

http://www.hcz.org/
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(Table 27).  The study suggested a considerable increase in the prevalence of 

exercise induced wheeze/cough with increasing weight category.  The substantial 

increase in prevalence with increasing weight status is likely the result of using self-

report data from parents; therefore there is a risk of self-report bias.  As such further 

research is required before any conclusions can be drawn. 

Flat foot 

Flat foot is a condition whereby feet have low or no arches and press almost 

completely flat against the floor.  There are two types, rigid flat feet, where the arch 

is not present at all, and flexible flat feet where the arch normalises when the foot is 

not bearing weight, e.g. lying down.  Two studies measured the prevalence of flat 

foot assessed by physical examination by a trained professional (Table 28).  Quality 

scores ranged from 4 to 10, with a lower prevalence reported in the higher quality 

study (Chen, Chung and Wang 2009; Tenenbaum et al. 2013).  Both studies 

reported that prevalence increased with increasing weight category (Table 28).  

However the high prevalence in the healthy weight group would suggest flat foot is 

due to factors other than obesity, particularly in terms of the data reported by Chen, 

Chung and Wang (2009), where around one-quarter of children were diagnosed with 

flat foot.  Due to Tenenbaum et al.’s large sample size the funnel plot is incredibly 

narrow (Figure 51), with none of the data points for any of the weight statuses lying 

within the 95% or the 99.8% control limits. The lack of studies and the substantial 

differences in sample sizes make interpretation of the funnel plot difficult. 

 

Figure 51: Funnel plot showing prevalence of Flat foot per 1000 population.  Left-hand 
side displays prevalence for Chen et al. with an adjusted x-axis.  Right-hand side 
displays prevalence for Chen et al. and Tenenbaum et al. 
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Table 27: Summary of studies reporting prevalence data for Exercise Induced Wheeze/Cough (self-report) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) 

in Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Kajbaf, Asar and 

Alipoor (2011) 

Iran 903 7-11 

(9.0) 

Education 0.5 

(4/755) 

36.9 

(31/84) 

68.8 

(44/64) 

7 

 

Table 28: Summary of studies reporting prevalence data for Flat foot (physical examination) 
(NR – Not Reported) 

Author (Year) Country Sample 
Size 

Age Range 
(yrs.) 
(mean age) 

Setting Prevalence (%) in 
Healthy Weight 
(n/N) 

Prevalence 
(%) in 
Overweight 
(n/N) 

Prevalence 
(%) in Obese 
(n/N) 

Study 
Quality 
Score 

Chen, Chung and 
Wang (2009) 

Taiwan 1024 5-13 
(NR) 

Education 26.7 
(219/819) 

31.4 
(48/153) 

55.8 
(29/52) 

4 

Tenenbaum et al. 
(2013) 

Israel 825964 16-19 
(16.8) 

Community 13.5 
(86836/645357) 

17.8 
(15275/85652) 

21.7 
(10365/47710) 

10 
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The two studies were combined in a meta-analysis.  The average PR indicated that 

(assuming equal population sizes) for every 1 child of a healthy weight there would 

be 1.3 (CI 1.3 to 1.4, p<0.001) who were overweight (Figure 52) and 1.8 (CI 1.4 to 

2.3, p<0.001) with obesity (Figure 53) who have flat foot.  The I2 statistic was 0% in 

Figure 52, indicating no heterogeneity between studies, and 71.5% in Figure 53, 

indicating high heterogeneity. 

 

Figure 52: Forest plot of prevalence ratio for overweight, relative to healthy weight, 
children for Flat foot 

 

 

Figure 53: Forest plot of prevalence ratio for obese, relative to healthy weight, 
children for Flat foot 

 

One of the main distinctions between the studies is the sample size.  Chen et al. 

recruited 1024 children aged 5-13 years from a preschool and primary school in 

Taiwan, whereas Tenenbaum et al. recruited 825,964 adolescents who were being 

evaluated for the Israeli Defence Forces.  It would be expected that estimates from 

studies with smaller samples would have lower precision and be more likely to be 

biased due to small sample variation.  This is supported by the data, with Chen et al. 

reporting a much higher prevalence across the weight statuses than Tenenbaum et 

al.   

The variation in prevalence may also be related to the different populations recruited 

and the eligibility criteria.  Chen et al. excluded those with either a history of lower 

extremity injury, or of foot or ankle surgery, as these might confound results, 

whereas Tennenbaum et al. excluded those with rigid pes planus (where the 

alignment of the arch does not normalise when the feet are not bearing body 

weight).  A further distinction between the studies is the age of the participants.  
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Chen et al.’s participants were aged 5-13 years and Tenenbaum et al.’s 16-19 

years.  Given that the prevalence of flat foot decreases with age, a lower prevalence 

would be expected in the older participants, as is observed (NHS 2017a).  

Furthermore Chen et al. reported that prevalence decreased in both boys and girls 

up to the age of 12.  However, this data were not provided by age and weight status, 

thus prevalence may be a factor of both. 

Overall, there was a higher prevalence of flat foot in children with obesity.  However 

the association between flat foot and weight status may be confounded by other 

factors such as participant eligibility criteria, age, and gender.  Further UK 

population-based studies are required to confirm these results. 

Carotid Intima-Media Thickness 

One study considered the prevalence of thickening of the inner two layers of the 

carotid artery, the intima and media, which is used to diagnose the extent of carotid 

atherosclerotic vascular disease (Touboul and Crouse 1997).  Caserta et al. (2010) 

suggested that the prevalence increased with weight status, from a considerable 

prevalence of 24% in the healthy weight group to 43% in the obese group (Table 

29).  The high prevalence in the healthy weight group would suggest the data is 

from a high risk population.  Caserta et al. randomly recruited 575 children aged 11 

to 13, without any specific eligibility criteria, and assessment was conducted by a 

trained operator using ultrasound, further suggesting the population may be at high 

risk.  The fact that the population may be at higher risk casts doubt over the 

accuracy of the prevalence of other co-morbidities.  Caserta et al. did not provide 

sufficient information that might explain the higher than expected prevalence.  As 

such definitive conclusions cannot be made and further research is required, ideally 

on UK populations.  

Elevated Uric Acid 

One study considered the prevalence of elevated uric acid in 2405 primary school 

children in Taiwan.  Uric acid is produced by the body when breaking down purines, 

which are found in certain foods and are known to cause gout and are linked to 

kidney and heart disease (Marker 2016).  Chu and Pan (2007) suggested that 

prevalence was associated with weight status, increasing from 15% in the healthy 

weight group to 44% in the obese group (Table 30).  The prevalence may be a 

factor of diet rather than weight status, however without additional information; 

research conclusions cannot be made (Zgaga et al. 2012; UK Gout Society 2014; 
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Marker 2016).  Moreover the lack of data from other countries, including the UK, 

meant that a clear understanding of the association with weight status could not be 

determined. 

Gallstones 

One study considered the prevalence of gallstones.   Gallstones are small, hard 

crystalline masses that form in the gall bladder or bile ducts (NHS Choices 2015).  

Typically no treatment is required, however in a small number of cases 

complications may occur.  Koebnick et al. (2012b) reported that the prevalence of 

gallstones is below 1% in all weight categories and there was very weak evidence of 

an increase in prevalence with increasing weight status (Table 31). 
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Table 29: Summary of studies reporting prevalence data for Carotid-Intima Media Thickness (Carotid ultrasonography) 

Author (Year) Country Sample 

Size 

Age Range (yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) 

in Obese 

(n/N) 

Study 

Quality 

Score 

Caserta et al. 

(2010) 

Italy 575 11-13 

(NR) 

Education 24.2 

(76/314) 

36.9 

(66/179) 

42.7 

(35/82) 

7 

 
Table 30: Summary of studies reporting prevalence data for Elevated Uric Acid (≥7mg/dL) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range (yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) 

in Obese 

(n/N) 

Study 

Quality 

Score 

Chu and Pan 

(2007) 

Taiwan 2405 6-12 

(NR) 

Education 14.5 

(254/1753) 

28.3 

(102/361) 

43.6 

(127/291) 

7 

 
Table 31: Summary of studies reporting prevalence data for Gallstones (patient records) 
(NR – Not Reported) 

Author (Year) Country Sampl

e Size 

Age Range (yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence (%) 

in Obese 

(n/N) 

Study 

Quality 

Score 

Koebnick et al. 

(2012b) 

America 510,81

6 

10-19 

(NR) 

National 

Survey 

0.1 

(215/301549) 

0.2 

(179/99987) 

0.3 

(372/109280) 

9 
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High C-Reactive Protein 

One study reported the prevalence of high C-reactive protein, a biomarker of 

inflammation (Sadovsky 1998); the underlying condition that causes increases in C-

reactive protein can range from an infection to cancer (NHS Choices 2016).  

Caserta et al. (2010) suggested that the prevalence of high C-reactive protein in 

their study was associated with weight status (Table 32), with considerably higher 

prevalence in the overweight and obese groups than the healthy weight group.  

Caserta et al. did not provide sufficient information regarding the selected sample, 

and it was unclear how representative the sample was of the wider population. 

Traumatic Dental Injuries 

One study considered the association between weight status and traumatic dental 

injuries, which refers to potentially irreversible damage to the tooth enamel/dentine 

due to accident or injury.  Al-Bajjali and Rajab (2014) reported that prevalence 

decreased with increasing weight status (Table 33), 17% in healthy weight group 

and 11% in the obese group.  However, these prevalence rates are implausibly high 

for a population study and it is difficult to draw firm conclusions regarding the 

association from this single study.  Given the proposed screening programme is 

intended for co-morbidities of higher prevalence in the obese population, the results 

would suggest traumatic dental injuries should not be included.  However further UK 

based research is required, before definitive conclusions can be made. 
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Table 32: Summary of studies reporting prevalence data for High C-Reactive Protein (≥3mg/L) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Caserta et al. (2010) Italy 575 11-13 

(NR) 

Education 2.6 

(8/306) 

15.5 

(24/155) 

32.3 

(20/62) 

4 

 
Table 33: Summary of studies reporting prevalence data for Traumatic Dental Injuries (physical examination) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence (%) in 

Healthy Weight 

(n/N) 

Prevalence (%) in 

Overweight 

(n/N) 

Prevalence 

(%) in Obese 

(n/N) 

Study 

Quality 

Score 

Al-Bajjali and Rajab (2014) Jordan 1015 12-12 

(NR) 

Education 17.2 

(127/738) 

15.8 

(26/165) 

10.7 

(12/112) 

8 
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Anxiety 

One study considered the prevalence of anxiety using the Global School-based 

Health Survey (GSHS) (World Health Organisation 2018).  Anxiety is feelings of 

worry, nervousness, and/or unease about certain events/situations above what 

would be expected.  Zakeri et al. (2012) suggested a decline in prevalence as 

weight category increased (Table 34).  The prevalence in the 10-18 year old Iranian 

cohort was high compared with the adult (>16 years) population prevalence of 5.9% 

(McManus et al. 2016).  Although there is evidence that prevalence of anxiety 

decreases with age, suggesting the results may be appropriate for the age group 

considered, the GSHS is not a screening tool for anxiety (Martin 2003; Mental 

Health Foundation 2016; Remes et al. 2016).  The non-specific nature of the 

questions affects its accuracy and suitability in comparison to other more 

established tools such as the Revised Children's Anxiety and Depression Scale. 

Depression 

Zakeri et al. also considered the prevalence of depression using two questions from 

the GSHS questionnaire (World Health Organisation 2018).  Depression is a mood 

disorder resulting in persistent feelings of sadness and loss of interest in previously 

enjoyed activities.  Results suggested prevalence of depression was very high 

(30%) in all three weight categories (Table 34).   The reported prevalence of 

depression was implausible, given that the reported population prevalence in 

individuals aged 16 in the UK is 3.3% and reflects the lack of specificity of the two 

questions used to define depression (Mental Health Foundation 2016).  The GSHS 

is not a screening tool for depression;  as such its accuracy for screening is unlikely 

to be comparable to more established screening tools such as the Beck’s 

Depression Inventory for Children (CDC 2016; World Health Organisation 2018). 

Low Self-Esteem  

One low quality study measured low self-esteem via self-report (Franklin et al. 

2006).  Low self-esteem is associated with feelings of incompetency, incapability, 

and unworthiness in one or more area of one’s life.  Results suggested that 

prevalence increased with increasing weight category (Table 34).  Self-esteem was 

assessed based on perceived competence in five domains (scholastic competence, 

social acceptance, athletic competence, physical appearance, and behavioural 

conduct) using the Self-perception Profile for Children.   
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Table 34: Summary of studies reporting prevalence data for Anxiety (self-report), Depression (self-report), and Low Self-Esteem (self-report) 
(NR – Not Reported) 

Author (Year) Country Sample 

Size 

Age Range 

(yrs.) 

(mean age) 

Setting Prevalence 

(%) in Healthy 

Weight 

(n/N) 

Prevalence 

(%) in 

Overweight 

(n/N) 

Prevalence (%) 

in Obese 

(n/N) 

Study 

Quality 

Score 

Anxiety 

Zakeri et al. (2012) Iran 8460 10-18 

(NR) 

Education 13.1 

(806/6154) 

12.4 

(106/858) 

9.7 

(52/538) 

6 

Depression 

Zakeri et al. (2012) Iran 8640 10-18 

(NR) 

Education 30.1 

(1853/6154) 

30.2 

(259/858) 

30.9 

(166/538) 

6 

Low Self-Esteem 

Franklin et al. (2006) Australia 2491 9.2-13.7 

(11.3) 

Education 4.5 

(86/1905) 

8.9 

(32/359) 

14.5 

(33/227) 

4 
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4.2.8 Overview of Prevalence Ratios 

A summary of the estimated average prevalence ratios and 95% confidence 

intervals for children who are overweight relative to healthy-weight or obese relative 

to healthy weight for each of the 10 co-morbidities/indicators included in the meta-

analyses is shown in Table 35 with a summary plot provided in Figure 54.  The 

average prevalence ratio for the overweight group, relative to healthy weight, ranged 

from 1.2 (total cholesterol) to 15.8 (metabolic syndrome (NCEP)).  Greater variation 

was observed when considering the prevalence ratio for the obese group relative to 

the healthy weight group, the prevalence ratio ranged from 1.4 (fasting plasma 

glucose) to 58.0 (metabolic syndrome (NCEP)).   

Table 35: Summary of the combined estimates of the prevalence ratios (95% 
confidence intervals) for co-morbidities in overweight groups and obese groups, 
relative to healthy weight 

Co-morbidity Indicator/Measure Prevalence Ratio: 

overweight relative 

to healthy weight 

Prevalence Ratio: 

obese relative to 

healthy weight 

 (95% CI) p  (95% CI) p 

Hyperglycaemia Fasting Plasma Glucose 

(≥100mg/dL) 

1.4 (1.2 to 

1.6) 

<0.001 1.4 (1.2 to 

1.7) 

<0.001 

Dyslipidaemia Total Cholesterol 

(≥200mg/dL) 

1.2 (0.8 to 

1.8) 

0.4 1.8 (1.0 to 

3.1) 

0.04 

Low HDL Cholesterol 

(<40mg/dL) 

2.0 (1.5 to 

2.6) 

<0.001 2.9 (2.1 to 

4.1) 

<0.001 

High LDL Cholesterol 

(≥130mg/dL) 

2.0 (0.9 to 

4.3) 

0.082 3.3 (1.6 to 

6.8) 

0.001 

High Triglycerides 

(≥150mg/dL) 

2.5 (1.9 to 

3.3) 

<0.001 4.2 (3.2 to 

5.6) 

<0.001 

High blood 

pressure 

≥90
th
 percentile 2.1 (1.7 to 

2.6) 

<0.001 4.0 (2.8 to 

5.7) 

<0.001 

Metabolic 

Syndrome 

Cook et al. 2003 2.5 (0.8 to 

7.7) 

0.1 21.2 (1.2 

to 381.6) 

0.04 

IDF, 2007 13.1 (1.9 to 

88.9) 

0.008 53.9 (9.7 

to 297.9) 

<0.001 

NCEP ATP III 2001 15.8 (7.4 to 

33.8) 

<0.001 58.0 (27.7 

to 121.3) 

<0.001 

Non-Alcoholic 

Fatty Liver 

Disease 

Ultrasound 6.1 (3.3 to 

11.2) 

<0.001 26.1 (9.4 

to 72.2) 

<0.001 
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Co-morbidity Indicator/Measure Prevalence Ratio: 

overweight relative 

to healthy weight 

Prevalence Ratio: 

obese relative to 

healthy weight 

 (95% CI) p  (95% CI) p 

Asthma Questionnaire 1.6 (1.2 to 

1.9) 

<0.001 1.7 (1.4 to 

2.1) 

<0.001 

Flat foot Physical examination 1.3 (1.3 to 

1.4) 

<0.001 1.8 (1.4 to 

2.3) 

<0.001 

 

 

Figure 54: Average random effects estimates of prevalence ratios and 95% confidence 
intervals for the co-morbidities/co-morbidity indicators.  Left-hand side excludes 
metabolic syndrome and NAFLD due to differences in scale 
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4.3 Discussion 

4.3.1 Summary of Findings 

The systematic review initially identified 26 co-morbidities (22 physical and four 

psychological) from 162 studies.  The review indicated variation in the populations 

sampled and studies not reporting data for all three weight status groups.  This was 

not congruent with the aim of the systematic review, as it would not be possible to 

estimate the population prevalence ratio in children who were overweight and 

obese, relative to those of a healthy weight.  Therefore studies with highly selected 

populations and those without data for all three weight statuses were excluded from 

the meta-analysis to decrease between-study heterogeneity; this left 45 articles and 

19 co-morbidities.   

Overall, the results suggested that children with obesity had a higher prevalence of 

the majority of the identified co-morbidities included in the meta-analysis, relative to 

those of a healthy weight.  The review indicated that there were small to large 

increases in prevalence ratio between co-morbidities.  For instance, for 

hyperglycaemia, asthma, flat foot, total cholesterol, and low HDL cholesterol there 

was a small increase, with a PR between 1.4 and 2.9.  For high LDL cholesterol, 

triglycerides, and high blood pressure, there was a moderate increase with a PR 

between 3.3 and 4.4.  For NAFLD and metabolic syndrome the increase was 

extremely large, with the PR ranging from 26 to 58. 

4.3.2 Previous Systematic Reviews 

Results from previous systematic reviews supported the current findings, that 

children who were overweight/obese were more likely to have a number of co-

morbidities when compared to those of a healthy weight (Guh et al. 2009; Pulgarón 

2013; Sanders et al. 2015).  The previous reviews identified between 15 and 20 co-

morbidities, fewer than the current review’s 26.  Co-morbidities not identified by 

some or all of the previous reviews include enuresis, gallstones, vitamin D 

deficiency, uric acid, anxiety, flat foot, NAFLD, and carotid-intima media thickness; 

however the results for some of these were not significant.  Additionally the other 

reviews identified co-morbidities which were not identified in the current review; e.g. 

Guh et al. identified a number of cancers associated with obesity (e.g. colorectal, 

kidney, prostate, breast, and ovarian), although, Guh et al. predominantly 

considered participants aged 40 and above in whom cancers are more prevalent.  

Furthermore, cancers tend to have long latent periods and the ones identified are 
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rare in childhood (Nadler and Zurbenko 2014).  Other reasons for the variation in co-

morbidities identified could be the types of studies included; Guh et al. only included 

prospective cohort studies, and Sanders et al. only considered observational studies 

conducted in Australia. 

4.3.3 Between-study Heterogeneity 

Despite the current results suggesting a higher prevalence of co-morbidities in those 

with childhood obesity, the association between weight status and prevalence of co-

morbidities was often difficult to ascertain due to between-study heterogeneity.  

Some areas of heterogeneity are now considered. 

Differences in Terminology and Definition 

In the current systematic review there was a lack of consistency between studies in 

definitions and cut-offs for co-morbidities.  For high blood pressure three cut-offs 

were identified (≥90th percentile, ≥90th and <95th percentile, and ≥95th percentile) and 

for low HDL cholesterol both <40mg/dL and ≤40mg/dL were used in studies.  For 

each of these two co-morbidities studies with different cut-offs were combined into 

one group, since the PR for each definition was comparable.  For Metabolic 

syndrome, however, it was not possible to combine definitions for analysis due to 

differences in definitions and PRs between definitions.  Currently there is no 

consensus on which definition of Metabolic Syndrome should be adopted, and 

different definitions resulted in different estimates of population prevalence, limiting 

the ability to obtain a single estimate (Kassi et al. 2011). 

Differences in Sample Size and Weight Status Group Sizes 

There was also considerable variation in sample sizes, which ranged from 211 to 

825,964 (Davis et al. 2005; Tenenbaum et al. 2013).  This variation was more 

evident when comparing group sizes for weight statuses, which ranged from 44 to 

645,357 for healthy weight, 19 to 99,987 for overweight, and 2 to 109,280 for obese 

(Nur et al. 2008; Koebnick et al. 2012b; Pecin et al. 2013; Tenenbaum et al. 2013; 

Elizondo-Montemayor et al. 2014).  Variations in group size can influence the 

reported prevalence, as smaller groups would only require small numbers of positive 

results to inflate the reported prevalence, which would subsequently impact the 

prevalence ratio, and therefore the accuracy of the population estimate.  However 

this is controlled for to some extent by weighting studies as part of the meta-
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analysis, where smaller studies are given less weighting than larger studies 

(Borenstein et al. 2009). 

Geographical Variation 

The systematic review identified studies across the globe.  Conducting a global 

search means that a more comprehensive list of co-morbidities can be identified, but 

the results from other countries are less likely to be generalizable to the UK 

population, the target population for the proposed screening programme.  In total, 

the systematic review identified studies from 49 different countries, including eight 

from China, five from the USA, and one from the UK.  The lack of studies from the 

UK does limit relevance to this country, particularly for studies from populations that 

are very different in culture, lifestyle and diet, such as Iran and Brazil, all of which 

may affect the prevalence of some co-morbidities.  Data from Western Europe, 

North America and Australia are more likely to be generalizable to the UK 

population; however characteristics of the samples and differences in diet and 

lifestyle would need consideration prior to generalising results.  Only one identified 

study was conducted in the UK, which was for NAFLD (Lawlor et al. 2014).  The 

reported prevalence in other studies was markedly different, ranging from 32% (Iran) 

to 62% (Australia).  Suggesting country-specific factors are important.  For instance, 

in relation to uric acid levels, evidence indicates a positive association between uric 

acid levels and consumption of sugar-sweetened beverages.  A 2015 global review 

indicated marked differences in sugar-sweetened beverage consumption between 

countries (Singh et al. 2015).  The systematic review identified one study 

considering elevated uric acid conducted in Taiwan, which according to Singh et al. 

(2015) consume approximately 0.05 8oz. servings/day compared with the UK’s 0.6 

8oz. servings/day (Zgaga et al. 2012; UK Gout Society 2014; Singh et al. 2015; 

Marker 2016).  Given this differences, additional research with a UK sample is 

required to assess the prevalence of obesity-related co-morbidities in children. 

Differences in Ethnicity 

Although ethnicity has been associated with obesity in adult studies, results were 

rarely reported by different ethnic subgroups in the studies (Louthan et al. 2005; 

Franklin et al. 2006; Fox et al. 2010; Lang et al. 2012).  Therefore, confounding due 

to ethnicity could not be investigated. The importance of this is particularly evident 

where studies indicated that certain ethnicities had a higher prevalence.  For 

instance Tandon et al. (2013) consistently reported a higher prevalence of co-

morbidities in South Asians than other ethnic groups, and Davis et al. (2005) 
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reported White children had a higher prevalence of metabolic syndrome than Black 

children.  Therefore an awareness of the impact of ethnicity on prevalence is 

important, particularly in a multi-ethnic society such as the UK. 

Gender Differences 

Previous research has indicated that in adults, females and males differ in 

prevalence for some conditions, e.g. high total cholesterol and cardiovascular 

diseases (Regitz-Zagrosek 2012; Centers for Disease Control and Prevention 2015; 

Gupta et al. 2016).  Within the systematic review there were some differences 

between male and female prevalence estimates, for example Chu and Pan (2007) 

reported that females had a higher prevalence of high cholesterol than males, but 

there was little consistency between studies.  Similar inconsistencies between 

genders were identified for NAFLD (elevated ALT and AST), elevated triglycerides, 

flat foot, high blood pressure, and self-esteem, suggesting any screening 

programme should be suitable for both males and females.    

Socioeconomic Status 

There is considerable evidence of higher prevalence of obesity in individuals of 

lower socioeconomic status, particularly in women (Kuntz and Lampert 2010; 

Stamatakis, Wardle and Cole 2013; Newton, Braithwaite and Akinyemiju 2017).  

Thus if the co-morbidities are associated with obesity, a higher prevalence would be 

expected in those from lower socioeconomic groups.  However, the studies 

identified did not report co-morbidity prevalence by socioeconomic status, which 

may be important given the socioeconomic disparities observed in the UK. 

Quality Appraisal 

For each study a quality appraisal was undertaken using the critical appraisal 

checklist, using simplistic scoring (0-5 – poor quality; 6-10 – high quality) (Munn et 

al. 2014; González-Serrano et al. 2016).  The overall scores ranged from four to 10, 

with 32 of the 45 studies being classed as high quality.  Although quality appraisal is 

an important part of a systematic review/meta-analyses there are limitations in the 

process.  Appraisal tools are reliant on the information provided in the article, which 

may not be sufficient to answer the items on the checklist.  For example in the 

systematic review 26 studies did not provide details of an a priori sample size 

calculation, so an assessment of the power of the study could not be determined. 

Additionally, 29 studies did not explicitly state that the measurement of the co-

morbidity was conducted by trained staff.  Previous research has shown that authors 
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and independent reviewers differed in their assessment of a study’s quality, with 

authors typically giving lower quality scores (Lo, Mertz and Loeb 2014).  This would 

suggest information bias between reviewers and authors which limits the 

assessment of study quality and the potential to make fully-informed conclusions.  

This asymmetry may explain results by Katikireddi, Egan and Petticrew (2015) who 

reported that, of 59 systematic reviews from 14 high-ranked medical journals, 20 did 

not use quality appraisal to inform results and conclusions. 

Control of potential confounders 

Few studies completed an in-depth analysis of the likely causal nature of any 

associations between weight and co-morbidities. Well known correlates of obesity in 

adults, such as socioeconomic status, ethnicity, and gender were rarely controlled 

for in analysis of prevalence ratios, so that the associations may have been inflated 

or completely induced by known or unknown confounders. There were issues 

pertaining to the control of other confounding factors.  For instance, when 

considering carotid-intima media thickness, research has suggested that elevated 

blood pressure plays a major role in the thickening of the carotid artery (Rumińska et 

al. 2017); however Caserta et al. did not control for this in their results.  Thus the 

prevalence of carotid-intima media thickness reported by Caserta et al. may be 

biased given their reported prevalence of high blood pressure. 

4.3.4 Implications for the proposed screening programme 

The Conditions (Co-morbidities) 

The current systematic review and meta-analyses found an increase in prevalence 

of many co-morbidities in children who are overweight/obese relative to those of a 

healthy weight.  However, increased prevalence alone is not sufficient to warrant 

screening for co-morbidities.  The National Screening Committee’s criteria for 

appraising the viability of a screening programme considers the co-morbidities’ 

prevalence and severity (Public Health England 2015a). 

Previous research has also reported an increased prevalence of obesity-associated 

co-morbidities in children.  For instance, Abdullah et al. (2010) reported that being 

overweight raised the risk of developing type 2 diabetes by a factor of three, and 

being obese by a factor of seven, compared to being a healthy weight (Abdullah et 

al. 2010).  Other research indicated that obesity in children has been associated 

with twofold or higher risk of adult hypertension, coronary heart disease, and stroke 
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(Reilly and Kelly 2011).  This is supported by analysis of data from four prospective 

cohort studies (Juonala et al. 2011).  Participants who were overweight/obese as 

children, and remained overweight/obese as adults, had considerably higher risk of 

high-risk dyslipidaemia, high blood pressure, and higher carotid-intima media 

thickness (Singh et al. 2011).  Additionally, the presence of type 2 diabetes has 

been associated with other serious conditions such as hypertension, depression and 

nephropathy, supporting the screening and management of diabetes sooner rather 

than later (Springer et al. 2013). 

Previous research has also suggested a positive association between increased 

weight and the prevalence of psychological co-morbidities (Bell et al. 2007; Gibson 

et al. 2008; Bell et al. 2011).  This is contrary to the current meta-analyses’ findings 

and the findings from other studies where the prevalence of depression was only 

modestly or weakly associated with increasing weight status (Anton et al. 2006; 

Goldstein et al. 2008; Rankin et al. 2016).   

Overall, there is evidence of a positive association between childhood obesity and 

co-morbidity prevalence; moreover, some of the co-morbidities can have severe 

implications if left unmanaged (Sabin, Crowne and Shield 2002; Narayan et al. 

2007; Abdullah et al. 2010; Reilly and Kelly 2011; Staimez et al. 2013; Kodama et al. 

2014).  Given the reported prevalence and the potential long-term implications to 

one’s health and well-being there is some evidence to support the screening for 

obesity-related co-morbidities in children.  Screening for all the identified co-

morbidities would not be practical, thus further research is required to gain 

consensus on which co-morbidities are considered appropriate for the proposed 

screening programme in terms of prevalence and the impact to the child’s health, in 

the short- and long-term. The value of screening will also depend on the availability 

of cost-effective and acceptable screening test and an appropriate management 

strategy. 

The Screening Tests 

The NSC criteria also consider the accuracy, suitability and acceptability, amongst 

clinicians and patients, of screening tests.  The current systematic review identified 

potential screening tests for the co-morbidities.  For some, such as hyperglycaemia, 

multiple tests were identified, and the accuracy is likely to vary between screening 

tests.  Accuracy consists of sensitivity (the probability of a positive test in children 

with the co-morbidity) and specificity (the probability of a negative test in children 

without the co-morbidity) (Lalkhen and McCluskey 2008).   Thus the prevalence 
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estimate for any co-morbidity will depend on the accuracy of the screening test.  If 

specificity of a test drops from, say 80% to 70%, the number of false positives will 

increase from 20% to 30%.  For example, previous studies have reported that 

automatic blood pressure devices are less accurate than manual devices (lower 

sensitivity and specificity) (Mansoor et al. 2016; Shahbabu et al. 2016).  Thus 

studies adopting an automated device are likely to have a higher false positive rate 

than those utilising a manual device with appropriately trained staff. 

The value of a test will also depend on the prevalence of the comorbidity in the 

screened population, which is particularly important for children in which serious co-

morbidities are rare.  For example, for an excellent test with 95% sensitivity and 

specificity, the probability that a child with a positive test has the comorbidity will be 

68% if the prevalence is 1-in-10, 16% if the prevalence is 1-in-100 and 2% if the 

prevalence is 1-in-1000.  Screening tests that are likely to be used in a weight 

management service are likely to be much less specific than this, so that any 

programme must estimate the expected number of false positive diagnoses and the 

potential impact that this would have on a screening programme. 

For the proposed screening programme, the increase in false positives has a 

downstream impact on services that have to sort people into those who do and do 

not require treatment.  According to the NICE recommendation referral would be 

made to the child’s GP.  Therefore accurate screening methods would be required 

to avoid an influx of false positive results at GP surgeries, and to ensure the 

screening programme causes minimal harm to children from incorrect screening 

results.  For instance, with regards to impaired fasting glucose the World Health 

Organisation state a cut-off of ≥110mg/dL, whereas in the literature the cut-off 

≥100mg/dL is adopted, which is in line with recommendations from the American 

Diabetes Association (The Expert Committee on the Diagnosis and Classification of 

Diabetes Mellitus 2003).  This change was intended to improve the sensitivity to 

predict impaired fasting glucose, but resulted in a 2- to 4-fold increase in the 

prevalence of impaired fasting glucose and created the term “pre-diabetes” (Valdés 

et al. 2008).  This resulted in increased anxiety amongst screen-positives (Valdés et 

al. 2008).  Furthermore, historically the NSC has rejected potential screening 

programmes due to impractical and unsuitable screening tests.  For instance, in 

their recent report the NSC recommended not screening for alcohol misuse as the 

screening would be a self-report questionnaire, which they feared would lead to a 

higher number of false positives and potentially overwhelm services (UK National 

Screening Committee 2017).  Therefore, once agreement on co-morbidities has 
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been made, additional work would be required to identify suitable screening tests 

and cut-offs to limit harms and increase the benefits of implementing a screening 

programme. 

4.3.5 Strengths and Limitations   

Strengths of the systematic review and meta-analyses include the development of 

an a priori protocol, which explicitly detailed the inclusion and exclusion criteria for 

the studies and the steps undertaken in each stage.  This allows for replicability of 

the review in light of future research, and for more accurate estimates of population 

prevalence.  The search criteria included multiple study designs which enabled 

greater sensitivity in detecting relevant literature in order to develop an exhaustive 

list of obesity-related co-morbidities.  This was a limitation of previous systematic 

reviews in the area (Guh et al. 2009; Pulgarón 2013; Sanders et al. 2015).  This is 

also the first systematic review and meta-analyses considering the prevalence of co-

morbidities in children who are overweight or obese relative to those of a healthy 

weight.   

Some limitations are worthy for consideration. Firstly, only a small number of articles 

pertaining to psychological co-morbidities and a number of physical co-morbidities 

were identified.  It is possible that other articles may have been identified through a 

co-morbidity specific search; however it may also be an indication of a lack of 

prevalence studies in this population.  The lack of studies for some co-morbidities 

prevented a detailed understanding of the association between weight status and 

prevalence.  Related to this, there was a lack of population based studies that 

provided data for all three weight statuses.  This further reduced the number of co-

morbidities eligible for the meta-analyses.  However the exclusion of highly selected 

population studies meant the results are more generalizable and relevant to the 

aims of the thesis.  Secondly, studies related to all psychological co-morbidities and 

some physical co-morbidities, utilised self-report questionnaires, some of which 

were not validated.  This hindered the accuracy of the data, due to self-report bias 

and non-specific tests, and reduced the generalisability of the results.  Although it 

should be noted that alternative screening methods are not available for many of 

these co-morbidities.  Thirdly, non-English language articles were not included in the 

review, potentially excluding relevant articles.  Previous reviews have offered 

conflicting information about the impact of language restrictions on results (Grégoire, 

Derderian and Le Lorier 1995; Juni et al. 2002; Bown and Sutton 2010; Morrison et 

al. 2012).  Dhillon and Gill (2014) proposed that whenever feasible all relevant 
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studies should be included but all non-English articles should be identified with 

“language” as the reason for exclusion if translation was not feasible (Centre for 

Reviews and Dissemination 2009).  All non-English articles were retained in a 

separate Endnote folder for possible future research.  Finally, a global review was 

conducted, although this increased the probability of identifying all childhood 

obesity-related co-morbidities, it also reduced generalisability of data from non-UK 

countries to the UK population (where the proposed screening programme would be 

implemented).  This is due to variation in culture, diet, lifestyle and ethnic 

composition (as discussed in Section 4.3.3).  Thus caution is required when 

interpreting results from non-UK countries. 

There are some recommendations for future research.  Firstly, additional research in 

general populations, stratified by weight category is required to obtain an 

understanding of the impact of increased weight on the prevalence of these co-

morbidities in UK children.  This would provide additional guidance regarding the 

suitability of implementing a screening programme.  Secondly, additional population-

based research is required to enable generalisability of the results beyond the study 

sample.  Finally, consensus is required on the definitions and cut-offs used for co-

morbidities and screening tests. This would enhance between-study homogeneity 

and enable a more accurate population prevalence ratio estimate to be calculated.  

4.4 Conclusions 

This systematic review and meta-analyses provided a comprehensive list of co-

morbidities associated with child obesity.  The results from the meta-analyses 

indicated that children with obesity are at risk of a number of physical and 

psychological co-morbidities; however this is only a small part of developing a 

screening programme.  Due to the number of co-morbidities identified, it would be 

impractical to include them all in a screening programme.  Thus the number would 

need to be reduced for implementation within a screening programme.  Additionally, 

further work is required to identify suitable screening tests for use within community 

weight management settings.  The next chapter builds on the results of the 

systematic review and meta-analyses to obtain consensus via a structured and 

transparent method on which co-morbidities and screening methods are suitable for 

inclusion in the proposed co-morbidity screening programme. 
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Chapter 5: Consensus on Co-morbidities and 

Screening Methods for the Proposed Screening 

Programme 

5.1 Introduction 

Chapters 3 and 4 identified the prevalence of obesity-related co-morbidities and 

prevalence ratio in children who are overweight or obese relative to those of a 

healthy weight.  From the 162 observational studies identified by the systematic 

review, 22 co-morbidities were identified.  Of these, 45 studies and 19 co-morbidities 

were eligible for the meta-analysis, with results suggesting an increased prevalence 

in children who are overweight or obese relative to those of a healthy weight, for 

many of the co-morbidities.  However screening for all the identified co-morbidities 

would not be practical and due to a lack of clear evidence, a consensus study was 

undertaken with the aim to gain agreement on a) co-morbidities where there may be 

patient benefit through screening and early identification, and b) optimal screening 

methods for use within weight management services (Section 5.2).  Section 5.3 

discusses methodological considerations for the study, including defining informal 

and formal screening methods, and reviews four commonly used formal consensus 

methods (Sections 5.3.2).  Following this, the methods (Section 5.4), data collection 

(Section 5.4.3), data analysis (Section 5.5) and results (Section 5.6) are provided.  

Finally, a discussion of the results and implications of the results to the PhD are 

presented in Section 1.1. 

5.1.1 Justification for Consensus Methods 

The systematic review and meta-analyses (Chapters 3 and 4) allowed for the 

identification of co-morbidities associated with obesity.  Although the results 

suggested an increased prevalence in those who were overweight or obese, relative 

to those of a healthy weight for many of the co-morbidities, there were gaps in the 

literature regarding some potentially important confounds, such as ethnicity, 

socioeconomic status and gender.  In particular only one study was conducted on a 

UK population, this limits the applicability of the results to the UK population, which 

is the target population for the proposed screening programme.  Furthermore a 

number of studies were not eligible for inclusion in the meta-analysis, thus could not 

be included when calculating the prevalence ratio.  This does not meet the National 

Screening Committee’s (NSC) criteria, which states there should be robust evidence 
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about the association between the risk, e.g. obesity, and the condition, e.g. obesity-

associated co-morbidities, which should be considered an important health problem 

(Public Health England 2015a).  Increased prevalence is only one aspect of 

assessing a co-morbidity’s importance, the consequences of the co-morbidity to the 

individual’s psychological and physical well-being also needs consideration.  

Furthermore, the NSC’s criteria stated that acceptability amongst health 

professionals and service users was an important part in the development of a 

screening programme (Public Health England 2015a).  Therefore to address the 

NSC’s criteria, a consensus study was conducted to understand the views and 

opinions of health professionals and researchers regarding suitable co-morbidities 

and screening tests for inclusion in the proposed screening programme. 

5.2 Aim 

The aim of the consensus study was to achieve consensus on co-morbidities where 

there may be service user benefit from earlier identification and consensus on 

optimal screening methods for inclusion in a screening programme within UK 

community weight management services.  This aim was met through the following 

objectives: 

1. Collation of obesity-associated co-morbidities identified via the systematic 

review and meta-analysis, their prevalence and health consequences. 

2. Collation of screening tests, for the co-morbidities identified, their sensitivity 

and specificity, and cut-off points for referral. 

3. Presentation of the co-morbidities and screening tests to health 

professionals, researchers, and service users to obtain consensus. 

5.3 Methodological Considerations 

5.3.1 Informal versus Formal Consensus Methods 

Consensus approaches are the means by which group opinions are synthesized to 

obtain consensus or make a decision.  There are two broad approaches to 

consensus development, informal and formal.   

Informal approaches tend to reach agreement through open discussion by a 

committee, sometimes in a single meeting, and are typically based on poorly defined 

or even undefined criteria and without the incorporation of scientific evidence 

(Rycroft-Malone 2001).  They do not document research methodologies and do not 

perform analytical assessment of the decision to assess the level of agreement 
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between participants (Eccles et al. 1996; Woolf 1992).  This lack of transparency 

and structure means it is difficult to assess the validity and reliability of the decisions 

made; thus the quality of the decisions may be poor due to reliance on subjective 

judgement and the lack of systematic procedures to assess the decision (Woolf 

1992). 

On the other hand, formal approaches tend to have a clear, controlled, identifiable, 

and structured processes which are supplemented by scientific evidence from 

published literature (Trickey et al. 1998; Black et al. 1999b).  This results in 

transparency regarding how the consensus process is conducted, the synthesis and 

analysis of judgements, reproducibility, and the ability to critique the methodology, 

meeting the requirements of scientific methods (Woolf 1992; Eccles et al. 1996; 

Black et al. 1999b; Nair, Aggarwal and Khanna 2011).  Formal methods are 

particularly useful where a state of uncertainty exists, i.e. evidence is lacking, 

limited, or contradictory, or the topic area is regarded as complex (Field and Lohr 

1992; Black et al. 1999b; Nair, Aggarwal and Khanna 2011; Humphery-Murto et al. 

2017).  Other advantages of formal methods are that the structure is designed to 

reduce the influence of dominant personalities and provides participants the 

opportunity to alter their opinion in light of feedback and/or group discussion (Jones 

and Hunter 1995; Murphy et al. 1998).  Although the approaches are intended to 

capture collective knowledge, they are subjective judgements using the best 

available evidence, thus the reliability of decisions may be limited outside the 

decision panel (Black et al. 1999b). 

Given the complexity of childhood obesity and the potential number of co-morbidities 

associated with childhood obesity, formal consensus methods were adopted (Guh et 

al. 2009; Finegood, Merth and Rutter 2010; Pataky, Bobbioni-Harsch and Golay 

2010; Frood et al. 2013).  This enabled the incorporation of scientific evidence, 

along with a robust and transparent process for decision making, which would 

subsequently support the content validity of the results (Field and Lohr 1992; 

Murphy et al. 1998; SAC 2002; USDHHS et al. 2009).  

5.3.2 Overview of Formal Consensus Methods 

Within public health there are four main formal consensus methods, which are 

discussed below (Nair, Aggarwal and Khanna 2011). 
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Delphi Method 

Developed in 1951 by the Research ANd Development (RAND) Corporation in 

conjunction with the United States Air Force, the Delphi Method was originally 

intended to objectively “obtain the most reliable consensus of opinion” from a group 

of multidisciplinary experts using a series of intensive questionnaires.  The 

questionnaires are completed in private over multiple rounds with controlled 

feedback being provided after each round (Dalkey and Helmer 1962).   

Over the years the Delphi method has been used in many areas, including 

healthcare (Broomfield and Humphris 2001; Beattie and Mackway-Jones 2004; Iqbal 

and Pipon-Young 2009; Eubank et al. 2016; Berman et al. 2017; Sudore et al. 2017; 

Yousuf 2007).  Within healthcare screening the Delphi has been used to gain 

consensus on screening tests for glaucoma; referral criteria for school dental 

screening; consensus on PSA (prostate specific antigen) screening in asymptomatic 

men; and identifying components of a proposed blood-borne virus population 

screening programme, including acceptability of a reduced consent procedure for 

screening programmes (Kearney-Mitchell et al. 2006; Campbell et al. 2012; Crane, 

Henderson and Chadwick 2016; Prostate Cancer UK 2016). 

Over multiple rounds participants are able to re-rate statements based on new 

information and/or the overall views of other panel members (Hsu and Sandford 

2007)(Figure 55).  The process continues until the pre-determined number of rounds 

has been completed. 

 

Figure 55: Steps in the Delphi Method 

 

There have been modifications to specific elements of Delphi.  The original 

approach asked for answers to specific questions, a subsequent modification was to 

have the panel rate their agreement to a statement on a Likert scale (Diamond et al. 

2014).  In their original study, Dalkey and Helmer (1962) noted that convergence of 

opinion was more likely for numerical answers (e.g. the number of bombs required) 

than non-numerical ones, (e.g. which targets to hit).  Furthermore a numerical 

answer was suitable for statistical analysis, e.g. calculating the median response, to 
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determine the group’s decision (Stitt-Gohdes and Crews 2004; Iqbal and Pipon-

Young 2009).  When rating agreement to a statement the Likert scale typically 

ranges from three to nine depending on the requirements of the researchers 

(Cassar Flores, Marshall and Cordina 2014; van Rijssen et al. 2017).  The number 

of rounds in Delphi also varies according to the complexity of the topic and to 

minimise participant fatigue.  Generally researchers propose three to four rounds 

due to diminishing returns, however up to 10 rounds have been reported 

(Thangaratinam and Redman 2005; Kearney-Mitchell et al. 2006; Iqbal and Pipon-

Young 2009; Campbell et al. 2012; Sudore et al. 2017).  Dalkey and Helmer (1962) 

stated that additional rounds may have improved convergence of opinion in their 

study, whereas others have stated that multiple rounds leads to participant fatigue 

and greater risk of participants dropping out (Linstone and Turoff 1975; Yousuf 

2007; Shariff 2015). 

The benefits of the Delphi technique include allowing participants to complete the 

questionnaires privately, enabling honest opinions to be captured without the 

influence of strong personalities, thereby reducing conformity (Hsu and Sandford 

2007; Jones and Twiss 1978; Birko, Dove and Özdemir 2015).  Participants are also 

offered the opportunity to re-rate their initial judgements based on the results and 

feedback from previous rounds (Yousuf 2007).  In addition, as questionnaires are 

sent out via email/post, recruitment of participants is not limited by number or 

geography, keeping costs low (Murphy et al. 1998; Raine, Sanderson and Black 

2005). 

The lack of face-to-face meetings, however, is the primary limitation of the method, 

as areas of disagreement/uncertainty cannot be discussed, preventing a shared 

understanding from being reached.  This places additional emphasis on the skills of 

the research team to present structured feedback to encourage a shared 

understanding without the researcher’s own views and prejudices influencing 

feedback and, therefore, potentially the outcome of the study (Linstone and Turoff 

1975; Murry Jr. and Hammons 1995).  Furthermore, there are logistical issues of 

arranging and facilitating a face-to-face meeting, particularly with geographically 

dispersed participants.  There is also evidence that statistical feedback between 

rounds induces conformity to the median value, without changing the median 

(Dalkey 1969; Salancik 1973; Ford 1975).  Conformity also occurs when the median 

value is false, limiting the validity of the results, though this can be reduced by 

keeping the number of rounds and consensus statements to a minimum (Scheele 

1975; Riggs 1983).  Finally the lack of face-to-face contact also distances 
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participants from accountability in their ratings, which again influences the validity 

and reliability of the results (Sackman 1974; Murphy et al. 1998). 

Delphi Technique provides a structured approach to gaining consensus over 

multiple rounds, with flexibility over the exact number of rounds, and the number and 

location of participants.  Concerns surround the impact that the lack of face-to-face 

interaction might have on the consensus decision, and the increased emphasis on 

the researcher’s ability to collate, understand, and present the feedback from 

previous rounds in a structured manner, without introducing bias which may affect 

the outcome of the study. 

Nominal Group Technique (NGT) 

Developed in the 1960s in the United States, the Nominal Group Technique (NGT) 

was intended to facilitate effective group decision making in social psychological 

research (Van De Ven and Delbecq 1971).  A key element of the NGT is that 

individuals work in the presence of others, but do not immediately interact (Delbecq 

and Van De Ven 1971).  Instead the method relies on the private generation of 

potential ideas/solutions to the proposed problem, after which the ideas are shared 

and discussed (Delbecq and Van De Ven 1971).   

The NGT has been utilised in many areas, such as social services, education, 

government, industry and healthcare (Scott and Black 1991; Ziemba et al. 1991; 

Hunter et al. 1994; Spencer 2010; Porter 2012; Parthasarathy and Sharma 2014; 

Evans et al. 2017).  In healthcare screening, NGT has been used to identify a 

suitable vision screening test for service members with traumatic brain injury, and 

identifying patient preferences for genetic testing for colorectal cancer (Radomski et 

al. 2014; Veldwijk et al. 2016). 

Early approaches of NGT consisted of four rounds, typically conducted over a day, 

incorporating facilitated group discussions (Figure 56) (Van De Ven and Delbecq 

1971; Nair, Aggarwal and Khanna 2011).  In the first round participants privately 

generate ideas related to the proposed question, e.g. “which obesity-related co-

morbidities should be included in a screening programme for children attending a 

UK weight management service?”.  In the second round the ideas are shared with 

the group in round-robin manner and are recorded for everyone to see.  The ideas 

are then discussed and clarified to ensure group understanding in Round 3, during 

which additional ideas may be generated.  The final round involves participants 
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rating/ranking the ideas privately, with the results used to determine consensus 

(Fink et al. 1984; Jones and Hunter 1995).   

 

Figure 56: Steps in the Nominal Group Technique 

 

The number of rounds has remained consistent over the years; however there have 

been modifications in other aspects such as the number of participants.  Typically an 

NGT ranges from two to 14 participants, with seven regarded as the ideal (McMillan 

et al. 2014; McMillan, King and Tully 2016).  However to overcome concerns that 

results from consensus studies are dependent on the participants included, Redman 

et al. (1997) recruited between 18 and 33 participants for each of 13 workshops held 

across Australia when gaining consensus on priorities for the National Breast 

Cancer Centre.  Similarly Dobbie et al. (2004) utilised groups of up to 40 participants 

to elicit feedback when gathering student feedback regarding a medical education 

programme.  Dobbie et al. also simplified the classic NGT procedure by providing 

specific questions for participants to answer rather than have them generate ideas, 

allowing for specific information to be captured, although this also restricted new 

idea generation.  Other studies have generated ideas using a literature review, 

incorporating evidence, or exploratory surveys (Delbecq and Van De Ven 1971; 

Allen, Dyas and Jones 2004; Dobbie et al. 2004; Hiligsmann et al. 2013).  Other 

modifications include the re-ranking of ideas over subsequent rounds, with the 

original participants either in the initial meeting, or a post meeting questionnaire 

(Gallagher et al. 1993; Allen, Dyas and Jones 2004).  Alternatively, re-ranking has 

been completed with another group of participants to assess the results’ reliability 

(Vella et al. 2000; Hiligsmann et al. 2013).  The reasons for re-ranking ranged from 

assessing the representativeness of the results, to allowing changes based on the 

group discussion (Gallagher et al. 1993; Vella et al. 2000; Allen, Dyas and Jones 

2004).  The modifications highlight the flexibility of the approach, whilst still 

maintaining structure and transparency (Dobbie et al. 2004; Raine et al. 2004; 

Hiligsmann et al. 2013). 

The advantages of the NGT include the opportunity for equal participation of group 

members, everyone’s voice is heard as part of the face-to-face discussion and the 

voting process is done privately, limiting the influence of dominate personalities 

(Sample 1984; Murphy et al. 1998; Jones 2004).  Additionally, the idea generation 
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round allows for, potentially, a broader and richer generation of ideas, which is 

further enhanced through the group discussion (Jones 2004).  This in turn may lead 

to the development of other ideas through a democratic and open discussion (Raine 

et al. 2004). 

The approach also has some disadvantages, it is reliant on the ability of the 

facilitator to ensure specific individuals do not dominate discussions and coerce 

consensus, and to keep the group engaged in the process for a prolonged period 

(Nair, Aggarwal and Khanna 2011).  Due to the short timescales of the approach the 

original design does not allow participants time to consider the ideas, therefore it 

has been suggested that the process can feel rushed to those participants who 

require time to reflect, which may lead to a false consensus decision (van Teijlingen 

et al. 2006; Humphrey-Murto et al. 2017).  The lack of anonymity from face-to-face 

meetings may result in participants being unwilling to share their views and ideas 

openly, due to dominant personalities or perceived superiority.  Related to this, 

stronger personalities may influence the conversation and potentially influence the 

rankings, even when these are done privately (Nair, Aggarwal and Khanna 2011; 

Kosloff et al. 2017).  However these issues can be overcome with experienced 

facilitation to encourage participation and management of dominant personalities 

(Kosloff et al. 2017).  

The method classically relies on ideas generated by the panel, which may be 

suitable in areas with limited to no evidence, however may not be appropriate when 

some, possibly conflicting, evidence exists (Raine, Sanderson and Black 2005).  

This lack of evidence integration may hinder the process, as participants may not be 

aware of all the available evidence to make an informed decision.  Finally there are 

practical issues relating to the time and financial resources required to undertake 

face-to-face meetings with a potentially large group of experts (Raine, Sanderson 

and Black 2005).  Moreover, the requirement of face-to-face meetings limits 

attendance from geographically dispersed participants, affecting validity and 

reliability of the results. 

Overall, the NGT does provide some benefits of gaining consensus, with the added 

flexibility of modifications to overcome some of the method’s weaknesses.  The 

main concerns are the lack the evidence integration in the standard method, and the 

reliance on participants’ knowledge, which may not always be sufficient. 
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RAND/UCLA Appropriateness Method (RAM) 

The RAND/UCLA Appropriateness Method (RAM) was developed in the 1980s as 

part of the RAND Corporation/University of California Los Angeles (UCLA) Heath 

Services Utilisation Study, primarily as a means to assess the over- and underuse of 

medical and surgical procedures (Fitch et al. 2001; Bourree, Michel and Salmi 

2008).  To support the process the best available scientific evidence is combined 

with the collective judgement of experts to provide a statement regarding the 

appropriateness of an intervention/procedure based on the characteristics of a 

specific patient population (Fitch et al. 2001; Nair, Aggarwal and Khanna 2011; 

Lawson et al. 2012).  In the context of the approach, “appropriateness” referred to 

the relative weight of the benefits and harms of an intervention for a specific 

population (Park et al. 1986; Fitch et al. 2001).   

As well as being used to identify the over- and underuse of surgical procedures, the 

RAM has also been used in other aspects of healthcare (Basger, Chen and Moles 

2012; Bell et al. 2014; De Schreye et al. 2017).  In healthcare screening, the 

approach has been used to identify an appropriate screening tool for depression for 

use in primary care, screening for colorectal cancer using colonoscopy, and 

assessing the appropriateness of imaging and treatment procedures when 

screening for ovarian cancer (Arditi et al. 2009; Nabbe et al. 2016; Expert Panel on 

Women's Imaging et al. 2017). 

The RAM consists of three rounds (Figure 57).  In the first round participants 

privately rate statements on a nine-point Likert scale, e.g. “based on the available 

evidence is hyperglycaemia appropriate for inclusion in the co-morbidities screening 

programme?”.  Typically the group median value is taken to assess agreement with 

the statement, with a median of 1-3 indicating ‘inappropriate’, 4-6 ‘uncertain’, and 7-

9 ‘appropriate’.  Additional analysis is conducted to assess the level of agreement 

between participants.  In round 2, participants discuss the results of round 1 in a 

face-to-face meeting, focusing on statements where there is uncertainty and/or 

disagreement.  This allows for clarification of any misunderstanding, sharing of 

knowledge between participants and the discussion of the presented evidence.  The 

final round allows participants to re-rate the statements in private, based on the 

discussions, the results of which determine the final consensus decision (Park et al. 

1986; Park et al. 1989).  Finally each statement is classified as ‘appropriate’, 

‘uncertain’ or ‘inappropriate’ based pre-determined consensus criteria (Fitch et al. 

2001). 
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Figure 57: Steps in the RAM 

 

Since its initial use, the procedure has undergone some modifications; however the 

underlying stages remain inherently the same.  Stegbauer et al. (2017) incorporated 

two face-to-face meetings and three stages to rate the indicators.  This extended 

process enabled Stegbauer et al. to assess the relevance (strength of the existing 

evidence and the benefit to the patient) and feasibility (suitability of the assessment 

instrument and implementation barriers) of the indicators.  The number of experts 

has also varied with seven to 119 being reported (Khodyakov et al. 2011; Basger, 

Chen and Moles 2012; Brar et al. 2014; Stegbauer et al. 2017); however retention of 

experts varied, for example of the 119 experts recruited by Khodyakov et al. (2011) 

only 66% (78 panellists) engaged in all three rounds. 

The RAM proffers many benefits. Firstly, the approach encourages the synthesis of 

published data to ensure participants are fully informed of the available evidence, 

and therefore able to make informed decisions.  The RAM allows for a confidential 

rating and re-rating of statements and a face-to-face discussion to encourage a 

shared understanding.   

In terms of disadvantages, there are time and cost implications of a face-to-face 

meeting; furthermore discussions can be dominated by strong personalities 

(Boulkedid et al. 2011; Nair, Aggarwal and Khanna 2011).  Although this can be 

mitigated through appropriate facilitation.  There is also reliance on the accuracy of 

the evidence presented to the panel, which is particularly of concern in areas where 

the evidence is contradictory or goes against one’s held beliefs.  Related to this, is 

how the data is presented to ensure any quantitative data can be clearly interpreted 

by a panel with varying levels of expertise and knowledge (Nair, Aggarwal and 

Khanna 2011).    

Although the approach has acceptable validity and reliability, there are some 

concerns over the generalisability of the results which are typically based on the 

views of a small number of experts (Lawson et al. 2012).  This can be overcome 

with larger group sizes, or by assessing the reliability of the results with a separate 

group of experts (Vella et al. 2000; Khodyakov et al. 2011).  Additionally there are 

concerns over participant fatigue if a large number of statements are presented, for 
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example,  Shekelle et al. (1998) requested ratings for more than 1000 indications 

related to hysterectomy.  Additionally, a large number of statements will influence 

the length of the face-to-face meeting, thus increasing the potential for participant 

drop-out. 

The RAM can be adopted for any project that needs a formal method for combining 

scientific evidence with expert consensus via a face-to-face meeting, and can be 

used in multiple situations.  Some of the disadvantages can be overcome with 

appropriate facilitation, and due consideration needs to be given to the number of 

statements to minimise the possibility of participant fatigue and drop-out. 

National Institutes of Health (NIH) Consensus Development Conference 

(CDC) 

The Consensus Development Conference (CDC) was developed by the United 

States National Institute of Health in the 1980s (Fink et al. 1984).  The method 

brings together stakeholders to reach consensus regarding a particular issue over 

the course of a two to three day meeting.  Stakeholders are typically experts in the 

area; however, members of the public are sometimes also invited (Fink et al. 1984; 

Sorrell et al. 2009; Nair, Aggarwal and Khanna 2011; Buick et al. 2014). 

As the approach was developed by the National Institutes of Health it has 

predominantly been used within healthcare, such as in an assessment of the 

associations between obesity, diabetes, and dyslipidaemia and cardiovascular 

disease (Consensus Development Conference on Antipsychotic Drugs and Obesity 

and Diabetes  2004).  In healthcare screening, the approach has been used to 

assess the effectiveness of mammography screening for women aged 40-49, 

obtaining consensus on neonatal hearing screening, and guidance on the screening 

for, and management of, phenylketonuria (Sickles 1997; Grandori and Lutman 1998; 

NIH Consensus Statement 2000). 

Although the method has undergone modifications over the years the general 

stages involve a group of experts developing questions or scenarios for which 

consensus is required (McGlynn, Kosecoff and Brook 1990) (Figure 58).  A separate 

group of experts then presents information and evidence regarding the topic in 

question to a third group of experts, known as the decision-making group (Murphy et 

al. 1998).  The decision-making group consists of experts from various fields, not 

always related to the topic in question, and occasionally includes members of the 

public (McGlynn, Kosecoff and Brook 1990).  The evidence and presented 
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information is discussed by attendees, before the decision-making group convene to 

privately discuss the evidence (McGlynn, Kosecoff and Brook 1990).  The decision-

making group draft a consensus statement which is reviewed by conference 

attendees (Murphy et al. 1998).  Following the review and further evidence or 

discussion, the decision-making group may modify their decision(s) before a final 

report is disseminated (Murphy et al. 1998).  Both the open conference and the 

private group discussion are facilitated by an experienced chairperson (Black et al. 

1999a; WHO 2014b). 

 

Figure 58: Steps in the Conference Development Conference 

 

Modifications to the approach typically relate to the number and background of the 

attendees.  For example, two conferences considering prophylaxis and the 

treatment of osteoporosis had 700 and 2,000 attendees, and the decision making 

panel of 13 and 14 people, with representatives from the medical profession, the 

pharmaceutical industry, the press and ministries of health (Consensus 

development conference: prophylaxis and treatment of osteoporosis  1987; 

Consensus development conference: prophylaxis and treatment of osteoporosis  

1991).  

The benefits of the CDC include the use of a multidisciplinary group of experts, such 

as practicing physicians, researchers, consumers, and others, who assemble and 

evaluate the existing evidence before making a decision.  Additionally, the inclusion 

of members of the public means that decisions take into account the views of the 

public and patients. Furthermore the decision making panel consists of experts in 

areas other than the conference topic and thus, are less likely to be biased.  A key 

part of a CDC is the circulation of the results, typically via a press conference or a 

press release. 

The primary limitation of the method is that a formal feedback system is lacking and 

the interaction is not generally structured, although this can be modified as part of 

the process (Nair, Aggarwal and Khanna 2011; Solomon 2015).  Additionally, no 

formal guidance is given as to how consensus is ultimately reached; however 

specific methods, such as voting or rating statements on a Likert scale, such as in 

the RAM, can be adopted (Nair, Aggarwal and Khanna 2011). Finally, the 
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conferences take a substantial amount of time and cost to set up and run, due to the 

high number of potential attendees, and co-ordination of a large number of experts 

for two or three days.  For instance Doo, Hoofnagle and Rodgers (2009) stated that 

their conference took two years of active planning for the three day conference.  

This is not always feasible due to budget and time constraints. 

Overall, CDC conferences are particularly useful for providing guidance when a 

controversy exists, there is a high degree of public interest, or there is an impact on 

health care cost.  However the limitations associated with the time and cost taken to 

set-up and run the conferences does limit its suitability for time-sensitive projects. 

5.3.3 Enhancing the validity and reliability of Consensus 

Methods 

Validity 

Validity refers to whether the consensus decisions made through a consensus study 

are correct, and there are many approaches for assessing validity, including 

comparisons with gold standards, predictive validity, and concurrent validity (Murphy 

et al. 1998; Drost 2011).  However, it has been recognised that it may not be 

possible to assess the validity of the consensus decision, i.e. whether it is a good or 

bad decision, at the time it is made (Murphy et al. 1998; Black et al. 1999b).  

Consensus studies are undertaken when there is uncertainty, therefore is no gold 

standard with which to compare the results.  Predictive validity could be assessed 

once new evidence is made available, but cannot be assessed at the time of the 

consensus study.  Concurrent validity can be assessed by comparing group 

judgements with existing evidence, and deviation from evidence may indicate a lack 

of concurrent validity.  

The difficulty in assessing validity of consensus study results means the focus shifts 

to the method, and the steps undertaken so that the chosen method produces more 

good decisions and fewer bad decisions than alternative methods (Black et al. 

1999b; Raine, Sanderson and Black 2005).  Therefore it is imperative that the 

process is rigorous and transparent, by adhering to good practice in the planning, 

delivery, and reporting (Dixon-Woods et al. 2004; Raine, Sanderson and Black 

2005).  Waggoner, Carline and Durning (2016), after a review of consensus 

methods, suggested steps to improve future consensus studies, this included having 

clear concise questions where consensus is required, recruiting a panel of experts in 

the field, ensuring sufficient panel size, and including predefined statistical analysis 
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to determine whether or not consensus is achieved.  These steps were adopted for 

the study to improve validity of the results. 

Reliability 

Reliability refers to the method, using the same information and questions, achieving 

the same results with a different group of people (Drost 2011).  Previous research 

has indicated low levels of reliability when using consensus methods (Shekelle et al. 

1998).  This may be due to the reliance on the views of a small sample of experts.  

One method to overcome this is to include a diverse and representative group of 

experts in the study, and including a larger number of people to increase 

reproducibility of the results (Raine, Sanderson and Black 2005; USDHHS et al. 

2009).  Additionally, having a transparent and structured approach to synthesising 

the judgements of the panel enables replication of the study to test reliability of the 

results. 

5.3.4 Integration of scientific evidence 

Consensus methods are typically used in areas of uncertainty, due to a lack of 

evidence or conflicting evidence (Waggoner, Carline and Durning 2016).  Therefore, 

to facilitate participant decision making it is important to provide current scientific 

evidence in a comprehensible format.  Without evidence provision it has been 

suggested that participants are more likely to rely solely on their own experience 

and knowledge, which may be limited and bias decisions (Fink et al. 1984; Raine et 

al. 2004).  Furthermore, the provision of evidence has been demonstrated to 

encourage knowledge transfer amongst the group and increase the content validity 

of the results (SAC 2002; Hutchings and Raine 2006; USDHHS et al. 2009).  In 

relation to the development of a screening programme, the National Screening 

Committee (NSC) advocates the integration of evidence in the process, as this 

provides scientific justification for the committee’s decisions, and highlights areas 

where research is insufficient, or further research is required (UK National Screening 

Committee 2017).  For instance, the NSC did not recommend screening kernicterus 

in newborns due to a lack of evidence regarding the test’s predictive accuracy (UK 

National Screening Committee 2017). 

5.3.5 Expert Group 

A key part of a consensus study relates to the participants recruited.  Raine et al. 

(2004) indicated greater agreement in single discipline groups (GPs only) than in 
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multi-disciplinary groups (GPs and mental health professionals.  Part of this 

difference in agreement may be due to the experience and training of the 

participants.  Akins, Tolson and Cole (2005) reported that participants with similar 

training and knowledge were more likely to agree with each other than those with 

different training backgrounds.  Although a single discipline group may increase 

consensus, it goes against recommendations from the NSC, who advocate for a 

multi-disciplinary group to increase the validity and reliability the results Waggoner, 

Carline and Durning (2016); (Raffle 2017b).  Furthermore, Fink et al. (1984) stated 

participants should be selected because “they are representative of their profession, 

have power to implement the findings, or because they are not likely to be 

challenged as experts in the field” (p. 981).  Based on this definition, the group 

should consist of individuals with experience of childhood obesity, have an 

awareness of associated co-morbidities, and be involved with weight management 

services.  This definition would support the inclusion of a multi-disciplinary panel due 

to the broad impacts obesity has on the health and well-being of children. 

In addition to the composition of the group, care is also required in how participants 

are identified, to reduce the potential for selection bias, which will reduce the validity 

of the method and therefore the validity of the results (Jones and Hunter 1995; Brett 

et al. 2017).  Therefore it is important that the participant identification and selection 

process is transparent to reduce bias and enable replication of the study.  Moreover, 

selection bias can be further reduced by having a multi-disciplinary group and allows 

for the consideration of a wider range of opinions and potentially greater knowledge 

transfer amongst participants, which enhances the content validity and reliability of 

the results (Hutchings and Raine 2006; USDHHS et al. 2009). 

The final consideration is the panel size.  Each consensus method has its own 

recommendations for the ideal panel size, therefore the number of participants will 

vary according to the consensus method adopted (Fink et al. 1984; Waggoner, 

Carline and Durning 2016).  For face-to-face panels, such as the RAM and NGT, 

smaller sizes are recommended to minimise co-ordination and facilitation issues 

(Murphy et al. 1998; Waggoner, Carline and Durning 2016).  In practice, panel sizes 

typically range from five to 12 members (Hanekom et al. 2015; Locke et al. 2015).  

The exception to this is the CDC, although the panel size typically ranges from nine 

to 18 member, once conference attendees are considered the total can be over a 

thousand (McGlynn, Kosecoff and Brook 1990).  For Delphi studies panels of up to 

3000 participants have been reported (Thangaratinam and Redman 2005).  Inviting 

more participants increases the variety of expertise, and thus improves the reliability 
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of the findings, however eventually leads to diminishing returns and can limit 

consensus being achieved due to divergence of opinion (McMillan, King and Tully 

2016).  Therefore, when deciding on group sizes a balance needs to be maintained 

between maximising reliability of the findings, co-ordination problems, and 

diminishing returns (Black et al. 1999b). 

5.3.6 Service User Group 

In their definition of “expert”, Fink et al. recommended including potential 

“consumers” whenever appropriate.  In the context of the PhD and the proposed 

screening programme, “consumers” refers to the children and their parents 

attending the weight management service.  This is known as service user 

involvement, or “participatory research”, which refers to the process in which current 

or historic service users become involved in the planning, development and delivery 

of that service (Gray et al. 2000; NHS England 2015).  There has been a growing 

emphasis over the years in the importance of obtaining views from service users, via 

patient/public involvement, which has increased in all aspects of healthcare and 

health-related research, including the development of healthcare treatments and 

decisions about treatment (Gray et al. 2000; McLaughlin 2010; Wainwright, Boichat 

and McCracken 2013).  This commitment to patient involvement is evident from 

documents such as ‘Choosing Health and Our health, Our Care, Our Say’ 

(Department of Health 2004; Department of Health 2005; Department of Health 

2006; Department of Health 2010). 

The benefit of involving service users/patients is that it allows them to offer an 

insight into the nature of their condition, what is important to them, and how it should 

be addressed, thereby increasing the validity and reliability of the consensus results 

(Minogue et al. 2005; McLaughlin 2010). Furthermore service users’ views may 

differ to the views of healthcare professionals who may lack this understanding (van 

Wersch and Eccles 2001; Campbell et al. 2004; EPP Evaluation Team 2005; Cheng 

et al. 2010).   

However, the complex nature of facilitating mixed groups of service users/patients 

and professionals may be a barrier to effective service user/patient involvement 

(Van De Ven and Delbecq 1972).  It has been suggested that some service 

users/patients, particularly young people, may not speak openly if healthcare 

professionals are present (Graham et al. 2014).  They may lack the confidence to 

challenge someone in a position of authority who uses technical/medical 

terminology, thereby making aspects of the discussion inaccessible to non-experts 
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(Van De Ven and Delbecq 1972; Worrall-Davies and Marino-Francis 2008).  This 

also relates to the detail of information provided and how it is formatted for service 

users, e.g. providing plain English versions.  With regards to the inclusion of 

children, there is evidence that children under 12 may not have the required 

expressive language and social interaction skills (Greenbaum 1988; Clark 1996; 

Vaughn, Schumm and Sinagub 1996).  Additionally developmental differences 

within children mean that participants should be within a two-year age span and 

mixed-gender groups are not always recommended (Greenbaum 1988; Spethman 

1992; Charlesworth and Rodwell 1997; Maccoby 1998; Kennedy, Kools and Krueger 

2001). 

5.3.7 Opportunity to privately re-rate initial ratings 

All the methods advocate the re-rating of initial decisions in private in light of face-to-

face discussion and/or new information (Nair, Aggarwal and Khanna 2011).  

Although multiple rounds may increase participant fatigue and drop-out; to maintain 

reliability and validity of the results, at least two rounds of rating would be 

recommended, the maximum number depends on the method adopted (Nair, 

Aggarwal and Khanna 2011; Waggoner, Carline and Durning 2016). 

5.3.8 Pre-determined definition of consensus 

When defining consensus consideration should be given to levels of agreement, 

which has been defined in two ways: 

1. Agreement with a statement: The extent to which each member of the 

consensus panel agrees with a statement, e.g. should a co-morbidity be 

considered for inclusion in a screening tool? 

2. Agreement with each other: The extent to which the panellists agree with 

each other regarding a co-morbidity’s inclusion in a screening tool? 

(Jones and Hunter 1995) 

Within the literature there does not appear to be a universally accepted definition of 

consensus, in their systematic review Diamond et al. (2014) identified 11 definitions 

of consensus from 98 studies.  The definitions ranged from percent agreement to a 

mean value above a predefined cut-off.  Data from the 98 studies also indicated that 

consensus was never defined as full agreement between participants.  In fact 

consensus study guidelines support this, saying full agreement amongst participants 

is not required to achieve consensus; however it is recommended that an a priori 
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definition of consensus is agreed (Linstone and Turoff 1975; Beattie and Mackway-

Jones 2004; Campbell et al. 2004; Butler et al. 2009).  Definitions of consensus 

typically refer to some measure of central tendency, e.g. the median, along with a 

measure of dispersion, e.g. range; the former providing the level of agreement with 

the statement and the latter the level of agreement/disagreement between 

participants.  Of the four methods only the RAM provides explicit and transparent 

guidance on methods for statistically analysing the data to derive the group’s 

consensus judgement and to highlight areas where there is uncertainty and/or 

disagreement amongst the panel members (Fitch et al. 2001).  Methods do provide 

guidance, however there is variation between studies with no approach being 

consistently adopted (Diamond et al. 2014).  Waggoner, Carline and Durning (2016) 

recommend a predefined method to determine consensus to increase the validity 

and reliability of the results. 

5.3.9 Summary of Methodological Considerations and chosen 

Consensus Methods 

Studies comparing different consensus methods vary in their results, some studies 

report that there is little difference between methods based on the results, e.g. 

Washington et al. (2003) tested whether a mail-only process could substitute the 

standard in-person process normally used in a RAM.  They used both to assess the 

appropriateness of coronary revascularisation and hysterectomy, and concluded 

that both, mail-only and in-person, gave comparable results and suggested that 

future studies could be conducted by mail-only.  Similar results were found by 

Kadam, Jordan and Croft (2006) when comparing NGT with Delphi, suggesting 

limitations associated with face-to-face meetings, i.e. geographically dispersed 

participants can be overcome using other methods.  In contrast, when comparing 

single to multi-disciplinary groups, Raine et al. (2004) obtained consensus in 

treatment for irritable bowel syndrome, chronic fatigue syndrome, and chronic back 

pain, comparing  a GP-only group with a mixed speciality group (GP and mental 

health professionals).  Results demonstrated that agreement was more likely if the 

group was GP-only, a literature review was provided, or the evidence was in 

accordance with clinicians’ existing beliefs.  Highlighting the importance of 

integrating evidence, and the potential drawbacks of having a multi-disciplinary 

group and contradictory evidence.  However, the broad impact of the identified co-

morbidities and the potential range of stakeholders, e.g. GPs and weight 
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management services, in the proposed screening programme would require the 

views from a multidisciplinary panel. 

To address the aim of the consensus study it was important that the chosen method 

met specific criteria.  Table 36 presents an overview of the aforementioned 

consensus methods in light of the elements deemed important for the study, and 

additional strengths and weaknesses (Waggoner, Carline and Durning 2016).  The 

key criteria for the method are the integration of scientific evidence, a 

multidisciplinary panel, including service users, the ability to privately rate and re-

rate statements, and predefined methods to determine the group’s decision and 

agreement with the decision (as detailed in Sections 5.3.3 to 5.3.8).  Of the four 

methods reviewed, RAM met all but one of the criteria – the inclusion of service 

users; however previous studies have modified the method to include service user 

views in the decision making process (Van De Ven and Delbecq 1971; USDHHS et 

al. 2009; Coleman et al. 2014).  Based on Table 36 the RAM seemed the most 

appropriate method for obtaining consensus on co-morbidities and screening 

methods to include in the proposed screening programme.  

Table 36: Comparison of the consensus methods against key criteria 

Method Criteria Delphi NGT RAM CDC 

Integration of 

scientific 

evidence 

    

Multidisciplinary 

Group 

    

Face-to-face 

meeting 

    

Private rating 

and re-rating 

    

Service User 

Involvement 

    

Pre-defined 

definition of 

consensus 

    

Structured 

interaction 

    

Formal Feedback 

methods 

    

Other Strengths 
 Cheap and 

 Democratic 

prioritisation 

 Encourages 

knowledge 

 Panel are 

not topic 
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Method Criteria Delphi NGT RAM CDC 

convenient 

 Large 

number of 

participants 

of ideas transfer 

between 

panel 

members 

experts, 

minimisin

g bias 

Other 

Weaknesses 
 Emphasis 

on 

questionnai

re design 

 Lack of 

accountabil

ity 

 Group voting 

can occur 

 Dominant 

personalities 

may 

influence 

results  

 Dominant 

personalities 

may 

influence 

results 

 Time and 

cost 

implications 

 Time and 

cost 

implicatio

ns 

 Co-

ordination 

difficulties  

 

5.4 Methods 

5.4.1 Design 

Based on the aforementioned requirements (detailed in sections 5.3.3 to 5.3.8 and 

summarised in Table 36), this PhD utilised the RAM with a multidisciplinary panel of 

experts (GPs, paediatricians, academics and researchers), and a modification to 

incorporate service user views (Van De Ven and Delbecq 1971; USDHHS et al. 

2009; Coleman et al. 2014).  The study consisted of two consensus cycles; the first 

cycle obtained consensus on which co-morbidities to include in the screening 

programme and the second cycle obtained consensus on screening methods for the 

agreed co-morbidities (Figure 59).  The stages of the consensus study are 

described below. 

NHS ethical approval was obtained prior to commencing the study (HRA (Health 

Research Authority) reference: 15/YH/457). 

 

Figure 59: Flowchart for Stage 2 (HP/R – Health Professionals and Researchers) 
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Stage 1: Pre-meeting Questionnaire 

Data from the systematic review and meta-analyses (Chapters 3 and 4) provided the 

basis for a questionnaire sent to the expert panel who rated their 

agreement/disagreement for the inclusion of the co-morbidities in the screening 

programme on a 9 point Likert scale. A summary of the systematic review and meta-

analyses’ results were made available within the questionnaire. After the pre-

meeting questionnaire was returned, the median response for each statement was 

calculated along with the RAND Disagreement Index (Fitch et al. 2001).  The 

median provided the panel’s decision as to whether the co-morbidity should be 

included in the screening programme, and the disagreement index considered the 

dispersion of scores to identify disagreement between participants, i.e. where 

participants rated at both ends of the 9-point scale. 

Stage 2: Service User Focus Group 

A face-to-face meeting with a service user panel was facilitated to review the results 

of the pre-meeting questionnaire, and discuss the acceptability of the co-morbidities 

thought to be important by the expert group and those where there was uncertainty 

and disagreement (Figure 62, page 161). Participant comments were captured and 

summarised for presentation to the expert panel. 

Stage 3: Face-to-Face Meeting 

A face-to-face meeting with the expert panel was facilitated to review the results of 

the pre-meeting questionnaire, with a focus on those co-morbidities where there was 

disagreement or uncertainty about its inclusion, alongside comments from the 

service user panel and results from the systematic review and meta-analyses. 

Stage 4: Post-Meeting Questionnaire 

Following the meeting the expert members were asked to re-rate their initial 

decisions about the inclusion/exclusion of co-morbidities in the screening 

programme using an updated questionnaire from stage 1.  The update included 

comments from the service user panel (Stage 2) and an overview of discussion from 

the expert panel’s face-to-face meeting (stage 3).  The results from the post-meeting 

questionnaire provided a list of potential co-morbidities to include in the screening 

programme based on predefined analysis methods (Section 5.5.1). 

The above stages were then repeated for Cycle 2 to obtain consensus on which 

screening methods were deemed suitable for the agreed upon co-morbidities. 
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5.4.2 Participants 

Expert Panel 

The expert panel comprised of national clinicians and researchers with international 

standing, who were identified by their expertise in child obesity and its co-

morbidities.  An initial group were selected through discussion with supervisors and 

contacted to take part in the study, at which point they were asked to recommend 

others with expertise in the topic area.  The group was purposively sampled to 

include the perspectives of nurses, doctors (paediatric endocrinologist, 

paediatrician, endocrine specialist nurse and general practitioner), and 

researchers/academics to consider the wide range of co-morbidities associated with 

child obesity (Fraser et al. 1994; Fitch et al. 2001; Waggoner, Carline and Durning 

2016).  The characteristics listed in Table 37 were considered relevant to the aim of 

the study and a multi-specialty group was selected due to the potentially broad 

implications resulting from the screening programme, and in order to incorporate a 

wide range of opinions and increase the validity of the results (Hutchings et al. 

2006). 

Thirty-five experts were invited to take part in the study.  The optimum number in 

order to prevent co-ordination problems, whilst maximising reliability of the findings 

is 6 according to Brook (1995), whereas others state groups of between 7-15 

(Fraser et al. 1994; Fitch et al. 2001).  Given the broad range of co-morbidities and 

the number of services potentially impacted, inviting 35 expert participants was 

considered justified to enable a proper assessment and consideration of the 

evidence, as well as allowing for attrition over the two cycles.   

Service User Panel 

The service users were recruited from one weight management service, which has 

seven sites across Leeds.  Weight management services are community based 

services that provide diet and lifestyle advice to help an individual lose weight.  The 

service offers a community based weight management programme for children aged 

5 to 18 years.  This includes individual and family interventions related to adopting 

healthy lifestyles. 

Due to potential problems that may arise from having experts and service users in 

the same group (Section 5.3.6, page 151), expert and service user groups were held 

separately (Campbell et al. 2004; Worrall-Davies and Marino-Francis 2008; 

Coleman et al. 2014; Graham et al. 2014).  Although research recommends single 
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gender groups (Maccoby 1998), discussion with the staff at the weight management 

service and parents and children indicated that they would be happy participating in 

mixed gender groups.  This was largely due to the exercise sessions being held in 

mixed-gender groups, thus the children felt more comfortable with one another.  

Children were also of similar ages, meeting recommendations that children should 

be within a two-year age range due to developmental differences (Greenbaum 1988; 

Charlesworth and Rodwell 1997; Maccoby 1998). 

Prospective parents/carers and children were identified and initially approached by 

weight management staff based on the eligibility criteria (Table 37).  Children under 

12 were excluded due to research indicating they may lack language abilities (Clark 

1996; Vaughn, Schumm and Sinagub 1996); however their parents were invited to 

take part to offer the perspective of younger children.  After they agreed to speak to 

the researcher, they were approached by the researcher who went over the details 

of the study with a participant information sheet and provided contact details for the 

researcher should they have any question.  All parents were consented on to the 

study and children provided assent. 
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Table 37: Participant eligibility criteria 

Expert Panel Service User Panel 

Inclusion Criteria: 

 Experience of working in the 

field of childhood obesity, e.g. 

clinician, researcher, or weight 

management services. 

 Knowledge/awareness of co-

morbidities associated with 

childhood (aged 5-18) obesity. 

 Able to take part in all parts of 

the study (pre-meeting 

questionnaire, face-to-face 

meeting, post-meeting 

questionnaire). 

 Able to speak English. Due to 

the nature of the study 

participants must understand 

English and be able to 

contribute to the face-to-face 

meeting. 

Inclusion Criteria: 

 A child or parent/carer of a child 

who currently attends a weight 

management service. They are 

aware of current assessments, and 

can offer their views on any 

proposed assessments. 

 Service user is aged 12 - 18 years 

at consent. 

 The parent/carer age> 18. 

 Either the service users under 16 

are able to give assent AND 

parent/carer is able to give 

informed consent OR service 

users 16 and over are able to give 

informed consent. 

 Able to speak English. Participants 

must understand English to 

contribute to the meeting. 

Exclusion Criteria: 

 No exclusion criteria 

Exclusion Criteria: 

 Aged under 12. 

 Aged over 18. 

 Unable to give informed assent 

(12<age<16) or consent (age>16). 

5.4.3 Cycle 1: Consensus on Co-morbidities 

Stage 1: Expert Panel Pre-meeting Questionnaire 

Results of the systematic review and meta-analyses were presented within a 

questionnaire and sent out to the expert panel of health professionals and 

researchers.  The questionnaire included details of the co-morbidity and associated 

health implications, and prevalence and prevalence ratio information from the 

systematic review and meta-analyses (Figure 60).  The expert panel were asked to 

review the evidence and privately rate the appropriateness of a co-morbidity’s 
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inclusion in the screening programme on a 9-point scale (1 – strongly disagree to 9 

– strongly agree), as per existing RAM literature (Fitch et al. 2001) (Figure 61).  The 

expert panel were encouraged to consider the evidence alongside their knowledge 

and experience to inform their decision.  At the end of the questionnaire participants 

were provided the opportunity to suggest other co-morbidities that they felt had not 

been identified by the systematic review. 

 
Figure 60: Example of how data was presented in the expert panel questionnaire 

 

 

Figure 61: Example question from the Cycle 1 questionnaire 

 

Stage 2: Service User Panel Meeting 

Once results of the expert panel pre-meeting questionnaire had been received and 

analysed according to existing literature to calculate the disagreement index 

(Section 5.5.1) (Fitch et al. 2001).  The results were presented to a focus group of 
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service users.  As well as the questionnaire results, the service users were provided 

with plain English versions of the systematic review and meta-analyses results 

(Figure 62).  Service users were asked to discuss the importance of a co-morbidity’s 

inclusion based on the evidence, the expert panel’s initial views, and their own 

personal perspective.  

 

Figure 62: Example of how data was presented to the Service User Panel 

Stage 3: Expert Panel Meeting 

The first expert panel meeting took place on the 21st of June 2016 and was 

facilitated by the researcher (VS) with support from a supervisor (SC).  The aim of 

the meeting was to discuss all the co-morbidities, focusing on those where there 

was uncertainty and/or disagreement over the co-morbidities inclusion based on the 

results of the pre-meeting questionnaire and the comments from the service users.  

To assist with discussions the experts were provided with a results pack which 

contained information about the co-morbidities, as provided in the pre-meeting 

questionnaire, comments from the service user group, and results of the pre-

meeting questionnaire.  The pre-meeting questionnaire results consisted of the 

group median and disagreement index result, the absolute range of responses, and 

the member’s individual response (this individual response was not shared with the 

others).  The meeting was audio-recorded with the participants’ consent for 

subsequent transcription and thematic analysis. 

During the meeting, discussion considered the acceptability of certain screening 

tests, specifically blood tests for co-morbidities such as hyperglycaemia and 

dyslipidaemia.  Acceptability related to both service users having blood taken and 
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weight management staff taking blood.  After some discussion it was felt that 

additional information was required in line with the NSC’s criteria (Public Health 

England 2015a).  To assess the acceptability of blood tests amongst service users 

and staff a questionnaire was proposed, details of this are in section 5.4.4. 

Stage 4: Expert Panel Post-meeting questionnaire 

Following the face-to-face meeting, the panel members were asked to privately re-

rate their initial responses regarding the appropriateness of including each co-

morbidity in the screening programme.  In the post-meeting questionnaire all co-

morbidity statements were preceded by a summary of the systematic review and 

meta-analyses evidence, as per the pre-meeting questionnaire.  In addition the 

panel were provided with comments from the service users and a summary of the 

discussions which took place during the expert panel’s face-to-face meeting.  As per 

the pre-meeting questionnaire, each statement was rated on a 9-point scale and 

analysed in the same way. 

5.4.4 Acceptability of Blood Tests: a sub-Study 

Discussions in the cycle 1 face-to-face meeting between the experts raised 

questions regarding the acceptability amongst staff, parents and children of blood 

tests.  The panel were concerned that children would not want to have a blood test 

conducted, and that staff would not feel comfortable taking blood.  As such a sub-

study was proposed, with the aim of assessing acceptability of blood tests, finger 

prick and venous, amongst weight management staff and service users, parents and 

children.  To assess this a questionnaire was developed with assistance from a 

member of the expert panel.  Both questionnaires assessed whether the 

staff/parents and children were comfortable/happy taking/giving blood, and their 

preferred method, finger prick, venous, or other (Appendix 3).  Furthermore space 

was provided for any comments.  For staff to be eligible, they had to have face-to-

face contact with service users, as these were likely to be the staff taking bloods 

under the proposed screening programme.  For service users, the eligibility criteria 

related to attendance at an existing weight management programme.  The 

questionnaires were distributed to staff and service users across three regional 

weight management services in Yorkshire (Shine, MEND and WatchIT).  Staff 

questionnaires were distributed by senior staff, and service user questionnaires 

were distributed by front-line staff to service users as they attended their regular 
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appointments.  Completion of the questionnaires was optional and consent was 

assessed based on return of a completed questionnaire. 

5.4.5 Cycle 2: Consensus on Screening Methods 

Cycle 2 focused on gaining consensus on suitable screening methods for use within 

a weight management service for the co-morbidities agreed upon in cycle 1.  

Potential screening methods were identified by reviewing articles from the 

systematic review and supplemented by a web search to identify new methods.  A 

web search was also conducted to identify sensitivity and specificity information, 

studies where the tool has been used, and questions for self-report tools.  Cycle 2 

followed the same steps as Cycle 1 (detailed above) with a pre-meeting 

questionnaire, a service user panel, a face-to-face meeting with the expert panel, 

and a post-meeting questionnaire. 

5.5 Data Analysis 

5.5.1 Quantitative Analysis for Pre- and Post-Meeting 

Questionnaires 

Questionnaire statements were summarised using the median group response as a 

measure of central tendency, in line with the RAMs (Fitch et al. 2001).  The medians 

were grouped into tertiles; 1-3 – disagree; 4-6 – uncertain; 7-9 – agree.  Additionally 

agreement and disagreement between the expert panel was calculated using the 

RAND Disagreement Index (Fitch et al. 2001), which considers the dispersion of 

individual scores and identifies statements where panellists rated at both ends of the 

9-point Likert scale.  For example, to calculate the group consensus and 

disagreement index for the data presented in Table 38 the following steps are taken: 

Table 38: Example data to demonstrate calculating the disagreement index 

Participant: 1 2 3 4 5 6 7 8 9 

Rating: 7 8 7 4 9 8 8 9 6 

 

 Calculate the median for the responses, which is 8 and gives the group 

consensus rating. 

 Calculate the 70th and 30th percentile values, which are 8 and 7, respectively 

 Calculate the inter-percentile range (IPR), which is the 70th percentile – 30th 

percentile, e.g. 8-7 = 1 
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 Calculate the Central Point IPR, which is the 70% percentile + 30th percentile 

/ 2, e.g. (8 + 7)/2 = 7.5 

 Calculate the Asymmetry Index which is the Central value on the 9-point 

scale – the Central Point IPR; e.g. 5 - 7.5 = 2.5. Note the absolute value is 

taken 

 Calculate the IPRAS (Inter-percentile Range Adjusted for Symmetry) which 

is 2.35 + (1.5* Asymmetry Index); e.g. 2.35 + (1.5 * 2.5) = 6.1  

 The IPR and the IPRAS are then compared.  If IPR > IPRAS there is 

disagreement, if the IPR < IPRAS there is agreement. 

For the example the IPR (1) < IPRAS (6.1), therefore there is agreement 

over the group decision (median value of 8). 

 Using the group median and disagreement index results, the following rules 

were applied to the post-meeting questionnaire in both cycles to indicate the 

consensus decision: 

a. Median 1-3 (disagree) without disagreement were considered to have 

face validity and would be excluded 

b. Median 7-9 (agree) without disagreement were considered to have 

face validity and would be included 

c. Median 4-6 or where there was disagreement would be excluded but 

are potential areas for further research 

 As the median is between 7 and 9, and there is agreement the co-morbidity 

in the example would be included in the screening programme. 

5.6 Results 

5.6.1 Participants 

Expert Panel 

Thirty-five experts were invited, 21 (60%) agreed to take part.  The expert panel 

comprised researchers with international standing, healthcare professionals 

(endocrine nurses, doctors (paediatric endocrinologist, paediatrician, and general 

practitioner)), and weight management staff from community weight management 

services.  
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Service User Panel 

The service user panel comprised of children and their parents attending a weight 

management service in Leeds.  Eight (four adults and four children) took part in 

Cycle 1 and six (three adults and three children) in Cycle 2.   

The results relating to the co-morbidities (Cycle 1) and the screening methods 

(Cycle 2) are detailed below. 

5.6.2 Cycle 1: Consensus on Co-morbidities 

All of the 21 experts who agreed to take part completed the Cycle 1 pre-meeting 

questionnaire, 12 (57%) panel members attended the Cycle 1 face-to-face meeting, 

and 18 (86%) completed the post-meeting questionnaire.   

Results of the pre-meeting questionnaire indicated there was agreement to include 

10 co-morbidities, to not include two, and there was uncertainty over inclusion of 

eight co-morbidities.  For the remaining co-morbidity (Joint Pain), there was 

disagreement over the group’s decision of uncertainty about its inclusion (Table 39).  

The results of the pre-meeting questionnaire were then presented to the service 

user panel on the 6th June 2016.  The service users discussed the co-morbidities 

one-by-one along with the results from the expert panel pre-meeting questionnaire.  

The service users agreed with the inclusion of the 10 co-morbidities identified by the 

expert panel, and with the initial decision to not include two co-morbidities (bone 

fractures and traumatic dental injuries).  The service user group’s reasoning was to 

not include co-morbidities that they or someone else, e.g. a teacher, could identify, 

and include those that may not have obvious symptoms.  Using this approach they 

were able to offer their opinion on the nine co-morbidities where the expert panel 

were uncertain; choosing to include four (asthma, elevated uric acid, exercise 

induced wheeze/cough, and iron deficiency) and not to include the remaining five 

(ADHD, enuresis, flat foot, gallstones, and joint pain).   

At the face-to-face meeting with the expert panel (21st of June 2016), co-morbidities 

were discussed in turn, taking into consideration the results of the pre-meeting 

questionnaire and the comments from the service user group.  Initially dyslipidaemia 

was grouped under cardiovascular risk factors for the pre-meeting questionnaire and 

the service user focus group, however at the expert face-to-face meeting the 

discussion indicated it should be considered separately, hence there is no pre-

meeting rating for dyslipidaemia.  As well as considering the evidence presented 

and the pre-meeting questionnaire results, the panel also considered the potential 



- Page 166 - 
 

    

screening tests for the co-morbidities, to assess its suitability for administration in a 

weight management setting.   

The final stage in cycle 1 was the post-meeting questionnaire; results indicated the 

expert panel did listen to some of the service users views.  For instance, for the five 

co-morbidities the expert panel were initially uncertain about and the service users 

said to not include, the post-meeting results indicated that expert panel agreed to 

not include those co-morbidities.  However, for other co-morbidities the expert panel 

went against the views of the service users, for example, the service users wanted 

to include elevated uric acid, however the face-to-face discussion prompted the 

expert panel to not include elevated uric acid.  Review of the post-meeting 

questionnaire indicated there was still some uncertainty over specific co-morbidities, 

such for cardiovascular risk factors, which was previously ranked as include.  

Analysis of the post-meeting questionnaire indicated that the expert panel agreed for 

the inclusion of 7 co-morbidities in the proposed screening programme; 

hyperglycaemia, dyslipidaemia, hypertension, obstructive sleep apnoea, depression, 

anxiety and low self-esteem (Table 39).  

Table 39: Summary of results for cycle 1 - co-morbidities 
(There was agreement to include those highlighted in green; *Dyslipidaemia was 
originally grouped under cardiovascular risk factors, however discussion at the 
expert face-to-face meeting indicated it should be separated out, and hence there is 
no pre-meeting rating for dyslipidaemia.) 
Co-morbidity Pre-

meeting 
(median 
(range)) 

Pre-Meeting 
Decision 
(Disagreement 
Index) 

Service 
User 
Group’s 
Opinion 

Post-
Meeting 
(median 
(range)) 

Post-Meeting 
Decision 
(Disagreement 
Index) 

ADHD 5 (2-7) Uncertain 
(Agreement) 

Do Not 
Include 

2 (1-7) Do Not Include 
(Agreement) 

Anxiety 8 (3-9) Include 
(Agreement) 

Include 7 (2-9) Include 
(Agreement) 

Asthma 6 (1-8) Uncertain 
(Agreement) 

Include 5 (1-8) Uncertain 
(Disagreement) 

Bone Fractures 3 (1-6) Do Not Include 
(Agreement) 

Do Not 
Include 

1 (1-5) Do Not Include 
(Agreement) 

Cardiovascular 
Disease 

7 (3-9) Include 
(Agreement) 

Include 5 (2-9) Uncertain 
(Agreement) 

Depression 7 (3-9) Include 
(Agreement) 

Include 8 (2-9) Include 
(Agreement) 

Dyslipidaemia* N/A N/A N/A 7 (2-9) Include 
(Agreement) 

Elevated Uric 
Acid 

5 (2-8) Uncertain 
(Agreement) 

Include 2 (1-7) Do Not Include 
(Agreement) 

Enuresis 4 (1-7) Uncertain 
(Agreement) 

Do Not 
Include 

2 (1-4) Do Not Include 
(Agreement) 

Exercise 
Induced 
Wheeze/Cough 

6 (1-8) Uncertain 
(Agreement) 

Include 4 (1-7) Uncertain 
(Agreement) 

Flat foot 5 (2-8) Uncertain Do Not 2 (1-7) Do Not Include 
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Co-morbidity Pre-
meeting 
(median 
(range)) 

Pre-Meeting 
Decision 
(Disagreement 
Index) 

Service 
User 
Group’s 
Opinion 

Post-
Meeting 
(median 
(range)) 

Post-Meeting 
Decision 
(Disagreement 
Index) 

(Agreement) Include (Agreement) 

Gallstones 4 (2-8) Uncertain 
(Agreement) 

Do Not 
Include 

2 (1-5) Do Not Include 
(Agreement) 

Hepatic 
Disorders 

7 (1-9) Include 
(Agreement) 

Include 5 (2-8)  Uncertain 
(Agreement) 

Hyperglycaemia 8 (2-9) Include 
(Agreement) 

Include 8 (4-9) Include 
(Agreement) 

Hypertension 8 (1-9) Include 
(Agreement) 

Include 7 (3-9) Include 
(Agreement) 

Iron Deficiency 6 (2-9) Uncertain 
(Agreement) 

Include 3 (1-7) Do Not Include 
(Agreement) 

Joint Pain 5 (1-9) Uncertain 
(Disagreement) 

Do Not 
Include 

3 (1-7) Do Not Include 
(Agreement) 

Low Self-
Esteem 

8 (3-9) Include 
(Agreement) 

Include 8 (1-9) Include 
(Agreement) 

Metabolic 
Syndrome 

8 (1-9) Include 
(Agreement) 

Include 4 (1-8) Uncertain 
(Agreement) 

Obstructive 
Sleep Apnoea 

7 (2-8) Include 
(Agreement) 

Include 7 (3-8) Include 
(Agreement) 

Traumatic 
Dental Injuries 

2 (1-5) Do Not Include 
(Agreement) 

Do Not 
Include 

1 (1-3) Do Not Include 
(Agreement) 

Vitamin D 
Deficiency 

7 (1-9) Include 
(Agreement) 

Include 5 (1-8) Uncertain 
(Disagreement) 

 

5.6.3 Acceptability of Blood Tests: a sub-Study 

Results of Staff Member Questionnaire 

Thirteen staff members from the three participating services completed the 

questionnaire, only five gave their job title, four saying they were “facilitators” and 

one a senior nurse.  Of the 13, 12 said they would be comfortable taking a blood 

sample from a child.  Of these 12, eight had a preference for just taking a finger 

prick sample, whereas the remaining 4 were happy with either a venous or finger 

prick sample.  The staff member who said no to taking blood samples was 

concerned that taking blood would affect recruitment and retention of service users, 

and furthermore was worried about the impact it might have on the on-going 

relationship with families.  In contrast, those who were comfortable taking blood 

said: 

“I feel the child will feel more comfortable with someone they know 

and trust and they won't have to wait as long to get a diagnosis” 
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"Think this would be really cost effective and save long waits as 

GPs don’t do blood screening, they refer to consultant at SCH so 

families have to wait.” 

“Think the children have more trust in the staff and many are 

anxious about having bloods taken so more likely to attend for 

bloods. Also better to receive results from us as we have 

developed relationships with families.” 

Two others stated they were already trained to take blood. 

Results of Service User Questionnaire 

Forty-six service users (23 parents and 23 children) took part in the survey.  The 

average age of the children was 11.3 (range 9-14), and 57% were male (13/23).  

Nineteen of the 23 children were happy to have a blood sample taken, with a greater 

preference for either a finger prick test (7/19) or either finger prick or venous (7/19).  

The remaining five had a preference of a venous blood sample.  Of the four kids 

who said they would not want a blood sample to be taken; only two gave a reason 

which was a fear of needles. 

In terms of the parents, 91% (21/23) were happy for a blood sample to be taken 

from their child by weight management staff, either via finger prick or venous.  

Comments as to why they would be comfortable with this, included, “because we 

trust the staff”, “less hassle”, and “it can be time consuming and paying for parking 

to always attend hospitals, I think if staff are trained its ok to be done outside of 

clinical settings”. 

Overall both staff and service users were comfortable with blood samples being 

taken within a weight management service setting. 

5.6.4 Cycle 2: Consensus on Screening Methods 

During Cycle 2 the panel considered 29 screening methods for the 7 co-morbidities 

agreed upon during Cycle 1.  Seventeen of the 21 (81%) expert members 

completed the Cycle 2 pre-meeting questionnaire, 11/21 (52%) expert members 

attended the Cycle 2 face-to-face meeting, and 16/21 (76%) completed the post-

meeting questionnaire.   

Two experts who were unable to attend the Cycle 1 meeting attended the Cycle 2 

meeting, which changed the dynamic of the group.  As such during the face-to-face 
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meeting two of the co-morbidities (dyslipidaemia and low self-esteem) were no 

longer deemed appropriate for inclusion in the screening programme despite 

previously being agreed for inclusion.  Furthermore as part of the pre-meeting 

questionnaire two other measures were recommended for depression and anxiety 

by the expert panel, the Strengthens and Difficulties Questionnaire and the Short 

Mood and Feelings Questionnaire.  These were discussed at the face-to-face 

meeting and included in the post-meeting questionnaire. 

Results of the pre-meeting questionnaire indicated that there was agreement for the 

inclusion of two of the proposed screening tests (assessment tool for screening 

children (hyperglycaemia) and upper arm BP measurement (hypertension)).  For the 

remaining screening tests, there was either uncertainty over its inclusion or the 

panel felt it should not be included in the proposed screening programme (Table 40, 

page 171).  The results of pre-meeting questionnaire were presented to a panel of 

service users (17th October 2016). The service users discussed each screening test, 

for which they were presented with sensitivity and specificity information in plain 

English and for questionnaires they were provided with example questions.  The 

service user panel agreed on the inclusion of one screening test for the co-

morbidities.  The service user group’s decision making process considered how 

quickly the test could be administered and what they felt was a more scientific test, 

as such they opted for a blood test over a questionnaire for hyperglycaemia.  The 

service user panel also considered the views of the children present; hence a 

wrist/forearm BP measurement was preferred over the upper arm measurement, 

which the children stated was painful. 

At the face-to-face meeting with the expert panel (25th October 2016), each 

screening test was considered in turn, taking in to consideration the results of the 

pre-meeting questionnaire, information provided about the screening tests, such as 

questions and the test’s reported sensitivity and specificity, and comments from the 

service user panel.  As part of the meeting the results from the sub-study looking at 

the acceptability of blood tests were also presented to aid discussions.  In addition 

the panel also re-discussed the co-morbidities and the practical considerations of 

implementing a screening programme within a weight management services. 

The final stage in cycle 2 was the post-meeting questionnaire, results indicated the 

face-to-face panel discussion did not improve consensus, in fact in the post-meeting 

questionnaire the panel had changed their minds from “include” to “uncertain” for 

assessment tool for screening children (hyperglycaemia) and upper arm BP 
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measurement (hypertension).  Overall 10 of the screening tests were considered to 

not be appropriate for inclusion in the proposed screening programme, and there 

was uncertainty of the appropriateness of the remaining 14 screening methods; thus 

consensus was not reached for the inclusion of any of the screening methods (Table 

40, page 171). 

5.7 Discussion 

5.7.1 Summary of Findings 

The consensus study built upon the results of the systematic review and meta-

analyses (Chapters 3 and 4), which provided information on the difference in 

prevalence for the co-morbidities between those who are overweight or obese, 

relative to those who are a healthy weight.  This is the starting point in developing a 

screening programme (Public Health England 2015a).  According to the criteria put 

forth by the NSC, as well as prevalence, consideration is required on the impact of 

the co-morbidity to the individual, and whether the co-morbidity is considered an 

important health condition to warrant screening (Public Health England 2015a).   

The consensus study adopted a modified version of the RAM to reach consensus on 

which co-morbidities and screening tests to include in the proposed screening 

programme for obesity-associated co-morbidities in children.  A consensus study 

was conducted as results from the systematic review and meta-analyses indicated 

there were gaps in the literature regarding some potentially important confounds, 

such as ethnicity, socioeconomic status and gender.  Furthermore, only one study 

was conducted on a UK population, this limited the applicability of the results to the 

UK population, which is the target population for the proposed screening 

programme.  Although the systematic review and meta-analyses indicated an 

increased prevalence for many of the co-morbidities, increased prevalence is only 

one aspect of assessing a co-morbidities suitability for inclusion in a screening 

programme.  The consequences of the co-morbidity to the individual’s psychological 

and physical well-being also needs consideration (Public Health England 2015a).  

Furthermore, the NSC’s criteria stated that acceptability of the screening test 

amongst health professionals and service users was an important part in the 

development of a screening programme (Public Health England 2015a).   
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Table 40: Summary of results for Cycle 2 – Screening Methods 
*The Strengths and Difficulties Questionnaire and the Short Mood and Feelings questionnaire were suggested as part of the pre-meeting 

questionnaire by the expert panel; hence pre-meeting ratings for them are not available. 

Co-morbidity Screening Test Pre-meeting 
(median 

(range)) 

Pre-Meeting 
Decision 
(Disagreement 

Index) 

Service User 

Group’s 

Opinion 

Post-Meeting 
(median 

(range)) 

Post-Meeting 
Decision 
(Disagreement 

Index) 

Hyperglycaemia ADA Screening 

Criteria 

6 (2-8) Uncertain 

(Agreement) 

Do Not Include 4 (1-7) Uncertain 

(Disagreement) 

Assessment tool 

for Screening 

Children 

7 (3-9) Include 

(Agreement) 

Do Not Include 5 (1-7) Uncertain 

(Agreement) 

Finger Prick 

Blood Test 

3 (1-7) Do not Include 

(Agreement) 

Include 3 (1-8) Do not Include 

(Agreement) 

Urine Test 2 (1-6) Do not Include 

(Agreement) 

Do Not Include 2 (1-6) Do not Include 

(Agreement) 

Hypertension Upper Arm BP 

Measurement 

7 (3-8) Include 

(Agreement) 

Do Not Include 6 (2-9) Uncertain 

(Agreement) 

Wrist/ Forearm 

BP 

Measurement 

 

 

5 (1-8) Uncertain 

(Agreement) 

Include 4 (1-6) Uncertain 

(Agreement) 
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Obstructive 

Sleep Apnoea 

Neck 

Circumference 

4 (2-7) Uncertain 

(Agreement) 

Do Not Include 3 (1-7) Do Not Include 

(Agreement) 

Pediatric 

Daytime 

Sleepiness 

Scale 

6 (2-8) Uncertain 

(Agreement) 

Do Not Include 6 (3-8) Uncertain 

(Agreement) 

Epworth 

Sleepiness 

Scale – Revised 

for Children 

4 (3-8) Uncertain 

(Agreement) 

Do Not Include 6 (3-8) Uncertain 

Agreement 

Teen-Stop Bang 6 (3-8) Uncertain 

(Agreement) 

Include 3 (1-6) Do Not Include 

(Agreement) 

Pediatric Sleep 

Questionnaire 

6 (4-8) Uncertain 

(Agreement) 

Do Not Include 6 (3-9) Uncertain 

(Agreement) 

Depression Children’s 

Depression 

Inventory 2 (12 

items) 

5 (2-8) Uncertain 

(Agreement) 

Do Not Include 2 (1-7) Do Not Include 

(Agreement) 

Children’s 

Depression 

Inventory 2 (28 

3 (1-6) Do Not Include 

(Agreement) 

Do Not Include 2 (1-5) Do Not Include 

Agreement 
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items) 

Depression 

Scale for 

Children 

5 (3-8) Uncertain 

(Agreement) 

Do Not Include 4 (1-7) Uncertain 

(Agreement) 

Revised Child 

Anxiety and 

Depression 

Scale (47 items) 

3 (1-6) Do Not Include 

(Agreement) 

Do Not Include 2 (1-6) Do Not Include 

(Agreement) 

Revised Child 

Anxiety and 

Depression 

Scale (25 items) 

4 (1-6) Uncertain 

(Agreement) 

Include 5 (1-8) Uncertain 

(Agreement) 

Strengths and 

Difficulties 

Questionnaire 

N/A N/A N/A 5 (1-6) Uncertain 

(Disagreement) 

Short Mood and 

Feelings 

Questionnaire 

N/A N/A N/A 6 (2-8) Uncertain 

(Agreement) 

Anxiety Multi-

dimensional 

Anxiety Scale for 

4 (1-7) Uncertain 

(Agreement) 

Do Not Include 2 (1-6) Do Not Include 

(Agreement) 
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Children 2nd Eds. 

Revised Child 

Anxiety and 

Depression 

Scale (25 items) 

5 (1-7) Uncertain 

(Agreement) 

Include 5 (2-7) Uncertain 

(Agreement) 

Revised Child 

Anxiety and 

Depression 

Scale (47 items) 

2 (1-6) Do Not Include 

(Agreement) 

Do Not Include 3 (1-5) Do Not Include 

(Agreement) 

Spence 

Children’s 

Anxiety Scale 

3 (1-7) Do Not Include 

(Agreement) 

Do Not Include 2 (1-5) Do Not Include 

(Agreement) 

Strengths & 

Difficulties 

Questionnaire 

N/A N/A N/A 4 (1-8) Uncertain 

(Agreement) 
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Therefore to address the NSC’s criteria, a consensus study was conducted to 

understand the views and opinions of health professionals, researchers and service 

users regarding suitable co-morbidities and screening tests for inclusion in the 

proposed screening programme. 

Overall, the results indicated that consensus was reached for the inclusion of five 

co-morbidities, diabetes, hypertension, obstructive sleep apnoea, depression and 

anxiety.  Yet agreement was not reached on screening methods.  The results of 

each cycle are reviewed below. 

5.7.2 Cycle 1: Co-Morbidities 

Initially the results of the cycle 1 post-meeting questionnaire indicated consensus on 

the inclusion of seven co-morbidities, diabetes, hypertension, dyslipidaemia, 

obstructive sleep apnoea, depression, anxiety and low self-esteem.  However, 

during the cycle 2 face-to-face meeting, there was a change in the group’s decision 

regarding the inclusion of dyslipidaemia and low self-esteem.  One factor which 

might explain this is the change in the composition of the cycle 2 expert panel for the 

face-to-face meeting.  Specifically the cycle 2 meeting included two members 

unable to attend the cycle 1 meeting, and their contribution appeared to alter the 

conversation regarding the co-morbidities whilst discussing screening methods.  

This relates back to prior research that strong personalities, or in this case subject 

matter experts, may influence the outcomes of the results; impacting the validity of 

the results (Birko, Dove and Özdemir 2015).  The impact of panel composition is a 

central criticism of all consensus methods, that the results may be contingent on the 

specific composition of the expert panel.  Furthermore each expert’s individual 

responses are based on their experience, leading to uncertainty in the validity of the 

results as it cannot be assumed that when rating statements every panellist is 

considering the evidence in the same manner (Phelps 1993; Hicks 1994).  To 

assess the reproducibility of results with different panels Shekelle et al. (1998) 

simultaneously collated ratings from three equivalent groups when considering the 

over- and underuse of medical procedures.  The results indicated considerable 

variation between the groups with Kappa ranging from 0.51 to 0.52.  The results 

would suggest that as well as the panel composition, the statements being 

considered also impact replicability of results.  For the current study, the change in 

inclusion of dyslipidaemia and low self-esteem supports Shekelle et al.’s results and 

highlights that further work may be required to assess the reliability of the results.   
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Additionally, comparison of the results from pre- and post-meeting questionnaire 

indicated a change in the panel’s views for some of the co-morbidities.  Typically 

areas of uncertainty change to agreement or disagreement once the panel have 

discussed the evidence and their views.  For instance initially the panel were 

uncertain about the inclusion of ADHD and elevated uric acid in the pre-meeting 

questionnaire; however results of the post-meeting questionnaire indicated they 

agreed to not include them in the screening programme.  However the results also 

indicated opposite, for instance the panel initially agreed on the inclusion of vitamin 

D deficiency, however after the face-to-face discussion they were uncertain about its 

inclusion (Table 39).  The panel discussion indicated that vitamin D deficiency is a 

wider problem, beyond those who are overweight and obese.  Thus offering 

screening to one population and ignoring the others would not be ethical.  Related to 

this, in July 2016 (after the face-to-face meeting) the Scientific Advisory Committee 

on Nutrition recommended for “a reference nutrient intake of 10 micrograms of 

vitamin D per day, throughout the year, for everyone in the general population aged 

4 years and older”, which could be met through supplementation (2016).  This is an 

example of where a public health intervention was required, rather than a targeted 

approach for a sub-population. 

When reviewing the co-morbidities the expert panel found it difficult to separate the 

discussion of the co-morbidities from the potential screening methods, the subject of 

cycle 2, and the consequences of a positive screening result, such as the referral 

pathway for the child.  As such there were times they pre-empted future discussions 

about the suitability of the screening method for use within a weight management 

service, and the consequences of a positive screening.  Whereas the service user 

panel gave some consideration to the practical implications of conducting the 

screening, such as staff training and costs, they were less likely to consider the 

consequences post-screening and whether or not a suitable treatment pathway 

existed. 

The expert panel were able to agree on the inclusion of five co-morbidities which is 

an important step in developing a co-morbidity screening programme for children 

attending a UK community weight management service.  Results indicated that the 

five co-morbidities were also considered important by the service user panel, 

indicating some convergence of agreement between the two groups.  Yet, 

conversely the expert panel also went against the views of the service users 

regarding other co-morbidities, including hepatic disorders and iron deficiency.  

Some of this may be explained by the differences in knowledge and perception.  
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The service users were less likely to have medical training/knowledge and were 

considering the co-morbidities from the perspective of their child, rather than the 

wider viewpoint likely adopted by the expert panel, as well considerations to the 

available referral pathways and treatment options.  Previous research has indicated 

that the inclusion of service users does appear to influence the discussion and 

decisions of the expert panel (Coleman et al. 2014) although such research is 

limited even when considering other consensus methods (Jones et al. 2017).  From 

the results of this study it is unclear if and how much impact the service user 

comments had on the expert panel’s decisions.  

The final results of cycle 1 indicated consensus for the inclusion of diabetes, 

hypertension, obstructive sleep apnoea, depression and anxiety in the screening 

programme. 

5.7.3 Cycle 2: Screening Methods 

In Cycle 2 the discussion focused on the practical implications of screening for the 

co-morbidities in terms of the suitability of the screening methods in a predominantly 

non-clinical setting and the subsequent impact to services, such as referrals to GPs 

and other possible services.  One of the main factors for not including a screening 

method was the lack of a suitable care pathway within the UK if a child screened 

positively, this was influenced by known variations in service provision by city or 

county, such as for mental healthcare. 

Although the health professionals and researchers panel were unable to achieve 

consensus on screening methods to include in a screening programme for use 

within a community weight management service; they were able to exclude 

particular methods on the basis the methods were unsuitable for the weight 

management setting.  For instance, for blood tests there was concern over issues of 

taking bloods in a community setting, along with the required training for staff and 

acceptability and compliance from service users.  With regards to staff training, 

guidance is available on the safe sampling of blood  and training could be made 

available for service staff, particularly where the service is part of an NHS trust 

(World Health Organisation 2010), and 92% (12/13) of staff stated they would be 

happy to conduct a finger prick blood test, according to the sub-study.  Though this 

was based on small samples, therefore it is unclear if this would have held up if the 

programme were implemented.  With regards to the compliance from service users, 

91% (21/23) of parents and 83% (19/23) of children would be happy with a blood 
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test.  Although this was based on a small and selected sample, thus generalisability 

of the results is limited.   

As well as the practicalities of blood tests, the expert panel were also not 

comfortable with the use of questionnaires, particularly the combined length if 

multiple questionnaires were selected.  There were also concerns in relation to 

correct administration of self-report questionnaires to ensure the information was 

useful in obtaining an accurate assessment of the child’s health.  This was 

particularly important as research indicates that mode of administration can impact 

the quality of the data obtained, particularly when comparing self-administration with 

clinician/researcher guided administration (Bowling 2005).  Therefore to ensure 

validity and reliability of the data appropriate staff training would be required for the 

administration of questionnaires to ensure inter-rater reliability.  This relates to the 

particular concern that was raised multiple times, staff at weight management 

services are not clinical staff.  Thus administering questionnaires and being able to 

separate the subtle nuances of what is normal versus abnormal behaviour may not 

be something they can feasibly do. 

5.7.4 Implications of the Results 

Co-morbidities 

The results of the consensus study do have implications for policy and practice.  The 

results recommended screening for co-morbidities deemed important health 

conditions based on scientific evidence and the views of a panel of multidisciplinary 

experts.  The results indicated there were five co-morbidities for which there was 

consensus for inclusion in the proposed screening tool, hyperglycaemia, 

hypertension, obstructive sleep apnoea, depression and anxiety.   

A previous consensus has not be conducted in a similar area, however a co-

morbidity screening algorithm was identified, although details of its development 

were not available (Patel n.d.).  The screening algorithm recommended screening 

for hypertension, cholesterol, diabetes, non-alcoholic steatohepatitis (NASH) and 

obstructive sleep apnoea in children.  Cholesterol (dyslipidaemia) and NASH were 

initially deemed appropriate for inclusion in the screening programme; however in 

cycle 2’s face-to-face meeting the panel changed their mind about screening for 

cholesterol, and for NASH the cycle 1 post-meeting questionnaire indicated the 

panel were uncertain about its inclusion.   
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Furthermore The Endocrine Society developed guidance on screening for co-

morbidities in children (August et al. 2008).  They recommend screening for 

hyperglycaemia, dyslipidaemia, hypertension and NAFLD (a mild form of liver 

disease compared with NASH) (Benson, Baer and Kaelber 2012).  This guidance 

was developed using expert opinion, though the precise methods were not detailed.  

Interestingly, as per Patel’s screening algorithm, the guidance does not recommend 

screening for psychological co-morbidities.  However neither state a reason for 

excluding psychological co-morbidities, and the methods used to create the 

screening algorithm were not provided, thus critique and assessment of the result’s 

validity is limited. 

Screening Tests 

The NSC criteria also considers the accuracy, suitability and acceptability of 

screening tests amongst clinicians and patients (Public Health England 2015a).  The 

systematic review identified potential screening tests, which was supplemented by 

an additional search of the literature to identify other tests.  The consensus study 

assessed acceptability of the tests amongst service users and experts.  Results 

indicated that the service users were able to clearly decide on a single screening 

test for each co-morbidity and appeared to be more accepting of specific tests, such 

as blood tests, in contrast to the expert panels.   

Results of the pre-meeting questionnaire indicated the expert panel reached 

consensus for a screening questionnaire for hyperglycaemia and upper arm BP 

measurement for hypertension.  The post-meeting questionnaire, however, indicated 

uncertainty for these and 11 other screening tests and the decision to not include 

the remaining 10 screening tests. 

In terms of implications, the results suggest that current screening tests are not 

suitable for use in weight management services, due to the practical implications 

and the training requirements of staff.  The co-morbidity screening algorithm 

proposed by Patel (n.d.) and the guidance from The Endocrine society 

recommended tests and cut-offs for the tests.  For the three co-morbidities identified 

by Patel and The Endocrine Society, and agreed upon by the expert panel, 

(hypertension, diabetes and obstructive sleep apnoea) the recommended screening 

tests were upper arm BP measurement (hypertension), fasting glucose 

(hyperglycaemia), and a positive history (obstructive sleep apnoea).  Although 

details of the questions considered as part of the history were not stated, limiting 

comparability to the screening questionnaires identified for the consensus study.   
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In terms of the psychological co-morbidities, the panel for the most part agreed that 

specific screening tests should not be included.  Screening tests for psychological 

conditions are predominantly questionnaires, which are not objective measures.  In 

fact the NSC has previously not implemented a screening programme as the 

screening test was a questionnaire, which they regarded as being subjective and 

thus at risk of a high number of false positives that would potentially overwhelm 

services (UK National Screening Committee 2017).  Therefore including 

psychological co-morbidities in the proposed screening programme may not be 

feasible until more objective measures are available. 

5.7.5 Strengths and Limitations 

Waggoner, Carline and Durning (2016) recommended steps to increase the validity 

and reliability of consensus studies, these steps were adopted as part of the study.  

Strengths of the study include the adoption of a robust and structured approach 

which has been used previously and has shown face validity and reliability (Lawson 

et al. 2012).  Related to this the expert panel were purposively sampled to include a 

range of professions, with differing expertise and knowledge to enhance the overall 

process and increase the face validity of the results (Waggoner, Carline and Durning 

2016).  This diversity in sample enabled the expert panel to consider the wider 

scientific evidence as well as their own clinical and research experience, which 

encouraged knowledge transfer.  The study was further strengthened through the 

inclusion of a service user panel who provided a different perspective for 

consideration by the expert panel (Fraser et al. 1994).  Additionally, the results of 

the systematic review and meta-analyses evidence (Chapters 3 and 4) provided the 

foundation of the evidence base for the consensus study and through facilitation in 

the face-to-face meetings enabled the exploration of the data and knowledge 

sharing between the panel and a shared understanding of other panellists views 

(USDHHS et al. 2009).  Finally the private rating of the questionnaires and 

anonymised results allowed expert members to make their ratings without peer 

pressure, thereby reducing the potential for bias in the final results and predefined 

statistical analysis was conducted to determine whether or not consensus was 

reached (Hsu and Sandford 2007; Birko, Dove and Özdemir 2015; Waggoner, 

Carline and Durning 2016). 

The primary limitation of the study is the complexity of the topic, which made the 

study challenging in terms of having substantial amounts of conflicting information to 

discuss in fairly short timeframes (MacKinnon III and Swanson 2002).  Part of this 
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complexity may be due to the study considering each co-morbidity in isolation, and 

ignoring the individuality of the patient, e.g. family history and the presence of other 

health conditions which may influence the actions taken in a clinical setting (Hopkins 

1993).  Moreover, the results of a consensus study are contingent on the available 

evidence at the time and the composition of the panel (Shekelle et al. 1998; Raine et 

al. 2015).  Evidence of how changing the panel composition can influence the 

results was observed in cycle 2 when low self-esteem and dyslipidaemia were no 

longer regarded as suitable for inclusion.  The small sample for the service user 

groups may have hindered the generalisability of the findings due to a degree of 

self-selection bias (Heckman 2010).  In fact the expert panel raised concerns over 

the size of the service user groups, and this doubt may partially explain why the 

expert panel did not always take on board the comments from the service users 

regarding the inclusion/exclusion of specific co-morbidities and screening methods.  

Finally the separation of the co-morbidity from the screening methods whilst logical 

may have been somewhat artificial.  As in both face-to-face meetings the expert 

panel discussed the entire care pathway to understand the advantages and 

disadvantages of including co-morbidities in the proposed screening programme.  

This may be an artefact of the training and knowledge of the panellists to view the 

process as a whole to understand the implications and potential consequences.  

However the decision to have two focused cycles was deemed appropriate to target 

discussions on co-morbidities and screening methods. 

5.7.6 Future Research 

One of the concerns raised by the expert panel was the feasibility and practical 

implications of implementing a screening programme within a weight management 

service, which future research could answer via a feasibility study.  The feasibility 

study could also give an indication of the number of children referred to their GP due 

to a positive screening, to assess the impact of the screening programme on other 

services.  Additionally, future research could also assess the reliability of the results 

with a different group of experts and service users, particularly in light of new 

evidence regarding the prevalence of the co-morbidities in children and the 

development of new screening tests (Shekelle et al. 1998).  The consensus study 

highlighted that current screening tools for the selected co-morbidities were not 

deemed appropriate for use within a weight management service, either due to 

training implications and/or the tool’s sensitivity and specificity. Therefore to 

implement a screening programme alternative screening methods would be required 

which are better suited to the proposed screening environment.  
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5.8 Conclusion 

This is the first known study which aimed to develop a list of obesity-related co-

morbidities appropriate for inclusion in a screening programme for children attending 

UK community weight management services.  Using a modified RAM consensus 

was achieved on obesity-related co-morbidities deemed suitable for inclusion in a 

screening programme.  Five co-morbidities (hyperglycaemia, hypertension, 

obstructive sleep apnoea, depression and anxiety) where selected by a panel of 

experts; however consensus on screening methods for the co-morbidities was not 

achieved.  The discussion indicated there were a number of concerns regarding the 

implementation of a screening programme.  The next chapter builds on the results of 

this consensus study by conducting a thematic analysis of the expert panel’s face-

to-face discussions in cycles 1 and 2 to enable an understanding of their concerns 

and provide guidance on how best to proceed with implementing the proposed 

screening programme. 
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Chapter 6: Expert Opinion on the Feasibility of the 

Proposed Screening Programme 

6.1 Introduction 

The previous chapter provided an overview of the work undertaken to achieve 

consensus on co-morbidities and screening methods for inclusion in the proposed 

co-morbidities screening programme.  This chapter builds on the results of the 

consensus study by undertaking a thematic analysis of the transcripts from the 

expert panel face-to-face meetings to understand the factors considered when 

assessing the feasibility of the proposed screening programme.  Firstly, a 

background and rationale for thematic analysis is provided (Section 6.2), which 

includes strengths and limitations of thematic analysis (Section 6.2.1).  This is 

followed by the aim of the thematic analysis (Section 6.3) and analytical 

considerations for conducting a thematic analysis (Section 6.4).  The chapter then 

describes the methods (Section 6.5), and analysis (Section 6.6), followed by a 

summary of the National Screening Committee’s criteria (Section 6.7).  The results 

of the thematic analysis are then presented (Section 6.8).  Finally, the discussion 

compares the themes in relation to other qualitative studies and the National 

Screening Committee’s criteria (Section 6.9).  As part of this, the implications of the 

results are also discussed along with strengths and limitations of thematic analysis 

and conclusion. 

The results of the consensus study (Chapter 5) indicated that the expert panel were 

able to achieve consensus on the co-morbidities to include in the proposed 

screening programme (hyperglycaemia, hypertension, obstructive sleep apnoea, 

depression, and anxiety), however consensus was not achieved on suitable 

screening tests for use within a community weight management service.  

Furthermore, throughout the consensus study the expert panel raised concerns 

regarding the feasibility of developing a screening programme.  In order to 

understand the key themes relating to this further analysis of the expert group 

discussion was required.  The analysis would highlight areas which required 

additional consideration prior to the implementation of a screening programme, 

which in turn would inform future work in the area.  To enable identification of these 

factors thematic analysis was selected as it allows for the analysis and synthesis 

of data from multiple participants into key themes, which would allow for the 



- Page 184 - 
 

    

identification of any barriers and facilitators to implementing the programme, the 

results of which could inform future research (Boyatzis 1998). 

6.2 Background to Thematic Analysis 

Thematic analysis is a method for the identification, analysis and reporting of 

interesting and/or important patterns (themes) within qualitative data (Braun and 

Clarke 2006; Fereday and Muir-Cochrane 2006; Clarke and Braun 2013).  Thematic 

analysis is one of the most commonly used methods of analysis for qualitative data; 

however the history and development of thematic analysis is not clear (Guest, 

MacQueen and Namey 2012).  Thematic analysis, it appears, was first named as an 

approach in 1975 by Merton, who in turn had based it on the work of Holton (1973). 

Thematic analysis is independent of any particular theory or epistemological position 

(Clarke and Braun 2013).  This independence means thematic analysis can be 

applied as an analytic method across many forms of qualitative data, e.g. interviews, 

media reports, and focus groups, without any prior knowledge that is essential for 

other qualitative approaches, such as interpretative phenomenological analysis and 

discourse analysis (Boyatzis 1998; Braun and Clarke 2006; Fielden, Sillence and 

Little 2011; Alhojailan 2012; Clarke and Braun 2013; Strachan, Yellowlees and 

Quigley 2015; MacLean et al. 2015). 

To date there has not been any qualitative examination of an expert panel’s 

discussions related to screening for co-morbidities associated with childhood 

obesity.  However thematic analysis has been used to assess the feasibility of other 

screening programmes.   

Liles et al. (2015) utilised semi-structured interviews and focus groups with multi-

level stakeholders to explore internal and external barriers for colorectal cancer 

(CRC) screening.  Results of a thematic analysis indicated that the stakeholders 

reported a number of barriers to implementing CRC screening, such as a lack of 

consensus on a suitable screening test and the practicalities of training staff.  In 

addition to barriers, the stakeholders also identified internal and external facilitators 

for screening, including previous success experienced in implementing a centralised 

mammography screening programme, and recent emphasis on increasing access to 

colonoscopy.  Similar barriers and facilitators were identified by Schneider et al. 

(2016) via stakeholder interviews to assess facilitators and barriers for successful 

Lynch syndrome screening (a common forms of hereditary CRC). 
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6.2.1 Strengths and Limitations of Thematic Analysis 

One of the primary strengths of thematic analysis, as mentioned above, is that it is 

not tied to a particular epistemological or theoretical perspective unlike other 

qualitative methodologies, such as grounded theory or discourse analysis (Braun 

and Clarke 2006).  This freedom from epistemological perspectives makes thematic 

analysis a more accessible and flexible method which can be adapted to the needs 

of many studies, whilst still providing rich and detailed description of the whole data 

set (Boyatzis 1998; King 2004; Alhojailan 2012).  This flexibility also means thematic 

analysis is particularly suitable for those early in their qualitative research career 

(Braun and Clarke 2006).  Thematic analysis enables the researcher to highlight 

similarities and differences between participants, and generate insights which may 

not be identified through other analytical methods (Braun and Clarke 2006); making 

thematic analysis a useful approach when exploring new or under-researched 

areas, largely due to its systematic methodology which provides transparency for 

replication, and makes it a useful method to summarise the key features of a large 

data set (Braun and Clarke 2006; Alhojailan 2012; Chapman, Hadfield and 

Chapman 2015; Nowell et al. 2017).  

However this flexibility may lead to inconsistency in how themes are developed, this 

is partly due to theme development being a product of the researcher’s 

interpretation of the text which is bounded by his/her knowledge and experience 

(Patton 2002; Holloway and Todres 2003; Braun and Clarke 2006).  Therefore 

thematic analysis can be open to bias, limiting its scientific rigour in relation to 

validity and reliability (Morse 1999; Healy and Perry 2000; Stenbacka 2001).  

Section 6.4 considers validity and reliability in context of qualitative research, and 

describes the step undertaken to limit bias in the analysis and results (Golafshani 

2003). 

6.3 Aim 

To understand what factors experts perceive to be important when considering the 

feasibility of a screening programme for children with obesity attending a community 

weight management service. 

6.4 Analytical Considerations 

This section describes how concepts of validity and reliability can be applied to 

qualitative research.  Historically qualitative research has been evaluated against 
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criteria defined for quantitative research, using terms such as validity and reliability 

(Lincoln and Guba 1985).  But given that the nature and purpose of qualitative 

research is different to that of quantitative research, it has been argued that it is 

erroneous to apply quantitative criteria to qualitative research.  For example, 

external validity is a key criteria of quantitative research and considers the 

generalisability of results from the sample to the population (Shadish, Cook and 

Campbell 1979).  However in qualitative research, the purpose is to generate 

hypothesis for further investigation, rather than test them, so such criteria are not 

suitable (Sandelowski 1986).  Instead criteria associated with trustworthiness are 

proposed, which if applied assist in demonstrating scientific rigour in qualitative 

research (Krefting 1991; Nowell et al. 2017).   

Trustworthiness, as defined by Lincoln and Guba (1985), is demonstrating to others 

the results are worth paying attention to and taking account of.  To demonstrate 

trustworthiness Lincoln and Guba (1985) discuss the concepts of credibility, 

transferability, dependability, and confirmability.  Additionally, Elliott, Fischer and 

Rennie (1999) provided evolving guidelines for reviewing qualitative research which 

acts as a guide to the reporting of qualitative research.  These guidelines were 

adopted to enhance the reporting of the thematic analysis (Madill and Shirley 2000). 

The next sub-sections discuss the four concepts of trustworthiness and the concept 

of rigour, and their application to qualitative research.  After which analytical 

considerations specific to thematic analysis are discussed. 

6.4.1 Credibility 

Credibility, comparable to internal validity, addresses the issue of “fit” between 

participants’ views and how these are presented by the researcher (Schwandt 2001; 

Tobin and Begley 2004).  Credibility can be demonstrated in a number of ways 

according to Lincoln and Guba (1985): 

 Prolonged engagement: the investment of sufficient time to achieve the aims 

of the project to understand the participants’ views regarding the screening 

programme by understanding participants’ views within context and exploring 

potential areas for misunderstandings. 

 Persistent observation: is the idea of identifying the most relevant factors to 

the issue being considered, and focusing on them in detail.   

 Triangulation: refers to the act of taking data from multiple sources to verify 

the views of the participants.  For instance, if a view of a particular 
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participant’s comment could not be verified by other participants or 

documentation, the view may be regarded as less credible. 

 Peer debriefing: is the process of speaking to a “disinterested peer” to 

explore hypotheses, particular viewpoints, and the process undertaken to 

analyse the data.  This enables the researcher to clear their mind and see 

the data from a different perspective, enabling greater understanding of the 

data. 

 Member checks: is where the participants have the opportunity to review 

interpretations and conclusions made by the researcher.  This is regarded by 

Lincoln and Guba (1985) as the most important aspect of credibility, as it 

offers participants the opportunity to ensure the interpretations and 

conclusions are correct. 

6.4.2 Transferability 

Transferability, comparable with external validity, refers to the generalisability of 

results; however is restricted to the development of working hypotheses, provided 

with a description of the time and context within which they apply (Lincoln and Guba 

1985; Tobin and Begley 2004).  This is referred to as a “thick description”.  Lincoln 

and Guba (1985) do not provide a clear definition of a “thick description”, although 

Geertz (1978) stated that thick description refers to there being sufficient detail in 

how a phenomenon is described that others can decide if the context is sufficiently 

close to their context to deem the findings as relevant.  This goes beyond reporting 

what people said, and includes who these people are, in terms of their role, and the 

meaning they are trying to get across.   

6.4.3 Dependability 

Dependability, comparable with reliability, requires all aspects of the research are 

clearly documented (Schwandt 2001; Tobin and Begley 2004).  This provides an 

audit trail, which others can examine, ensuring the steps undertaken are logical and 

traceable (Lincoln and Guba 1985).   

6.4.4 Confirmability 

Confirmability, comparable with objectivity or neutrality, is used to establish that the 

interpretations are clearly and accurately derived from the data, and whether the 

results can be corroborated in another way (Tobin and Begley 2004).  Lincoln and 

Guba (1985) stated that confirmability is established once credibility, transferability, 
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and dependability are achieved, and is crucial in a rigorous qualitative study (Nowell 

et al. 2017).  A common method to also demonstrate confirmability is by the use of 

reflexivity (Malterud 2001).  Reflexivity is the self-awareness the researcher has 

about their own knowledge and biases and how these might interfere with data 

analysis and interpretation of the results (Malterud 2001). 

6.4.5 Considerations Specific to Thematic Analysis 

Inductive versus Deductive analysis 

Within thematic analysis data is typically analysed in two ways: inductive (bottom 

up) or deductive (theoretical/top down) (Boyatzis 1998; Gabriel 2013).  An inductive 

approach means that identification of the themes is driven by the data, and not 

influenced by the questions asked or the researcher’s theoretical interest in the area 

or topic (Braun and Clarke 2006).  Therefore inductive analysis is a method of 

coding the data without trying to fit the data into a predefined framework, theory, or 

researcher preconceptions.  In contrast, a deductive approach is driven more by a 

predefined framework or theory, thus is analyst-driven (Patton 2002; Hsieh and 

Shannon 2005; Vaismoradi, Turunen and Bondas 2013).  This approach generally 

tends to provide detailed analysis of some aspects of the data, and less about the 

data overall (Braun and Clarke 2006). 

Although typically researchers adopt either inductive (Smedley and Coulson 2017; 

Parnell, Stanton and Plant 2018) or deductive analysis (Lambert and O'Halloran 

2008; Ainsworth, Vargo and Petróczi 2018), there are instances of where both are 

combined.  For example, Maine et al. (2017) considered the experiences of people 

with intellectual disabilities self-managing type 2 diabetes adopting an inductive 

approach to reflect the participants’ experiences, after which, a deductive approach 

was adopted to organise the themes into the constructs of Bandura’s Four Sources 

Model (which captures the four sources of self-efficacy enhancement; Bandura 

(1977)).   

For this analysis I adopted an inductive approach.  The rationale being that it was 

unclear what elements of the data would be important, thus an inductive (bottom up) 

approach would ensure the findings remained grounded in the data and that a 

participant driven account was provided  
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Semantic versus Latent themes 

Identification of themes within the data can occur at two levels: the semantic 

(explicit) level or latent (interpretive) level (Braun and Clarke 2006).  A semantic 

approach means the researcher is not looking for anything beyond what was said by 

the participants, essentially providing a description of the discussion which took 

place; although attempts should be made to theorise the significance of the patterns 

and their broader meanings and implications (Clarke and Braun 2013; Maguire and 

Delahunt 2017).  Latent level themes, on the other hand, look beyond what was said 

and start to identify the “underlying ideas, assumptions, and conceptualisations” that 

give the semantic level themes their form and meaning (Braun and Clarke 2006).  

Therefore latent thematic analysis involves more interpretive work and goes beyond 

a description of the data. 

For this analysis I decided to identify semantic level themes, the rationale for this 

was that a semantic approach allows the perspectives of the participants to be 

heard without the researcher’s own biases and understanding influencing the 

outcome.   

Essentialist versus Constructionist Approach 

Thematic analysis can be conducted within two paradigms, essentialist or 

constructionist.  A paradigm is defined as “commitments, beliefs, values, methods, 

outlooks and so forth shared across a discipline” (Schwandt 2001).  An essentialist 

(realist) approach allows you to theorise motivations, experience, and meaning in a 

straightforward way to understand a person’s “truth”, the idea being that a person’s 

language reflects and enables them to articulate their truth (Braun and Clarke 2006).  

However each individual’s experience of truth will be influenced by their own 

subjective interpretation of that truth.  In a constructionist approach meaning and 

language are socially produced and reproduced, rather than existing within 

individuals (Marshall and Rossman 1999), i.e. one person’s truth is the same as 

another’s, therefore it discounts the impact of subjective interpretation.   

For this analysis I adopted an essentialist paradigm, as the aim of the study was to 

identify common, as well as conflicting truths from a number of health professionals 

and researchers, it was important to allow for divergence in opinion to be present 

and captured. 
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6.5 Method 

The data corpus consisted of the two face-to-face meetings with the panel of experts 

conducted as part of the consensus study detailed in Chapter 5.  The panel 

consisted of health professionals (paediatric endocrinologist, paediatrician, 

endocrine specialist nurse, and general practitioner), obesity researchers and 

academics, and weight management staff (Table 41).  As mentioned in Chapter 2, 

community weight management services are not typically part of the NHS, therefore 

the staff are not trained medical professionals. 

The first meeting was held on the 21st of June 2016 and considered the co-

morbidities associated with obesity based on the results of the systematic review 

and meta-analyses (Chapters 3 and 4).  The second meeting was held on the 17th 

October 2016 and considered screening methods for the agreed upon co-

morbidities.  Further details regarding the consensus study are available in Chapter 

5. 

Table 41: The expert panel members' roles and the code assigned to them 

Expert Panel Role Assigned Code 

Researcher (Obesity) EXP01 

Medic (Endocrinologist) EXP02 

Researcher (Obesity) EXP03 

Medic (GP) EXP04 

Researcher (Obesity) EXP05 

Researcher (Obesity) EXP06 

Researcher (Public Health) EXP07 

Weight Management Staff EXP08 

Medic (Endocrinologist and Diabetologist) EXP09 

Medic (Endocrine Nurse) EXP10 

Researcher (Obesity) EXP11 

Medic (Paediatric Endocrinologist) EXP12 

Researcher (Psychology) EXP13 

Researcher (Medicine) EXP14 

 

The six-stage framework reported by Braun and Clarke (2006) was adopted to 

structure the thematic analysis of the data (familiarisation with the data; generation 

of initial codes; searching for themes; reviewing themes; defining and naming 

themes; writing up the analysis and results).  Although presented as six discrete 

stages, Braun and Clarke (2006) report that the stages overlap, and the analysis is 
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an iterative process to ensure the results provide an accurate reflection of the data.  

The six stages are discussed in the next section.   

6.5.1 Six-Stage Framework of Thematic Analysis 

Stage 1: Familiarisation with data 

The first stage is to immerse oneself in the data to get a sense of the overall 

discussion (Patton 2002; Braun and Clarke 2006).  As mentioned in chapter 5, I first 

conducted verbatim transcription of the audio recordings from both expert panel 

consensus meetings.  Transcription commenced the day after the meetings using 

InqScribe (version 2.2.3; https://www.inqscribe.com/) with unique codes assigned to 

each participant, e.g. EXP01, to allow for anonymity, but also allow me to track the 

views of participants over the course of the meetings (Pope, Zieband and Mays 

2000; Bailey 2008)(see Table 41).  To assist with transcription and subsequent 

analysis I adopted recommendations from Bailey (2008) to include some non-verbal 

features, such as pauses, where noticeable in the recordings.  Non-verbal features 

can shape how the transcriptions are interpreted and thus the meaning applied.  

Bailey (2008) recommended that transcriptions need to be sufficiently detailed to 

capture “features of talk such as emphasis, speed, tone of voice, timing and pauses” 

(Robinson, Heritage and Maynard 2006).   

Upon completion of the transcripts, I re-listened to the audio recording, to balance 

accuracy and readability of the transcripts prior to commencing analysis (Bailey 

2008).  Additionally, after transcription I read and re-read the transcripts multiple 

times prior to starting the next stage of the analysis to further facilitate familiarisation 

with the data.  As part of this stage I also made a note of initial comments and ideas 

that came to mind during the readings to aid subsequent identification of codes and 

themes.  This process of transcription and re-reading of the transcripts assisted me 

in becoming familiar with the data and also addressed the criterion of prolonged 

engagement, increasing the credibility of the results. 

Stage 2: Coding data 

The second stage involves going through the data and highlighting elements of the 

text and coding them as a means of organising the data in a meaningful and 

systematic manner (Tuckett 2005; Maguire and Delahunt 2017).  This is a key part 

of the analysis as it establishes which elements of the text are related to the aim of 

the analysis, as such some elements of text may be coded multiple times for 

https://www.inqscribe.com/
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multiple codes and others may not be coded at all (Miles and Huberman 1994; 

Mackieson, Shlonsky and Connolly 2018).  This was accomplished by re-reading the 

transcripts multiple times, which further aided familiarisation with the data and 

strengthened my involvement with and understanding of the data (see Table 42, 

page 194) (Pope, Zieband and Mays 2000). 

Stage 3: Search for themes 

The third stage involves grouping the identified codes to create themes (Maguire 

and Delahunt 2017).  A theme is a group of codes that are similar to each other and 

capture something significant or interesting about the data (Braun and Clarke 2006; 

Buetow 2010; Maguire and Delahunt 2017).  There are no specific rules or criteria 

for what constitutes a theme, or how big a theme should be (Braun and Clarke 

2006).  To assist in identifying themes Buetow (2010) proposed the concept of 

“saliency analysis”, which assesses the frequency (the recurrence of codes) and/or 

the importance of the themes.  Importance is defined as themes that “advance 

understanding or are useful in addressing real world problems, or both” (Yardley 

2000).  Frequency alone does not indicate importance, and an important theme or 

code may not recur often; therefore it is the researcher’s interpretation of the data 

which determines which codes and themes are important to the research question 

and which are not (Braun and Clarke 2006).  For this stage I wrote codes on to post-

it notes.  This provided a flexible approach to organise and re-organise codes into 

themes, and enabled me to assess the saliency and frequency of codes to assess 

their overall importance to the research aim.  Additionally potential themes were 

discussed as part of peer debriefing to enhance credibility and also transferability of 

the results, by encouraging me to provide thick descriptions of the context and 

content of the discussions. 

Stage 4: Review themes: 

The fourth stage involves a process of theme refinement and begins once the initial 

phase of theme development is completed (Braun and Clarke 2006).  During this 

stage some themes may be excluded due to a lack of frequency and/or importance 

based on Buetow (2010) idea of saliency analysis.  Some themes may be merged 

with others, whilst some themes may be separated into two or more.  The criteria for 

assessing if a themes are merged or separated is based on Patton’s concept of 

“internal homogeneity” and “external heterogeneity” (Patton 2002).  Data within 

themes should be sufficiently related to one another (internal homogeneity), whilst 

maintaining a clear and identifiable distinction from other themes (external 
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heterogeneity) (Braun and Clarke 2006).  To assist with this, initial themes were 

discussed with a supervisor and with peers to offer a different perspective.  As part 

of this stage an initial thematic map was developed.  This is a visual representation 

of how the themes are structured, and which themes are related to other themes 

(see Figure 63, page 196) (Braun and Clarke 2006). 

Stage 5: Define Themes 

The fifth stage begins after the development of a satisfactory thematic map, and 

involves defining and naming the themes – which is identifying the “essence” of 

each theme and the structure of the themes overall (Braun and Clarke 2006).  

Guidance on naming a theme dictates that names are clear, concise and easily 

understood (Boyatzis 1998; Auerbach and Silverstein 2003).  Additionally during this 

process sub-themes are identified, these are themes-within-a-theme, and provide 

structure to large and/or complex themes and provide a “hierarchy of meaning” 

within the data (Braun and Clarke 2006).  For this, I developed created a paper 

version of the initial map, alongside a definition of each theme and sub-theme.  One 

by one, the themes and sub-themes were reviewed and a description developed.  

This increased my understanding of the themes, and allowed for similarities and 

differences between themes to emerge.  This in turn enabled me to re-organise the 

initial themes to develop the final thematic map (see Figure 64 on page 197). 

Stage 6: Producing the report 

The sixth and final stage involves the presentation of the findings and themes, which 

is supported by extracts from the transcript and relevant literature (Braun and Clarke 

2006). 

6.6 Analysis 

As described in 6.4.5, my approach consisted of identifying semantic themes, via 

inductive analysis whilst adopting an essentialist paradigm (Braun and Clarke 2006; 

Maguire and Delahunt 2017).  The benefits of this approach are that the data would 

be coded without trying to fit the data to an existing framework (inductive), or 

attempting to identify underlying assumptions or beliefs of the participants 

(semantic), which could be biased by the researcher’s personal views and 

knowledge (essentialist paradigm).  Given the variation in obesity across the 

country, the possible variation in observed co-morbidities, and differing service 
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models it was important to understand the potential local implications of a nationally 

proposed screening programme. 

Once transcription was completed, I conducted line-by-line inductive coding of the 

text.  This was to identify salient segments of text related to the aim of the thematic 

analysis; identifying factors experts perceived to be important when considering the 

feasibility of a co-morbidity screening programme for children (Braun and Clarke 

2006; Stuckey 2015) (Table 42).  During the process some codes were renamed 

and new codes added to ensure they accurately reflected the text (Pope, Zieband 

and Mays 2000).   

Table 42: Example of the codes identified in the text  

Example Text Example Coding 

“…there are a lot of children from really 

high risk ethnic backgrounds as well(.)if 

they have IGT within a few months they get 

diabetes(,)I don’t discharge them I keep 

them under the same category” (EXP09) 

Ethnic differences in co-morbidity 

presence and progression 

“its not just referral(,) now you’ve got your 

GP saying it’s so great that you’re doing 

watchit(,)next time you come in to see me 

I’m gonna check out how you’re doing” – 

EXP11 

GP role as motivator, to encourage 

weight-loss 

 

Using the aim of the analysis as a guide, the codes from the previous stage were 

then grouped and organised into potential themes based on potential similarities.  

Focusing on the aim avoided digression into irrelevant areas.  As part of this stage I 

revisited earlier stages to ensure the codes and initial themes were appropriate and 

congruent with the research question as well as re-reading the data to ensure I had 

grasped an understanding of the overall discussion (Boyatzis 1998).  Braun and 

Clarke (2006) noted that the process of re-coding and re-theming may continue ad 

infinitum.  Thus the process was concluded when the refinements were no longer 

adding anything substantial. 

To support the reporting of the themes, extracts from the data are presented, an 

approach recommended by Braun and Clarke (2006) to “capture the essence” of the 

discussion (p.23), including elements from the National Screening Committee’s 

criteria (Public Health England 2015a), and other research to support the results. 
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6.7 Summary of the National Screening Committee Criteria 

As detailed in Chapter 2, in the UK the National Screening Committee (NSC) are 

tasked with assessing a suitability of implementing a screening programme 

(Kitchener et al. 2014; Public Health England 2015a).  The NSC’s criteria can be 

separated into four groups; the condition; the test; the intervention; the screening 

programme.  A summary of the criteria can be found in Table 43, with detailed 

information provided in Chapter 2 (Public Health England 2015a).  Upon completion 

of the inductive analysis, the identified themes were compared with the NSC’s 

criteria, to identify commonalities and differences between them. 

Table 43: Summary of the National Screening Committee's criteria 

Criterion Description 

Co-morbidities Should be an important health problem.  The epidemiology and 

natural history of the condition should be adequately 

understood. 

Test Should be simple, safe, precise, and validated screening test, 

which is acceptable to the target population with an agreed 

plan of action for individuals with a positive result. 

Intervention Should be an effective treatment or intervention supported by 

evidence indicating that early intervention leads to better 

outcomes. 

Screening 

Programme 

Should be evidence from high-quality randomised controlled 

trials that the screening programme is effective in reducing 

mortality or morbidity. 

 

6.8 Results 

Initially the coding and development of the themes identified four main themes and 

22 sub-themes.  These themes were organised to provide the initial thematic map 

(Figure 63).  I then went back over the transcripts and codes to reconsider the 

structure of the themes.  As part of this process I identified that in my initial map I 

had separated the screening programme, conducted by the weight management 

service, from the potential impacts of the screening programme on stakeholders 

such as the GPs and service users.  However the sub-theme Practicalities of 

Screening – which I associated with the weight management service in terms of 

training and cost - were in fact impacts experienced by the weight management 

service.  These impacts were experienced before and during the screening 
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programme, whereas the Screening Impact theme was focused on the post-

screening impacts to other stakeholders.  Therefore there was an overlap which 

could be avoided by combining the themes Screening Impact and Screening 

Programme.  Related to this, although mentioned a few times, the identified theme 

Screening Priorities did not meet the saliency criteria put forward by Buetow (2010), 

and did not need to be addressed within the thematic map, therefore was removed.  

Another sub-theme, practicalities of screening, was also removed from the final 

thematic map.  The reasoning for this was that practical aspects of implementing a 

screening programme were considered to underlie all the themes.  Thus separating 

it out did not seem appropriate, given the links to all stages of the screening 

programme.  Based on further refinement of the themes, the final thematic map of 

three themes with six sub-themes was developed (Figure 64).  The map highlights 

the key components of the discussion undertaken by the participants.   

 

Figure 63: Initial Thematic Map 
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Figure 64: Final Thematic Map 

 

The following sections provide an overview of the three themes and six sub-themes 

identified as part of the thematic analysis. 

Theme 1: Appropriateness of the Co-morbidity 

The first theme related to the appropriateness of the co-morbidity for inclusion in the 

screening programme.  Appropriateness was defined as the prevalence, severity 

and impact of the co-morbidity to the health and well-being of the child.  This 

definition was based on the criteria provided by the NSC for appraising the viability, 

effectiveness and appropriateness of a screening programme (Public Health 

England 2015a).  Although the NICE recommendation was to screen for obesity-

related co-morbidities, the panel noted that currently there is not a universal drive for 

screening in children, particularly as “most of the children will be borderline or will 

have a negative result(.)so why bother screening for them(?)” – EXP05.  The theme 

itself has two sub-themes, one related to the prevalence of the co-morbidity and the 

other to existing treatment guidelines for the co-morbidity. 

Sub-Theme 1.1: Co-morbidity Prevalence vs Impact 

There was concern over the lack of prevalence evidence of some of the co-

morbidities from the UK; “It is very rare, even rarer in children in the UK” (EXP14 

talking about hyperglycaemia), this was perpetuated by the limited number of 

studies in the systematic review based on a UK population.  This suggesting that 
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screening for the co-morbidities may not be seen as a priority, from both a clinical 

and commissioning perspective: 

“I'm trying to imagine all the local commissioners getting feedback 

from their services…if you were going to try to challenge and 

override evidence you'd need harder evidence as to why the things 

that we're choosing are better and might need more evidence than 

a consensus process based on a discussion about what is 

imperfectly generalisable evidence to this population” - EXP05 

However some of the panel were less concerned with the prevalence, and viewed 

the screening as an opportunity to identify those who may require further support: 

 “I took it that this is a point of contact isn’t it(?)It’s an 

opportunity(,)so actually it doesn’t matter whether it’s more 

prevalent in obese and overweight children it’s just that they 

happen to come to you for their weight” – EXP07 

“They [children] have a much more rapid course of 

deterioration(,)so I think picking up those with IGT is really 

important cos those kids are not like adults…The literature strongly 

supports that children deteriorate very quickly” – EXP09 

“I still think it’s really important even if it’s not more prevalence in 

obese and overweight children, it is quite prevalent and it has an 

impact(,)so if we have an opportunity to identify it then that’s a 

good thing” – EXP07 

The NSC criteria states the condition should be an “important health problem as 

judged by its frequency and/or severity” (Public Health England 2015a), therefore a 

lower prevalence alone may not be sufficient to disregard a co-morbidity, it’s severity 

and impact on the individual should also be taken into consideration.  Which support 

the views of EXP07 and EXP09, the screening is an opportunity, and irrespective of 

prevalence it is the impact to one’s health from the condition which matters.  For 

some of the current population screening programmes the reported UK prevalence 

is rather low, for example, the reported a prevalence for the breast cancer screening 

programme between 2015-2016 was 0.85% (18320/2161268) in the targeted 

population of women aged 50 to 70 (NHS Digital 2017a).  For abdominal aortic 

aneurysm the prevalence in the targeted population of men aged 65 and above was 

1.5% (NICE 2009; Gov.UK 2017), suggesting that the impact to one’s health and 
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having a suitable treatment are important factors in deciding if a screening 

programme is implemented.  For instance for abdominal aortic aneurysm, Public 

Health England reports that screening should prevent approximately 2,000 

premature deaths every year in men aged 65 and over (Public Health England n.d.).  

However, despite the low prevalence of some co-morbidities there was a general 

view that certain co-morbidities could not be ignored due to the impact they have on 

one’s health and wellbeing: 

“I’d feel very uncomfortable ultimately ignoring this and not 

including it” – EXP04 in relation to diabetes 

The discussion regarding prevalence led to the consideration of other factors that 

may influence prevalence, for example for hyperglycaemia, it was stated that some 

sub-populations may be at a higher risk, based on factors such as ethnicity: 

 “If a patient in my cohort(,)cos I work in London(,)so there are a lot 

of children from really high risk ethnic background as well(.)if they 

have impaired glucose tolerance within a few months they get 

diabetes(.)I don’t discharge them I keep them under the same 

category” – EXP09 

This view is supported by research that certain ethnic groups, South Asians and 

Black Caribbean, do have a higher prevalence of type 2 diabetes than other groups, 

e.g. White European (Riste, Khan and Cruickshank 2001; Oldroyd et al. 2005; 

Reinehr 2013).  Furthermore, the potential regional differences in prevalence, due to 

population variation, prompted some of the panel to suggest the programme may 

have to accommodate for local factors: 

“So you're not just giving them a screening tool, you're giving them 

a screening tool and the steps to identify what needs to happen 

after the screening, and what they can tap into in their local area” – 

EXP07 (discussing how the programme may have to 

accommodate for local variation) 

This would suggest that a standard, national screening programme may not be 

appropriate or feasible. 

Despite initial discussions suggesting prevalence may not matter, subsequently the 

panel did highlight co-morbidities where the data did not “suggest that it’s worse in 

obese as opposed to normal weight kids” – EXP11 in relation to depression, 



- Page 200 - 
 

    

suggesting a change in perspective, from initially focusing on impact, regardless of 

prevalence, to, potentially, a more balanced consideration of both. 

In summary the panel discussion identified a conflict between co-morbidity 

prevalence (based on both their experience and the prevalence data provided in the 

systematic review) and impact of some co-morbidities.  Furthermore, the data 

provided did not report prevalence by ethnicity, however based on their experience 

some of the panel identified ethnicity as an important consideration when developing 

the screening programme (Riste, Khan and Cruickshank 2001; Oldroyd et al. 2005; 

Reinehr 2013). 

Sub-Theme 1.2: Treatment Guidelines 

Related to the prevalence and severity of the co-morbidity was the availability of 

treatment options for children.  Discussion indicated that the first line of treatment for 

the majority of the co-morbidities in children with obesity would be to lose weight: 

“Isn’t the treatment for even if you find so called pre-diabetes going 

to be the same anyway(?)so therefore why pick-up if ultimately 

you’re trying to help people reduce weight(?)” – EXP04 

 “That’s what I’m thinking(,)is it referral back into the [weight 

management] service(?)” – EXP05 

“What would you do about that actually other than encourage 

healthy lifestyle(?)so it’s again(,)that’s going back into weight 

management” – EXP07 

“Fatty liver is one of those things that will really respond well to just 

a little bit of weight loss and just a little bit of exercise” – EXP11 

From the panel’s perspective there would be a cyclical pathway, from the weight 

management service who conducted the screening, to the GP to respond to positive 

screening results, and then refer the child back to the weight management service 

for the intervention.  Thus the benefit of screening, if only to be re-referred to the 

weight management service, was questioned.  

For the majority of the co-morbidities the first-line of treatment would be some form 

of lifestyle and diet intervention to encourage weight-loss, however there is 

inconsistent evidence regarding the effectiveness of weight management 

interventions, particularly in children (Whitlock et al. 2010; Hersey et al. 2012; Adab 

et al. 2018) (see section 2.4.3, page 20 in Chapter 2) .  Although, based on some 
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panel member’s experience, awareness of a co-morbidity may encourage the child 

to lose weight: 

“We found that in terms of eating behaviour and lifestyle change 

and everything is that the children with a diagnosis of liver disease 

were much more motivated and ambitious in their making changes” 

– EXP11 

This is supported by other research which suggested that awareness of obesity-

associated co-morbidities positively influences weight-loss.  Calderón-Larrañaga et 

al. (2015) conducted a longitudinal cohort study of patients in primary care.  They 

reported that patients with obesity who were aware they had at least one co-

morbidity were more likely to lose weight.  However the type of co-morbidity played 

a role, with weight loss more likely in patients with a diagnosis of diabetes or 

dementia and less likely amongst those with hypertension or anxiety.  Furthermore 

weight loss was independently associated with males, higher age and more severe 

obesity.  Although Calderón-Larrañaga et al. (2015) included participants aged 15 

and above, 43% were aged over 64 and data was not provided for the younger age 

group limiting understanding of the association between knowledge of co-morbidity 

and weight loss.  This is supported by Gillison et al. (2015), who reported that in 

people at high risk of diabetes or heart disease behaviour change relating to dietary 

changes, but not physical activity, was associated with weight loss at four and 12 

months.  Although as noted by another participant that in some cases telling 

someone to lose weight can have negative consequences: 

“Saying ‘why don’t you lose some weight’ actually can 

rebound(,)people think it’s very patronising and will be told where 

to go” – EXP04 

The NSC criteria states that there should be an “effective intervention”, with 

evidence that intervention leads to better outcomes (Public Health England 2015a).  

However at present the guidelines for treatment in children vary based on the co-

morbidity.  For instance for hyperglycaemia the focus is on initially providing a 

tailored education programme along with dietary management, with the option of 

prescribing metformin at a later stage (NICE n.d.-b).  For co-morbidities such as 

depression the pathway would include referral to tier one (GP) or two (CAMHS) 

mental health services for mild, and tiers two to four (specialist CAMHS services) for 

moderate to severe depression (NICE n.d.-a; NICE Clinical Guidelines 2005).  In 
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terms of treatment for psychological co-morbidities (depression and anxiety) there 

were concerns regarding the availability of treatment services for children: 

“have we got adequate mental health services to cope(?)” – EXP04 

Although there are child mental health services, the panel were concerned that the 

current services did not have the capacity to cope with the potential influx of 

referrals that the screening programme may result in: 

 “but what you do with them is an absolute nightmare(,)because 

there are just not the services to do it(.)I think that’s where it just 

comes unstuck” – EXP07 

This raised the question of whether it was appropriate to identify a co-morbidity if the 

services to manage and treat the co-morbidity were not available.  As one member 

stated: 

“If you’re gonna identify(,) you’ve got a responsibility to then do 

something about it” – EXP07 

This relates to criteria from the NSC regarding the ethics of a screening programme, 

and if a treatment was not available a positive result may result in greater harm than 

benefit (Public Health England 2015a).  The discussion suggested identification may 

not be the issue, but the management of the co-morbidities once identified was 

(Kessler, Sharp and Lewis 2005).   

The theme highlighted that for the majority of the co-morbidities the primary 

treatment is weight loss, typically through diet and exercise, which according to 

current evidence is of varying effectiveness.  For other co-morbidities, the treatment 

may include referral to other services, which may not be easily accessible, e.g. 

treatment for obstructive sleep apnoea, or the services are unlikely to be able to 

cope with the potential increase in referrals, such as child mental health services. 

Theme 2: Suitability/Acceptability of the Screening Measure 

A key theme evident throughout the transcripts related to the screening measure 

and its suitability for use within a weight management setting, particularly taking 

blood samples: 

“Given the constraints of the weight management setting I really 

can’t see how you could go to blood” – EXP11 
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“it’s not in a medical setting is it where they are running the 

session” – EXP10 

As well concern over taking blood samples at the weight management service, there 

was concern over the experience for the child: 

“you kind of want to get them started on the programme while that 

motivation's there rather than spend hours and hours talking about 

what’s wrong with them.” – EXP08 

The theme had two sub-themes, one related to the accuracy of the measure and the 

other to staff training. 

Sub-Theme 2.1: Accuracy of the measure 

The accuracy (sensitivity and specificity) of the screening measures varied within 

and between co-morbidities, this was of particular concern for the panel in terms of 

the total number of children (true positive and false positives) that may be sent to 

the GP: 

“I rated it highly as well but then I thought what are you going to do 

with all these false positives and intermediate tests you get” – 

EXP04 

The reported prevalence of a co-morbidity is contingent on the sensitivity and 

specificity of the measure used.  Although it was noted that many factors can 

influence the results of the screening, for instance for blood pressure, “the most 

common would be anxiety or the wrong size cuff or a measurement issue” – EXP02.  

Which is supported by research indicating that blood pressure can be influence by 

many factors, such as if forearm or upper arm measurement is adopted, time of day 

and gender of patient, and appropriate size and placement of the cuff (Karnath 

2002; Bauldry, Bollen and Adair 2015; Leblanc, Cloutier and Poirier 2015).  Other 

impracticalities associated with other screening methods were also observed, for 

instance the nature of current weight management services meant fasting glucose 

tests would not be feasible: 

“We mainly do our programmes mainly after school so you can’t 

expect the kids to go to school all day” – EXP08 

Thus potentially limiting the option to a random glucose test, however other factors 

such as age, time of day, physical activity levels can impact glucose levels and 

influence the proportion of false positives, this is prior to factors associated with the 
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test itself, such as the testing strip used, or the physical factors of the environment 

(Ginsberg 2009; Moebus et al. 2011).   

Issues surrounding the accuracy of the measure are further exacerbated with the 

use of self-report questionnaires, such as those used for psychological co-

morbidities or obstructive sleep apnoea, due to the subjectivity and bias that maybe 

introduced from parent or child completed questionnaires, further limiting test 

accuracy.  The NSC criteria does not go into detail regarding the test criteria, other 

than stating that it should be simple, safe, precise and validated (Public Health 

England 2015a).  They have previously not recommended screening for conditions 

such as alcohol misuse as the test would be a questionnaire, which was considered 

unsuitable for a population screening programme due to the risk of false positives, 

which would potentially overwhelm services and reduce access to those who could 

benefit (Public Health England 2015a; UK National Screening Committee 2017).  

Furthermore with regards to self-report questionnaires there were concerns 

regarding how they would be administered.  EXP13 talked about how self-report 

questionnaires are thought of as things you could “just throw at people” and get 

useful data, when in reality: 

“Unless it’s administered properly I would question what the value 

is(.)  It really is a training need” – EXP13 

The group discussion highlighted the many factors which might influence the result 

of the measure, such as the psychometric properties of the tools themselves and 

others related to the individual differences in the children.  A key element which was 

consistently brought up was the skills and expertise of the weight management staff, 

and the level of training required to correctly administer the screening measures.  

Given the frequency with which this was discussed, it was considered as a sub-

theme. 

Sub-Theme 2.2: Staff Training 

It was repeatedly mentioned, by one participant in particular, that weight 

management service staff are not clinicians, and are not trained in conducting 

screening physical and psychological co-morbidities: 

“you’ve got issues with blood and like being careful(,)with all due 

respect they’re not nurses running these clinics” – EXP10 

“I think that’s quite complex to expect [a] worker in like the weight 

clinic to make that call really” – EXP10 
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Additionally, the staff would have to interpret the results to some extent to ascertain 

if the child required referral: 

“you couldn’t expect the weight management team to interpret 

those results(.)So even if they actually took the finger prick test 

you’ve got to involve another medical person to do the 

interpretation” – EXP10 

Though this may indicate a lack understanding by the participants; current clinical 

tests, such as blood tests for glucose and blood pressure measurements are 

routinely conducted by trained, but non-clinical staff, including personal trainers at 

health and fitness centres (McNaughton et al. 2011; Nuffield Health 2016; Kielly et 

al. 2018).  Furthermore, patients are being trained to self-monitor blood glucose and 

blood pressure; indicating the concerns raised by the panel are not insurmountable, 

and with the right training the screening could be conducted by weight management 

staff (Benjamin 2002; Stergiou et al. 2004; Kirk and Stegner 2010). 

Concerns were also raised regarding the use of self-report questionnaires, in 

particular going beyond the initial response to truly understand what the service 

user/parent is saying: 

“You have to be careful asking questions like that(,)it’s like in my 

clinic if I saw a child(,)(‘)do you get headaches?(’)they would go 

(‘)er yeah I think I do(‘)(.)I was like now what do I do(?)Do I screen 

the head, do a scan or do I ignore it(?)I think asking something like 

that(,)(‘)do you get joint pain(‘)(?)(‘)yes I do(‘)(.)Sometimes you 

walk too far(,)I wouldn't need this question and I think you would 

get a lot of yeses when it’s not significant(.)” – EXP09 in relation to 

the use of questions to assess for joint pain 

“I used to pick these up and you've got a child who's got true all the 

way down(,)and you say (‘) ok let’s have another look at this 

alright(?)(‘)(.)So you go through all the items or you talk through all 

the items(,)and you don’t have to get the child to justify everyone 

but you can with a bit of with just a bit of discussion(.)So ok(,)so 

you say (‘)I felt so tired I just sat around and did nothing(‘), and 

they put true for that and you say (‘)Oh(,)so what was the most 

recent time you did that(?)(‘) or you can get them to talk through a 

bit and understand it(.)There are(,)questionnaires are only as good 
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as their administration and the person's understanding of the 

content” – EXP13 regarding the administration of questionnaires 

Both examples articulated the complexity of administering self-report questionnaires 

for screening, particularly with children, and the importance of having appropriately 

trained staff to interpret the response, which may require further questioning.  The 

potential concern was that even with training some staff may struggle asking 

additional questions or correctly interpreting the data.  EXP04 gave an example 

where practice nurses had to ask patients two screening questionnaires and a lot of 

nurses “felt quite anxious…they didn’t feel trained to ask two questions”. 

The NSC criteria do not explicitly state staff training, however it is implied that the 

individuals conducting the test are appropriately trained in the administration of the 

test and interpretation of the result (Public Health England 2015a).  However, it was 

frequently mentioned by the panel, highlighting the importance of having 

appropriately trained staff to ensure successful implementation of the screening 

programme.  Previous research has also highlighted the importance of having 

appropriately trained staff and the impact the screening may have by changing the 

relationship dynamic between the staff and children (Liles et al. 2015; Schneider et 

al. 2016). 

Theme 3: Impact of the Screening Programme 

The final theme focused on the impact of the screening particularly on the child and 

the GP.  For the child the focus was on intended and unintended consequences 

“such as labelling, where people now say my kid is depressed” (EXP04), potentially 

without a substantial change in management.  In contrast, for GPs the discussion 

focused on the number of referrals to the GP and the multiple roles the GP may 

potentially have to adopt as part of the screening programme. 

Sub-Theme 3.1: Impact to Child 

For the child the discussion focused on the negative consequences from the 

screening, the impact of knowing you have a co-morbidity.  EXP04 mentioned a 

previous programme where patients with diabetes and heart disease were screened 

for depression; “well-intended screening programme medicalised people’s lives 

further and probably made them more miserable”.  This prompted further discussion 

on potential unintended negative effects of the screening programme, such as 

medicalising the weight management service setting: 
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“I think I feel we have to be careful about medicalising 

things(,)particularly as a lot of treatments(,)services certainly in our 

area(,)it’s really community lifestyle focused(,)they don’t go near 

the GP…if you’re then bringing in quite invasive tests for a child(,)I 

mean nobody likes a blood test anyway(,)do they(?)but for children 

you’re making it a clinical medical scenario right there and 

then(.)And I feel quite uncomfortable with that” – EXP06 

And medicalising the lives of the child, and the consequences this might 

have: 

“The danger is we're gonna be medicalising everybody with a 

condition they don’t have” – EXP09 

“How much harm do we do by inducing a whole load of anxiety 

which could possibly hang around for years” – EXP04 

“Whatever we do here is going to potentially going to have 

unintended consequences and assumptions about people’s 

readiness to change might vary by both condition and obviously 

interpersonally” – EXP04 

The potential harmful effects of screening have been previously reported.  Feldman 

(1990) discussed the impacts of false-positive and false-negative results.  False-

positive results may lead to further discomfort, costs, and risks as the child would 

have to undergo additional procedures to confirm the diagnosis; for some co-

morbidities this may include additional invasive procedures.  False-negative results 

also have negative effects, as they may lead to a false sense of security and the 

child may be less likely to take their weight management seriously: 

 “You’ve got to be worried about the ones you say don’t have IGT 

or something(,)cos then you’re reassuring them” – EXP07 

“Cos they feel supported in the way they are(.)you’re almost telling 

them it’s ok” – EXP03 

Overall it seemed there was a lack of clarity as to how children would possibly 

respond to the screening test results, a negative result may give false reassurance 

that being overweight/obese is ok, whereas a positive screening result may cause 

additional harm, due to the child being “labelled” as depressed, or hypertensive, and 
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potentially medicalising their lives due to the need for treatment and lifestyle 

changes to manage the co-morbidity (Feldman 1990). 

Sub-Theme 3.2: What is the GP’s Role? 

During the discussion the feasibility and practicality of conducting the screening 

seemed to repeatedly go back to the impact on GP practices, and also the role the 

GP may play in the screening programme, this varied from being the diagnosis 

maker: 

“for diabetes I would need to see them(,)get them in for a test(,)test 

them again if it’s positive(,)meet them to talk about the test 

results(,)meeting them again(,)referral” – EXP04 

“These are what’s required to address the results” – EXP02 

“Yeah otherwise you’re negligent” – EXP04 

To interpreter of results: 

“It could be case of everyone who is screened for those conditions, 

all the result regardless are sent to the GP and the GP then has to 

do that medical review to see whether or not it is something that 

requires attention” – EXP15 

This was considered impractical: 

“I don’t think he’d [the GP] be very happy having a whole load of 

results land on his desk that he [the GP] hasn’t requested” – 

EXP10 

To motivator; encouraging the child to continue with the weight management 

programme: 

“It’s not just the referral(.)Now you've got your GP saying it's so 

great that you're doing Watch It next time you come in to see 

me(,)I'm gonna check out how you're doing(.)You really need to do 

it” – EXP11 

This all would have to occur in addition to their current workload: 

“I’m thinking of the 12-hour days and the 10 minute appointments 

and all of the things that [are] against a GP picking up childhood 

obesity in the first instance” – EXP11 
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“It’s not just going to be absorbed necessarily by the general day-

to-day role of the GPs” – EXP07 

This may have negative consequences for the practice, and thus the care of the 

patients. Going back to the screening of depression in patients with diabetes/heart 

disease it was noted that the “practice couldn’t deal with it(,)they didn’t have clear 

systems for picking up case positive findings and da-de-da(.)so depression was a bit 

of a nightmare” – EXP04.  The general view was that the current system would not 

be able to cope with the potential influx of referrals: 

“We can’t throw it into a system that’s going to buckle under it you 

know if there’s lots of tests that come from it so erm it’s getting that 

balance isn’t it” – EXP06 

Overall the discussion considered the potential negative impacts from the screening 

on the child, such as labelling a child with a condition, which can have negative 

consequences (Feldman 1990).  Additionally there was concern over the impact of 

false positives and negatives on the well-being of the children (Feldman 1990; 

Deutekom et al. 2011).  With regards to GPs, the discussion highlighted the 

potential variety of roles they may have to undertake; however this would all be 

without additional resources.  Similar concerns, regarding the impact to GPs and the 

potential for false positives were raised by a group of GPs when assessing the 

impact of a bowel cancer screening programme (Woodrow et al. 2006).  However, 

the results of a pilot study indicated that many of the concerns raised by GPs did not 

manifest, in particular there was not a substantial increase in their workload; instead 

their role was limited to more administrative tasks for a small number of patients 

(Jepson et al. 2005).  

6.9 Discussion 

6.9.1 Summary of Findings 

The purpose of the thematic analysis was to understand the factors perceived by the 

experts as important when thinking about the feasibility of a screening programme 

for children with obesity attending a community weight management service.  The 

thematic analysis provided a descriptive level analysis of the expert panels’ views. 

The thematic analysis overall identified three themes and six sub-themes; of which 

five sub-themes align to various stages of the screening programme and the criteria 

reported by the National Screening Committee (NSC).  The discussion over the two 
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consensus meetings highlighted the complexity of implementing a screening 

programme and the importance of carefully considering the various aspects of the 

entire screening programme.  This includes the selection of co-morbidities and 

screening tests, and the potential consequences resulting from the programme, in 

terms of the impact to GPs and other health services, such as mental health 

services.  In order to implement a screening programme, particularly for something 

as complex as obesity-related co-morbidities, stakeholder buy-in at all levels is 

needed.  The number of uncertainties suggested that at present screening for co-

morbidities may not be feasible.   

When comparing the findings of the expert panel with research assessing the 

feasibility of developing a screening programme in other areas, similarities were 

identified.  Liles et al. (2015) utilised semi-structured interviews and focus groups 

with health plan leaders, primary care providers, program managers, and endoscopy 

specialists to explore internal and external barriers for colorectal cancer (CRC) 

screening.  Results of a thematic analysis indicated a number of barriers, such as a 

lack of consensus on a suitable screening test and the practicalities of training staff.   

As part of the consensus study, there were concerns raised about the impact of the 

screening programme on GPs and other health professionals.  This is not 

considered by NSC criteria, other than stating that “adequate staffing and facilities 

for testing, diagnosis, treatment and programme management should be available” 

(Public Health England 2015a).  According to Schneider et al. (2016), who 

considered universal lynch syndrome screening, there appeared to be a general 

resistance to the perceived increase in workload, which mirrors what was noted 

during the consensus panel discussion.  Related to this, Schneider et al. reported 

concerns related to the role of everyone involved in the screening; in particular 

where a specific department’s responsibility started and ended and how additional 

time would be created to conduct the screening. 

The impact on GP’s from the implementation of a screening programme has been 

raised previously.  Prior to the introduction of the bowel cancer screening 

programme in the UK, a qualitative study of GPs indicated concerns regarding an 

increased work load for primary care due to the potential number of false positives 

(Woodrow et al. 2006).  However a pilot study indicated that such concerns did not 

manifest, and the GP role was concerned with administrative duties and providing 

information to patients (UK Colorectal Cancer Screening Pilot Group 2004; Jepson 

et al. 2005).  It is unclear at present what the impact on GPs would be from the 
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proposed co-morbidity screening programme, thus further research in this area is 

needed.   

Given the data from the meta-analyses, the panel questioned the low prevalence of 

some of the co-morbidities; specifically EXP14 queried the prevalence of 

hyperglycaemia.  However, in the UK every new-born infant is screened for several 

conditions as part of the newborn blood spot screening programme (Gov.UK 

2013b).  However, some of the conditions included in the screening programme 

have a very low prevalence, for example maple syrup urine disease affects only one 

in 185,000 infants worldwide, isovaleric disease approximately one in 250,000 

people in the USA, and homocystinuria only one in 200,000-335,000 people 

worldwide (US Department of Health and Human Services 2007; US Department of 

Health and Human Services 2016; US Department of Health and Human Services 

2017a).  These are considerably lower than the reported prevalence of type 2 

diabetes in children, suggesting prevalence should be considered along with the 

impact of the condition to the individual and the wider society (Diabetes UK 2014; 

International Diabetes Federation 2017; US Department of Health and Human 

Services 2017b). 

There were also concerns raised by the panel, with regards to the benefits of 

screening and the accuracy of some of the proposed screening tests.  Similar 

concerns have previously been raised by the NSC when reviewing the feasibility of 

screening for other conditions (UK National Screening Committee 2017).  In their 

recent report the NSC provide justifications for not screening for specific conditions, 

and these correspond to the reasons provided by the panel during the face-to-face 

meeting.  For instance, the NSC do not recommend screening for Fetomaternal 

alloimmune thrombocytopenia and Adolescent idiopathic scoliosis due to uncertain 

benefits to the patients, for Duchenne muscular dystrophy due to a lack of accurate 

screening tests, and Asymptomatic bacteriuria due to uncertainty regarding 

prevalence and suitable interventions (UK National Screening Committee 2017).  In 

terms of the benefits of screening, a systematic review and meta-analysis of 21 trials 

indicated that early intervention has shown to prevent or delay the progression of 

impaired glucose tolerance to type 2 diabetes (Gillies et al. 2007).  Although, the 

included studies were based on adults, thus generalisability to children is limited.  

Additionally, the authors reported considerable variation in study quality.  Overall, 

the similarities in the barriers identified in the current analysis and previous results 

support the trustworthiness of the results (Lincoln and Guba 1985).  
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6.9.2 Strengths and Limitations 

There are a number of strengths identified with the thematic analysis.  As I had 

facilitated both consensus panels I had already been exposed to the data first-hand, 

which assisted in the transcription in terms of understanding the subtle nuances of 

language and understanding the context of the comments (Bailey 2008).  This was 

particularly important for the second meeting’s recording which was disrupted 

multiple times due poor recording.  Additionally analysis was driven by the data and 

themes were identified at a semantic level.  This reduced bias that may arise from 

forcing data to fit a particular framework/model, which is evident from subthemes 

that do not map on the NSC criteria directly, such as the sub-themes related to the 

GP’s Role and impact to the child.  Related to this, there is sufficient consistency in 

the discussions to support the identified themes, as evidenced by the quotes (Lewis 

and Ritchie 2003).  Additionally, as mentioned, the identified themes overlap with 

themes from other research (Liles et al. 2015; Schneider et al. 2016; Hossain et al. 

2017), which indicate that when assessing screening programmes there may be a 

standard/logical thought process to determine the programme’s suitability.  Based 

on research for other screening programmes, this is likely to include a pilot or 

feasibility study to assess the impact of the screening on the children, GPs and 

other health services, and identify if the concerns raised in the meeting actually 

manifest, e.g. the high number of false positives and impact on GPs (Woodrow et al. 

2006).  This is discussed in Section 6.9.4 (page 215).   

With regards to the analytical considerations discussed in Section 6.4, the criterion 

of credibility was met through facilitation of the consensus meetings, which 

contributed towards prolonged engagement and persistent observations.  

Triangulation was achieved by identifying supporting research related to other 

screening programmes, to corroborate participant views.  With regards to peer-

debriefing, the contents of meeting discussion were discussed with individuals not 

involved with the project to obtain a different perspective and understanding of the 

data.  As part of the consensus study, the post-meeting questionnaire included a 

summary of the meeting discussion, allowing the panel to ensure interpretations are 

correct, meeting the criterion of member checks.  This summary included a 

preliminary thematic analysis; however the panel were not able to review the final 

thematic analysis.  Therefore, member checks of this were not possible, and it is 

possible some of the panel may not agree with the interpretation of the transcripts.  

The criterion of transferability was met by providing of the participants’ roles in Table 

41 (page 190), to allow the reader to assess the participant’s level of expertise.  As 
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part of the analysis, the discussion highlights implications for future research, with 

Chapter 5, in combination with this chapter, providing details of the context and 

discussion, thereby providing a thick description.  To address the criterion of 

dependability, chapter 5 provides a detailed account of the methods undertaken as 

part of the consensus study and this chapter provides a detailed account of the 

thematic analysis.  Allowing others to critique the steps taken, and ensure the 

methods are logical and traceable.  Confirmability was met by providing a detailed 

account of the themes, which were supported by extracts from the discussion to 

demonstrate the themes are derived from the data.  Furthermore, the themes were 

also supported by other research which has reported similar findings to corroborate 

the results and theme structure. 

Although the thematic analysis did identify important themes relating to the 

implementation of a screening programme, there are still some limitations worth 

noting.  Firstly, although inductive analysis methods were adopted, the themes are 

identified based on my knowledge and experience, which may explain why the 

themes map fairly well on to NSC criteria and may be subject to some bias and may 

indicate a lack of reflexivity (Palaganas et al. 2017).  Thus someone without that 

prior knowledge may develop different codes and themes, resulting in a different 

insight into the discussion.  Secondly, the analysis was based on two face-to-face 

meetings between 12 and 11 participants.  Therefore it is likely that a different panel 

composition would lead to different results.  Additionally, review of the transcripts 

indicated that a handful of participants appeared to dominate the discussions, as 

evidenced by the quotations provided.  This would suggest poor facilitation on my 

part in ensuring all attendees were able to express their views.  Related to this, not 

all participants were able to attend the face-to-face meetings, for instance EXP17 is 

a proponent of the screening programme, however due to other commitments was 

unable to attend.  A further limitation relates to the purposive sample of health 

professionals and researchers which limits the generalisability of the results.  This is 

particularly evident in the second meeting where the addition of two members 

resulted in the subsequent exclusion of dyslipidaemia and low self-esteem.  This 

has also been observed in other research (Shekelle et al. 1998; Raine et al. 2015).  

Finally, the concerns raised by the panel were not explored in real-life.  For 

example, the concerns raised by GPs with regards to the bowel cancer screening 

programme were assessed via a pilot study (Jepson et al. 2005; Woodrow et al. 

2006).  This enabled an assessment of whether the perceived barriers would 

manifest in reality. 
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6.9.3 Implications of the Results 

The results of the thematic analysis do have implications for policy, implementation, 

and future research.  Based on the discussion, there was concern over the impact 

the screening results would have on the current and future health and well-being of 

the child.  Of the current 14 screening programmes in the UK, three are focused on 

new-borns and one is for children aged 12 and over (diabetic eye screening).  As 

such, there is limited evidence of the impact of false and true positive screening 

results on the health and well-being of children.  Research into false-positives in 

breast cancer screening reported that patients were less likely to attend future 

screenings if a false positive was occurred in previous screening, this is despite this 

group of participants being at greater of a true positive in the future (Álamo-

Junquera et al. 2012; Nightingale et al. 2015).  With regards to false-negatives, a 

systematic review concluded that false-negatives have the potential to delay the 

detection of conditions, but there was little evidence assessing the psychological 

consequences on patients (Petticrew et al. 2000). 

Furthermore, based on the experiences of the participants, there appears to be local 

variation in the prevalence of certain co-morbidities based on the characteristics of 

the population.  For instance EXP09 reported a higher prevalence of type 2 diabetes 

than EXP14.  Part of this may be due to the populations seen by the two clinicians; 

EXP09 moved from Birmingham to London and stated there was an increase in the 

number of patients from an ethnic minority community.  In contrast EXP14 is based 

in Liverpool with a predominantly White population.  The variation in the populations 

seen by services may have an impact on the how the screening programme is 

implemented, for instance participant ethnicity may influence which co-morbidities 

are screened.  Related to this, the discussion also highlighted variation in the 

treatment options available across the country, particularly for psychological co-

morbidities.  Therefore local guidance may be required based on the services 

available. 

Additionally, the use of self-report questionnaires as a method of screening was 

questioned.  Historically the NSC has opted to not screen for particular conditions 

due to the lack of an objective screening tool, such as for alcohol misuse (UK 

National Screening Committee 2017).  Therefore, the inclusion of co-morbidities 

such as depression, anxiety and sleep apnoea – which can only be screened for via 

self-report questionnaire – may require further research to assess the impact of 

false positives and negatives, and the potential increased burden this may place on 
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services.  The sensitivity and specificity of self-report questionnaires are typically 

calculated in relation to a specific high risk population.  Therefore, when the tool is 

used in a more general population its sensitivity and specificity are likely to change, 

i.e. there may be greater false positives when comparing results from a general 

population to those from a clinical population due to differences in actual prevalence 

(Leeflang et al. 2013).  This also applies to clinical tests; for instance Geleijnse et al. 

(2009) concluded that the reported sensitivity of dobutamine stress 

echocardiography is likely higher and the specificity lower than expected in routine 

clinical practice due to patient specific factors (Detrano et al. 1988; Kriege et al. 

2006).  Both Liles et al. (2015) and Schneider et al. (2016) concluded that 

awareness of the challenges at local and national levels would assist in the 

development of screening programmes.  Thus, awareness of these potential barriers 

provides a foundation for future research in the area. 

6.9.4 Future Research 

Based on the results and implications there are areas for future work.  Firstly, the 

available interventions for children with a positive screening result need to be 

identified in all local areas.  This builds on the participants views that there may be 

local variations in how the screening programme is implemented.  Furthermore, 

NSC state that it would be unethical to screen for a co-morbidity if a suitable 

intervention is not available (Public Health England 2015a). 

Secondly, the development of new screening tests or improvements in existing tests 

to limit the number of false positives.  Research has indicated that false positives at 

screening can result in long-term psychosocial harm for up to three years, though 

this is based on research in breast cancer screening in the UK (Bond et al. 2013; 

Brodersen and Siersma 2013).  Furthermore, a false positive result at the first 

screening has been shown to negatively affect attendance at subsequent 

screenings (Álamo-Junquera et al. 2012).  Thus increased test accuracy is likely to 

reduce the proportion of false-positives and reduce the psychological harm caused 

to patients.  In terms of false-negatives, a systematic review concluded that they 

have the potential to delay the detection of disease and are likely to lead to legal 

action being taken by those individuals affected, and potentially may reduce public 

confidence in screening (Petticrew et al. 2000). 

Related to this, research could assess the reliability of utilising self-report screening 

tests, such as questionnaires, in screening programmes.  Many co-morbidities can 

only be screened via self-report measures, such psychological co-morbidities and 
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obstructive sleep apnoea; however the NSC have historically not supported self-

report measures, which means co-morbidities may not be included in the screening 

programme.  Self-report measures are seen as problematic in terms of the potential 

number of false positives that may result and the subsequent burden on health 

services and the impact to the child from being labelled, for example, as depressed 

(Angermeyer and Matschinger 2003; UK National Screening Committee 2017).  

Although more recent research has suggested that being labelled with depression 

did not impact peer response (Dolphin and Henness 2017).  Additionally as part of 

the consensus study EXP13 stated that administration of questionnaires is key to 

ensuring accurate information is captured, which requires additional training for staff.  

However, when comparing self-reports with clinical tests, Ning, Zhang and Yang 

(2016) reported for hypertension and diabetes self-reports led to an underestimation 

of prevalence, though in more developed communities, self-reported data can be a 

reliable estimate of prevalence.  With regards to mental health conditions, a 

systematic review concluded that there was insufficient evidence regarding the 

accuracy of any depression screening tool and cut-off for major depressive disorder 

in children and adolescents (Roseman et al. 2016).  Furthermore, Roseman et al. 

(2016) stated that screening could lead to over diagnosis and the consumption of 

scarce health care resources, in line with the views of the NSC (UK National 

Screening Committee 2017). 

Thirdly, there were concerns about the impact to GP’s from the screening 

programme.  This was based on the NICE recommendation suggesting the pathway 

for treatment went via the GP.  The panel discussion highlighted many potential 

roles for GPs, such as motivator and test result interpreter; however it is unclear if 

GPs have the capacity to fulfil these roles to meet the currently unknown demands 

on their already limited time.  Therefore, a feasibility study could assess the impact 

the screening programme would have on GPs.  A previous study assessing GP 

attitudes towards a bowel cancer screening programme indicated similar concerns 

to those identified in the consensus study, with regards to the impact on GPs 

(Jepson et al. 2005; Woodrow et al. 2006).  However, after taking part in a pilot 

study the concerns had gone, as they had not manifested.  In fact the GP role, 

although varying by area of the country was typically concerned with administrative 

duties and providing information to patients about the screening process (UK 

Colorectal Cancer Screening Pilot Group 2004; Jepson et al. 2005). 

Taking all this into consideration, a pilot study implementing a co-morbidity 

screening programme would be beneficial.  As with previous pilot screening 
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programmes, the pilot would allow for a clearer understanding of screening uptake 

by service users, which previous studies have indicated as ranging from 10% to 

61% - though this is with adults and required patients to come to the screening, 

whereas in the proposed programme the screening would be brought to the patients 

(Webb et al. 2011; Goyder et al. 2008; Eborall et al. 2012).  Furthermore the pilot 

would assess the validity of the concerns raised by the expert consensus panel, 

regarding the effectiveness of the screening programme, the accuracy of the 

screening tests (the number of false positives and false negatives), and the 

subsequent impact on primary services (Jepson et al. 2005; Woodrow et al. 2006).   

6.10 Conclusion 

This thematic analysis of discussions between a varied group of health 

professionals and researchers regarding the implementation of a screening 

programme yielded valuable information regarding the potential challenges that 

would need to be overcome when implementing a screening programme in 

community weight management settings.  The challenges related to various stages 

of the screening programme and highlighted areas where additional work is required 

prior to implementation, in particular, suitable and more accurate screening methods 

for use within weight management services, and adequately funded and resourced 

services for referral.   

Overall there was support for screening as evidenced by consensus on which co-

morbidities to include in the screening programme, yet based on the screening 

programmes the NSC chose not to recommend, as additional data is required to i) 

assess the prevalence of the co-morbidities in the defined population (e.g. to 

ascertain the potential number of referrals to the GP); ii) better understand the views 

of children undergoing the screening, in terms of positive and negative 

consequences; and iii) ensure an appropriate intervention exits for those with a 

positive screening result.  This additional data would enable a more in-depth 

assessment of the feasibility of developing a co-morbidity screening programme for 

children attending UK weight management services. 
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Chapter 7: General Discussion and Conclusion 

7.1 Introduction 

Over the past four decades, there has been a steady rise in the global prevalence of 

childhood obesity (Han, Lawlor and Kimm 2010; OECD 2014).  In England, 

according to recent data, approximately 22% of 5-6 year olds are overweight/obese, 

increasing to over 34% at age 10-11 and this has received widespread media 

attention (BBC News 2018; Public Health England 2018a; Public Health England 

2018b).  Being overweight/obese can have severe implications for the individual, 

ranging from physical co-morbidities such as hyperglycaemia and hypertension to 

psychological co-morbidities such as depression and anxiety (Daniels 2009; Han, 

Lawlor and Kimm 2010; Güngör 2014; Yoon 2014; Parker et al. 2016; Reuter et al. 

2016; Brady 2017).   

Given the prevalence of obesity and increasing evidence indicating a higher 

prevalence of co-morbidities in children with obesity, The National Institute for 

Health and Care Excellence (NICE; a UK body which provides national guidance 

and advice to improve health and social care) recommended that community weight 

management services assess each child for obesity-associated comorbidities and 

refer them to their GP if any concerns are identified (NICE 2013).  However the 

guidance did not indicate specific co-morbidities required screening or how 

screening could be implemented. 

In the UK, the National Screening Committee (NSC) was established to assess the 

viability, effectiveness and appropriateness of a screening programme, for which 

criteria was developed.  The NSC’s criteria consider the condition, the test, the 

intervention, and the screening programme.  Using the National Screening 

Committee’s (NSC) criteria, this PhD project was undertaken to assess the 

feasibility of developing a co-morbidity screening programme for children attending 

weight management services in the UK (Public Health England 2015a).   

The programme of work consisted of three distinct phases; systematic review and 

meta-analyses (chapters 3 and 4); consensus study (chapter 5); and thematic 

analyses (chapter 6).  A detailed account of these phases is provided in the 

aforementioned chapters.  This chapter summarises the key findings of each phase 

and how they relate to the NSC’s criteria (Section 7.2), and goes on to discuss 

strengths and limitations (Section 7.3), implications for research (Section 7.4), and 
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implications for practice (Section 7.5), before a final conclusion is presented 

(Section 7.6). 

7.2 Summary of Findings 

7.2.1 Phase 1: Systematic Review and Meta-Analyses 

The systematic review and meta-analyses provided the foundation of the PhD, 

identified co-morbidities present in children who are overweight/obese, and reported 

the co-morbidities prevalence and prevalence ratio relative to children of a healthy 

weight, and identified screening tests for the co-morbidities.  This relates to the 

NSC’s criteria related to condition and test.  According to the NSC criteria, the 

condition (co-morbidities) should be “an important health problem as judged by its 

frequency and/or severity”, and the test should be “simple, safe, precise and 

validated” (Public Health England 2015a). 

The systematic review enabled the identification of co-morbidities and screening 

tests, and the meta-analysis enabled an estimation of the co-morbidities population 

prevalence ratio for the overweight and obese groups relative to the healthy weight 

group.  One hundred and sixty-two studies were included in the systematic review 

which identified 22 co-morbidities, including hyperglycaemia, hypertension, 

depression, and anxiety.  Of these 162 studies, 45 general population studies 

reporting prevalence for all three weight categories (healthy weight, overweight, and 

obese) were included in the meta-analysis.  The meta-analyses indicated that the 

prevalence of the co-morbidities was greater in overweight and obese groups than 

the healthy weight groups for the majority of the co-morbidities.  However, there was 

heterogeneity between co-morbidities for the prevalence ratios which ranged from 

1.4 (diabetes) to 58.0 (metabolic syndrome) for children/adolescents with obesity, 

and 1.2 to 15.8 for children/adolescents with overweight relative to those of a 

healthy weight.  Part of this variation in prevalence ratios may be the result of 

between study heterogeneity resulting from study methodology and definitions of co-

morbidities and test cut-offs, age, ethnicity, and country-specific factors.  

Furthermore, only a limited number of studies were conducted in the UK, which 

restricted the generalisability of the results to the UK population; the target 

population for the proposed screening programme.  The high number of co-

morbidities identified highlighted the importance of developing a prioritised list of 

which co-morbidities to include in the screening programme. 
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Results from previous systematic reviews supported the current findings, that 

children who were overweight or obese were more likely to have a number of co-

morbidities when compared to those of a healthy weight (Guh et al. 2009; Pulgarón 

2013; Sanders et al. 2015).  Only Guh et al. (2009) conducted a meta-analyses, 

calculating the relative risk in the overweight and obese groups relative to the 

healthy weight groups.  Statistically significant associations with obesity were found 

with the incidence of type II diabetes, all cancers except oesophageal and prostate 

cancer, all cardiovascular diseases, asthma, gallbladder disease, osteoarthritis and 

chronic back pain.  However the studies included participants predominantly aged 

40 years and above, thus the results were not appropriate for the current meta-

analyses.   

Overall the results indicated that children with obesity had a higher prevalence of a 

number of physical and psychological co-morbidities, which met the NSC’s criterion 

in relation to increased frequency in the target population for the screening 

programme.  However, due to the number of co-morbidities identified it would be 

impractical to screen for them all.  Thus, the number would need to be reduced in 

line with NSC criteria relating to severity of the co-morbidity. 

7.2.2 Phase 2: Consensus Study 

This study developed upon the results of the systematic review and meta-analyses, 

using a modified version of the RAND/UCLA appropriateness method over two 

cycles, to obtain consensus on which co-morbidities (cycle 1) and screening tests 

(cycle 2) to include in the proposed screening programme.  Participants consisted of 

two groups; the expert panel consisted of health professionals and researchers, and 

the separate panel of service users were recruited from a local weight management 

service.   

Results indicated there was consensus for the inclusion of five co-morbidities in the 

proposed screening programme (hyperglycaemia, hypertension, obstructive sleep 

apnoea, depression and anxiety), despite some having little evidence in the 

systematic review and meta-analysis of increased prevalence in children with 

obesity relative to those of a healthy weight (e.g. depression).  However, consensus 

was not achieved on suitable screening methods for use within a weight 

management setting.  Review of the transcripts from the expert panel’s face-to-face 

meetings indicated concerns regarding specific aspects of the proposed 

programme, such as the impact to child from a positive or negative result and the 

lack of prevalence data from a UK population.   
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Results also indicated that the expert panel, over the course of the two meetings, 

went back and forth regarding the inclusion/exclusion of certain co-morbidities; 

based on the discrepancy between the reported prevalence data and the known 

severity of the co-morbidity. 

A previous consensus study with the aim of developing a co-morbidities screening 

programme for children with obesity was not identified.  However, a screening 

algorithm was, although details of its development were not available (Patel n.d.).  

The algorithm recommended screening for hypertension, diabetes 

(hyperglycaemia), and obstructive sleep apnoea; in line with the consensus study.  

Additionally, the algorithm recommended screening for high cholesterol and non-

alcoholic steatohepatitis (NASH), and did not recommend screening for any 

psychological co-morbidities.  As part of the pre-meeting questionnaire both high 

cholesterol and NASH were included, but face-to-face discussion resulted in their 

exclusion.  With regards to psychological co-morbidities, their exclusion may be due 

to the use of questionnaires, which are regarded as subjective and may result in a 

high number of false positives.  The NSC has previously recommended not to 

screen for specific conditions for this exact reason, the risk of false positives taking 

away resources from those who genuinely need them (UK National Screening 

Committee 2017). 

The consensus study was able to reach agreement on the inclusion of five co-

morbidities in the proposed screening programme (hyperglycaemia, hypertension, 

obstructive sleep apnoea, anxiety and depression); however consensus on 

screening methods was not achieved.  The discussion during the expert panel’s 

face-to-face meetings indicated there were a number of potential concerns that 

needed further investigation.  This was achieved in the third stage, via thematic 

analysis. 

7.2.3 Phase 3: Thematic Analyses 

As the consensus study was not able to achieve consensus on appropriate 

screening methods for the five co-morbidities.  Discussions highlighted areas of 

concern regarding the implementation of a screening programme; an in-depth 

thematic analysis was conducted to help understand the possible reasons for this.  

Transcripts from the expert panel’s consensus meetings were reviewed to identify 

themes to better understand their concerns and potential barriers to implementing a 

screening programme. 
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After adopting an inductive approach to identify semantic themes within an 

essentialist paradigm, three themes and six sub-themes were identified.  The 

themes highlighted a number of potential barriers in implementing a screening 

programme, such as the lack of suitable screening tools for the proposed setting, 

the impact on the weight management service in terms of staff training and costs, 

and the impact on GPs from potentially increased referrals.   

Previous qualitative research, which assessed the feasibility of screening 

programmes, identified similar barriers and facilitators using thematic analyses (Liles 

et al. 2015; Schneider et al. 2016).  For instance, Liles et al. (2015) identified 

barriers to colorectal cancer (CRC) screening, such as the lack of consensus on a 

suitable screening test and the practicalities of training staff.  Furthermore, previous 

reviews of potential screening programmes by the NSC has indicated concerns over 

the lack of objective screening tests and increased false positive results (alcohol 

misuse), and uncertainty over the benefits from screening (asymptomatic 

bacteriuria) (UK National Screening Committee 2017).  In addition, the thematic 

analysis also identified barriers related to the impact to GP practices from increased 

referrals and the consequences to the weight management services, which are not 

currently set up to conduct screening programmes. 

The results of the PhD overall indicated that children who are overweight/obese 

have a higher prevalence of many co-morbidities, of which five were deemed 

important based on prevalence and/or impact on health by a multi-disciplinary panel 

of experts in a structured consensus study.  However, there were concerns 

highlighted regarding implementation of a screening programme which warrants 

further research. 

7.3 Strengths and Limitations 

The results of this PhD project are strengthened by a structured and transparent 

approach adopted for each phase.  This allows for critique of the methods and future 

replication to assess the reliability of the results.  With regards to the systematic 

review and meta-analyses, a transparent process means new research can be 

integrated into the results as and when they become available. 

Additionally this is the first known piece of work that attempted to assess the 

feasibility of a co-morbidity screening programme for children attending a weight 

management service.  It is also the first known systematic review and meta-analysis 

estimating population prevalence ratio of co-morbidities associated with childhood 
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obesity, relative to those of a healthy weight.  The systematic review and meta-

analysis identified a list of co-morbidities associated with childhood obesity and 

identified limitations which future research can address.  

Recruiting a multi-disciplinary group of experts for the consensus panel, with wide-

ranging knowledge and expertise increased the face validity of the results.  

Furthermore consensus on co-morbidities deemed appropriate for inclusion in a 

screening programme provides a starting point for future work in the area. 

The systematic approach to the thematic analysis increased the credibility, 

transferability, dependability and confirmability of the results.  Additionally, the 

results highlight areas for future work/research to overcome the concerns regarding 

the current lack of suitable screening tools, the impact to services and service users, 

as well as the role of the GP in the screening programme. 

In addition to these strengths, some limitations are noteworthy.  Firstly, there is a 

lack of prevalence data from general population studies that provide prevalence for 

all three weight categories, by age, gender and ethnicity, and conducted in the UK.  

These limitations prevented an accurate estimation of UK prevalence of co-

morbidities.  Furthermore, some co-morbidities were assessed using self-report 

methods, which made them vulnerable to misclassification and over-estimation of 

prevalence.  Additionally, there was significant heterogeneity between studies in 

some prevalence ratio estimates, therefore results from the meta-analysis should be 

interpreted with caution. 

Although the consensus study was strengthened by the inclusion of a multi-

disciplinary group of experts, not all members could attend all face-to-face meetings, 

particularly a key proponent of the proposed screening programme.  Therefore they 

were unable to hear discussions and offer their views face-to-face which may have 

influenced results of the post-meeting questionnaire.  To mitigate this, the 

discussion was summarised in the post-meeting questionnaires and non-attendees 

were offered the opportunity to talk to the researcher to assist with knowledge 

transfer.  However it is unclear if this was sufficient, and many did not contact the 

researcher for additional information.  Related to this, the sample consisted of 

experts who were available and consented to take part in the study.  Previous 

research as reported that results of a consensus study are contingent, partly, on the 

composition of the group; thus a different panel may have reached a different 

decision (Shekelle et al. 1998).  Furthermore, there was variation in the service user 

panels, with different service users attending each focus group.  This may have 
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influenced the discussion and their views, particularly in the second meeting as the 

service users did not have the prior knowledge from the first meeting, although 

attempts were made to fill any potential knowledge gaps by providing a detailed 

overview of the study, its purpose and the methods being employed. 

This project was heavily focussed on the prevalence of co-morbidities in overweight 

and obese children/adolescents relative to children of a healthy weight.  According 

to NSC criteria, prevalence alone is not sufficient to justify a screening programme, 

and other factors should be considered.  These include assessment of the cost and 

clinical effectiveness, and availability and acceptability of the proposed screening 

programme.  For instance, some of the existing screening programmes have a 

much lower prevalence, but are screened for because of the impact to one’s health 

and the availability of effective treatment (US Department of Health and Human 

Services 2007; US Department of Health and Human Services 2016; US 

Department of Health and Human Services 2017a). 

As mentioned in Chapter 6, the methods adopted by the PhD did not allow for 

exploration of the perceived barriers identified by the panel of health professionals 

and researchers, to assess whether they would manifest if the screening 

programme was actually implemented.  Thus one of the recommendations for future 

research is to conduct a pilot study to assess whether the concerns are genuine, 

and identify the impact of a co-morbidities screening programme.  Furthermore, the 

pilot study would provide additional evidence regarding the feasibility of 

implementing the proposed screening programme; this would be in line with NSC 

criteria that highly quality evidence is required to assess the impact of the screening 

programme (Public Health England 2015a). 

A final, potential limitation is that the PhD considered multiple co-morbidities at 

once, whereas typically NSC screening programmes focus on one disease.  The 

proposed screening programme is similar to the fetal anomaly screening programme 

and the new born blood spot screening programme, which screen for 11 and nine 

health conditions, respectively (Gov.UK 2013a; Gov.UK 2013b).  Considering one 

co-morbidity, e.g. type 2 diabetes, at a time may have been more beneficial, as it 

would have allowed for a greater depth of discussion between the expert panel and 

a more detailed assessment of its feasibility. 
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7.4 Implications for Research 

This PhD project provides the first step in developing a screening programme for co-

morbidities associated with childhood obesity.  Firstly the results of the systematic 

review and meta-analysis provide the basis for future research in terms of assessing 

the prevalence of co-morbidities in children by weight status category, and ethnicity, 

and by country.  Furthermore, it highlights the need for prevalence studies in a UK 

population, particularly if the programme is to be implemented in the UK. 

The results of the consensus study identified five co-morbidities (hyperglycaemia, 

hypertension, obstructive sleep apnoea, depression and anxiety), deemed important 

by a panel of health professionals and researchers and service users for inclusion in 

a screening programme.  Future research can build on this by confirming the results 

through replication studies.  The lack of consensus on screening methods, indicates 

a need for better screening methods, in terms of accuracy, which can be used within 

non-clinical settings, whilst still maintaining a degree of objectivity in line the NSC 

criteria (Public Health England 2015a). 

The thematic analysis indicated potential barriers to implementing a screening 

programme, such as inappropriate screening methods, cost implications, and 

impacts to services, service users and GPs.  Future research may be able to test 

the validity of these barriers through feasibility studies in a local area.  This would 

enable a detailed assessment of actual and perceived barriers.  Furthermore, the 

results of the thematic analysis act as a starting point for the factors that future 

research would need to consider when developing a feasibility study to assess the 

practicalities of implementing a co-morbidity screening programme. 

7.5 Implications for Practice 

The results provide a starting point for services that wish to screen for co-

morbidities, by identifying key co-morbidities to include, with flexibility in screening 

method based on their local practices and limitations.  This can be supported by 

results from the thematic analysis, which indicated the screening programme may 

have to account for local differences in terms of available services and treatments 

for children.  Related to this, the results highlight that the NICE guidance cannot be 

implemented without further work to assess the feasibility, practical constraints and 

implications of implementing a co-morbidity screening programme for children with 

obesity attending a weight management service. 
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7.6 Conclusions 

The aim of the PhD was to assess the feasibility of developing a co-morbidity 

screening programme for children with obesity attending community weight 

management services.  The results of the PhD indicated that although there is 

agreement to screen for specific co-morbidities at a young age, there are currently 

practical limitations which mean at present a co-morbidity screening programme is 

not feasible within UK weight management services.   

Despite this, the PhD makes a contribution to the field by conducting the first known 

global systematic review and meta-analysis of the prevalence of co-morbidities in 

children who are overweight/obese relative to those of a healthy weight; providing a 

consolidated view of literature and prevalence of obesity-associated co-morbidities 

in children.  Additionally, via a structured and transparent consensus study, the 22 

identified comorbidities were reduced to five, which were deemed by a panel of 

experts to be appropriate for inclusion in a screening programme.  This was the first 

known consensus study, which along with the thematic analysis explored the 

feasibility of the NICE recommendation to develop a screening programme.  The 

thematic analysis also identified potential barriers to the successful implementation 

of the proposed screening programme, some which have not been identified by prior 

research, and which future research can investigate and identify means to overcome 

these barriers.  The PhD also highlighted areas for future research to build on the 

results, and implications for practice with regards to the screening of obesity-

associated co-morbidities in children. 
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Appendices 

Appendix 1: Medline Search Strategy 

Below is the search criteria used for Medline followed by the first 5 search results. 

Database: Ovid MEDLINE® <1946 to February Week 4 2015> 

Search Strategy: 

Prevalence/ (197910) 

Cross-Sectional Studies/ (186239) 

prevalen*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (495489) 

4     cross-sectional*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (243011) 

5     1 or 3 (495489) 

6     2 or 4 (243011) 

7     5 or 6 (676636) 

8     Obesity/ or Obesity, Morbid/ or Obesity Hypoventilation Syndrome/ or Obesity, 

Abdominal/ or Pediatric Obesity/ (143072) 

9     body constitution/ or “body weights and measures”/ or body fat distribution/ or adiposity/ 

or body mass index/ or body size/ or body weight/ or overweight/ or obesity/ or obesity, 

abdominal/ or obesity, morbid/ or sagittal abdominal diameter/ or waist circumference/ or 

waist-height ratio/ or body surface area/ or skinfold thickness/ or waist-hip ratio/ (360030) 
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10     body weight/ or weight gain/ or overweight/ or obesity/ or obesity, morbid/ (308427) 

11     obes*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (207223) 

12     adiposi*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (16976) 

13     overweight*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (38307) 

14     BMI*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (73604) 

15     waist circumference*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier] (14417) 

16     neck circumference*.mp. (563) 

17     body mass index*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier] (135630) 

18     body mass index/ (83547) 

19     8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 (480959) 

20     causality/ or risk factors/ or comorbidity/ (640870) 
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21     illness.mp. (345281) 

22     Disease/ or disease.mp. (2954606) 

23     comorb*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (117136) 

24     co-morb*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (13993) 

25     depression.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (265182) 

26     Depression/ep, me, pc, px [Epidemiology, Metabolism, Prevention & Control, 

Psychology] (36237) 

27     self esteem.mp. or Self Concept/ (51419) 

28     self-esteem.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (13143) 

29     diabetes.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (397183) 

30     Diabetes Mellitus, Type 2/co, dh, ep, me, pc, px [Complications, Diet Therapy, 

Epidemiology, Metabolism, Prevention & Control, Psychology] (48984) 

31     Diabetes Mellitus, Type 1/ (61783) 
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32     29 or 30 (397183) 

33     32 not 31 (335400) 

34     Sleep Apnea, Obstructive/ep, pc, px [Epidemiology, Prevention & Control, Psychology] 

(2355) 

35     Sleep Disorders/ep, pc, px [Epidemiology, Prevention & Control, Psychology] (4823) 

36     Sleep Apnea Syndromes/ or sleep apnea*.mp. (26949) 

37     20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 33 or 34 or 35 or 36 (4008830) 

38     Child/ (1377338) 

39     Pediatrics/ (41366) 

40     Adolescent/ (1633164) 

41     Students/ (35858) 

42     boy*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (107551) 

43     girl*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (102623) 

44     youth*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (43553) 

45     teen*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (20841) 
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46     child*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (1865059) 

47     school-age*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept 

word, rare disease supplementary concept word, unique identifier] (13577) 

48     juvenil*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier] (65544) 

49     student*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (192613) 

50     preteen*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (217) 

51     pedia*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (211675) 

52     paedi*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (38419) 

53     adoles*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (1657230) 

54     38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 

53 (2941874) 
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55     7 and 19 and 37 and 54 (13201) 

56     limit 55 to animals (184) 

57     55 not 56 (13017) 

58     limit 57 to (“all infant (birth to 23 months)” or “all adult (19 plus years)” or “newborn 

infant (birth to 1 month)” or “infant (1 to 23 months)”) (8173) 

59     57 not 58 (4844) 

60     Anorexia Nervosa/ or Anorexia/ (14831) 

61     Bulimia Nervosa/ or Bulimia/ (6373) 

62     bulimi*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (8412) 

63     anorex*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier] (27773) 

64     60 or 61 or 62 or 63 (32023) 

65     59 not 64 (4754) 
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Appendix 2: Data Extraction Form 

Extraction Details: 

Endnote Identifier 

The unique identifier given to the article by Endnote. 
 

Lead Author  

Year  

Data Extractor 

The person extracting the data 

 VS   MB 

 JN   LS 

 SC 

 Other: _____________ 

Date of Extraction  

 

Study Details 

Details of the study, e.g. design, country etc. 

Country - Location 

The country where the study was 

conducted 

 

Setting 

Where was the study conducted? 

 

Study Design  Cross Sectional (prospective) 

 Cross Sectional (retrospective) 

 Cohort 

 Case Series 

 Case Control 

 Other:________________________ 

Number of time points 

The number of time points included in 

the article. 

 

 1 

 2 

 3 

 4 

 5+, please state _______________ 

Inclusion criteria: 
 

Exclusion criteria: 
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Participant Details 

Population/Sample description 

Summary of population and sample 

 

How were participants recruited? 

Any indication the sample was 

representative of the target population? 

 

Was a sample size calculation done?  Yes, sufficient details given for calculation 

(e.g. power, error, effect size, etc.) 

 Yes, lack of calculation details 

 Not required, e.g. large national survey 

 No/Not stated 

Calculated sample size:  

Participant characteristics reported? 

E.g. mean age, gender split, ethnicity split 

(where applicable), age split (where 

applicable), SES etc. 

 Yes   No 

Comments: 

Initial sample size 

The total number of people recruited 

Overall:____________ 

Male:____________ 

Female:__________ 

 Not reported 

Final sample size 

The total number of people included in the 

analysis, after drop-outs, non-responders, 

missing data etc. 

Overall:____________ 

Male:____________ 

Female:__________ 

 Not reported 

Reasons for drop-outs, missing data 

provided? 

 Yes 

 No 

 Not applicable (everyone took part) 

 Mean 

 Median  

age of the participants 

Overall: _________ 

Male: __________ 

Female: ________ 

 Not reported 

Minimum age 

 

Lowest age of the participants 

Overall: _________ 

Male: __________ 

Female: ________ 

 Not reported 

Maximum age:  

 

Highest age of the participants 

Overall: _________ 

Male: __________ 

Female: ________ 

 Not reported 

Ethnicity (ET) 

 

List how the participants were grouped by 

ethnicity in the analysis, e.g. “white” and 

“non-white”, if “other” is stated, provide 

ET1. 

ET2. 

ET3. 
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details of what this includes. ET4. 

 Not stated 

 

Categorisation of Weight and cut-offs 

Weight Categorisation method used for 

analysis 

 

Some studies may consider more than 

one method, if so, enter the method used 

to categorise participants for the analysis 

 BMI 

 Standardised BMI  

 BMI Percentile 

 Body Fat 

 Waist circumference 

 Other: _________________________ 

Weight Category (WC) cut-offs 

 

Provide the names for the categories and 

the cut-offs, e.g. if the study used BMI 

percentiles (ticked in the previous 

question), for this question you might 

enter: 

0. Healthy weight; 5th ≤ BMI <85th  

1. Overweight;  85th ≤ BMI <95th  

2. Obese; ≥95th  

3. N/A 

 

Enter “X” if the cut-offs are not provided 

 

And provide a reference for the cut-offs if 

provided. 

WC0: 

Cut-off: 

 

WC1: 

Cut-off: 

 

WC2: 

Cut-off: 

 

WC3: 

Cut-off: 

Reference: 
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Co-morbidity Details 

There may be multiple co-morbidities considered in the article, list details for 

each one. 

Co-morbidity 1 Name  

Co-morbidity Definition 

State if the study uses a 

national or international 

definition, e.g. “International 

Diabetes Federation 

definition for metabolic 

syndrome” and reference. 

 

Assessment(s) conducted and cut-off(s) 

If more than one assessment pertaining to the co-morbidity is conducted list them all. 

Confirm if self-reported (SR), conducted for study (CS) or taken from case notes (CN) 

Name/Type & Reference Cut-off(s) SR CS CN 

     

Co-morbidity N Name  

Co-morbidity Definition 

State if the study uses a 

national or international 

definition, e.g. “International 

Diabetes Federation 

definition for metabolic 

syndrome” and reference. 

 

Assessment(s) conducted and cut-off(s) 

If more than one assessment pertaining to the co-morbidity is conducted list them all. 

Confirm if self-reported (SR), conducted for study (CS) or taken from case notes (CN) 

Name/Type & Reference Cut-off(s) SR CS CN 
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Prevalence Data 

Year(s) 
data 
collected 

Gender 
0. male 
1. 
female 
2. mixed 

Age 
Group/ 
Pubertal 
status 

Ethnicity Nationality Weight 
Category 
0. H/W 
1. O/W 
2. Ob 

Co-morbidity Co-morbidity 
definition (if 
multiple 
compared in 
study, e.g. MS) 
List reference, 
e.g. IDF 2007 

Co-morbidity 
severity, e.g. 
0. Mild 
1. Moderate 
2. Severe 
3. Overall 

n N 
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Appendix 3: Blood Test Acceptability Questionnaires 

Weight Management Staff Questionnaire 

As part of some research looking into screening children for weight-related illnesses, such 

as diabetes, we would like to ask you some questions about taking a sample of blood from a 

child/adolescent 

1) Would you be comfortable taking a blood sample from a child/adolescent? (training 

would be provided)     

 Yes     

 No, because 

_________________________________________________________________ 

If yes: 

2) Would you prefer taking a blood sample by: 

 A needle in the arm to take up to 4 teaspoons of blood 

 A needle-prick to the finger to take a drop of blood      

 Either 

Any further comments? 

_________________________________________________________________________ 

_________________________________________________________________________ 

 

3) What is your job title/role? 

_________________________________________________________________________ 

 

4) What age of children/adolescents do you work with? 

____________________________________________ 

 

Thank You 
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Parent and Child Questionnaire 

Introduction: As part of some research looking into screening children for weight-related 

illnesses, such as diabetes, we would like to ask you and your child some questions about 

having a sample of blood taken by a trained member of staff. 

 

To start, I’d like to get some information about your child 

a) How old is your child? _____ 

b) What is your child’s gender?  Boy  Girl 

Questions for parent: 

1) Would you be happy for staff to take a blood sample from your child?     

 Yes - please go to question 2 

 No, 

because__________________________________________________________________ 

2) Which would you find acceptable to be done? 

 A needle in the arm to take up to 4 teaspoons of blood 

 A needle-prick to the finger to take a drop of blood      

 Either 

 

Questions for child: 

1) Would you be happy to have a sample of blood taken from you?    

 Yes – please go to question 2 

 No, because 

_______________________________________________________________________ 

2) How would you like the blood sample to be taken? 

 A needle in the arm to take up to 4 teaspoons of blood 

 A needle-prick to the finger to take a drop of blood 

 Either 

Any other comments? 

_________________________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

Thank you for your time 

 

 


