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Abstract

Background: Rheumatoid arthritis (RA) is the most common inflammatory
arthritis in the UK, leading to irreversible joint damage, disability, and reduced
quality of life. Modifiable risk factors in the pre-diagnostic phase, particularly diet,
remain poorly understood. This thesis aimed to investigate associations between

dietary and lifestyle factors and the risk of incident RA.

Methods: A dose-response meta-analysis of 30 prospective cohort studies was
conducted. Data were obtained from the UK Women’s Cohort Study (UKWCS)
and UK Biobank, with RA cases ascertained through hospital linkage. Analyses
examined central adiposity, adherence to the Mediterranean diet, alcohol intake
(frequency and amount). In UK Biobank, a composite healthy lifestyle index was
further investigated, and mediation analysis was performed to test whether C-

reactive protein (CRP) mediates the association.

Results: The meta-analysis showed that higher intakes of alcohol, fruit, and
cereals were associated with reduced RA risk, while tea and caffeinated coffee
were linked to increased risk. In the UKWCS, central adiposity measures
(particularly waist-to-height ratio) were stronger predictors of RA risk than BMI.
High adherence to the Mediterranean diet was associated with a 33% lower RA
risk, and moderate wine consumption was also protective, with effect modification
by smoking. In UK Biobank, a higher healthy lifestyle score was associated with
lower RA risk, an effect stronger in men and leaner individuals. CRP partially

mediated this association, explaining approximately 30% of the protective effect.

Conclusion: Across multiple analytical scales and two independent British
cohorts, this thesis is the first to demonstrate that various aspects of diet, from
individual foods and drinks to overall dietary patterns and lifestyle, are associated
with RA risk. The protective effects of the Mediterranean diet, wine consumption
and healthy living were quantified, with systemic inflammation accounting for

around 30% of the association between healthy lifestyle score and RA incidence.
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Chapter 1 Literature review
1.1 Rheumatoid arthritis epidemiology

1.1.1 Prevalence

Rheumatoid arthritis (RA) is the most common chronic inflammatory arthritis,
affecting 0.5-1.0% of the global population [1]. Worldwide, an estimated 18 million
people live with RA [2], over half of whom are of working age [3], underlining the
societal and economic burden of premature work loss. Between 1990 and 2019,
the age-standardised incidence rates rose from approximately 12.2 to 13.0 per
100,000, while prevalence rate increased from 183.0 to 208.8 per 100,000 [3].
This upward trend is set to continue, with the total number of global cases nearly
doubling from 17.6 million in 2020 to an estimated 31.7 million by 2050 [3]. The
burden is disproportionately skewed towards women, who are two to three times
more likely to be affected than men across all populations [4] . Data from a 2020
study of English primary care records show that the point-prevalence of
diagnosed RA in England was 0.78%, with prevalence in women approximately
2.4 times higher than in men [5]. This consistent sex disparity points to the critical
roles of hormonal, genetic, and immunological factors in disease development,
and underscores the importance of examining sex-specific risk factors in RA

research.

RA is diagnosed according to the 2010 American College of
Rheumatology/European League Against Rheumatism (ACR/EULAR)
classification criteria, which incorporate joint involvement, serological markers,
acute-phase reactants, and symptom duration [6]. Seropositive RA, defined by
the presence of rheumatoid factor (RF) and/or anti-cyclic citrullinated peptide
(anti-CCP) antibodies, is generally associated with more aggressive disease
progression and worse long-term outcomes compared with seronegative RA,
which lacks these autoantibodies and is considered to have distinct genetic and
prognostic features [7]. Throughout this thesis, a distinction is made between

prevalent RA (existing cases at baseline) and incident RA (new cases arising
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during follow-up), reflecting the different study designs employed across the

empirical chapters.

1.1.2 Clinical and socioeconomic burden in the UK

The clinical course of RA extends beyond joint damage, evolving into a complex
systemic syndrome with multi-organ involvement. While characterised by
symmetrical synovial inflammation and subsequent bone erosion, the persistent
systemic inflammatory state in RA serves as a catalyst for diverse extra-articular
comorbidities [8]. Notably, RA is associated with an approximately 50% increase
in cardiovascular disease (CVD) risk, which remains the primary driver of
inpatient admissions and premature mortality among RA patients [9,10]. It causes
significant disability and reduces life expectancy by three to ten years [11]. For
affected individuals, routine tasks requiring fine motor dexterity can become

painful tests of endurance, due to severely compromised hand and wrist function.

RA imposes a substantial and unequal socioeconomic toll on the UK population
[12,13]. It is fundamentally an unequal condition, disproportionately affecting the
most vulnerable. Individuals from lower-income or deprived areas are more likely
to develop RA, experience more severe symptoms, and face poorer long-term
clinical outcomes [12,14]. For the estimated 700,000 people living with RA in the
UK, biological and social vulnerability often leads to early exit from the workforce
[13]. Approximately one-third of patients stop working within five years of
diagnosis [15]. In 2024, musculoskeletal conditions, predominantly RA,
accounted for an estimated 23 million lost working days in the UK [16].
Furthermore, the financial strain on the healthcare system is immense, with the
combined cost of RA and osteoarthritis to the National Health Service (NHS)
projected to reach £120 billion over the next decade [17]. These trends
emphasise an urgent need for affordable, lifestyle-based strategies to reduce

disease risk and alleviate its broader societal impact.

1.2 Risk factors for rheumatoid arthritis

Although the aetiology of RA is not fully understood, it is clear that the disease

development arises from a complex interplay of genetic, environmental, and
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lifestyle determinants that drive immune dysregulation and chronic systemic

inflammation [18,19].

1.2.1 Non-modifiable factors

Genetic factors are estimated to account for 60% of RA risk [20]. The strongest
association is with immune system, human leukocyte antigen (HLA)-DRB1 alleles
that encode the shared epitope (SE), a five amino acid sequence motif in residues
70-74 of the HLA-DRp chain. This SE confers particular risk for anti-citrullinated
protein antibody (ACPA)-positive RA [21]. The SE is thought to increase disease
susceptibility by enhancing the presentation of citrullinated autoantigens to T cells,
thereby lowering the threshold for breaking immune tolerance [22]. This heritable
component is reflected in the 2-4 times higher risk of RA in first-degree relatives
(FDRs) of patients [23]. Even higher prevalence and greater seropositivity are
observed in certain ethnic groups, such as North American native populations,
reaching up to three to five times for White populations worldwide [24,25].
Research shows that compared with White RA patients, African American,
Hispanic patients perform worse on higher disease activity, more severe
symptoms [26]. Female sex, older age and hormonal changes also influence
disease susceptibility. However, the concordance rate in monozygotic twins is
only 12-15% [27,28], implying that environmental and lifestyle factors play a
critical role in triggering disease onset. Taken together, these non-modifiable
factors establish a biological baseline of risk, but rarely trigger RA in isolation (as

shown in Figure 1.1).
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Non-modlflable Clinical RA
foundation

General population + healthy Pre-RA Modifiable risk Established disease
« Family history » Lifestyle factors » Accumulation of risk factors
= ¢ Genetic risk (e.g., HLA) (« »smoking, exercise, ®diet) = Joint damage / erosions
- Age / female sex / hormonal changes = »J Development of autoantibodies
(ACPA, RF)

Figure 1.1 A conceptual framework for the accumulation of risk in
rheumatoid arthritis development. It shows three sequential phases: genetic
predisposition (yellow), pre-clinical RA (orange), and clinical disease onset (red). The
framework emphasises the pre-clinical phase as a critical window for lifestyle intervention.
RA, rheumatoid arthritis; HLA, human leukocyte antigen; ACPA, anti-citrullinated protein
antibody; RF, rheumatoid factor.

1.2.2 Modifiable lifestyle factors

Smoking

The association between cigarette smoking and RA risk is supported by
methodologically robust evidence from large prospective cohorts with consistent
findings [29,30] and biological plausibility [31]. Consequently, this thesis treats

smoking as an established causal factor and adjusts for it as a confounder.

A body of evidence from prospective cohorts, mostly from the US and Europe,
showed that smoking has been consistently linked to RA risk [31-33], an
association driven primarily by ACPA-positive cases. The biological plausibility is
supported by experimental studies showing that smoking induces protein
citrullination in the lungs, generating neoantigens that trigger ACPA production in
genetically susceptible individuals [31,34,35]. The interaction between smoking
and HLA-DRB1 SE alleles therefore is one of the most well-characterised
examples of gene-environment interplay in autoimmune disease [36-38]. The
dose-response relationship has been reported in a meta-analysis of three cohort

studies and seven case-control studies, which found that smoking was
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associated with RA incidence even at low levels (<10 pack-years). The risk
doubled at >20 pack-years and plateaued thereafter, with a stronger effect
observed for rheumatoid factor (RF)-positive than RF-negative RA [39]. However,
this meta-analysis was limited by the predominance of case-control designs,
which are more susceptible to recall bias than prospective cohorts. Also, the
confidence intervals for the highest exposure category were wide, reflecting

imprecise risk estimates at very high smoking intensities.

More recent large-scale prospective studies have addressed these limitations. A
UK Biobank analysis of over 200,000 participants demonstrated that in utero
tobacco exposure was associated with an 18% increased risk of RA, with earlier
smoking initiation further elevating risk in a dose-response manner [40]. This
study also highlighted the synergistic effect of smoking with systemic
inflammation, providing direct evidence from a contemporary British setting [40].
Similar findings have been reported in other large cohorts, including the Nurses’
Health Study [30] and the Swedish Epidemiological Investigation of Rheumatoid
Arthritis (EIRA) [41], confirming the robustness of the smoking-RA association

across different populations.

Obesity

Obesity is a consistent risk factor for RA, though its impact may depend on sex,
body composition, and RA serological subtype. A recent systematic review and
meta-analysis of 20 observational studies (including 8 cohorts and 12 case-
control studies) with 568,889 participants found that overweight (BMI 25-30
kg/m?) was associated with a 13% increased risk of RA, while obesity (BMI 230
kg/m?) was associated with a 25% greater risk, with the association being more
pronounced in women [42]. These findings align with population attributable
fraction (PAF) estimates from US adults, which indicate that excess BMI accounts
for approximately 14.7% of RA incidence [43]. Adipose tissue functions as an
active endocrine organ, secreting pro-inflammatory adipokines and cytokines,
including tumour necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), which
contribute to systemic low-grade inflammation [44] and promote autoimmunity
[45]. Mendelian randomisation studies provided a causal evidence, supporting a
link between higher BMI and RA risk thorough a shared genetic basis at the HLA

region (chromosome 6, positions 28—-35M and 50-52M) [46].
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However, BMI captures only general obesity and ignores the distribution of body
fat. Central adiposity is more metabolically active and pro-inflammatory than
subcutaneous fat because secreted factors from visceral fat (such as IL-6 and
free fatty acids) directly reach the liver via the portal circulation, promoting
systemic inflammation [47,48]. A recent UK Biobank study showed that stable
abdominal obesity and transition from non-abdominal to abdominal obesity were
both associated with increased RA risk [49]. Additionally, a study using data from
National Health and Nutrition Examination Survey (NHANES) found that the
Metabolic Score for Visceral Fat (METS-VF, a composite of insulin resistance,
waist-to-height ratio, age, and sex) showed superior predictive ability for RA
compared with BMI only [50]. The 2025 Lancet Commission on clinical obesity
has called for a paradigm shift away from BMI-only diagnostic criteria, explicitly
incorporating measures of central adiposity [51]. Given the limitations of single
adiposity indices, Chapter 3 provides the first comparison of multiple adiposity

measures in relation to incident RA risk in a large British cohort.

Other factors

Other modifiable factors have been implicated in RA risk, such as occupational
dust exposure (e.g., silica, asbestos) [52,53], air pollution (particularly particulate
matter <2.5 ym, PM2.5) [54], periodontal disease [55], and gut microbiome
dysbiosis [56,57]. For example, studies on silica exposure have reported elevated
RA risk among miners and stone workers, whereas findings on air pollution have
been inconsistent across geographic regions [58,59]. Critically, the evidence is
generally less robust due to prevalent methodological limitations: most studies
are small, cross-sectional, or rely on imprecise exposure measures, making it
difficult to exclude reverse causation or residual confounding. Furthermore, for
factors such as gut microbiome dysbiosis, the direction of causality remains
ambiguous, as the alterations may be a consequence of RA or its treatment rather

than a cause [60].

Given these uncertainties and the lack of consistent prospective evidence, these

environmental factors were not the primary focus of this thesis.
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1.2.3 Diet as a key modifiable factor

Current guidelines from the ACR and the EULAR emphasise the prevention of
rheumatic and musculoskeletal diseases through smoking cessation, regular
exercise (both aerobic and strengthening), maintenance of a healthy weight, and
a balanced diet [61,62]. Strong evidence demonstrates that smoking not only
increases RA risk but also worsens symptoms, functional outcomes, disease
activity, and comorbidities [63]. Similarly, the benefits of regular exercise are
supported by robust evidence for improving muscular endurance and strength,

reducing pain, and mitigating systemic manifestations [64].

In contrast, evidence for dietary adjustments is less developed. Among the
various dietary approaches investigated, only the Mediterranean diet has
accumulated low-to-moderate certainty evidence for improving pain and reducing
disease activity [61] and is more likely to reduce the RA risk [65]. However, the
existing literature on diet and RA risk has several limitations. First, most studies
are observational design, which limits causal inference due to the potential for
residual confounding, reverse causation, and recall bias in dietary assessment.
Second, study populations vary in demographic composition and geographical
location, raising questions about the generalisability of findings to the UK
population. Third, many case-control studies have relied on unvalidated or
retrospectively collected dietary assessment methods, which are prone to
differential recall between cases and controls. Fourth, earlier investigations
focused on single nutrients or individual food groups rather than dietary patterns.
This approach fails to account for the synergistic and antagonistic interactions
among dietary components that usually occur in real-world eating behaviours.
Although a paradigm shift from considering single nutrients/foods towards
examining whole dietary patterns has occurred, prospective evidence linking

dietary patterns to RA risk remains rare and the results have been mixed.

Even among cohort-based studies, heterogeneity persists in the definitions of
dietary exposures, the timing of dietary assessment relative to RA diagnosis, and
the handling of potential confounders. A recent systematic literature review of diet
and RA risk including 19 cohort-based studies and 8 case-control studies, and

concluded the lack of evidence on the role of diet in the development of RA, partly
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due to differences in study quality and methodology [66]. Consequently, clinical
practice guidelines acknowledge the importance of diet, but concede that the
evidence base to support specific, individualised dietary recommendations for RA

prevention is currently insufficient.

Current NICE guideline NG100 [67] recommend a healthy balanced diet and
weight management for RA patients, but do not specify targeted dietary

interventions for disease modification.

1.2.4 Temporal trends in lifestyle behaviours and policy context

Over the past three decades, the UK has seen major changes in RA-related
lifestyle behaviours, alongside shifts in public health policy and social norms.
Smoking prevalence has fallen sharply, from around 45% of adults in the mid-
1970s to 10.6% by 2024 [68], driven by smoke-free legislation (implemented in
England in 2007), advertising bans, and plain packaging. In contrast, obesity
prevalence has more than doubled, rising from about 14—15% in the early 1990s
to around 30% by 2024 [69], reflecting an increasingly obesogenic environment
with larger portion sizes, greater availability of ultra-processed foods, and more
sedentary lifestyles [70]. Alcohol guidance has also shifted considerably: the
1995 UK recommendations allowed up to 2-3 units/day for women and 34
units/day for men, whereas the 2016 guidelines reduced the low-risk threshold to
14 units/week for both sexes, with greater emphasis on cancer risk [71]. These
contextual differences may partly explain variations in lifestyle-RA associations
observed between the UKWCS (recruited 1995-1998, included a validated 217-
item FFQ) [72] and UK Biobank (recruited 2006-2010). These factors are

revisited in the discussion (Chapter 7).

1.3 Potential mechanisms for diet and rheumatoid arthritis risk factors

Mechanistic studies offer plausible biological pathways that may explain how
dietary factors influence disease risk. These mechanisms, centred on the gut
microbiome, immune regulation, and metabolic function, are interconnected and
provide a biological rationale for the role of diet in the transition from genetic risk

to clinical disease.
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1.3.1 The gut—joint axis and intestinal barrier dysfunction

Systemic immune responses that promote joint inflammation can be triggered by
alterations in the composition and function of the gut microbiota [73]. Long-term
dietary intake is a key factor in human microbial ecology [74], and alterations in
gut microbiota have been documented in pre-clinical RA [73,75]. Western diets,
high in red meat, processed foods and refined sugars, and low in fibre, can
promote a pro-inflammatory microbial profile [76,77]. This includes a reduction in
short-chain fatty acid (SCFA)-producing bacteria (e.g., Faecalibacterium
prausnitzii) and an overgrowth of potentially pathogenic species [78]. In contrast,
dietary patterns rich in fibre, such as the Mediterranean diet, improve the growth
of SCFA-producing bacteria. SCFAs (e.g., butyrate, propionate, acetate) are key
metabolites that exert pleiotropic anti-inflammatory effects. They strengthen the
intestinal epithelial barrier, reducing gut permeability (“leaky gut’) [79].
Furthermore, SCFAs promote the differentiation of regulatory T cells (Tregs)
while inhibiting pro-inflammatory Th17 cells, thereby helping to maintain systemic
immune homeostasis [80]. The breakdown of this homeostatic balance,
characterised by increased gut permeability and the translocation of bacterial
products into the body’s systemic circulation, is an initiating event in the breach

of immune tolerance as clinical RA onset [81].

However, most existing cross-sectional studies cannot establish temporality
[82,83]. Also, observed microbial alterations may reflect disease activity,
medication use, or post-diagnosis dietary changes rather than causal precursors
[60].

1.3.2 Dietary modulation of immune responses and inflammation

Certain dietary components can modulate immune cell function and the
inflammatory milieu. High intake of n-6 polyunsaturated fatty acids (PUFAs),
common in vegetable oils and processed foods, can be metabolised into pro-
inflammatory eicosanoids [84]. In contrast, n-3 PUFAs, found in oily fish, are
precursors to specialised pro-resolving mediators (SPMs) such as resolvins and
protectins, which actively resolve inflammation rather than merely suppressing it
[85,86]. This pro-resolving capacity is relevant to RA, where the failure to resolve

chronic inflammation is a central question. Observational studies have linked
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higher n-3 PUFA intake with a lower risk of ACPA-positive RA, suggesting a role
in the early, pre-clinical stages of autoimmunity [87]. Vitamin D can modulate both
innate and adaptive immunity. It suppresses the differentiation of Th17 cells and
promotes Treg differentiation [88]. Low vitamin D status has been consistently
associated with an increased risk of RA development and higher disease activity
[89,90]. Similarly, dietary antioxidants, including carotenoids and vitamins C and
E found in fruits and vegetables, can mitigate oxidative stress, a state of cellular

damage implicated in the pathogenesis of RA [91,92].

For n-3 PUFAs, several large prospective cohorts support an inverse association
with RA risk [93], but randomised controlled trials have only tested
supplementation in established RA [94], not prevention. For vitamin D and
antioxidants, most human data come from cross-sectional or case-control studies

[95], making the evidence less conclusive.

1.3.3 Metabolic pathways, adiposity, and autoimmunity

Having established obesity as a risk factor in Section 1.2.2, this section examines
the mechanistic pathways through which adiposity may promote autoimmunity.
Adipose tissue is not merely an inert energy store but an active endocrine organ
that secretes pro-inflammatory cytokines, including tumour necrosis factor-alpha
(TNF-a), interleukin-6 (IL-6), and leptin [96]. This chronic, low-grade inflammatory
state driven by adiposity may contribute to the systemic inflammation that
predisposes to autoimmunity. The mechanisms linking obesity to RA risk may
also involve enhanced peripheral aromatisation of androgens to oestrogens in
adipose tissue, contributing to the sex disparity observed in RA [97]. Diet can also
influence post-translational protein modifications that generate autoantigens.
Driven by high-glycaemic diets and obesity, chronic hyperglycaemia and insulin
resistance can promote non-enzymatic glycation, leading to the formation of
advanced glycation end products (AGEs) [98]. AGEs can induce protein
modifications and activate inflammatory pathways via their receptor (RAGE),

contributing to RA development and related autoimmune condition [99].

32



1.4 Aims, hypotheses, and objectives

The previous sections of this chapter have outlined the epidemiology, the clinical
burden of RA, described unmodifiable and modifiable risk factors, and considered
plausible biological mechanisms linking diet to immune regulation and
inflammation. Despite a substantial body of epidemiological research
investigating dietary factors and RA risk, which | review in detail in Chapter 2,

several important gaps remain unaddressed.

1.4.1 Aim

The overarching aim of this thesis was:

To investigate associations between dietary factors and rheumatoid arthritis risk

in British adults using data linkage.

The rationale for this work was to support the formulation of dietary
recommendations for reducing RA risk, providing updated information on the
adequacy of specific dietary patterns (including Mediterranean diet and alcohol
consumption), as well as the role of diet within a broader healthy lifestyle context.

This could result in fewer cases and delayed RA onset.

1.4.2 Hypotheses and objectives

This thesis tested the following objectives and associated hypotheses,

organised by chapter:

Chapter 2 Dose-Response Associations Between Diet and Risk of

Rheumatoid Arthritis: A Meta-Analysis of Prospective Cohort Studies.

Objective: To synthesise prospective evidence on associations between
dietary factors and RA risk, quantify dose-response relationships for key

exposures, and evaluate the quality of existing evidence.

Hypothesis: Prospective cohort studies show consistent associations
between specific dietary factors (e.g., fish, fibre, red meat) and RA risk,

with dose-response relationships detectable for key exposures.
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Chapter 3 Measures of Adiposity and Risk of Rheumatoid Arthritis in
Middle-Aged UK Women: A Prospective Cohort Study.

Objective: To investigate associations between multiple adiposity

measures and incident RA risk, and to compare their predictive

performance.

Hypothesis: Central adiposity measures (waist circumference, waist-to-

hip ratio, waist-to-height ratio) are more strongly associated with RA risk

than BMI alone.

Chapter 4 Association of Mediterranean diet with rheumatoid arthritis risk:

evidence from the UK Women’s Cohort Study.

Objective: To examine whether adherence to the Mediterranean diet is

associated with incident RA risk, independent of other lifestyle factors.

Hypothesis: Higher adherence to the Mediterranean diet is associated

with a lower risk of RA in British middle-aged women.

Chapter 5 Consumption of alcoholic beverages and risk of rheumatoid

arthritis: findings from the UK Women’s Cohort Study.

Objective: To investigate whether the association between alcohol

consumption (frequency and amount) and RA risk differs by type of

alcoholic beverage.

Hypothesis: The association between alcohol frequency,

and

consumption and RA risk differs by beverage type, even after accounting

for competing risks.

Chapter 6 Healthy lifestyle score, C-reactive protein levels, and incident

rheumatoid arthritis: a prospective cohort study of 354,512 UK Biobank

participants.

Objective: To construct a composite healthy lifestyle index and examine

its association with incident RA risk, including mediation by C-reactive

protein.
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Hypothesis: A composite healthy lifestyle score is inversely associated
with RA risk, and C-reactive protein level account for part of this

association.

In the next chapter (Chapter 2), | review the prospective evidence on dietary

factors and RA risk through a systematic review and meta-analysis.
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2.1 Abstract

Background: To provide a systematic and quantitative summary of dietary

factors and rheumatoid arthritis (RA) risk.

Methods: A systematic review and meta-analysis included prospective cohort
studies from 2000 to 2024 reporting relative risks (RRs) with 95% confidence
intervals (Cls) for RA incidence relating to 32 different dietary exposures. Linear

and non-linear dose-response analyses were conducted.

Results: Thirty studies were included, involving 2,986,747 participants with 9,677
RA cases. Linear dose-response analysis suggested that each 2-unit per week
increase in total alcohol intake was linked to 4% risk reduction (RR (95%-Cl),
heterogeneity (%), NutriGrade score: 0.96 (0.94, 0.98), 58%, moderate certainty),
and beer consumption was associated with a 10% reduction per 2 units/week
increase (0.90 (0.84, 0.97), 0%, very low certainty). Each 2-unit/week increase in
total alcohol intake was associated with a 3% decrease in seropositive RA risk
(0.97 (0.96, 0.99), 28%, moderate certainty). Increased intakes of fruit (per 80
g/day) and cereals (per 30 g/day) were associated with 5% (0.95 (0.92, 0.99),
57%, moderate certainty) and 3% (0.97 (0.96, 0.99), 20%, moderate certainty)
reduced risk, respectively. Conversely, tea consumption showed a 4% increased
risk per additional cup/day (1.04 (1.02, 1.05), 0%, moderate certainty). Non-linear
associations were observed for total coffee, vegetables, oily fish, and vitamin D
supplementation. Data on dietary patterns and specific micronutrients were

limited.

Conclusions: The findings suggest that moderate alcohol consumption and a
higher intake of fruits, oily fish, and cereals are associated with a reduced risk of
RA, while tea and coffee may be linked to an increased risk. Optimising dietary
intake of certain food components may reduce RA risk, despite moderate-quality

evidence.

Keywords: Rheumatoid arthritis; diet; meta-analysis; dose—response; nutrient

intake
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2.2 Introduction

Rheumatoid arthritis (RA) is the most common systemic autoimmune disease,
characterised by the presence of autoantibodies, like rheumatoid factor (RF) and
anti-citrullinated protein antibody (ACPA) [1]. While it can lead to long-term
disability and increased morbidity [2], early diagnosis and guideline-based
treatment significantly mitigate these effects. The Global Burden of Disease (GBD)
2021 study stated that the incidence of RA was set to continue increasing, with
an estimated global prevalence of 17.6 million cases in 2020 and notable regional
variations [3]. Only a few established risk elements for RA are recognised,

including older age, female sex, infections, air pollution, and cigarette smoking

[4].

Diet has been associated with other autoimmune diseases [5], and both genetic
and environmental factors can influence the development of RA [6]. A better
understanding of how diet affects RA could help inform more effective prevention
strategies. Several dietary elements, particularly plant-based foods rich in fibre,
vitamins, and antioxidants, can reduce systemic inflammation by lowering levels
of C-reactive protein (CRP), interleukin-6 (IL-6), and tumour necrosis factor-a
(TNF-a) [7]. Other components, such as short-chain fatty acids and immune-
enhancing nutrients like vitamin D [8] and folate [9], may contribute to

inflammation regulation.

Nevertheless, the roles of dietary patterns and individual components remain
unclear. For instance, the Mediterranean diet (MD) has been associated with lower
inflammatory markers and reduced risks of chronic diseases like type 2 diabetes
and cardiovascular disease [10,11], but direct evidence for its effect on RA risk is
still limited. The benefit of alcohol consumption for RA risk has been the subject of
previous studies [12]. A 2014 meta-analysis demonstrated a non-linear trend
indicating that low-to-moderate alcohol intake reduced the risk of RA [13], but it
included non-peer-reviewed literature. In addition, data on specific alcoholic
beverages are scarce. Although several case—control studies have suggested that
tea consumption may reduce RA disease activity [14,15], findings from the UK
Biobank indicated that it could increase RA risk [16]. The French Society for

Rheumatology (FSR) recommends omega-3 supplementation for inflammatory

46



rheumatic diseases [17]; however, a recent meta-analysis of randomised controlled
trials (RCTs) found no reduction in RA symptoms or inflammation [18]. There is
also evidence regarding the impact of anti-rheumatic therapies on periodontal
health, highlighting the complex relationship between lifestyle factors and RA
progression [19]. The inconsistency in these findings points to the need for further
research to clarify the effects of food groups and nutrients on RA risk and assess

the credibility of the evidence.

Two recent systematic reviews examined the role of diet in preventing RA, but
did not include individual dietary components in their search strategies [20,21].
To address these gaps, this study aims to synthesise the existing data and
provide high-quality evidence on the associations of dietary components with the

risk of RA in a dose-response analysis.

2.3 Materials and methods

The findings from this systematic review and dose—-response meta-analysis are
reported based on the Preferred Reporting ltems for Systematic review and Meta-
Analysis (PRISMA) guidelines [22]. The protocol for this review was registered
on PROSPERO as CRD42022320959.

2.3.1. Search Strategy

We conducted a systematic search of all articles published from 1 January 2000 to
30 April 2024 using databases, including Medline, Embase, Web of Science, and
the Cochrane Library. In brief, we searched for prospective cohort studies that
reported associations of dietary factors (food groups, beverages, food components,
nutrients, and dietary patterns) with RA incidence. Full details of the search
strategy are provided in Appendix A: Table A1. The search followed the PICO
framework [23], as shown in Appendix A: Table A2. To avoid missing any

publications, the references of relevant papers were checked.

2.3.2 Inclusion criteria and study selection

The eligibility criteria for inclusion in the meta-analysis were as follows: (1) original
research studies; (2) human studies conducted on adults; (3) prospective studies

that provided data on dietary consumption factors; (4) studies reporting the effect
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sizes, including hazard ratio (HR) and relative ratio (RR) with 95% confidence
intervals (Cls), where the outcome was RA incidence; (5) English-language
studies; and (6) studies for which full texts were available. The exclusion criteria
were: (1) reviews and book chapters, or secondary research evidence such as
meta-analyses; (2) animal studies, letters, comments, cross-sectional studies,
and ecological studies; (3) overlapping studies or data; (4) studies without dietary
exposure or measurement (e.g., studies that only report smoking and RA risk);
(5) studies focusing on RA-related symptoms, life quality, functional status, or

disease activity; and (6) Mendelian randomisation studies.

The publications were independently assessed by YD, JC, DG, LH, and CU, and
any discrepancies were resolved through discussion with the senior authors (YD
and JC). After deduplication, articles were screened for eligibility based on their
tittes and abstracts, followed by a detailed assessment using the Systematic
Review Accelerator [24]. If there were duplicate publications from the same
cohort, we included the study with the longer follow-up or the larger number of
participants or incident cases, provided the data were sufficient to generate effect

estimates for meta-analysis.

Our research was based on the 1987 American Rheumatism Association (ACR)
classification criteria for RA [25], expecting that prospective cohort studies would be

incorporated into the research.

2.3.3 Data extraction and quality assessment

JW and YD extracted data from each eligible article using a predesigned form,
including the study details (first author, cohort name, publication year, study
location, follow-up duration, dietary exposure, cohort size, and the number of RA
cases), participant characteristics (age range, health status at entry, and sex),
assessment methods (mean/median or range of food/nutrient intake, and RA
case ascertainment), statistical analysis (models and confounders), and effect
sizes (incidence rate ratio [IRR], HR, and RR) from the most fully adjusted models.
A meta-analysis was conducted only for exposure—outcome associations with
data from at least two studies. For the dose-response meta-analysis, studies

were excluded if they lacked data on non-cases or person-years.
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The study quality was assessed using the Newcastle—Ottawa Scale (NOS), a tool
commonly employed for evaluating observational studies based on their selection,
comparability, and outcome assessment [26]. Studies scoring above six were
considered high-quality, while those scoring six or below were considered low-
quality. We used the NutriGrade tool (developed in Nuthetal, Brandenburg,
Germany) to evaluate the certainty of the meta-evidence for each dietary
exposure’s association with RA [27]. NutriGrade assigns a score (out of 10) by
considering factors including study design, risk of bias, precision, heterogeneity,
directness, publication bias, funding bias, effect size, and dose—response. The
meta-evidence was classified as high (8~10), moderate (6~7.99), low (4~5.99),
or very low (0~3.99). Moderate-quality evidence indicates robust findings with

some limitations, while low-quality evidence reflects greater uncertainty.

2.3.4 Statistical methods

Associations for both highest versus lowest category comparisons and dose—
response analyses were investigated. RR or HR estimates from individual studies
were combined using a random effects model. The methods described by
Greenland and Longnecker [28] and Orsini et al. [29] were used for the dose—
response meta-analysis. To estimate dose amounts, the mean, median, or
midpoint values of the upper and lower limits were used. When the ranges were
open-ended, we estimated the limits based on adjacent intervals. Restricted
cubic splines with three knots (at 10%, 50%, and 90% of exposure distribution)
to handle potential non-linear relationships were used. For the non-linear dose—
response analysis, we included studies that reported the RR with 95% Cls for at

least three categories of exposure to estimate a dose—response trend.

To standardise the dietary exposures across studies, we converted the
consumption data into a common scale, such as grams per week for alcoholic
beverages. The standard conversions are shown in Appendix A: Table A3. To
ensure consistency in the analysis, we used the lowest exposure as the reference
category. If the reference group was different from the lowest category, we
recalculated the effect size using the method of Orsini et al. [30]. Meta-analyses
were performed for food groups, beverages (e.g., total alcohol, wine, beer, coffee

types, tea, fruits, vegetables, meats, fish, dairy products, cereals), nutrients, and
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phytochemicals (e.g., vitamin C, D, A, E, n-3 polyunsaturated fatty acids, PUFAs,

carotenoids).

Heterogeneity across studies was assessed by P statistic, which quantifies the
percentage of total variation due to heterogeneity rather than chance, with > 50%
indicating substantial heterogeneity. When substantial heterogeneity was detected,
we conducted subgroup analyses for dietary factors with data from at least 5 studies,
categorised by study characteristics such as age (=50 vs. <50), gender (both sexes
vs. female only), location (Europe, America, Asia), follow-up duration (< 10 years vs.
= 10 years), dietary assessment method (food frequency questionnaires, FFQs vs.
food diaries), case ascertainment method (self-reported vs. registry-based data),
and number of RA cases (< 500 vs. = 500).

The potential effects of small-study biases, including publication bias, were
evaluated using funnel plots, Egger’s test [31], and Begg’s test [32], provided
there were enough studies to perform the test. Sensitivity analyses were
conducted to evaluate the robustness of the results by excluding 1 study at a time
when more than 3 studies were available. All the statistical analyses were
performed using R version 4.2.0 (R Foundation for Statistical Computing, Vienna,

Austria). A two-tailed P value of < 0.05 was regarded as statistically significant.
2.4 Results

2.4.1 Literature search

The search strategy identified 3525 unique citations, of which 55 full-text articles
were assessed in detail (Figure 2.1). The reasons for exclusion during full-text

screening are provided in Appendix A: Table A4.
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Figure 2.1 PRISMA flow chart summarising article retrieval and screening
process.

2.4.2 Characteristics of included studies

The characteristics of the 30 studies included in the analysis, which investigated
the relationship between dietary factors and the risk of developing RA [12,16,33-
58], are summarised in Figure 2.2 and Appendix A: Table A5. Of these, 22
articles focused exclusively on women [81, 85, 92-103], and 8 included both
sexes [104-111]. The studies were primarily nationally representative: 12 were
conducted in Europe [85, 97, 98, 104-108, 110, 112-114], 15 in America [81, 92-
96, 99-103, 115-118], and 3 in Asia [50-53,58,60].
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Overall, during the follow-up periods ranging from 4 to 30 years, 14 prospective
studies included 9677 RA cases and 8772 seropositive RA cases among
2,986,747 participants with an age range spanning from 20 to 98 years
(Appendix A: Table A6). Key covariates included smoking (n = 29), age (n = 26),
body mass index (BMI) (n = 22), total energy intake (n = 15), physical activity (n

= 13), and alcohol consumption (n = 12).

Ten prospective studies were included in the meta-analysis for the consumption
of alcohol (nine reports) [16,33,34,37,41,48,51,54,57], five studies for wine (four
reports) [12,41,54,57], five for beer (four reports) [12,41,54,57], five for liquor (four
reports) [12,41,54,57], six for total coffee [16,46,47,52,54,55], four for caffeinated
coffee [46,47,54,55], five for decaffeinated coffee [100, 101, 104, 113, 118], five
fortea[100, 101, 104, 113, 118], three for caffeine [100, 101, 118], three for sugar-
sweetened soda (two reports) [54,59], seven for fruits (six reports) [16,33-
35,38,49], seven for vegetables (six reports) [16,33-35,38,49], four for total meat
[36,42,50,58], three for red meat [33,42,58], two for processed meat [16,42], three
for poultry [16,42,58], five for total fish (four reports) [36,43,49,56], three for oily
fish [16,36,49], two for legumes [35,36], three for total dairy [36,42,45], two for
milk [42,45], two for cheese [16,42], four for cereal products (three reports)
[16,34,36], four for n-3 PUFAs (three reports) [33,34,43], four for vitamin C (three
reports) [35,40,49], four for vitamin D (three reports) [39,45,49], three for vitamin
D supplements (two reports) [39,45], three for vitamin A (two reports) [40,49], four
for vitamin E (three reports) [35,40,49], and three for carotenoids (two reports)
[35,40] (Appendix A:Table A7(a,b)).

2.4.3 Alcohol consumption and RA risk

An inverse association was observed between total alcohol consumption and RA
risk across eight studies ((RR (95%-Cl), heterogeneity (?): 0.76 (0.68, 0.85), 56%,
P-heterogeneity = 0.03; Figure 2.3) when comparing the highest and lowest
categories. This inverse relationship was seen with a total alcohol intake of up to
60 g/week (P-non-linearity = 0.004, Figure 2.4). Similarly, a non-linear dose—
response association for beer was detected (P-non-linearity = 0.013, Appendix
A: Figure A1). Linear analysis showed a 4% risk reduction for each additional 2
units of total alcohol intake (0.96 (0.94,0.98), 58%, P-heterogeneity = 0.01), and
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a 10% risk reduction for each additional 2 units of beer consumption (0.90
(0.84,0.97), 0%, P-heterogeneity = 0.98; Appendix A: Figure A3). While there
was some evidence of an association for each additional 2 units/week of wine
consumption (0.98 (0.97,1.00); Appendix A: Figure A3), this was borderline non-
significant. No evidence of association was observed for liquor intake. The
NutriGrade scores showed moderate-quality evidence for total alcohol, low-
quality evidence for wine and liquor, and very-low-quality evidence for beer
(Appendix A: Table A8).
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Figure 2.2 The summary of pooled HRs (95% Cls) for different dietary
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included cohort studies. (B) OncoPrint chart displaying the pooled hazard ratios (HRs) for incident
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A pooled analysis of four studies on seropositive RA found an RR of 0.84 ((0.73,
0.96); Appendix A: Figure A4) [12,53,54,60] for total alcohol when comparing
extreme categories. Non-linear dose—response analysis supported this inverse
association (P-non-linearity < 0.001; Appendix A: Figure A1). Each 2 unit/week
increase in total alcohol intake was associated with a 3% reduction in the risk of
seropositive RA (0.97(0.96, 0.99); Appendix A: Figure AS5).

2.4.4 Non-alcoholic beverages and RA risk

Tea and caffeinated coffee consumption were associated with increased RA risk
(tea: 1.15 (1.00, 1.33), 53%, P-heterogeneity = 0.07; caffeinated coffee: 1.30
(1.09,1.54), 0%, P-heterogeneity = 0.67) when comparing extreme categories,
while total coffee, decaffeinated coffee, caffeine, and soda showed no evidence
of association with RA risk (Appendix A: Figure A6). We found a positive trend
for tea with a pooled RR of 1.04 per cup/d (95% CI: 1.02, 1.05, P = 0%, P-
heterogeneity = 0.53) in the linear dose—response analysis, but no conclusive
dose—response association was observed for other beverages (Appendix A:
Figure A7). A positive association between total coffee consumption and RA risk
was noted in the non-linear trend analysis (P-non-linearity = 0.015, Appendix A:
Figure A1). Additionally, there was no evidence of associations for decaffeinated
coffee, tea, and RF-positive RA (Appendix A: Figures A8 and A9). The
NutriGrade evaluations showed moderate-quality evidence for tea, lower-quality
evidence for caffeinated coffee and sugar-sweetened soda, and very-low-quality
evidence for total coffee, decaffeinated coffee, and caffeine (Appendix A: Table
A8).

2.4.5 Fruit, vegetables, and RA risk

Higher fruit intake was associated with reduced RA risk (0.88 (0.79, 0.97), 50%,
P-heterogeneity = 0.09; Appendix A: Figure A10), with evidence of a non-linear
dose—response trend (P-non-linearity = 0.002, Figure 2.4). A linear analysis of
six studies also indicated that an increase in fruit intake of 80 g/d increments was
inversely associated with a reduced RA risk of 5% (95% Cl: 0.92, 0.99, P = 57%,
P-heterogeneity = 0.04; Appendix A: Figure A11). No evidence of association
was found for vegetables (0.90 (0.76,1.06), 81%, P-heterogeneity < 0.01;

Appendix A: Figure A10), though there was evidence of a non-linear dose—
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response association (P-non-linearity = 0.023, Figure 2.4). The NutriGrade
evaluations indicated moderate-quality evidence for fruits, and lower-quality

evidence for vegetables (Appendix A: Table A8).

2.4.6 Meat, fish, and RA risk

No evidence of RArisk associations emerged for total meat, red meat, processed
meat, poultry, or total fish consumption (Appendix A: Figures A12 and A13). A
non-linear inverse association between RA risk and oily fish intake was observed
(P-non-linearity < 0.001; Figure 2.4). The NutriGrade assessments rated the
evidence for total meat, processed meat, poultry, total fish, and oily fish as low-
quality, and the evidence for red meat as very-low-quality (Appendix A: Table
A8).

2.4.7 Other food components and RA risk

Higher cereal intake was associated with a reduced risk of RA (0.87 (0.80, 0.96),
0%, P-heterogeneity = 0.86; Appendix A: Figure A14) when comparing extreme
categories. The dose—response analysis indicated a 3% risk reduction for each
additional 30 g/d increase (0.97(0.96, 0.99), 20%, P-heterogeneity = 0.29;
Appendix A: Figure A15). However, there was no evidence of associations
between legumes, dairy, or cheese and RA risk (Appendix A: Figures A14 and
A15). The NutriGrade scores revealed moderate-quality evidence for cereal
products, low-quality evidence for legumes, dairy, and milk, and very-low-quality

evidence for cheese (Appendix A: Table A8).

2.4.8 Nutrients and RA risk

Dietary Macronutrients

No evidence of an association between n-3 PUFA intake and RA risk was
observed when comparing the highest with the lowest categories (Appendix A:
Figure A16), although a borderline inverse non-linear association was noted (P-
non-linearity = 0.063; Appendix A: Figure A2). A slight reduction in RA risk was
seen for each additional 100 mg/d of n-3 PUFAs, but the evidence remains
insufficient (0.96 (0.90,1.03), 74%, P-heterogeneity = 0.13; Appendix A: Figure

A17). A meta-analysis for other macronutrients (e.g., energy, protein,
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carbohydrates, total fat) was not possible due to limited data, despite alcohol
having previously been analysed. The NutriGrade scores revealed very-low-
quality evidence for n-3 PUFAs (Appendix A: Table A8).

Dietary Micronutrients

Vitamin D supplement intake showed an inverse non-linear association with RA
risk (Pnon-inearity = 0.003, Appendix A: Figure A2). The risk of RA decreased by
20% with an increase in vitamin D supplement intake of <320 |U/d. No other
evidence of association was found between dietary vitamins or carotenoids and
RA risk (Appendix A: Figures A2 and A18-A21).

The NutriGrade evaluations rated the evidence quality as low for vitamins, -
cryptoxanthin, and lycopene, and very low for a-carotenoids, B-carotenoids, and

lutein/zeaxanthin (Appendix A: Table A8).

2.4.9 Subgroup analysis and bias analysis

The stratified analyses showed evidence of heterogeneity between subgroups.
An inverse association between total alcohol consumption and risk of RA was
confirmed in most of the subgroup analyses, except for studies conducted in Asia
(Appendix A: Table A10(a)). Significant associations with RA risk were observed
for the consumption of decaffeinated coffee, fruit, and vegetables in studies
involving women, and in those conducted in America, but no association was
found in studies including both sexes or those conducted in other regions
(Appendix A: Table A10 (b—g)). The quality assessment, detailed in Appendix
A: Table A9, showed that 80% (24 out of 30) of the included studies were of good
quality. Sensitivity analyses confirmed that excluding any single study did not
change the pooled effect sizes (Appendix A: Table A11 (a,b)). Although the
funnel plots and Egger’s test indicated a publication bias for coffee intake (P <
0.01), no bias was detected for other foods (Appendix A: Figures A22 and A23).
Trim-and-fill adjustments showed consistent results, suggesting a minimal impact
from publication bias (Appendix A: Table A12 (a,b)).
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2.5 Discussion

2.5.1 Main findings

This is the first comprehensive meta-analysis of the associations between RA risk
in adults and the consumption of a range of foods, beverages, and nutrients,
conducted to concurrently examine the potential protective and harmful effects of

diet on RArisk in a dose-specific association.

2.5.2 Comparison with previous studies

Our results identified associations between a higher intake of alcohol, fruits, and
cereals and a lower risk of RA, while higher consumption of tea and caffeinated
coffee was linked to an increased risk. Dose—response analyses further clarified
these associations, revealing J-shaped trends for total alcohol and beer,
protective linear relationships for fruit and cereals, and non-linear patterns for
vegetables, oily fish, and vitamin D supplements. Notably, tea intake showed a
positive linear association with RA risk, while total coffee consumption followed a
non-linear trend. Evidence regarding dietary patterns and micronutrients was
limited. Although based on low-to-moderate-quality meta-evidence, the findings
provide new insights into the potential role of diet in RA risk, supporting their

integration into prevention strategies.

To our knowledge, this is the first meta-analysis to focus on the associations of
fruit, vegetables, and cereal intake with RA risk. Although the World Health
Organisation recommends consuming over 400 g (about five servings) of fruits
and vegetables daily to prevent non-communicable diseases [61], evidence
regarding the direct effect of fruit and vegetable intake on RA is rare. Our analysis,
which included 7294 RA cases from Europe and America, found moderate-
certainty evidence of an association between fruit intake and RA risk. This aligns
with previous meta-analyses that linked fruit intake to reduced risks of
inflammatory bowel disease, multiple sclerosis, and type 2 diabetes [62-64]. In
addition, two RCTs have demonstrated the anti-inflammatory effects of fruit- and
vegetable-rich diets compared to placebos [65,66]. A diet rich in fruits and
vegetables is biologically plausible for enhancing immune function [67], reducing
inflammation [68], and preventing autoimmune diseases [69]. An alternative
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explanation could be that individuals consuming more fruit and vegetables are
more likely to adhere to a healthy diet and lifestyle, like engaging in regular

physical activity, which has been shown to have a protective effect on RArisk [70].

The inverse non-linear association between vegetable intake and RA risk may be
influenced by preparation methods and nutrient composition. Despite vegetables
generally appearing to be beneficial, some studies indicate that cooked
vegetables may have negative health effects due to harmful components such as
acrylamide, advanced glycation end-products, and a loss of water-soluble
vitamins. A recent study involving 400,000 adults found that raw vegetable intake
was inversely associated with both cardiovascular disease incidence and
mortality, unlike cooked vegetables [71]. Moreover, vegetable oils high in omega-
6 PUFAs may promote low-grade inflammation and oxidative stress, unlike fresh
vegetables containing omega-3 PUFAs with anti-inflammatory properties [72].
Another explanation could be that BMI mediates the relationship between
vegetable intake and RA risk. Since the inverse association between vegetable
intake and RA risk was over-adjusted for BMI as a confounder, the potential effect
of vegetables on RA risk was diminished. This suggests that obesity [73] may

play a role in RA development.

Regarding cereals, our study showed a 3% reduction in RA risk with each
additional 30 g/d of intake. This inverse association is consistent with recent
large-scale cohort studies, including one from the UK Biobank showing a
protective effect of breakfast cereals [16], as well as studies from America and
France which linked whole grains and MD components with a reduced risk [34,55].
Despite differences in cereal types between the included studies, the low
heterogeneity and robust results were confirmed by sensitivity analyses. The
protective mechanism by which cereals may reduce RA risk could be similar to
their effects on cardiovascular disease and type 2 diabetes [74,75], possibly
attributable to the anti-inflammatory properties of cereal phytochemicals, fibre,

vitamins, and minerals [76].

Associations between alcohol consumption and a lower risk of RA have been
reported in previous meta-analyses [13,77]. In our study, the risk estimate for total

alcohol was 0.76, slightly lower than earlier estimates of 0.86. This difference
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could be attributed to our stricter inclusion criteria, as we only considered
prospective cohort studies, which are less prone to bias compared to prior meta-
analyses that included both retrospective and prospective data [13,78]. This study
includes more recent data, featuring over four times the number of RA cases and
an average follow-up duration of 22.5 years, providing more robust evidence.
Furthermore, this inverse association was consistently seen in the analysis of
seropositive RA. Alcohol may exert a protective effect, particularly in individuals
with auto-antibodies. A Swedish population-based study has shown that low-to-
moderate alcohol consumption may reduce the risk of developing ACPA-positive
RA by mitigating the combined effects of smoking and the human leucocyte
antigen (HLA)-DRB1 shared epitope [78]. Among alcoholic beverages, beer
intake was negatively associated with RA risk, potentially contributing to the
overall protective effect of total alcohol. A possible mechanism involves
polyphenols like resveratrol, which may modulate the immune response by
inhibiting pro-inflammatory cytokines [79], altering immune cell activity [80], and
reducing oxidative stress through free-radical neutralisation [81]. Further

intervention studies are warranted to clarify this beverage-specific relationship.

The dose-response analysis revealed a J-shaped relationship, suggesting that
low-to-moderate alcohol consumption is relatively safe, with benefits diminishing
beyond 60 g/week. These findings could be used to refine the alcohol
consumption guidelines, especially for individuals with rheumatic and
musculoskeletal diseases, by identifying the optimal level of consumption for
maximum benefit. We observed this inverse association between alcohol
consumption and RA risk in studies from both America and Europe, but not in the
limited data from Asia. This discrepancy may result from insufficient statistical
power in the Asian studies or differences in the types of alcohol commonly
consumed in Asia, which may influence the association with RA risk. The
subgroup analysis indicated that the protective effect was consistent across both
female and mixed-sex groups, suggesting that the effect may be applicable
broadly. Future studies with sex-specific analyses and more extensive

geographic coverage could strengthen the evidence.

The relationship between tea consumption and RA risk appears to be complex
and controversial. Two meta-analyses found no association [82,83], while some
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studies suggested an inverse relationship [15,54]. Our analysis identified, for the
first time, a positive linear association between higher tea consumption and
increased RA risk, particularly in individuals with over 10 years of follow-up.
Unlike previous meta-analyses [78,79], we found no significant association of
total coffee with RA risk in extreme intake comparisons. While green tea’s
antioxidant content may suggest differential effects, our study did not distinguish
tea types; this merits further investigation. However, we did find a non-linear
positive relationship for total coffee and an apparent significant association for
caffeinated coffee, suggesting that higher intake may elevate RA risk. This may
be due to the pro-inflammatory effect of caffeine when consumed in excess,

despite its known anti-inflammatory properties in small amounts.

Caffeine, a common component of both tea and coffee, could play a role in
influencing RA risk. Supporting our findings, evidence from animal studies has
supported the possibility that caffeine combined with sucrose can exacerbate
inflammation [84]. Moreover, tea and coffee consumption is often linked to
Western diets high in refined sugars and unhealthy fats, which are known to
promote inflammation [81]. The inconsistencies across studies may be due to
variations in tea and coffee types, intake levels, and study duration. More well-

controlled trials are needed to clarify these associations.

In contrast, no evidence was found of an association for decaffeinated coffee or
sugar-sweetened soda. The lack of findings for decaffeinated coffee may be
attributed to its lower caffeine content, which likely contributes to the association
observed with caffeinated coffee. Interestingly, a positive association between
decaffeinated coffee and increased risk was found in both linear dose-response
and extreme intake comparison meta-analyses under the common-effects model
but not the random-effects model. This discrepancy may be due to differences in
study demographics or methodologies, which are more apparent in random-
effects models. For soda, despite the well-documented link between excessive
dietary sugar intake and inflammation [85], the absence of significant findings
may reflect heterogeneity across studies or differences in soda formulations.
Further research is needed to investigate the specific components of these

beverages and their interactions with other dietary factors.
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Our study found that oily fish and vitamin D supplements were associated with a
reduced RA risk in the non-linear dose—response analysis, but no evidence of
association was observed in either the comparison of extreme categories or the
linear dose-response meta-analysis. Because of this inconsistency, there is a

need for further research to provide more conclusive evidence.

2.5.3 Strengths and limitations

This study has several limitations. First, although we focused on prospective
cohort studies, observational studies are still prone to selection bias, reverse
causality, publication bias, and small-study effects. Second, dietary assessment
errors are unavoidable. Most studies relied on a single dietary measurement,
which may not accurately reflect long-term intake. The use of different dietary
assessment methods (e.g., FFQs, dietary records) and inconsistent intake units
could also introduce heterogeneity. Under-reporting of alcohol consumption and
changes in dietary habits over time may further weaken the observed

associations with RA risk.

Third, unmeasured or residual confounding cannot be avoided. Low-to-moderate
alcohol drinkers may have other beneficial lifestyle factors or a higher
socioeconomic status compared to non-drinkers or heavy drinkers. For example,
a cross-sectional study of the American population indicated that alcohol
consumers tend to exercise more vigorously [86]. Additionally, dietary nutrients
are consumed as part of an overall diet, making the total effect potentially greater
than the sum of the individual components, and interactions between nutrients
should be considered. Finally, our findings may not be fully generalisable to low-
or middle-income countries due to differences in diets, food availability, or to

males, as most participants were female and from America and Europe.

Our results indicate significant relative risk reductions for RA associated with
higher consumption of total alcohol and certain food groups. However, a limitation
is the absence of data on adjusted absolute risk differences, which restricts our
ability to estimate the actual number of RA cases that could be prevented by
dietary changes. Most of the included studies reported relative risks without
providing baseline incidence rates or adjusted absolute risks. Future research

should prioritise the reporting of both relative and absolute measures of risk,
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enabling a more comprehensive assessment of the public health impact of dietary
factors on RA risk. Furthermore, while dietary factors may influence the severity
of RA, this study did not address that aspect, leaving the role of diet in disease

progression as an important area for future investigation.

This meta-analysis has some strengths. It included a large number of participants
and RA cases, allowing for well-powered analyses of 32 dietary factors in relation
to RArisk. This meta-analysis included only prospective cohort studies, which are
less prone to recall bias compared to case—control studies. Dose-response
analyses enabled exploration of the direction of the relationships and possible
threshold effects, as well as an assessment of the credibility and reliability of the

evidence.

2.6 Conclusions

This meta-analysis identified that total alcohol, fruit, cereals, oily fish, and vitamin
D supplements were associated with a reduced risk of RA, supported by evidence
of low-to-moderate credibility. Tea and coffee were associated with an increased
risk. There is no evidence of an association between sugar-sweetened soda and
RA risk. Further research is needed to confirm these associations and explore
whether specific dietary patterns or nutrients could emerge as a viable strategy

for RA prevention.
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3.1 Abstract

Background: To estimate the association between various indicators of obesity-
related health risk and the incidence of rheumatoid arthritis (RA) in a large cohort

of women.

Methods: The UK Women’s Cohort Study is a prospective cohort of 35,372
middle-aged women (aged 35-69 at recruitment) initiated in 1995-1998. Obesity
was assessed using body mass index (BMI), waist circumference (WC), waist-to-
hip ratio (WHR), waist-to-height ratio (WHtR), categorised according to WHO and
NICE guidelines, as well as clothing size. Incident RA cases were identified via
Hospital Episode Statistics (HES) linkage up to March 2019. Cox regression
models were used to estimate RA risk, adjusting for demographics, reproductive
factors, and lifestyle factors. Non-linear associations were examined using

restricted cubic splines.

Results: Among 27,968 eligible subjects with complete data linkage (625,269
person-years of follow-up), there were 255 incident RA cases. Obesity (= 30.0
kg/m?) was associated with increased RA risk (HR (95% ClI) 1.48 (1.02, 2.17), as
were abdominal obesity (WC > 88 cm: 1.58 (1.10, 2.27)), WHR = 0.85 (1.56 (1.03,
2.36)), and WHIR = 0.6 (2.25 (1.34, 3.80)). Each 2.5 kg/m? increase in BMI was
associated with a 9% higher risk of RA; each 5 cm increase in WC with 6%; each
0.1 increase in WHR with 20%, and each 0.1 increase in WHtR with 27%. Larger
clothing sizes were associated with a greater RA risk: for each onesize increment
in blouse size and skirt size, the HRs were 1.13 (95% CI: 1.04, 1.22) and 1.13
(95% CI: 1.05, 1.22), respectively. Notably, skirt size = 20 was associated with a
2.36-fold increased risk of RA. There was evidence of effect modification by

weight change and menopausal status in obesity-related RA risk.

Conclusions: Our findings suggest that managing obesity and central adiposity
in middle-aged women may be associated with the risk of developing RA. WHtR
may serve as a practical alternative to BMI in assessing RA risk. Clothing size,
particularly skirt size, could provide a simple, cost-effective proxy for identifying
at high risk of RA.
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3.2 Introduction

Rheumatoid arthritis (RA) is the most common inflammatory arthritis, affecting
approximately 17.6 million people worldwide [1]. Middle-aged women are
disproportionately affected and are more likely to suffer from mechanical pain and
fibromyalgia [2]. Obesity, a major modifiable risk factor for various chronic
diseases, is highly prevalent in this demographic, with 69% of women aged 55 to
74 in the UK classified as overweight or obese [3]. Given the increasing burden
of obesity, understanding its role in RA development is crucial for targeted

prevention strategies.

Recent scientific consensus has highlighted the limitations of body mass index
(BMI) as a measure of obesity, particularly its inability to account for the
distribution of body fat and total fat mass, which is strongly associated with
metabolic and inflammatory pathways [4]. Alternative anthropometric indices,
such as waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-height
ratio (WHtR), provide a more precise assessment of obesity-related health risks,
as they better capture visceral fat distribution and body shape [4]. These indices
have been shown to improve early identification of individuals at metabolic risk,
account for population diversity and sex, and enhance targeted interventions for
conditions such as cardiovascular disease (CVD) and type 2 diabetes [5].
Similarly, the National Institute for Health and Care Excellence in the UK (NICE)
guidelines have suggested that WHtR could be a replacement for obesity

measurement [6].

Although public health and clinical advantages of alternatives to BMI are well
known, few studies have investigated their role in RA development. Previous
epidemiological studies examining the relationship between obesity and RA risk
have relied on BMI-based classification, with inconsistent findings. Two meta-
analyses, primarily based on case-control studies, showed that being overweight
or obese is associated with a higher risk of RA [7,8]; other studies reported no
evidence of any association [9,10]. One possible reason could be that these
studies overlooked the role of body fat distribution, which could be distinct across
regions and sexes. Limited evidence suggests that WC could be more strongly

associated with the risk of RA [11], particularly seropositive RA [12].
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However, existing studies have not yet examined whether individuals with obesity
or abdominal obesity can lower their RA risk by adopting a healthier lifestyle. To
our knowledge, it remains unclear whether significant weight changes modify the
association between obesity and RA risk, particularly in individuals with high
visceral adiposity. Addressing this gap is critical for informing evidence-based
public health strategies. The United Kingdom Women’s Cohort Study (UKWCS)
provides a unique opportunity to investigate this question in a large, prospective
sample of middle-aged UK women. Our study aims to assess the association
between multiple anthropometric indices (e.g., BMI, WC, WHR, WHtR, clothing
size) and RA risk, while investigating the potential modifying effects of weight

change and lifestyle factors.

3.3 Materials and methods

We followed the Strengthening the Reporting of Observational Studies in
Epidemiology—Nutritional Epidemiology (STROBE-nut) guidelines for the
reporting of cohort studies (Appendix B: Table B1) [13].

3.3.1 Study design and participants

We used data from the UKWCS, a large-scale prospective cohort with 35,372
women aged 35-69 years enrolled at baseline [14]. In brief, 500,000 women from
England, Scotland, and Wales, who responded to a direct mail questionnaire from
the World Cancer Research Fund (WCRF), were eligible for inclusion in the
UKWCS. All participants completed a postal questionnaire that collected dietary,
lifestyle, demographic, and anthropometric data at recruitment (1995—1998).
Dietary intake in the UKWCS was assessed using a validated 217-item FFQ. The
FFQ was validated against 4-day weighed food diaries and a repeat FFQ
administration among a subsample of 283 women in 2001 [14]. Individuals living
outside of England (n = 2314) and those without a National Health Service
number to facilitate data linkage (n = 695) were excluded. We also excluded
participants who had a diagnosis of RA before or at recruitment (n = 38), had
outlier anthropometric index (BMI < 10 or > 60 kg/m?, or waist < 50 or > 140 cm,
or hip < 60 or >160 cm, or weight < 30 or > 200 kg, n = 160), and those with
missing data for anthropometric index (n = 1302). After exclusion, a sample size

of 30,863 participants remained eligible for this analysis.
79



The study protocol was approved by the National Research Ethics Service
Committee for Yorkshire & the Humber—Leeds East (reference 15/YH/0027) in
1993 and was updated in 2017 to include linkage to Hospital Episode Statistics
(HES) data (reference 17/YH/0144).

3.3.2 Anthropometric assessments

Anthropometric indices were derived from self-reported data collected during the
baseline survey, following detailed guidance and standardised procedures
provided to all participants. Measurements included body weight (kg), height (m),
WC (cm), hip circumference (cm), and clothing size (blouse and skirt). These data
were used to calculate key adiposity indicators: BMI as body weight (kg) divided
by height squared (m?); WHR as WC (cm) divided by hip circumference (cm); and
WHtR as WC (cm) divided by height (cm). Further details are provided in
Appendix B: Table B2.

Clothing size has previously been associated with central adiposity and used to
predict chronic disease risk [15]. It is considered a practical alternative when
direct anthropometric measurements (e.g., WC or hip circumference) are missing
or incomplete, and it enhances the assessment of body shape in self-reported

surveys.

3.3.3 Assessment of lifestyle factors and other covariates

Lifestyle factors, including smoking, drinking, physical activity, dietary quality, and
energy intake, were obtained through the baseline questionnaire. Smoking status
and alcohol consumption were evaluated through frequency, type, and daily
quantity. Physical activity was provided using metabolic equivalent tasks (METs),
calculated as MET-hours per week by multiplying the duration of activities by their
respective MET values [16]. Dietary quality was measured using a validated 217-
item FFQ, which evaluated the intakes of fruits, vegetables, whole grains, nuts
and legumes, fish and long-chain omega-3 fatty acids, red and processed meats,
sugar-sweetened beverages and fruit juices, trans fat, alcohol, and sodium. Each
component was scored from 0 to 10, and the Alternative Healthy Eating Index
(AHEI)-2010 score (ranging from 0 to 110) was derived as the sum of these

scores, with higher values indicating a healthier diet [17]. Total energy intake was
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estimated from portion sizes reported in the FFQ and linked to nutrient
composition tables (McCance and Widdowson’s Composition of Foods database),
reflecting the caloric content of consumed foods rather than their nutritional

quality.

Weight change was computed as the difference between weight at enrolment and
weight at early adulthood (age 20), and categorised into weight loss (< -2.5 kg),
stable weight (-2.5 to 2.5 kg), and weight gain (moderate: 2.5 to 10 kg; large: >
10 kg). Additional covariates included age (continuous, years); socio-economic
status (SES; categorical: routine/manual, intermediate, professional/managerial);
marital status (categorical: married/living as married, separated/divorced,
single/widowed); menopausal status (binary: premenopausal, postmenopausal),
hormone replacement therapy (HRT; binary: yes, no); and the prevalence of CVD,
cancer, or diabetes at recruitment (binary: yes, no). Details on covariate

definitions and assessments are provided in Appendix B: Table B3.

3.3.4 Ascertainment of RA cases and mortality from CVD and cancer

The primary outcome was RA incidence (International Classification of Diseases,
ICD-10 codes M05-M06), ascertained through linkage to HES data up to 31
March 2019. The secondary outcome was mortality from CVD or cancer, obtained
through linkage to the National Health Service Central Register (NHSCR) and the
Health and Social Care Information Centre (HSCIC), now NHS Digital. Death data
were classified according to ICD-9 and ICD-10 codes. The first recorded event
(either RA diagnosis or mortality from CVD/cancer) from the combined data

sources was used as the endpoint in the time-to-event analysis.

3.3.5 Statistical methods

All statistical methods were registered in advance on ClinicalTrials.gov
(NCT06670144).

Participant characteristics were summarised using descriptive statistics, with
means or percentages calculated by obesity indicator group. Cox proportional
hazards (PH) regression models, stratified by age group, were used to estimate
hazard ratios (HRs) and 95% confidence intervals (Cls) for BMI, WC, WHR,

WHItR, blouse and skirt size in relation to RA incidence. All exposures were
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modelled as continuous variables to assess the linear relationships with RA risk.
We also used WHO and NICE guidelines as the basis for classification: BMI (18.5
—< 25.0, 25.0 —< 30.0, = 30.0 kg/m?), WC (<88, >88 cm), WHR (< 0.85, = 0.85),
WHItR (< 0.5, 0.5 t0 0.6, and =0.6). Since the sample size of blouse and skirt sizes
allowed for a more detailed investigation, the participants were divided into six
garment size groups (< 10, 12, 14, 16, 18, = 20). Reference groups included
normal weight (BMI: 18.5 —< 25.0 kg/m?), abdominal leanness (WC < 88 cm),
WHR < 0.85, WH{R < 0.5, and blouse/skirt size < UK 10, which were assumed to

have the lowest risk.

The person-years were calculated from enrolment to the earliest of the following
events: RA diagnosis, censorship due to CVD- or cancer-related death, or the
end of follow-up, using age as the timescale. Adjustment for potential
confounders was applied progressively in three steps: Model 1 was unadjusted;
Model 2 adjusted for age, SES, marital status, menopausal status, HRT, and
prevalence of chronic diseases; Model 3 further adjusted for lifestyle factors,
including smoking status, alcohol consumption, dietary quality (AHEI-2010 score)
and energy intake, physical activity (METs). The PH assumptions were checked

using Schoenfeld residuals (Appendix B: Table B4).

To estimate the effect of weight change and age on these associations, we added
the weight change group (< 2.5, -2.510 2.5, 2.5 t0 10, > 10 kg) and age group (=<
55, > 55 years) to the fully-adjusted model as an interaction term. Further
exploratory analyses included testing for interaction effects of lifestyle factors:
dietary quality (AHEI-2010 tertiles: low, moderate, high), physical activity (METs:
< 600, 600-1500, > 1500 min/week), and current smoker (yes, no). In addition,
we conducted subgroup analysis by menopausal status (premenopausal,
postmenopausal) to investigate its modifying effect among middle-aged women.

The adjustment set in each subgroup analysis omitted the potential effect modifier.

We conducted a sensitivity analysis to test the robustness of the main results: (1)
excluding participants with a survival time < 5 years to check for reverse
causation; (2) excluding current smokers, given its known effect on RA risk; (3)
excluding participants who developed chronic diseases (e.g., CVD, cancer, or

diabetes); (4) excluding participants with weight change greater than 10 kg to

82



minimise the influence of subclinical conditions; (5) additionally adjusting the
model for vitamin D intake; (6) applying a competing risk regression model (Fine-
Gray method), considering death as a competing event. All statistical analyses

were performed using Stata (version 18).

3.4 Results

Of the 30,863 participants potentially eligible in the UKWCS, we excluded those
with missing data for marital status (n = 280), smoking status (n = 382),
menopausal status (n = 438), physical activity (n = 1389) or SES (n = 406),
leaving 27,968 middle-aged women for analyses. The study flowchart is provided

in Appendix B: Figure B1.

3.4.1 Participants

Over a median follow-up of 22.3 years (625,269 person-years), 255 incident RA
cases (1% of this cohort) were identified. At baseline, participants had a mean
age of 51.9 years (standard deviation [SD], 9.2). Mean BMI increased from 21.4
kg/m? (SD 2.9) at age 20 to 24.4 kg/m? (SD 4.2) at recruitment. Compared to non-
RA participants, those diagnosed with RA were more likely to be older, have lower
educational attainment; hold non-professional occupations; be unmarried; use
HRT; and have a higher prevalence of chronic disease. RA cases also exhibited
higher baseline BMI and waist circumference, lower physical activity levels, and
were more likely to be current or former smokers, with slightly lower alcohol
consumption compared to non-cases, though total energy intake and AHEI-2010
scores were comparable between the two groups. Table 3.1 summarises these

characteristics by RA incidence among the 27,968 participants.
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Table 3.1 Baseline characteristics of 27,968 UKWCS participants stratified
by rheumatoid arthritis incidence.

Characteristics Total Cases Non-cases
Participants (%) 27,968 255(1.0) 27,713 (99.0)
Age, years

Mean (SD) 51.9(9.2) 53.9(9.0) 51.9(9.2)
Range (Min, Max) (35, 69) (37,62) (35, 69)

Age of diagnosis, years

Mean (SD) - 65 (10) -

Range (Min, Max) - (38, 86) -
Degree-level education (%) 7057 (25.2) 48 (18.8) 7009 (25.3)
Socio-economic status (%)

Professional or managerial 17,753 (63.5) 146 (57.3) 17,607 (63.5)
Intermediate 7735 (27.7) 80(31.4) 7655 (27.6)
Routine or manual 2480 (8.9) 29 (11.4) 2451 (8.8)
Married (%) 21,207 (75.8) 189 (74.1) 21,018 (75.8)
Anthropometric indices

Height, cm

Mean (SD) 164 (6.6) 163 (6.8) 164 (6.6)
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Range (Min, Max)

Weight, kg

Mean (SD)

Range (Min, Max)

Waist circumference, cm (SD)

BMI at year 20, kg/m?

Mean (SD)

Range (Min, Max)

BMI at recruitment, kg/m?

Mean (SD)

Range (Min. Max)

Waist-to-hip ratio (SD)

Waist-to-height ratio (SD)

Blouse size (SD)

Skirt size (SD)

Physical activity (METs),
hours/week (SD)

Smoking status (%)

(145, 182)

65 (11.6)

(42, 118)

74.2 (9.6)

21.4(2.9)

(12.0, 32.0)

24.4 (4.2)

(15.5, 41.1)

0.8 (0.1)

0.5 (0.1)

13.9 (2.9)

14.5 (3.2)

16.6 (11.5)

(143, 180) (145, 182)
67 (14.3) 65 (11.5)
(45,118) (42, 115)

76.2 (11.4) 74.2 (9.6)
21.7(3.0) 21.4(2.9)
(16.0, 33.0) (12.0, 32.0)
25.4 (5.3) 24.4(4.2)
(17.2,41.1) (15.5, 38.1)
0.8(0.1)  0.8(0.1)
0.5(0.1)  0.5(0.1)
14.7 (3.6)

13.9 (2.9)

15.4 (3.7) 14.5(3.2)

15.4 (9.8) 16.6 (11.5)
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Current 3081 (11.0) 41(16.1) 3040 (11.0)

Former 8722 (31.2) 89(34.9) 8633 (31.2)

Never 16,165 (57.8) 125 (49.0) 16,040 (57.9)

Alcohol consumption,

grams/week

Mean (SD) 9.0 (10.5) 7.1(8.4) 9.0(10.5)
Range (Mix, Max) (0, 224) (0, 183) (0, 224)
Total energy intake, kcal/day 2352.8 2334 .1

(SD) 2334.2 (101 '5)(847.3) (700.0)
AHEI-2010 score (SD) 65.6 (11.0) 65.8 (10.1) 65.6 (11.0)
Menopausal status (%)

Premenopausal 13,571 (48.5) 93 (36.5) 13,571 (49.0)
Postmenopausal 14,397 (51.5) 162 (63.5) 14,397 (52.0)

Hormone replacement therapy

7698 (27.5) 82(32.2) 7616 (27.5)
(%)
Prevalence of CVD, cancer, or

. 1908 (6.8) 30(11.8) 1878 (6.8)
diabetes (%)

SD, standard deviation; BMI, body mass index; WC, waist circumference; WHR, waist-
to-hip ratio; WHtR, waist-to-height ratio; MET, Metabolic Equivalent of Task; AHEI-2010,
Alternative Healthy Eating Index-2010; CVD, cardiovascular disease. BMI, WC, and
WHR were categorised using WHO guidelines, and WH{R was categorised using NICE
guidelines.
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Baseline characteristics of the 27,968 participants by indicators of obesity-related
health are presented in Appendix B: Tables B5 and B6. Different adiposity
indicators showed consistent associations with demographic and lifestyle factors.
Specifically, participants with higher BMI, WC, WHR, WHtR, and larger blouse or
skirt size were more likely to be older, postmenopausal, have lower education
levels, be unmarried, and hold non-professional occupations. Also, chronic
diseases and HRT use were more prevalent among participants with higher
adiposity, with the highest occurrence observed in those with a WHIR 2 0.6 (n =
115 [15.6%]). Physical activity levels were highest in participants with a skirt size
<10 (17.7 h/week, SD 12.0), a blouse size < 10 (17.1 h/week, SD 11.5), and
those in the normal weight group (16.8 h/week, SD 11.4), and lowest among
individuals living with obesity (BMI = 30 kg/m?, 15.8 h/week, SD 12.9), a WHtR 2
0.6 (15.8 h/week, SD 12.6), and a skirt size = 20 (15.4 h/week, SD 12.0).
Participants with higher BMI, WC, WHR, WHtR, blouse size, and skirt size were
generally less likely to smoke, consume alcohol, or have a high diet quality.
Energy intake was highest in the group with a WHR of 0.80-0.85(2355 kcal/day,
SD 697.8) and lowest among those with a skirt size < 10 (2287 kcal/day, SD
714.8).

3.4.2 Associations of BMI, WC, WHR, WHtR, blouse size, skirt size with RA
risk

Figure 3.1 demonstrates the associations between BMI, WC, WHR, WHIR,
blouse size, and skirt size and the incidence of RA. After adjustment for lifestyle
factors (model 3), a linear association showed an increased risk of incident RA
with BMI (per 2.5 kg/m? increase: HR 1.09 (95% CI: 1.02, 1.16)), WC (per 5 cm
increase): 1.06 (1.00,1.13), WHR (per 0.1 increase: 1.20 (1.01,1.43)), WHtR (per
0.1 increase: 1.27 (1.05,1.53)), blouse size (per one size increase: 1.13
(1.04,1.22)), and skirt size (per one size increase: 1.13 (1.05, 1.22)). Obesity (BMI
2 30.0 kg/m?) was associated with a 48% higher risk of RA (1.48 (1.02, 2.17)),
while abdominal obesity (WC: per 5 cm increase) conferred a 58% higher risk
(1.58 (1.10, 2.17)). WHR = 0.85 was associated with a 56% greater risk of RA
(1.56 (1.03, 2.36)) and WHtR = 0.6 with a 2.25-fold higher risk (2.25 (1.34, 3.80)).
Similarly, skirt size = 20 was linked to a 2.36-fold increased risk of RA (2.36 (1.25,

4.43)). Figure 3.2 presents non-linear associations, revealing a U-shaped
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relationship between BMI and RA risk, with the lowest risk around 22 kg/m?,
though the evidence of association was lacking (P-non-linearity = 0.5). The risk
of RA increased monotonically with WC, WHtR, blouse size and skirt size, but
there was no evidence of non-linearity in these associations (P-non-linearity >
0.05).
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Adiposity indicator Category Cases/participants Model 1 HR(95% Cl) P value Model2 HR(95% Cl) Pvalue Model3 HR(95% Cl) P value

BMI (per 2.5 kg/m?) 255/27,968 1.11(1.04,1.18) : [ | <001 110(1.03117); [ <0.01 1.09(1.02,1.16) <0.01
BMI groups (kg/m?) Normal (18.5-< 25) 141/17,699

Overweight (25.0-< 30.0) 74/7035 1.27(0.96,1.69) i [~ ! 0.09 1.28(0.96,1.71) | [ ! 0.09 1.27(0.95,1.69) : [*~ 0.11

Obese (2 30.0) 36/2679 1.63(1.12,2.35) | [ <001  1.59(1.09232) | |1 0.02 1.48(1.022.17) | [*1 0.04
WC (per 5 cm) 255/27,968 1.08(1.02,1.15) | [ | <0.01 1.07(1.01,1.14) 0.02 1.06(1.00,1.13) | [ 0.04
WC groups (cm) Normal (< 88) 218/25,525 o i

Abdominal obesity (> 88) 37/2443 1.66(1.17,2.37) || <001 165(1.16237) | | "1 <0.01 1.58(1.10,2.27) | [~ 0.01
WHR (per 0.1 increment) 255/27,968 1.22(1.03,1.44) | [* | 0.02 1.21(1.02,1.45) | [* | 0.03 1.20(1.01,1.43) | [© 0.04
WHR groups <08 189/22,848 oo : i

0.8-<0.85 38/3186 1.39(0.98,1.87) | [ 0.06 1.41(0.99,2.01) | [} 0.06 1.38(0.97,1.97) | [~ 0.08

>0.85 28/1934 1.66(1.11,2.47) { [T 0.01 1.60(1.062.42) | [T~ 0.03 1.56(1.03,2.36) | [~ 0.04
WHIR (per 0.1 increment) 255/27,968 1.34(1.13,161) | [* | <001 1.31(1.09157) ! [* ! <0.01 1.27(1.05,1.53) | [~ 0.01
WHIR groups Normal (< 0.5) 182/22,394

Overweight (0.5-< 0.6)  57/4821 1.37(1.01,1.85) | [ 0.04 1.29(0.95,1.78) | [ ! 0.10 1.26(0.92,1.73) | [ ! 0.15

Obese (2 0.6) 16/753 245(1464.10) ([ |7 <0.01 243(1.44408) | {7 <001 2.25(1.34,3.80) | | 1" <0.01
Blouse size (per one UK size increment) 255/27,968 1.15(1.07,1.24) | [ | <0.01 1.15(1.06,1.24) | [ | <0.01 1.13(1.04,1.22) : [ <0.01
Blouse size <10 29/3719 I : | :

12 66/8222 1.01(0.65,1.56) [ | 0.97 0.97(062,1.51) [T | 0.89 0.97(0.62,1.52) "1 0.89

14 577727 0.89(0.57,1.40) [T ! 0.63 0.87(0.55,1.38) [ ! 0.56 0.87(0.55,1.38) [T~ 0.55

16 53/4720 1.32(0.83,2.08) | [ 0.24 1.27(0.80,2.04) | T 0.31 1.24(0.78,1.99) | [ 0.37
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Figure 3.1 Association between indicators of adiposity and risk of rheumatoid arthritis in the UK Women’s
Cohort Study. BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; Models
are defined as follows: model 1: unadjusted model; model 2: adjusted for age, socio-economic status, marital status, menopausal
status, hormone replacement therapy, and prevalence of cardiovascular diseases, cancer, or diabetes at recruitment; model 3:
model 2 + physical activity, smoking status, alcohol consumption, total energy intake, and Alternate Healthy Eating Index-2010;
HR, hazard ratio; Cl,confidence interval.
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Figure 3.2 Association between indicators of adiposity with rheumatoid arthritis
incidence. Graphs show the dose-response associations between the risk of rheumatoid
arthritis and body mass index (A), waist circumference (B), waist-to-hip ratio (C), waist-to-
height ratio (D), blouse size (E), and skirt size (F). Estimates were adjusted for age, socio-
economic status, marital status, physical activity, smoking status, alcohol consumption, total
energy intake, the Alternate Healthy Eating Index-2010, menopausal status, hormone
replacement therapy, and the prevalence of CVD, cancer, or diabetes at recruitment. Solid
lines are multivariable-adjusted HRs, with shaded areas showing 95% confidence intervals
derived from restricted cubic spline regressions with four knots. The dashed horizontal line
indicates a reference for no association at an HR 1.0. HR, hazard ratio; Cl,confidence
interval.
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3.4.3 Subgroup analysis

In subgroup analysis by weight change, we observed effect modification, with WC,
WHR, and WHtR showing a linear increase in RA risk only among participants
who gained more than 10 kg (P-interaction < 0.05; Appendix B: Table B8). Also,
menopausal status appeared to influence the associations, with BMI, WC, and
WHItR (both continuous and categorical measures) showing an increased risk
only in premenopausal women (P-interaction < 0.05; Appendix B: Tables B11
and B18). While the risk of RA was significantly higher in individuals younger than
55 years compared to those aged 55 or older, there was no evidence that age
modified the associations between obesity indicator and RA risk (Appendix B:
Table B7). No evidence of effect modification was found according to AHEI-2010

tertiles, physical activity, SES, or smoking status (Appendix B: Tables B7-B18).

3.4.4 Sensitivity analysis

Most of the sensitivity analyses supported the robustness of our main findings.
However, when participants with substantial weight gain (> 10 kg) were excluded,
traditional obesity indicators (BMI, WC, WHR, WHtR) lost their clear associations
with the risk of RA, whereas blouse size and skirt size maintained significant
associations (blouse size: 1.23 (1.03, 1.46); skirt size: 1.19 (1.04, 1.36);
Appendix B: Table B19). Additionally, the exclusion of current smokers
strengthened the obesity-RA associations: the association of BMI (per 2.5 kg/m?
increase) with RA risk increased from 1.09 (1.02, 1.16) to 1.13 (1.06, 1.21); WC
(per 5 cm increment) from 1.06 (1.00, 1.13) to 1.11(1.04, 1.19); WHR (per 0.1
increment) from 1.20 (1.01, 1.43) to 1.30 (1.11, 1.53); WH{R (per 0.1 increment)
from 1.27 (1.05, 1.53) to 1.42 (1.17, 1.74); blouse size (per one size increment)
from 1.13 (1.04, 1.22) to 1.17 (1.07, 1.29); and skirt size (per one size increment)
from 1.13 (1.05, 1.22) to 1.17 (1.08, 1.28), indicating that the dominant effect of
smoking had previously obscured obesity-related risk (Appendix B: Table B19).
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3.5 Discussion

3.5.1 Main Findings

This study is the first to simultaneously assess BMI, WC, WHR, WHtR, and
clothing size to RArisk in a population of UK women. Our findings support a linear
and consistently risk-increasing association between all indicators of obesity-
related health and the risk of RA, independent of lifestyle factors, with even
stronger positive associations observed in younger women (< 55 vyears).
Participants who did not meet the WHO or NICE guidelines, with a BMI = 30 kg/m?,
WC > 88 cm, WHR = 0.85, or WHtR = 0.6 had a greater incidence of RA, with
WHItR showing the strongest association (a 2.25-fold increased risk). Similarly, a
skirt size = 20 was associated with more than a doubling in RA risk. These
findings highlight the impact of central obesity on RA risk and emphasise the need

for lifestyle interventions to mitigate obesity-related RA risk.

3.5.2 Comparison with previous studies

Our findings align with prior prospective cohort studies in US and European
populations [18-20]. The Danish cohort reported a 46% higher RA risk in
individuals with obesity (BMI = 30 kg/m?) [20], and our study found a similar 48%
increase in middle-aged women, in contrast to the mixed-sex sample in the
Danish study. The Nurses’ Health Studies | and Il also reported a 37% higher RA
risk in overweight US women (BMI: 25.0 —< 30.0 kg/m?), though their confidence
intervals were wide [18]. The French E3N cohort reported a 26% higher risk in
individuals with obesity (BMI = 30 kg/m?), but this was marginally significant [19].
Divergence in risk estimates across studies may be due to differences in case
identification: the E3N cohort used self-reported data, whereas our study
leveraged the UKWCS-HES linkage for clinically verified diagnoses. A study
using the UK General Practice Research Database found no association between
obesity and RA risk in over 1 million men and women, potentially due to reliance
on physician-recorded BMI data [21]. Compared to our results, this discrepancy
may also arise from differences in study design, including the absence of
smoking-stratified analyses and the exclusive use of BMI rather than WTHR,

which may better capture central obesity. Consistent with the results from a meta-
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analysis showing a 13% higher RA risk per 10 cm increase in WC [11], we found
a 6% higher risk for every 5 cm increase in WC. This meta-analysis included the
Danish cohort [20], but also combined data with a case-control study [22], which

may affect the generalisability of the findings.

In this study, our findings permit several important inferences. First, the
association of central obesity with RA incidence may be stronger than that of
overall obesity as measured by BMI. Indicators such as WC, WHR, WHIR
demonstrated stronger associations with RA incidence than BMI. Notably,
exceeding the NICE guideline threshold for WHtR (= 0.6) was linked to a
substantially greater effect than BMI-defined obesity (= 30 kg/m?). Skirt size,
which reflects central fat distribution (waist and hips), showed a nearly twofold
increase in RA risk when = 20, whereas blouse size (more reflective of upper
body size) showed a weaker association. When excluding participants with
substantial weight gain, only blouse size and skirt size retained significant
associations with RA risk. This suggests that clothing size may reflect long-term,
stable patterns of obesity that are less affected by short-term weight changes.
However, clothing size may also be influenced by factors such as fashion trends,
socioeconomic status, and cultural norms, which could affect its reliability as a
consistent adiposity proxy across populations. These findings suggest that WHtR
> 0.6 and skirt size 2 20 could serve as practical indicators for identifying
individuals at higher risk of RA in primary care settings. Risk assessments and
public health guidelines should, therefore, expand beyond BMI to include central
obesity informed by clothing size, which better captures adiposity-related disease
risk, even in individuals with “normal” BMI. For example, in our cohort, women
with WHIR = 0.6 had 2.25-fold higher RA risk, comparable to that associated with
smoking. This includes women with normal BMI but elevated WHI{R, a high-risk

subgroup often missed by traditional screening.

While the HR for BMI of 1.09 corresponds to a relatively small increment (per 2.5
kg/m?), the cumulative risk for RA associated with a 10 kg/m? increase in BMI is
substantial, with a 41% increased risk. The clinical significance of these small

changes becomes more apparent when BMI is categorised.
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Second, our sensitivity analyses provide insights into the underlying mechanisms.
Excluding current smokers consistently strengthened the associations between
all obesity indicators and RA risk, highlighting the possibility that smoking may
obscure the role of obesity. This is consistent with findings from the Danish cohort,
where central adiposity (assessed by WC or body shape trajectories) predicted
RA risk more robustly than BMI among never-smokers [20]. Given the well-
established and dominant role of smoking in RA pathogenesis, its exclusion from
analyses helps uncover the independent contribution of obesity, likely mediated
through distinct metabolic and inflammatory pathways. This finding needs further
mechanistic investigation into how adiposity-related inflammation may play a role

in RA development independently of smoking-related autoimmune pathways.

Third, after adjusting for lifestyle factors such as smoking, alcohol intake, diet
quality, energy intake, and physical activity, the associations between adiposity
indicators and RA were attenuated. This suggests that a healthy lifestyle may be
associated with a weaker association between obesity and RA. These findings
support the rationale for developing preventive strategies targeting modifiable
behaviours in individuals with elevated central obesity that could lower their risk
of RA.

3.5.3 Interpretation and implications

Although excess weight may contribute to joint stress, this mechanism is more
pertinent to osteoarthritis [23]. In this study, the stronger associations with central
adiposity indicators rather than BMI suggest that systemic inflammation driven by
visceral fat is a more plausible pathway linking obesity to RA risk. Excess body
fat has been linked to RA risk through chronic low-grade systemic inflammation,
insulin resistance, metabolic hormones, gut microbiota alterations [24], and
oxidative stress [25]. Enlarged adipocytes secrete pro-inflammatory cytokines
such as TNF-q, IL-6, and CRP, while adipose tissue recruits macrophages, further
amplifying inflammation. Adipokines like leptin and adiponectin also regulate
immune responses; leptin promotes pro-inflammatory T-cell activity [26], while
elevated adiponectin exacerbates joint inflammation by activating synovial
fibroblasts and promoting cartilage degradation [6]. Additionally, insulin

resistance, a well-established consequence of excess abdominal fat, may disrupt
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immune function and promote systemic inflammation [27]. Other potential
mechanisms, such as DNA methylation [28] and telomere shortening [29], could
further mediate the link between obesity and RA, independent of direct metabolic

changes.

Beyond their biological effects, obesity-related indices also have psychological
implications, especially waist-related indicators, influencing individual’s
awareness of their body shape and weight status. This “self-perception of
obesity”[30] may affect health behaviours, such as dietary choices and physical

activity, which in turn impact metabolic health and inflammation.

3.5.4 Strengths and limitaions

This study benefits from a large sample size, a prospective design, and a long
follow-up period, strengthening the reliability of these findings. RA cases were
identified using ICD-10 codes from hospital records, minimising misclassification
and loss of follow-up. Also, we adjusted for a comprehensive set of confounders,
including sociodemographic factors (e.g., age, socioeconomic status), lifestyle
factors (physical activity, smoking, alcohol intake, diet quality), reproductive
history (menopausal status, hormone replacement therapy), and total energy

intake, reducing the risk of residual confounding.

However, residual confounding remains a possibility, particularly from
unmeasured factors such as family history and genetic predisposition if they
increase both adiposity and RA risk other than through increased adiposity,
medication use that increases both adiposity and RA risk other than through
adiposity, and specific dietary patterns that independently influence both.
Consequently, as in all observational studies, causality cannot be inferred. The
absence of inflammatory biomarkers (e.g., CRP, IL-6) limits our ability to
investigate the underlying mechanisms linking obesity to RA. Future studies
integrating genetic and clinical data may further clarify these associations.
Secondly, the generalisability of our findings may be constrained since our cohort
comprised predominantly White, middle-aged women in England. This limits the
extrapolation of results to men or non-European populations. Third,
anthropometric data were based on self-reported measures, which may be

subject to reporting bias. This limitation may be particularly relevant for obese
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participants, who tend to under-report weight and over-report height. However,
participants were given standardised instructions, and self-reported
anthropometry has been shown to be acceptably accurate in epidemiological
research [31]. Any misclassification is likely non-differential, which could
attenuate the observed associations rather than exaggerate them. Finally, BMI,
WC, WHR, and WHtR are likely to be correlated. While we assessed the
association of each measure independently, these indices may jointly influence
RA risk. Although we did not formally test interaction effects between obesity
indicators, future analyses using combined or interaction models could offer

insights into whether combinations of anthropometric traits elevate RA risk.

3.6 Conclusions

The findings of this study suggest the importance of recognising central obesity
as a distinct and potentially stronger predictor of RA than BMI. It also highlights
the value of alternative, practical indicators such as clothing size in long-term risk
assessment. Future research should explore the biological pathways linking
adiposity and RA, particularly in non-smoking populations, and evaluate whether

lifestyle interventions can modify this relationship.
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4.1 Abstract

Background: Uncertainty remains regarding the role of overall dietary patterns,
particularly the Mediterranean diet, in the development of rheumatoid arthritis
(RA). We investigated the association between Mediterranean diet adherence

and RA risk in middle-aged UK women.

Methods: Dietary intake at baseline (1995-1998) was assessed via a validated
217-item food frequency questionnaire, and Mediterranean diet adherence was
scored using a ten-point index. Incident RA cases were identified through linkage
to NHS Hospital Episode Statistics up to March 2019. Multivariable-adjusted Cox
regression models were used to estimate hazard ratios (HRs) and 95%
confidence intervals (Cls) for RA incidence. Directed acyclic graphs informed
covariate selection and helped visualise the structure of the composite dietary

exposure.

Results: Over a median follow-up of 22.4 years among 27,766 women, 255
incident RA cases were identified. High adherence to the Mediterranean diet
(score > 6) was associated with a lower risk of RA compared to low adherence
(score < 4) (HR (95% CI) 0.67(0.45, 1.00)). No evidence of associations was

observed between individual food components and RA risk.

Conclusions: Higher adherence to the Mediterranean diet was associated with
reduced RA risk in this cohort of UK women. These findings support the potential
role of overall dietary patterns in RA prevention. Further research to assess

generalisability to men and non-European populations is recommended.
Trial registration: ClinicalTrials.gov, NCT06670144

Keywords: Mediterranean diet; nutrition; body mass index; rheumatoid arthritis;

cohort
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4.2 Introduction

Rheumatoid arthritis (RA) is one of the most common immune mediated
inflammatory diseases characterised by persistent joint inflammation, pain,
stiffness, and progressive functional decline [1]. It affects approximately 1% of
the UK population [2], with women disproportionately affected (3:1 female-to-
male ratio) [3]. Despite therapeutic advances [4], RA remains a lifelong condition

with a substantial impact on quality of life and healthcare systems[5].

While genetic susceptibility is a major determinant and cigarette smoking is a
well-established modifiable risk factor, few other lifestyle factors have been
conclusively confirmed[6]. Diet is increasingly recognised as relevant to
autoimmune disease risk, given its influence on immune regulation, metabolic
pathways, and the gut microbiome [7-9]. The Mediterranean diet, a dietary pattern
characterised by high consumption of vegetables, legumes, whole grains, fruits,
fish, unsaturated fats (primarily from olive oil), and low intake of red and
processed meat, is widely perceived as beneficial to health [10] and is associated
with a reduced risk of cardiovascular disease[11], diabetes [12], and certain types
of cancer [13, 14]. Its adherence is typically assessed using a composite score
based on population-specific medians of ten dietary components [15], with health
benefits thought to derive from closer alignment with this pattern. Notably, the
Mediterranean diet is recommended for RA prevention by the American College

of Rheumatology[16].

Despite biological plausibility, evidence linking the Mediterranean diet to RA risk
is limited and inconclusive, due to the small number of studies and conflicting
findings. Two Swedish case-control studies reported no evidence of association
in women [17, 18], while a recent UK Biobank analysis did find a beneficial
association with high adherence in a relatively short follow-up [19]. The French
E3N cohort observed a modest risk reduction only among ever-smokers [20]. In
contrast, the US-based Nurses’ Health Studies (NHS | and Il) reported no
association [21]. To our knowledge, no large-scale UK prospective study has

examined this relationship.
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We drew on studies identified through our previous systematic review and dose-
response meta-analysis of prospective studies of diet and RA [22], and updated
to December 2025. We aimed to address this evidence gap by investigating the
association between Mediterranean diet adherence and incident RA in the UK
Women’s Cohort Study (UKWCS), which is well-suited for this investigation given

the higher incidence of RA in women, with over two decades of follow-up.

4.3 Subjects and methods

4.3.1 Study population

The UKWCS is a population-based prospective study of 35,325 women aged 35—
69 years. It was designed to investigate the link between diet and cancer, and
the women were recruited via postal questionnaires distributed by the World
Cancer Research Fund (WCRF) across England, Scotland and Wales between
1995 and 1998. Baseline data included demographics, lifestyle, health-related
information, anthropometrics, and dietary intake. Further details on the cohort

design and recruitment procedures have been previously published [23].

We excluded participants who could not be linked to English Hospital Episode
Statistics (HES) data (n = 2314 living outside England, n = 695 without NHS
number), had prevalent RA at baseline (n = 38), had outlier body mass index
values (BMI < 10 or > 60 kg/m?; n = 1186), or missing data on age (n = 38). The
final analytical sample included 30,887 women (Appendix C: Figure C1).

Ethical approval was initially granted at inception in 1993 by the National
Research Ethics Service (NRES) Committee Yorkshire & the Humber—Leeds
East (Ref: 15/YH/0027), with participants providing implied consent by returning
a baseline questionnaire (a form of written implied consent) between 01/01/1995
and 31/12/1998. Further approvals under Section 251 were obtained from the
National Information Governance Board and the Health Research Authority
Confidentiality Advisory Group (17/CAG/0081), permitting ongoing data retention
and linkage. The latest amendment (REC Ref: 17/YH/0144; IRAS project ID:
213210) was approved on 28 March 2018.
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4.3.2 Dietary assessment

Dietary intake at baseline were assessed using a validated 217-item food
frequency questionnaire (FFQ), adapted from the European Prospective
Investigation into Cancer and Nutrition (EPIC) study [24] and validated through
comparison with 4-day weighed food diaries and a repeated FFQ administration
among a subsample of 283 women in 2001 [25]. Missing responses were

interpreted as non-consumers.

Mediterranean diet adherence was assessed using a modified 10-point score [15,
26], assigning one point for intake above the cohort-specific median for beneficial
components (vegetables [excluding potatoes], legumes, fruit and nuts [excluding
fruit juice], cereals, fish, and the ratio of monounsaturated and polyunsaturated
to saturated fats (MUFA + PUFA: SFA)), and one point for intake below the
median for less healthy components (meat, poultry, dairy). Moderate alcohol
intake (5—25 g/day) scored one point. Total scores ranged from 0 to 10 and were
categorised as low (< 3), moderate (4—6), and high (= 7) adherence. Full scoring

details are provided in Appendix C: Table C3 and Supplementary Methods.

4.3.3 Case definition

The primary outcome was incident RA, identified using International
Classification of Diseases (ICD-10) codes M05—-MO06 through the linkage to HES
data. Follow-up time was calculated in person-years from baseline to the first
event: RA diagnosis, death, or the study end (31 March 2019), whichever

occurred first. Calendar date was used as the timescale.

4.3.4 Statistical methods

All statistical methods were pre-registered on ClinicalTrials.gov (NCT06670144).

Participant characteristics were summarised across Mediterranean diet
adherence categories. Cox proportional hazards regression models were used to
estimate hazard ratios (HRs) and 95% confidence intervals (Cls) for the

association between Mediterranean diet adherence and RA incidence.

In analyses categorising Mediterranean diet adherence into low, moderate, and

high levels, the low-adherence group served as the reference. We also modelled
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adherence as a continuous variable, estimating the HR per 2-point increase in
the score to assess linear associations. Potential non-linear associations were
explored using multivariable restricted cubic spline (RCS) models with four knots
placed at the 5th, 35th, 65th, and 95th percentiles of the Mediterranean diet
score[27], following Harrell’'s recommendations for distributions with low
skewness [28]. In order to account for the stratified sampling at recruitment, which
over-sampled vegetarians and fish-eaters, Cox models incorporated inverse

probability weights to generate estimates representative of the UK population [29].

We fitted two models: an age-adjusted model and a fully-adjusted model. Both
controlled for age at baseline (continuous). Covariates in the multivariable model
were selected based on prior knowledge and a directed acyclic graph (DAG),
incorporating recent guidance on deterministic and derived variables [30] shown
in Figure 4.1. The Mediterranean diet score was treated as a deterministic
composite of dietary intake variables. The fully adjusted model included the
following covariates: education level (‘O level, ‘A level’, ‘degree’); BMI
(continuous);  socio-economic  status (SES, professional/managerial,
intermediate, routine/manual); marital status (married/living as married,
separated/divorced, single/widowed); smoking status (current, former, never);
energy intake (continuous); physical activity (continuous), which was derived
from metabolic equivalents (METs) [31], were calculated from baseline
questionnaire data; alcohol consumption (continuous); menopausal status
(premenopausal, postmenopausal); Hormone replacement therapy (HRT, yes or
no); prevalence of cardiovascular disease, cancer, or diabetes at baseline (yes
or no); nutritional supplement use (yes or no). Covariates at recruitment and their
derivation were described in Appendix C: Table C2. The proportional hazards

assumptions were checked using Schoenfeld residuals.

To assess potential effect modification, we conducted exploratory subgroup
analyses by including interaction terms between Mediterranean diet adherence
(modelled both categorically and continuously) and the following five key
variables in the fully adjusted model: BMI (<25.0 vs. 225.0 kg/m?), smoking status
(non-smoker, ex-smoker, or current smoker), age group (<55 vs. 255 years),

physical activity (€10 vs. >10 MET-hours/week), and menopausal status
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(premenopausal vs. postmenopausal). In each subgroup analysis, the

corresponding effect modifier was omitted from the adjustment set.

We conducted sensitivity analysis to assess the robustness of findings: (1)
excluding participants with a survival time < 5 years to check for reverse
causation; (2) excluding participants who developed other chronic diseases (e.g.
CVD, cancer, or diabetes) to reduce the influence of preclinical disease on dietary
habits; (3) excluding current smokers, given its known effect on RA risk[32]; (4)
additionally adjusting the model for vitamin D intake, due to its potential
immunomodulatory role and possible confounding effect on the relationship
between diet and RA; (5) excluding participants who reported no use of nutrient
supplements to test whether supplement use may modify dietary reporting or
nutrient exposure; (6) applying a competing risk regression model using the Fine-
Gray method[33], considering death as a competing event. All analyses were
conducted by Stata version 18, and R version 4.3.1 (R Foundation). A two-sided

P-value < 0.05 indicated statistical significance.

4.4 Results

4.4.1 Participants

Of the 30,877 women eligible for inclusion, those lacking data on the following
essential covariates were excluded from multi-variable models requiring
complete covariate data: ethnicity (n = 786), physical activity (n = 561), marital
status (n = 237), socio-economic status (n = 221), menopausal status (n = 546),
and smoking status (n = 770). A total of 26,766 cohort participants were included
in the final analysis, among whom 255 developed incident RA. The study flow

chart is presented in Appendix C: Figure C1.

4.4.2 Descriptive data

Among 26,766 cohort participants with complete data, the mean age at baseline
was 51.9 years (SD 9.2). Table 4.1 presents participant characteristics at
baseline across the Mediterranean diet adherence categories. During a median
follow-up of 22.4 years (620,634 person-years), 255 participants (1.0%)

developed RA. Women with higher adherence category were generally younger,
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had lower BMI, higher physical activity and energy intake, were more likely to
hold a degree education and professional/managerial jobs, and were less likely
to smoke, use HRT, or have chronic disease. They were also more likely to be
premenopausal. In contrast, those with the lowest Mediterranean diet adherence
tended to smoke, have higher BMI, hold routine/manual jobs, be postmenopausal,
use HRT, and have a higher prevalence of chronic conditions, while being less
likely to consume alcohol, exercise, have higher energy intake, or hold a
university degree. Food and nutrient intakes by adherence category are detailed
in Appendix C: Table C4.
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Figure 4.1 Directed Acyclic Graph illustrating the hypothesised relationship between
the Mediterranean diet score, rheumatoid arthritis incidence, and related factors. The
exposure (Mediterranean diet score, a composite derived variable based on 10 food
components) is depicted by the blue circle and the outcome (rheumatoid arthritis incidence)
by the green circle. Variables represented as orange circles are considered common causes
(confounders) of the exposure and outcome. These include socio-demographic factors (age,
socioeconomic status, educational level, marital status), reproductive factors (manopausal
status, hormone replacement therapy), and established or potential risk factors (smoking
status, physical activity, nutritional supplements use, and body mass index). SES:
socioeconomic status, BMI: body mass index, CVD: cardiovascular diseases., MUFA:
monounsaturated fatty acids, PUFA: polyunsaturated fatty acids, SFA: saturated fatty acids.
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Table 4.1 Baseline characteristics of 27,766 UKWCS participants.

Characteristics, mean (SD) or n (%) Diet group Total
Low Moderate High
adherence adherence adherence
(<3 points) (4-6 points) (27 points)
Participants (%) 7940 (28.6) 14,069 (50.7) 5757 (20.7) 27,766
Age, years
Mean (SD) 53.2(9.3) 52.0(9.2) 50.0(8.7)  51.9(9.2)
Range (Min, Max) (41, 67) (35, 65) (45, 63) (35, 69)
Age at diagnosis, years
Mean (SD) 66.4 (9.5)  65.0(9.0) 62.9(8.5)  65.0(10.0)
Range (Min, Max) (40, 86) (38, 85) (38, 84) (38, 86)
Socio-demographics
Degree-level education (%) 1513 (21.1) 3482(26.8) 1953 (35.9) 6948 (27.1)
Socio-economic status (%)
Professional or managerial 4539 (57.2) 8943 (63.6) 4081 (70.9) 17,563 (63.3)
Intermediate 2538 (32.0) 3886 (27.6) 1293 (22.5) 7717 (27.8)
Routine or manual 863(10.9) 1240 (8.8) 383 (6.7) 2486 (9.0)
Married (%) 6152 (77.5) 10,737 (76.3) 4402 (76.5) 21,291 (76.7)
Anthropometric indices
Height, cm
Mean (SD) 164 (6.9) 164 (6.7) 164 (6.6) 164(6.6)
Range (Min, Max) (144,183) (145, 182) (146,182) (145, 182)
Weight, kg
Mean (SD) 67 (12.4) 66 (11.8) 63 (10.5) 65 (10.5)
Range (Min, Max) (44,120) (42, 115) (40, 105) (42, 120)
BMI at recruitment, kg/m?
Mean (SD) 25.1(4.5) 24.5(4.2) 23.5(3.7) 24.4(4.2)
Range (Min, Max) (16.4,41.1) (14.5,40.0) (16.0,40.2) (14.5,41.1)
Lifestyle
Physical activity (METs), hours/week
Mean (SD) 16.7 (11.6) 15.7(11.3) 16.8(11.3) 18.1(12.3)
Range (Min, Max) (0,72.5) (0, 70.0) (0, 65.5) (0, 72.5)
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Smoking status (%)

Current 1103 (13.9) 1409 (10.0) 533(9.3) 3045 (11.0)
Former 2144 (27.0) 4480(31.8) 2049(35.6) 8673(31.2)
Never 4693 (59.1) 8180(58.1) 3175(55.2) 3175(55.2)
Alcohol consumption, grams/week
Mean (SD) 9.0(12.9) 10.2(11.8) 10.5 (10.0) 9.9 (11.8)
Range (Min, Max) (0, 170) (0, 210) (0,224) (0, 224)
Total energy intake, kcal/day
Mean (SD) 2121.1 (599) 2336.8 (684) 2569.1(670) 2323.3(676)
Range (Min, Max) (652,4378) (732,4945) (815,4901) (652,4945)
Other

Menopausal status (%)

Premenopausal 3394 (42.8) 6783 (48.2) 3292(57.2) 13,469 (48.5)

Postmenopausal 4546 (57.3) 7286 (51.8) 2465 (42.8) 14,297 (51.5)
Hormone replacement therapy (%) 2435 (30.7) 4029 (28.6) 1442 (25.1) 7906 (28.5)
Nutrient supplements use (%) 3683 (50.5) 7587 (59.0) 3447 (66.2) 14717 (58.1)
Prevalence of CVD, cancer, or diabetes598 (7.5) 980 (7.0) 329 (5.7) 1907 (6.9)

at baseline (%)

SD standard deviation, BMI body mass index, METs Metabolic Equivalent of Tasks, CVD cardiovascular
disease. Diet adherence groups were defined based on Mediterranean diet score: Low (<3 points),
Moderate (4—6 points), and High (=7 points).

4.4.3 Adherence to the Mediterranean diet

We assessed RA risk according to levels of adherence to the Mediterranean diet.
After adjusting for age, participants with high adherence had a reduced risk of RA
(HR=0.61 (0.42, 0.90)). This association remained after multivariate adjustment
(HR=0.67 (0.45, 1.00). However, in the continuous Mediterranean diet score, a
2-point increase was not statistically associated with RA risk after multivariable
adjustment (HR=0.90 (0.79, 1.03); Table 4.2). No evidence of associations was
observed between individual dietary components and RA incidence (Appendix
C: Table C5).

The restricted cubic spline analysis was used to visually explore the dose-
response relationship. While the figure suggested a downward slope with

increasing adherence, there is no evidence for a linear trend (P = 0.4) or non-
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linearity (P = 0.7; Figure 4.2). The primary evidence for a protective association
is derived from the categorical comparison of high versus low adherence (Table
4.2).

Table 4.2 Association between Mediterranean diet adherence and risk of rheumatoid
arthritis in the UK Women’s Cohort Study.

Mediterranean Cases/participants Person-years Age-adjusted Multivariable-

diet model HR (95%Cl) adjusted model HR
(95%Cl) *

Low adherence 83/7940 175,537 1 (reference) 1 (reference)

Moderate 134/14,069 314,489 0.90(0.68, 1.18) 0.94(0.71, 1.25)

adherence

High adherence 38/5757 130,707 0.61(0.42, 0.90) 0.67(0.45, 1.00)

Per 2-point 255/27,766 620,634 0.88(0.78, 0.99) 0.90(0.79, 1.03)

increment

* Adjusted for age, education, socio-economic status, marital status, BMI, smoking status, energy intake,
prevalence of cardiovascular disease, cancer, or diabetes, menopausal status, and hormone replacement
therapy use, nutritional supplement use. HR, hazard ratio; Cl, confidence interval.
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Figure 4.2 Restricted cubic spline for the association between
rheumatoid arthritis incidence and the Mediterranean diet score. HR
was estimated using a Cox proportional hazards model, adjusted for age,
education, socio-economic status, marital status, BMI, smoking status, energy
intake, prevalence of cardiovascular disease, cancer, diabetes, menopausal status,
hormone replacement therapy use, and nutritional supplements use. HR, hazard
ratio; Cl, confidence interval.

4.4.4 Subgroup analysis

Although the inverse association between high adherence to the Mediterranean
diet and RA risk appeared stronger in certain subgroups, no clear evidence of
effect modification for any of the stratifying variables was seen (all P for
interaction > 0.4; Appendix C: Table C6). For example, the protective effect of
high adherence to the Mediterranean diet on outcome was stronger among
women aged <55 years (HR=0.57 (0.34, 0.95)) than among those aged >55 years
(HR=0.78 (0.43, 1.42); P-interaction = 0.7). Similarly, high adherence to the
Mediterranean diet was associated with a reduced RA risk among women who
exercised adequately (>10 MET-hrs/week) (HR=0.58 (0.37, 0.91)) compared to
those who were less active (HR=0.67 (0.31, 1.46); P-interaction = 0.8). By BMI,
high adherence was only associated with a lower RA risk among normal weight
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women (BMI £25.0 kg/m?) (HR=0.62 (0.38, 1.00)), but not among women who
were overweight or obese (HR=0.67 (0.35, 1.28); P-interaction = 0.9). No

variation in the associations was observed by menopausal or smoking status.

4.4.5 Sensitivity analysis

Appendix C: Table C7 showed that the relationship between high adherence to
the Mediterranean diet and lower RA risk remained stable across most sensitivity
analyses, including the exclusion of participants with less than 5 years of follow-
up or chronic diseases. Competing risk analysis using the modified Fine and Gray
method yielded consistent results (HR=0.67(0.44,0.99)), reinforcing the primary
findings. Additional adjustments for overall dietary supplement use slightly
strengthened the association (HR=0.61 (0.40, 0.95)), while adjustment for dietary
vitamin D intake had no appreciable impact (HR = 0.67 (0.45, 1.00)). However,
the association was not robust to the exclusion of current smokers
(HR=0.61(0.34,1.09)).

4.5 Discussion

4.5.1 Main findings

In this large prospective cohort of UK women, greater adherence to the
Mediterranean diet was associated with a lower risk of developing RA,
independent of established confounders. This inverse association persisted after
accounting for baseline health status, supplement use, and follow-up duration.
The association weakened after excluding current smokers, suggesting a
possible interaction with smoking. No effect modification was observed by BMI.
The absence of strong associations with individual food components underscores

the importance of overall dietary patterns in RA prevention.

4.5.2 Comparison with previous studies

This study adds to the evidence linking greater adherence to the Mediterranean
diet with a reduced RA risk. Our findings align with a UK Biobank study, which
reported a 29% lower RA risk among women with high Mediterranean diet
adherence [19], comparable to the 33% risk reduction observed in our cohort.

However, differences in scoring systems may partly explain variations in results.
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The Biobank study used the MEDI-LITE score (range 0-18), which allocates
points based on absolute intake with finer gradation [19], while our study used
the alternative Trichopoulou method (range 0-10) [15], based on population-
specific medians. The binary nature of the latter may reduce sensitivity to detect
weaker associations. Neither study observed benefit at moderate adherence
levels. This indicates that the stronger association may be limited to higher

adherence.

Although our continuous model showed a 10% risk reduction per 2-point
increment in diet score, but no strong evidence for this association. Several
factors might explain this. Continuous scores may be more vulnerable to random
measurement error in self-reported dietary data, whereas categorical
comparisons (e.g. high vs. low adherence) offer greater contrast and are more
robust to noise data. Furthermore, high adherence likely reflects a broader set of
healthy behaviours, such as nonsmoking, regular exercise, and lower adiposity,
not fully captured by the score itself, contributing to the stronger associations in

categorical analyses.

A growing body of evidence supports the role of individual dietary components in
RA development, with red and processed meat identified as a potential risk
factors and plant-based foods as protective[22, 34, 35]. A recent systematic
review, synthesising data from prospective studies and case-control studies,
concluded that high consumption of red and processed meat may increase RA
risk, while higher intakes of vegetables and fruits appear beneficial [36]. For
example, a large cohort study from the Women's Health Initiative (8 years of
follow-up) [35] reported a protective effect of fruit and vegetables and increased
risk of red meat intake. This cohort had shorter follow-up periods than the
UKWCS, indicating that the follow-up was shorter makes UKWCS stand out as
better in that regard. A Swedish nested case-control study further demonstrated
that adherence to overall dietary guidelines, which inherently encourage higher
plant food consumption and limit meat intake, was associated with reduced RA
risk [37], aligning with our findings on the Mediterranean diet pattern. The
biological plausibility of these associations is supported by proposed
mechanisms, including the pro-inflammatory effects of advanced glycation end-
products and haem iron in meat [38], and the anti-inflammatory effects of dietary
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fibre, antioxidants, and bioactive components from plants [39]. Taken together,
these studies support the hypothesis that a dietary pattern characterised by a
high intake of plant foods and a low intake of meat may protect against RA,
reinforcing the observed inverse association between Mediterranean diet

adherence and RA risk.

Our results also align with findings from the EPIC-E3N cohort, where a reduced
RA risk was observed among ever-smokers. In contrast, no evidence of an
association was found in the NHS | and Il [21] studies, potentially due to
methodological differences (e.g., exclusion of dairy in the score) and limited
behavioural variation within a homogenous population of US nurses. Compared
to these studies, our cohort was younger, and we observed stronger associations
among younger women, possibly reflecting the importance of early-life exposures

in autoimmune disease development.

As a contemporary mainstream dietary pattern, small-scale clinical trials have
explored the Mediterranean diet’'s impact on RA disease activity and quality of
life, reporting improvements in disease activity score and physical function [40,
41]. However, these studies often suffer from limitations, such as short follow-up
periods, inevitable lack of rigorous blinding in the design, and variability in dietary
compliance [42]. Well-designed, adequately powered trials involving
standardised dietary interventions and long-term follow-up are required to
establish causality and guide evidence-based dietary recommendations for

prevention and management.

4.5.3 Interpretation and implications

Women with high Mediterranean diet adherence tended to lead healthier
lifestyles [43], which could partly explain the observed association with reduced
RA risk. Whilst we found no clear effect modification by BMI, the association was
more apparent in women with lower BMI. The attenuated association among
overweight/obese women may reflect greater measurement error in this
subgroup, as well as obesity-related inflammation that could dilute the protective
effect of Mediterranean diet adherence. This supports previous evidence linking
adiposity to systemic inflammation and immune dysregulation through cytokine

secretion such as TNF-qa, IL-6, and CRP [44]. Recent findings from randomised
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controlled trials have emphasised the effectiveness of a personalised
Mediterranean diet combined with physical activity as a practical strategy for
improving disease management in patients with RA[45]. Given the interactive
nature of diet, body weight, and health behaviours, it is likely that the
Mediterranean diet exerts a direct protective effect or operates through broader

lifestyle patterns.

Smoking is a major established risk factor for RA and may confound or interact
with dietary patterns in RA risk. The attenuation of associations after excluding
current smokers suggests that smoking could influence the anti-inflammatory
effects of diet. Some experimental studies have proposed mechanisms by which
smoking alters gut microbiota [46] or modulates immune responses [47]. Notably,
evidence suggests that nicotine may have anti-inflammatory effects in arthritis

[48], though this line of evidence is still limited and controversial.

Our analysis is the first to demonstrate restricted cubic splines to explore potential
nonlinear dose—response associations in the UK adult female population.
Restricted cubic splines is a flexible and widely used method in medical research
that not only accommodates nonlinearity but also visualises performance to
capture the variation of the effect of a change. There was no strong evidence of
nonlinearity. Nonetheless, the greatest risk reductions were observed among
women with the highest adherence, supporting the benefit of comprehensive,
sustained dietary patterns for RA prevention, through synergistic biological
mechanisms such as modulation of gut microbiome, suppression of inflammatory

cytokines, and improved metabolic regulation [49-51].

Although the Mediterranean diet score reflects overall dietary habits, similar
scores can result from different combinations of foods, making interpretation
complicated [52]. In our analysis, no individual food components were
independently associated with RA risk, likely due to confounding structures that
introduce tautological associations when 10 food components are analysed in
isolation. As illustrated by the DAG, the deterministic nature of the diet score
constrains variation across components, potentially leading to the fixed-effect
estimates that obscure the total dietary pattern effect. Nonetheless, participants

with higher adherence consumed more protein, fibre, folate, calcium, and vitamin
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C, nutrients implicated in immune regulation [53]. Vitamin D intake did not vary
across adherence levels, and additional adjustment did not affect the observed
association. While a meta-analysis of US cohorts reported a modest reduction in
RA risk with vitamin D supplementation[22], causality remains unclear, and our
study could not evaluate supplement intake due to non-specific data. This
supports the view that dietary patterns, rather than single foods, better capture
the synergistic effects of diet on outcomes. For example, the Empirical Dietary
Inflammatory Pattern, characterised by anti- and pro-inflammatory food

components, has been associated with an increased risk of seropositive RA [54].

4.5.4 Strengths and limitations

This study has several limitations that should be considered. First, diet and
lifestyle were collected only once at baseline. The long follow-up period might
lead to “regression dilution bias” [55], as participants’ eating habits could
change over time and the protective effect of the Mediterranean diet is
underestimated. However, the sensitivity analysis excluding the first 5 years of
follow-up showed stable results, and there was no evidence of non-proportional
hazards, demonstrating that the association was not diluted over time. Second,
while the Mediterranean diet score offers a useful summary of dietary patterns, it
assumes equal and interchangeable effects of all components, which may
oversimplify complex biological pathways. As mentioned, the use of population-
specific medians to generate a relative adherence score may reduce its
applicability to public health interventions or dietary guidelines based on absolute
intake. Furthermore, interpreting a 2-point increase in the score assumes equal
effects across components, which may not reflect biological reality and limits
interpretability, although no individual components were independently linked

with RA risk in this analysis.

The relatively small number of incident RA cases constrained the power to
perform detailed subgroup analyses, such as stratification by seropositive and
seronegative RA, which may have distinct etiologies and risk profiles. Moreover,
the demographic homogeneity (predominantly white women) may constrain
generalisability to other populations. Furthermore, we lacked data on specific

occupational exposures, which may confound the relationship. We also did not
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have genetic data to account for underlying genetic susceptibility via polygenic
risk scores. While the extent to which these factors are strong confounders in the
relationship between Mediterranean diet and RA risk remains uncertain. Future
studies should explore dietary effects in men and ethnically diverse groups and
consider alternative scoring approaches that incorporate absolute intake and

biomarker-based validation.

Main strengths of this study include its prospective design, long follow-up, and
robust RA case ascertainment via linked hospital records, reducing recall bias
and loss to follow-up. The use of a validated FFQ allowed for reasonably accurate
dietary classification, though measurement error is an inherent limitation.
Exclusion of participants with pre-existing RA supports a temporal relationship
between diet and disease onset. Furthermore, the use of a competing risk model
accounting for mortality in sensitivity analyses strengthens the reliability of this

observed association.

4.6 Conclusions

This study supports the potential benefits of close adherence to the
Mediterranean diet, a composite score reflecting the synergistic effects of an
overall dietary pattern, in this cohort of UK women. Further research is needed to
confirm these findings in broader populations and to elucidate the mechanism

responsible.
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5.1 Abstract

Background: Whether total alcohol intake and specific alcoholic beverages
influence the risk of rheumatoid arthritis (RA) remains unclear, particularly when

competing risks are considered.

Methods: The UK Women’s Cohort Study recruited women aged 35-69 years at
baseline (1995-1998), collecting data on diet, lifestyle, anthropometry, and
socioeconomic status. Alcohol consumption was self-reported as drinking status
and typical weekly intake of specific alcoholic beverages. Incident cases of RA
were identified through linkage to HES up to March 2019. Cox proportional
hazards regression was used to estimate hazard ratios (HRs) and 95%
confidence intervals (Cl) for the association between alcohol consumption (type
and amount) and RA incidence, adjusted for potential confounders, both with and

without allowance for competing risks.

Results: Among 23,699 women, 255 incident RA cases were observed (529,759
person-years). Compared with non-drinkers, women consuming >14 units/week
had a lower risk of RA in both the multivariable-adjusted model (HR (95% CI):
0.57(0.36, 0.89)) and the competing risk model (0.59(0.35, 0.98)). Each 1-
unit/week increment in total alcohol intake was associated with a 2% risk
reduction (0.98(0.96, 0.99)). Wine showed the most consistent inverse
associations after accounting for competing mortality risks (0.99(0.97,1.00)).
When compared with regular drinkers (=1 serving/week), occasional drinkers (<1
serving/week) had a higher risk of RA (1.43 (1.07,1.90)). Non-drinkers showed a
similar but non-significant elevated risk (1.45(0.99,2.12)). There was a evidence
of interaction between smoking and alcohol consumption (Pinteracton = 0.03);
among non-drinkers, current smokers had a 3.72-fold higher risk of RA
(3.72(1.76,7.87)) compared with regular drinkers.

Conclusions: Alcohol intake is inversely associated with RA risk, and this

association was modified by smoking.

Keywords: Alcohol; rheumatoid arthritis; cardiovascular disease; CVD; smoking

5.2 Introduction
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Rheumatoid arthritis (RA) is the most prevalent form of chronic inflammatory
arthritis and a well-established contributor to cardiovascular disease (CVD)
morbidity [1]. According to the Global Burden of Disease Study, 17.6 million
people worldwide were living with RA in 2020 [2]. The condition leads to
substantial social and economic costs, due to its high disability rates and
healthcare expenditure [3]. Beyond genetic susceptibility, growing attention has

turned to modifiable lifestyle factors in its development.

Among these lifestyle factors, alcohol consumption could be important[4]. Recent
data indicate that about 62% of US adults [5] and 77% of UK adults [6] reported
past-year alcohol use in 2024, and prevalence rates are steadily rising across
many Asian countries [7]. Even a marginal effect of alcohol on joint health and
chronic disease risk could translate into a substantial population-level health

effect, reinforcing the need for evidence-based guidelines on safe drinking limits.

To date, the association between alcohol consumption and autoimmune diseases
remains complex [8]. Alcohol’s effect on systemic inflammation appears to
depend on drinking patterns [9]. On the one hand, moderate intake can produce
metabolites such as acetate [10], which exhibit anti-inflammatory properties and
have been linked to reduced RA risk in experimental studies [11, 12]. On the other
hand, alcohol is often associated with excess caloric intake and weight gain [13],
and frequently co-occurs with other risk factors such as smoking. However, the
interactive effects of these lifestyle clusters on RA pathogenesis remain poorly

understood.

Epidemiological evidence remains inconclusive. While several case-control
studies suggest a protective effect [14-16], prospective study from Nurses’ Health
Study (NHS) and NHSII reported a lower risk of RA among only moderate
drinkers [17] but failed to establish a clear dose-response relationship.
Conversely, the French E3N Cohort Study found no clear association between
alcohol intake and RA risk in women [18]. Evidence does not clearly indicate a
relationship between specific types of alcoholic beverages and RA risk [19]. A
methodological oversight in existing research is not accounting for alcohol-related
premature mortality from cancer or CVD [20, 21], which may act as a competing

risk and obscure the true association between alcohol and RA incidence.
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To address these gaps, we examined the associations of individual alcoholic
beverage consumption in relation to RA risk among a large prospective cohort of
middle-aged UK women. This study extends previous research in two key ways:
first, by evaluating the influence of co-occurring lifestyle and drinking exposures
on the observed associations; and second, by using competing risk models to

account for alcohol-related premature death.

5.3 Methods

5.3.1 Study population

UK Women’s Cohort Study (UKWCS) is a prospective cohort study of 35,372
women aged 35-69 years in the United Kingdom recruited from 1995 to 1998 [22].
At recruitment, information about demographic, anthropometric, dietary, lifestyle,
and health-related characteristics were collected by a postal questionnaire. The
original study was funded by the World Cancer Research Fund (WCRF). The
UKWCS was designed to explore potential associations between diet and chronic

diseases and has been described in detail elsewhere [23].

Participants were excluded from this analysis if they: lived outside England (n =
3009) and therefore had no linked hospital episode statistics (HES) data; had a
diagnosis of RA recorded in HES on or before the recruitment date (n = 38), had
missing age (n = 45) or alcohol data (n = 655); had a daily energy intake < 500
kcal or > 5000 kcal (n = 64); or had a BMI < 10 or > 60 kg/m? (n = 1188), After
these exclusions, 30,373 participants remained eligible for the study. A flowchart

is shown in Figure 5.1.

At its inception in 1993, ethical approval for the UKWCS was obtained from a total
of 174 local research ethics committees. The National Research Ethics Service
(NRES) Committee for Yorkshire & the Humber — Leeds East took on
responsibility for the ongoing cohort (reference 15/YH/0027 in 2015 and was
updated to include linkage outcomes, such as RA incidence, in 2017 (reference
17/YH/0144). The UKWCS-HES database subsequently received renewed
ethical approval from the Yorkshire & the Humber — Sheffield Research Ethics
Committee (reference 25/YH/0144).
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We followed the Strengthening the Reporting of Observational Studies in
Epidemiology - Nutritional Epidemiology (STROBE-nut) guidelines for the
reporting of cohort studies (Appendix D: Table D1)[24].

5.3.2 Alcohol consumption

Dietary information over 12 months of cohort participants was collected via a self-
administered 217-item food frequency questionnaire (FFQ) at recruitment, which
was based on the Oxford branch of the European Prospective Investigation into
Cancer and Nutrition (EPIC) study [25]. To check reproducibility of this data the
FFQ was validated against four-day weighed food diaries and a repeat FFQ on

283 women, both administered three years after recruitment [26].

Alcohol consumption was assessed via self-reported intake during the preceding
year and habitual consumption five years prior, with intake quantified in units per
week (1 unit = 8 g of ethanol) [27]. Participants were categorised by drinking
status as “regular drinkers” (at least once per week), “occasional drinkers” (less
than once per week), or “non-drinkers”. For detailed quantification, participants
reported their weekly consumption, recorded in pints, glasses, or measures,
across specific beverage types, including beer/cider, wine, spirits, and

sherry/fortified wine.

Total weekly alcohol intake was categorised into none, <7, 7-14, and 214 units.
Intake was calculated by summing the products of beverage-specific
consumption frequencies, standard portion sizes, and alcohol-by-weight values
(shown in Appendix D: Table D2). To address partial non-response in drinking
frequency (ranging from 18.2% for wine to 52.3% for beer/cider), missing values

were conservatively imputed as “none” or “seldom”.

5.3.3 Incident RA and mortality outcomes

Diet and lifestyle data were linked with their HES up to 31 March 2019. Incident
RA was defined by the occurrence of the International Classification of Diseases,
10t Revision (ICD-10) M05-M06. Follow-up time was calculated from enrolment
to RA diagnosis, death, or the end of study period, whichever occurred first, using

calendar dates as the timeline.
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Mortality data were ascertained through the national death registry, with causes
of death classified by ICD-9 or ICD-10 codes. Mortality data (including deaths
from cardiovascular disease and cancer) were obtained via linkage to the Health
and Social Care Information Centre (HSCIC). We specifically identified primary
causes of death from CVD or cancer to account for competing risks. In this cohort,
CVD and cancer mortality rates were higher among non-drinkers (12%)
compared to regular drinkers (7%) (Table 5.1; Appendix D: Table D3).

Participants without a death record by the study’s end were censored as alive.

5.3.4 Additional covariates

We identified potential confounders and effect modifiers through a literature
review and mapped them using a Directed Acyclic Graph (DAG) to guide our
modeling strategy (Figure 5.2). Following established guidelines for DAG
creation and reporting [28], we adjusted our models for the following baseline
variables (all measured at baseline): age (continuous), socio-economic status
(SES, routine/manual, intermediate, professional/managerial), marital status
(married/living as married, separated/divorced, single/widows), smoking status
(current, former, never), total metabolic equivalent task (MET) - physical activity
(hours/week, continuous), body mass index (BMI, kg/m? continuous),
menopausal status (premenopausal, postmenopausal), hormone replacement
therapy (HRT, current, former, or never), diet quality informed by the Alternate
Healthy Eating Index (AHEI-2010, continuous) [29], total energy intake excluding
alcohol (kcal/day, continuous). We employed the all-components model,
adjusting for all non-alcohol caloric sources [30]. Detailed variable definitions and
adjustment sets are provided in Appendix D: Table D4. Finally, we confirmed
the proportional hazards assumption using Schoenfeld residuals, which showed

no violations for any model terms.

5.3.5 Statistical analysis

All statistical methods were pre-registered (ClinicalTrials.gov: NCT06670144).

Baseline dietary, lifestyle, and demographic characteristics were described by
mean (SD) or percentages stratified by drinking status (never, occasional,
regular), weekly frequency (none, < 7, 7-14, 214 units), and beverage type.

Missing values were addressed using median imputation for continuous variables
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and a missing indicator category for categorical data. Spearman partial
correlation coefficients were used to assess relationships between specific

alcoholic beverages.

Cox proportional hazards and Fine-Gray sub-distribution models [31] were used
to estimate hazard ratios (HRs) and 95% confidence intervals (Cls) for RA
incidence. The Fine-Gray model accounts for competing risks. Specifically,
deaths from cardiovascular disease or cancer that may occur before RA
diagnosis and thereby alter the observed hazard. By modelling the sub-
distribution hazard for RA, this approach provides an estimate of the cumulative
incidence of RA in the presence of competing events, yielding more unbiased
effect estimates than conventional Cox models that censor competing events.
Three sequential adjustment sets were used: Model 1 (age-adjusted); Model 2
(Model 1 plus BMI, SES, MET, marital status, smoking, AHEI-2020, menopausal
status, and HRT); and Model 3, used exclusively for beverage-specific analyses,
further adjusted for the consumption of all other types of alcoholic beverages
(mutually adjusted model). Additionally, total and beverage-specific intakes were

analysed as continuous variables per 1 unit/week increment.

To examine the role of potential effect modifiers, further exploratory analyses
included testing for: age (<55, >55), BMI (<25, 225 kg/m?), menopausal status
(premenopausal, postmenopausal), smoking status (current, former, never),
physical activities (low, moderate, high), SES (routine/manual, intermediate,
professional/managerial). In each case, the potential effect modifier was omitted

from the relevant adjustment set.

To address potential reverse causation bias, sensitivity analyses were performed
excluding RA events diagnosed within the first two years of follow-up, participants
reporting long-term treatment for iliness at baseline, and those who had already
reduced alcohol intake prior to recruitment. All P values were from 2-sided tests
and results were deemed statistically significant at P < 0.05. Analysis was

performed using Stata, version 17.0 (StataCorp).
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5.4 Results

5.4.1 Participants

There were 23,699 women from the UKWCS included for the analysis. The mean
(SD) age was 51.5 (9.1) years. the mean (SD) alcohol consumption was 9.9 (11.8)
units per week (median 9.0); during a median follow-up of 22.4 years, 255
incident RA cases were identified (529,759 person-years), and 1891 events were
death from CVD or cancer (Appendix D: Table D1). More participants consumed
wine (83%; 19,674), than beer (70%; 16,694), sherry (70%; 16,692), or spirits
(73%; 17,188). Of the 23,699 participants, 18,955 (80%) consumed a
combination of at least two types of alcoholic beverage, and 2130 (10%), 92
(0.4%), 155(0.7%), and 196 (0.9%) participants consumed only wine, beer,
sherry, or spirits, respectively. For alcohol status, “non-drinkers”, “occasional
drinkers” and “regular drinkers” were observed in 10%, 22%, and 67%,

respectively (Table 5.1).

5.4.2 Observational associations with RA incidence and lifestyle factors

Compared to non-drinkers, regular drinkers were generally younger, more likely to

be married, and attained a degree. This group also exhibited some healthier baseline

characteristics, self-reporting better overall health, characterised by lower BMI,

superior diet quality, and lower total energy intake. However, smoking prevalence

was higher and physical activity levels were lower among regular drinkers (Table

5.1). Baseline data from Appendix D: Table D5 indicates that individuals with high

alcohol consumption (>14 units/week) showed a similar picture to regular drinkers

compared to non-drinkers. Despite having a lower mean BMI and a decreased

prevalence of chronic conditions, this group had significantly higher smoking rates

and total energy intake. Also, this cohort showed a distinct trend towards being

younger, with a lower proportion of postmenopausal women.
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UK Women’s Cohort Study
participants recruited between 1995 —
1998 (n = 35,372)

A 4

Participants potentially eligible (n =
30,373)

e 20,161 regular drinkers
e 6733 occasional drinkers

e 3738 non-drinkers

Exclusion criteria (n total = 4999):

¢ Not resident in England (n = 3009)

e Had a rheumatoid arthritis before or on the

data of recruitment (n = 38)
e Outlier nutrient data (n = 64)
e Outlier BMI data (n = 1188)
e Missing age data (n = 45)

23,699 Included in the exploratory

analysis
e 15932 regular drinkers
e 5306 occasional drinkers

e 2461 non-drinkers

Excluded due to missing covariate data (n
total = 6674):

e Physical activity (n = 5019)

e Marital status (n = 290)

e Socio-economic status (n = 382)
e Menopausal status (n = 520)

¢ Smoking status (n = 463)

Figure 5.1 Flow chart of UKWCS participants.
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Figure 5.2 Directed Acyclic Graph showing the relationship between alcohol intake, rheumatoid arthritis
incidence, and related factors. The exposure is depicted by the green circle and the outcome (rheumatoid arthritis incidence) and
competing events are depicted by the blue circle. Variables represented as pink circles are ancestors of the exposure and outcome; variables
represented as yellow circles are ancestors of the outcome only (competing exposures); and variables represented as grey circle is
unobserved, and hashed circle is conditioned. Known determinants of risk factors include age, socioeconomic status, marital status,
hormones/reproductive factors, smoking status, physical activity, diet quality, total energy(except alcohol), and BMI. Hormones/reproductive

factors include hormone replacement therapy, breastfeeding, oral contraceptive use. SES: socioeconomic status, BMI: body mass index,
CVD: cardiovascular diseases.
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Table 5. 1 Baseline characteristics of 23,699 UKWCS participants by
drinking status.

Characteristics Total Non-drinkers Occasional Regular
(n=23699) (n=2461) drinkers drinkers
(n = 5306) (n =15932)
Participants (%) 23,699 2461 (10) 5306 (22) 15,932 (67)
Age, years
Mean(SD) 51.5(9.2) 54.2(10.0) 52.1 (9.0) 50.9 (9.2)
Range (Min, Max) (35, 69) (40, 65) (39, 66) (35, 61)
Age at diagnosis, years
Mean (SD) 65.0 (10.0) 67.8(10.0) 66.0 (9.0) 64.5 (9.1)
Range (Min, Max) (38, 86) (40, 86) (39, 85) (38, 85)
Degree-level education (%) 6162 (28) 440 (20) 1086 (23) 4636 (3)
Socio-economic status (%)
Professional or managerial 15,168 (64) 1438 (58) 3216 (61) 10,514 (66)
Intermediate 6433 (27) 707 (29) 1521 (28) 4205 (26)
Routine or manual 2098 (9) 316 (13) 569 (11) 1213 (8)
Married (%) 17,671 (75) 1679 (68) 3721 (70) 12,271 (77)
White ethnicity (%) 22,874 (99) 2303 (96) 5102 (99) 15,469 (99)
Anthropometric indices
Height, cm
Mean (SD) 164 (7.0) 163 (7.0) 163 (7.1) 164 (6.9)
Range (Min, Max) (145, 182) (144, 181) (145, 181) (146, 183)
Weight, kg
Mean (SD) 65 (12.4) 66 (14.0) 67 (13.9) 65 (11.9)
Range (Min, Max) (42, 115) (43, 118) (44, 116) (40, 112)
BMI, kg/m?
Mean (SD) 24.4 (4) 24.9 (5) 25.1 (5) 24.1 (4)
Range (Min, Max) (16.5,41.0) (17.0,40.4) (17.0, 41.0) (16.5, 39.3)
Physical activity (METs), 14.7 (10) 15.3 (11) 15.3 (10) 14.5 (10)
hours/week (SD)
Smoking status (%)
Current 2688 (11.3) 236 (9.6) 550 (10.4) 1902 (12.0)
Former 7323 (30.9) 507 (20.6) 1437 (27) 5379 (33.8)
Never 13,688 (58) 1718 (70) 3319 (63) 8651 (54)
Alcohol consumption,
units/week
Mean(SD) 9.0 (11) 0 1.3(2) 13.0 (11)
Range (Min, Max) (0, 254) (0, 0) (0, 8) (8, 254)
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Characteristics Total Non-drinkers Occasional Regular
(n =23699) (n=2461) drinkers drinkers
(n = 5306) (n =15932)
Total energy intake except
alcohol, kcal/day
Mean (SD) 2279 (700) 2291 (750) 2293 (712) 2272 (688)
Range (Min, Max) (620, 4890) (620, 4789) (860, 4690) (871, 4890)
AHEI-2010 score
Mean (SD) 67.0 (11) 62.0 (12) 69.9 (11) 66.8 (11)
Range (Min, Max) (24, 95) (30, 90) (38, 95) (35, 95)
Menopausal status (%)
Premenopausal 11,994 (51) 931 (38) 2519 (47) 8544(54)
Postmenopausal 11,705 (49) 1530 (62) 2787(53) 7388(46)
HRT use (%) 6230 (27) 642 (26) 1376 (26) 4302 (27)
Prevalence of CVD, cancer, 2054 (9) 281 (11) 506 (10) 1267 (8)
or diabetes (%)
Deaths from CVD and cancer 1891 (8) 283 (12) 442 (8) 1166 (7)

(%)

SD standard deviation, BMI body mass index, MET Metabolic Equivalent of Task, AHEI-2010
Alternative Healthy Eating Index-2010, HRT hormone replacement therapy, CVD cardiovascular
disease. Occasional drinkers: less than once per week (<1 serving/week); Regular drinkers: at
least once per week (=1 serving/week).

Table 5.2 Rheumatoid arthritis risk by drinking status and amount of total alcohol

consumption.

Hazard ratio (95% Cl)

Alcohol

. Participants Adjusted Adjusted Competing risk
intake cases b
model? model model°
Alcohol status:
Regular 4594, 148  1.00 1.00 1.00
drinkers
Ogﬁﬁifrga' 5306 72 1.41(1.06,1.87)  1.43(1.07,1.90)  1.33(0.97,1.82)
Non-drinkers 2461 35 1.39(0.96,2.02)  1.45(1.00,2.12)  1.28(0.84,1.98)
Total alcohol
(°°"pt;"r“1°”s’ 23699 255  0.98(0.97,1.00) 0.98(0.96,0.99)  0.98(0.97,0.99)
unit/week)

Total alcohol intake (units/week):

None 2118 33 1.00 1.00 1.00
<7 10763 121 0.76(0.52,1.12)  0.76(0.50,1.14)  0.74(0.48,1.15)
7-14 5191 55 0.74(0.48,1.15)  0.73(0.46,1.14)  0.80(0.49,1.28)
> 14 5372 46 0.62(0.39,0.96)  0.57(0.36,0.89)  0.59(0.35,0.98)

a Alcohol intake adjusted for age;

b Alcohol intake further adjusted for socio-economic status, physical activity, total energy intake, smoking
status, diet quality (AHEI-2010 score), hormone replacement therapy, menopausal status, BMI;
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¢ Competing risk model: Sub-distribution hazard ratios were estimated using the Fine-Gray model, accounting for
CVD/cancer mortality as a competing risk for rheumatoid arthritis incidence.

5.4.3 Total alcohol consumption and risk of RA

In the multivariable-adjusted model (Model b), both occasional drinkers and non-
drinkers exhibited a significantly higher RA risk compared to regular drinkers (HR
(95% ClI): 1.43 (1.07,1.90); 1.45 (1.00, 2.12)). However, in competing risk models
accounting for 1891 deaths, these associations were slightly attenuated, where
the increased risk for non-drinkers was no longer significant (SHR 1.33(0.97,
1.82)). Notably, women consuming >14 units/week had the lowest risk relative to
non-drinkers in the multivariable model (0.57 (0.36, 0.89)), an effect that
remained robust in the sub-distribution hazard model (0.59 (0.39, 0.98)). When
treated as a continuous variable, alcohol intake showed a consistent inverse
association with RA risk (HR 0.98 per 1 unit/week; 95% CI 0.97, 0.99).

5.4.4 Consumption of specific alcoholic beverages and risk of RA

In the categorical analysis, no evidence of associations was found between
individual beverage types in relation to risk of RA (Table 5.3). In the continuous
analysis, wine consumption was associated with a slightly decreased risk of RA
per 1 unit/week increment (0.99 (0.97,1.00)), which remained consistent after
accounting for competing risks of mortality. Furthermore, although there was no
evidence of association with spirits per unit per week and risk of RA (0.95
(0.90,1.01)) in the fully-adjusted model (further adjusted for other beverages), it
reached borderline significance in the competing risk analysis (0.95 (0.97,1.00)),
suggesting a potential 5% reduction in risk per unit increment after accounting for

the competing event of death.
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Table 5.3 Consumption of specific alcoholic beverages and incident rheumatoid arthritis risk.

Alcoholic beverages n Hazard ratio (95% Cl) P value
cases/Participants Adjusted Adjusted Adjusted Competing risk
model® model® model* model
Wine only (servings/week): 0.8
0 (reference) 42/3983 1.00 1.00 1.00 1.00
1-2 61/6112 1.05(0.68,1.61) 1.00(0.64,1.55) 1.05(0.67,1.63) 1.05(0.67,1.63)
3-4 41/3262 1.32(0.82,2.13) 1.23(0.76,1.99) 1.34(0.81,2.20)  1.35(0.83,2.20)
>4 55/6437 0.98(0.64,1.52) 0.94(0.61,1.47) 1.03(0.65,1.64) 1.04(0.66,1.65)
Wine (continuous, per 1 255/23669 0.98(0.97,1.00) 0.98(0.96,1.00) 0.99(0.97,1.00)  0.99(0.97,1.00) 0.01
unit/week):
Beer only (servings/week): 0.7
0 (reference) 69/6936 1.00 1.00 1.00 1.00
<1 10/1151 0.94(0.47,1.90) 0.91(0.45,1.84) 0.96(0.47,1.96) 0.96(0.48,1.91)
1-2 20/2116 0.98(0.57,1.69) 0.90(0.52,1.55) 1.01(0.58,1.77) 1.01(0.57,1.80)
>2 18/2001 1.06(0.61,1.84) 0.91(0.51,1.59) 1.05(0.59,1.86) 1.06(0.58,1.90)
Beer (continuous, per 1 255/23669 0.99(0.94,1.04) 0.98(0.93,1.03) 0.98(0.93,1.04) 0.98(0.95,1.03) 0.7
unit/week):
Sherry only(servings/week): 0.7
0 (reference) 65/6942 1.00 1.00 1.00 1.00
1 21/2577 0.81(0.47,1.40) 0.80(0.46,1.38) 0.89(0.51,1.55)  0.91(0.52,1.57)
2-3 10/1504 0.57(0.26,1.25) 0.55(0.25,1.22) 0.68(0.30,1.53) 0.68(0.31,1.49)
>3 13/1016 1.27(0.66,2.46) 1.20(0.62,2.33) 1.45(0.74,2.86) 1.46(0.76,2.83)
Sherry (continuous, per 1 255/23699 0.97(0.89,1.07) 0.98(0.89,1.07) 0.98(0.90,1.07)  0.99(0.91,1.07) 0.5
unit/week):
Spirit only (servings/week):
0 (reference) 64/6447 1.00 1.00 1.00 1.00 0.8
1 30/2573 1.31(0.83,2.07) 1.20(0.76,1.90) 1.32(0.83,2.10) 1.32(0.83,2.11)
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2 22/1726 1.34(0.79,2.26) 1.19(0.70,2.01) 1.35(0.78,2.32)  1.36(0.80,2.32)

>3 30/3098 1.00(0.63,1.60) 0.88(0.55,1.43) 1.02(0.62,1.69) 1.04(0.63,1.73)
Spirit (continuous, per 1 255/23699 0.96(0.91,1.02) 0.95(0.89,1.01) 0.95(0.90,1.01) 0.95(0.91,1.00) 0.1
unit/week):

a Alcohol intake adjusted for age;

b Alcohol intake further adjusted for socio-economic status, physical activity, total energy intake, smoking status, diet quality (AHEI-2010 score),
hormone replacement therapy, menopausal status, BMI;

¢ further adjusted for other types of alcoholic beverages;

4 Competing risk model: Sub-distribution hazard ratios were estimated using the Fine-Gray model, accounting for all-cause mortality as a competing
risk for rheumatoid arthritis incidence.

P value for trend (over categorical intake) and for continuous intake were both derived from Adjusted Model 3 using the Wald test.

For categorical variables, trend was assessed by assigning the median intake value to each category and treating this as a continuous term in the
model.

For continuous variables, the P value corresponds to the original continuous intake (per 1 serving/week). HR, hazard ratio; Cl, confidence interval.

Table 5.4 Risk of rheumatoid arthritis according to alcohol drinking status stratified by smoking status in the UKWCS.

Drinking status Never Former Current P-
. . . . . . interactio
cases/participants HR (95% Cl) cases/participants HR (95% Cl) cases/participants HR (95% Cl) n
Non-drinkers 23/8651 1.60(1.05, 2.47) 9/507 1.14(0.49, 2.63) 16/236 3.72(1.76,7.87) 0.03
Occasional drinkers 11/3319 0.91 (0.46,1.79) 21/1437 1.34(0.80, 2.23) 40/550 0.95 (0.39, 2.36)
Regular drinkers 10/1718 1 58/5379 1 67/1902 1
(reference)

Models were adjusted for the following: age, socio-economic status, physical activity, total energy intake, marriage status, body mass index, diet quality (AHEI-

2010 score), hormone replacement therapy, and menopausal status. HR, hazard ratio; Cl, confidence interval.
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5.4.5 Subgroup analyses

Compared to regular drinkers, current smokers who were non-drinkers were
found to be at a higher risk of RA (3.72 (1.76, 7.87), with significant effect
modification by smoking status (P-interaction = 0.03) (Table 5.4). Furthermore,
among individuals with low physical activity, occasional drinkers had a higher RA
risk than regular drinkers (1.88 (1.06,3.38). Similarly, post-menopausal
occasional drinkers showed an elevated risk compared to regular drinkers (1.49
(1.01,2.20)). Correspondingly, effect modification by physical activity was found
between categories of alcohol consumption and RA risk (P-interaction = 0.02)
(Appendix D: Table D7). There was no evidence of an interaction between
drinking status or amount by age, menopausal status, SES, or BMI (Appendix
D: Table D6).

5.4.6 Sensitivity analyses

The association between occasional drinking and RA risk was no longer apparent
after excluding individuals who had reduced their alcohol intake for health
reasons at baseline (n = 1,729) or those who had undergone long-term treatment
for iliness (n = 6,396). The inverse association that we previously observed for
higher alcohol intake (=14 units/week) was completely eliminated. While the
inverse correlation for total alcohol intake (per 1 unit/week) remained stable in the
two-year lag model (0.97 (0.96,0.99)), it was no longer significant after excluding
those receiving long-term treatment for illness (0.98 (0.96, 1.01)). In addition, the
findings related to total alcohol intake categories (=14 units/week) and wine
consumption exhibited no consistent associations across the exclusion of alcohol

intake reduced at baseline and those who had long-term treatment.

5.5 Discussion

5.5.1 Principal findings

In this prospective study, weekly alcohol intake (= 14 units per week) was
associated with a 43% reduction in RA risk compared with non-drinking. This
inverse relationship remained consistent when analysing drinking status and
continuous alcohol intake. Regarding beverage type, wine showed a marginally

stronger inverse association with RA risk. Notably, after accounting for the
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competing risk, the elevated risk among non-drinkers was attenuated, suggesting
that the association may be partially influenced by the poorer baseline health
status of non-drinkers in the UKWCS. The synergistic effect of smoking on these

preventive effects was also observed.

5.5.2 Comparison with previous studies

Our findings align with several prospective studies reporting an inverse
association between total alcohol consumption and RA risk [17, 19, 32], while
highlighting how effect estimates are highly sensitive to reference group selection
and unit standardisation. In the UK Biobank, daily intake was associated with a
26% risk reduction [19]; our greater estimate (43%) likely arises from using a strict
‘none” reference group, whereas the UK Biobank utilised “less than three times
per month” [19]. Similarly, the NHS and NHSII cohorts reported stable inverse
associations using a “none” reference [17]. In contrast, the French E3N cohort
found no evidence of association for total alcohol [33], possibly because the
reference group (=1 glass/week) diluted the contrast against higher levels. Some
studies relyed on self-reported RA (lowa Women'’s Health Study [34] and Kailuan
study [35]), whereas our use of hospital episode statistics minimises reporting
error and selective loss to follow-up. Furthermore, our data extends evidence by
suggesting that the immunomodulatory effects of alcohol may persist beyond the

14 units/week threshold.

Cross-study comparisons are further complicated by unit definitions. US studies
often define one unit as 15g of ethanol, nearly double the UK 8g standard.
However, this distinction does not fully explain the low exposure levels in the
Women’s Health Initiative (WHI) [36], and their highest exposure category was
capped at only 3.74 drinks per week, likely because few participants reported
higher intakes. So, the WHI may not have reached the biological threshold
required to observe immunomodulatory benefits. Our findings also suggest a
possible hormonal interaction: while the WHI reported no association in post-
menopausal women, we observed a significant risk increase in occasional
drinkers within this subgroup. This implies that alcohol’s influence on immune
regulation may be modulated by oestrogen levels, with more stable protective
associations emerging post-menopause when the baseline immune environment
shifts [37].
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In line with established evidence [32], we identified a significant interaction
between smoking and alcohol intake. Non-drinkers who smoked exhibited a
nearly 4-fold increased risk compared to regular drinkers, consistent with the
hypothesis that alcohol may mitigate the pro-inflammatory stress of smoking,
potentially by inhibiting cytokine production [38]. Specifically, the pathogenic
effect of smoking was halved among alcohol consumers compared to non-
drinkers. However, a “healthy survivor’” bias must be considered within a
competing risk framework; it is possible that regular drinkers who survive long
enough to be diagnosed with RA possess inherently more favourable genetic or

metabolic profiles, reducing their susceptibility to premature mortality.

Beyond ethanol, the heterogeneous composition of alcoholic beverages appears
to play a critical role. Our finding that wine is inversely associated with RA risk
aligns with its rich profile of polyphenols, flavonoids, and antioxidants. A previous
meta-analyses reported a borderline association for wine consumption [39]. In
four prospective studies, the association between individual alcoholic beverages
and RA risk was examined [17, 18, 33, 34]. Only the French E3N cohort reported
wine consumption (4-10 servings per week) was associated with a decreased risk
of seropositive RA, but not normal RA [33]. In our cohort, wine was the
predominant beverage (reported by >80% of participants), which may explain
why our findings differ from cohorts with more diverse preference profiles. This
suggests that non-ethanol constituents likely contribute to the observed health
benefits. The sample size for non-wine beverages (beer, sherry, spirits) were
relatively small, and particularly limited at higher intake levels, which may have
prevented the detection of associations. Nevertheless, the overall trend supports

a beverage-specific effect driven by bioactive compounds.

5.5.3 Interpretation and implications

The inverse association between regular alcohol consumption and RA risk may
be attributed to the significant immunomodulatory and anti-inflammatory
properties of ethanol. Evidence suggests that ethanol suppresses the production
of key pro-inflammatory cytokines, including TNF-a, IL-1, and IL-6, in a dose-
dependent manner [40]. Experimental models further demonstrate that alcohol
exposure reduces the expression of BCL6, PD-1, and IL-21 by T follicular helper

(Tfh) cells, which are pivotal in the autoantibody production characteristic of RA
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pathogenesis [41]. Another possible mechanism is that alcohol may exert
influence through the “gut-joint axis”. Ethanol treatment has been shown to alter
the gut microbiome, specifically increasing the abundance of Muribaculaceae,
which subsequently elevates levels of the metabolite acetate [42]. This is of
particular significance as acetate acts as a ligand for GPR43, a G protein-coupled
receptor that maintains immune homeostasis by inhibiting excessive
inflammatory responses. In our analysis, the more stable association observed in
post-menopausal women suggests that as endogenous oestrogen, a key
regulator of B-cell maturation and immune tolerance declines [43], the immune
system may become more reliant on alternative regulatory pathways, such as the

acetate—GPR43 axis, to suppress systemic inflammation.

The protective potential of alcohol could also be viewed through the lens of
complex gene-environment interactions. A three-way interaction between alcohol
consumption, smoking, and the HLA-DRB1 shared epitope (SE) has been
identified, where the absence of alcohol consumption significantly compounds
the risk of ACPA-positive RA in genetically predisposed smokers [44]. This
suggests that ethanol may partially mitigate the pathogenic oxidative stress and

cytokine surge induced by smoking.

However, the interpretation of these biological findings requires caution regarding
inherent epidemiological biases. Within a competing risk framework, the
observed inverse association may be partially attributed to “healthy subject bias”.
Non-drinkers often exhibit poorer baseline health profiles and face higher
premature mortality from cardiovascular disease or cancer. Consequently,
regular drinkers who survive long enough to receive an RA diagnosis may
represent a robust sub-population, potentially leading conventional models to
overestimate alcohol’s biological protection. Furthermore, reverse causality, for
example early, undiagnosed symptoms of RA or related comorbidities prompt
individuals to reduce or cease alcohol intake, thereby inflating the risk associated

with the non-drinking group.

5.5.4 Strengths and limitations

This study includes a large sample size with more than 20-years follow-up period;

this has facilitated good statistical power to examine associations between
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alcohol consumption and RA risk. We identified RA cases by linkage with the
hospital records, which reduced reporting errors and loss to follow-up. Since RA
is typically managed by specialist care, the completeness of diagnoses in hospital
data is likely to be high. Finally, information on a wide range of factors was
collected at baseline to adjust for potential confounders, and the competing risk
models provide a more accurate estimate of their risk of RA, avoiding

overestimate the incidence of an event if premature death is not considered.

However, we cannot exclude the potential for residual confounding or reverse
causality in observational studies. For example, we could not adjust for family
history of RA. Alcohol consumption for each participant was calculated based on
the self-reported survey at recruitment, and while we collected data on the main
beverage types (e.g., wine, beer, spirits), we could not disaggregate these into
finer subtypes (e.g., types of beer or individual spirits). Future studies with more
detailed drinking frequency categories (e.g., daily vs. weekly) would help refine
this classification. Lifetime drinking trajectories over time were not captured,
potentially resulting in attenuated estimates. Similarly, seronegative RA cases
were identified, but the number was limited to explore the potential relationships.
Our findings may not be generalizable to men or other ethnic groups, and
UKWCS participants may be healthier on average than UK population due to a
healthy participant bias, limiting the applicability of the results. Future research
should utilise metabolomics and more granular data on drinking behaviours, such
as binge patterns and long-term trends, to increase effect precision and further

elucidate biological mechanisms like the gut-acetate-neutrophil axis.

5.6 Conclusions

This prospective study demonstrates that moderate-to-high alcohol intake is
associated with a substantial reduction in RA risk among women. However, this
association is partially influenced by healthy subject bias and potential reverse
causality. Further studies are needed to understand the mechanisms behind the

findings, which may contribute to define novel strategies for RA prevention.
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6.1 Abstract

Background: C-reactive protein (CRP) is a marker of systemic inflammation and
has been associated with both lifestyle behaviours and rheumatoid arthritis (RA)
risk. However, it is unknown whether CRP mediates the association between

overall lifestyle and incident RA.

Methods: This prospective cohort study included 354,512 UK Biobank
participants without RA at baseline. A healthy lifestyle score (range 0—4) was
constructed from four components: never smoking, moderate alcohol
consumption (<1 drinks/day for women; <2 drinks/day for men), sufficient physical
activity (=600 MET-minutes/week), and a high-quality diet (meeting 25 out of 10
healthy food components). The cut-offs were based on established the WHO and
UK guidelines. Cox proportional regression models were used to investigate the

associations.

Results: Over a median follow- up of 15.6 years (5,341,886 person-years), 4,669
incident RA cases were documented. Compared with the lowest lifestyle score
group (0-1 points), the medium (2 points) and highest (3—4 points) groups had
significantly lower RArisks (HR (95% Cl): 0.92 (0.86,0.99) and (0.81 (0.75, 0.88)),
respectively. The inverse association was stronger in men (Pinteracton = 0.006),
participants with lower BMI (£26.6 kg/m?, Pinteracton = 0.03), and those from
England (Pinteracton = 0.04). Mediation analyses showed that CRP explained 29%
of the observed risk difference (95% CI: 21.7%,42.7%).

Conclusions: A higher healthy lifestyle score is associated with a lower risk of
incident RA. This association is partly explained by CRP, suggesting that reducing
systemic inflammation may be one pathway through which healthy lifestyles
protect against RA. The findings support the potential for lifestyle- based

prevention strategies for RA.

Keywords: Rheumatoid arthritis; healthy lifestyle; C-reactive protein; mediation

analysis; UK Biobank
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6.2 Introduction

Rheumatoid arthritis (RA) is the most common chronic inflammatory arthritis,
affecting an estimated 17.6 million people worldwide [1], with women
disproportionately affected [2]. It is characterised by synovial inflammation and
progressive joint erosion [3]. Its prevalence is rising worldwide, driven largely by
population aging and increased longevity [4]. Although the exact pathogenesis of
RA remains unclear, it is believed to result from a complex interplay of genetic
and environmental factors. This has shifted the focus from simply identifying risk
factors to developing effective prevention strategies, where modifiable lifestyle

behaviours play a central role.

The concept of a “healthy lifestyle”, typically encompassing never smoking,
moderate alcohol consumption, adequate physical activity and a high- quality diet,
has been associated with lower risks of cardiovascular disease [5], diabetes [6,
7] and certain cancers [8]. In contrast, data from the large prospective studies on

whether a healthy lifestyle adherence is associated with RA risk remain sparse.

Our preceding chapters using the UK Women’s Cohort Study (UKWCS) have
examined individual diet-related factors. Chapter 3 found that central adiposity
measures were associated with increased RA risk [9]. Chapters 4 and 5 showed
that higher adherence to the Alternative Mediterranean diet and low-level regular
alcohol intake were associated with reduced RA risk. This chapter evaluates
whether adherence to a comprehensive healthy lifestyle, within which diet is a
core component, confers additional protection beyond these individual factors.
To our knowledge, no studies have explicitly addressed whether long-term

adherence to a healthy lifestyle facilitates RA prevention in the UK population.

Inflammation status is a strong determinant of both lifestyle behaviours and
inflammatory arthritis outcomes. Higher levels of C-reactive protein (CRP), a well-
known marker of systemic inflammation [10], are associated with increased
diseases activity and progression of RA [11, 12]. Additionally, results of
observational studies suggested that physical activity [13], non-smoking [14],
better diet quality [15], and moderate alcohol drinking [16] are associated with

lower CRP levels, respectively. Furthermore, systemic inflammation, measured
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by CRP, could act as a mediator between lifestyle and RA risk, yet no studies

have formally examined this pathway.

Using the UK Biobank, a large prospective cohort of middle-aged and older adults,
we aimed to examine the association between a healthy lifestyle score and
incident RA and determine the role of CRP as a potential mediators in this

association.

6.3 Methods

6.3.1 Study population

The UK Biobank recruited more than 500,000 participants aged 37-73 years
between 2006 and 2010 from 22 assessment centres across England, Scotland
and Wales. Details of the study design and data collection have been described
previously [17]. Participants were recruited via National Health Service patient
registers, and attended one of 22 assessment centres across the UK, where
participants completed a touchscreen questionnaire, verbal interview, physical
measures, and a biosample collection. All participants provided written informed
consent, and the study was approved by the North West Multicentre Research
Ethics Committee (REC reference: 11/NW/0382).

For the present analysis, we excluded participants with genetic sex not matching
self-reported sex (n = 362), Body Mass Index (BMI, <10 or >60 kg/m?) (n = 3036),
and those recorded as lost to follow-up (n = 1282). We excluded those with a
previous RA (n = 6818) on or before the date of recruitment. After exclusions, the
analytical sample comprised 354,512 participants (Appendix E: Figure E1). We
followed the Strengthening the Reporting of Observational Studies in
Epidemiology — Nutritional Epidemiology (STROBE-nut) guidelines for the
reporting of cohort studies (Appendix E: Table E1) [18].

6.3.2 Assessment of healthy lifestyle score

We constructed a healthy lifestyle score including smoking, alcohol drinking, diet
quality and physical activity. All lifestyle factors were obtained through structured
questionnaires and a touchscreen dietary questionnaire [19] that asked about

their frequency of consumption of various meat, fish, eggs, and dairy products.

153



Never smoking was considered healthy, defined in the questionnaire as smoking
fewer than 100 cigarettes in a lifetime. Current and former smokers (including
those who smoked occasionally or only tried once or twice) were classified as

unhealthy.

Alcohol intake was assessed using self- reported frequency and volume. A
healthy level was defined daily consumption as <2 drinks for men and <1 drink
for women (including non-drinkers), in accordance with the UK drinking

guidelines [20]. One UK unit equals 8 g of ethanol [21].

Physical activity was assessed via self-reported frequency and duration of
moderate and vigorous activities. Metabolic equivalent (MET) minutes per week
were calculated for each participant. Following the World Health Organization
physical activity guidelines [22] and standard UK Biobank practice [23], a healthy
level was defined as 2600 MET minutes/week (equivalent to 2150 minutes of

moderate- intensity or 275 minutes of vigorous- intensity activity per week).

We adapted a diet quality score previously used in UK Biobank for cardiovascular
health [24]. This score reflects an anti-inflammatory dietary pattern through its
emphasis on fruits, vegetables, whole grains, fish, and vegetable oils, and its
limitation of refined grains, red/processed meats, and sugary drinks. A healthy

diet was defined as meeting =5 of the 10 components (Appendix E: Table E2).

We assigned one point was assigned to a healthy level of each lifestyle factor
and 0 points to an unhealthy level (Appendix E: Table E3). The healthy lifestyle
score was the sum of these points, ranging from 0 to 4; higher scores indicated
a healthier lifestyle. For analysis, the healthy lifestyle score was categorised into
three groups: low (0—1 points), medium (2 points) and high (3—4 points), with the
low group serving as the reference. This simple additive approach has been
widely used [25, 26]. BMI was not included in the primary lifestyle score as it may
act as a mediator between behavioural factors and health outcomes, and due to

concerns about the obesity paradox [27, 28].

6.3.3 Outcome ascertainment

The primary outcome in this study was the incidence of RA. Baseline prevalent

RA was defined using UK Biobank’s first occurrence fields for International
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Classification of Diseases (ICD)-10 codes M05 (Data-Field 131848) and M06
(Data-Field 131850). Participants with a first recorded diagnosis date on or before
their baseline assessment centre date (Data-Field 53) were considered prevalent
cases. Incident RA during follow-up was defined as a first recorded diagnosis
date after the baseline assessment date. Participants were followed from
baseline to the earliest of RA diagnosis, death, loss to follow-up, or the end of
follow-up (25 October 2021).

6.3.4 Statistical analyses
6.3.4.1 Main analyses

All statistical methods were pre-registered on ClinicalTrials.gov
(NCT06670183).

Baseline characteristics of UK Biobank participants were summarised across
healthy lifestyle score groups. Cox proportional hazards regression models were
used to estimate hazard ratios (HRs) and 95% confidence intervals (Cls) for the
association between lifestyle score groups and incident RA, with the lowest
lifestyle score group (0—1 points) serving as the reference. The target estimand
was the relative causal effect of a higher lifestyle score (medium or high) on RA

risk compared with the lowest score group.

Age-adjusted and multivariable-adjusted models were applied, with calendar time
as the timescale. Additional confounders included in the adjusted model were
selected and comprised (all measured at recruitment): region (England, Scotland,
Wales), ethnicity (white vs. Non-white), Townsend deprivation index (continuous),
sex (male, female), BMI (continuous), menopausal status (premenopausal,
postmenopausal), hormone replacement therapy (HRT; yes, no), diabetes(yes,
no), and cardiovascular disease (CVD; yes, no). The proportional hazards
assumption was tested using the Schoenfeld residuals, and no violations were

observed.
6.3.4.2 Subgroup analyses

To evaluate potential effect modification by sex (male, female), region (England,
others), and BMI (dichotomised at the median [26.6 kg/m?]), we used likelihood

ratio tests comparing adjusted Cox regression models with and without an
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interaction term between healthy lifestyle score groups and each potential effect
modifier. In each analysis, the potential effect modifier itself was omitted from the

adjustment set.
6.3.4.3 Mediation analyses

We explored the potential of CRP as a mediator because previous studies have
consistently shown that CRP levels are associated with lifestyle behaviours and
RA development [11, 29]. The mediation effect of CRP on the association
between healthy lifestyle score and incident RA was examined using the product-
of-coefficients method (a % b) [30]. Linear regression estimated the a coefficient
(lifestyle score — logCRP), and Cox proportional hazards regression estimated
the b coefficient (logCRP — RA, adjusted for lifestyle score). Both models were
adjusted for the same covariates as the main analysis. The indirect effect (a x b),
direct effect (c’), total effect (c), and the proportion mediated (indirect/total) were
calculated with 95% confidence intervals derived from 1000 bootstrap resamples
[31]. The proportional hazards assumption for logCRP was not satisfied (P <
0.001; Appendix E: Figure E2), indicating a time-varying effect, which was
assessed using scaled Schoenfeld residuals. Therefore, the mediation estimates
represent average mediation effects over the follow-up period. A detailed

description of the mediation analysis is provided in Appendix E: Table E4.
6.3.4.4 Sensitivity analyses

We conducted several sensitivity analyses to test the robustness of our findings.
These included excluding participants who developed RA within the first 3 years
of follow-up, further adjusting for the initial assessment centre in the multivariable
Cox models, and treating death during follow-up as a competing risk for RA using
the Fine-Gray subdistribution hazard model. All analyses were performed using
R (version 4.3.1).

6.4 Results

6.4.1 Participants

Of 490,438 participants potentially eligible at recruitment, those with missing
covariate data for Townsend Deprivation Index (n = 592), CRP levels (n = 32,036),
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smoking status (n = 345), alcohol intake (n = 1955), physical activity (n = 100,998)
were excluded, leaving 354,512 participants for unadjusted and adjusted

analyses. The study flow chart is given in Appendix E: Figure E1.

6.4.2 Descriptive data

Over a median follow- up of 15.6 years, 4,669 incident RA cases were observed
(total person-years 5,341,886), corresponding to 1.3% of the cohort.
Characteristics of the 354,512 UK Biobank participants at recruitment stratified
by baseline CRP levels are summarised in Table 6.1. On average, participants
with lower CRP levels were younger than those with higher CRP levels. The
proportion of women was slightly higher in the lowest CRP group compared with
the middle and high CRP groups. Socioeconomic indicators were more
favourable among participants with lower CRP levels: a higher proportion had
college or above education and a lower Townsend deprivation index. Participants
with lower CRP levels also engaged in higher physical activity and were more
likely to be never smokers. Conversely, BMI was inversely associated with CRP:
mean BMI was 25.3 kg/m? in the >3 mg/L group and 30.2 kg/m? in the <1 mg/L
group. The prevalence of CVD and diabetes at baseline was higher among
participants with elevated CRP levels. Regarding female-specific covariates, the
proportion of postmenopausal women and current HRT users was higher in the

high CRP group compared with the low CRP group.

Sex- and lifestyle score-stratified characteristics (Appendix E: Table E5). Across
both sexes, higher lifestyle scores were associated with younger age, higher
physical activity levels, and a lower prevalence of current smoking. In men, the
proportion of never smokers increased from 17.8% in the low score group to
86.9% in the high score group; in women, the corresponding increase was from
13.9% to 82.8%. Alcohol consumption was higher in men than in women, and
within each sex, higher lifestyle scores were associated with slightly lower alcohol
intake. BMI showed little variation across lifestyle score groups within each sex,
though men had consistently higher BMI than women. Socioeconomic indicators
were more favourable in higher lifestyle score groups: the proportion with college
or above education was greater, and the Townsend deprivation index was lower.
Among female participants, the proportion of postmenopausal women and HRT

users was lower in the high lifestyle score group compared with the low score

157



group, whereas the proportion of premenopausal women was higher in the high

score group.

Notably, the distribution of lifestyle scores differed by sex: a higher percentage
of women (26.6%) were in the high score group compared with men (19.2%),
while a higher percentage of men (25.9%) were in the low score group
compared with women (17.1%). The number of incident RA cases was larger in

women (1414 in the high score group) than in men (380 in the high score

group).
6.4.3 Lifestyle score groups

The healthy lifestyle score was categorised as low (0—1 points), medium (2 points)
and high (3—4 points). Compared with the low score group, there is no evidence

of association with those in the medium score group, while a reduction in RA risk
was observed after multivariable adjustment (HR 0.92 (95% CI 0.86,0.99)).

Those in the highest score group had a significantly lower risk of RA (0.81

(0.75,0.88)) (Figure 6.1).
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Table 6.1 Baseline characteristics of participants in the UK Biobank according to C-reactive protein levels.

Characteristics Total CRP levels
High (>3 mg/L) Medium (1-3 mg/L) Low (<1 mg/L)

Participants (%) 354,512 74,327(21) 134,478(37) 145,707(42)
Cases (%) 4669(1.3) 1680(2.3) 1726(1.3) 1263(0.9)
Socio-demographics
Age, years (SD) 56.1(9.2) 59.5(9.2) 55.7(8.5) 52.6(9.4)
White ethnicity (%) 336,806(95) 70,345(95) 127,924(95) 138,537(95)
Sex (%)

men 170,991(48) 32,792(44) 67,740(50) 70,459(48)

women 183,521(52) 41,535(56) 66,738(50) 75,248(52)
Region (%)

England 313,672(88.5) 65,195(87.7) 119,054(88.5) 129,423(88.9)

Scotland 25,964(7.3) 55,91(7.5) 9578(7.2) 10,795(7.4)

Wales 14,876(4.2) 3541(4.8) 5846(4.3) 5489(3.7)

Household income (%)
High (=£52,000)

Medium (£18,000-£51,999)

65,379(18.4)

114,959(32.4)

14,088(19.0)

31,757(42.7)

33,575(25.0)

62,382(46.4)

17,716(12.2)

20,820(14.3)
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Low (<£18,000)
Occupation (%)

Employed

Retired

Unemployed or disabled

Family/student/volunteer
Education (%)

College or above

High school or equivalent

Less than high school
Townsend deprivation index (SD)
Lifestyle

Physical activity, MET.mins/week
(SD)

Smoking status (%)
Current
Former

Never

135,992(38.4)

211,417(59.6)

112,104(31.6)

17,134(48.3)

11,344(32.0)

178,738(50.4)

123,916(35.0)

50,858(14.3)

-1.4(3.0)

1622(2016)

35,405(10)
122,036(35)

193,176(55)

43,332(58.3)

39,428(53.0)
26,243(35.3)
5880(7.9)

2216(3.0)

32,164(43.3)
27,660(37.2)
14,503(19.5)

-1.1(3.2)

1417(1960)

10,504(15)
27,058(37)

36,031(48)

67,146(49.9)

77,298(57.5)
45,952(34.2)
6445(4.8)

3880(2.9)

65,243(48.5)
48,140(35.8)
21,095(15.7)

-1.5(3.0)

1607(2016)

13,662(10)
47,636(36)

71,696(54)

25,514(17.5)

94,691(65.0)
39,909(27.4)
4809(3.3)

5248(3.6)

82,331(56.5)
48,116(33.0)
15,260(10.5)

-1.6(2.9)

1742(2036)

11,239(8)
47,342(33)

85,449(59)

160



Alcohol consumption, units/week
(SD)

BMI, kg/m? (SD)
Comorbidities
History of CVD (%)
History of diabetes (%)
Female-specific covariates
Menopausal status (%)
Premenopausal
Postmenopausal
HRT use (%)
Yes

No

2.2(2.6)

27.3(4.6)

17,837(5.0)

4577(1.3)

74,683(21.1)

108,838(30.7)

67,148(18.9)

116,373(32.8)

2.1(2.8)

30.2(5.6)

4566(6.1)

1152(1.5)

16,477(22.2)

25,058(33.7)

17,854(24.0)

23,681(31.9)

2.3(2.7)

27.8(4.2)

6904(5.1)

1741(1.3)

25,206(18.7)

41,532(30.9)

26,508(19.7)

40,230(29.9)

2.3(2.5)

25.3(3.5)

6367(4.4)

1684(1.2)

33,000(22.6)

42,248(29.0)

22,786(15.6)

52,462(36.0)

BMI, body mass index; CRP, C-reaction protein; HRT, Hormone Replacement Therapy; MET, Metabolic equivalents; CVD, cardiovascular disease;
SD, standard deviation; <£18 000, £18 000-£51 999, and =£52 000 of average total household income before tax represented the high, medium, and

low family income level, respectively.

161



Life score group Cases/participants Person-years HR(95% CI)

Low(0-1) 1269/92,996 1,380,645
Medium(2) 1606/120,011 1,809,615
High(3-4) 1794/141505 2,151,627

—_—

—_—.

| 0.96(0.90,1.04)
| 0.91(0.84,0.97)

1

Age-adjusted Model HR(95% CI) Multivariable-adjusted model

—_—

0.92(0.86,0.99)

0.81(0.75,0.88)
I |
08 1

SR W—

Figure 6.1 Risk of rheumatoid arthritis by healthy lifestyle score in the UK Biobank. Both models controlled for age, and the
multivariable-adjusted model was adjusted for the following (all at recruitment): The multivariable-adjusted model was adjusted for the following
covariates assessed at recruitment: age (continuous), region (England, Scotland, Wales), ethnicity (white vs. other), Townsend deprivation index
(continuous), sex (male, female), body mass index (continuous), menopausal status (premenopausal, postmenopausal), hormone replacement
therapy (yes, no), baseline diabetes (yes, no), and baseline cardiovascular disease (yes, no). HR (95% CI): hazard ratio (95% confidence

interval).
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6.4.4 Subgroup analyses

There was evidence of effect modification by sex (Pinteracion = 0.006), region
(Pinteraction = 0.04), and BMI (Pinteraction = 0.03) on the association between lifestyle
score and RA risk. In male participants, a high lifestyle score was associated with
a 30% lower RA risk (0.70 (0.62,0.79)), whereas in females the reduction was
15% (0.85 (0.77, 0.94)). The protective effect appeared similar in England (0.79
(0.73,0.85)) and other regions (0.76 (0.57,1.00)), although the confidence
intervals for other regions were wider. For BMI, participants with a lower BMI
(<26.6 kg/m?) showed a more evident risk reduction (0.76 (0.67,0.85)) than those
with higher BMI (0.84(0.76,0.93)) (Table 6.2).
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Table 6.2 Risk of rheumatoid arthritis among life score groups in UK Biobank participants, stratified
by sex, region, and body mass index.

Stratifying variable n cases, adjusted HR (95% CI) p interaction
Sex Male Female

Low Lifescore(reference) 728/62,201 1 541/30,795 1

Medium Lifescore 643/62,790 0.87(0.78,0.97) 963/57,221 0.96(0.87,1.07)

High Lifescore 380/46,000 0.70(0.62,0.79) 1414/95,505 0.85(0.77,0.94) 0.006
Region England Others

Low Lifescore(reference) 1176/82,093 1 93/10,903 1

Medium Lifescore 1476/106,210 0.90(0.83,0.97) 130/13,801 1.00(0.77,1.31)

High Lifescore 1666/125,369 0.79(0.73,0.85) 128/16,136 0.76(0.57,1.00) 0.04
BMI < 26.6 kg/m2 > 26.6 kg/m?

Low Lifescore(reference) 462/39,825 1 807/53,171 1

Medium Lifescore 640/58,431 0.89(0.79,1.00) 966/61,580 0.94(0.85,1.03)

High Lifescore 793/79,037 0.76(0.67,0.85) 1001/62,468 0.84(0.76,0.93) 0.03

The multivariable-adjusted model was adjusted for the following covariates assessed at recruitment: age (continuous), region
(England, Scotland, Wales), ethnicity (White vs. other), Townsend deprivation index (continuous), sex (male, female), body mass
index (continuous), menopausal status (premenopausal, postmenopausal), hormone replacement therapy (yes, no), baseline

diabetes (yes, no), and baseline cardiovascular disease (yes, no). HR (95% CI): hazard ratio (95% confidence interval).
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6.4.5 Mediation analyses

Potential mediation of CRP in the association between healthy lifestyle score and
incident RA is shown in Figure 6.2. CRP levels were progressively lower with
higher lifestyle scores (8 =—-0.068, P <0.001). CRP was found to partially mediate
the observed risk reduction, with an indirect effect (axb) of —-0.0249 (95% CI: —
0.0271, -0.0227), showing that CRP explained 28.8% (95%ClI: 21.7%, 42.7%) of

the association between lifestyle score and RA risk.

Indirect effect = -0.0249 (95% CI: -0.027, -0.023)

C-reactive protein

Mediation proportion = 28.8%
(95% CI: 21.7% — 42.7%), P < 0.01

>

T Direct effect: ¢’= -0.062 (HR = 0.940
Healthy Lifestyle Score ( )

-------------->

Total effect: ¢ = -0.087 (HR = 0.917)

Figure 6.2 Mediation analysis of C-reactive protein in the association between healthy
lifestyle score and incident rheumatoid arthritis in the UK Biobank. Path coefficients and
hazard ratios (HR) were estimated from linear regression (for logCRP) and Cox proportional hazards
models (for rheumatoid arthritis), adjusted for the covariates listed in the Methods. The a path (lifestyle
score — logCRP) is shown as a = —0.068, a linear regression coefficient representing the change in
logCRP per 1-unit increase in lifestyle score. The b path (logCRP — RA) is shown as b = 0.369, the log
hazard ratio (logHR) for RA per unit increase in logCRP, corresponding to HR = 1.446. The indirect effect
(a x b) =-0.0249 is the product of these two coefficients (also on the log scale). The proportion mediated
is 28.8% (95% CIl: 21.7%—-42.7%). Direct and total effects are also presented as logHRs (with
corresponding HRs in parentheses). All coefficients are on the log scale; hazard ratios are obtained by
exponentiation. The indirect effect (axb) and proportion mediated were calculated using the product-of-
coefficients method with 1000 bootstrap resamples.

6.4.6 Sensitivity analyses

All sensitivity analyses are presented in Appendix E: Table E6. To address
reverse causation, excluding participants with less than three years of follow-up
slightly attenuated the association for the medium lifestyle score group (0.95
(0.88,1.03)), but the high score group remained protective (0.83 (0.76, 0.90)).

165



Additional adjustment for the assessment centre did not materially change the
estimates (medium: 0.92 (0.85, 0.99); high: 0.81(0.75, 0.87)). In competing-risk
regression treating death as a competing event, the subdistribution hazard ratios
were virtually identical to the main Cox results (medium: 0.93 (0.86,1.00); high:
0.82 (0.75, 0.89)). Taken together, these sensitivity analyses support the

robustness of our findings.

6.5 Discussion

6.5.1 Main findings

In this large prospective population- based cohort study, we observed that a
higher combined healthy lifestyle score was associated with a lower risk of
developing RA. The protective association was consistent across population
subgroups, although it appeared stronger in men, in individuals with lower BMI,
and in those recruited from England. Importantly, a substantial proportion of the
association between healthy lifestyle and reduced RA risk was mediated by CRP,
a well- established marker of systemic inflammation, suggesting that part of the
beneficial effect of a healthy lifestyle may operate through lowering chronic

low- grade inflammation.

6.5.2 Comparison with previous studies

Prospective evidence on the association between a combined healthy lifestyle
score and incident RA is very limited. Only one directly comparable study comes
from the Nurses' Health Study (NHS). This study found that a healthy lifestyle
index score (including smoking, alcohol, BMI, physical activity, and diet) was
associated with a lower risk of RA among US women [32]. Our findings are
broadly consistent with those results, demonstrating a similar inverse relationship
between higher lifestyle scores and RA risk in UK middle-age population.
However, the confidence intervals around its effect estimates of the NHS analysis
were relatively wide, reflecting lower statistical precision. In contrast, our study
benefits from a five times larger number of incident RA cases more than in the
NHS. Furthermore, our subgroup analyses revealed that the protective
association was more obvious in men, suggesting potential sex- specific
differences.
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Another relevant investigation of mediating pathways was conducted within the
UK Biobank population. Using a metabolic signature comprising 81 metabolites,
that study found that metabolic factors explained a substantial proportion of the
protective effect of a healthy lifestyle on RA risk, with Mendelian randomization
analyses supporting a causal role [33]. Our study adds to this work by identifying
CRP as an additional mediator, indicating that anti-inflammatory effects of healthy
lifestyles may contribute independently of metabolic changes. Taken together,
multiple biological pathways, including those involved in metabolic regulation and

inflammation reduction, are related to RA risk in relation to lifestyle.

6.5.3 Interpretation and implications

The 19% lower relative risk of RA associated with the highest lifestyle score
translates into a modest absolute risk reduction, given a relative low incidence of
RA. This modest benefit should be weighed against the challenges of adopting
multiple lifestyle changes. The mediating effect of CRP, which explained nearly
30% of the association, was not constant over time. The effect was strongest
during the first few years and declined thereafter. This time-varying pattern could
reflect early inflammatory drivers: baseline CRP might capture a pre-clinical
inflammatory state that accelerates RA onset, while later cases are more likely
driven by other factors (e.g., autoimmunity or genetic risk). Besides, survivor bias
could play a role. Individuals with high CRP and high RA susceptibility may
develop the disease early and leave the risk set, leaving a healthier residual
population. Both interpretations align with the natural history of RA, where
systemic inflammation often precedes clinical arthritis by several years [34]. Thus,
lifestyle interventions that lower CRP may be most beneficial when started early,

before any pre-clinical signs or symptoms emerge.

A previous UK Biobank study found that a metabolic signature comprising 81
metabolites that strongly correlated with a healthy lifestyle explained around
two- thirds of the association with RA incidence [33]. Another study showed that
a metabolic signature linked to the Mediterranean diet mediated 22.4% of the
diet-RA association in a UK Biobank analysis [35]. Thus, inflammatory and
metabolic pathways appear to operate partly independently. The remaining

proportion points to other mechanisms, such as gut microbiota, oxidative stress,
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and adipokine profiles. Besides, subgroup analyses showed a stronger protective
effect in men, leaner individuals, and those living in England. The sex difference
is biologically plausible, as women mount stronger pro-inflammatory responses
than men, with increased lymphocyte proliferation, activation and pro-
inflammatory cytokine production, whereas men display expanded regulatory cell
subsets [36]. These differences are largely driven by sex hormones. Oestrogen
tends to enhance immune responses, potentially increasing RA susceptibility in
women, whereas testosterone exerts immunosuppressive effects that may
protect men [37, 38]. Regarding BMI, the stronger effect observed in participants
with lower BMI can be interpreted through the lens of obesity- driven
inflammation [39]. Adipose tissue in obesity releases elevated levels of
pro- inflammatory cytokines, including tumour necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), and IL-18, which actively contribute to systemic low- grade
inflammation [40]. The regional difference between England and other parts of
the UK may be due to chance or residual confounding, given the substantially

smaller sample size outside England.

6.5.4 Strengths and limitations

This study has several strengths. A major strength of this study is the large
sample size. It allows us to perform the mediation and stratified analyses with
sufficient statistical power. The prospective cohort design with long follow- up and
linkage to hospital and death records ensured ascertainment of incident RA cases,
minimising loss to follow-up and outcome misclassification. The comprehensive
data available in the UK Biobank allowed us to construct a multidimensional
healthy lifestyle score and to adjust for a wide range of potential confounders,
including socio-demographic factors, lifestyle behaviours, comorbidities, and
female- specific covariates (menopausal status and HRT use). The availability of
baseline CRP measurements enabled mediation analyses using the
product- of- coefficients method with bootstrap resampling for quantifying indirect
effects in the presence of a mediator. Sensitivity analyses excluding early RA
cases, adjusting for assessment centre, and treating death as a competing risk
yielded results consistent with the main analysis, supporting the robustness of
our findings. Finally, this study included both men and women, providing evidence
across sexes.
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Our study also has important limitations. First, the healthy lifestyle score was
based on self-reported behaviours at a single time point, so we cannot rule out
misclassification due to changes in lifestyle during follow-up. Second, some
unmeasured factors such as genetic predisposition or early- life exposures could
partly account for the observed associations. Third, CRP was measured only at
baseline, repeated measurements would have allowed a better characterisation
of chronic inflammation. Moreover, the proportional hazards assumption for
logCRP was violated, indicating that the effect of CRP on RA risk diminished over
time. Therefore, the reported indirect effect and mediation proportion represent
average estimates over the follow-up period and should be interpreted with
caution. Fourth, the diet score was originally developed for cardiovascular health,
so if a score specifically designed for RA might perform differently. Fifth, as noted
by Wang and Albert [31], our mediation analysis assumed sequential ignorability,
for example, no unmeasured confounding between lifestyle and CRP, CRP and
RA, or lifestyle and RA. Despite extensive covariate adjustment, residual
confounding cannot be fully excluded. Sixth, the UK Biobank cohort is healthier
and predominantly of white European ancestry compared with the general British
population, which may limit the generalisability of our findings to other ethnic
groups or less healthy populations. Finally, although we conducted a
competing-risk analysis for death, the number of deaths during follow-up was
limited, and the subdistribution hazard ratios were very similar to the main Cox

estimates, suggesting that competing risk did not affect the results.

6.6 Conclusions

Higher healthy lifestyle scores were associated with a lower risk of incident RA,
and nearly 30% of this association was explained by CRP levels. Targeting
chronic low- grade inflammation through individual modifiable lifestyle factors

may help reduce RA risk and inform evidence-based prevention strategies.

6.7 References

1. Gao, Zhang, Liu X: Rheumatoid arthritis: pathogenesis and therapeutic
advances. MedComm (2020) 2024, 5(3):e509.
2. Tang K, Zhu L, Shan S, Luo Z, Zhou J, Ying J, Wu J, Shen G, Song P:

Global, regional and national trends in the epidemiology of rheumatoid
169



10.

11.

12.

arthritis from 1990 to 2021: an age-period-cohort effect analysis of the
global burden of disease study 2021. RMD Open 2025, 11(2).

Wu D, Huang Y, Zhao J, Long W, Wang B, Wang Y, Chen H, Wu R:
Synovial macrophages drive severe joint destruction in established
rheumatoid arthritis. Sci Rep 2025, 15(1):12111.

Zhang Z, Gao X, Liu S, Wang Q, Wang Y, Hou S, Wang J, Zhang Y: Global,
regional, and national epidemiology of rheumatoid arthritis among people
aged 20-54 years from 1990 to 2021. Sci Rep 2025, 15(1):10736.

Qiu Z, Liu G, Hu Y, Wang S, Liu B, Rimm EB, Wang M, Manson JE, Hu
FB, Sun Q: Adherence to Healthy Lifestyle and Risk of Cardiometabolic
Diseases in Individuals With Hypertension. JAMA Network Open 2026,
9(3):260937-e260937.

Kuwahara K, Yamamoto S, Honda T, Nakagawa T, Ishikawa H, Hayashi T,
Mizoue T: Improving and maintaining healthy lifestyles are associated with
a lower risk of diabetes: A large cohort study. J Diabetes Investig 2022,
13(4):714-724.

Jacobs S, Klapp R, Shvetsov YB, Kristal BS, Setiawan VW, Le Marchand
L, Maskarinec G: Prospective association of a Lifestyle Risk Factor Index
with type 2 diabetes in the Multiethnic Cohort. Eur J Nutr 2025, 64(5):222.
Huang W, Zhang S, Chen W, Wang W, Lin Y, Zhang S, Huang F: The
mediating role of biological age acceleration in the associations between
lifestyle factors and incident digestive system cancers: A Prospective
Cohort Study from the UK Biobank. J Nutr Health Aging 2026,
30(6):100846.

Dong Y, Greenwood DC, Hardie LJ, Cade JE: Measures of Adiposity and
Risk of Rheumatoid Arthritis in Middle-Aged UK Women: A Prospective
Cohort Study. Nutrients 2025, 17(9).

Ridker PMJJotACoC: A test in context: high-sensitivity C-reactive protein.
2016, 67(6):712-723.

Pope JE, Choy EH: C-reactive protein and implications in rheumatoid
arthritis and associated comorbidities. Semin Arthritis Rheum 2021,
51(1):219-229.

Erre GL, Cacciapaglia F, Sakellariou G, Manfredi A, Bartoloni E, Viapiana
O, Fornaro M, Cauli A, Mangoni AA, Woodman RJ, Palermo BL, Gremese

170



13.

14.

15.

16.

17.

18.

19.

20.

21.

E, Cafaro G, Nucera V, Vacchi C, Spinelli FR, Atzeni F, Piga M: C-reactive
protein and 10-year cardiovascular risk in rheumatoid arthritis. Eur J Intern
Med 2022, 104:49-54.

Albert MA, Glynn RJ, Ridker PM: Effect of physical activity on serum C-
reactive protein. Am J Cardiol 2004, 93(2):221-225.

Hastie CE, Haw S, Pell JP: Impact of Smoking Cessation and Lifetime
Exposure on C-Reactive Protein. Nicotine & Tobacco Research 2008,
10(4):637-642.

Dias JA, Wirfalt E, Drake I, Gullberg B, Hedblad B, Persson M, Engstrom
G, Nilsson J, Schiopu A, Fredrikson GNJA: A high quality diet is associated
with reduced systemic inflammation in middle-aged individuals. 2015,
238(1):38-44.

Pai JK, Hankinson SE, Thadhani R, Rifai N, Pischon T, Rimm EBJA:
Moderate alcohol consumption and lower levels of inflammatory markers
in US men and women. 2006, 186(1):113-120.

Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, Downey P,
Elliott P, Green J, Landray M, Liu B, Matthews P, Ong G, Pell J, Silman A,
Young A, Sprosen T, Peakman T, Collins R: UK biobank: an open access
resource for identifying the causes of a wide range of complex diseases of
middle and old age. PLoS Med 2015, 12(3):e1001779.

Lachat C, Hawwash D, Ocké MC, Berg C, Forsum E, Hornell A, Larsson
C, Sonestedt E, Wirfalt E, Akesson A, Kolsteren P, Byrnes G, De Keyzer
W, Van Camp J, Cade JE, Slimani N, Cevallos M, Egger M, Huybrechts I:
Strengthening the Reporting of Observational Studies in Epidemiology-
Nutritional Epidemiology (STROBE-nut): An Extension of the STROBE
Statement. PLoS Med 2016, 13(6):e1002036.

Bradbury KE, Young HJ, Guo W, Key TJ: Dietary assessment in UK
Biobank: an evaluation of the performance of the touchscreen dietary
questionnaire. J Nutr Sci 2018, 7:€6.

NHS Digital: The risks of drinking too much. 2022, [Available from:

https://www.nhs.uk/live-well/alcohol-advice/the-risks-of-drinking-too-

much/].
NHS Digital: Alcohol units. 2024, [Available from: https://www.nhs.uk/live-

well/alcohol-advice/calculating-alcohol-units/].

171


https://www.nhs.uk/live-well/alcohol-advice/the-risks-of-drinking-too-much/
https://www.nhs.uk/live-well/alcohol-advice/the-risks-of-drinking-too-much/
https://www.nhs.uk/live-well/alcohol-advice/calculating-alcohol-units/
https://www.nhs.uk/live-well/alcohol-advice/calculating-alcohol-units/

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Organization WH: WHO guidelines on physical activity and sedentary
behaviour. 2020, [Available from:
https://www.who.int/publications/i/item/9789240015128].

Chudasama YV, Khunti KK, Zaccardi F, Rowlands AV, Yates T, Gillies CL,
Davies MJ, Dhalwani NN: Physical activity, multimorbidity, and life
expectancy: a UK Biobank longitudinal study. BMC Med 2019, 17(1):108.
Zhang YB, Chen C, Pan XF, Guo J, Li Y, Franco OH, Liu G, Pan A:

Associations of healthy lifestyle and socioeconomic status with mortality

and incident cardiovascular disease: two prospective cohort studies. Bmj
2021, 373:n604.

Ding J, Schottker B, Brenner H, Hoffmeister M: Thirteen simple lifestyle
scores and risk of cancer, cardiovascular disease, diabetes, and mortality:
Prospective cohort study in the UK Biobank. Int J Cancer 2025,
157(12):2495-2505.

Tsai MC, Yeh TL, Hsu HY, Hsu LY, Lee CC, Tseng PJ, Chien KL:
Comparison of four healthy lifestyle scores for predicting cardiovascular
events in a national cohort study. Sci Rep 2021, 11(1):22146.

Baker JF, Billig E, Michaud K, Ibrahim S, Caplan L, Cannon GW, Stokes
A, Majithia V, Mikuls TR: Weight Loss, the Obesity Paradox, and the Risk
of Death in Rheumatoid Arthritis. Arthritis Rheumatol 2015, 67(7):1711-
1717.

Kishore BKJPr: Reverse epidemiology of obesity paradox: Fact or fiction?
2024, 12(21):e70107.

Guo L, Huang Y, He J, Li D, Li W, Xiao H, Xu X, Zhang Y, Wang R:
Associations of lifestyle characteristics with circulating immune markers in
the general population based on NHANES 1999 to 2014. Sci Rep 2024,
14(1):13444.

Lange T, Hansen JV: Direct and indirect effects in a survival context.
Epidemiology 2011, 22(4):575-581.

Wang W, Albert JM: Causal Mediation Analysis for the Cox Proportional
Hazards Model with a Smooth Baseline Hazard Estimator. J R Stat Soc
Ser C Appl Stat 2017, 66(4):741-757.

Hahn J, Malspeis S, Choi MY, Stevens E, Karlson EW, Lu B, Cui J, Yoshida
K, Kubzansky L, Sparks JA, Costenbader KH: Association of Healthy

172


https://www.who.int/publications/i/item/9789240015128

33.

34.

35.

36.

37.

38.

39.

40.

Lifestyle Behaviors and the Risk of Developing Rheumatoid Arthritis
Among Women. Arthritis Care Res (Hoboken) 2023, 75(2):272-276.
Zhang J, Fang XY, Leng R, Chen HF, Qian TT, Cai YY, Zhang XH, Wang
YY, Mu M, Tao XR, Leng RX, Ye DQ: Metabolic Signature of Healthy
Lifestyle and Risk of Rheumatoid Arthritis: Observational and Mendelian
Randomization Study. Am J Clin Nutr 2023, 118(1):183-193.

Arend WP, Firestein GSJNRR: Pre-rheumatoid arthritis: predisposition and
transition to clinical synovitis. 2012, 8(10):573-586.

Song X, Ma X, Yang B, Zhang D, Zou Y, Lei B, Xiang R, Zhao X, Qu Y,
Zheng S, Yu T, Zhou J, Han T, Zhong Y, Xia M, Alfredsson L, Leander K,
Fan M, Jiang X: Mediterranean diet, metabolic signature, genetic
predisposition, and risk of rheumatoid arthritis: a large-scale population-
based prospective cohort study. Am J Clin Nutr 2025, 122(6):1778-1787.
Dodd KC, Menon M: Sex bias in lymphocytes: Implications for autoimmune
diseases. 2022, Volume 13 - 2022.

Sciarra F, Campolo F, Franceschini E, Carlomagno F, Venneri MA:
Gender-Specific Impact of Sex Hormones on the Immune System. Int J
Mol Sci 2023, 24(7).

Nowak TJ, Muehlenbein MP: Toward understanding sexual immune
dimorphism in humans. 2025, Volume 16 - 2025.

Ellulu MS, Patimah |, Khaza'ai H, Rahmat A, Abed Y: Obesity and
inflammation: the linking mechanism and the complications. Arch Med Sci
2017, 13(4):851-863.

Uti DE Al, Omang WA, Alum EU, Obeten UN, Udeozor PA, Agada SA,
Bawa |, Ogbu CO.: Cytokines as key players in obesity low grade

inflammation and related complications. Obesity Medicine 2025, 54.

173



Chapter 7 Summary and Conclusions

Rheumatoid arthritis (RA) is the most common inflammatory arthritis resulting in
progressive disability, and increasing morbidity and mortality [1]. Diet is one of
the major modifiable factors for RA risk [2], with millions of musculoskeletal
disorders more broadly estimated to be attributable to a low intake of healthy
foods and a high intake of unhealthy foods [3]. However, evidence on many
aspects of diet, including foods, nutrients, and eating patterns remains unclear,
hindering the development of evidence-based dietary guidelines. More recently,
multi-component and comprehensive healthy lifestyles have gained attention in
relation to RA prevention. Nonetheless, epidemiological evidence exploring their
combined impact on RA risk, particularly regarding the underlying circulatory

inflammatory pathways, remains very limited.
The aim of this thesis:

To investigate associations between dietary factors and rheumatoid arthritis risk

in British adults using data linkage.

The preceding chapters describe the approach taken to achieve this aim, and

present the findings through five papers:

1. Paper 1 (Chapter 2) Dose—response associations between diet and risk of

rheumatoid arthritis: A meta-analysis of prospective cohort studies

2. Paper 2 (Chapter 3) Measures of adiposity and risk of rheumatoid arthritis in

middle-aged UK women: A prospective cohort study

3. Paper 3 (Chapter 4) Association of Mediterranean diet with rheumatoid
arthritis risk: Evidence from the UK Women’s Cohort Study

4. Paper 4 (Chapter 5) Consumption of alcoholic beverages and risk of

rheumatoid arthritis: findings from the UK Women’s Cohort Study

5. Paper 5 (Chapter 6) Healthy lifestyle score, C-reactive protein levels, and
incident rheumatoid arthritis: a prospective cohort study of 354,512 UK Biobank

participants
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This final chapter brings together and synthesises the evidence generated from
the preceding studies (Chapter 2-6). It summarises main findings, highlights
novel contributions, and critically evaluates the results within the wider literature.
Possible mechanisms are explored, followed by a balanced discussion of
strengths and limitations. The chapter then turns to public health messages and

future research directions, before concluding the thesis.

7.1 Summary of principal findings

Principal findings of this thesis are highlighted in Table 7.1. First, the dose-
response meta-analysis of prospective cohort studies (Chapter 2) showed that
higher intakes of total alcohol, fruit, and cereals were associated with a reduced
risk of RA, while tea and caffeinated coffee were linked to an increased risk.
However, the evidence was limited for most dietary exposures, with
moderate-to-low certainty and considerable heterogeneity. Second, in Chapter
3, using the UK Women’s Cohort Study (UKWCS), we found that central adiposity
measures (waist circumference [WC], waist-to- hip ratio [WHR], waist-to- height
ratio [WHtR], and skirt size) were stronger predictors of RA risk than BMI,
particularly in never-smokers and premenopausal women. Third, in Chapter 4,
higher adherence to the Mediterranean diet was associated with a lower risk of
RA in the UKWCS, although the protective effect was only evident among women
with highest adherence category and was attenuated after excluding current
smokers. Fourth, in Chapter 5, moderate- to- high alcohol intake (>14 units/week)
was associated with a decreased RA risk in the UKWCS, and this inverse
association was modified by smoking. Finally, in Chapter 6, using the UK
Biobank, a higher combined healthy lifestyle score (including never smoking,
moderate alcohol consumption, sufficient physical activity, and a high- quality diet)
was associated with a lower risk of incident RA. The protective effect was
stronger in men, leaner individuals, and those recruited from England. CRP
partially mediated this association, explaining approximately 30% of the risk
reduction, and the mediation effect was strongest during the first few years of
follow-up. These findings suggest that promoting multiple healthy lifestyle
behaviours may reduce RA risk, partly through lowering systemic inflammation,

with potential sex- and adiposity- specific differences.
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Table7.1 Summary of key findings, potential explanations, and novelty in this

thesis.

Chapter | Key finding Potential explanations Novelty

2 (1) Moderate alcohol . Alcohol may reduce . First comprehensive
intake (up to 60 inflammation via dose-response
g/week), higher fruit polyphenols (e.g., meta- analysis covering
intake (per 80 g/day), resveratrol) and 32 dietary factors and
and higher cereal modulation of immune RA risk.
intake (per 30 g/day) response.

. . « Included only
were associated with _ _
reduced RA risk. « Fruits and cereals prospective cohort
provide fibre, studies, reducing recall
antioxidants, and anti- bias.
inflammatory
2) T . Provi
(2) Teaand phytochemicals. rovided
caffeinated coffee were moderate- certainty
linked to increased . The effects of tea and evidence for fruit,
risk. coffee may be due to cereals, and alcohol;
. . the pro-inflammatory also highlighted
(3) Non-linear inverse effects of high-dose research gaps for
associations observed . ,
caffeine, or by dietary patterns and
for oily fish and vitamin . , ,
confounding factors micronutrients.
D supplements. linked to unhealthy
dietary habits (e.g.,
added sugar).

3 (4) Higher BMI, waist |« Central adiposity drives |« First study to
circumference (WC), low-grade inflammation simultaneously
waist-to-hip ratio via pro-inflammatory compare BMI, WC,
(WHR), waist-to-height cytokines (TNF-q, IL-6, WHR, WHtR, and
ratio (WHtR), and CRP) and adipokines clothing size
larger clothing size (leptin, adiponectin). (blouse/skirt) for RA
(blouse/skirt) were _ risk in a UK female
associated with » Smoking may obscure cohort.

obesity-RA association.
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increased RA risk in
the UKWCS.

(5) WHIR =0.6
showed the strongest

effects.

(6) Associations were
more stronger in never-
smokers,
premenopausal
women, and those with

substantial weight gain.

Weight gain may
influence metabolic and
inflammatory
consequences of

adiposity.

Hormonal changes in
premenopausal women
may amplify obesity-

related inflammation.

. Demonstrated that
WHTtR and skirt size
(self-reported, as
practical proxy) are
more effective than
BMI at identifying
women at higher RA

risk.

(7) Higher adherence
to a Mediterranean diet
was associated with a
33% lower risk of RA
compared to low

adherence.

Mediterranean diet may
reduce RA risk through
synergistic

anti- inflammatory
effects (e.g., fibre,
antioxidants,
polyphenols) and
modulation of gut

microbiota.

Composite score
captures overall pattern
better than individual
components due to

complex interactions.

. First large-scale UK
prospective cohort
study to examine
Mediterranean diet and

RA risk in women.

. First to use restricted
cubic splines to
visualise dose-
response in this

population.

(8) Total alcohol
intake >14 units/week
was associated with

lower RA risk

Ethanol suppresses
pro-inflammatory
cytokines (TNF-q, IL-1,

. First UK female cohort
to examine total alcohol
and beverage types
(wine, beer, sherry,
spirits) with RA risk
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compared with

non-drinkers.

IL-6) and inhibits Tfh

cell responses.

The higher risk in non-
drinkers was patrtially
explained by competing
mortality (healthy-

survivor bias)

using competing risk

models.

Showed that competing
mortality explains part
of the excess risk in

non-drinkers.

Provided evidence for
beverage- specific
effects (wine, spirits)

beyond ethanol.

(9) A higher healthy
lifestyle score was
associated with a lower
risk of incident RA.

(10) CRP mediated
the association,
explaining about 30%
of the effect.

(11) The protective
effect was stronger in
men, leaner
individuals, and those

from England.

Healthy lifestyles
reduce systemic
inflammation, which is a

known driver of RA.

CRP’s mediating effect
was time-varying
(stronger early),
suggesting early
inflammatory drivers or

survivor bias.

Sex differences may
reflect hormonal
modulation of
inflammation; obesity
may attenuate
additional lifestyle

benefit.

First large-scale UK
Biobank study to
examine a combined
healthy lifestyle score
with RA risk and
formally test CRP as a

mediator.
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7.2 Highlights of what is novel in this thesis

1. The first comprehensive meta-analysis of 32 dietary exposures and RA risk
using only prospective cohort studies with dose-response analyses, including
foods, beverages, nutrients, and supplements, assessing both linear and non-

linear associations and evaluating the certainty of evidence.

2. The first prospective study in UK women to simultaneously investigate

associations between multiple adiposity indicators and incident RA.

3. The first UK prospective study of Mediterranean diet adherence and RA risk,

using restricted cubic splines.

4. The first prospective study in British women to examine total and beverage-
specific alcohol intake in relation to rheumatoid arthritis risk, applying the
competing risk models to account for deaths from CVD and cancer as competing

events.

5. This is the first prospective study in UK Biobank to examine the association
between a healthy lifestyle score and incident RA, as well as being the first to
quantify CRP as a mediator with a time-varying effect and to investigate effect

modification by sex, BMI and region.

7.3 Comparison with previous literature

This section integrates findings from all prior chapters under several topics,
highlighting how this thesis advances the evidence base on diet, lifestyle and RA

risk.

7.3.1 The meta-analysis

Prior to this thesis, several systematic reviews had examined the association
between diet and RA risk, but no study had comprehensively synthesised
prospective evidence across a wide range of dietary exposures using dose-
response analyses. Two recent systematic reviews focused on dietary patterns
and RA risk but did not include individual dietary components in their search
strategies [4, 5]. A 2014 meta-analysis of alcohol consumption and RA risk
reported a non-linear protective association, but included non-peer-reviewed
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literature and did not distinguish between beverage types [6]. For most other
dietary factors, including fruits, vegetables, cereals, meat, fish, tea, coffee, and
micronutrients, the evidence remained fragmented or inconclusive, with no

quantitative synthesis available.

A total of 3,525 potentially relevant reports were identified, from which 55 full-text
articles were assessed for eligibility. The final selection included 30 prospective
cohort studies, representing 32 distinct dietary exposures in relation to RA risk.
Among these associations, total alcohol, beer, fruits, cereals, and vitamin D
supplements were associated with a reduced risk of RA, while tea and caffeinated
coffee were associated with an increased risk. Most risk reductions ranged from
3% to 10% per increment in intake. Most identified associations were protective
(n =6) and a smaller number were harmful (n = 2), with moderate-to-low certainty

evidence.

Additionally, Chapter 2 informed the original research presented in subsequent
chapters of this thesis. The meta-analysis highlighted the need for more robust
prospective studies with adequate power, long follow-up durations, and
appropriate adjustment for confounders, particularly for dietary patterns and for
beverage-specific alcohol analysis. For example, although the meta-analysis
indicated that beer consumption was associated with a 10% reduction in risk, this

finding was based on evidence of very low certainty from only four studies.

The meta-analysis also identified the absence of mediation analyses examining
potential biological pathways linking dietary exposure to RA risk, and the lack of
studies investigating effect modification by smoking status, BMI, menopause, or
other demographic factors. These identified gaps directly motivated the design of
the UKWCS and UK Biobank analyses presented in Chapters 4, 5, and 6, which
address the need for detailed dietary pattern analysis (Mediterranean diet,
Chapter 4), beverage-specific alcohol assessment (Chapter 5), investigation of
mediating pathways such as CRP (Chapter 6), and exploration of effect
modification by sex, BMI, and smoking status. To provide a comprehensive
picture of nutritional status and its impact on RA, Chapter 3 extends the

investigation from specific dietary intakes to anthropometric measures of
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adiposity. Thus, the meta-analysis serves as both a foundational synthesis of

existing evidence and a roadmap for the original contributions of this thesis.

7.3.2 Dietary assessment

In the meta-analysis presented in Chapter 2, most included studies relied on a
single baseline food frequency questionnaire or dietary record to assess dietary
intake, which introduced random error and contributed to considerable
heterogeneity across studies. Only a few cohorts implemented repeated
measurements. The Nurses’ Health Study (NHS) | and Il repeated dietary
measurements every 2—4 years in a subsample [7]. The Swedish Mammography
Cohort (SMC) administered detailed FFQs at three time points (1987, 1997, and
2008-2009) and conducted a validation study comparing FFQ results from 129
women against four 7-day dietary records [8], improving the reliability of dietary
assessment. These repeated measurement designs could capture dietary intake
over up to 10 years and minimise the attenuation of effect estimates due to
measurement error. For example, a 2014 study using the SMC found that higher
intake of omega-3 fatty acids was associated with reduced RA risk, a finding that

may have been attenuated in other cohorts relying on single dietary assessments

[9].

Both UK Biobank and the UKWCS collected repeated dietary measurements (up
to five 24-hour recalls in UK Biobank [10]; a 4-day food diary at phase 2 in the
UKWCS [11]), enabling better characterisation of long-term intake than single-
baseline assessments. Nevertheless, both cohorts rely on self-reported dietary
data, a limitation that typically attenuates observed associations. Regarding
alcohol consumption, the UKWCS used a 217-item FFQ at baseline to assess
dietary intake over the preceding 12 months. This was supplemented by
additional questions on the typical weekly frequency of consumption of each
specific alcoholic beverage. Alcohol unit conversions and portion size definitions
for alcohol intake followed UK standards [12]. Energy adjustment employed the
all-components model, adjusting for all non-alcohol caloric sources [13]. This
approach avoids over-adjustment because alcohol-derived calories may lie on

the causal pathway between drinking behaviour and health outcomes; adjusting
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for total energy (including alcohol) would therefore remove part of the effect of

interest.

Although UK Biobank collected detailed data on different alcoholic beverages
(red wine, white wine/champagne, beer/cider, spirits) at baseline, to our
knowledge, no published RA study using UK Biobank has utilised these
beverage-specific data. The only published UK Biobank analysis of alcohol and
RA risk [14] used a simplified variable categorising drinking frequency (“daily or

almost daily”,

3—4 times/week”, “1-2 times/week”, “occasionally”, or “never”),
without distinguishing between beverage types. Similarly, although EPIC-Norfolk
collected beverage-specific alcohol information, its published alcohol-RA analysis
reported only total alcohol intake [15]. The UKWCS is the only UK female cohort
to have systematically evaluated beverage-specific alcohol consumption in
relation to RA risk, which enabled wine to be identified as the primary driver of

the observed inverse association.

A further source of heterogeneity in Chapter 2 meta-analysis concerns food
classification. Several dietary exposures showed substantial heterogeneity and
wide confidence intervals, which may be partly attributable to crude food
classifications across different FFQs and dietary assessment methods.
Definitions of “fruit”, “vegetables”, or “cereal products” varied between cohorts.
Some cohorts, such as the UK Biobank and the Kailuan Study, used broad
categories, whereas others, including the NHS [16, 17], and the Women's Health
Initiative (WHI) [18], collected more detailed data, enabling classification of
specific sub-types such as citrus fruits, cruciferous vegetables, and green leafy
vegetables. For fish intake, some studies assessed only "total fish", whereas
others distinguished between oily fish (e.g., salmon, mackerel, sardines) and
non-oily fish (e.g., cod, haddock) [19, 20]. This distinction is important because
our non-linear dose-response analysis in Chapter 2 revealed a protective
association only with oily fish. This finding could only be detected in cohorts that
collected disaggregated fish data, such as EPIC-Norfolk, NHS and the WHI.
Cruder classification tends to attenuate true associations and increase between-
study heterogeneity, as the same exposure category may include foods with

divergent biological effects.
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7.3.3 Cohort differences

The two British cohorts examined in this thesis, the UKWCS (recruited 1995-
1998) and UK Biobank (recruited 2006—2010) differ in their design, population
characteristics, and analytical capabilities. UK Biobank, recruited more recently,
may reflect population-level shifts in lifestyle behaviours and health policies over
time, as outlined in Section 1.2.4. These differences do not cancel each other out
but rather contribute complementary evidence on the associations between
lifestyle and RA risk.

Sex composition is the most difference between the two cohorts. The UKWCS
includes women only, which is consistent with previous prospective studies of RA
risk such as the NHS, E3N, SMC, lowa Women's Health Study (IWHS). By
contrast, UK Biobank includes both sexes (48% men and 52% women), enabling
the investigation of the effect of sex on modification in Chapter 6. This chapter
revealed that adherence to a healthy lifestyle was associated with a 30% lower
RA risk in men, compared to a 15% reduction in women (Chapter 6: Table 6.2).
Examination of baseline characteristics stratified by sex and lifestyle score
(Chapter 6, Appendix E: Table E5) showed that a higher proportion of women
(26.6%) achieved high lifestyle scores than men (19.2%), while a higher
proportion of men (25.9%) were in the low-scoring group than women (17.1%).
This implies that men may have greater scope for lifestyle improvement,
potentially leading to more evident risk reductions when healthy behaviours are

adopted.

Both cohorts exhibit healthy volunteer bias, though to different degrees. In the
UKWCS, only 11% of participants were current smokers and 58% reported taking
nutritional supplements at baseline. In UK Biobank, 10% were current smokers
(Chapter 6, Table 6.1), and the proportion with college-level education (50.4%)
was higher than in the UKWCS (27.1%), reflecting shifting demographics and
selection patterns over time. Both cohorts are healthier and more health-
conscious than the general UK population in the same era, which is
approximately 25% current smokers [21], 35% supplement users [22]. On the one
hand, reduced variability in exposure makes it harder to detect true associations

because few participants have highly unhealthy lifestyles. Conversely, if health
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consciousness is correlated with certain exposures, such as moderate alcohol
consumption, and RA detection rates, for example through more frequent
healthcare seeking, this could inflate some associations. Despite this uncertainty,
the directionally consistent associations observed across both cohorts for alcohol,
Mediterranean diet, and healthy lifestyle score argue for the robustness of these

findings.

A fundamental strength shared by both cohorts is the method of RA case
ascertainment. In both the UKWCS and UK Biobank, incident RA cases were
identified through linkage to Hospital Episode Statistics (HES) rather than self-
report. This represents a major methodological advance over several earlier
prospective studies. For example, the NHS initially relied on self-reported RA
confirmed by supplementary questionnaires and medical record review, but not
all self-reported cases can be validated. The IWHS and the Kailuan cohort relied
partly on self-reported arthritis [23, 24]. Self-report is prone to recall bias and
misclassification, particularly for a condition like RA which may be confused with
other forms of arthritis. By contrast, HES linkage provides high diagnostic

accuracy, reduces selective loss to follow-up, and eliminates recall bias.

The UK Biobank offers unique analytical capabilities due to its large sample size
and availability of biomarker data. With 354,512 participants and 4,669 incident
RA cases (compared with 23,699 participants and 255 cases in the UKWCS), UK
Biobank provided much greater statistical power for subgroup analyses. Neither
UKWCS nor previous cohort studies (NHS, EPIC-Oxford, SMC, E3N) had the

necessary, full-cohort biomarker data to perform mediation analyses.

The regional discrepancy observed in UK Biobank, where the protective effect of
healthy lifestyle score was stronger among participants recruited from England,
is likely driven by methodological factors rather than true biological differences.
First, data linkage completeness varies slightly by region. UK Biobank's
integration with England's HES is the most established, minimising outcome
misclassification for incident RA. Second, it comes down to statistical power.
England contributed most of the participants and cases, so its results are more
precise (narrower confidence intervals) and reliable than those from the much
smaller Scottish or Welsh cohorts. Yu et al. [25] also used UK Biobank but
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focused on gene-lifestyle interactions, whereas this thesis examines lifestyle
factors alone and includes CRP mediation analysis. Their lifestyle score excluded

diet, a key component of Chapter 6.

Despite differences in design, population, and historical context across chapters,
and although the findings vary, a certain degree of consistency remains across

the cohorts.

7.3.4 Dietary exposure: from single food component to dietary pattern

A central theme of this thesis is the expansion of the analytical scope, from the
examining individual nutrients and food components (Chapters 2 and 5) to
analysing of the Mediterranean dietary pattern (Chapter 4) and developing a
healthy lifestyle score (Chapter 6). This approach not only satisfies the research
gap identified in Chapter 2, namely the rarity of dietary pattern and lifestyle score
examinations, but also reflects the complementary nature of the analysis of

individual components and overall patterns.

The single-component approach can identify which specific dietary factors drive
an association. For example, Chapter 2 found that fruit and cereals intakes were
protective against RA, while tea drinking was harmful. However, this method
assumes that each component acts independently and additively [26], an
assumption that may not hold in complex biological systems where interactions
are common. In contrast, the pattern-based approach captures the properties that
cannot be reduced to the sum of individual parts. As shown in Chapter 4, no
individual component of the Mediterranean diet was found to be linked to RA risk
in isolation, but the diet as a whole was protective, indicating a synergistic effect.
This finding aligns with broader evidence that various dietary quality indexes
(Healthy Eating Index, Mediterranean Diet Score, DASH) consistently showed
that higher diet quality is associated with lower health outcomes across multiple
large cohorts [27-29], despite differences in how individual components are
scored [30].

The optimal analytical approach depends on the research question. Pattern-
based analyses are well-suited to detecting the effects of complex, synergistic

systems, such as the effect of diet on health conditions, and to informing
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population-level public health messages. Furthermore, as Neuhouser [31] points
out, dietary exposure is inherently long-term and multidimensional. People
consume food, not individual nutrients. Therefore, pattern-based methods are
better suited to capturing the cumulative effect of a habitual diet over time,
whereas single-component approaches may miss the synergistic effects that

characterise real-world eating behaviours.

Chapter 6 reported for the first time that the protective effect of a healthy lifestyle
score was stronger in men than in women. Biologically, oestrogen enhances pro-
inflammatory responses, increasing RA susceptibility in women, while

testosterone exerts immunosuppressive effects that may protect men [32].

The association between alcohol consumption and RA risk was significantly
modified by smoking status (Chapter 5). Non-drinking current smokers had a
3.72-fold higher risk compared with regular drinkers. This is consistent with the
Swedish EIRA study, which reported a three-way interaction between alcohol,
smoking, and HLA-DRB1 shared epitope. Our study is the first to confirm this

interaction in a UK prospective cohort while accounting for competing risks.

Obesity-related RA risk (assessed by BMI, WC, WHR, WHtR) was stronger in
premenopausal women than in postmenopausal women (Chapter 3), supporting
the hormonal hypothesis of RA pathogenesis. This may reflect the pro-
inflammatory effects of oestrogen, which decline after menopause [33],
potentially attenuating the obesity-inflammation-RA pathway in postmenopausal
women. Additionally, the metabolic and inflammatory consequences of adiposity

may be more pronounced when oestrogen levels are higher [34].

For the Mediterranean diet, no evidence of effect modification was observed by
BMI, smoking, age, or physical activity (Chapter 4), suggesting that this dietary

pattern confers protection consistently across subgroups.

In summary, hormonal status (sex, menopause) and smoking are important
modifiers of RA risk, whereas the Mediterranean diet appears robust across
subgroups. However, as the statistical power for the subgroup analyses was

limited, the findings should be replicated in larger studies in the future.
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7.4 Critique of potential mechanisms

7.4.1 Alcohol intake

As demonstrated in Chapter 2 (meta-analysis) and Chapter 5 (UKWCS),
moderate alcohol consumption is associated with a lower risk of RA. The meta-
analysis showed that each 2-unit/week increase in total alcohol intake was
associated with a 4% reduction in RA risk, with a J-shaped relationship
suggesting protective effects up to approximately 60 g/week. The UKWCS
analysis further showed that those consuming >14 units/week had a 43% lower
risk compared with non-drinkers, an effect that remained robust after accounting

for competing risks from CVD and cancer mortality.

In the UKWCS, alcohol was consumed regularly by 67% of the participants (at
least once a week), with a mean alcohol consumption of 9.0 units per week
recorded among all participants and 13.0 units per week among regular drinkers.
Wine was the most popular drink, with 83% of participants consuming it. In the
UK Biobank (Chapter 6), mean alcohol consumption was 2.2 units/week. Despite
this difference, both cohorts showed inverse associations between alcohol and
RA risk.

The apparent decline in protection beyond 60 g/week in the meta-analysis
requires cautious interpretation, as it likely reflects data sparsity rather than a true
biological threshold. Because most primary studies included in meta-analyses
have very limited numbers of high-level drinkers, leading to unstable estimates at
the upper end of the distribution. The UKWCS, which included a substantial
proportion of women consuming >14 units/week, observed continued protection
at this level. The 14 units per week threshold is the guideline set by the UK Chief
Medical Officers for low-risk drinking in order to minimise overall health harm [35].
Notably, similar levels of moderate alcohol intake have been associated with a
lower risk of sarcopenia in a J-shaped manner [36]. This implies that there are
protective effects for certain musculoskeletal outcomes. Conversely, even
moderate consumption is consistently linked to an increased risk of breast cancer
[37,38]. Therefore, the more accurate conclusion is that while protection for RA

may extend into higher intake levels, with insufficient evidence regarding very
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high consumption, any public health interpretation must weigh this against

alcohol’s well-established harms for other diseases.

Inspired by the evidence above, Chapter 6 treated alcohol as an independent
component of a composite healthy lifestyle score, alongside smoking, physical
activity, and diet. This approach avoids attributing alcohol's potential benefit to
other health behaviours [39]. The mediation analysis in Chapter 6 showed that
CRP explained 30% of the association between healthy lifestyle score and
incident RA. In a cross-sectional study of 2,006 German adults, Imhof et al.
observed a U-shaped association between alcohol intake and CRP levels, with
moderate drinkers having the lowest concentrations [40]. Thus, while the finding
of Chapter 6 is not specific to alcohol, it is consistent with the hypothesis that
alcohol’s protective effect on RA operates partly via reducing CRP-mediated

inflammation.

The UKWCS analysis found that wine, but not beer or spirits, drove the protective
association (Chapter 5). In the UKWCS, regular drinkers (the majority of whom
consumed wine) had more favourable health profiles compared with non-drinkers:
they were younger, had a lower BMI, higher educational attainment, and were
less likely to smoke (Chapter 5, Table 5.1). While the models adjusted for these
factors, residual confounding remains a concern. Therefore, wine drinking could
indicate broader health consciousness, such as more frequent medical check-
ups, a higher socioeconomic status and better access to healthcare, rather than
being a causal agent itself. Without randomisation, this cannot be conclusively
determined. Besides, while wine’s polyphenols have documented anti-
inflammatory properties [41], the UKWCS lacked data on polyphenol metabolites

or biomarkers, preventing direct testing of this pathway.

Ethanol is rapidly absorbed after oral administration and primarily metabolised in
the liver, exerting effects directly on immune cells and indirectly via its metabolite
acetate. Directly, ethanol inhibits NF-kB activation and reduces pro-inflammatory
cytokines in human monocytes [42]. Indirectly, low-dose ethanol alters gut
microbiota composition (increasing Muribaculaceae), elevates acetate
production, which reduces neutrophil extracellular trap formation via the GPR43
receptor [43], a pathway relevant to citrullinated autoantigen exposure, and limits

CD4+ T cell migration to inflamed joints [44]. Ethanol also reduces T follicular
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helper cell differentiation and IL-21 expression, potentially limiting autoantibody

production [45].

However, these pathways were beyond the scope of direct investigation in this
thesis. Data on inflammatory biomarkers (CRP, IL-6, TNF-a), gut microbiota,
serum acetate, or autoantibodies were not available in the UKWCS. The UK
Biobank measured CRP at baseline (with repeat measurements available for a
subset), but data on gut microbiota or autoantibodies were not available in the
cohort. Consequently, while the observed associations are consistent with these

mechanisms, the thesis provides no direct evidence for them.

7.4.2 Mediterranean diet

As demonstrated in Chapter 4, higher adherence to the Mediterranean diet is
associated with a lower risk of RA. In the UKWCS, high adherence (score 27)
was associated with a 33% lower RA risk compared with low adherence (score
<3), yet no single dietary component showed an independent association with RA
risk. As illustrated in directed acyclic graph (DAG) in Chapter 4 (Figure 4.1), the
separation of the overall dietary pattern from its individual components is a
defining feature of dietary synergy. The restricted cubic spline analysis revealed
a steady inverse trend. The dose-response pattern mirrors findings for other
chronic conditions, such as cardiovascular disease [46] and type 2 diabetes [47].
This consistency suggests that the Mediterranean diet may act on core biological
pathways common to these diseases, such as inflammation and metabolic

regulation, rather than through disease-specific mechanisms.

The protective effect can be underpinned by synergistic anti-inflammatory actions
of multiple bioactive compounds. Fatty fish provide n-3 PUFAs (EPA and DHA),
which are precursors to pro-resolving mediators that actively reduce inflammation
[48]; fruits and vegetables supply polyphenols and carotenoids that reduce
oxidative stress and modulate NF-kB signalling [49]; whole grains and legumes
deliver dietary fibre, fermented by gut microbiota into short-chain fatty acids e.g.,
acetate, propionate, butyrate, with systemic immunomodulatory effects [50,51].
Evidence from the PREDIMED clinical trial supports this synergy. Mediterranean

diet interventions supplemented with olive oil or nuts were found to significantly

189



reduce levels of IL-6, IL-8, CRP and TNF-a [52], an effect that is attributed to

cumulative dietary changes rather than any single component.

The Mediterranean diet also can modulate gut microbiota. High adherence to the
diet is associated with an increased abundance of bacteria that produce short-
chain fatty acids (e.g. Faecalibacterium prausnitzii, Roseburia and
Bifidobacterium) and a reduction in pro-inflammatory taxa [53,54]. This enhances
intestinal barrier integrity and dampens systemic inflammation, which may be
relevant to the pathogenesis of RA, given that gut dysbiosis has been found to

precede the onset of clinical symptoms [55].

7.4.3 Central obesity

Adipose tissue, particularly visceral fat, is not merely an energy store but an
active endocrine organ. In obesity, hypertrophied adipocytes and infiltrating M1-
polarised macrophages promote inflammation through three pathways: (1)
secretion of pro-inflammatory cytokines (TNF-a, IL-6, CRP) [56]; (2)
dysregulation of adipokines (increased leptin, decreased adiponectin) [57]; and
(3) amplification of cytokine production via macrophage recruitment [58].
Mendelian randomisation studies by Vasileiadis et al. [59] found no direct causal
effect of circulating adiponectin, leptin, or resistin on RA risk after BMI adjustment
[59]. This suggests that these specific adipokines are not independent drivers of
RA risk. One possibility is that the association is driven by the broader

inflammatory milieu of obesity.

The finding that central obesity measures outperformed BMI aligns with evidence
from other disease contexts. In the Osteoarthritis Initiative, central obesity was
associated with knee cartilage damage independent of BMI [60], and a systematic
review confirmed a consistent detrimental effect of obesity on knee cartilage [61].
A meta-analysis of over 300,000 adults demonstrated that WHtR has superior
discriminatory power to BMI for detecting cardiometabolic risk factors [62], and a
large cohort study found that central obesity was positively associated with
mortality [63]. Visceral adiposity is specifically linked to elevated IL-6 and CRP
levels, whereas BMI shows weaker associations with these inflammatory markers

[64,65]. This suggests central obesity captures a distinct inflammatory burden not
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fully reflected by BMI, which may explain why it is a more relevant risk factor for

inflammatory conditions such as RA.

As shown in Chapter 3, the obesity-RA association was stronger in
premenopausal than postmenopausal women, and linear associations were only
evident in those who had weight gained (>10 kg) since age 20. These findings
support that oestrogen enhances pro-inflammatory responses, while its sharp
decline at menopause may alter cytokine balance [66]. Weight gain since young
adulthood may represent cumulative exposure to obesity-related inflammation
[67].

7.4.4 Lifestyle, inflammation, and RA risk

The preceding sections have detailed how individual lifestyle factors: alcohol
consumption (Section 7.4.1), the Mediterranean diet (Section 7.4.2), and central
obesity (Section 7.4.3) influence RA risk through inflammatory mechanisms.

Each factor has been linked to circulating levels of pro-inflammatory cytokines.

Chapter 6 tested whether an overall healthy lifestyle reduces RA risk via this
same inflammatory pathway. A healthy lifestyle score, encompassing never
smoking, moderate alcohol consumption, sufficient physical activity, and a high-
quality diet, was inversely associated with RA risk. This is the first prospective
study to formally quantify the extent to which systemic inflammation mediates the
lifestyle-RA association. This does not preclude other mechanisms, such as gut
microbiota modulation or oxidative stress, but demonstrates that the anti-

inflammatory effect is a major, quantifiable component of the overall protection.

Depending on which lifestyle domain offers the greatest room for improvement,
different individuals may achieve risk reduction through different behavioural
changes. For example, physical activity for the sedentary, smoking cessation for
current smokers, and dietary improvement for those with a poor diet. Reduced
systemic inflammation is a common endpoint and provides a unifying intervention

target, even when the optimal behavioural pathway varies from person to person.
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7.5 Critique of potential limitations

7.5.1 The meta-analysis design

As the meta-analysis in Chapter 2 only included prospective cohort studies
published up to 2024 [68], recently emerging studies were outside our tracking
scope and not identified. Additionally, limitations of the included studies were
inherited, such as biases in dietary assessment methods and residual
confounding. The maijority of included studies were conducted in European and
North American populations with predominantly female participants, so findings
may not be generalisable to men, to low- or middle-income countries, or to
populations with different dietary patterns. For example, Asian populations with
higher tea consumption [69], and alcohol metabolism differs due to ALDH2
polymorphisms [70]. The NutriGrade tool was used to evaluate evidence quality
[71]. However, the NutriGrade tool automatically downgrades all non-randomised
studies to “low-quality” evidence, regardless of how well confounding factors are
controlled [71]. This may result in the quality of the evidence being
underestimated. Third, for dietary patterns and several nutrients (e.g., anti-
inflammatory diet, fibre), fewer than three studies were available, precluding
formal meta-analysis. Fourth, substantial heterogeneity was observed for some
exposures (e.g., vegetables, n-3 PUFAs), which could not be fully explained by
subgroup analyses. Fifth, publication bias cannot be entirely ruled out for coffee
consumption, although trim-and-fill analyses yielded consistent results. These

limitations are discussed in Chapter 2 (section 2.5.3).

7.5.2 UKWCS and UK Biobank designs

First, both cohorts are subject to healthy volunteer bias. This selection bias may
limit generalisability to less healthy populations. However, if healthy volunteer
bias reduces exposure variability, this would underestimate the true association,
making it harder to detect a real effect. Second, many large prospective cohorts
of RA (e.g., NHS, E3N, SMC) are limited to women, as is the UKWCS in this
thesis. The women-only cohorts may miss the protective effect of diet or lifestyle
interventions in men for RA prevention. Third, the UKWCS and UK Biobank were

recruited approximately a decade apart (1995-1998 vs 2006—-2010). Dietary
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patterns, food availability, and lifestyle behaviours may have changed over this

period, potentially affecting the comparability of findings.

7.5.3 Dietary assessment

Both the UKWCS and UK Biobank used FFQs for dietary assessment, but with
different instruments, each of which had its own limitations. The UKWCS
employed a more comprehensive FFQ (217 items), which is subject to recall bias,
systematic under-reporting of energy and nutrient intakes, use of standard portion
sizes that fail to capture inter- and intra-individual variation, reliance on food
composition tables that do not account for brand or regional differences, and
single baseline measurement that cannot capture dietary changes over time,

leading to random misclassification and attenuation of effect estimates.

The UK Biobank used a short FFQ (29 items) administered at baseline. Beyond
the limitations shared with comprehensive FFQs, its fewer items and coarser
frequency categories may introduce additional measurement error. Moreover, the
short FFQ was only administered once at baseline for the vast majority of
participants, with a smaller subsample (n = 20,346) completing a repeat
assessment four years later [72]. This limits the ability to adjust for attenuation of

effect estimates due to dietary variation within individuals over time.

Despite these limitations, the UKWCS FFQ was validated against 4-day weighed
food diaries (n = 283) [73], supporting its reasonable accuracy. The UK Biobank
short FFQ, while less precise, captured dietary data from over 500,000

participants, maximising statistical power.

We could not directly apply AUDIT-C thresholds [74] as the FFQ did not capture
typical drinking day or frequency of 6+ drinks/occasion. However, we were able
to look at associations using alcohol intake as both a continuous variable and

categorical groups.

7.5.4 Case ascertainment using hospital records

While linkage to HES for RA case ascertainment is a strength, several limitations
should be acknowledged. In both the UKWCS and UK Biobank, hospital data
were used to identify incident RA cases using ICD-10 codes. However,
serological information (ACPA/RF status) was not available in HES, preventing
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us from distinguishing seropositive from seronegative RA. This distinction could
be important, as previous studies have shown that environmental risk factors
have stronger associations with seropositive RA [75]. Additionally, mild RA cases
managed entirely in primary care without hospital referral may not be captured in
HES, potentially leading to under-ascertainment of less severe cases. However,
RA is typically managed by specialist rheumatology care, so the completeness of

hospital-recorded diagnoses is likely to be high.

7.5.5 Statistical approaches and residual confounding

Despite covariate adjustment informed by DAGs in analyses, residual
confounding remains a possibility in observational studies. In the UKWCS
(Chapters 3-5), we could not adjust for family history of RA or genetic
predisposition (e.g., HLA-DRB1 status). In the UK Biobank (Chapter 6), while
genetic data are available, they were not used in the present analyses.
Additionally, information on different types of physical activity (e.g., resistance
training, weight-bearing exercise, aerobic exercise) was not available; these may
have differential effects on immune function and RA risk [76]. Additionally,
relationships between diet and chronic disease risk (including RA) are highly
individualised due to genetic and lifestyle factors [77]. Therefore, findings in this

thesis are applicable to British adults, but not to individuals per sae.

In the mediation analysis presented in Chapter 6, the potential for residual
confounding is higher, since confounding is possible at the exposure-outcome,
mediator-outcome, and exposure-mediator levels [78]. Furthermore, the
proportional hazards assumption for logCRP was violated, indicating that the
effect of CRP on RA risk diminished over time. Therefore, the reported mediation
proportion represents an average estimate over the follow-up period and should
be interpreted with caution. Causal mediation analysis also assumes sequential
ignorability (no unmeasured confounding between lifestyle and CRP, CRP and

RA, or lifestyle and RA), an assumption that cannot be empirically tested.

In complete-case analyses presented in both cohorts, participants with missing
covariate data were excluded, potentially introducing selection bias. However, in

the UKWCS, characteristics of included and excluded participants were similar.
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In UK Biobank, the amount of missing data per covariate was broadly similar

across lifestyle score groups, reducing concerns about selection bias.

7.5.6 Generalisability

The findings of this thesis may not be generalisable to all populations. First, both
cohorts consist predominantly of white Caucasian participants, limiting
generalisability to other ethnic groups. Second, both cohorts are subject to
healthy volunteer bias. Participants are generally healthier than the general UK
population, with lower smoking rates and higher educational attainment [79].
Third, UKWCS includes only women, so findings from Chapters 3-5 may not
directly apply to men. This is relevant given finding of sex-specific differences
from UK Biobank, where the protective association of healthy lifestyle was
stronger in men. Fourth, UKWCS data (1995-1998) may not fully reflect
contemporary diet-disease relationships, as the food environment and dietary
patterns have changed substantially over the past two decades. However,
consistency with the more recently recruited UK Biobank (2006—2010) suggests

the observed associations are robust to temporal changes.

7.6 Critique of study strengths

7.6.1 The meta-analysis design

The meta-analysis in Chapter 2 provides the first comprehensive synthesis of 32
dietary exposures in relation to RA risk using only prospective cohort studies with
dose-response analyses to quantify the magnitude and shape of associations.
Both linear and non-linear associations were systematically assessed using
restricted cubic splines, which improve precision and avoid arbitrary
categorisation, and the certainty of evidence for each association was evaluated
using the NutriGrade tool. By identifying gaps and limitations in previously
published evidence, such as the scarcity of data on dietary patterns and
beverage-specific alcohol consumption, this meta-analysis highlighted the need
for further cohort studies, informing the original research presented in Chapters
3-6.
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7.6.2 UKWCS and UK Biobank designs

A maijor strength of this thesis lies in its use of two large, prospective, population-
based cohorts, which ensured that dietary assessment occurred before the onset
of RA, reducing the risk of reverse causation. In both cohorts, effect estimates
were robust to sensitivity analyses where RA that occurred within the first three
years of follow-up were excluded, showing no evidence of reverse causation for
all associations observed. The UKWCS offers detailed dietary assessment via a
validated 217-item FFQ and long follow-up. The UK Biobank includes both sexes,
enabling sex-specific analyses, and provides biomarker data allowing mediation
analysis. Both cohorts have larger sample sizes than previous studies, providing

greater statistical power to estimate RA risk.

The two cohorts complement each other. For example, the UK Biobank collected
dietary information at recruitment via a touchscreen FFQ, which covered a limited
number of food items. Repeated 24-hour recalls (Oxford WebQ) were available,
but were not used in this analysis because they only included half of the study
population.  In contrast, the UKWCS collected detailed dietary information
through an FFQ from all participants at recruitment, enabling the derivation of
food and nutrient intakes and adjustment for energy intake in analyses of food

and nutrient intake.

7.6.3 Dietary assessment

In the UKWCS, the FFQ was validated through comparison with 4-day weighed
food diaries and a repeated FFQ administration among a subsample of women
in 2001 (n=283) [73]. In the UK Biobank, the touchscreen short FFQ
demonstrated good repeatability. Among 20,348 participants who repeated the
assessment after 4 years, over 90% reported the same or adjacent category for

meat and fish, and over 70% for fruit and vegetables [80].

7.6.4 Case ascertainment using hospital records

In both cohorts, RA cases were identified through linkage to HES, which is a
methodological improvement on previous studies that relied on self-reported RA.

This approach minimises recall bias and selective loss to follow-up, while also
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permitting complete case ascertainment. It also provides the exact date of RA

diagnosis, which is essential for accurate time-to-event analysis.

7.6.5 Statistical approaches

To ensure robust causal inference, all diet—-RA associations were adjusted for
potential confounders identified through DAGs, enabling clear and transparent
specification of confounders, moderators, mediators, and competing risks. A
stepwise adjustment strategy was applied: Chapter 3 presented three sequential
models: unadjusted (Model 1), adjusted for demographic and reproductive factors
(Model 2), and further adjusted for lifestyle factors (Model 3) to assess whether
associations were independent of health behaviours. In Chapter 5, a mutually
adjusted model was used for beverage-specific analyses, additionally adjusting
for all other alcoholic beverage types. Subgroup analyses were conducted across
both cohorts to examine effect modification by age, sex, BMI, menopausal status,
smoking, physical activity, and weight change. Competing risks were addressed
using Fine-Gray models, which attenuated the elevated risk among
non- drinkers after accounting for competing mortality. Prevalent RA cases were
excluded at baseline, and sensitivity analyses excluding early RA cases showed
no evidence of reverse causation. Finally, in Chapter 6, mediation analysis using
the product-of-coefficients method with bootstrap resampling quantified the

proportion of the lifestyle—RA association explained by CRP.

7.6.6 Generalisability

This thesis adopted a population-based approach to examine the relationship
between dietary factors and RA risk in British adults. The consistency of the
findings across two cohorts that were recruited a decade apart using different
dietary assessment methods and that had different population characteristics
strengthens the confidence that the observed associations are not artefacts of a

single cohort.

7.7 Recommendations for further research

The findings of this thesis highlight several important gaps that should be

discussed with patient representative groups and addressed in future research.
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7.7.1 Establish causality and underpinning mechanisms

Due to the observational nature of the studies presented in this thesis, causality
cannot be inferred. Although extensive covariate adjustment, sensitivity analyses
excluding early cases, and competing risk models were applied, residual
confounding and reverse causation remain possible. Future studies should
employ molecular genetics, such as Mendelian randomisation, to strengthen

causal inference.

Beyond causal inference, this thesis could not fully test the proposed biological
pathways due to the absence of relevant biomarker data. In the UKWCS,
inflammatory markers and gut microbiota composition were not measured. While
Chapter 6 used baseline CRP in mediation analysis, repeated measurements
and other biomarkers remain unavailable. Future prospective studies should
integrate repeated measurements of these biomarkers to test these pathways
such as the gut—joint axis [81]. Randomised controlled trials of moderate wine
consumption assessing changes in gut microbiota, inflammatory markers, and

autoantibody profiles would be particularly valuable.

7.7.2 Improve dietary measurement accuracy and precision

A limitation across nutritional epidemiology to date, including this thesis, is the
reliance on single baseline dietary assessment, which cannot capture changes in
dietary habits over time [82]. Future studies should implement repeated dietary
measurements to better characterise long-term exposures. Novel technology-
based approaches offer promising solutions. For example, the web-based dietary
record tool “MyFood24” enables users to record food consumption in real-time
and calculates energy and nutrient intakes from a comprehensive food
composition database, with validation against biomarkers [83]. This approach
reduces recall bias and allows for repeated measurements over time, enabling
future studies to examine whether changes in diet are associated with changes
in RA risk.

7.7.3 Investigate RA subtypes and other outcomes

This thesis examined RA as a single outcome, but RA has distinct subtypes
(seropositive and seronegative) with potentially different aetiologies. In the
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UKWCS and UK Biobank, serological information, e.g., ACPA and RF status, was
not fully available, which prevented subtype-specific analyses. Given that
smoking has stronger associations with seropositive RA, future studies should
investigate whether dietary factors also differ in their associations. Such analyses
would require cohorts with linked serological data or biobank samples, such as
the UK Biobank ACPA/RF data for a subset of participants.

Furthermore, this thesis focused exclusively on RA incidence. However, diet may
also influence RA disease activity, progression, and response to treatment.
Future studies should examine whether the dietary patterns identified as
protective for incidence also improve outcomes in patients with established RA,

including disease activity scores, physical function, and quality of life.

7.7.4 Expand evidence to diverse populations

Previous cohort studies and cohorts used in this thesis consist predominantly of
white Caucasian participants, limiting generalisability to other ethnic groups.
Dietary composition differs across countries according to cultural, economic, and
agricultural factors [84,85]. Future studies in diverse populations are needed to
determine whether the associations observed in this thesis are universal or
context-specific. Additionally, the UKWCS included only women, and while UK
Biobank enabled sex-specific analyses, further studies with adequate power for
sex-stratified analyses are needed to confirm the stronger protective effect of

healthy lifestyles in men observed in Chapter 6.

7.7.5 Address dietary exposures with insufficient evidence

The meta-analysis in Chapter 2 identified several dietary exposures for which
evidence remained insufficient to draw conclusions, including dietary fibre,
micronutrients (e.g., vitamin D, vitamin E, carotenoids), saturated fat, and n-3
polyunsaturated fatty acids (PUFAs), and dietary patterns. For these exposures,
data were either too limited to enable pooling or derived from only a small number
of studies with low or very low certainty evidence. Future prospective studies
should prioritise these under-investigated dietary factors, using standardised
intake assessments and consistent outcome definitions to enable quantitative

synthesis. In particular, given the biological plausibility linking n-3 PUFAs to anti-
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inflammatory pathways, well-powered cohort studies with repeated dietary
measurements and adjustment for key confounders are needed to determine
whether higher intakes of oily fish or n-3 supplements are associated with lower
RA risk.

7.7.6 Elucidate the role of diet across the preclinical stages of RA

RA development is a multi-stage process. It progresses from genetic
susceptibility (Stage 1) and systemic autoimmunity (Stage 2: elevated ACPA/RF
without symptoms) to clinically suspected arthralgia (Stage 3), unclassified
arthritis (Stage 4) and, finally, classifiable RA (Stage 5). Subsequent disease
progression occurs in Stage 6 [86,87]. The observational cohorts used in this
thesis, including UKWCS and UK Biobank, captured RA at the point of clinical
diagnosis (Stage 5), but could not examine whether dietary factors influence

earlier, preclinical stages of disease development.

Different dietary components may exert effects at distinct stages of this
continuum. For example, alcohol intake or Mediterranean diet adherence might
reduce the initial breach of immune tolerance, whereas central adiposity might
promote the transition from autoimmunity to inflammatory arthritis via adipose-
derived cytokines. Elucidating these stage-specific effects would require
prospective cohorts with serial measurements of autoantibodies, inflammatory
markers, and joint symptoms in at-risk populations, such as first-degree relatives
of RA patients. Such studies could determine whether dietary interventions are
most effective when implemented before the onset of autoantibody positivity or
after the emergence of clinical symptoms, thereby informing the optimal timing of

prevention strategies.

7.8 Public health messages

While novel evidence across two large British cohorts, findings of this thesis are
observational and cannot establish causality. Therefore, firm recommendations
for policymakers, clinicians, or the public cannot be made. However, the above
section (Chapter 7: section 7.7) outlines several potential considerations for
practice, which require confirmation in future before they can be integrated into

clinical guidelines.
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7.8.1 Fruit, cereals, and tea

The meta-analysis in Chapter 2 provided moderate-certainty evidence that higher
fruit intake (per 80 g/day, equivalent to one portion of the 5-A-Day
recommendation) and higher whole grain intake (per 30 g/day) are associated
with lower RA risk, while higher tea consumption (per cup/day) is associated with
increased risk. Although fruit intake findings are based on moderate-certainty
evidence and causality remains uncertain, they align with existing dietary
guidelines [88]. This thesis suggest that meeting 5-A-Day recommendation may
also confer benefits for RA prevention. For tea, moderate-certainty evidence
suggests a positive association with RA risk, although findings from other studies
remain inconsistent [89,90]. While further research is needed, if the association
is causal, individuals with high tea consumption may consider moderating their

intake, particularly if they have other RA risk factors.

7.8.2 Maintain a healthy central adiposity

Analysis for central obesity in Chapter 3 demonstrated that waist-to-height ratio
was a stronger predictor of RA risk than BMI-defined obesity, with skirt size
showing a similar magnitude of association. These findings suggest that simple,
low-cost measures, measuring waist-to-height ratio or even clothing size, could
help identify women at higher RA risk in primary care settings. Public health
messages should emphasise maintaining a healthy waist circumference for RA
prevention. The strongest associations were observed in premenopausal women
and those with substantial weight gain since early adulthood, suggesting that
weight management efforts may be particularly beneficial if initiated before
menopause and that preventing weight gain across adulthood could be important

for RA prevention.

7.8.3 Adherence to a Mediterranean-style diet

In the UKWCS, women with high versus low adherence to the Mediterranean diet
had a 33% lower risk of RA. No single dietary component was independently
associated with RA risk, suggesting that the protective effect derives from the
overall dietary pattern rather than individual food component. Since the

Mediterranean diet is already recommended for the prevention of cardiovascular
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disease and type 2 diabetes, the findings of this thesis add RA to the list of

conditions that may be prevented.

The protective effect of the Mediterranean diet was independent of BMI, smoking,
and physical activity. However, adopting a Mediterranean dietary pattern may be
challenging for individuals accustomed to Western-style diets. Public health
messages should therefore focus on promoting incremental changes, such as
increasing intakes of vegetables, legumes, whole grains, and fish, while reducing
red and processed meat consumption. For individuals already following a
Mediterranean diet, these findings provide reassurance of its potential benefits

for RA prevention.

7.8.4 Moderate alcohol consumption

Chapter 5 showed that moderate alcohol consumption, particularly wine, was
associated with a lower RA risk. However, this association was partially explained
by healthy survivor bias and reverse causation, and sensitivity analyses
excluding participants who had reduced alcohol intake for health reasons
eliminated the protective effect for high alcohol intake (>14 units/week). Given
the well-established harms of alcohol, including increased risks of cancer, liver
disease, and cardiovascular disease at higher intakes, alcohol should not be
recommended for RA prevention. The findings of this thesis do, however, suggest
that for individuals who already consume alcohol moderately, wine may be a
better choice than beer or spirits, but this observational finding requires

confirmation in randomised trials before any recommendation can be made.

7.8.5 Adopt a healthy lifestyle

Chapter 6 demonstrated that adherence to a healthy lifestyle, encompassing
never smoking, moderate alcohol consumption, sufficient physical activity, and a
high-quality diet was associated with a 19% lower RA risk. Approximately 30% of
this association was explained by lower systemic inflammation. This suggests
that lifestyle modification may reduce RA risk, at least in part, through anti-
inflammatory pathways. The stronger protective effect observed in men than in
women suggests that targeted lifestyle interventions for men, who in this cohort

had higher smoking rates and lower physical activity at baseline, could yield
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substantial population-level benefits. Public health messages should encourage
the adoption of multiple healthy behaviours simultaneously, because the
protective effect of the combined lifestyle score exceeded the sum of individual

components.

7.8.6 Balancing benefits and risks

As with all public health messages, the potential benefits of dietary modifications
for RA prevention must be weighed up against other health outcomes. For
example, while the Mediterranean diet is associated with lower RA risk, it is also
associated with lower risks of cardiovascular disease [91,92], type 2 diabetes [93],
and certain cancers [94]. Conversely, while moderate alcohol consumption was
associated with lower RA risk in this thesis, alcohol is a established risk factor for
breast cancer [37,95], liver disease [96], and other conditions [97]. Therefore, any
public health message must be considered in the context of an individual’s overall
risk profile. For most individuals, adopting a Mediterranean-style diet, maintaining
a healthy weight (particularly avoiding central obesity), and following a healthy
lifestyle (never smoking, regular physical activity) are likely to confer broad health
benefits with minimal risks. Alcohol should not be recommended for RA
prevention, but for individuals who already drink moderately, wine may be

preferred over beer or spirits, although moderation remains essential.

7.9 Conclusions

7.9.1 What was already known

RA is a common chronic autoimmune disease characterised by persistent joint
inflammation, pain, and progressive functional decline. While genetic
susceptibility and smoking are well-established risk factors, the role of modifiable
lifestyle factors, particularly diet, has remained unclear. Prior to this thesis, no
comprehensive synthesis of prospective evidence across multiple dietary
exposures had been conducted, and evidence for specific factors was
fragmented and inconsistent. Studies of dietary patterns, such as the
Mediterranean diet, were limited to a few cohorts with conflicting results, and
beverage-specific alcohol analyses were scarce. No study had formally tested
whether systemic inflammation mediates the lifestyle-RA association.
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Furthermore, the role of central adiposity had been under-investigated, and effect
modification by sex, menopausal status, and smoking had not been

systematically examined.

7.9.2 What this thesis adds

This thesis provides novel evidence from two large British cohorts supporting a
role for diet-related lifestyle factors in RA prevention. For the first time in British
women, associations for Mediterranean diet adherence, moderate wine
consumption, and central adiposity were observed with RA risk. This thesis also
strengthens the evidence that systemic inflammation mediates the protective
effect of a healthy lifestyle score on RA risk, an effect that is stronger in men. This
work highlights the need for further research into underlying mechanisms to

confirm causality and inform evidence-based guidelines for RA prevention.
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Appendix A Chapter 2 Supplementary material

Table Al. Search strategy.

Ovid Medline strategy:

1

(food™ or nutrition or nutrient* or diet* or meat or red meat or processed meat or
meat consumption® or meat product® or fish consumption* or dietary fish or fish
oil or fruit* or milk or dairy product* or soda consumption* or dietary sucrose or
energy intake* or protein consumption® or dietary protein or calcium or coffee
consumption* or Caffeine or Olive oil or food component* or Zinc or dietary
pattern* or Mediterranean diet* or dietary approaches to stop hypertension or
DASH diet* or Inflammatory dietary pattern* or eating pattern* or western diet*
or long-chain n-3 polyunsaturated fatty acid* or PUFA* or omega-3 fatty acid* or

fatty acid* or low-carbohydrate diet* or micronutrient™).tw.

(meat or "dairy product” or "dietary carbohydrates OR dietary proteins OR
dietary supplements" or "fast food" or honey or nutrients or eggs or "diet,
food ,and nutrition" or "food and beverages" or "DASH diet OR dietary
approaches to stop hypertension" or "functional food" or micronutrients or
"Mediterranean diet" or "energy intake" or "high-fat diet" or "western diet" or
"Diabetic Diet" or "High-Protein Diet").tw.

(vegetable* or vegan or vegan diet* or vegetarian or vegetarian diet*).tw.

(vegetables or vegan or vegetarian or "vegan diet" or "vegetarian diet").tw.

(alcohol* or alcohol use* or alcohol intake* or alcohol exposure or alcohol

consumption* or alcohol drinking).tw.

(alcohols or "alcoholic beverages" or "alcohol drinking").tw.

(antioxidant* or antioxidant intake*).tw.

antioxidants.tw.

(dietary fiber or dietary fibre or high-fiber dietary or fiber intake* or fibre intake*

or probiotics).tw.

10

("dietary fiber" or probiotics).tw.

11

("vitamin K" or "vitamin E" or "vitamin D" or "vitamin B" or "vitamin B complex" or

"vitamin A").tw.
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12

(vitamin or vitamin intake™* or vitamin B group or vitamin D or vitamin B6 or

vitamin B12 or vitamin K or vitamin D deficiency or vitamin K2 or vitamin E).tw.

13

or/1-12

14

(("Rheumatoid arthritis" or "inflammatory arthritis").tw. or (Rheumatoid
Arthritis.tw. or Arthritis, Rheumatoid/)) not treatment.tw.

15

randomized controlled trial.pt.

16

(random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab.

17

(retraction of publication or retracted publication).pt.

18

or/15-17

19

(animals not humans).sh.

20

((comment or editorial or meta-analysis or practice-guideline or review or letter)

not "randomized controlled trial").pt.

21

(random sampl$ or random digit$ or random effect$ or random survey or

random regression).ti,ab. not "randomized controlled trial".pt.

22

18 not (19 or 20 or 21)

23

exp cohort studies/

24

cohort$.tw.

25

controlled clinical trial.pt.

26

epidemiologic methods/

27

limit 26 to yr=1971-1988

28

or/23-25,27

29

22 or 28

30

13 and 14 and 29

31

limit 30 to (english language and humans)

Ovid Embase strategy:

1

(food™ or nutrition or nutrient* or diet* or meat or red meat or processed meat or
meat consumption® or meat product® or fish consumption* or dietary fish or fish
oil or fruit* or milk or dairy product* or soda consumption® or dietary sucrose or

energy intake* or protein consumption® or dietary protein or calcium or coffee
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consumption* or Caffeine or Olive oil or food component* or Zinc or dietary
pattern* or Mediterranean diet* or dietary approaches to stop hypertension or
DASH diet* or Inflammatory dietary pattern* or eating pattern* or western diet*
or long-chain n-3 polyunsaturated fatty acid* or PUFA* or omega-3 fatty acid* or

fatty acid* or low-carbohydrate diet* or micronutrient™).tw.

2 | (meat or "dairy product" or "dietary carbohudratesOR dietary proteinsOR dietary
supplements" or "fast food" or honey or nutrients or eggs or "diet,food,and
nutrition" or "food and beverages" or "DASH dietOR dietary approaches to stop
hypertension" or "functional food" or micronutrients or "Mediterranean diet" or
"energy intake" or "high-fat diet" or "western diet" or "Diabetic Diet" or "High-
Protein Diet").tw.

3 | (vegetable* or vegan or vegan diet* or vegetarian or vegetarian diet*).tw.

4 | (vegetables or vegan or vegetarian or "vegan diet" or "vegetarian diet").tw.

5 | (alcohol* or alcohol use* or alcohol intake* or alcohol exposure or alcohol
consumption® or alcohol drinking).tw.

6 | (alcohols or "alcoholic beverages" or "alcohol drinking").tw.

7 | (antioxidant* or antioxidant intake*).tw.

8 | antioxidants.tw.

9 | (dietary fiber or dietary fibre or high-fiber dietary or fiber intake* or fibre intake*
or probiotics).tw.

10 | ("dietary fiber" or probiotics).tw.

11 | ("vitamin K" or "vitamin E" or "vitamin D" or "vitamin B" or "vitamin B complex" or
"vitamin A").tw.

12 | (vitamin or vitamin intake™ or vitamin B group or vitamin D or vitamin B6 or
vitamin B12 or vitamin K or vitamin D deficiency or vitamin K2 or vitamin E).tw.

13 | or/1-12

14 | (("Rheumatoid arthritis" or "inflammatory arthritis").tw. or (Rheumatoid
Arthritis.tw. or Arthritis, Rheumatoid/)) not treatment.tw.

15 | (random$ or placebo$ or single blind$ or double blind$ or triple blind$).ti,ab.

16 | RETRACTED ARTICLE/

17 | or/[15-16
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18

(animal$ not human$).sh,hw.

19

(book or conference paper or editorial or letter or review).pt. not exp randomized

controlled trial/

20

(random sampl$ or random digit$ or random effect$ or random survey or

random regression).ti,ab. not exp randomized controlled trial/

21

17 not (18 or 19 or 20)

22

exp cohort analysis/

23

exp longitudinal study/

24

exp prospective study/

25

exp follow up/

26

cohort$.tw.

27

or/22-26

28

21 or 27

29

13 and 14 and 28

30

limit 29 to (human and english language and yr="2000 -Current")

Web

of Science strategy:

TS = (food* or nutrition or nutrient* or diet* or meat or red meat or processed
meat or meat consumption® or meat product* or fish consumption® or dietary fish
or fish oil or fruit* or milk or dairy product* or soda consumption* or dietary
sucrose or energy intake* or protein consumption* or dietary protein or calcium
or coffee consumption* or Caffeine or Olive oil or food component* or Zinc or
dietary pattern* or Mediterranean diet* or dietary approaches to stop
hypertension or DASH diet* or Inflammatory dietary pattern* or eating pattern*
or western diet* or long-chain n-3 polyunsaturated fatty acid* or PUFA* or

omega-3 fatty acid* or fatty acid* or low-carbohydrate diet* or micronutrient®)

TS= (meat or "dairy product" or "dietary carbohudratesOR dietary proteinsOR
dietary supplements" or "fast food" or honey or nutrients or eggs or
"diet,food,and nutrition" or "food and beverages" or "DASH dietOR dietary
approaches to stop hypertension" or "functional food" or micronutrients or
"Mediterranean diet" or "energy intake" or "high-fat diet" or "western diet" or
"Diabetic Diet" or "High-Protein Diet")
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TS= (Vegetable* or vegan or vegan diet* or vegetarian or vegetarian diet*)

4 | TS= (vegetables or vegan or vegetarian or "vegan diet" or "vegetarian diet")

5 | TS= (alcohol* or alcohol use* or alcohol intake* or alcohol exposure or alcohol
consumption® or alcohol drinking)

6 | TS= (alcohols or "alcoholic beverages" or "alcohol drinking")

7 | TS= (antioxidant* or antioxidant intake™*)

8 | TS= antioxidants

9 | TS= (dietary fiber or dietary fibre or high-fiber dietary or fiber intake* or fibre
intake™ or probiotics)

10 | TS= ("dietary fiber" or probiotics)

11 | TS= ("vitamin K" or "vitamin E" or "vitamin D" or "vitamin B" or "vitamin B
complex” or "vitamin A")

12 | TS= (vitamin or vitamin intake* or vitamin B group or vitamin D or vitamin B6 or
vitamin B12 or vitamin K or vitamin D deficiency or vitamin K2 or vitamin E)

13 | #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR #3 OR #2
OR #1

14 | TS=((("Rheumatoid arthritis" or "inflammatory arthritis") or (Rheumatoid Arthritis
or Arthritis, Rheumatoid/)) not treatment)

15 | TS=(randomized controlled trial)

16 | TS=(random$ or placebo$ or single blind$ or double blind$ or triple blind$)

17 | TS=(retraction of publication or retracted publication)

18 | #17 OR #16 OR #15

19 | TS=(animals not humans)

20 | TS=((comment or editorial or meta-analysis or practice-guideline or review or
letter) not "randomized controlled trial")

21 | TS=((random sampl$ or random digit$ or random effect$ or random survey or
random regression) not "randomized controlled trial")

22 | #18 NOT (#19 OR #20 OR #21)

23 | TS=(cohort analysis OR longitudinal study OR prospective study OR follow up

OR cohort$)
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24

#23 OR #22

25

#13 AND #14 AND #24

26

((#25) AND PY=(2000-2024)) AND LA=(English)
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Table A2. PICOS criteria for inclusion and exclusion of studies.

Inclusion criteria

Exclusion criteria

Population

Intervention /

Exposure

Comparison

Outcomes

Study type

General population of adults

Dietary intakes of Food component or Nutrient

Relative Risk (RRs), or Hazard Ratios (HRs), or Incidence
Risk Ratios (IRRs)

Risk of rheumatoid arthritis

Prospective cohort studies

Aged <18 years

No dietary exposure

Other risk estimates

Risk of other arthritis, other autoimmune

disease

Cross-sectional, case-control, ecological,
retrospective observational studies, clinical

trials, and non-human studies
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Table A3. Standard conversions for food groups and nutrients.

Food components

Standard amount

Total alcohol/beer/wine/liquor

Total coffee/caffeinated coffee/decaffeinated

coffee/tea
Sugar-sweetened soda

Fruits/vegetables

Total meat/red meat/processed meat/poultry
Total fish/oily fish

Total dairy/milk/cheese

Legumes

Cereal products

Vitamin D

Vitamin C

Vitamin A

Vitamin E

N-3 PUFA

a-carotenoid/B-carotenoid/B-

cryptoxanthin/lycopene/Lutein

/zeaxanthin

1 unit = 8 grams

1 glass = 1 serving = 15

grams

1 cup = 1 serving

1 drink = 1 serving

1 portion = 1 serving = 80

grams
1 serving = 90 grams
1 serving = 100 grams
1 serving = 1 cup

1 serving = 80 grams
1 serving = 30 grams
400 IU

40 mg

600 IU

3 mg

100 mg

200 mg
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Table A4. Studies reviewed in full text for eligibility (excluded reasons for meta-analysis).

No. Results from full text review

Reasons for

excluded
Samira Alizadeh, Amir Ghorbanihaghjo, Sousan Kolahi, et al.
Effect of omega-3 fatty acids supplementation on circulating osteoprotegerin ligand to conference
osteoprotegerin ratio in female patients with rheumatoid arthritis, abstract.
Clinical Biochemistry, 2011; 44(13):S142.
Sofia Charneca, Margarida Ferro, Jodo Vasques, et al. Adherence to the mediterranean diet is ¢
conference
associated with patient-reported functional status in rheumatoid arthritis. Clinical Nutrition, 2021; bstract
abstract.
9:356.
Sigrun Chrubasik. Vitamin E for rheumatoid arthritis or osteoarthritis: low evidence of .
review.
effectiveness. Zeitschrift fUr Rheumatologie.2003;62(5):491
Cooles FAH, Pratt AG, Ng WF, et al. The effect of vitamin D on early rheumatoid arthritis: A conference
retrospective cohort analysis. Arthritis & Rheumatism, 2013;131:578-579. abstract.

Hahn, J., Malspeis, S., Choi, M.Y., et al. Association of Healthy Lifestyle Behaviors and the Risk
of Developing Rheumatoid Arthritis Among Women. Arthritis Care Res, 2023;75: 272-276.

exposure is not
dietary

consumption.
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10

11

12

Schernhammer E S, Hu F B, Giovannucci E, et al. Sugar-sweetened soft drink consumption and
risk of pancreatic cancer in two prospective cohorts. Cancer Epidemiology Biomarkers &
Prevention, 2005, 14(9): 2098-2105.

Lahiri M, Luben RN, Morgan C, et al. Using lifestyle factors to identify individuals at higher risk of
inflammatory polyarthritis (results from the European Prospective Investigation of Cancer-Norfolk
and the Norfolk Arthritis Register--the EPIC-2-NOAR Study). Ann Rheum Dis. 2014;73(1):219-26.

Liu C, Meng X, Zhang H, et al. Early-life famine exposure and rheumatoid arthritis in Chinese
adult populations: a retrospective cohort study. BMJ Open. 2021;11(7):e043416.

Maria Lopez Lasanta, et al. Assessing dietary habits in a large cohort of rheumatoid arthritis and
psoriatic arthritis patients: Results of the Spanish imid consortium. American college of

rheumatology, 2014.

Sparks JA, Barbhaiya M, Tedeschi SK,et al. Inflammatory dietary pattern and risk of developing
rheumatoid arthritis in women. Clin Rheumatol. 2019;38(1):243-250.

Rosell M, Wesley AM, Rydin K, et al. Dietary fish and fish oil and the risk of rheumatoid arthritis.
Epidemiology. 2009;20(6):896-901.

Sparks JA, Chen CY, Hiraki LT,et al. Contributions of familial rheumatoid arthritis or lupus and
environmental factors to risk of rheumatoid arthritis in women: a prospective cohort study. Arthritis
Care Res (Hoboken). 2014;66(10):1438-46.

conference

abstract.

conference

abstract.

exposure is not
dietary

consumption.

conference

abstract.

exposure is not
dietary

consumption.

case-control

study.

exposure is not
dietary

consumption.



13

14

15

16

17

18

19

Yang WM, Lv JF, Wang YY, et al. The Daily Intake Levels of Copper, Selenium, and Zinc Are
Associated with Osteoarthritis but Not with Rheumatoid Arthritis in a Cross-sectional Study. Biol
Trace Elem Res. 2023.

Cai B, Zhou M, Xiao Q, et al. L-shaped association between serum 25-hydroxyvitamin D and all-
cause mortality of individuals with rheumatoid arthritis. Rheumatology (Oxford). 2023 Feb
1,62(2):575-582.

De Vito R, Fiori F, Ferraroni M, et al. Olive Oil and Nuts in Rheumatoid Arthritis Disease Activity.
Nutrients. 2023;15(4):963.

Pengpid S, Peltzer K. Prevalence and associated factors of cross-sectional and incident self-
reported arthritis or rheumatism among a national community sample of middle-aged and older
adults in Thailand. Front Public Health. 2023;11:1064751.

Carubbi F, Alunno A, Mai F, et al. Adherence to the Mediterranean diet and the impact on clinical

features in primary Sjogren's syndrome. Clin Exp Rheumatol. 2021;39 Suppl 133(6):190-196.

VanEvery H, Yang W, Su J, et al. Low-Density Lipoprotein Cholesterol and the Risk of
Rheumatoid Arthritis: A Prospective Study in a Chinese Cohort. Nutrients. 2022;14(6):1240.

Liang X, Chou OHI, Cheung CL,et al. Is hypertension associated with arthritis? The United States
national health and nutrition examination survey 1999-2018. Ann Med. 2022;54(1):1767-1775.

cross-sectional

study.

exposure is not
dietary

consumption.

cross-sectional

study.

cross-sectional

study.

outcome is not
RA.

exposure is not
dietary

consumption.

exposure is not
dietary

consumption.
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20

21

22

23

24

25

Crowson CS, Gunderson TM, Dykhoff HJ, et al. Comprehensive assessment of multimorbidity
burden in a population-based cohort of patients with rheumatoid arthritis. RMD Open.
2022;8(1):e002022.

Guan T, Wu Z, Xu C, et al. The association of trace elements with arthritis in US adults: NHANES
2013-2016. J Trace Elem Med Biol. 2023;76:127122.

Moradi A, Nezamoleslami S, Nezamoleslami S, et al. The association between dietary total
antioxidant capacity with risk of rheumatoid arthritis in adults: A case-control study. Clin Nutr
ESPEN. 2022;51:391-396.

Liu L, Xie S. Dietary fiber intake associated with risk of rheumatoid arthritis among U.S. adults:
NHANES 2010-2020. Medicine (Baltimore). 2023;102(12):e33357.

Kronzer VL, Lennon RJ, Sparks JA, Myasoedova E, Davis JM, Crowson CS. Association between
work physical activity, dietary factors, and risk of rheumatoid arthritis. Semin Arthritis Rheum.
2022;57:152100.

Hatami E, Aghajani M, Pourmasoumi M, Haeri F, Boozari B, Nezamoleslami S, Clark CCT,
Nezamoleslami S, Ghiasvand R. The relationship between animal flesh foods consumption and
rheumatoid arthritis: a case-control study. Nutr J. 2022;30;21(1):51.

exposure is not
dietary

consumption.

exposure is not
dietary

consumption.

case-control

study.

cross-sectional

study.

case-control

study.

case-control

study.
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Table A5. Characteristics of the included studies on the consumption of food, and nutrient and risk of rheumatoid

arthritis.

Author, year

Country,

recruitment,

Cohort size (No of

cases), Dietary

Adjustment

for

(cohort sex, baseline  Case ascertainment assessment (No of FFQ Dietary exposure confounding
study) age(yrs), item) variables
follow-up(yrs)
vitamin C, vitamin E,
carotenoids,a-carotenoid, 3-
carotenoid, B-cryptoxanthin,
lycopene, lutein + zeaxanthin,
Diagnosis by one n=29 368(152), zinc,copper, selenium
Cerhan US, female,55- heumatologist using validated semi-quantitative supplements, manganese, all 1,5,9, 15, 16,
2003(IWHS)! 69,11 o fruits,citrus fruits, oranges, orange 21, 36, 38
ACR criteria FFQ o _ o
juice,grapefruit,grapefruit juice, all
vegetables, green leafy
vegetables, yellow vegetables,
vegetables, cabbages,
cauliflower,legumes, broccoli
Costenbader NHS:US,femal Diagnosis by two NHS: n=91739(559), vitamin D 3,4,5, 8, 12,
2008(NHS & e,30-55,22 rheumatologists using NHSII: n=94 650(163), 15, 16, 17, 34,
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NHSII)?

Costenbader
2010(NHS &
NHSII)3

Di Giuseppe
2012(SMC)*

Sundstrom
2019(SMC)®

Di Giuseppe
2014(SMC)8

Hedenstierna
2021(SNMC)’

Hiraki
2012(NHS &

NHSII:US, fem
ale,25-42,12

NHS:US,femal
e,30-55,24
NHSII:US,fem
ale,25-42,12

Sweden,femal
e,54-89,6

Sweden,femal
e,54-8,12

Sweden,femal
e,54-8,7.5

Sweden,both
sexes,51.5+15
9,18

NHS:US,femal
e,30-55,30

ACR criteria

Diagnosis by two
rheumatologists using
ACR criteria

Outpatient

Register and the
Swedish Rheumatology

Register

National Patient Register
and the Swedish
Rheumatology Register

National Patient Register
and the Swedish
Rheumatology Register

Swedish

National Patient
Registers
Diagnosis by two

rheumatologists using

validated semi-quantitative

FFQ
NHS: n=90 721(619),

NHSII: n=93 922(168),

validated semi-quantitative

FFQ

n=34 141(197), validated
FFQ

n=35 600(368), validated
FFQ

n=32 232(205), validated
FFQ

n=41 068(577),
questionnaire for

epidemiological research

NHS:n=73 629(652),

vitamin A, vitamin C,vitamin E, a-
carotenoid,-carotenoid, 3-
cryptoxanthin, lycopene,

lutein/zeaxanthin

alcohol,beer,wine,liquor

Meat(overall), red meat,
processed meat, poultry, total

dairy, milk,cheese

long-chain n-3 PUFAs, fish

alcohol

vitamin D

43

3,4,5,12, 15,
16

1,4,5,6,
15,17, 23, 47

1,5, 14, 21, 23,
24

1,5, 14, 21, 22

2,4,5,6,12,
27

1,3,4,5,12,
14, 15, 21, 31,
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NHSII)8

Merlino
2004(IWHS)?

Lahiri
2012(EPIC-
Norfolk
Study)'°

Nguyen
2020(E3N-
EPIC Cohort
Study)"!

Hu 2017(NHS
& NHSII)™2

Karlson
2003(NHS)'3

NHSII:US, fem
ale,25-42,18

US,female,55-
69,11

UK, both
sexes, 40-79,
4

France,
female,
52.546.5, 10

NHS:US,femal
e,30-55,26
NHSII:US,fem
ale,25-42,20

US,female,34-
59, 8

ACR criteria

Diagnosis by two
rheumatologists using
ACR criteria

1987 ACR criteria

1987 ACR criteria

Diagnosis by two
rheumatologists using
ACR criteria

Diagnosis by two
rheumatologists using
ACR criteria

NHSII:n=45 544(148),
validated FFQ

n=29 368(152),

validated semi-quantitative

FFQ

n=25 271(138),

validated semi-quantitative

FFQ

n=62 629(480), validated

FFQ

NHS:n=76 597(624),

NHSII:n=91 393(383),

validated semi-quantitative

FFQ

n=83 124(731),

validated semi-quantitative

FFQ

total vitamin D, dietary vitamin D,
supplemental vitamin D, milk
products, butter, margarine, skim

milk, whole milk

alcohol

raw vegetables, legumes,fruits,
cereal products, fish, meat, dairy
products, unsaturated fat, alcohol,
MD

red/processed meat, sugar-
sweetened beverages,trans fat,
sodium,nuts, vegetables, fruits,
PUFA, alcohol, whole grain, long-
chain n-3 PUFA

caffeinated coffee, decaffeinated

coffee, total coffee,

tea,caffeine

32, 33, 35

1,5, 21, 30, 44

4,5,6,17, 27,
31,43

1,4,5,6, 11,
12, 21

1,4, 5,15, 16,
17, 20, 21, 43

1,4,5, 14,15,
16, 17, 28, 35,
43
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Krok-Schoen

n=80 551(3 348),

alcohol, fruits,vegetables, red

2018(WHI VS female,55- Self rted t, | hain n-3 PUFA, n-6 13,4621,
- elf-reporte i i itati meat, long-chain n- , n-
79.8 p validated semi-quantitative . g 25,29, 46
0s)™ FFQ fatty acids
Lamichhane n=76 853(185), total coffee, caffeinated coffee,
US,female,55- Self-reported & DMARD _ _ 1,3,4,5,6,9,
2019(WHI- validated semi-quantitative decaffeinated coffee, unfiltered
79,8 use _ _ 14, 16
0os)™ FFQ coffee, filtered coffee, tea, caffeine
NHS:US. femal NHS:n=82 472(580),
Diagnosis by two 1,4,5,12,13,
Lu 2014(NHS  e,30-55,28 _ _ NHSII:n=110 737(323), S
6 NHSII-US. f rheumatologists using alcohol, beer,wine,liquor 15, 16, 17, 19,
& NHSI) oo fem ACR criteria validated semi-quantitative 21,43
ale,25-42,20 FFQ
_ Diagnosis by two _ _
Mikuls US,female,55- n=31 336(158), validated total coffee, caffeinated coffee, 1,5,9, 14, 15,

rheumatologists using

2002(IWHS)'" 69,11 semi-quantitative FFQ decaffeinated coffee,tea,caffeine 16

ACR criteria
fish, lean fish ,medium fat fish,fat
fish,olive oil,all fruits and fruit
Pedersen Denmark,both  Diagnosis by n=56 691(69), Juices citrus fruits,all
2005(DCH sexes,50- rheumatologists using validated self- vegetables/vegetable juices, all 1,2,5,6
cohort)'8 64.5.3 ACR criteria administered FFQ vegetables/fruits/juices, b-

carotene, vitamin A, vitamin E,
vitamin C, vitamin D, zinc,

selenium, iron, red
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Rubin
2020(DCH

cohort)'®

Sparks
2019(NHS &
NHSII)?

VanEvery
2021(Kailuan
Study)?!

Cerhan
2002(IWHS)??

Benito-Garcia
2007(NHS)?®

Denmark, both
sexes,50-
64,5.3

NHS:US,femal
e,30-55,20
NHSII:US,fem
ale,25-42,24

China, both
sexes, mean
age:51.8,10

US,female,55-
69,11

US,female,30-
55, 22

Diagnosis by
rheumatologists using
ACR criteria

Diagnosis by
rheumatologists using
ACR criteria

Diagnosis by two
rheumatologists using
ACR criteria

Diagnosis by two
rheumatologists using
ACR criteria

Diagnosis by two
rheumatologists using
ACR criteria

n=56 075(797), validated

self-administered FFQ

n=166 013(1 080),
validated self-
administered FFQ

n=87 118(87), validated
self-reported alcohol
consumption

questionnaire

n=31 336(158), validated

semi-quantitative FFQ

n=82 063(546), validated

semi-quantitative FFQ

meat/fish/poultry/processed meat,

red meat, coffee

dietary fibre, meat

fish, marine n-3 PUFA

alcohol

alcohol, beer, red wine, white

wine, liquor

total protein, animal protein,
vegetable protein,total iron intake
(diet and supplements),dietary
iron,iron from supplements,heme

iron intake,meat,red meat,poultry

meat,fish

1,2,5,6, 11,
14, 21, 27

1,4,5, 14, 46,
20, 21, 37, 39,
40, 41, 42, 45,
46

1,2,4,5

1,4,5,43
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Hu 2014(NHS
& NHSII)%

Nguyen
2022(E3N-
EPIC)*

Helidvaara

2007 (Mobile
Clinic Health
Examination

Survey)?

Mazzucca
2022(UK
Biobank)?”

Eun
2020(NHIS)*®

NHS:US,femal
e,30-55,28
NHSII:US,fem
ale,25-42,20

France,female,
52.5+6.5,10

Finland,both
sexes,20-
98,13

UK,both
sexes,40-
69,12

South
Korea,female,
61.4,9

Diagnosis by two
rheumatologists using
ACR criteria

Self-reported & diagnosis
by two rheumatologists

using ACR criteria

Social Insurance
Institution’s population

register

ICD-10

N/A

NHS:n=79 570(559),

NHSII:n=107 330(298),

validated semi-quantitative

FFQ

n=62 629(480), validated
French Dietary History

Questionnaire

n=18 981(126), validated

self-filled questionnaires

n=479 494(2
819),validated semi-
quantitative FFQ

n=1 357 736(6 056), self-

report questionnaires

sugar-sweetened soda, diet soda

total fish, lean fish, oily fish

coffee, alcohol

cooked vegetables,
fruits,cheese,oily fish,processed
meat,beef,lamb,pork,alcohol,
tea,coffee,decaffeinated coffee,
ground coffee, instant coffee,other

coffee

alcohol

1,4,5,12, 13,
14, 16, 17, 18,
21, 26, 27,43

1,4,5,6, 11,
12, 21

1,2

1,2,4,5,6, 12,
13, 14, 27

1,4,5,12,13,
14, 16, 17, 26,
27,28, 43
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South ACR criteria, positive for

Ro 2022 Korea,both either rheumatoid factor n=517 053(1 948), self- cohol 1,4,5,12, 13,
alcoho

(NHIS-NSC)?®  sexes,40- or anti-citrullinated report questionnaires 14,27
79,14 peptide antibody

Ascione _ _
France, _ total alcohol, beer, wine, liquor,

2023(E3N- o n=62 149(481), validated _ 1,4,5,6, 11,
female, 1987 ACR criteria total coffee, caffeinated coffee,

EPIC Cohort FFQ _ 12, 21
52.5+6.5, 11.7 decaffeinated coffee, tea

Study)3°

IWHS=lowa Women’s Health Study; NHS & NHSII=Nurses’ Health Study and Nurses’ Health Study Il Cohorts; SMC=Swedish Mammography Cohort;
SNMC=Swedish National March Cohort; HS-FFQ =high school-food frequency questionnaire; EPIC=European Prospective Investigation into Cancer
study; E3N-EPIC=Etude Epidémiologique auprés des femmes de la Mutuelle générale de I' Education Nationale; WHI-OS=Women’s Health Initiative
Observational Study and Clinical Trials cohort; DCH=Diet, Cancer, and Health cohort; FFQ= food frequency questionnaire; F=female, SIICD= The Social
Insurance Institution's Coronary Heart Disease Study; UKB = UK Biobank; ACR = the American College of Rheumatology; ICD-10=International
Classification of Diseases, 10th Revision; aMed: HLIS=Healthy Lifestyle Index Score; BMI=body mass index; PUFA=polyunsaturated fatty acid; trans-
FA=trans fatty acid; SFA=saturated fatty acid; MFA: monounsaturated fatty acids; Adjustment: age(1), sex(2), race/ethnicity(3), BMI(4), smoking
status(5), education(6), civil status(7), occupation status(8), marital status(9), sugar-sweetened soda(9), total energy intake(10), gastrointestinal
transit(11), physical activity(12), family income(13), alcohol use(14), age at menopause(15), use of hormone replacement therapy(16), parity(17),
multivitamin use(18), beverages(19), cohort(20), total energy(21), use of aspirin (22), dairy consumption(23), fish consumption(24), fruits(25), age at
menarche(26), co-morbidity(e.g., diabetes mellitus, cancer, cardiovascular disease)(27), oral contraceptive use(28), memory loss(29), decaffeinated
coffee consumption(30), Socioeconomic Status(31), sunscreen use and sun sensitivity(32), birth weight(33), latitude of residence(34); age at first
birth(35), tea consumption(36), a-linolenic acid(37), coffee consumption(38), trans fatty acids (g/d)(39), saturated fatty acids (g/d)(40), omega-6
polyunsaturated fatty acids (g/d)(41), protein (g/d)(42), breastfeeding(43),B-cryptoxanthin intake(44), monounsaturated fatty acids (g/d)(45); questionnaire
circle(46); meat(47).
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Table A6. Characteristics of 14 included cohort studies.

Cohort (country)

N of studies

Follow-up

Gender

Dietary assessment method and

frequency

Dietary exposure

IWHS(US)

1987-1997

Female

FFQ; Single at baseline

vitamins, carotenoids, minerals,
fruits, legumes, vegetables, milk,
butter, coffee, tea, caffeine,

alcohol

NHS(US)

11

1980-2002

Female

FFQ; Baseline and repeated every 4

years

vitamins,
carotenoids,Mediterranean diet,
red/processed meat, fish,
vegetables, whole grain, nuts,
MUFA:SFA ratio, beverages,
trans fat, n-3 PUFA, coffee, tea,
caffeine, alcohol, Empirical
Dietary Inflammatory Pattern, fish,
total protein, animal protein,

vegetable protein, total meat

NHSII(US)

1991-2001

Female

FFQ; Baseline and repeated every 4

years

vitamins,
carotenoids,Mediterranean diet,
red/processed meat, fish,
vegetables, whole grain, nuts,
MUFA:SFA ratio, beverages,
trans fat, n-3 PUFA, coffee, tea,
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caffeine, alcohol, Empirical
Dietary Inflammatory Pattern, fish,
total protein, animal protein,

vegetable protein, total meat

alcohol, meat, milk, cheese, fish,

SMC(Sweden) 2003-2014 Female FFQ, Repeated in 1987 and 1997
n-3 PUFA
Both Questionnaire for epidemiological
SNMC(Sweden) 1997-2016 _ _ alcohol
sexes research, Single at baseline
Both
EPIC-Nortfolk(UK) 1997-2010 FFQ, Single at baseline alcohol
sexes
vegetables, legumes, fruits, cereal
products, fish, meat, dairy
product, unsaturated fat, alcohol,
E3N-EPIC(France) 2004-2014 Female FFQ, Single at baseline Mediterranean diet, total coffee,
caffeinated coffee, decaffeinated
coffee, tea, total alcohol, beer,
wine, liquor
alcohol, fruits,vegetables, red
WHI-OS(US) 8yrs Female FFQ; Single at baseline meat, energy, n-3 fatty acids, n-6
fatty acids, coffee, tea, caffeine
Both fish, olive oil, fruits, vegetables,
0
DCH(Denmark) 1997-2018 FFQ, Single at baseline vitamins, minerals, red meat,
sexes

coffee, dietary fibre, meat
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Both

Kailuan(China) 2006-2018 Questionnaire, Single at baseline alcohol
sexes
vegetables,oily fish,fresh fruit,
Both ) ) processed meat, poultry, beef,
UK Biobank(UK) 2005-2017 FFQ, Single at baseline
sexes lamb, pork, cheese, bread,
breakfast cereal, coffee, tea
NHIS-NSC(South Both self-report questionnaires, Single at
2002-2016 alcohol
Korea) sexes baseline
self-report questionnaires; Single at
NHIS(South Korea) 2009-2018 Female _ alcohol
baseline
Both Mobile Clinic Health Examination
MCHES(Finland) 1977-1989 _ ) coffee, alcohol
sexes Survey, Single at baseline

*IWHS= lowa Women’s Health Study; NHS & NHSII=Nurses’ Health Study and Nurses’ Health Study Il Cohorts; SMC= Swedish Mammography Cohort;
SNMC= Swedish National March Cohort; EPIC=European Prospective Investigation into Cancer study;DCH = Diet, Cancer, and Health cohort; FFQ=

food frequency questionnaire;WHI-OS= Women’s Health Initiative Observational Study and Clinical Trials cohort; MCHES=Mobile Clinic Health

Examination Survey; NHIS-NSC=Korean National Health Insurance Service (NHIS)-national sample cohort.
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Table A7 (a). Relationship between food groups and beverages

consumption and risk of rheumatoid arthritis: a pooled analysis

comparing the highest with the lowest categories and dose-response

analyses.
Exposure Studies Participants Cases RR (95%CI) P P(%)
Total alcohol 12

high v low 8 985,846 8,082 0.76(0.68,0.85) <0.001 56

per 16 g/w 9 1,011,117 8,220 0.96(0.94,0.98) <0.001 58
Total alcohol 5

high v low 4 5,444,640 8,735 0.84(0.73,0.96) 0.014 O

per 16 g/w 5 5,469,976 8,842 0.97(0.96,0.99) <0.001 28
Wine 4

high v low 4 320,832 1,669 0.95(0.79,1.14) 0.982 0.7

per 16 g/w 4 320,832 1,670 0.98(0.97,1.00) 0.074 O
Beer 3

high v low 3 258,683 1,189  0.79(0.59,1.03) 0.083 O

per 16 g/w 3 258,683 1,189  0.90(0.84,0.97) 0.004 O
Liquor(spirit) 4

high v low 4 284,832 1,670 0.93(0.77,1.11) 0.668 O
per 16 g/w 4 284,832 1,670 0.96(0.91,1.02) 0.163 O

Total coffee 7

high v low 6 751,937 4,045 1.16(0.94,1.42) 0.164 63

per 1 cup/d 6 700,419 3,933 1.04(0.99,1.09) 0.133 80
Caffeinated coffee 4

high v low 4 253,462 1,296  1.30(1.09,1.54) 0.003 O

per 1 cup/d 3 176,609 1,113  1.03(0.98,1.09) 0.277 50
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Decaffeinated

coffee
high v low
per 1 cup/d

Decaffeinated

coffee”
high v low
per 1 cup/d
Caffeine
high v low
per 25 g/d
Tea
high v low
per 1 cup/d
Tea*
high v low

per 1 cup/d

Sugar-sweetened

soda
high v low
per 1 drink/w
Total meat
high v low
per 70 g/d
Red meat
high v low

per 90 g/d

Processed meat

high v low

732,956

593,954

1,419,351

1,865,843

191,313

114,460

732,956

656,103

1,875,138

1,875,138

249,049

186,900

239994

101856

201,841

176,469

518,721

1,642

980

299

299

805

632

4,103

3,992

377

377

1,338

857

2193

848

4,139

3,785

3,180

1.34(0.95,1.88)

1.07(0.96,1.19)

1.81(0.72,4.58)

1.12(0.98,1.28)

1.24(0.93,1.64)

0.98(0.96,1.01)

1.15(1.00,1.33)

1.04(1.02,1.05)

0.64(0.15,2.80)

0.96(0.87,1.07)

1.13(0.80,1.58)

1.20(0.89,1.62)

0.94(0.82,1.06)

1.03(0.94,1.14)

1.06(0.91,1.24)

0.84(0.54,1.32)

1.00(0.88,1.13)

0.076

0.207

0.097

0.084

0.178

0.116

<0.001

<0.001

0.557

0.472

0.490

0.238

0.285

0.505

0.431

0.053

0.953

66

76

72

58

39

53

72

64

10

32

84
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per 90 g/d
Poultry

high v low

per 90 g/d
Total fish

high v low

per 1 serving/w
Oily fish

high v low

per 1 serving/w
Fruit

high v low

per 80 g/d
Vegetables

high v low

per 80 g/d
Legumes

high v low

per 1 serving/d
Total dairy

high v low

per 1 serving/w
Milk

high v low

per 1 serving/w
Cheese

high v low

per 1 serving/w

518,721

600,784

518,721

260,874

285,333

542,123

598,814

728,639

785,330

728,639

785,330

91,997

91,997

131,224

313,224

68,595

91,997

518,721

518,721

3,180

3728

3180

1,765

1,629

3,273

3,342

7,225

7,294

7,194

7,263

632

632

1,000

1,000

520

632

3,187

3,179

1.00(0.98,1.01)

1.11(0.95,1.28)

0.89(0.37,2.13)

0.92(0.75,1.08)

1.01(0.99,1.03)

0.91(0.78,1.06)

1.00(0.97,1.03)

0.88(0.79,0.97)

0.95(0.92,0.99)

0.90(0.76,1.06)

0.97(0.93,1.01)

0.97(0.80,1.19)

0.92(0.55,1.54)

0.97(0.72,1.30)

0.99(0.98,1.01)

1.06(0.84,1.34)

0.98(0.95,1.02)

0.94(0.64,1.39)

0.99(0.92,1.07)

0.866

0.185

0.793

0.313

0.333

0.229

0.983

0.012

0.016

0.002

0.152

0.794

0.740

0.850

0.312

0.631

0.277

0.756

0.833

49

33

12

50

57

81

83

56

21

73

76
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Cereal product 3
high v low 3 618,720 4,306 0.87(0.80,0.96) 0.003 O

per 1 serving/w 3 618,720 4,295 0.97(0.96,0.99) 0.014 20

"seropositive RA; "Rheumatoid Factor-positive RA.
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Table A7 (b). Relationship between nutrient consumption and risk of RA:

a pooled analysis comparing the highest with the lowest categories and

dose-response analyses.

Exposure Studies Person-Years Cases RR (95%CI) P (%)
Vitamin C 3
high v low 2 3,295,916 939 0.98(0.76,1.27) 0.882 38
per 40 mg/d 3 3,352,607 1,008 0.99(0.96,1.02) 0415 32
Vitamin D 4
high v low 2 3,256,089 874 0.86(0.63,1.18) 0.354 47
per 400 1U/d 3 3,313,780 943 0.98(0.95,1.02) 0.370 41
Vitamin D )
supplement
high v low 2 3,383,325 874 1.08(0.55,2.10) 0.834 75
per 400 1U/d 2 3,383,325 874 1.01(0.78,1.31) 0.991 77
Vitamin A 2
high v low 1 2,981,735 787 1.04(0.82,1.32) 0.737 O
per 600 1U/d 2 3,038,426 856 1.04(0.96,1.13) 0.315 0
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Vitamin E

high v low

per 3 mg/d

a-carotenoid

high v low

per 200 mg/d

B-carotenoid

high v low

per 200 mg/d

B-cryptoxanthin

high v low

per 200 mg/d

Lycopene

high v low

per 200 mg/d

3,295,916

3,352,607

2,152,395

1,838,214

3,295,917

2,981,736

3,295,917

2,981,736

3,295,917

2,981,736

939

1,008

939

787

939

787

939

787

939

787

0.84(0.69,1.03)

0.99(0.98,1.00)

1.02(0.78,1.35)

1.01(0.96,1.07)

1.06(0.79,1.43)

1.00(0.99,1.01)

0.86(0.58,1.26)

1.04(0.76,1.43)

0.97(0.77,1.21)

0.99(0.98,1.00)

0.094

0.250

0.883

0.689

0.704

0.700

0.433

0.804

0.763

0.019

32

43

43

68
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Lutein/zeaxanthin

high v low

per 200 mg/d

N-3 PUFA

high v low

per 100 mg/d

3,295,917

2,981,736

2,414,739

2,414,739

939

787

3,997

3,997

0.97(0.77,1.23)

1.00(0.98,1.02)

0.90(0.73,1.10)

0.96(0.90,1.03)

0.815

1.000

0.300

0.285

52

74

241



Table A8. Scoring for the food groups, beverages and food components of NutriGrade for the risk of rheumatoid

arthritis.

Exposure Outcome Risk Precision Heterogeneity Directness Publicatio Fundin Effec  Dose- Su NutriGrad

of 2 3 4 n bias® ghias® t response® m e

size’

bias

1
Total alcohol RA 1.5 1 0 0 0.5 1 1 1 6 Moderate
Total alcohol Seropositive 1.5 1 1 1 0.5 1 1 1 7 Moderate

RA

Wine RA 15 0 1 1 0 1 0 0 45 Low
Beer RA 15 0 1 1 0 1 1 1 6.5 Verylow
Liquor RA 15 0 1 1 0 1 0 0 45 Low
Total coffee RA 15 0 0 0 0 1 0 1 3.5 Verylow
Caffeinated RA 15 0 1 0 0 1 1 0 45 Low
coffee
Decaffeinated RA 15 0 0 0 0.5 1 0 0 3 Very low
coffee
Decaffeinated Rheumatoid 1.5 0 0 1 0 1 0 0 3.5 Verylow
coffee Factor-
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Caffeine

Tea

Tea

Sugar-

sweetened soda

Fruit

Vegetable

Total meat

Red meat

Processed meat

Poultry

Total fish

Oily fish

Legumes

positive RA

RA

RA

Rheumatoid
Factor-

positive RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

0.5

0.5

0.5

2.5

3.5

3.5

4.5

4.5

5.5

Very low
Moderate

Very low

Low

Moderate

Low

Low

Very low

Low

Low

Low

Low

Low
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Total dairy

Milk

Cheese

Cereal products

Vitamin C

Vitamin D

Vitamin D

supplement

Vitamin A

Vitamin E

a-carotenoid

B-carotenoid

B-cryptoxanthin

Lycopene

Lutein/zeaxanthi

n

N-3 PUFA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

4.5

3.5

4.5

4.5

4.5

3.5

3.5

4.5

4.5

3.5

25

Low

Low

Very low

Moderate

Low

Low

Low

Low

Low

Very low

Very low

Low

Low

Very low

Very low
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T Modifications of original NutriGrade-scoring system: Study quality Newcastle Ottawa Scale: 28 (2 points); 27-<8 (1.5 points), 26-<7(1 point);
2>5000 cases and the 95%Cl excludes the null value (1 point), <5000 cases or >5000 cases but 95%CI includes the null value (0 point);

30 to 1 point on the basis of /2

4 No important differences in the population or hard clinical outcomes (1 point), important differences in the population (0 point);

5 <5 studies or sever evidence of bias or publication bias not assessed (0 point), no evidence of bias for 5-9 studies or moderate evidence of bias for 210

studies (0.5 point), no evidence of bias for 210 studies (1 point);

6 Funded by academic institutions or research institutions (1 point), funded by private institutions, foundations, or nongovernmental organizations (0.5
point), Industry funding or conflict of interest (0 point);

7 No effect (RR: 0.80-1.20) when comparing the highest vs. lowest category (0 point), moderate effect size (RR: <0.80-0.50 and >1.20-2, and
corresponding test is statistically significant) when comparing the highest vs. lowest category (1 point), large effect size (RR: <0.50 and >2.00, and

corresponding test is statistically significant) when comparing the highest vs. lowest category (2 point);

8 No dose-response analysis or dose-response analysis with corresponding statistical test no significant (0 point), significant linear or nonlinear dose-

response relationship (1 point).

Table A9. Newcastle Ottawa Scale scores of the included prospective cohort studies.

Selection Comparability Exposure
Study Total
Exposed Non-exposed Exposure Outcome Follow-up Non-response
(Supplemental reference) Demonstration* Confounding® . score
cohort®  cohort? assessment? assessment® duration’ rate
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Cerhan et al. 2003
Costenbader et al. 2008
Costenbader et al. 2010
Di Giuseppe et al. 2012
Sundstrom et al. 2019
Di Giuseppe et al. 2013
Hedenstierna et al. 2021
Hiraki et al. 2012
Merlino et al. 2004
Lahiri et al. 2012
Nguyen et al. 2020

Hu et al. 2015

Hu et al. 2017

Karlson et al. 2003
Krok-Schoen et al. 2018
Lamichhane et al. 2019
Lu et al. 2014

Sparks et al. 2019
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Mikuls et al. 2002 1 1 1 1 1 1 1 1 8

Pedersen et al. 2005 1 1 1 1 1 1 0 0 6
Rubin et al. 2020 1 1 1 1 2 1 1 0 8
Sparks et al. 2019 1 1 1 1 2 1 1 0 8
VanEvery et al. 2021 1 1 0 1 1 1 1 0 6
Cerhan et al. 2002 1 1 1 1 0 1 1 0 6
Benito-Garcia et al. 2007 1 1 1 1 2 1 1 0 8
Hu et al. 2014 1 1 1 1 2 1 1 0 8
Nguyen et al. 2022 1 1 1 1 2 1 1 0 8
Helidvaara et al. 2000 1 1 1 1 0 1 1 0 6
Mazzucca et al. 2022 1 1 1 1 2 1 0 0 7
Eun et al. 2020 0 1 0 1 1 1 0 0 5
Ro et al. 2022 1 1 0 1 1 1 1 0 6
Ascione et al. 2023 1 1 1 1 2 1 1 1 9

"For the representativeness of the exposed cohort, if the participants were derived from general population, then this item would be given 1 point; if the
participants were derived from occupational population, disease population, or population with higher risk factor (smoking population), then this item would be

given 0 point;

2 For the selection of the non-exposed cohort, if drawn from the same original population as the exposed cohort, then this item would be given 1 point;

otherwise 0 point;
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3 For the ascertainment of exposure, if intakes of food and nutrient were assessed by structured dietary assessment tools (e.g., 24h-recall, and FFQ), then

this item would be given 1 point; if not, this item would be given 0 point;
4For the demonstration that RA was not present at start of study, this item would be given 1 point; otherwise 0 points;

5 For comparability of cohorts, if the model adjusted for age, sex, and another socioeconomic factor, then this item would be given 1 point; if the model

adjusted for smoking status, alcohol intake, physical activity and other dietary information, then this study would be given additional 1 point;

6 For the assessment of outcome, if the outcome was identified through medical records, or registered data, then this item would be given 1 point; otherwise

this item would be given 0 point;
" For follow-up duration, if it was 10 years or above, then this item would be given 1point; otherwise 0 point;

8 For the adequacy of follow up of cohorts, if the rate of loss to follow-up was less than 10%, then this item would be given 1 point; if 210% or no information
on the rate of loss to follow-up, then 0 point.
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Table A10 (a). Subgroup analyses for total alcohol consumption and risk of rheumatoid

arthritis.
RR 95% ClI (%)  Q within' Q P
between2

All studies 0.76 [0.68,0.85] 56 15.57

Gender
Both sexes 0.72 [0.65,0.80] 82 10.91 2.22 0.14
Female 0.80 [0.74,087] O 2.44

Geographic location
Europe 0.72 [0.66,0.80] 56 6.80 8.27 0.02
America 0.80 [0.73,0.88] O 0.50
Asia 1.98 [0.93,4.22] - 0

Follow-up duration
<10 years 0.77 [0.72,0.83] 15 2.35 0.12 0.73
210 years 0.75 [0.65,0.87] 70 13.10

Number of cases
<500 0.86 [0.70,1.06] 57 6.97 1.33 0.25
>500 0.76 [0.71,0.81] 59 7.27

Outcome assessment
Including self-reported 0.81 [0.74,0.88] O 1.07 3.18 0.07

data
Register data 0.72 [0.65,0.79] 74 11.31

7 Q within each subgroup;

2 Q between subgroups;

3 P values for comparisons between subgroups.
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Table A10 (b). Subgroup analyses for total alcohol consumption and risk of seropositive

rheumatoid arthritis.

n RR 95% CI P (%)  Q within’ Q P3
betwta\en2
All cohorts 5 0.84 [0.73,096] O 3.30
Gender
Both sexes 1 0.75 [0.61,092] O 1.39 1.92 0.17
Female 4 0.91 [0.76,1.07] - 0
Geographic location
Europe 1 0.66 [0.41,1.07] - 0 1.32 0.51
America 2 0.81 [0.61,1.07] O 0.80
Asia 2 0.88 [0.75,1.02] 15.8 1.19
Number of cases
<500 3 0.77 [0.60,0.98] O 1.31 0.80 0.37
>500 2 0.87 [0.75,1.02] 15.8 1.19

T Q within each subgroup;
2 Q between subgroups;

3 P values for comparisons between subgroups.

Table A10 (c). Subgroup analyses for total coffee consumption and risk of rheumatoid

arthritis.
n RR 95% CI P (%)  Quithin? Qvetween? P°
All studies 6 1.16 [0.94,142] 63 13.52
Age (mean/median)
<50 years 2 1.73 [0.59,5.07] 57.4 2.35 0.59 0.44
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250 years
Gender
Both sexes

Female

Geographic location

America

Europe

Follow-up duration

<10 years

210 years
N of cases

<500

2500

Outcome assessment

Including self-reported

data

Register data

Dietary assessment tool

FFQ

Not mentioned

1.12

0.92

1.26

1.27

0.92

1.01

1.31

1.28

0.91

1.26

1.56

0.97

3.95

[0.88,1.43]

[0.83,1.00]

[1.05,1.51]

[1.00,1.61]

[0.83,1.00]

[0.74,1.39]

[0.98,1.74]

[1.07,1.53]

[0.83,1.00]

[1.05,1.51]

[0.39,6.23]

[0.89,1.06]

[0.89,17.52]

64.1

73.1

74.5

58.9

73.1

60.5

8.35

3.72

0.50

0.49

7.83

2.43

2.74

2.74

0.50

3.72

10.14

0.09

0.33

1.43

10.78

9.30

3.39

0.76

0.56

0.23

<0.01

<0.01

0.06

Q within each subgroup;

2Q between subgroups;

3P values for comparisons between subgroups.
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Table A10 (d). Subgroup analyses for decaffeinated coffee consumption and risk of

rheumatoid arthritis.

Qwithin Qbetween

n RR 95% ClI P(%) 1 2 P3
All studies 5 1.34 [0.95,1.88] 66 11.90
Age (mean/median)
<50 years 1 1.00 [0.59,1.68] - 0 0.83 0.36
>50 years 4 1.29 [1.08,1.54] 729 11.08
Gender
Both sexes 1 0.96 [0.68,1.35] - 0 3.1 0.08
Female 4 1.37 [1.13,1.65] 65.9 8.79
Geographic location
America 3 1.66 [1.22,2.26] 68 6.25 4.48 0.03
Europe 2 1.12  [0.92,1.37] 14.5 1.17
Follow-up duration
<10 years 2 1.10 [0.81,1.48] 62 2.63 1.13 0.29
>10 years 3 1.33 [1.09,1.63] 75 8.15
N of cases
<500 4 1.36 [1.13,1.65] 65.9 8,79 3.1 0.08
>500 1 0.96 [0.68,1.35] - 0

Outcome assessment

Including self-reported
dat 1.37 [1.13,1.65] 65.9 8.79 3.1 0.08
ata

Register data 1 0.96 [0.68,1.35] - 0

'Q within each subgroup;
2Q between subgroups;

3P values for comparisons between subgroups.
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Table A10 (e). Subgroup analyses for tea consumption and risk of rheumatoid arthritis.

P Qbetween
n RR 95% ClI (%)  Quithin? 2 P
All studies 5 0.88 [0.79,0.97] 50 8.01
Age (mean/median)
<50 years 1 1.10 [0.73,1.66] - 0 0.16 0.69
>50 years 4 1.20 [1.10,1.31] 64.0 8.33
Gender
Both sexes 1 1.23 [1.12,1.36] - 0 2.00 0.16
Female 4 1.04 [0.85,1.28] 53.8 6.49
Geographic location
America 3 1.06 [0.75,1.49] 69.1 6.47 0.49 0.48
Europe 2 1.20 [1.10,1.32] 345 1.53
Follow-up duration
<10 years 3 1.00 [0.80,1.24] 55 4.44 3.16 0.08
>10 years 2 1.24  [1.12,1.36] 0 0.89
N of cases
<500 4 1.04 [0.85,1.28] 53.8 6.49 2.00 0.16
>500 1 1.23 [1.11,1.36] - 0

Outcome assessment

Including self-reported
dat 1.04 [0.85,1.28] 53.8 6.49 2.00 0.16
ata

Register data 1 1.23  [1.12,1.36] - 0

’ Q within each subgroup;
2 Q between subgroups;

3 P values for comparisons between subgroups.

253



Table A10 (f). Subgroup analyses for fruit consumption and risk of rheumatoid arthritis.

I2 Qwithin Qbetween
n RR 95% CI (%) ! 2 P
All studies 5 0.88 [0.79,0.97] 50 8.01
Age (mean/median)
0.2
1 1.03 [0.78,1.37] - 0 1.51
<50 years
250 years 4 0.86 [0.81,0.91] 54 6.50
Gender
0.0
1 0.92 [0.84,1.01] - 0 3.01
Both sexes
Female 4 0.82 [0.76,0.90] 40 4.99
Geographic location
0.0
_ 3 0.81 [0.74,0.88] 39 3.27 4.67
America
Europe 2 0.92 [0.85,1.00] 0 0.07
Follow-up duration
0.1
3 0.85 [0.80,0.91] 65 5.67 2.15
<10 years
210 years 2 0.98 [0.82,1.17] 0 0.19
N of cases
0.2
3 0.94 [0.80,1.11] 0 1.78 1.11
<500
2500 2 0.85 [0.80,0.91] 80 5.1
Outcome assessment
Including self- 0.0
4 0.82 [0.76,0.90] 40 5.00 3.01
reported data
Register data 1 0.92 [0.84,1.01] 0 0
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'Q within each subgroup;

2Q between subgroups;

3P values for comparisons between subgroups.

Table A10 (g). Subgroup analyses for vegetables consumption and risk of rheumatoid

arthritis.
IZ
RR 95%CI (%)  Quithin'  Qbetween®  P?

All studies 0.90 [0.76,1.06] 81 20.88

Age (mean/median)
<50 years 0.84 [0.63,1.12] - 0 0.2 0.65
>50 years 0.90 [0.84,0.97] 86 20.68

Gender
Both sexes 1.13 [0.99,1.28] - 0 18.26 <0.001
Female 0.81 [0.74,0.88] 0 2.62

Geographic location
America 0.78 [0.71,086] 0 0.30 18.9 <0.001
Europe 1.08 [0.97,1.21] 41 1.68

Follow-up duration
<10 years 0.89 [0.83,0.97] 90 2043  0.02 0.89
>10 years 0.91 [0.76,1.08] 0 0.43

N of cases
<500 0.88 [0.75,1.04] 0 1.15 0.06 0.81
>500 0.89 [0.73,0.97] 95 19.68

Outcome assessment

255



Including self-reported
dat 4 0.81 [0.74,0.88] 0 2.62 18.26 <0.001
ata

Register data 1 1.13 [0.99,1.28] - 0

Q within each subgroup;
2Q between subgroups;

3P values for comparisons between subgroups.

Table Al11 (a). Sensitivity analyses for food group consumption and risk of rheumatoid

arthritis: excluding one study at a time?.

Study (Supplemental reference) Estimate 95% Confidence Interval

Total alcohol

Included all studies 0.76 0.68 0.85
Omitting Di Giuseppe 2012 0.77 0.68 0.87
Omitting Hedenstierna 2021 0.79 0.73 0.84
Omitting Ascione 2023 0.74 0.66 0.84
Omitting Krok-Schoen 2018 0.75 0.64 0.88
Omitting Hu 2017 0.77 0.66 0.89
Omitting VanEvery 2021 0.75 0.68 0.83
Omitting Cerhan 2002 0.76 0.67 0.86
Omitting Mazzucca 2022 0.77 0.65 0.92

Total alcohol (seropositve RA)

Included all studies 0.84 0.73 0.96
Omitting Lu 2014 (NHS) 0.80 0.65 0.98
Omitting Lu 2014(NHSII) 0.86 0.75 0.98
Omitting Eun 2020 0.86 0.75 0.99
Omitting Ro 2022 0.75 0.61 0.93
Omitting Ascione 2023 0.86 0.75 0.99
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Wine

Included all studies 0.95 0.79 1.14
Omitting Di Giuseppe 2012 0.96 0.78 1.18
Omitting Lu 2014(NHS) 0.86 0.70 1.06
Omitting Lu 2014(NHSII) 0.98 0.81 1.18
Omitting Cerhan 2002 0.95 0.77 1.17
Omitting Ascione 2023 0.97 0.74 1.28
Beer
Included all studies 0.87 0.74 1.02
Omitting Di Giuseppe 2012 0.87 0.73 1.03
Omitting Lu 2014(NHS) 0.90 0.76 1.06
Omitting Lu 2014(NHSII) 0.86 0.73 1.02
Omitting Cerhan 2002 0.86 0.73 1.02
Omitting Ascione 2023 0.78 0.59 1.03
Liquor
Included all studies 0.93 0.77 1.11
Omitting Di Giuseppe 2012 0.93 0.78 1.13
Omitting Lu 2014(NHS) 0.90 0.73 1.13
Omitting Lu 2014(NHSII) 0.93 0.78 1.12
Omitting Cerhan 2002 0.91 0.74 1.10
Omitting Ascione 2023 0.95 0.75 1.20

Total coffee

Included all studies 1.16 0.94 1.42
Omitting Lamichhane 2019 1.15 0.91 1.45
Omitting Karlson 2003 1.17 0.90 1.52
Omitting Mikuls 2002 1.12 0.91 1.39
Omitting Mazzucca 2022 1.12 0.92 1.37
Omitting Heliovaara 2000 1.10 0.87 1.40
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Omitting Ascione 2023

Caffeinated coffee

Included all studies
Omitting Mikuls 2002
Omitting Lamichhane 2019
Omitting Karlson 2003

Omitting Ascione 2023

Decaffeinated coffee

Decaffeinated coffee (RF-positive RA)

Included all studies
Omitting Mazzucca 2022
Omitting Lamichhane 2019
Omitting Karlson 2003
Omitting Mikuls 2002

Omitting Ascione 2023

Included all studies
Omitting Karlson 2003

Omitting Mikuls 2002

Caffeine

Tea

Included all studies
Omitting Karlson 2003
Omitting Lamichhane 2019

Omitting Mikuls 2002

Included all studies
Omitting Mikuls 2002
Omitting Lamichhane 2019

Omitting Karlson 2003

1.30

1.35

1.29

1.25

1.29

1.34

1.48

1.28

1.43

1.40

1.80

2.64

1.30

1.24

1.30

1.13

1.39

1.20

1.1

0.89

1.09

1.07

1.00

1.03

0.95

1.00

0.86

0.95

0.96

0.88

0.90

1.46

0.85

0.93

0.68

0.88

0.94

1.00

1.10

0.94

0.92

1.50

1.54

1.62

1.55

1.54

1.62

1.88

2.18

1.90

2.15

1.37

2.22

3.58

4.78

1.99

1.64

2.49

1.44

2.06

1.33

1.32

1.33

1.39
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Omitting Mazzucca 2022
Omitting Ascione 2023
Tea (RF-positive RA)
Included all studies
Omitting Karlson 2003
Omitting Mikuls 2002
Sugar-sweetened soda
Included all studies
Omitting Hu 2014(NHS)
Omitting Hu 2014(NHSII)
Omitting Ascione 2023
Fruit
Included all studies
Omitting Cerhan 2013
Omitting Nguyen 2020
Omitting Hu 2017(NHS,NHSII)
Omitting Krok-Schoen 2018
Omitting Mazzucca 2022
Vegetable
Included all studies
Omitting Cerhan 2013
Omitting Nguyen 2020
Omitting Hu 2017(NHS, NHSII)
Omitting Krok-Schoen 2018
Omitting Mazzucca 2022
Legumes
Included all studies

Omitting Cerhan 2013

1.04

1.22

0.64

0.26

1.20

1.29

0.88

0.89

0.87

0.86

0.92

0.86

0.90

0.92

0.88

0.91

0.96

0.81

0.97

0.98

0.85

1.1

0.15

0.06

0.61

0.80

0.75

0.71

0.82

0.79

0.79

0.76

0.76

0.85

0.74

0.76

0.77

0.72

0.74

0.80

0.73

0.80

0.79

1.28

1.34

2.80

2.35

1.58

2.00

2.01

0.97

0.99

0.96

0.96

1.00

0.99

1.22
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Omitting Nguyen 2020 0.95 0.61 1.48

Total meat
Included all studies 0.94 0.82 1.06
Omitting Sundstrom 2019 0.91 0.80 1.05
Omitting Nguyen 2020 0.90 0.77 1.04
Omitting Rubin 2020 1.00 0.85 1.18
Omitting Benito-Garcia 2007 0.95 0.90 1.12
Red meat
Included all studies 1.06 0.91 1.24
Omitting Krok-Schoen 2018 0.95 0.76 1.19
Omitting Benito-Garcia 2007 1.13 1.03 1.24
Omitting Sundstrom 2019 1.02 0.79 1.32

Processed meat

Included all studies 1.00 0.88 1.13

Omitting Mazzucca 2022 0.84 0.58 1.21

Omitting Sundstrom 2019 1.02 0.89 1.17
Poultry

Included all studies 1.11 0.95 1.28

Omitting Sundstrom 2019 1.15 0.98 1.35

Omitting Mazzucca 2022 1.05 0.79 1.38

Omitting Benito-Garcia 2007 1.06 0.85 1.33
Total fish

Included all studies 0.92 0.78 1.08

Omitting Di Giuseppe 2013 0.97 0.81 1.16

Omitting Nguyen 2020 0.83 0.64 1.08

Omitting Sparks 2019 0.87 0.64 1.20
Oily fish

Included all studies 0.91 0.78 1.06
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Omitting Mazzucca 2022 1.01

Omitting Nguyen 2020 0.86
Milk

Included all studies 1.06

Omitting Sundstrom 2019 1.04

Omitting Merlino 2004 1.07
Cheese

Included all studies 0.94

Omitting Mazzucca 2022 1.20

Omitting Sundstrom 2019 0.80
Total dairy

Included all studies 0.97

Omitting Nguyen 2020 0.86

Omitting Merlino 2004 1.11

Omitting Sundstrom 2019 0.89

Cereal product

Included all studies 0.87
Omitting Nguyen 2020 0.87
Omitting Mazzucca 2022 0.89
Omitting Hu 2017(NHS, NHSII) 0.88

0.81

0.75

0.84

0.69

0.80

0.64

0.81

0.69

0.72

0.53

0.92

0.53

0.80

0.79

0.73

0.80

1.25

0.99

1.34

1.57

1.43

1.39

1.77

0.93

1.30

1.41

1.34

1.49

0.96

0.95

1.07

0.97

Effect sizes were pooled using random-effects model.
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Table Al11 (b). Sensitivity analyses for nutrient intake and risk of rheumatoid arthritis:

excluding one study at a time?.

Study (Supplemental reference) Estimate 95% Confidence Interval
N-3 PUFA
Included all studies 0.90 0.73 1.10
Omitting Di Giuseppe et al 0.98 0.86 1.11
Omitting Hu et al (NHS, NHSII) 0.87 0.59 1.28
Omitting Krok-Schoen et al (WHI) 0.80 0.64 1.01
Vitamin C
Included all studies 0.98 0.76 1.27
Omitting Cerhan et al (IWHS) 1.10 0.89 1.36
Omitting Costenbader et al (NHS) 0.88 0.58 1.34
Omitting Costenbader et al
(NHSI!) 0.92 0.61 1.39
Vitamin D
Included all studies 0.79 0.62 1.00
Omitting Hiraki et al (NHS) 0.80 0.52 1.24
Omitting Hiraki et al (NHSII) 0.74 0.57 0.97
Omitting Merlino et al (IWHS) 0.86 0.64 1.16
Vitamin D supplement
Included all studies 1.08 0.55 210
Omitting Costenbader et al (NHS) 1.18 0.35 4.00
Omitting Costenbader et al
(NHSI!) 0.80 0.54 1.21
Omitting Merlino et al (IWHS) 1.43 0.64 3.21
Vitamin A
Included all studies 1.04 0.82 1.32
Omitting Costenbader et al (NHS) 0.90 0.57 1.42
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Omitting Costenbader et al
(NHSII)

Vitamin E
Included all studies
Omitting Cerhan et al (IWHS)
Omitting Costenbader et al (NHS)

Omitting Costenbader et al
(NHSII)

a-carotenoid
Included all studies
Omitting Costenbader et al (NHS)

Omitting Costenbader et al
(NHSII)

Omitting Cerhan et al (IWHS)
B-carotenoid

Included all studies

Omitting Costenbader et al (NHS)

Omitting Costenbader et al
(NHSII)

Omitting Cerhan et al (IWHS)
B-cryptoxanthin

Included all studies

Omitting Costenbader et al (NHS)

Omitting Costenbader et al
(NHSII)

Omitting Cerhan et al (IWHS)
Lycopene
Included all studies

Omitting Costenbader et al (NHS)

0.84

0.84

0.92

0.81

1.02

0.88

0.97

1.06

0.88

1.18

1.06

0.86

0.71

0.82

1.06

0.97

0.94

0.83

0.69

0.67

0.66

0.65

0.78

0.61

0.90

0.58

0.79

0.64

0.91

0.66

0.58

0.47

0.45

0.84

0.77

0.61

1.46

1.03

1.05

1.28

1.01

1.35

1.26

1.45

1.62

1.43

1.23

1.55

1.69

1.26

1.07

1.52

1.33

1.21

1.65
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Omitting Costenbader et al

(NHSII)

Omitting Cerhan et al (IWHS)

Lutein/zeaxanthin

Included all studies

Omitting Costenbader et al (NHS)

Omitting Costenbader et al

(NHSII)

Omitting Cerhan et al (IWHS)

0.91

1.05

0.97

0.83

1.04

0.94

0.71

0.81

0.77

0.59

0.83

0.61

1.18

1.37

1.23

1.16

1.32

1.43

'Effect sizes were pooled using random-effects model.

Table A12 (a). Trim and fill tests for food group consumption and risk of

rheumatoid arthritis.

Food exposure n to trim Estimated effect after
adding hypothesized studies
Total alcohol 0 0.76(0.68-0.85)
Total alcohol’ 2 0.88(0.77,0.99)
Wine 2 0.99(0.84-1.17)
Beer 0 0.87(0.74-1.02)
Liquor 2 0.94(0.80-1.12)
Total coffee 3 1.03(0.84,1.25)
Caffeinated coffee 0 1.30(1.09,1.54)
Decaffeinated coffee 1 1.16(0.77,1.75)
Caffeine 0 1.24(0.93,1.64)
Tea 1 1.21(1.10,1.32)
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Fruit 0.88(0.79,0.97)
Vegetable 0.90(0.76,1.06)
Total meat 0.91(0.81,1.03)
Red meat 1.13(0.98,1.30)
Poultry 1.11(0.95,1.28)
Total fish 0.92(0.78,1.08)
Total dairy 0.97(0.72,1.30)

Cereal product

0.87(0.80,0.96)

“seropositive RA

Table A12 (b). Trim and fill tests for nutrient intake and risk of rheumatoid

arthritis.
Nutrients exposure n to trim Estimated effect after
adding hypothesized studies
N-3 PUFA 2 1.01(0.82,1.24)
Vitamin C 0 0.98(0.76,1.27)
Vitamin D 1 0.74(0.59,0.93)
Vitamin D supplement 2 0.66(0.31,1.42)
Vitamin E 2 0.80(0.67,0.95)
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Figure Al. Non-linear dose-response meta-analyses for consumption of food

group, and beverages and risk of rheumatoid arthritis using restricted cubic

splines.
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Figure A2. Non-linear dose-response meta-analyses for nutrient intake and

risk of rheumatoid arthritis using restricted cubic splines.
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Study cases participants Risk Ratio RR 95%-Cl  Weight

Di Giuseppe 2012 185 34141 — 093  [0.86;1.00] 4.9%
Hedenstierna 2021 577 41068 - 090  [0.86;0.95] 9.4%
Lahiri 2012 138 25271 - 096  [0.91;1.01] 8.6%
Ascione 2023 481 62149 099 [097;101  228%
Hu 2017 444 169989 — 096 [0.86;1.07] 26%
VanEvery 2021 87 87118 163 [0.95 278] 0.1%
Cerhan 2002 152 31336 101 [0.38; 2.69] 0.0%
Mazzucca 2022 2812 479494 097 [0.96:099] 258%
Krok-Schoen 2018 3344 80551 096 [095098] 257%

+
Di Giuseppe 2012 191 34141 — 0.97  [0.88;1.07] 6.5%
Lu 2014(NHS) 524 82469 = 101 [0.96:1.06] 19.7%
Lu 2014(NHSH) 321 110737 ——I— 095  [0.86;1.04] 6.8%
Cerhan 2002 152 31336 bd 100 [005 105  194%
Ascione 2023 481 62149 098  [0.96,1.00]  47.5%

§
Di Giuseppe 2012 191 34141 —_— 086 [0.61;1.22] 4.4%
Lu 2014(NHS) 525 82469 e 3 091 [083;099]  608%
Lu 2014(NHSH) 321 110737 — 089 [079;101]  332%
Cerhan 2002 152 31336 092  [0.52 163 1.6%

-
Di Giuseppe 2012 191 34141 0.79  [0.47;1.34] 1.1%
Lu 2014(NHS) 525 82469 —-— 098 [088110] 232%
Lu 2014(NHSH) 322 110737 —— 0.96 [0.84;1.09]  174%
Cerhan 2002 152 31336 _— 100 [0.74; 1.36] 3.3%
Ascione 2023 481 62149 = 096 [0.90;103  550%

-

I 1
05 1 2

Figure A3. Linear dose-response analyses for alcohol consumption and risk of

rheumatoid arthritis.
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Study Cases Participants Risk Ratio RR 95%-Cl  Weight

Lu 2014 (NHS) 365 1764234 S ——T T [ 087 [0.63;1.21] 17.3%
Lu 2014(NHSII) 213 1743468 064 [0.351.17] 53%
Eun 2020 6056 1357736 il 072 [0.49;1.06] 12.6%
Ro 2022 1948 517053 — N 091 [0.77;,1.08] 56.7%
Ascione 2023 153 62149 s | 5 066  [0.41;1.07] 81%
i
I 1
0.5 1 2

Figure A4. Meta-analysis of total alcohol consumption and risk of seropositive

rheumatoid arthritis comparing highest with the lowest categories.
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Study Case
Lahiri 2012 107
Lu 2014 (NHS) 365
Lu 2014(NHSIl} 213
Eun 2020 6056
Ro 2022 1948
Ascione 2023 153

participants
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Risk Ratio
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-»>
-

0.9 1

14

RR

0.95
0.97
093
097
0.99
0.96
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[0.83; 1.08]
[0.95; 1.00]
[0.84; 1.02]
[0.96; 0.98]
[0.98; 1.01]
[0.93; 0.99]

Weight
(random)

0.9%
16.5%
1.7%
38.5%
29.7%
12.7%

Figure A5. Linear dose-response analyses for total alcohol consumption and

risk of seropositive rheumatoid arthritis.
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Figure A6. Meta-analysis of non-alcoholic beverages (tea and coffee, soda)

consumption and risk of rheumatoid arthritis comparing highest with the

lowest categories.
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Figure A7. Linear dose-response analyses for non-alcoholic beverages (tea,

coffee, and soda) consumption and risk of rheumatoid arthritis.
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Figure A8. Meta-analysis of decaffeinated coffee, and tea consumption and

risk of RF-positive rheumatoid arthritis comparing highest with the lowest

categories.
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49 9%
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Figure A9. Linear dose-response analyses for decaffeinated coffee, and tea

consumption and risk of RF-positive rheumatoid arthritis.
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Study Cases participants Risk Ratio RR 95%-CI

Cerhan 2003 152 20368 072 [0.46;1.12]
Nguyen 2020 480 62629 —— 095 [0.76;1.19]
Hu 2017(NHS NHSI) 444 76597 —— 103 [0.78;1.37]
Krok-Schoen 2018 3348 30551 B 079 [0.72;087]
Mazzucca 2022 2870 479494 —= 092  [0.84;1.01]
e~
Cerhan 2003 152 29368 074 [0.48;1.14]
Nguyen 2020 430 62629 — 095 [0.76;1.19]
Hu 2017(NHS, NHSI) 444 76597 ——— 084 [0631.12]
Krok-Schoen 2018 3348 80551 —i5— 078 [0.70;0.86]
Mazzucca 2022 2770 479494 = 113 [0.99;1.28]
R
I 1
05 1 2

Figure A10. Meta-analysis of fruit, and vegetable consumption and risk of

rheumatoid arthritis comparing highest with the lowest categories.
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Weight

Study Case participants Risk Ratio RR 95%-Cl (random)
Cerhan 2013 152 29368 090 [0.79;1.02] 8.0%
Nguyen 2020 480 62629 — s 099 [0.94;1.09] 20.6%
Hu 2017(NHS,NHSII) 444 76597 097 [0.85;1.10] 8.0%
Krok-Schoen 2018 3348 80551 —— 092 [0.89;095] 27 2%
Mazzucca 2022 2801 479494 T 098 [0.96;1.01] 29.1%
Pedersen 2005 69 56691 091 [0.79;1.04] 7.2%
ot
e
Cerhan 2013 e 29368 . re—— 091 [0.82;1.01] 9.0%
MNguyen 2020 480 62629 = 099 [0.97;1.02] 24.6%
Hu 2015(NHS, NHSII) 444 76597 —— 096 [0.90;1.02] 16.0%
Krok-Schoen 2018 3348 80551 —& 092 [0.89;0.99] 23.0%
Mazzucca 2022 2770 479494 i 103 [1.00;1.06] 23.8%
Pedersen 2005 69 56691 096 [0.80;1.16] 36%
-
T
I 1
08 1 125

Figure Al1l. Linear dose-response analyses for fruit, and vegetable

consumption and risk of rheumatoid arthritis.

275



Weight

Study Cases participants Risk Ratio RR 95%-Cl (random)
Sundstrom 2019 368 39227 108 [0.77,152] 15.7%
Nguyen 2020 480 62629 1.03  [0.82;1.30] 29.0%
Rubin 2020 799 56075 0.84 [0.69 1.02] 36.1%
Benito-Garcia 2007 546 82063 091 [067;1.23] 19.2%

1_:-'

-~
Krok-Schoen 2018 3348 80551 e 113 [1.02;1.25] 65.3%
Benito-Garcia 2007 423 82063 086 [0.64;1.16] 19.0%
Sundstrom 2019 368 39227 108 [0.77,151] 15.7%

i
e A ——
Mazzucca 2022 2812 479494 — 1.02  [0.891.17] 79.0%
Sundstrom 2019 368 39227 084 [058;121] 21.0%
Sundstrom 2019 368 39227 0.88  [0.60; 1.30] 17.9%
Mazzucca 2022 2814 479494 114 [0.94;1.39] 51.5%
Benito-Garcia 2007 546 82063 117 [0.88; 1.55] 30.6%
e
s

Di Giuseppe 2013 205 32232 0.71  [0.48;1.09] 20.4%
Nguyen 2020 480 62629 — . 099 [0.80;1.22] 52 1%
Sparks 2019 1080 166013 093 [067;1.29] 27.5%

—~liiise—-

e ol
Mazzucca 2022 2793 479494 086 [0.75;0.99] 62.4%
Nguyen 2020 480 62629 — 101 [0.81;1.25] 37.6%

I 1 1
05 1 2

Figure A12. Meta-analysis of meat, and fish consumption and risk of

rheumatoid arthritis comparing highest with the lowest categories.
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Figure A13. Linear dose-response analyses for meat, and fish consumption

and risk of rheumatoid arthritis.
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Study Cases Participants Risk Ratio RR 95%-Cl  Weight

Cerhan 2003 152 29368 095 [0.61;1.48] 245%
Nguyen 2020 480 62629 —s— 098 [079122] 755%
Nguyen 2020 480 62629 — = 112 [0.89;1.40] 54.9%
Merlino 2004 152 29368 0.66 [0.43;1.02] 18.5%
Sundstrom 2019 368 39227 - | & 1.09 [0.76; 1.56] 26.6%
—t R ———
Sundstrom 2018 368 39227 — 107  [0.80;1.43] 64.3%
Merlino 2004 152 29368 b F— 1.04  [0.69;1.57] 35.7%
e
Mazzucca 2022 2819 479494 — 0.80 [069;093] 796%
Sundstrom 2018 368 39227 e 120 [081;1.77] 204%
e R -
Nguyen 2020 480 62629 — 093 [071;121 211%
Mazzucca 2022 2819 479494 . 0.87 [0.78;0.97] 59.2%
Hu 2017(NHS, NHSII) 1007 76597 - & 0.84 [064;1.11] 19.7%
e
I 1
0.5 1 2

Figure A14. Meta-analysis of other food group consumption and risk of

rheumatoid arthritis comparing highest with the lowest categories.
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Weight

Study Case participants Risk Ratio RR 95%-Cl (random)
Cerhan 2013 152 29368 091  [0.40;2.07] 39.8%
Nguyen 2020 480 62629 092 [0.47;1.80] 60.2%
Nguyen 2020 480 62629 : 1.00 [0.99; 1.02] 48.8%
Merlino 2004 152 29368 098  [0.96; 1.00] 38.8%
Sundstrom 2019 368 39227 T 1.00 [095 1.09] 12.3%

1
Sundstrom 2019 368 39227 S — 101  [0.81;1.27] 3.4%
Merlino 2004 152 29368 098 [0.95;1.02] 96.6%

<

«
Mazzucca 2022 2811 479494 096 [0.94;099] 82.8%
Sundstrom 2019 368 39227 Tr 1.04 [0.97,1.12] 17.2%
Nguyen 2020 480 62629 * 099 [096;1.03] 30.1%
Hu 2017(NHS, NHSH) 1007 76597 —'—|— 0.85 [0.68; 1.06] 1.1%
Mazzucca 2022 2808 479494 097  [0.96;0.99] 68.9%

N

L

I I 1
0.5 1 2

Figure A15. Linear dose-response analyses for other food group consumption

and risk of rheumatoid arthritis.

Study Cases Personyears Risk Ratio RR 95%-Cl  Weight
Di Giuseppe et al(SMC) 205 241119 * 067 [0.44;1.03] 16.9%
Hu et al(NHS,NHSII) 444 2093069 — 086 [0.66;1.13] 30.2%
Krok-Schoen et al(\WHI) 3348 45336428 = 101 [090;1.13)] 53.0%
I T 1
0.5 1 2

Figure A16. Meta-analysis of dietary n-3 PUFA and risk of rheumatoid arthritis

comparing highest with the lowest categories.
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Study Cases Participants Risk Ratio RR 95%-Cl  Weight

Hu 2017(NHS, NHSII) 444 76597 093 [0.84;1.03] 220%

Di Giuseppe 2013 205 32232 — . 092 [0.86;0.99] 32.0%

Krok-Schoen 2018 3348 80551 . 1.01  [099;1.04]  46.0%
e ————

09 1 14

Figure Al7. Linear dose-response analyses for dietary n-3 PUFA and risk of

rheumatoid arthritis.

Study Cases Personyears Risk Ratio RR 95%-Cl  Weight
Cerhan 2003 152 314181 e Wl [ 072 [048;1.08] 25.3%
Costenbader 2010(NHS) 619 1913335 = 1.10  [0.86; 1.40] 52 5%
Costenbader 2010(NHSI) 168 1068400 e — 110  [0.71,1.71] 222%
.
Costenbader 2008(NHS) 559 1833294 — 1.10  [0.80; 1.51] 456%
Costenbader 2008(NHSI) 163 1108614 e 080  [0.50;1.29] 238%
Merlino 2004 152 314181 —i— 067 [0.44;1.01] 30.6%
R

Costenbader 2008(NHS) 559 1960531 —_— 1.00  [0.63;1.58] 39.3%
Costenbader 2008(NHSII) 163 1108613 —_— 230 [1.07;495] 15.7%
Merlino 2004 152 314181 ] 066 [043;1.01] 450%

e ———
Costenbader 2010(NHS) 619 1913335 — 1.10  [0.83;1.48] 67.6%
Costenbader 2010NHSII) 168 1068400 —sT— 090 [0.57;1.42] 32.4%

e R
Cerhan 2003 152 314181 —& 1 085 [054;133] 24.1%
Costenbader 2010(NHS) 619 1913335 — 1 0.80 [0.62;1.03] 55.0%
Costenbader 2010(NHSI) 168 1068400 —— 1.00 [061;1.63] 20.9%
e
1
05 1 2

Figure A18. Meta-analysis of vitamin intake and risk of rheumatoid arthritis

comparing highest with the lowest categories.
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Study cases personyears Risk Ratio RR 95%-Cl  Weight

Cerhan 2013 152 314181 ] 005 [0.90;1.00]  19.2%
Coslenbader 2010(NHS) 619 1913335 . 100 [097;103] 59.1%
Costenbader 2010(NHSI) 168 1068400 = 100 [095105 217%
Pedersen 2005(DCH) 60 56691 1.00 0.0%
E
Costenbader 2008(NHS) 550 1833204 ' 100 [0.96,1.05 56.1%
Coslenbader 2008(NHSI) 163 1108614 ] 097 [0.92,1.02] 423%
Merlino 2004(WHS) 152 314181 e 074  [0.56;0.97] 1.5%
Pedersen 2005(DCH) 69 56691 110 [0.41;297] 0.1%
r
Costenbader 2008(NHS) 550 1960531 — 093 [0.79,1.08] 376%
Costenbader 2008(NHSI) 163 1108613 —_— 138  [1.04,184  12.0%
Merlino 2004(WHS) 152 314181 — 086 [0.75000] 505%
-~ ———
Costenbader 2010(NHS) 619 1913335 = 103 [0.93;1.14]  61.0%
Costenbader 2010(NHSI) 168 1068400 = 106 [0.93;120]  39.0%
Pedersen 2005(DCH) 69 56691 1.00 0.0%
R
Cerhan 2013 152 314181 -1 097  [0.90; 1.05] 2.4%
Costenbader 2010(NHS) 619 1913335 - 099 [0.98,1.01] 616%
Coslenbader 2010(NHSI) 168 1068400 100 [0.98102] 357%
Pedersen 2005(DCH) 69 56601 — 097  [0.79:1.20] 0.3%
I 1
05 1 2

Figure A19. Linear dose-response analyses for vitamins intake and risk of

rheumatoid arthritis.
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Study cases personyears Risk Ratio RR 95%-Cl  Weight

Cerhan et al(WHS) 152 314181 — 102 [066;157] 292%
Costenbader et al(NHS) 619 769814 —T 120  [0.90; 160] 51.2%
Costenbader et al(NHSIl) 168 1068400 0.70  [0.40;1.21] 19.6%
-
Cerhan et al(WHS) 152 314181 s E— 097 [062;1.51] 257%
Costenbader et al(NHS) 619 1913336 . 130 [1.00;169] 516%
Costenbader et al(NHSIl) 168 1068400 0.80 [0.50;1.29] 227%
.
Cerhan et al(WHS) 152 314181 T 059 [0.39;0.90] 27.5%
Costenbader et al(NHS) 619 1913335 — 110  [0.85;1.42] 52.8%
Costenbader et al(NHSIl) 168 1068401 090 [054;151] 19.7%
e 5
Cerhan et al(WHS) 152 314181 — a1 0.77 [0.50;1.18] 29.6%
Costenbader et al(NHS) 619 1913336 —i— 100 [0.73;1.36] 47.2%
Costenbader et al(NHSII) 168 1068401 1.20 [0.73; 1.98] 232%
Cerhan et al(WHS) 152 314181 N N E— 092 [060;142] 287%
Costenbader et al(NHS) 619 1913335 — 110  [0.83; 1.46] 52.0%
Costenbader et al(NHSIl) 168 1068399 070 [0.40;1.21] 19.3%
I 1 1
05 1 2

Figure A20. Meta-analysis of dietary carotenoids intake and the risk of

rheumatoid arthritis comparing highest with the lowest categories.
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Study cases personyears Risk Ratio RR 95%-Cl  Weight

Costenbader 2010(NHS) 619 769814 - 1.02  [0.95;1.10] 56.7%
Costenbader 2010(NHSIl) 168 1068400 —i 1.00 [0.92;1.09] 43.3%
Costenbader 2010(NHS) 619 1913336 : 1.00 [0.99;1.02] 735%
Costenbader 2010(NHSIl) 168 1068400 L 3 1.00 [0.98;1.03] 26.5%
L
Costenbader 2010(NHS) 619 1913335 t 1.06 [0.72;1.55] 69.1%
Costenbader 2010(NHSI) 168 1068401 1.00  [0.56;1.77] 30.9%
Costenbader 2010(NHS) 619 1913336 i 099 [0.98;1.01] 31.0%
Costenbader 2010(NHSI) 168 1068401 099 [0.98; 1.00] 69.0%
L
Costenbader 2010(NHS) 619 1913335 1.00 [0.98;1.02] 61.2%
Costenbader 2010(NHSIly 168 1068399 1.00 [0.98;1.03] 38.8%

= __‘_.i_

075

Figure A21. Linear dose-response analyses for dietary carotenoids intake and

risk of rheumatoid arthritis.
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Figure A22. Funnel plots for food group, and beverages consumption and risk

of rheumatoid arthritis.
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Figure A23. Funnel plots for nutrients intake and risk of rheumatoid arthritis.
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Appendix B Chapter 3 Supplementary material

UK Women's Cohort Study recruited
between 1995-1998 (n = 35, 372)

A

Y

Participants potentially eligible
(n =30, 863)

Exclusion criteria (n = 4,509):

695 non-NHS observations

2, 314 Scottish data

38 Had rheumatoid arthritis before or at
the time of recruitment

160 Outlier data for obesity proxies (e.g.,
BMI, waist circumference)

1, 302 Missing obesity indicator data

Y

\

Participants in unadjusted and
multivariable- adjusted analyses
(n=27,968)

Excluded due to missing covariate data
(n=2, 895):

280 Marital status

382 Smoking status

438 Menopausal status
1,389 Physical activity

406 Socio-economic status

Figure B1. Flow chart of UKWCS participants.

290



Table B1. Strengthening the reporting of observational studies in nutritional epidemiology (STROBE-Nut) checklist.

Topic Item Recommendation Page
number (line number)
Title and abstract 1 Indicate the study’s design with a commonly used term in the 1(1-4)
title or the abstract
Provide in the abstract an informative and balanced summary 1(12-36)
of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the 1(38-42), 2(43-77)
investigation being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 2(68-77)
Methods
Study design 4 Present key elements of study design early in the manuscript 3(84-100)
Setting 5 Describe the setting, locations, and relevant dates, including 3(84-100)

periods of recruitment, exposure, follow-up, and data collection
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Participants 6 Cohort study - give the eligibility criteria, and the sources and 4(139-142), Supplementary
methods of selection of participants; describe methods of Table A1.

follow-up

Cohort study - for matched studies, give matching criteria and N/A
number of exposed and unexposed Case-control study - for
matched studies, give matching criteria and the number of

controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential 3(101-125), 4(125-147)
confounders, and effect modifiers; give diagnostic criteria, if Table A1, Table A5, A
applicable

Data 8* For each variable of interest, give sources of data and details of 3(80-125), 4(126-147) Table

sources/measurement methods of assessment (measurement); describe comparability = A1, Figure A1, Table A5 and
of assessment methods if there is more than one group A6

Bias 9 Describe any efforts to address potential sources of bias 4(151-174), 5(175-188)

Study size 10 Explain how the study size was arrived at 5(190-193), Figure A1

Quantitative variables 11 Explain how quantitative variables were handled in the 4(151-162)

analyses; if applicable, describe which groupings were chosen

and why
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Statistical methods

Results

Participants

Descriptive data

12

13*

14*

Describe all statistical methods, including those used to control

for confounding

Describe any methods used to examine subgroups and

interactions
Explain how missing data were addressed

Cohort study - if applicable, explain how loss to follow-up was

addressed

Describe any sensitivity analyses

Report numbers of individuals at each stage of study - e.g.,
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and

analyzed

Give reasons for nonparticipation at each stage Consider use of

a flow diagram

Give characteristics of study participants (e.g., demographic,
clinical, social) and information on exposures and potential

confounders

4(143-170)

5(171-183)

4(172-174), 5(175-180)

5(185-188)

N/A

5(182-188)

5(190-193)

Figure A1

5(190-221)
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Outcome data

Main results

Other analyses

Discussion

Key results

Limitations

15*

16

17

18

19

Indicate number of participants with missing data for each
variable of interest Cohort study - summarize follow-up time

(e.g., average and total amount)

Cohort study - report numbers of outcome events or summary

measures over time

Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (e.g., 95% confidence
interval); make clear which confounders were adjusted for and
why they were included Report category boundaries when

continuous variables were categorized

If relevant, consider translating estimates of relative risk into

absolute risk for a meaningful time period

Report other analyses done - e.g., analyses of subgroups and

interactions, and sensitivity analyses

Summarize key results with reference to study objectives

Discuss limitations of the study, taking into account sources of

potential bias or imprecision; discuss both direction and

5(190-221)

5(184-214)

Table 1, Table A5 and A6

Figure 1,

Figure 2

N/A

6(239-264), Table A7-A19

10(292-302)

12(394-414)
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Interpretation

Generalizability

Other information

Funding

20

21

22

magnitude of any potential bias

Give a cautious overall interpretation of results considering 11(303-337),12(338-383)
objectives, limitations, multiplicity of analyses, results from

similar studies, and other relevant evidence

Discuss the generalizability (external validity) of the study 13(416-421)

results

Give the source of funding and the role of the funders for the 14(457-458)
present study and, if applicable, for the original study on which

the present article is based
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Table B2. Adiposity group categorisation and definitions.

Classification Category Definition

Systems

BMI Underweight BMI < 18.5 kg/m?
Normal weight BMI 18.5 - < 25 kg/m?
Overweight BMI 25.0 - < 30 kg/m?
Obese BMI =30.0 kg/m?

wC No abdominal obesity WC <88 cm
Abdominal obesity WC > 88 cm

WHR Normal WHR: < 0.8

WHR: 0.8-0.85

Elevated WHR = 0.85

WH{R Normal WHtR < 0.5
Overweight WHtR 0.5- < 0.6
Obese WHIR = 0.6

BMI, WC, and WHR categories are defined by World Health Organization (WHO) criteria[1]. WHIR categories
are defined by NICE criteria[2]. BMI: body mass index. WC: waist circumference. WHR: waist-to-hip ratio.
WHIR: waist-to-height ratio.

[2] Ashwell M, Mayhew L, Richardson J, Rickayzen B. Waist-to-height ratio is more predictive of years of life
lost than body mass index. PLoS One. 2014 Sep 8;9(9):e103483. doi: 10.1371/journal.pone.0103483.
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Table B3. Covariates at recruitment and their derivation.

Covariate

Socio-demographic variables

Age

Socio-economic status

Education level

Marriage status

Weight change

Lifestyle and other variables

Physical activity

How the variable was derived

Calculated as year differences between date of birth and date of
recruitment and was considered a continuous variable in

adjustment sets.

Participants were asked about their occupation. Options were
‘never had paid job’, ‘managers and administrators’,
‘professional’, ‘technical and associate professional’, ‘clerical and
secretarial’, ‘craft and skilled’, ‘personal and protective’, ‘sales’,
‘plant and machine operatives’, or ‘other’. We condensed these
options into ‘routine/manual’, ‘intermediate’, or

‘managerial/professional’.

Participants were asked what their highest educational
qualification was. Options were ‘no qualifications’, ‘O level’, ‘A

level’, ‘degree’, or ‘missing’.

Participants were asked ‘what is your marital status?’ with options
of ‘married or living as married’, ‘divorced’, ‘widowed’, ‘single’, or
‘separated’. We combined ‘divorced’ and ‘separated’ together,

and ‘widowed’ and ‘single’ together.

Participants were asked about weight at age 20 and current
weight from the baseline survey. We categorised weight change
as a categorical variable: ‘weight loss’ (< -2.5 kg), ‘weight gain’
(moderate: 2.5 to 10 kg; large: > 10 kg), and ‘stable weight’ (2.5
kg).

Participants reported the type (e.g., walking, cycling, housework,
gardening) and duration of physical activity per week. Physical
activity levels were calculated using METs and categorized as
low activity (< 600 MET-min/week), moderate activity (600-1500
MET-min/week), and high activity (> 1500 MET-min/week).
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Smoking status

Alcohol consumption

Energy intake

AHEI-2010

Menopausal status

Hormone replacement

therapy

Prevalence of CVD, cancer,

or diabetes

Participants were asked to describe their smoking habit as
‘smoke daily’, ‘smoke occasionally’, ‘ex-smoker’, or ‘never’. We
combined daily and occasional smokers into ‘smokers’, and kept

‘ex-smoker’ and ‘never smoked’ the same.

Participants were asked how often they drink alcohol. Options
were > 1/week’, “1/week’, ‘< 1/week’, or ‘never’. This was

computed as grams per week.

Participants were asked how often they eat the specific food item
and completed a 217-item FFQs. Portion sizes were assigned
based on McCance and Widdowson’s Composition of Foods
database, which provides standard UK portion sizes. Each food
item in the FFQ was linked to nutrient composition tables to

calculate total energy intake. This was computed as kcal per day.

AHEI-2010 was used to assess diet quality based on adherence
to dietary recommendations, consisting of 11 food components. It
was calculated using food intake data from a validated 217-item
FFQs. The total AHEI-2010 score was obtained by summing
across 11 food components (vegetables, fruits, whole grains,
sugar-sweetened beverages and fruit juice, nuts and legumes,
red and processed meat, trans fat, polyunsaturated fatty acids,
long-chain omega-3 fats, sodium, alcohol), and participants were

categorised into tertiles based on their AHEI-2010 scores.

Categorised participants as pre-menopausal or post-menopausal.
Criteria for postmenopausal was: age > 55 years, both ovaries
removed, currently on hormone replacement therapy, or no

periods in the last 12 months.

Participants were asked ‘have you ever used hormone
replacement therapy?’ and ‘are you using HRT now?’ — based on
these yes or no answers, we categorised hormone replacement

therapy use as ‘current’, ‘ex-user’, and ‘never’.

Participants were asked ‘Have you ever had a XX’ including
cancer, stroke, and diabetes; - based on these yes or no
answers, we categorised prevalence of CVD, cancer, or diabetes

as ‘Yes’ and ‘No’.
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METS: Metabolic Equivalent of Task, FFQ: food frequency questionnaire, AHEI-2010:Alternate Healthy Eating Index-2010,
CVD: cardiovascular disease.

Table B4. The proportional hazards assumption test for obesity indicators and

rheumatoid arthritis risk (in the fully-adjusted model).

Obesity Indicator PH Test (P-
Value)
BMI
Continuous (per 1 kg/m?) 0.18
Categorical (normal, overweight, obese) 0.16
wcC
Continuous (per 5 cm increment) 0.21
Categorical (< 88 cm vs. > 88 cm) 0.28
WHR categories (< 0.85 vs. >0.85) 0.18
WHHtR categories (< 0.5, 0.5-0.6, = 0.6) 0.20

Blouse sizes

Continuous (per 2-sizes increment) 0.26

Categorical (8-10, 12-14, = 16) 0.38
Skirt sizes

Continuous (per 2-sizes increment) 0.24

Categorical (8-10, 12-14, = 16) 0.46

The PH assumption was tested using Schoenfeld residuals. A P-value < 0.05 indicates a violation
of the PH assumption. PH: proportional hazards; BMI: body mass index; WC: waist

circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio.
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Table B5. Baseline characteristics of 27,968 UKWCS participants stratified by body mass index, waist circumference, waist-to-hip ratio,

and waist-to-height ratio.

BMI (kg/m?) WC (cm) WHR WHtR
Characteristics
18.5-<25.0 25.0-<30.0 =30.0 <88 > 88 <0.80 0.80-0.85 >0.85 <0.5 0.5-<0.6 20.6
Participants 17558 7035 2679 25307 2406 22848 3186 1934 22212 4764 737
Cases(%) 141() 74() 36() 218() 37() 189() 38() 28() 182() 57() 16()
Age, years (SD) 51.0(9.1) 53.7(9.1)  53.7(9.1) 51.5(9.0) 55.8(9.2) 51.4(9.0) 53.6(9.7) 55.0(10.0) 51.0(8.9) 55.4(9.5) 56.2(9.3)
Degree-level education(%) 4957(28.2) 1423(20.2) 486(18.1) 6639(26.2) 418(17.4) 5957(26.1) 738(23.2) 362(18.7) 6045(27.2) 906(19.0) 106(14.4)
Socio-economic status (%)
Professional or managerial 11449(65.2) 4321(61.4) 1618(60.4) 16291(64.4) 1462(60.8) 14550(63.7) 2022(63.5) 1181(61.1) 14409(64.9) 2911(61.1) 433(58.8)
Intermediate 4797(27.3) 2055(29.2) 739(27.6) 7016(27.7) 719(29.9) 6335(27.7) 849(26.6) 551(28.5) 6114(27.5) 1407(29.5) 214(29.0)
Routine or manual 1453(12.7) 659(9.4)  322(12.0) 2218(8.8) 262(10.9) 1963(8.6) 315(9.9) 202(10.4) 1871(8.4) 503(10.6) 106(14.4)
Married (%) 13489(76.8) 5357(76.1) 1989(74.2) 19454(76.9) 1753(72.9) 17480(76.5) 2349(73.7) 1378(71.3)17127(77.1) 3555(74.6) 525(71.2)
Physical activity (METS), h/week (SD) 16.8(11.4) 16.1(11.0) 15.8(12.9) 16.6(11.3) 16.1(13.1) 16.6(11.3) 16.6(12.0) 16.5(12.7) 16.7(11.3) 16.2(12.1) 15.8(12.6)
Smoking status (%)
Current 2022(11.5) 678(9.6) 275(10.3) 2849(11.3) 232(9.6) 2501(10.9) 367(11.5) 213(11.0) 2550(11.5) 459(9.6)  72(9.8)
Former 5223(29.7) 2371(33.7) 1007(37.6) 7788(30.8) 934(38.8) 6886(30.1) 1105(34.7) 731(37.8) 6673(30.0) 1755(36.9) 294(39.9)
Never 10454(59.5) 3986(56.7) 1397(52.1) 14888(58.8) 1277(53.1) 13461(58.9) 1714(53.8) 990(51.2) 13171(59.3) 2607(54.7) 387(52.5)
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Alcohol consumption, g/week (SD)  9.4(10.4)  8.7(10.5) 6.8(10.4) 9.1(10.4) 7.5(11.2) 9.0(10.2) 8.8(11.2) 8.7(12.1) 9.2(10.3) 8.1(10.7) 6.3(12.2)

Total energy intake, kcaliday (sp) 2348(696.6) 2308(689.2) 2314()746.9 2332(698.7) 2350()730.0 2331(699.7) 23558()697. 2334;()728. 2333(698.3)2336()703.3 2348()781.5

AHEI-2010 score (SD) 66.4(11.9) 66.4(10.8) 63.3(10.8) 65.8(11.0) 63.4(10.8) 65.9(10.9) 64.9(10.9) 63.3(1.2) 66.1(11.0) 64.0(10.9) 62.9(10.8)

Menopausal status (%)

Pre-menopausal 9346(53.2) 2862(40.7) 1055(39.4) 12782(50.5) 789(32.8) 11511(50.4) 1358(42.6) 702(36.3) 11690(52.6) 1652(34.7) 229(31.1)
Postmenopausal 8353(47.6) 4173(59.3) 1624(60.6) 12743(50.4) 1654(68.7) 11337(49.6) 1828(57.4) 1232(63.7)10704(48.2) 3169(66.5) 524(71.1)

Hormone replacement therapy (%) 4516(25.7) 2258(32.1) 817(30.5) 6996(27.6) 702(29.2) 6285(27.5) 873(27.4) 540(27.9) 5995(27.0) 1496(31.4) 207(28.1)

Pre"a'e“gfa‘;‘;&‘f(;%‘;a“ce“°r 1027(5.8)  527(7.5) 309(11.5) 1619(6.4) 289(12.0) 1421(6.2) 295(9.3) 192(9.9) 1358(6.1) 435(9.1) 115(15.6)

SD standard deviation, BMI body mass index, WC waist circumference, WHR waist-to-hip ratio, WHtR waist-to-height ratio, MET Metabolic Equivalent of Task, AHEI-2010 Alternative Healthy
Eating Index-2010, CVD cardiovascular diseases.

Table B6. Baseline characteristics of 27,968 UKWCS participants stratified by clothing size.

Blouse size Skirt size
Characteristics
<10 12 14 16 18 220 <10 12 14 16 18 220
Participants 3719 8222 7670 4667 2063 1467 2809 6774 7901 5476 2750 2018
Cases(%) 29(0.8) 66(0.8) 57(0.7) 53(1.1) 26(1.3) 24(1.6) 15(0.5) 51(0.8) 68(0.9) 63(1.2) 24(0.9) 24(1.2)
Age, years (SD) 48.2(7.9) 49.8(8.6) 52.4(9.1) 54.6(9.3) 56.1(9.2) 55.9(9.2) 47.1(7.5) 48.9(8.0) 51.7(9.0) 54.4(9.2) 56.3(9.3) 56.9(9.3)
Degree-level education(%) 1173(31.5) 2375(28.9) 1868(24.4) 1017(21.8) 377(18.3) 247(16.8) 922(32.8) 2030(30.0) 1989(25.2) 1231(22.5) 533(19.4) 352(17.4)
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Socio-economic status (%)

Professional or managerial 2475(66.6) 5348(65.0) 4828(62.9) 2931(62.8) 1286(62.3) 885(60.3) 1914(68.1) 4441(65.6) 5027(63.6) 3412(62.3) 1742(63.3) 1217(60.3)

Intermediate 981(26.4) 2220(27.0) 2196(28.6) 1348(28.9) 569(27.6) 421(28.7) 699(24.9) 1850(27.3) 2228(28.2) 1607(29.3) 768(27.9) 583(28.9)

Routine or manual 263(7.1) 654(79.5) 703(91.7) 441(9.4) 234(11.3) 185(12.6) 196(7.0) 534(7.9) 714(9.0) 520(9.5) 264(9.6) 252(12.5)

Married (%) 2846(76.5) 6339(77.1) 5934(77.4) 3511(75.2) 1538(74.6) 1039(70.8) 2112(75.2) 5261(77.7) 6166(78.0) 4204(76.8) 2041(74.2) 1423(70.5)

Physical activity (METs), h/week (SD) 17.1(11.5) 17.0(11.4) 16.4(11.2) 16.2(11.0) 16.1(12.6) 15.8(12.6) 17.7(12.0) 17.1(11.6) 16.7(11.2) 16.0(10.9) 15.9(12.0) 15.4(12.0)
Smoking status (%)

Current 483(13.0) 928(11.3) 810(10.6) 497(10.6) 201(9.7) 162(11.0) 424(15.1) 801(11.8) 859(10.9) 558(10.2) 231(8.4) 208(10.3)

Former 942(25.3) 2419(29.4) 2448(31.9) 1588(34.0) 767(37.2) 558(38.0) 714(25.4) 2013(29.7) 2471(31.3) 1813(33.1) 952(34.6) 759(37.6)

Never 2294(61.7) 4875(59.3) 4469(58.3) 2635(56.5) 1121(54.3) 771(52.6) 1671(59.5) 4011(59.2) 4639(58.7) 3168(57.9) 1591(57.9) 1085(53.8)

Alcohol consumption, g/week (SD) 9.2(9.9) 9.5(10.3) 9.3(10.7) 8.7(10.7) 7.9(10.7)  5.9(9.3) 9.6(10.3) 9.7(10.5) 9.3(10.5) 8.8(10.7) 7.8(10.2) 6.2(9.1)

Total energy intake, kcal/day (SD)

2288(700.0)2335(693.0) 2345(689.1) 2349(704.6) 2321(739.9) 2356(744.7) 2287(714.8) 2328(697.8) 2339(687.5) 2350(691.1) 2334(723.2) 2353(744.0)

AHEI-2010 score (SD) 66.8(11.0) 66.4(11.0) 657(10.9) 64.8(10.9) 63.8(10.9) 62.8(10.9) 67.0(11.2) 66.8(11.0) 65.7(10.9) 64.9(10.8) 64.4(10.8) 63.2(10.8)
Menopausal status (%)

Premenopausal 2412(64.9) 4752(57.8) 3619(47.2) 1703(36.5) 638(30.9) 447(30.5) 1925(68.5) 4190(61.9) 3979(50.4) 2076(37.9) 845(30.7)  556(27.6)

Postmenopausal 1307(35.1) 3470(42.2) 4108(53.6) 3017(64.6) 1451(70.3) 1044(71.2) 884(31.5) 2635(38.9) 3990(50.5) 3463(63.2) 1920(69.8) 1496(74.1)

Hormone replacement therapy (%)  791(21.3) 2087(25.4) 2221(29.0) 1513(32.4) 671(32.5) 415(28.3) 564(20.1) 1627(24.0) 2308(29.2) 1747(31.9) 856(31.1)  596(29.5)

Prevalence of CVD, cancer, or diabetes 15,4 9)  458(56) 499(6.5) 340(9.7) 205(9.9) 222(15.1) 145(5.2) 331(49) 498(6.3) 396(7.2)  251(9.1)  287(14.2)

(%)

SD standard deviation, MET Metabolic Equivalent of Task, AHEI-2010 Alternative Healthy Eating Index-2010, CVD cardiovascular diseases.
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Table B7. Associations between adiposity indicators and rheumatoid arthritis

incidence in UK Women’s Cohort Study participants, stratified by age.

Obesity Indicator Age (years) P-interaction
<55 255
(142/18252) (113/9716)
BMI (per 2.5 kg/m?increment) 1.16(1.08, 1.24) 1.04(0.92, 1.17) 0.1
WC (per 5 cm increment) 1.14(1.05, 1.23) 1.02(0.92, 1.12) 0.1
WHR (per 0.1 increment) 1.32(1.05, 1.64) 1.12(0.86, 1.47) 0.4
WHTtR (per 0.1 increment) 1.54(1.26, 1.88) 1.11(0.81, 1.51) 0.1
Blouse size (per one-size 1.21(1.09, 1.34) 1.09(0.95, 1.25) 0.2
increase)
Skirt size (per one-size 1.21(1.10, 1.33) 1.10(0.98, 1.24) 0.2
increase)

Models were adjusted for socio-economic status, marital status, menopausal status, hormone replacement therapy,
and prevalence of CVD, cancer, or diabetes at recruitment, physical activity, smoking status, alcohol consumption,
total energy intake, and Alternate Healthy Eating Index -2010; HR (95% ClI), hazard ratio (95% confidence interval).

Table B8. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by weight change.

Adiposity Indicator Weight change (kg) P-
interactio
Weight loss Stable weight Weight gain, Weight gain, n
(< -2.5) (#2.5) moderate large
5-< >
(31/4147) (26/2909) (2.5-<10) (210)
(98/10657) (108/10255)

BMI (per 2.5 kg/m?increment) 1.06(0.73, 1.56)  1.15(0.83, 1.59) 1.02(0.88, 1.19) 1.14(1.03,1.26) 0.8
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WC (per 5 cm increment) 0.70(0.50,0.97)  1.11(0.89, 1.38)  0.95(0.81, 1.11)  1.15(1.06, 1.24)  0.03

WHR (per 0.1 increment) 0.60(0.28,1.28)  0.98(0.57, 170)  0.83(0.56, 1.24)  1.46(1.24,1.74) 0.01

WHIR (per 0.1 increment) 0.49(0.21,1.19)  1.39(0.67,2.87) 0.92(0.59, 1.44)  1.57(1.27,1.94) 0.05

Blouse size (per one-size 1.02(0.58, 1.81)  1.43(1.06,1.93) 1.21(0.97,1.52)  1.11(0.98, 1.26) 0.4

increase)

Skirt size (per one-size increase) 1.12(0.79,1.58) 1.31(1.07,1.61)  1.23(1.04, 1.44) 1.11(0.99,1.26) 0.4

Models were adjusted for age, socio-economic status, marital status, menopausal status, hormone replacement therapy, and
prevalence of CVD, cancer, or diabetes at recruitment, physical activity, smoking status, alcohol consumption, total energy intake, and
Alternate Healthy Eating Index -2010; HR (95% Cl), hazard ratio (95% confidence interval).

Table B9. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by AHEI-2010.

Adiposity Indicator AHEI-2010 tertiles P-interaction

Low Moderate High

(83/9267) (86/9356) (86/9345)
BMI (per 2.5 kg/m?increment)  1.05(0.93, 1.19) 1.11(1.00, 1.22) 1.18(1.05,1.32) 0.3
WC (per 5 cm increment) 1.07(0.96, 1.19) 1.10(0.99, 1.22) 1.09(0.97,1.23) 0.7
WHR (per 0.1 increment) 1.17(0.91, 1.51) 1.29(0.87, 1.90) 1.22(0.93,1.59) 0.8
WHTtR (per 0.1 increment) 1.24(0.97, 1.68) 1.36(0.99, 1.87) 1.48(1.06,2.05) 0.5
Blouse size (per one-size 1.14(0.98, 1.33) 1.17(1.03, 1.34) 1.15(0.98,1.36) 0.8
increase)
Skirt size (per one-size 1.10(0.95, 1.27) 1.17(1.05, 1.31) 1.21(1.06,1.39) 0.3

increase)

Models were adjusted for age, socio-economic status, marital status, menopausal status, hormone replacement therapy, and

prevalence of CVD, cancer, or diabetes at recruitment, physical activity, smoking status, alcohol consumption, total energy intake; HR

(95% Cl), hazard ratio (95% confidence interval).
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Table B10. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by physical activity.

Adiposity Indicator

Low(< 600)

(71/8665)

METs (min/week)

Moderate(600-
1500)

(148/14352)

P-interaction

High(> 1500)

(36/4951)

BMI (per 2.5 kg/m? increment)
WC (per 5 cm increment)
WHR (per 0.1 increment)
WH({R (per 0.1 increment)

Blouse size (per one-size

increase)

Skirt size (per one-size

increase)

1.08(0.97, 1.21)

1.07(0.94, 1.20)

1.08(0.74, 1.58)

1.22(0.85, 1.74)

1.14(0.98, 1.33)

1.16(1.02, 1.32)

1.11(1.01, 1.22)

1.08(1.00, 1.19)

1.26(1.04, 1.53)

1.37(1.08, 1.74)

1.17(1.04, 1.31)

1.15(1.04, 1.28)

1.19(1.03,1.37) 0.5

1.13(0.96, 1.33) 0.7

1.30(0.86, 1.96) 0.8

1.56(1.00, 2.43) 0.6

1.13(0.88, 1.45) 0.9

1.18(0.96, 1.44) 0.8

Models were adjusted for age, socio-economic status, marital status, menopausal status, hormone replacement therapy, and

prevalence of CVD, cancer, or diabetes at recruitment, smoking status, alcohol consumption, total energy intake, and Alternate
Healthy Eating Index -2010; HR (95% CI), hazard ratio (95% confidence interval).

Table B11. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by menopausal status.

Adiposity Indicator

Menopausal status

Pre-menopausal

(93/13571)

P-

interaction

Post-menopausal

(162/14397)

BMI (per 2.5 kg/m?increment)

WC (per 5 cm increment)

1.22(1.13, 1.33)

1.17(1.06, 1.29)

1.02(0.94, 1.11)

1.03(0.95, 1.12)

0.003

0.04
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WHR (per 0.1 increment) 1.37(0.98, 1.91) 1.16(0.94, 1.43) 0.4

WHtR (per 0.1 increment) 1.70(1.35, 2.14) 1.13(0.88, 1.45) 0.02
Blouse size (per one-size 1.19(1.02, 1.38) 1.12(1.01, 1.25) 0.5
increase)

Skirt size (per one-size 1.24(1.10, 1.40) 1.10(1.01, 1.21) 0.1
increase)

Models were adjusted for age, socio-economic status, marital status, hormone replacement therapy, and prevalence of
CVD, cancer, or diabetes at recruitment, physical activity, smoking status, alcohol consumption, total energy intake, and
Alternate Healthy Eating Index -2010; HR (95% ClI), hazard ratio (95% confidence interval).

Table B12. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by smoking status.

Adiposity Indicator Smoking status P-interaction
Smoker Non-smoker
(130/11803) (125/16165)
BMI (per 2.5 kg/m?increment) 1.10(1.02, 1.20) 1.11(1.00, 1.23) 0.9
WC (per 5 cm increment) 1.07(0.98, 1.16) 1.09(0.99, 1.21) 0.7
WHR (per 0.1 increment) 1.17(0.95, 1.44) 1.24(0.93, 1.67) 0.7
WHtR (per 0.1 increment) 1.29(1.03, 1.63) 1.37(1.02, 1.83) 0.8
Blouse size (per one-size 1.12(1.00,1.25) 1.17(1.03, 1.35) 0.6
increase)
Skirt size (per one-size 1.15(1.05, 1.27) 1.15(1.02, 1.29) 0.9
increase)

Models were adjusted for age, socio-economic status, marital status, hormone replacement therapy, and prevalence of CVD, cancer, or
diabetes at recruitment, physical activity, smoking status, alcohol consumption, total energy intake, and Alternate Healthy Eating Index -
2010; HR (95% Cl), hazard ratio (95% confidence interval).
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Table B13. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by age.

Adiposity Category Age(years) P-interaction
Indicator
<55 255
(142/18252) (113/9716)
BMI Normal (18.5-< 25) 1(ref) 1(ref) 0.3
(kg/m?)
Overweight (25.0-< 1.44(0.98, 2.12) 1.09(0.72, 1.65)
30.0)
Obese (2 30.0) 2.11(1.31, 3.42) 1.19(0.68, 2.10)
WC (cm) Normal (< 88) 1(ref) 1(ref) 0.3
Abdominal obese (> 2.06(1.24, 3.41) 1.41(0.87, 2.28)
88)
WHR <0.8 1(ref) 1(ref) 0.1
0.8-0.85 1.89(1.20, 2.97) 0.96(0.55, 1.66)
> 0.85 2.12(1.22, 3.72) 1.30(0.74, 2.28)
WHtR Normal (< 0.5) 1(ref) 1(ref) 0.1
Overweight (0.5-< 0.6) 1.84(1.22, 2.78) 1.01(0.66, 1.56)
Obese (2 0.6) 3.52(1.71, 7.22) 1.76(0.85, 3.64)
Blouse <10 1(ref) 1(ref) 0.2
size
12 1.12(0.64, 1.95) 0.76(0.37, 1.54)
14 1.20(0.68, 2.13) 0.49(0.24, 1.01)
16 1.93(1.07, 3.50) 0.69(0.34, 1.41)
18 1.60(0.72, 3.55) 0.95(0.44, 2.03)
220 2.81(1.32, 5.96) 1.00(0.45, 2.23)
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Skirt size <10

12

14

16

18

220

1(ref)

1.22(0.63, 2.36)

1.43(0.75, 2.74)

2.43(1.26, 4.67)

1.61(0.69, 3.72)

3.13(1.42, 6.88)

1(ref)

1.78(0.52, 6.04)

1.59(0.49, 5.22)

1.49(0.45, 4.90)

1.29(0.37, 4.51)

2.45(0.73, 8.21)

0.3

Models were adjusted for socio-economic status, marital status, hormone replacement therapy, menopausal status, and

prevalence of CVD, cancer, or diabetes at recruitment, physical activity, smoking status, alcohol consumption, total energy

intake, and Alternate Healthy Eating Index -2010; HR (95% CI), hazard ratio (95% confidence interval).
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Table B14. Associations between adiposity indicators and rheumatoid arthritis incidence in UK Women’s Cohort Study particip

stratified by weight change.

Adiposity

Indicator

BMI (kg/m?)

WC (cm)

WHR

WHtR

Category

Normal (18.5-< 25)

Overweight (25.0-<
30.0)

Obese (= 30.0)

Normal (< 88)

Abdominal obese (> 88)

0.8

0.8-0.85

>0.85

Normal (< 0.5)

Overweight (0.5-< 0.6)

Weight loss (< -
2.5) (31/4147)

1(ref)

1.87(0.43, 8.18)

N/A

1(ref)

N/A

1(ref)

N/A

N/A

1(ref)

N/A

Stable weight (+2.5)

(26/2909)

1(ref)

0.89(0.21, 3.80)

3.60(0.48, 26.9)

1(ref)

N/A

1(ref)

1.10(0.25, 4.83)

N/A

1(ref)

0.96(0.13, 7.38)

Weight change (kg)

Weight gain,

moderate (2.5-< 10)

(98/10657)

1(ref)

1.47(0.92, 2.35)

N/A

1(ref)

0.72(0.18, 2.94)

1(ref)

0.85(0.41, 1.78)

0.93(0.34, 2.55)

1(ref)

0.88(0.44, 1.78)

Weight gain, large (= 10)
(108/10255)

1(ref)

0.92(0.58, 1.46)

1.43(0.88, 2.33)

1(ref)

1.87(1.24, 2.82)

1(ref)

2.12(1.34, 3.35)

2.32(1.44, 3.78)

1(ref)

1.77(1.17, 2.69)
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Obese (= 0.6) N/A N/A N/A 3.17(1.78, 5.67)
Blouse size <10 1(ref) 1(ref) 1(ref) 1(ref)
12 0.37(0.15, 0.90) 0.51(0.18, 1.45) 1.71(0.72, 4.10) N/A
14 0.35(0.11, 1.17) 0.70(0.21, 2.27) 1.73(0.71, 4.21) N/A
16 0.87(0.23, 3.36) 2.91(0.88, 9.59) 1.68(0.63, 4.47) N/A
18 1.45(0.16, 12.80) = 3.25(0.43, 24.66) 2.62(0.79, 8.67) N/A
=220 3.96(0.46, 33.50) | 4.41(0.59, 33.23) 3.42(0.70, 16.84) N/A
Skirt size <10 1(ref) 1(ref) 1(ref) 1(ref)
12 0.86(0.32, 2.24) 1.80(0.56, 5.77) 1.39(0.48, 4.00) N/A
14 1.16(0.40, 3.35) 1.66(0.46, 5.99) 1.53(0.54, 4.34) N/A
16 1.12(0.26, 4.78) 3.99(0.92, 17.28) 2.10(0.72, 6.09) N/A
18 1.57(0.17, 14.68)  3.23(0.37, 28.55) 1.18(0.30, 4.66) N/A
>20 2.77(0.30, 25.80) | 4.82(0.55, 42.02) 4.23(1.15, 15.57) N/A

Models were adjusted for age, socio-economic status, marital status, hormone replacement therapy, menopausal status, and prevalence of CVD, cancer, or diabetes at
recruitment, physical activity, smoking status, alcohol consumption, total energy intake, and Alternate Healthy Eating Index -2010; HR (95% CI), hazard ratio (95%
confidence interval). N/A indicates an insufficient sample size for a reliable estimate.
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Table B15. Associations between adiposity indicators and rheumatoid arthritis incidence in UK Women’s Cohort Study

participants, stratified by AHEI-2010.

Adiposity Category

AHEI-2010 tertiles

P-interaction

Indicator
Low Moderate High
(83/9267) (86/9356) (86/9345)
BMI (kg/m?)  Normal (18.5-< 25) 1(ref) 1(ref) 1(ref) 0.7
Overweight (25.0-< 30.0)  1.14(0.69, 1.91) 1.09(0.67, 1.79) 1.63(1.01, 2.63)
Obese (= 30.0) 1.46(0.78, 2.73) 1.94(1.08, 3.50) 1.45(0.68, 3.07)
WC (cm) Normal (< 88) 1(ref) 1(ref) 1(ref) 0.5
Abdominal obese (> 88)  1.42(0.76, 2.64) 1.64(0.90, 2.98) 2.09(1.11, 3.91)
WHR <0.8 1(ref) 1(ref) 1(ref) 0.4
0.8-0.85 1.25(0.67, 2.34) 1.74(1.00, 3.04) 1.16(0.59, 2.27)

311



WHtR

Blouse size

Skirt size

>0.85

Normal (< 0.5)
Overweight (0.5-< 0.6)
Obese (= 0.6)

<10

12

14

16

1.32(0.65, 2.67)
1(ref)

1.27(0.74, 2.19)
2.71(1.21, 6.08)
1(ref)

1.21(0.57, 2.59)
0.78(0.35, 1.79)
1.09(0.47, 2.54)
1.03(0.38, 2.79)
2.13(0.86, 5.26)
1(ref)

1.42(0.57, 3.54)
1.21(0.49, 3.00)

1.02(0.38, 2.70)

1.45(0.69, 3.05)
1(ref)

1.47(0.87, 2.46)
1.78(0.64, 4.92)
1(ref)

1.19(0.50, 2.82)
1.38(0.59, 3.22)
1.84(0.76, 4.48)
2.20(0.84, 5.79)
2.38(0.85, 6.68)
1(ref)

1.27(0.42, 3.88)
1.88(0.66, 5.38)

2.30(0.79, 6.75)

2.45(1.28, 4.71)
1(ref)

1.38(0.80, 2.39)
3.04(1.22, 7.64)
1(ref)

0.75(0.38, 1.51)
0.68(0.32, 1.45)
1.21(0.57, 2.55)
1.41(0.57, 3.48)
1.29(0.44, 3.78)
1(ref)

1.43(0.53, 3.87)
1.56(0.58, 4.20)

2.99(0.40, 4.62)

0.9

0.8

0.4
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18 1.10(0.37, 3.26) 2.04(0.65, 6.49) 1.36(0.40, 4.62)

=20 2.15(0.80, 5.81) 3.33(1.06, 10.42) 3.21(1.04, 9.96)

Models were adjusted for age, socio-economic status, marital status, hormone replacement therapy, menopausal status, and prevalence of CVD, cancer, or diabetes at recruitment,
physical activity, smoking status, alcohol consumption, total energy intake; HR (95% CI), hazard ratio (95% confidence interval).

Table B16. Associations between adiposity indicators and rheumatoid arthritis incidence in UK Women’s Cohort Study participants,

stratified by physical activity.

Adiposity Category METs (min/week) P-interaction
Indicator
Low(< 600) Moderate(600-1500) High(> 1500)
(71/8665) (148/14352) (36/4951)
BMI Normal (18.5-< 25) 1 (ref) 1 (ref) 1 (ref) 0.9
(kg/m?)
Overweight (25.0-< 30.0) 1.44 (0.85, 2.44) 1.16 (0.79, 1.70) 1.43 (0.21,12.02)
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WC (cm)

WHR

WHtR

Blouse

size

Obese (= 30.0)

Normal (< 88)
Abdominal obese (> 88)
<0.8

0.8-0.85

>0.85

Normal (< 0.5)
Overweight (0.5-< 0.6)
Obese (= 0.6)

<10

12
14

16

1.37 (0.68, 2.79)
1 (ref)
1.49 (0.77, 2.87)
1 (ref)
1.63 (0.86, 3.08)
2.01 (1.01, 4.01)
1 (ref)
1.64 (0.95, 2.81)
1.81 (0.64, 5.13)

1 (ref)

1.56 (0.58, 4.23)
1.39 (0.49, 3.88)

1.75 (0.60, 5.15)

1.61 (0.97, 2.66)
1 (ref)
1.82 (1.13, 2.92)
1 (ref)
1.26 (0.78, 2.05)
1.65 (0.95, 2.84)
1 (ref)
1.35 (0.89, 2.05)
2.76 (1.38, 5.51)

1 (ref)

0.94 (0.54, 1.65)
0.87 (0.49, 1.56)

1.37 (0.75, 2.49)

2.59 (1.08, 6.26)
1(ref)
1.56(0.61, 4.00)
1(ref)
1.51(0.61, 3.73)
1.14(0.34, 3.80)
1(ref)
0.95 (0.38, 2.33)
2.94 (0.88, 9.84)

1 (ref)

0.76 (0.28, 2.10)
0.55 (0.18, 1.66)

0.83 (0.27,2.61)

0.9

0.9

0.8

0.9
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Skirt size <10

14

16

18

220

2.61 (0.84, 8.08)
2.25(0.65, 7.77)
1 (ref)

2.34 (0.52, 10.48)
2.62 (0.59, 11.68)
3.88 (0.86, 17.45)
3.59 (0.73, 17.54)

4.33 (0.86, 21.72)

1.39 (0.68, 2.83)
1.81 (0.86, 3.82)
1 (ref)

1.16 (0.59, 2.30)
1.16 (0.59, 2.27)
1.53 (0.76, 3.09)
1.25 (0.56, 2.79)

2.30 (1.08, 4.91)

0.54 (0.12, 2.68)
1.87 (0.56, 6.27)
1 (ref)

1.61 (0.33, 7.74)
2.45 (0.56, 10.82)
2.37 (0.52, 10.91)
2.34 (0.51, 10.87)

4.44 (0.91, 21.54)

0.9

Models were adjusted for age, socio-economic status, marital status, hormone replacement therapy, menopausal status, and prevalence of CVD, cancer, or diabetes at recruitment, smoking

status, alcohol consumption, total energy intake, and Alternate Healthy Eating Index -2010; HR (95% ClI), hazard ratio (95% confidence interval).
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Table B17. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by smoking status.

Adiposity Category Smoking status P-interaction
Indicator
Smoker Non-smoker
(71/8665) (148/14352)
BMI (kg/m?) Normal (18.5-< 25) 1(ref) 1(ref) 0.7
Overweight (25.0-< 30.0) 1.30(0.87,1.94)  1.22(0.82, 1.84)
Obese (= 30.0) 1.78(1.10,2.91) 1.37(0.77, 2.44)
WC (cm) Normal (< 88) 1(ref) 1(ref) 0.5
Abdominal obese (> 88)  1.45(0.89, 2.38)  1.84(1.10, 3.09)
WHR <0.8 1(ref) 1(ref) 0.9
0.8-0.85 1.32(0.81, 2.1) 1.42(0.85, 2.38)
>0.85 1.58(0.92,2.71)  1.64(0.89, 3.01)
WHtR Normal (< 0.5) 1(ref) 1(ref) 0.3
Overweight (0.5-< 0.6) 1.56(1.04, 2.34) 1.10(0.68, 1.79)
Obese (= 0.6) 1.85(0.85,4.04) 3.08(1.53, 6.18)
Blouse size <10 1(ref) 1(ref) 0.7
12 0.98(0.52, 1.83)  1.02(0.55, 1.87)
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0.71(0.36, 1.39)

1.06(0.57, 1.98)

16 1.44(0.75,2.75)  1.10(0.55, 2.20)
18 1.32(0.62, 2.85)  1.46(0.67, 3.17)
> 20 1.64(0.75,3.58) 1.97(0.87, 4.43)
Skirt size <10 1(ref) 1(ref) 0.8
12 0.93(0.43,2.03) 2.05(0.85, 4.92)
14 1.24(0.59, 2.60)  1.92(0.81, 4.58)
16 1.69(0.80, 3.59)  2.31(0.94, 5.66)
18 1.26(0.53, 3.02)  1.70(0.62, 4.66)
> 20 2.24(0.99, 5.07)  3.40(1.29, 8.91)

Models were adjusted for age, socio-economic status, marital status, hormone replacement therapy, menopausal status,
and prevalence of CVD, cancer, or diabetes at recruitment, physical activity, alcohol consumption, total energy intake,
and Alternate Healthy Eating Index -2010; HR (95% CI), hazard ratio (95% confidence interval).

Table B18. Associations between adiposity indicators and rheumatoid arthritis incidence

in UK Women’s Cohort Study participants, stratified by menopausal status.

Adiposity Category Menopausal status P-interaction
Indicator

Pre-menopausal Post-menopausal

(93/13571) (162/14397)
BMI (kg/m?) Normal (18.5-< 25)  1(ref) 1(ref) 0.2

Overweight (25.0-<
30.0)

1.57(0.97, 2.54)  1.10(0.78, 1.56)
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WC (cm)

WHR

WHtR

Blouse size

Skirt size

Obese (= 30.0)

Normal (< 88)

Abdominal obese
(> 88)

0.8

0.8-0.85
>0.85

Normal (< 0.5)

Overweight (0.5-<
0.6)

Obese (= 0.6)

<10

12

14

12

2.58(1.45, 4.58)

1(ref)

1.41(0.92, 2.16)

1(ref)

1.11(0.70, 1.76)
1.35(0.82, 2.23)

1(ref)

1.08(0.74, 1.57)

1.78(0.93, 3.41)

1(ref)

1.07(0.58, 1.98)
0.70(0.37, 1.33)
1.20(0.64, 2.26)
1.28(0.64, 2.26)
1.60(0.79, 3.29)

1(ref)

1.68(0.70, 4.03)

1.22(0.76, 1.96)

1(ref)

2.40(1.31, 4.39)

1(ref)

2.02(1.18, 3.49)
2.46(1.27, 4.77)

1(ref)

2.12(1.28, 3.51)

4.59(2.01, 10.47)

1(ref)

0.88(0.47, 1.65)
1.16(0.61, 2.19)
1.31(0.63, 2.73)
1.51(0.58, 3.91)
2.17(0.84, 5.63)

1(ref)

1.07(0.49, 2.35)

0.2

0.1

0.03

0.5

0.4
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14 1.55(0.66, 3.65)  1.41(0.66, 3.00)
16 1.66(0.70,3.95)  2.48(1.15, 5.35)
18 1.45(0.57,3.66)  1.27(0.42, 3.80)
> 20 2.57(1.04,6.30)  3.08(1.19, 7.95)

Models were adjusted for age, socio-economic status, marital status, hormone replacement therapy, and prevalence of CVD, cancer, or
diabetes at recruitment, smoking status, physical activity, alcohol consumption, total energy intake, and Alternate Healthy Eating Index
-2010; HR (95% Cl), hazard ratio (95% confidence interval).

Table B19. Risk of rheumatoid arthritis by adiposity indicators with varying restrictions in

the UKWCS.

Adiposity indicator Category HR (95% CI) P

Fully-adjusted models (255 cases/ 27,968 participants)?

1.09 (1.02, 1.16)  <0.01

BMI (per 2.5 kg/m?increment)

WC (per 5 cm increment) 1.07 (1.00, 1.13)  0.04

WHR (per 0.1 increment) 1.20 (1.01,1.43) 0.04

WHIR (per 0.1 increment) 1.27 (1.05,1.53)  0.01

1.13(1.04,1.22) <0.01

Blouse size (per one-size increase)

1.13(1.05,1.22) <0.01

Skirt size (per one-size increase)

BMI (kg/m?) Normal (18.5-< 25) 1 (ref)

Overweight (25.0-< 30.0) 1.27(0.95,1.70)  0.11
Obese (= 30.0) 1.49 (1.02,2.18)  0.04
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WC (cm) Normal (< 88) 1 (ref)

Abdominal obese (>88)  1.59(1.10,2.28)  0.01

WHR <0.8 1 (ref)
0.8-0.85 1.38 (0.97,1.97) 0.08
>0.85 1.56 (1.03,2.36) 0.04
WHtR Normal (< 0.5) 1 (ref)

Overweight (0.5-<0.6)  1.26(0.92,1.73)  0.15

Obese (= 0.6) 2.26 (1.34,3.81) <0.01
Blouse size <10 1 (ref)
12 0.97 (0.62,1.52) 0.89
14 0.87 (0.55,1.37) 0.54
16 1.24 (0.77,1.99) 0.37
18 1.28 (0.73,2.23) 0.39
> 20 1.64 (0.93,2.89) 0.09
Skirt size <10 1 (ref)
12 1.35(0.76,2.40) 0.31
14 1.42 (0.81,2.50) 0.23
16 1.73(0.97,3.08) 0.06
18 1.33(0.68,2.58) 0.41
> 20 2.36 (1.25,4.45) <0.01

Excluding participants with survival time < 5 years (255 cases/ 27,968 participants)
BMI (per 2.5 kg/m?increment) 1.08 (1.01,1.16) 0.02

WC (per 5 cm increment) 1.08 (1.00, 1.16)  0.04
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WHR (per 0.1 increment)

WHIR (per 0.1 increment)

Blouse size (per one-size increase)

Skirt size (per one-size increase)

BMI (kg/m2)

WC (cm)

WHR

WHtR

Blouse size

Skirt size

Normal (18.5-< 25)
Overweight (25.0-< 30.0)
Obese (= 30.0)

Normal (< 88)
Abdominal obese (> 88)
<0.8

0.8-0.85

>0.85

Normal (< 0.5)
Overweight (0.5-< 0.6)
Obese (= 0.6)

<10

12

14

16

1.21 (1.00, 1.48)

1.30 (1.07, 1.59)

1.14 (1.04, 1.26)

1.14 (1.05, 1.24)

1 (ref)

1.30 (0.95, 1.78)

1.49 (0.98,2.25)

1 (ref)
1.55 (1.03, 2.32)
1 (ref)
1.38 (0.93, 2.03)
1.51 (0.94, 2.40)
1 (ref)
1.31 (0.92, 1.86)
2.29 (1.27,4.13)
1 (ref)
1.13 (0.69, 1.86)
0.94 (0.56, 1.58)
1.41 (0.83, 2.40)
1.54 (0.83, 2.86)

1.90 (1.01, 3.56)

1 (ref)

0.05

<0.01

<0.01

<0.01

0.09

0.06

0.04

0.11

0.09

0.14

<0.01

0.63

0.82

0.20

0.18

0.05
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12

14

16

18

=20

1.43(0.75, 2.73)
1.71 (0.91, 3.20)
1.75 (0.91, 3.38)
1.73 (0.84, 3.57)

2.68 (1.33, 5.43)

Excluding participants who are current smoker (255 cases/ 27,968 participants)

BMI (per 2.5 kg/m?increment)

WC (per 5 cm increment)

WHR (per 0.1 increment)

WHIR (per 0.1 increment)

Blouse size (per one-size increase)

Skirt size (per one-size increase)

BMI (kg/m?) Normal (18.5-< 25)
Overweight (25.0-< 30.0)
Obese (= 30.0)

WC (cm) Normal (< 88)

Abdominal obese (> 88)

WHR <0.8
0.8-0.85
>0.85

WHtR Normal (< 0.5)

Overweight (0.5-< 0.6)

Obese (= 0.6)

1.13 (1.06, 1.21)
1.11 (1.04, 1.19)
1.30 (1.11, 1.53)
1.42 (1.17,1.74)
1.17 (1.07, 1.29)
1.17 (1.08, 1.28)
1 (ref)

1.45 (1.05, 1.98)
1.77 (1.19,2.66)
1 (ref)

1.84 (1.26, 2.70)
1 (ref)

1.48 (1.00, 2.18)
1.80 (1.15, 2.80)
1(ref)

1.44 (1.01, 2.03)

2.50 (1.42, 4.40)

0.28

0.09

0.09

0.14

<0.01

<0.01

<0.01

<0.01

< 0.01

< 0.01

<0.001

0.02

< 0.01

< 0.01

0.05

< 0.01

0.04

<0.01
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Blouse size <10

Skirt size <10

14

16

18

=20

1 (ref)

0.90 (0.55, 1.48)
0.85 (0.51, 1.42)
1.43 (0.85, 2.39)
1.32 (0.71, 2.42)
1.96 (1.07, 3.59)
1 (ref)

1.07 (0.57, 2.01)
1.30 (0.71, 2.39)
1.76 (0.94, 3.28)
1.21 (0.59, 2.49)

2.60 (1.33, 5.10)

0.67

0.54

0.17

0.38

0.03

0.84

0.71

0.08

0.60

<0.01

Excluding participants who developed chronic diseases at recruitment (255 cases/ 27,968

participants)

BMI (per 2.5 kg/m? increment)

WC (per 5 cm increment)

WHR (per 0.1 increment)

WHIR (per 0.1 increment)

Blouse size (per one-size increase)

Skirt size (per one-size increase)

BMI (kg/m?) Normal (18.5-< 25)
Overweight (25.0-< 30.0)

Obese (= 30.0)

1.09 (1.01,1.17)
1.07 (1.00, 1.15)
1.20 (0.99, 1.45)
1.31 (1.07, 1.62)
1.15 (1.05, 1.27)
1.15 (1.05, 1.25)
1 (ref)

1.28 (0.94, 1.75)

1.57 (1.04, 2.36)

0.02

0.05

0.07

0.01

<0.01

<0.01

0.11

0.03
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WC (cm)

WHR

WHtR

Blouse size

Skirt size

Normal (< 88)
Abdominal obese (> 88)
<0.8

0.8-0.85

>0.85

Normal (< 0.5)
Overweight (0.5-< 0.6)
Obese (= 0.6)

<10

12

14

16

14

16

18

=20

1 (ref)

1.60 (1.07, 2.39)
1 (ref)

1.30 (0.88, 1.94)
1.63 (1.04, 2.55)
1 (ref)

1.19 (0.83, 1.69)
2.69 (1.56, 4.65)
1 (ref)

0.91 (0.56, 1.48)
0.97 (0.59, 1.58)
1.20 (0.72, 2.01)
1.40 (0.77, 2.55)
1.67 (0.90, 3.12)
1 (ref)

1.34 (0.72, 2.50)
1.50 (0.81, 2.76)
1.75 (0.93, 3.30)
1.54 (0.75, 3.13)

2.50 (1.25, 4.99)

Excluding participants with weight change of more than 10 kg (255 cases/ 27, 968

participants)

BMI (per 2.5 kg/m?increment)

0.94 (0.83, 1.06)

0.02

0.19

0.03

0.35

<0.001

0.71

0.90

0.49

0.27

0.1

0.36

0.19

0.08

0.24

< 0.01

0.30
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WC (per 5 cm increment)

WHR (per 0.1 increment)

WHIR (per 0.1 increment)

Blouse size (per one-size increase)
Skirt size (per one-size increase)

BMI (kg/m?)

WC (cm)

WHR

WHtR

Blouse size

Normal (18.5-< 25)

Overweight (25.0-< 30.0)

Obese (= 30.0)

Normal (< 88)

Abdominal obese (> 88)

<0.8

0.8-0.85

>0.85

Normal (< 0.5)
Overweight (0.5-< 0.6)
Obese (= 0.6)

<10

12

14

16

18

1.03 (0.91, 1.17)

0.81 (0.59,1.12)

0.88 (0.61, 1.27)

1.23 (1.03, 1.46)

1.19 (1.04, 1.36)

1 (ref)

1.58 (1.05, 2.38)

0.55 (0.08, 3.95)

1 (ref)

0.56 (0.14,2.25)
1 (ref)

0.83 (0.44, 1.55)
0.72 (0.27, 1.95)
1 (ref)

0.82 (0.43, 1.59)
N/A

1 (ref)

0.79 (0.49, 1.28)
0.87 (0.52, 1.45)
1.25 (0.69, 2.26)
1.55 (0.63, 3.79)

2.97 (1.08, 8.12)

0.60

0.20

0.50

0.02

0.01

0.03

0.55

0.41

0.56

0.27

0.56

N/A

0.33

0.59

0.47

0.34

0.03
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Skirt size <10

1 (ref)

1.19 (0.65, 2.16)
1.29 (0.71, 2.36)
1.70 (0.88, 3.30)
1.30 (0.51, 3.35)

3.18 (1.22, 8.31)

Further adjusted for dietary vitamin D (255 cases/ 27,968 participants)

BMI (per 2.5 kg/m?increment)

WC (per 5 cm increment)

WHR (per 0.1 increment)

WHIR (per 0.1 increment)

Blouse size (per one-size increase)

Skirt size (per one-size increase)

BMI (kg/m?) Normal (18.5-< 25)
Overweight (25.0-< 30.0)
Obese (= 30.0)

WC (cm) Normal (< 88)

Abdominal obese (> 88)

WHR <0.8
0.8-0.85
>0.85

WHtR Normal (< 0.5)

Overweight (0.5-< 0.6)

1.09 (1.02, 1.17)

1.07 (1.00, 1.14)

1.20 (1.00, 1.44)

1.27 (1.05, 1.54)

1.13 (1.03, 1.24)

1.13 (1.04, 1.22)

1 (ref)

1.27 (0.95, 1.69)

1.48 (1.02, 2.17)

1 (ref)

1.58 (1.10, 2.28)

1 (ref)

1.38 (0.96, 1.97)

1.56 (1.02, 2.37)

1 (ref)

1.26 (0.91, 1.74)

0.57

0.41

0.12

0.59

0.02

0.01

0.05

0.05

0.02

<0.01

< 0.01

0.11

0.04

0.01

0.08

0.04

0.16

326



Blouse size

Skirt size

Obese (= 0.6)
<10

12

14

16

14

16

18

=20

1.25 (1.32, 3.84)

1 (ref)

0.97 (0.62, 1.52)

0.87 (0.54, 1.38)

1.24 (0.77, 2.01)

1.27 (0.72, 2.25)

1.64 (0.93, 2.90)

1 (ref)

1.35 (0.75, 2.40)

1.42 (0.80, 2.51)

1.73 (0.96, 3.10)

1.32 (0.67, 2.60)

2.36 (1.25, 4.46)

<0.01

0.89

0.55

0.38

0.41

0.09

0.32

0.23

0.07

0.41

<0.01

Used competing risk regression model (Fine-Gray method, 255 cases/27,968 participants)

BMI (per 2.5 kg/m? increment)

WC (per 5 cm increment)

WHR (per 0.1 increment)

WHIR (per 0.1 increment)

Blouse size (per one-size increase)
Skirt size (per one-size increase)

BMI (kg/m?)

Normal (18.5-< 25)

Overweight (25.0-< 30.0)

1.09 (1.02, 1.17)

1.06 (1.00, 1.14)

1.20 (1.00, 1.44)

1.27 (1.05, 1.55)

1.13 (1.03, 1.24)

1.13 (1.04, 1.22)

1 (ref)

1.27 (0.95, 1.69)

0.01

0.05

0.05

0.02

<0.01

<0.01

0.11
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Obese (= 30.0) 149 (1.02,2.17)  0.04
WC (cm) Normal (< 88) 1 (ref)

Abdominal obese (>88)  1.58 (1.10,2.28)  0.01

WHR <0.8 1 (ref)
0.8-0.85 1.38 (0.96, 1.97) 0.08
>0.85 1.56 (1.02,2.37) 0.04
WHtR Normal (< 0.5) 1 (ref)

Overweight (0.5-< 0.6) 1.26 (0.91,1.74) 0.16

Obese (= 0.6) 2.25(1.32,3.84) <0.01
Blouse size <10 1 (ref)
12 0.97 (0.62,1.52)  0.89
14 0.87 (0.54,1.38) 0.55
16 1.24 (0.77,2.01) 0.38
18 1.27 (0.72,2.25) 0.40
> 20 1.64 (0.92.2.91) 0.09
Skirt size <10 1 (ref)
12 1.35(0.75,2.41) 0.32
14 1.42 (0.80,2.51) 0.23
16 1.73(0.96, 3.11)  0.07
18 1.32 (0.67,2.60) 0.42
> 20 2.36 (1.24,4.47) <0.01

@Models were adjusted for age, socio-economic status, marital status, physical activity, smoking status, alcohol consumption,

total energy intake, the Alternate Healthy Eating Index -2010, menopausal status, hormone replacement therapy, and the
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prevalence of CVD, cancer, or diabetes. All sensitivity analyses were based on the adjusted model. HR (95% Cl): hazard ratio

(95% confidence interval).

Supplementary methods

Cox proportional hazards regression models stratified by age group

In this study, age was used as the time scale. Due to a violation of the proportional hazards
assumption (assessed using Schoenfeld residuals), we stratified the Cox model by age
group (< 55 and > 55 years). This approach adjusts for non-proportionality related to age,
allowing for a single summary HR for each adiposity indicator while accounting for age-
related differences in baseline risk. The updated proportional hazards test results are

presented in Table B4.
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Appendix C Chapter 4 Supplementary material

Figure C1. Flow chart of UKWCS participants.

UK Women’s Cohort Study participants
recruited between 1995 — 1998 (n =
35,372)

A
Participants potentially eligible (n =
30,887)

e 10,056 low adherence

e 15,714 moderate adherence

Exclusion criteria (n total = 5128):

Not resident in England (n = 3009)

Had a rheumatoid arthritis before or on

the date of recruitment (n = 38)
Outlier nutrient data (n = 214)

Outlier BMI data (n = 1186)

Participants in unadjusted and
multivariable-adjusted analyses with

complete covariate data (n = 27,766)
e 7,940 low adherence

e 14,069 moderate adherence

Excluded due to missing covariate data (n
total = 3121):

Ethnicity (n = 786)

Physical activity (n = 561)
Marital status (n = 237)
Socio-economic status (n = 221)

Menopausal status (n = 546)
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Table C1. Strengthening the reporting of observational studies in nutritional epidemiology (STROBE-Nut) checklist.

Topic Item Recommendation Page
number (line number)
Title and abstract 1 Indicate the study’s design with a commonly used term in the title or the abstract 1
Provide in the abstract an informative and balanced summary of what was done and 1
what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 2
Objectives 3 State specific objectives, including any prespecified hypotheses 2
Methods
Study design 4 Present key elements of study design early in the manuscript 1,2
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 2,3
exposure, follow-up, and data collection
Participants 6 Cohort study - give the eligibility criteria, and the sources and methods of selection of 2,3
participants; describe methods of follow-up
Cohort study - for matched studies, give matching criteria and number of exposed and N/A

unexposed Case-control study - for matched studies, give matching criteria and the

number of controls per case
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Variables

Data

sources/measurement

Bias
Study size

Quantitative variables

Statistical methods

Results

Participants

8*

10

11

12

13*

Clearly define all outcomes, exposures, predictors, potential confounders, and effect

modifiers; give diagnostic criteria, if applicable

For each variable of interest, give sources of data and details of methods of assessment

(measurement); describe comparability of assessment methods if there is more than one

group
Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses; if applicable, describe

which groupings were chosen and why

Describe all statistical methods, including those used to control for confounding
Describe any methods used to examine subgroups and interactions

Explain how missing data were addressed

Cohort study - if applicable, explain how loss to follow-up was addressed

Describe any sensitivity analyses

Report numbers of individuals at each stage of study - e.g., numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up,

and analyzed

Give reasons for nonparticipation at each stage Consider use of a flow diagram

3, Figure 1

3.4

3,4

3,4

3,4

3.4

24

5, Supplementary
Figure S1
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Descriptive data 14* Give characteristics of study participants (e.g., demographic, clinical, social) and 5,6

information on exposures and potential confounders

Indicate number of participants with missing data for each variable of interest Cohort 5

study - summarize follow-up time (e.g., average and total amount)
Outcome data 15* Cohort study - report numbers of outcome events or summary measures over time 5,6

Main results 16 Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 6,7, Figure 2
precision (e.g., 95% confidence interval); make clear which confounders were adjusted
for and why they were included Report category boundaries when continuous variables

were categorized

If relevant, consider translating estimates of relative risk into absolute risk for a N/A

meaningful time period

Other analyses 17 Report other analyses done - e.g., analyses of subgroups and interactions, and 7,8, Supplementary
sensitivity analyses Figure S5, S6, S7
Discussion
Key results 18 Summarize key results with reference to study objectives 8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 8,9,10

imprecision; discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 9,10

multiplicity of analyses, results from similar studies, and other relevant evidence

Generalizability 21 Discuss the generalizability (external validity) of the study results 10, 11
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Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if 12

applicable, for the original study on which the present article is based

334



Table C2. Covariates at recruitment and their derivation.

Covariate How the variable was derived
Socio-demographic variables

Calculated as year differences between date of birth
Age and date of recruitment and was considered a

continuous variable in adjustment sets.

Participants were asked about their occupation.
Options were ‘never had paid job’, ‘managers and
administrators’, ‘professional’, ‘technical and

_ _ associate professional’, ‘clerical and secretarial’,

Socio-economic status . _

‘craft and skilled’, ‘personal and protective’, ‘sales’,
‘plant and machine operatives’, or ‘other’. We
condensed these options into ‘routine/manual’,

‘intermediate’, or ‘managerial/professional’.

Participants were asked what their highest

educational qualification was. Options were ‘no

Education
qualifications’, ‘O level’, ‘A level’, ‘degree’, or
‘missing’.
Participants were asked ‘what is your marital status?’
with options of ‘married or living as married’,
Marriage ‘divorced’, ‘widowed’, ‘single’, or ‘separated’. We

combined ‘divorced’ and ‘separated’ together, and

‘widowed’ and ‘single’ together.
Lifestyle and other variables

Participants were asked “In a typical week during the
last 12 months, how many hours did you spend on
the following activities: housework, do-it-yourself,
Physical activity gardening, walking, cycling, other physical activity”.
Physical activity was calculated as metabolic
equivalent tasks (METs) by multiplying the duration

of activities by their respective MET values.

Participants were asked to describe their smoking
Smoking status habit as ‘smoke daily’, ‘smoke occasionally’, ‘ex-

smoker’, or ‘never’. We combined daily and
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occasional smokers into ‘current smokers’, and kept

‘ex-smoker’ and ‘never smoked’ the same.

Participants were asked how often they drink alcohol.
Options were ‘> 1/week’, ‘“1/week’, ‘< 1/week’, or
_ ‘never’. This was regrouped as ‘= 1/week’, ‘<
Alcohol consumption o _
1/week’, or ‘never’. Participants reported typical
weekly consumption of beer, wine, sherry, and

spirits. This was computed as grams per week.
Body weight Self-reported continuous variable
Height Self-reported continuous variable

Calculated as self-reported body weight (kg) divided
Body mass index by the square of self-reported height (m), considered

as a continuous variable (kg/m?).

Categorised participants as pre-menopausal or post-

menopausal. Criteria for postmenopausal was: age >
Menopausal status 55 years, both ovaries removed, currently on

hormone replacement therapy, or no periods in the

last 12 months.

Participants were asked ‘have you ever used

hormone replacement therapy?’ and ‘are you using
Hormone replacement

HRT now?’ — based on these yes or no answers, we
therapy use _

categorised hormone replacement therapy use as

‘user’ and ‘non-user’.

Participants were asked how often they eat the
specific food item and completed a 217-item FFQs.
Portion sizes were assigned based on McCance and
_ Widdowson’s Composition of Foods database, which
Energy intake _ . . .
provides standard UK portion sizes. Each food item
in the FFQ was linked to nutrient composition tables
to calculate total energy intake. This was computed

as kcal per day.

Distary nutrient supplements Participants were asked ‘Do you take vitamins,

minerals, or food supplements?’- based on these yes

336



Prevalence of CVD, cancer,

or diabetes

or no answers, we categorised nutrient supplements

as ‘Yes’ and ‘No’.

Participants were asked ‘Have you ever had a XX’
including cancer, stroke, and diabetes; - based on
these yes or no answers, we categorised prevalence

of CVD, cancer, or diabetes as ‘Yes’ and ‘No’.

Table C3. Grading of the Mediterranean diet score.

Components Median Cut-off (g/day or Points (0 or 1)
ratio)

Vegetables (g/day) 281.8 1
Legumes (g/day) 31.0 1
Fruit and nuts (g/day) 269.7 1
Cereals (g/day) 224.7 1
Fish (g/day) 29.0 1
MUFA + PUFA : SFA* 0.9 1
Meat (g/day) 80.5 1
Poultry (g/day) 10.2 1
Dairy products (g/day) 396.7 1
Alcohol (g/day) 5-25 1
Total score range 0-10

Ratio of the sum of monounsaturated fatty acids and polyunsaturated fatty acids to saturated fatty acids.

MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; SFA = saturated fatty acids.

Each component receives 1 point if intake is above the median for beneficial components (e.g.,

vegetables, legumes, fruit and nut, cereals, fish, MUFA + PUFA : SFA), or below for potentially adverse

components (e.g., meat,poultry, dairy). Alcohol scoring is based on moderate intake: 5-25 g/day for

women.
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Table C4. Dietary characteristics of the UKWCS by adherence to Mediterranean

diet at recruitment.

Characteristics , mean Total Low Moderate High
ota
(SD) or n (%) adherence adherence adherence
Participants 27,766 7940 14,069 5757
Foods and beverages
intake
_ 398.3 283.2 543.8
Fruit (g/day) 403.7 (264 .1)
(275.9) (209.6) (310.6)
314.2 212.9 441.2
Vegetables (g/day) 319.3 (161.5)
(175.6) (105.5) (198.4)
Total meat (g/day) 86.2 1188 89.5 (83.9) 33.3 (66.6)
otal mea a : : ) :
gieay (81.5) (66.6)
39.3
Red meat (g/day) (47.1) 55.5 (44.2) 40.5(48.9) 13.9 (34.1)
16.8
Poultry (g/day) 22.0(18.7) 17.7 (20.7) 7.3(17.3)
(20.2)
28.2
Processed meat (g/day) (30.9) 38.9(28.4) 29.2(31.7) 11.2(24.4)
_ 34.0
Total fish (g/day) 28.1(20.4) 35.7 (30.9) 37.9 (39.3)
(30.7)
Oily fish (g/day) 9.1(12.5) 6.3(7.7) 9.6 (12.1) 11.7 (17.3)
_ 24.9
Lean fish (g/day) 21.8(16.9) 26.1(24.5) 26.2 (29.0)
(23.7)
. 414.2 471.3 333.4
Total dairy (g/day) 415.0 (214.8)
(215.8) (201.2) (212.5)
_ 304.4 369.8 220.8
Milk (g/day) 301.7 (186.5)
(191.5) (183.4) (180.3)
60.2
Yoghurt (g/day) 53.9 (66.5) 62.5(71.2) 63.1 (68.2)
(69.4)
27.8
Cheese (g/day) (27.8) 22.2(22.7) 28.8(29.3) 33.1(29.0)

338



Cream (g/day)

Dairy desserts (g/day)

Eggs (number/day)

Tea (cups/day)
Total coffee (cups/day)

Caffeinated coffee

(cups/day)

Decaffeinated coffee

(cups/day)

Nutrients

Protein (g/day)

Protein (g/kg BW/day)

Carbohydrate intake
(g/day)

Carbohydrate (%
energy)

Fibre intake (g/day)

Fibre (% energy)

Fat intake (g/day)

Fat (% energy)

Saturated fat intake
(g/day)

Saturated fat (% energy)

MUFA (g/day)

MUFA (% energy)

1.7 (3.4)

20.1
(26.4)

22.4
(18.9)

3.0 (2.0)

2.0 (1.8)

1.5 (1.7)

0.5 (1.1)

88.8
(26.8)

1.39 (0.5)

308.6
(49.5)

53.1(6.7)

25.3 (9.9)
2.2 (0.5)

83.8
(30.9)

32.2 (5.6)

29.0
(12.9)

11.1 (3.1)

27.5
(10.6)

10.54
(2.2)

2.1 (4.4)

23.4 (29.2)

21.4 (17.9)

2.9 (2.0)

2.1 (1.9)

1.6 (1.7)

0.5 (1.1)

84.94
(19.6)

1.30 (0.4)

271.1
(84.6)

51.1(6.7)

18.8 (6.5)

1.8 (0.5)

79.2 (28.7)

33.2 (5.6)

30.5 (13.1)

12.7 (3.2)

25.9 (9.6)

10.9 (2.0)

1.6 (3.0)

20.3 (26.9)

22.8 (19.1)

3.0 (2.0)

2.0 (1.8)

1.5 (1.7)

0.5 (1.1)

90.12 (28.6)

1.40 (0.5)

310.5 (49.5)

53.3 (24.8)

25.6 (8.7)

2.2 (0.6)

83.8 (31.4)

31.9 (5.6)

28.9 (13.1)

10.9 (2.9)

27.5 (10.8)

10.5 (2.2)

1.3(2.7)

15.1 (19.6)

22.6 (19.6)

3.1 (2.0)

1.8 (1.8)

1.3 (1.6)

0.5 (1.1)

90.97
(18.8)

1.47 (0.5)

355.5
(97.9)

55.5 (6.3)

33.4 (10.4)

2.6 (0.6)

90.2 (31.3)

31.3 (5.6)

26.9 (11.6)

9.3 (2.6)

29.7 (11.3)

10.3 (2.4)

339



PUFA (g/day) 16.1 (6.6) 13.0(4.8)
PUFA (% energy) 6.2 (1.6) 5.5(1.3)
171.3 131.0
Vitamin C (mg/day)
(83.6) (59.6)
Vitamin D (ug/day) 3.1(1.7)  29(1.3)
Zinc (mg/day) 11.3(3.6) 10.6(3.1)
. 1145.6 1097.6
Calcium (mg/day)
(374.4) (329.8)
Folate (ug/day) 400.1 336.2
olate a
Horaay (130.6) (96.8)

16.1 (6.1)

6.2 (1.6)

174.3 (79.3)

3.2(1.7)

11.5 (3.8)

1154.5 (389.5)

405.0 (125.1)

20.4 (7.5)
7.1 (1.8)

219.7
(93.9)

3.2 (2.0)
12.0 (3.6)

1189.9
(387.4)

476.4
(140.2)

SD standard deviation. BW body weight (kg).

Table C5. Associations between individual Mediterranean diet components and

risk of rheumatoid arthritis in the UK Women’s Cohort Study.

Food Median Cases/particip HR(95% CI)
components  intake ants Age-adjusted *multivariable-
(g/day or model adjusted model
ratio)
Vegetables
Low 166.3 94/9256 1 1
Moderate 281.8 76/9179 0.81 (0.60, 1.10) 0.82(0.60, 1.11)
High 448.9 85/9170 0.90 (0.67, 1.20) 0.87 (0.64, 1.20)
Legumes
Low 12.8 77/9242 1 1
Moderate 31.2 98/9125 1.34 (0.99, 1.81) 1.31(0.97,1.77)
High 72.5 80/9144 1.14 (0.83, 1.56) 1.08 (0.78, 1.50)

Fruit and nuts
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Low
Moderate
High
Cereals
Low
Moderate
High
Fish
Low
Moderate
High

MUFA
PUFA: SFA

Low
Moderate
High
Meat
Low
Moderate
High
Poultry
Low
Moderate
High
Dairy
Low
Moderate
High

Alcohol

133.5

269.7

481.7

131.1

2247

350.0

4.2

29.0

57.5

0.8

1.0

1.2

80.5

162.3

14

40

193.7

396.8

637.8

97/9256
74/9255

84/9255

92/9164
74/9181

89/9166

79/9196
80/9171

96/9144

90/9166
93/9162

72/9183

84/9172
87/9169

84/9170

77/9185
104/10,730

74/7596

7719179
87/9169

91/9163

1
0.73 (0.54, 0.99)

0.81 (0.61, 1.09)

1
0.83 (0.61, 1.12)

1.02 (0.76, 1.36)

1
0.97 (0.71, 1.32)

1.14 (0.84, 1.54)

1
1.07 (0.80, 1.43)

0.83 (0.61, 1.13)

1
0.96 (0.71, 1.30)

0.96 (0.70, 1.30)

1
1.09 (0.81, 1.47)

1.13 (0.82, 1.55)

1
1.12 (0.83, 1.52)

1.14 (0.84, 1.55)

1
0.74 (0.54, 1.01)

0.78 (0.57, 1.07)

1
0.81(0.59, 1.11)

0.96 (0.68, 1.35)

1
0.98 (0.71, 1.34)

1.15(0.84, 1.57)

1
1.10 (0.82, 1.47)

0.87 (0.63, 1.19)

1
0.96 (0.70, 1.30)

0.87 (0.63, 1.21)

1
1.08 (0.79, 1.46)

1.10 (0.79, 1.53)

1

1.11 (0.81, 1.51)

1.05 (0.76, 1.45)
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Low 0 98/9182 1 1
Moderate 50.4 89/9161 0.95(0.71,1.26) 1.04 (0.76, 1.43)

High 152.8 68/9168 0.74 (0.54,1.01)  1.03 (0.58, 1.82)

Adjusted for age, education, socio-economic status, marital status, BMI, smoking status, energy intake, alcohol
consumption, prevalence of cardiovascular disease, cancer, or diabetes, menopausal status, and hormone
replacement therapy use. HR (95% Cl), hazard ratio (95% confidence interval).
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Table C6. Association between adherence to the Mediterranean diet and risk of rheumatoid arthritis by potential effect

modifiers in the UKWCS.

P-
Stratifying variable n cases, *adjusted HR (95% Cl)
interaction
Age < 55 years > 55 years
Low adherence 4 1 3 1
(reference)
Moderate adherence 7 0.87(0.60, 1.27) 5 0.97(0.65, 1.45)
5
High adherence 2 0.57(0.34,0.95) 1 0.78(0.43,1.42) 0.7
5
Menopausal status Pre-menopausal Post-menopausal
Low adherence 5 1 2 1
(reference) 5
Moderate adherence 8 0.83(0.52,1.32) 4 0.98(0.70, 1.37)
High adherence 1 0.68(0.38, 1.22) 1 0.62(0.37, 1.05) 0.7
9 9
Physical activity Inadequate physical Adequate physical
activity activity
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Low adherence

(reference)

Moderate adherence

High adherence

Body mass index

Low adherence

(reference)

Moderate adherence

High adherence

Smoking status

Low adherence

(reference)

Moderate adherence

<10 MET-hrs/week

1

1.04 (0.62, 1.73)

0.67 (0.31, 1.46)

< 25.0 kg/m?

1

0.88 (0.61, 1.27)

0.62 (0.38, 1.00)

No-smoker

0.78 (0.53, 1.15)

> 10 MET-hrs/week

1

0.84 (0.61, 1.17)

0.58 (0.37, 0.91) 0.8

> 25.0 kg/m?

1

0.96 (0.64, 1.46)

0.67 (0.35, 1.28) 0.9

Ex-smoker Current

smoker

1 1 1

1.05 (0.64, 1.75) 1.11(0.59,2.10)
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High adherence 1 0.54 (0.31, 0.95) 1 0.88(0.48, 1.63) 2 0.25(0.06,1.10) 0.4

Adjusted for age, education, socio-economic status, marital status, BMI, smoking status, energy intake, alcohol consumption, prevalence of cardiovascular
disease, cancer, or diabetes, menopausal status, and hormone replacement therapy use. HR (95% Cl), hazard ratio (95% confidence interval). The respective
stratification variable was excluded from the adjustment model in each subgroup analyses.
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Table C7. Sensitivity analysis for the association between risk of rheumatoid
arthritis and the Mediterranean diet adherence with varying restrictions in the

UKWCS.

Model e = further HR (95% CI)

adjustments

Low Moderate High
adherence adherence adherence
(reference)
Model 12 1.0 0.90(0.68,1.18) 0.61(0.42,0.90)
Model 2° 1.0 0.94(0.71,1.25) 0.67(0.45,1.00)
Sensitivity analyses
(based on Model 2):
Excluding subjects with< 1.0 0.95(0.70,1.29) 0.61(0.39,0.96)
5 years of follow-up
Excluding subjects with 1.0 0.84(0.62,1.13) 0.63(0.42,0.96)
chronic diseases
Excluding subjects as 1.0 0.82(0.55,1.21) 0.61(0.34,1.09)
current smokers
Model 2 + vitamin D 1.0 0.94(0.71,1.24) 0.67(0.45,1.00)
intake
Model 2 + nutrient 1.0 0.98(0.73,1.31) 0.61(0.40,0.95)
supplements
Competing risk model 1.0 0.94(0.72,1.24) 0.67(0.44,0.99)

(Fine and Gray method)

aModel 1: adjusted for age (continuous) only.

®Model 2: adjusted for age, education, socio-economic status, marital status, BMI, smoking status, energy intake,
alcohol consumption, prevalence of cardiovascular disease, cancer, or diabetes, menopausal status, and
hormone replacement therapy use.

All other models were based on the 27,766 participants in model 2. HR (95% CI), hazard ratio (95% confidence
interval).
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Supplementary Methods

Categorisation of Mediterranean diet adherence

Adherence to the Mediterranean diet was evaluated using a modified 10-point scoring
system adapted from Trichopoulou et al.[1-2], based on dietary data collected via a
Food Frequency Questionnaire administered at recruitment. The FFQ assessed
consumption frequencies of foods and beverages using 10 response options: 0 'never’,
1 '< once/month', 2 '1-3/month', 3 'once/week', 4 '2—4/week', 5 '5-6/week’, 6
‘once/day', 7 '2-3/day', 8 '4-5/day', or 9 '6+/day". Responses were converted to daily
frequencies (e.g., 0, 0.02, 0.07, 0.14, 0.4, 0.8, 1, 2.5, 4.5, 6 times/day) to estimate

intake of key Mediterranean diet components.

For this non-Mediterranean British cohort, binary scores (0 or 1) were assigned to ten
food components based on cohort-specific median intake values. Participants

received 1 point for:

. Beneficial components (vegetables, legumes, fruit/nuts, cereals, fish,
MUFA+PUFA:SFA ratio) if intake was = median.

. Potentially detrimental components (meat, poultry, dairy) if intake was < median.
. Alcohol if intake was 5-25 g/day.

Total Mediterranean diet scores (range: 0-10) classified participants into: low (0-3),
moderate (4-6), or high (7—10) adherence.
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Appendix D Chapter 5 Supplementary material

Table D1. Strengthening the reporting of observational studies in nutritional epidemiology (STROBE-Nut) checklist.

Section/topic Item Recommendation Page (line
number number)
Title and abstract 1 Indicate the study’s design with a commonly used term in the title or the abstract 1
Provide in the abstract an informative and balanced summary of what was done and what 1
was found
Introduction
Background/rationa 2 Explain the scientific background and rationale for the investigation being reported 2,3
le
Objectives 3 State specific objectives, including any prespecified hypotheses 1-3
Methods
Study design 4 Present key elements of study design early in the manuscript 3,4, Figure 2
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 3,4, Figure 1
exposure, follow-up, and data collection
Participants 6 Cohort study - give the eligibility criteria, and the sources and methods of selection of 3,4

participants; describe methods of follow-up
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Variables

Data
sources/measuremen
t

Bias
Study size

Quantitative

variables

Statistical methods

Results

Participants

8*

10

11

12

13*

Cohort study - for matched studies, give matching criteria and number of exposed and

unexposed Case-control study - for matched studies, give matching criteria and the number

of controls per case

Clearly define all outcomes, exposures, predictors, potential confounders, and effect

modifiers; give diagnostic criteria, if applicable

For each variable of interest, give sources of data and details of methods of assessment

(measurement); describe comparability of assessment methods if there is more than one

group
Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses; if applicable, describe

which groupings were chosen and why

Describe all statistical methods, including those used to control for confounding
Describe any methods used to examine subgroups and interactions

Explain how missing data were addressed

Cohort study - if applicable, explain how loss to follow-up was addressed

Describe any sensitivity analyses

Report numbers of individuals at each stage of study - e.g., numbers potentially eligible,

examined for eligibility, confirmed eligible, included in the study, completing follow-up, and

N/A

4.5, Table
S2,S3

7, Table S4
8,Figure 1

6, Table S5

6,7
7

3,4
3,4

7

Figure 1
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Descriptive data

Outcome data

Main results

Other analyses

Discussion
Key results

Limitations

14*

15*

16

17

18

19

analyzed
Give reasons for nonparticipation at each stage Consider use of a flow diagram

Give characteristics of study participants (e.g., demographic, clinical, social) and information

on exposures and potential confounders

Indicate number of participants with missing data for each variable of interest Cohort study -

summarize follow-up time (e.g., average and total amount)
Cohort study - report numbers of outcome events or summary measures over time

Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (e.g., 95% confidence interval); make clear which confounders were adjusted for
and why they were included Report category boundaries when continuous variables were

categorized

If relevant, consider translating estimates of relative risk into absolute risk for a meaningful

time period

Report other analyses done - e.g., analyses of subgroups and interactions, and sensitivity

analyses

Summarize key results with reference to study objectives

Discuss limitations of the study, taking into account sources of potential bias or imprecision;

discuss both direction and magnitude of any potential bias

Figure 1

Table 1

8, Figure 1

8

11-13,Table
2,3

N/A

16,Table 4, S6-
S7

17-20

20,21
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Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity = 19-21

of analyses, results from similar studies, and other relevant evidence
Generalizability 21 Discuss the generalizability (external validity) of the study results 21
Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if 22

applicable, for the original study on which the present article is based
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Table D2. Conversion of alcohol nutrient intake 1.

Alcohol Grams per Alcohol Alcohol nutrient
pint/glass nutrient/100g units

Wine 125 9.25 1.5

Beer 287 3.08 1.1

Cider 287 .98 2.1

Spirits 23 31.70 0.9

Sherry 40 16.65 0.8

1 unit equals 8g of pure alcohol, from “Calculating alcohol units”, by NHS. (https://www.nhs.uk/live-well/alcohol-

advice/calculating-alcohol-units/).

[11 Nur U, Longford NT, Cade JE, Greenwood DC. The impact of handling missing data on alcohol consumption
estimates in the UK women cohort study. Eur J Epidemiol. 2009;24(10):589-95. doi: 10.1007/s10654-009-9384-
1. PMID: 19728116.

The pure alcohol of each drink was calculated by multiplying the total weight of a drink (in grams) by quantities of
its nutrient intake (per 100g) and dividing the result by 100.

Table D3. Components of death causes.

Components ICD-9/ICD-10 (from HES) Number of events

CVD Death 390-448 (ICD-9) 42
Cancer Death 140-208 (ICD-9) 122
CVD Death 100-199 (ICD-10) 903
Cancer Death C00-C97(ICD-10) 824
Total 1891
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Table D4. Covariates at recruitment and their derivation.

Covariate

How the variable was derived

Socio-demographic variables

Age

Socio-economic status

Marital status

Lifestyle factors

Physical activity

Smoking

Body mass index

Calculated as year differences between date of birth
and date of recruitment and was considered a

continuous variable in adjustment sets.

Participants were asked about their occupation. Options
were ‘never had paid job’, ‘managers and
administrators’, ‘professional’, ‘technical and associate
professional’, ‘clerical and secretarial’, ‘craft and
skilled’, ‘personal and protective’, ‘sales’, ‘plant and
machine operatives’, or ‘other’. We condensed these
options into ‘routine/manual’, ‘intermediate’, or

‘managerial/professional’.

Participants were asked ‘what is your marital status?’
with options of ‘married or living as married’, ‘divorced’,
‘widowed’, ‘single’, or ‘separated’. We combined
‘divorced’ and ‘separated’ together, and ‘widowed’ and

‘single’ together.

Participants were asked how long they perform
exercises that makes them sweat per week (in hours
and minutes per week). This was computed as hours

per day.

Participants were asked to describe their smoking habit
as ‘smoke daily’, ‘smoke occasionally’, ‘ex-smoker’, or
‘never’. We combined daily and occasional smokers
into ‘smokers’, and kept ‘ex-smoker’ and ‘never

smoked’ the same.

Calculated as self-reported weight divided by the
square of self-reported height, considered as a

continuous variable

Hormones/reproductive factors
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Categorised participants as pre-menopausal or post-

menopausal. Criteria for postmenopausal was: age >
Menopausal status 55 years, both ovaries removed, currently on hormone

replacement therapy, or no periods in the last 12

months.

Participants were asked ‘have you ever used hormone

replacement therapy?’ and ‘are you using HRT now?’ —
Hormone replacement )

based on these yes or no answers, we categorised
therapy use

hormone replacement therapy use as ‘current’, ‘former

user’, and ‘never’.

Participants were asked ‘Have you ever had a XX’
Prevalence of stroke, including cancer, stroke, and diabetes; - based on
diabetes, and cancer these yes or no answers, we categorised prevalence of

CVD, cancer, or diabetes as ‘Yes’ and ‘No’.
Diet quality AHEI-2010

Participants were asked how often they eat the specific
food item and completed a 217-item FFQs. Portion
sizes were assigned based on McCance and
Total energy intake except Widdowson’s Composition of Foods database, which
alcohol provides standard UK portion sizes. Each food item in
the FFQ was linked to nutrient composition tables to
calculate total energy intake. This was computed as

kcal per day.

Table D5. Baseline characteristics of 23,699 UKWCS participants stratified by drinking

frequency.

Alcohol consumption, units per week

Characteristics

None <7 7-14 >14
Participants (%) 2151 (9.1) 10884 (45.9) 5246 (22.1) 5418 (22.9)
Age, years (SD) 53.7 (9.5) 52.0 (9.2) 50.8 (9.0) 50.2 (8.5)
Degree-level education (%) 406 (20.9) 2451 (24.6) 1592 (32.5) 1713 (33.7)
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Socio-economic status (%)

Professional or managerial 1291 (60.0) 6655 (61.1) 3438 (65.5) 3784 (69.8)

Intermediate 597 (27.8) 3144 (28.9) 1403 (26.7) 1289 (23.8)

Routine or manual 263 (12.2) 1085 (10.0) 405 (7.7) 345 (6.4)
Married (%) 1471 (68.4) 7966 (73.2) 4025 (76.7) 4209 (77.7)
White ethnicity (%) 2015 (96.5) 10506 (98.8) 5094 (99.2) 5259 (99.3)
Anthropometric indices

Height, cm (SD) 163.3 (7.3) 163.6 (6.6) 164.0 (6.5) 164.4 (6.7)

Weight, kg (SD) 66.3 (13.7) 66.1 (12.4) 64.5 (10.5) 64.7 (10.7)

BMI at recruitment, kg/m2 (SD) 24.9 (5.0) 24.7 (4.4) 24.0 (3.7) 23.9 (3.8)
(Pshg‘;'ca' activity (METs), hours/week 151 (10.4)  14.9(10.1)  14.5(9.6) 14.4 (9.7)
Smoking status (%)

Current 199 (9.3) 1024 (9.4) 575 (11.0) 890 (16.4)

Former 463 (21.5) 2949 (27.1) 1755 (33.5) 2156 (39.8)

Never 1489 (69.2) 6911 (63.5) 2916 (55.6) 2372 (43.8)
Alcohol consumption, units/week (SD) 0(0) 2.6 (2.1) 10.2 (2.0) 24.4 (10.9)
Total energy intake except alcohol,
kcallday (SD) 2291 (752) 2295 (693) 2311 (699) 2208 (688)
AHEI-2010 score (SD) 60.1 (10.9) 70.3 (10.5) 69.2 (10.4) 61.0 (10.3)
Menopausal status (%)

Premenopausal 863 (40.1) 5285 (48.6) 2831 (54.0) 3015 (55.7)

Postmenopausal 1288 (59.9) 5599 (51.4) 2415 (46.0) 2403 (44.3)
HRT (%) 565 (26.3) 2849 (26.2) 1400 (26.7) 1506 (27.8)
(F;/rSvalence of CVD, cancer, or diabetes 239 (11.1) 967 (8.9) 425 (8.1) 423 (7.8)
CVD, cancer deaths(%) 232 (10.8) 899 (8.3) 366 (7.0) 394 (7.3)

SD standard deviation, BMI body mass index, MET Metabolic Equivalent of Task, AHEI-2010 Alternative

Healthy Eating Index-2010, HRT hormone replacement therapy, CVD cardiovascular disease.
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Table D6. Risk of rheumatoid arthritis according to drinking status stratified by potential effect modifiers

in the UKWCS.

Stratifying variable

n cases, adjusted HR (95% CI)

p interaction

Age
Regular drinkers (reference) 91
Occasional drinkers 37
Non-drinkers 14
Menopausal status
Regular drinkers (reference) 85
Occasional drinkers 52
Non-drinkers 23
Physical activity

Regular drinkers (reference) 33

Occasional drinkers 20
Non-drinkers 6
SES

Regular drinkers (reference) 14

< 55 years

1

1.27 (0.85, 1.88)
1.23 (0.69, 2.20)
Pre-menopausal
1

1.09 (0.66, 1.80)
1.48 (0.76, 2.88)
Low (tertile 1)

1

1.88 (1.06, 3.38)
1.37 (0.57, 3.29)
Professional/managerial

1

57

35

21

63

20

67

29

47

2 55 years

1

1.45 (0.89, 2.35)
1.22 (0.66, 2.27)
Post-menopausal
1

1.49 (1.01, 2.20)
1.08 (0.63, 1.87)
Moderate (tertile 2)
1

1.37 (0.87, 2.18)
1.25 (0.66, 2.39)
Intermediate

1

48

23

11

87

High (tertile 3)

1

1.01 (0.57, 1.80)
1.21 (0.59, 2.48)
Routine/manual

1

0.9

0.4

0.9
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Occasional drinkers 10
Non-drinkers 5
BMI

Regular drinkers (reference) 85
Occasional drinkers 35

Non-drinkers 18

1.17 (0.66, 2.06)
1.49 (0.75, 2.97)
<25

1

1.41(0.93, 2.14)

1.26 (0.70,2.27)

19

14

63

37

17

1.41 (0.95, 2.10)
1.08 (0.59, 1.98)
> 25

1

1.24(0.79, 1.94)

1.21(0.67, 2.21)

43 1.43(0.58, 3.50)

16 1.28 (0.41, 3.98)

0.9

Models were adjusted for the following: age, socio-economic status (SES, professional/managerial, intermediate, routine/manual), physical activity (METS,
continuous), total energy intake (continuous), marriage status (married/living as married, separated/divorced, single/widowed), body mass index (BMI, continuous),
diet quality (AHEI-2010 score, continuous), hormone replacement therapy, and menopausal status (premenopausal, postmenopausal). HR (95% Cl) hazard ratio (95%

confidence interval).

Table D7. Risk of rheumatoid arthritis according to amount of alcohol drinking stratified by potential effect

modifiers in the UKWCS.

Stratifying variable

n cases, adjusted HR (95% CI)

p interaction

Age < 55 years

None (reference) 14 1

<7 61 0.68 (0.38,1.22)

2 55 years

19 1

60 0.94(0.50,1.77)

0.5
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7-14
> 14
Menopausal status
None (reference)
<7
7-14
> 14
Physical activity
None (reference)
<7
7-14
> 14
SES
None (reference)
<7

7-14

37
30

13

39

26

17

33

12

71
33

28

0.88 (0.47,1.62)
0.64 (0.34,1.21)
Pre-menopausal
1

0.50 (0.26,0.97)
0.66 (0.33,1.31)
0.41 (0.19,0.85)
Low (tertile 1)

1

1.16 (0.45,3.02)
0.95(0.34,2.71)
0.52 (0.17,1.65)
Professional/managerial
1

0.97 (0.52,1.81)
0.97 (0.50,1.90)

0.72 (0.36,1.42)

18

16

20

82

29

29

14

51

25

24

14

36

16

14

0.75 (0.35,1.60)
0.60 (0.26,1.35)
Post-menopausal
1

1.06 (0.59,1.88)
0.99 (0.52,1.90)
0.89 (0.46,1.72)
Moderate (tertile 2)
1

0.83 (0.42,1.65)
0.85 (0.40,1.79)
0.84 (0.40,1.79)
Intermediate

1

0.50 (0.25,1.00)
0.58 (0.27,1.26)

0.51(0.22,1.15)

14

37

18

13

14

0.3

High (tertile 3) 0.02
1

0.52 (0.26,1.05)
0.74 (0.35,1.57)
0.44 (0.19,1.02)
Routine/manual 0.9
1

0.96 (0.27,3.43)

1.29 (0.32,5.17)

0.76 (0.15,3.76)
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Smoking status Current Former Never 0.2

None (reference) 10 1 9 1 14 1
<7 15 0.23(0.10,0.56) 38 0.94(0.40,2.24) 68 1.06 (0.56,2.03)
7-14 8 0.30(0.12,0.78) 24 1.05(0.43,2.58) 23 0.93 (0.45,1.95)
> 14 11 0.24 (0.10,0.60) 17 0.57 (0.22,1.46) 18 0.81(0.37,1.78)
BMI < 25 kg/m? 2 25 kg/m? 0.4
None (reference) 18 1 15 1
<7 58 0.68 (0.38,1.24) 63 0.87 (0.47,1.65)
7-14 31 0.72(0.38,1.37) 24 1.00 (0.50,1.99)
> 14 31 0.69 (0.36,1.30) 15 0.50 (0.23,1.11)

Models were adjusted for the following: age, socio-economic status (SES, professional/managerial, intermediate, routine/manual), physical activity (METS,
continuous), total energy intake (continuous), marriage status (married/living as married, separated/divorced, single/widowed), body mass index (BMI,
continuous), diet quality (AHEI-2010 score, continuous), hormone replacement therapy, and menopausal status (premenopausal, postmenopausal). HR
(95% CIl) hazard ratio (95% confidence interval).
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Table D8. Sensitivity analyses of alcohol consumption and rheumatoid arthritis incidence in the UKWCS.

Alcohol Original model Exclusion of events in first 2 Excluded those who had Excluded those who had
consumption years of follow-up reduced alcohol intake at long-term treatment for
baseline iliness
Cases/ HR (95% CI) Cases/ HR (95% CI) Cases/ HR (95% CI) Cases/ HR (95% CI)
participants participants participants participants
Alcohol status
Regular drinkers 148/15932 1.00 147/15931 1.00 139/14654 1.00 67/10917 1.00
(reference)
Occasional drinkers 72/5306 1.43(1.07,1.90) 68/5302 1.17 (0.85, 1.63) 63/4849 1.34(0.99,1.82) 21/3291 0.98(0.60,1.61)
Non-drinkers 35/2461 1.45(1.00,2.12) 33/2459 1.13 (0.73, 1.74) 34/2460 1.38(0.94, 2.03) 12/1359 1.32(0.70,2.47)
Total alcohol 255/23699 0.98(0.96,0.99) 248/23692 0.97 (0.96, 0.99) 236/21963 1.00(0.67,1.49) 100/15567 0.98(0.96,1.01)
(continuous, per 1
unit/week)
Total alcohol intake
(units/week):
None 33/2118 1.00 31/2149 1.00 31/2147 1.00 13/1205 1.00
<7 121/10763 0.76(0.50,1.14) 116/10879 0.87 (0.57, 1.33) 110/10019 0.79(0.53,1.20) 43/6965 0.60(0.32,1.13)
7-14 55/5191 0.73(0.46,1.14) 55/5246 1.19 (0.67, 2.10) 49/4818 0.75(0.47,1.18) 24/3610 0.67(0.34,1.31)
>14 46/5372 0.57(0.36,0.89) 46/5418 1.54 (0.67, 3.56) 46/4979 0.65(0.41,1.05) 20/3787 0.54(0.27,1.09)
Wine only

(servings/week):
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>4

Wine(continuous, per

1 unit/week):
Beer

(servings/week):

0

<1

1-2

22

only

Beer (continuous,

per 1 unit/week):

Sherry

only(servings/week):

>3

Sherry (continuous,

per 1 unit/week):

Spirit

(servings/week):

0

only

42/3983

61/6112

41/3262

55/6437

255/23669

69/6936

10/1151

20/2116

18/2001

255/23669

65/6942

21/12577

10/1504

13/1016

255/23699

64/6447

1.00

1.05(0.67,1.63)
1.34(0.81,2.20)
1.03(0.65,1.64)

0.99(0.97,1.00)

1.00

0.96(0.47,1.96)
1.01(0.58,1.77)
1.05(0.59,1.86)

0.98(0.93,1.04)

1.00
0.89(0.51,1.55)
0.68(0.30,1.53)
1.45(0.74,2.86)

0.98(0.90,1.07)

1.00

40/4023

60/6172

40/3302

55/6492

248/23692

66/7002

9/1160

20/2136

18/2019

248/23692

63/7005

20/2597

10/1514

13/1029

248/23692

62/6509

1.00

1.00(0.66,1.49)
1.25(0.80,1.96)
0.87(0.57,1.33)

0.98(0.96,1.00)

1.00

0.84(0.42,1.70)
0.99(0.59,1.65)
0.92(0.52,1.61)

0.98(0.94,1.02)

1.00
0.80(0.48,1.34)
0.66(0.34,1.29)
1.16(0.63,2.13)

0.98(0.91,1.06)

1.00

35/3729

55/5595

38/3012

52/5998

236/21963

54/6116

9/1030

19/1845

16/1784

52/6026

17/2281

10/1377

13/972

236/23699

64/6447

1.00

1.06(0.69,1.65)
1.40(0.87,2.24)
0.97(0.62,1.50)

0.98(0.96,1.03)

1.00

0.99(0.49,2.00)
1.13(0.66,1.94)
0.97(0.53,1.76)

0.97(0.94,1.03)

1.00
0.80(0.46,1.40)
0.76(0.39,1.49)
1.27(0.69,2.35)

0.99(0.91,1.06)

1.00

15/2352

26/4088

23/2299

21/4601

100/15567

28/4352

4/819

9/1513

6/1453

100/15567

28/4484

8/1683

4/993

2/666

100/15567

24/4089

1.00

1.02(0.54,1.92)
1.66(0.86,3.20)
0.79(0.41,1.54)

0.98(0.96,1.02)

1.00

0.73(0.25,2.10)
0.91(0.43,1.93)
0.62(0.24,1.57)

0.98(0.92,1.04)

1.00
0.74(0.34,1.62)
0.61(0.22,1.69)
0.47(0.11,1.94)

0.90(0.74,1.09)

1.00
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1 30/2573

2 22/1726

>3 30/3098
Spirit  (continuous, 255/23699

per 1 unit/week):

1.32(0.83,2.10)
1.35(0.78,2.32)
1.02(0.62,1.69)

0.95(0.90,1.01)

30/2603

20/1746

30/3128

248/23692

1.14(0.74,1.78)
1.12(0.67,1.87)
0.90(0.56,1.43)

0.96(0.92,1.01)

30/2573 1.26(0.79,2.01)
22/1726 1.24(0.73,2.12)
30/3098 1.00(0.61,1.62)
236/23699  0.96(0.92,1.01)

13/1716

10/1203

13/2071

100/15567

1.26(0.64,2.46)
1.41(0.67,2.95)
1.10(0.56,2.21)

1.00(0.95,1.06)

Models were adjusted for the following: age, socio-economic status (SES, professional/managerial, intermediate, routine/manual), physical activity (METS, continuous),
total energy intake (continuous), marriage status (married/living as married, separated/divorced, single/widowed), body mass index (BMI, continuous), diet quality (AHEI-
2010 score, continuous), hormone replacement therapy, and menopausal status (premenopausal, postmenopausal). HR (95% Cl) hazard ratio (95% confidence interval).
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Appendix E Chapter 6 Supplementary material

UK Biobank participants recruited
between 2006-2010 (n=501,936)

Exclusion criteria (n total = 11,498):

e Had a rheumatoid arthritis before or on
the date of recruitment (n=6818)

e Lost to follow-up (n=1282)

e Genetic sex did not match self-reported
sex (n=362)

e Outlier BMI data (n=3036)

Participants potentially eligible
(n=490,438)

Participants in unadjusted and
multivariable-adjusted analyses with

complete covariate data (n=354,512)

Excluded due to missing data (n total=
135,926):

e Townsend Deprivation Index (n=592)
e CRP levels (n=32,036)

e Smoking status (n= 345)

e Alcohol intake (n = 1955)

e Physical activity (n=100,998)

Figure E1. Flow chart of UK Biobank participants.
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Figure E2. Time-varying coefficient ( B (t)) of log-transformed C-reactive

protein (logCRP) in the Cox model.
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Table E1. Strengthening the reporting of observational studies in nutritional epidemiology (STROBE-Nut) checklist.

Topic Item Recommendation Page
number (line number)
Title and abstract 1 Indicate the study’s design with a commonly used term in the title or the abstract 1
Provide in the abstract an informative and balanced summary of what was done 1
and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 1, 2
Objectives 3 State specific objectives, including any prespecified hypotheses 2
Methods
Study design 4 Present key elements of study design early in the manuscript 3, Table 1
Setting 5 Describe the setting, locations, and relevant dates, including periods of 3-5, Figure S1
recruitment, exposure, follow-up, and data collection
Participants 6 Cohort study - give the eligibility criteria, and the sources and methods of selection = 3-6, Table S1.

of participants; describe methods of follow-up
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Variables

Data

sources/measurement

Bias

Study size

Quantitative variables

Statistical methods

8*

10

11

12

Cohort study - for matched studies, give matching criteria and number of exposed
and unexposed Case-control study - for matched studies, give matching criteria

and the number of controls per case

Clearly define all outcomes, exposures, predictors, potential confounders, and

effect modifiers; give diagnostic criteria, if applicable

For each variable of interest, give sources of data and details of methods of
assessment (measurement); describe comparability of assessment methods if

there is more than one group
Describe any efforts to address potential sources of bias

Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses; if applicable,

describe which groupings were chosen and why

Describe all statistical methods, including those used to control for confounding
Describe any methods used to examine subgroups and interactions

Explain how missing data were addressed

Cohort study - if applicable, explain how loss to follow-up was addressed

N/A

3-5; Table 1

3-5; Table S2-S3

7-8

8; Figure $1

Table S2

Figure S1

N/A
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Results

Participants

Descriptive data

Outcome data

Main results

13*

14*

15*

16

Describe any sensitivity analyses

Report numbers of individuals at each stage of study - e.g., numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,

completing follow-up, and analyzed
Give reasons for nonparticipation at each stage Consider use of a flow diagram

Give characteristics of study participants (e.g., demographic, clinical, social) and

information on exposures and potential confounders

Indicate number of participants with missing data for each variable of interest

Cohort study - summarize follow-up time (e.g., average and total amount)
Cohort study - report numbers of outcome events or summary measures over time

Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (e.g., 95% confidence interval); make clear which confounders were
adjusted for and why they were included Report category boundaries when

continuous variables were categorized

If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period

8-10; Table 1

Figure S1

Table 1

8-9; Table 1, Table S5

Figure 1, Table 2

N/A
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Other analyses

Discussion

Key results

Limitations

Interpretation

Generalizability

Other information

Funding

17

18

19

20

22

Report other analyses done - e.g., analyses of subgroups and interactions, and

sensitivity analyses

Summarize key results with reference to study objectives

Discuss limitations of the study, taking into account sources of potential bias or

imprecision; discuss both direction and magnitude of any potential bias

Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence

Discuss the generalizability (external validity) of the study results

Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based

Table 2, Figure 2,
Table S6

15-16

15-16

16-18

18-19

20
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Table E2. Diet group categorisation and definitions.

Food Component

Healthy level (score = 1 Original UKB field(s)

Notes on derivation

Fruit

Vegetables

Whole grain

Fish

Dairy

Oil

Refined grains

=3 pieces/day p1309_i0 (fresh/dried fruit, pieces/day)
p1319_i0 (tinned fruit, pieces/week)
23 tablespoons/day p1289 _i0 (cooked vegetable,tablespoons/day)
p1299 i0 (raw vegetable/salad,tablespoons/day)
=1 serving/day p1448_i0 (type of bread)
p1438_i0 (bread slices/week)
p1468_i0 (type of breakfast cereal)
p1458 i0 (cereal bowls/week)

Oily fish 21 time/week  p1329_i0 (oily fish frequency)

Both cheese healthy p1408_i0 (cheese frequency)

AND milk healthy 01418_i0 (type of milk)

Healthy spread AND p1428_i0, p2654 i0 (type of spread)

22 slices bread/day 1435 i0 (bread slices/week)

<2 servings/day p1448_i0, p1438_i0 (white/other bread)
p1468_i0, p1458_i0 (non-wholegrain cereals)

Weekly intake divided by 5 to convert to daily;

sum of both sources.

Sum of both sources; each divided by 3 to

convert tablespoons to standard servings.

Wholemeal/wholegrain bread or wholegrain
cereal (Muesli, oat, bran, biscuit). Weekly
intake divided by 7 to daily.

Frequency categories mapped to weekly

times.

Cheese healthy: 21 time/week; milk healthy:
semi- skimmed, skimmed, or soya.

Healthy spreads:

polyunsaturated/olive oil-based, low-fat, or

plant stanol-enriched.

White/other bread and non- wholegrain

breakfast cereals. Weekly intake divided by 7
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Processed meat

Unprocessed meat

Sugar- sweetened

beverages

<2 times/week

<2 meat types with

intake 22 times/week

<1 serving/week

p1349 _i0 (processed meat frequency)

p1359_i0, p1369_i0, p1379_i0, p1389_i0 (poultry,

beef, lamb, pork frequencies)
p3680 _i0 (total unprocessed meat, g/week)

p6144_i0 (sugary drink intake, times/week)

to daily.
Frequency mapped to weekly times.

Count of meat types each consumed =2
times/week; healthy if count <2. Also

considered zero if total intake = 0.

Healthy if weekly intake <1.
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Table E3. Healthy lifestyle Score definition.

Health How scored

behaviour

Smoking Non-smoker (never smoked) = 1 point

Alcohol Healthy drinking defined as weekly alcohol units <2 for men, <1
intake for women = 1 point

Diet Healthy diet score: based on 10 food components (fruits,

vegetables, whole grains, refined grains, dairy, fish, oil,
processed meat, unprocessed meat, sugary drinks). Each
component meeting recommended intake = 1 point. Sum =7

points = diet healthy = 1 point

Physical Sufficient physical activity: 2600 MET-min/week (or equivalent,
activity e.g., at least 150 min moderate or 75 min vigorous activity per

week) = 1 point
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Table E4. Summary of mediation analyses using the product-of-

coefficients method with bootstrap resampling (UK Biobank).

(adjusted for lifestyle score); adjusted

for same covariates.

Step Description Model

1. a path Linear regression: lifestyle score — Linear regression,
logCRP; Adjusted for same covariates | adjusted for covariates
as main model.

2. b path Cox regression: logCRP — RA | Cox proportional hazards

regression, adjusted for

covariates

3. Total effect

Cox regression: lifestyle score — RA

Cox proportional hazards

effect (a x b)

(¢) (without mediator). regression, adjusted for
covariates

4. Direct effect | Cox regression: lifestyle score + | Cox proportional hazards

(" logCRP — RA. regression, adjusted for
covariates

5. Indirect axhb Product of coefficients

6. Proportion

mediated

(@ xb)/c x 100%

Percentage of total effect

explained.
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Table E5. Characteristics of UK Biobank participants by lifestyle score group at recruitment, stratified by sex.

Characteristics, mean (SD), Male Female

enmo) High score Medium score Low score High score Medium score Low score
group group group group group group

Participants (%) 45,620 (12.9) 62,147 (17.5) 61,473 (17.4) 94,091 (26.5) 56,258 (15.9) 30,254 (8.5)

Cases (%) 380 (8.1) 643 (13.7) 728 (15.5) 1414 (30.1) 963 (20.5) 541 (11.5)

Socio-demographics
Age, years (SD) 55.1(9.0) 56.5 (8.9) 58.7 (8.1) 52.6 (9.4) 56.5 (8.9) 57.7 (8.0)
White ethnicity (%) 42,735 (93) 59,690 (95) 60,039 (97) 89,806 (94) 54,565 (95) 29,971 (97)

Region (%)

England 40,815 (88.7) 55,648 (88.6) 54,952 (88.3) 84,554 (88.5) 50,562 (88.4) 27,141 (88.1)
Scotland 3219 (7.0) 4467 (7.1) 4576 (7.4) 7047 (7.4) 4281 (7.5) 2374 (7.7)
Wales 1966 (4.3) 2675 (4.3) 2673 (4.3) 3904 (4.1) 2378 (4.2) 1280 (4.2)

Household income (%)

High (2£52,000) 12,523 (27.2) 17,900 (28.5) 17,691 (28.4) 20,284 (14.4) 13,108 (22.9) 7671 (24.9)
Medium (£18,000-£51,999) 21,964 (47.7) 29,602 (47.1) 28,481 (45.8) 42,803 (44.8) 26,160 (45.7) 14,093 (45.8)
Low (<£18,000) 7558 (16.4) 10,062 (16.0) 11,202 (18.0) 18,659 (19.5) 10,797 (18.9) 5772 (18.7)

Occupation (%)
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Employed

Retired

Unemployed or disabled

Family/student/volunteer
Education (%)

College or above

High school or equivalent

Less than high school

Townsend deprivation index
(SD)

Lifestyle

Physical activity,
MET.mins/week (SD)

Smoking status (%)
Current
Former

Never

Alcohol consumption, units/week

(SD)

29,138 (63.3)
13,856 (30.1)
2128 (4.6)

488 (1.1)

25,400 (55)
14,619 (32)

5981 (13)

-1.6 (3.0)

27.3 (4.0)

2452 (2305)

1138 (2.5)
4780 (10.4)

39,956 (86.9)

1.5 (2.1)

39,019 (62.1)
19,322 (30.8)
3467 (5.5)

570 (0.9)

32,566 (52)
21,160 (34)

9064 (14)

-1.5 (3.0)

25.8 (3.6)

1928 (2223)

5868 (9.4)
24,613 (39.2)

31,748 (50.6)

2.9 (2.8)

37,517 (60.3)
18,954 (30.5)
4841 (7.8)

475 (0.8)

29,498 (47)
22,250 (36)

10453 (17)

1.3 (3.1)

25.8 (3.9)

1041 (1862)

12,894 (20.7)
37,437 (60.2)

11,084 (17.8)

4.1 (3.4)

52,109 (54.6)
34,470 (36.1)
2725 (2.9)

5496 (5.8)

49,767 (52)
32,850 (34)

12,888 (14)

1.7 (2.9)

27.5 (5.2)

1971 (1925)

2598 (2.7)
13,168 (13.8)

79,101 (82.8)

0.9 (1.2)

34,177 (59.7)
17,271 (30.2)
2403 (4.0)

2958 (5.2)

27,921 (49)
21,185 (37)

8115 (14)

1.3 (3.0)

26.4 (4.8)

1204 (1628)

6011 (10.5)
23,134 (40.4)

27,019 (47.2)

1.8 (2.1)

19,457 (63.2)
8231 (26.7)
1570 (5.1)

1357 (4.4)

14586 (47)
11852 (39)

4357 (14)

1.1 (3.1)

25.0 (4.5)

633 (1209)

6896 (22.4)
18,904 (61.4)

4268 (13.9)

3.1 (2.6)
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BMI, kg/m? (SD) 27.2 (4.1)
Comorbidities
History of CVD (%) 2909 (6.3)
History of diabetes (%) 822 (1.8)
Female-specific covariates
Menopausal status (%)
Premenopausal N/A
Postmenopausal N/A
HRT use (%)
Yes N/A

No N/A

27.7 (4.1)

4694 (7.5)

1048 (1.7)

N/A

N/A

N/A

N/A

28.2 (4.3)

5381 (8.7)

985 (1.6)

N/A

N/A

N/A

N/A

26.5 (4.9)

2374 (2.5)

935 (1.0)

58,249 (61.0)

23,281 (24.4)

34,352 (36.0)

61,153 (64.0)

27.1(5.2)

1579 (2.8)

554 (1.0)

33,086 (57.8)

15,361 (26.8)

20,991 (36.7)

36,230 (63.3)

27.2 (5.2)

900 (2.9)

233 (0.8)

17,503 (56.8)

8321 (27.0)

11,805 (38.3)

18,990 (61.7)

BMI, body mass index; CRP, C-reaction protein; HRT, Hormone Replacement Therapy; MET, Metabolic equivalents; CVD, cardiovascular disease; SD, standard deviation;

<£18 000, £18 000-£51 999, and =£52 000 of average total household income before tax represented the high, medium, and low family income level, respectively.
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Table EG6. Risk of rheumatoid arthritis by lifestyle score group in the UK

Biobank with varying restrictions.

Lifestyle score HR (95% CI)

Adjusted model

Low Lifescore(reference) 1
Medium Lifescore 0.92(0.86,0.99)
High Lifescore 0.81(0.75,0.88)

Excluding participants with < 3 years of follow-up

Low Lifescore(reference) 1
Medium Lifescore 0.95 (0.88, 1.03)
High Lifescore 0.83 (0.76, 0.90)

Additionally adjust for the assessment centre

Low Lifescore(reference) 1
Medium Lifescore 0.92(0.85,0.99)
High Lifescore 0.81(0.75,0.87)

Accounting for death as a competing risk

Low Lifescore(reference) 1
Medium Lifescore 0.93(0.86,1.00)
High Lifescore 0.82(0.75,0.89)

The multivariable-adjusted model was adjusted for the following covariates assessed at recruitment: age
(continuous), region (England, Scotland, Wales), ethnicity (White vs. other), Townsend deprivation index
(continuous), sex (male, female), body mass index (continuous), menopausal status (premenopausal,
postmenopausal), hormone replacement therapy (yes, no), baseline diabetes (yes, no), and baseline

cardiovascular disease (yes, no). HR (95% Cl): hazard ratio (95% confidence interval).
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