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Abstract

Vitamin D is typically associated with bone health, but there is increasing evidence that vitamin D
deficiency plays a role in the risk and severity of several diseases including inflammatory bowel
disease and cancer, dran association between low vitamin D status and irritable bowel syndrome
(IBS) has been suggested. IBS is a chronic, relapsing functional disorder of the gut which has a
considerable burden of cost to the NHS and to the individual living with thistaumdiThe aetiology

of IBS is unknown and the treatment that can be offered is not always effective. Treatment with
vitamin D may be a relatively inexpensive and acceptable form of therapy. The aim of this thesis
were to (i) to review the literature foevidence of a relationship between vitamin D and IBS, (ii) to
investigate the efficacy of a sublingual/buccal vitamin D spray compared to vitamin D capsule, (iii)
and to conduct a randomised control trial to investigate the possible effect of a 3008U/ithmin

Ds sublingual spray on symptom severity and quality of life with individuals with IBS.
Methods:

The systematic literature search was completed using PRISMA guidelines to identify the current
available research investigating an associatiomieen vitamin D and IBS hree databases;

Pubmed, Medline and Web of Science were us&dupplementary search was conducted using the
same method to assess the literature published post 20h&ddition, we conducted an efficacy

study comparing 2 vitain D preparations: capsule and sublingual spray. This study recruited 75
healthy participants and randomly allocated 25 participants to one of the three treatments.
Participants received; placebo capsule/active spray, active capsule/placebo sprayetmoplac
capsule/placebo spray. Blood samples were collected at baseline, day 3, 7, 14, 21 and 28 using whole
blood spot kits (Sandwell and Birmingham Hospitals) for the analysis of vitamin D status. The final
study was a randomised, double blinded, placeoairolled trial with 135 free living participants

with a diagnosis of IBS to examine the effect of a 30001U/day vitagsogplement for 12 weeks on
symptom severity and quality of life in individuals with IB&gerprick blood samples were collected
and whole blood 25(OH)D was measured using liquid chromatography tandem mass spectrometry.
Vitamin D status and quality of life was determined at baseline and@udlity of life was

determined at baseline and exit using the IBS quality of life questionaadesymptom severity was
assessed fortnightly across the study using the IBS symptom severity score questionnaire (2).

Habitual dietary intake of vitamin D was measured using the EPIC Food Frequency Questionnaire.



Results:

The systematic review yielded 7 studies; 3 intervention and 4 observation studies. The evidence
from these studiesuggest a beneficial effect of a vitamin D supplement on symptom severity and
quality of life in people with IBSThe supplementary searaenerated a further 3 randomised
O2YyGNREffSR GNRIfAD ¢tKSaS aiddzRASa |INBS 6AGK (KS
have improvement in their symptomology by supplementing with vitamiTbBe efficacy study

found a sublingual vitamiD spray to be as effective as a capsule at rasimgje blood25(OH)D
concentrations. Baseline measurements of 25(0OH)D concentrations showed a high prevalence
ofvitamin D insufficiency (44.6%) among participants. The data also suggests that ratesgef cha
vitamin D status in response to supplementation are higher in individuals with lower levels of
25(0OH)D. The RCT showed there was a significant improvement in the vitamin D status of
participants randomised to receive active vitamin D (p=0.005) aBeneeks. No difference was

seen in symptom severity and quality of life between arms at baseline and exit (p=0.824, p=0.415
respectively). There was no association betwekangein vitamin D status and change in symptom
severity (r=0.071, p=0.434), mdncrease in vitamin D and change in quality of life0(631,

p=0.733). This analysis fouadveak but significartorrelation between baseline serum

concentrations of 25(OH)D and dietary intake of vitamin D (p=0.046, r=0.17).
Conclusions:

The resultsonfirmthat there is a prevalence of low 25(OH)D concentrations in individuals with IBS
and this warrants correction, if only for general health. The sublingual vitamin D spray proved to be
an effective mode of delivery for raising 25(OH)D concentratiatich may be beneficial to those

who have swallowing difficulties or malabsorption issu¥ge foundno benefit of vitamin D
supplementation on IBS symptom severity or quality of lifewdietary intakes of vitamin D present

in the general population
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Chapter One

Introduction
Vitamin D Biological function and metabolism

Vitamin D has a wedistablished role in bone health as it enhances the absorption of calcium, and
deficiency can lead tdckets in children and osteoporosis/osteomalacia in adidjs Vitamin D is
recognised as a prohormone and is involved in the homeostasis of calcium and the parathyroid
hormone (PTH{2). Vitamin D has two main forms; (@holecalciferol) and IXergocalciferol), the
difference between the two structures is in the side chain (see figu(®)1)This difference

however, does not affect either form in terms of function as a prohormone or its metab@lism

Figurel: Structure of Vitamin Pand I3, taken from PubChem, compounds (in public domaf#)

Cholecalciferol is formed when the skin is exposesunlight or ultraviolet light is acquired by the
irradiation of ergocalciferdin fungi and plantg5). Vitamin D and I3 are biologically inactive until
hydroxylated enzymatically by the liver and the kid@y First hydroxylation occurs in the liver
where it is transported by vitamiD binding proteins (VDBBNd is converted to Z&H)Dthe
precursor to calcitrio{7). VDBP is the main protein transport for all the metalediof vitamin ¥8).
The enzymes P430DYP2RI, CYP27A1, CYP2R1, and CaB3hvblved in the initial hydroxylation
process(9). 25(OH)D then enters the circulation amnds in this form that is typically used in the
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clinical assessment of vitamin D sta{d®). Further activation occurs the kidney utilising a key

enzyme CYP27B1 to convert 25(OH)D to the horithoaative form 1, 2&lihydroxyitamin D
(calcitriol)(11). Calcitriol then enters circulation bound to VDBP, the same plasma carrier for vitamin
D (8). This process of vitamindgtivation is summarised in figure River synthesis of calcitriol is

controlled by two counteracting hormones; PTH and fibroblést growth factor23 (FGF23)12).

&
4‘.”> 80 % of vitamin D source 20 % of vitamin D source
FT A @ = PTH } —— Serum Ca® ¢ Gut
¥ In Parathyroid gland Kidney <+
(290-320 nm) DIET INTAKE Feodback | FGF.23 f «— Serum PO ¢ Bane
SKIN = —- Regulation In Osteablastaicytes
3 = = - 7 Vitamin Dz (Plant sources) pro—
Pro-Vit D, — Pre-Vit D, — Vitamin D, ——+ <9515, i in Ds (Animal sources) i
7.dorydro chorosterct Hoat P CEIAT & oS : Calcitriol § "’Tam ek ehan
SISO YRUV L SV T cvezmii—]
......... A_Vu-mIn o‘;‘m’ In Kidney
c“"" ’ Transporting in blood Growth factor ‘
v o

Malor Giradating for
Calcidiol, 2ON)0 ”
RGP
B1 Actve fory
Calcitriol, 10,25(0H),0 0 & voepP

T Circulation
FGF-2¥

Caicitriol 2
nacy

Feedback Regulation

Hormonal
Reguiation

PTH —]

I Calcitrolc acid

Serum Ca™ | \_]

Billlary Caicitroic acid
excretion

PTH aids in the uptake of calcitriol while FGiRB®its renal synthesis of calcitrifl3).

Figure2: Overview of the vitarnm D metabolic pathways showing the process involved in the activation of
25(0OH)D from dietary/UVB sources and hormonal regulation of vitamin D metabolism (reprinted with
permission (14)

Sources ovitaminD and UKecommendations

Dietarysources

Dietary sources of vitamin D are available in both main formsnD 3. Although in small
guantities vitamin ¥ is found in animal origin foods andi® mainly found in fungi.Animal sources
of vitamin D include red meat, oily fish (i.e. salmon, mackeaatjegg yolkg15) Oily fish is widely
considered the bediorm of vitamin Rin the diet.For examplesalmon (wild/raw)on average
contains 8.619/100g of vitamin @ompared to eggs 3.2 ug/10Qg6). As detary intake of vitamin D

is limited, it is difficult to achieve adequate vitamin D levels through food sources @l@hpe

12



DietaryRecommendations

In the UK, dietary recommendations for nutrients (e.g. vitamins and minene@$nown as the RNI
or reference nutrient intak€18). For vitamin D, the RNI wast for those deemed as being highkr
of vitamin D deficiency (e.g. elderly or those with dark skin pigmentation) and assumed skin
exposure in summer months would adequately provide ieeessary vitamin D requirddr the rest
of the populationwho arenot seesat risk of deficiency19). In 2016;The UK Scientific Advisory
Committee of Nutrition (SACMNublished their findings from an extensive review of vidence
and has recommended that @tidividualsover the age of four have a daily intake of 10ug/day of
vitamin D(Table 3 (20). In the US, daily recommendat®are slightly higher than the UK. The
Institute of Medicine (IOM) recommendaily dietary intakeof 15ug/day for vitamin D inpeople
aged 170 and 2Qug/day for those aged 71 and abof#&l). The NationaDiet and Nutrition survey
(NDNS) conducts a continuous cragsstional study which aims is to assessnhgitional status,
nutrient intake and diet from a representative sample of thiépopulation each yeaf22). The
NDNS has determinedtamin D dietary intake usingday diet diaries angitamin D status using
plasma concentrations of 25(OH)Dietary ntakeof vitamin Dwas less than the recommended
10ug/dayfor both childrenaged 418 years (mean3.3 pg/day) and adultaged 1964 years
(mean=5.4ug), witlthe exception of women aged 654 years(mean= 10.1ug/dayjue to the use of

supplements.

13



Tablel: Dietary recommendations from SACN and IOM (advisory committees)

SACN IOM

Age Groups General Population General Population Populations at Risk

(hg) (hg) (hg)
0-12 months 8.510 10 1525
1-4 years 10 10 1525
4-8 years 10 10 1525
9-18 years 10 15 1525
19-70 years 10 15 37.550
>70 10 20 37.550
Pregnant women 1.8 years | 10 15 1525
Pregnant women >18 yeqg 10 15 37.550
Lactating women 1438 10 15 1525
years
Lactating women >18 years| 10 15 37.550

ISACN: Scientific Advisory Committee on Nutri{@®); IOM: Institute of Medicing€23).
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Cutaneous sythesis ofvitamin D

The major source of vitaim D; for humans is skin exposure to sunlighi) Cutaneousysthesis of
vitamin Doccursthrough the action of UVB rays ordéhydrocholesterol found in the skin, which
results in its conversion to 25(OH(B4). VitaminDis producedn the skinwhen exposed t@pecific
wavelengths ofiltraviolet radiationwithin the UVB range between 278D0nm(25). Factors that

are dependent orthe successful epidermis synthesis of vitamin D include season, time,of day

latitude and skin pigmentatio(26). Evidencdrom a prospective coht study with an adult (2&0

years),white, UK population (n=125) showed that by September this population had not reached a
serum 25(OH)D levéhat was sufficient enough to maintain adequate status throughout winter
months(27). The authes define that optimum serum 25(OH)D levels for healtbgucasian adults
aged 2060 yarsshould be 76nmol/L for women and 87.3nmoal/L for meFhis should bachieved

by end of summer to prade sufficient levels of vitamin D for the winter months.

Other research reports that faLaucasian individuals living in the UK,3minutes of sun exposure
daily at noon for the months of March through to September should be sufficient to maintaimser
Hpohl 05 O2yOSY (NI GA2ya 2 7F (28 Htjs imgtdnkig notd BallJ § K S
populations Wing in the UK, with darker pigmented skin may need different guidance on adequate
sunlight exposure A singlecentred, crosssectional study wh 124 participants examined the effect
of skin colour on vitamin D status in individuals living in an urban setting (New Yor2@jty)
Kaufman andalleagues state that there is an association between darker skin pigmentation and
lower vitamin D status in this populatiofRecent researchonducted in South Asian participants

living in the UK, reported that individuals with brown skin needed sunéighosure to be 2.8

gAYy

times more than fairer skinned counterparts to achieve similar serum 25(OH)D concentrations over a

6 week period24). Skin pigmentatin will be discussed further in this chapter (vitamistBXus).

Gastrointestinal absorption and transport of vitamin D

Vitamin Disfat soluble and isbsabed with other dietary fatsn the upper part of the
gastrointestinal tract (G(6). Original research by Hollander (1978 portedin vitro evidencethat
vitamin D can be absorbetdaughpassive diffusion without theeed for carrier mediagd or active
transport (7). Further research questionediththeory and has since shown that absorption of this
fat-soluble vitamin may share common pathygawith cholestero{30). Reboul and colleagues

(2011) used mouse models to show that along with simple diffusion, vitamin D is also absorbed,

15



partly, involving a cholesterol transport¢81). StudiesO2 Y 1 Ay dzZSR (2 o6dzAf R 2y wSbo
the absorption mechanismof vitamin D andbserved similar mechanisms with cholesterol

absorption. Studies have shown evidence that factors suchdban fatty acids and phytosterols

that inhibit the absorption of cholesterol also reduced the uptake of vitam{&2) 33) Although

gaps in the knowledge are present, a recent review concludes the absorption of vitamin D appears to

be through passive diffusion with membrane transporters, particularly cholesterol transp¢8iys

The majority of the absorbed vitamin D is in the chylomicrons within the enterosytieh then

enters the circulation and is quickly taken up by the |{3&r, 36)

Vitamin D status

Definition and thresholds

Vitamin D status can beategorised as deficient, insufficiemind sufficient. The thresholds for each

of these categories are defined Trable 2.

There is still no agreement over the specific thresholds afise25(OH)D concentrations that should

be recognised as deficient, insufficient, and suffici@m). SACNUK)defines deficiency as less than
25nmol/L, while thelOM in the U$as a slightly higher threshold 25(OH)D concentrations of
30nmol/L which are casidereddeficient(20, 21) SACN did extensive research reviewing what is
known aboutthe different thresholds and the impact on musculoskeletal health, specifically
reviewingliterature on muscle strength and function, falls, rickets and osteoma(&88ja SACN

found the data to be inconclusive amésunable to advise a specific serum @5{)D threshold

which risk of osteomalacia increas@D). Thigresulted in their definiton for deficiency to be

25(0OH)D concentrations below 25nmék this was associated with increasesk of poor
musculoskeletal health, howevghis is not to beconfused for use asdinical diagnostitool or

threshold for diseasé39). Symptoms of vitamin D deficiency may present as vague andpecific

such as fatigue or general achasadults(40). Research shows that muscle weakness and pain is
usual in the pelvis, thigh, foot and hip for adults with a vitamin D deficiedtyIn children, severe
deficiency can present as seizures, bone deformation, swelling of the wrist and avoidance of weight
bearing(42). Clinicians generally test for vitamin D deficiency if the patient is at high risk of vitamin D
deficiencydue to low sun exposure, disease (osteomalacia) or presentsswiitiptoms(43).
Individuals(e.g., the elderly and pregnant women) at high risk of vitamin D deficiency are outlined

further in this chapter.
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The IOM put together a committee of scientists and experts to review current research to set
recommendations of dietary reference intakes (DRIs) for vitamin D and calcium for the benefit of
musculoskeletal healtf21). The synthesis of the research found serum concentrations of 30nmol/L

or above were adequate for the proteoti of skeletal health, but no conclusive evidence was found

to support recommendations for extrskeletal outcome¢44). Although there remains debate on

what levels of vitamin D should be considered for deficiency, insufficiency, and sufficiency, it appears
that an agreement among researchers that havitgnain D levels below 25nmol/L will negatively

affect skeletal healtl45).

Although rare, oxicity of vitamin Dbccurs when blood concentrations of 25(OH)D re=sz20

nmol/L(se

Table2 table 2 as a result of extremely high intakes of vitamin D (supplement f(46)

Intoxication of vitamin D iacilitated through hypercalcaemigith symptoms including frequent
urination, nausea, and weakne@k/). Hypercalcaemia is the accumulation of calcium in soft tissues
(48). Due to the lipophilic profile of vitamin D and its storagéruman adipose, this mechanism can
increase the time frame for toxic levels to remain longer after exposure has €d@gd
Hypervitaminosis D with hypercalemia can be fatal as high concentrations of 25(OH)D induce renal

failure and cardiaarrhythmias(50).

The means of how toxicity of vitamin D occtemains unconfirmeghowever there are three
theories used to eplainthe possiblemechanism®ehindvitamin D toxicity50). Thesetheories are
allassociated with increase in plasma concentrations of 25(OH)D that has contact with VDR in the

nucleus of target cells which results in gene eeepressiorn(51).

Table2: Vitamin D thresholds from IOM and SACN

IOM SACN
Deficient <30nmol/L <25nmol/L
Insufficient 30-50nmol/L n/a
Sufficient >50nmol/L >25nmol/L
Toxicity >375 nmolL >375 nmolL
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Assessment

The assessment of vitamin D status is a changing land¢52pel iquid chromatography mass
spectrometry is the most common method used for testing 25(0OH)D concentrg&8hsThere has
been some debateegardingwhich metabolite should be tested to determine vitamin D status
25(0OH)D1,25 dihydroxyvitamin Or free (unbound) vitamin [B4). Concentrations of free 25(OH)D
is measured directly usingcagntrifugal ultrafiltration,validated ELISA kit or can be calculateded

on VDBR albumin and totaR5(OH)Dserum levelg55). In a healthy ppulation, free vitamin D

status compared taotal 25(OH)D is significantly correlatésb). Howeversome clinical conditions
such as renal disease may affect alburidBP, andn affinity for VDBP for 25(0OH)D metabolites,
therefore, affecting the amount of free vitamin D and the relationship betweee fand total
25(0OH)D level&6).

Skin pigmentation

Vitamin D deficiency is now seen as a global public health {(83)ie This is especially true for those
who are darkesskinned living in European countries of a northerly latit{@@). In the UK, 82% of

the South Asian population have levels that are deficient during summer months which rises to 94%
in the winter(59). Research focusing on ethnic minorities residinglKaner city in Birmingham

found that Asiarand Black AfreCaribbearpopulations have higher prevalence of vitamin D

deficiency rate$31%21% respectively) compared to Caucasians (12%). Interestingly, it was noted
that Asian women had a higher prevaleraleficiency compared to med 8% and25%

regpectively) in this populatio(60).

Elderly

Research has shown a high prevalence of low vitamin D status in the elgedy-65 year&61-63) .
The term elderly is defined as having a chronological age of 65 years and(@bpveEhis is relative
to the economic status of the country and life expectancy of the population. This is reflected in the

WHO definition of elderly in Africa as individuals of 50 years and (6&&r
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Many factors contribute to low vitamin D status in older persons, this includes compromised ski
synthesis of UVB rays as a result of reduced sunlight exposure and reduced dietary intake. Sun
exposure may be compromised due to poor mobility (hebeeand or instutionalised) and an

impaired ability to successfully synthesise UVB rays from the(86)1. Malnutrition is common

amongst theeldery, and this may also be a contributing factor for their lower vitamin D sté@d®

A German study recently reportede prevalence o¥itamin D deficiency ihospitalised frail elderly
patients which found sufficienserum 25(OH)D concentration$ >50nmolLin 12.6% of the sample
(n=167)68). Similar findings were reported by Kweder et al (2018) whadahat43%of older

adults aged 75had serum 25(OH)D concentrations less than 24 nmioldpopulation based study

with 125 participant$69). This prevalence of low vitamin D status in older persons may increase the

risk of poor musculoskeletal health, which is discussed further in this chapter.

Pregnang and lactation

The prevalence of vitamin D deficiendyring pregnancy has been reportedramge from 1884%
across the globe, depending @rhich country the motheresides sun exposure and dietary intake
(70). A concern of low vitamin Encentrationsn pregnancy is theffect it may have on the

mother and unborn infant. Research has shdahat having insufficient/deficient 25(0OH)D
concentrations during mgnancyh Y ONB | 4 Sa { K Preedi@dmpsaSindydstatiodiat | 2 F
diabetes(71). Exdusively breastfed babies agd particularrisk for lowvitamin D levels as a resuif

low status in the mothe(72). This was most apparent in unsupplemented babies with little or no

sun exposure born to mothers with low vitamin D concentrations in pregnancy and lacta8pn

This low status appears to contia to be prevalent in young children (22 monthsj74)and in
adolescencég75). In support, al’Americancrosssectionalstudyconducted with n=36%ealthy

children between 12 and 24 months found a relationship between the risk of vitamin D deficiency
and breastfed infants that were unsupplemented and toddlers who had a highe(BMIA UK

based studyvas conductedising the NDNS survey data to determine the prevalence andqtoesli

of vitamin D inadequacy in children aged & (n=1102)75). This study reported that 35% of the
sample(n=1102)had insufficient vitamin Boncentrationg>50 nmolL) and this was found tbe

associated with increasirage specifically with adolescents aged-18 years compared to younger
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children. Nornwhite skin was also seen to beainsiderably higher risk d@rfisufficiencyin
comparisorto white skinned counterpartsas well as low levels of outdoor activity, increased screen

time and BMI.

Approximately 20% of the infants required dietary intake, as recommended by the IOM is obtained
FNRY GKSAN Wik@8 SheEeis a biitd lardoiint of research looking at vitamin D
status in breastfeeding motherbowever, it is suggested by the literatiieK G G KS Y2 i KSNR &
D status affects her offsprin@7, 78) Research in Norwashows that immigrant mothers,
specificallyPakistani, Turkish and Somali and their infants had insufficient or low vitamin D levels,
most notably in infants who were exclusively breastféd). North Ameri@anresearch comparing
Chinese and Mexican mothers iworth American (Cincinnati) mothers fourdamin D deficiency
(<®0nmol/L)in 60% of the Mexicaand 50% of Chinese mothero®mpared to only 17% of

deficiency in the Cincinnati mothers measured at foweieks postpartun{80). The regarch, albeit
limited, showsthat breastfeeding mothers appear to be at high risk of low vitamin D status and
should be routinely assessed for serum 25(OH)D levels and supplemented where appropriate to
benefit both mother and child

Role in health

Musculoskeletal health

Vitamin D has a wedistablished role in bone health whigays arimportant role in bone
mineralisation and aids calcium absorptid). 25(OH)D is responsible for the maintenance of both
serum calcium and phosphorus concetions to promote mineralisation of the human skeleton

and maintain vital cellular functiss (81). Bone mineral density is positively correlated with
increasedserum25(0OHD) levels in all age groypg). Mtamin D deficieng causes osteomalacia in
adults and rickets ichildren(2).

It remains unclear whether vitamin D supplementation has a beneficial effect on muscle strength.
A recent RCT showed no improvemeéntnuscle strength, postural ability or physical performance in
females aged 6@0 with a threemonth vitamin B supplement of 2800 IU/day compared to placebo
(83). In contrast a systematic review and metmalsis reviewed crossectionalresearch to
investigate whether there is a relationship betweeniltsain older adults with low serum 25(OH)D
concentrationg84). Althoughimited to the crosssectional data, the metanalysis of 13 studies

reported that lower 25(OH)D conctations weresignificantlyassociated with an increase in frailty.
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Low levels of vitamin D in older adults, especially those in residentialcaeen as an important

and ongoingublic healthissue(85).

In addition, a one year, populatichased randomised controlled trial using 300 older women aged
70-90, with insufficient vitamin D status§&nmol/L) at baseline, showed improvement in both
muscle strength and function in the slowest and weakest participants ofdhisrt(86). These two
studies are very similar in design usfreg-living, older female participants, withtamin D
insufficiency(<50nmol/L) put otherwise healthyand placebo controlled. However, the different
results could be attributed to the much larger sample size (n=81 vs n=300) and longer trial duration
(3 months vs 1 year) evidenced by Zhu et al. 2Q18v vitamin D levelsnal the risk of falls and
fractures have alsbeen researche@7, 88) In a recent (2018) systematic review with meta
analysis and trial sequential dgaesreviewed 81 randomised controlled trial$his pooled analyses
found that a vitamin D supplement ranging from 100I1U/&®0,000 stat, had no effect on falls
(n=37), hip fracture (n=20) or total fracture (n=389). The evidence for a relationship between

vitamin D andisk of falls and fractureappears to remain inconclusive.

Obesity

Low vitamin D status is associated with excess body mass and d8€3ityrhe mechanisms behind
these low levelss uncleay however, many theories have arisédi). Decrease in vitamin D levels in
this population has been associated with raised plasma parathyariadne (92). This imbalance
reduces the absorption of calcium and as a result can increase the risk of otltiamsmsuch as

cardiovascular diseag63).

A systematic review and me&nalyss founda higher prevalence aofitamin D deficiency in
participants that are obeseompared to both normal and ovaveight counter parts by 35% and
24% respectivel@4). Further support for this in a more recent reviésund individuals whaare
obese to hae on averag@0% lower serum 25(OH)D levels than people with a normal wédht
This was found to be consistent across ethnicity, agegaadjraphicalocation. It is postulated that
low dietaryvitamin Dintake, limited sun exposure, inflammatipand dilution and/or sequestration
of vitamin D stored in the excess fat masay account for the association between obesity and
vitamin D It has been argued whether vitamin D has been seques{8fgihto fat or simply
diluted volumetrically(96, 97)without absolute conclusionsA smallkingle centre studinvestigaed

the storage of vitamin D in adipogissue in women with obesity undergoing bariatric surgery
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compared women of normal BMI undergoing abdominal surgery not gynaecological reasons. They
found similar vitamin D status in both groups amdifference in the ditribution of vitamin D in
adiposetissue(stbcutaneous and omenta(p5). It was also evidenced in both groups that adipose
vitamin D cocentrationwas directly related to serum vitamin D statudowever the stores of

vitamin D in the adipose tissue was higher in the women with obeSitye authors concluded that
femaleparticipants who ar@besestore vitamin On the excesadipose Thisstorage of vitamin D
createsa need for further vitamin D to saturathis reservoiwhich may put individuals that are
obese at risk oinsufficient serum 25(OH)Ebncentrations This suggests that storage of vitamin D is
likely to be sequsteredin those who are obeseThe authors statthis isthe firs study of its kind to
investigateserum 25(OH)D concentrations in subcutaneous and omental adipasdividuals who

are obeseand norobese It is important to note that these results@not generalisable to all

people with obesity since this was a convenience sample in a population undergoing surgery. It
would be valuable to consider the adipose tissues stores of vitamin D in a population with obesity
who were had low vitamin D statusThe small sample afdividuals who are obeg@=21) and
non-obese (n=25) also make it difficult to draw definitive conclusions regarding how vitamin D is

stored in individials living with obesity

A crosssectiona) populatiorbased studynvestigaed therelationship betweerparticipants that

are obeseand norobese and serur@5(OH)D concentrati®(97). Total samplsize was 686; with

35 participants in the obeseohort and 651 in the neobesecohort. This sample was derived from

a previous study which recruited 1,179 postmenopausal women from a rural (easaskebUSA)
community to investigate vitamin D and calcium over a 4 year pd#igyl Al participants were
unsupplemented and serum concentrations were seasonally adjusted. Regression analyses were
performed using both hyperbolic and lineaiodels. The authors fourgh inverse association
between 25(OH)D ewmentrations and fat mas3.he hyperbolic model proved to eost

appropriate as imathematically shows thassociation between volume and concentration. The
research reports that thesesults offer a confirmation that serum 25(OH)D concentrations are
stored volumetrically and not sequestered. However, the hyperbolic model when applied can only
be approximated as this model relies on the data to be consistéhis is undermined by the
inconsistent daily contribution of cutaneously sourced vitamin D. In addition, there is a limited
sample size (n=35) and no deficient participants e dbese cohort study. This makes it a

challenge to confidently confirm vitamin D is stored volumelic
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It remains consistent in the literature thaeople who are obesare at risk of low levels of vitamin D
compared to normal or oveweight individualg90). This may or may not be due to volumetric
dilution or sequestered in the exse fat massLittle is known othe clinical impact of low sam
vitamin D on the individuals living with obesibhgwever, BMI should be considered when evaluating
serum 25(OH)D leve(89).

Obesity has also been associated with chronicdpade inflammation A cross sectional study
found an invers association with inflammation biomarkers€active protein, Interleukin 6 (1),
tumor necrosis facteh  0-¢ Gb I YR f 2 ¢ @N0j IGRPAis/knovn for Ssdo@éritig effect
on fat-soluble vitamins, specifically vitamin(D01) One study suggests, for appropriate
interpretations of plasma 25(OH)D;RP levels must be <10mg/r{l02)

The research shows a connection between obesity, inflammatid2&(OH)D levels. Inflammation,

especially €RP should be adjusted for when accountingdeficiency in people who are obese

Type 2 Diabetes

In the UK1 in 40 people ardiagnosed with type 2 diabetg¢403) Type 2 diabetes ia mapr

burdenof costto the NHS that can be largely preventable and manageable with a change in diet and
lifestyle factorg104) Research has invegdited the possible relationship between vitamin D
deficiency andmpaired insulin resistance, glucose intolerance, reduced insulin secretion and the
metabolic syndromé105) It is thought thatiitamin Ddeficiency reduces the function of pancreatic

i -cells which impacts othe secretion and resistance of insulin  Mitri and colleagues (2011) found
an inverse association between vitamin D status and high glucose levels that been reported from a
number Fof other crosssectional studie$106) Arandomised contro#ld trial found a single bolus

dose of vitamin D (400,000 )Un 63 men and women with T2DMth vitamin D deficiency

6 02y OS y BMNimadiI/R ddyhét imp¢ove insulin secretion or sensitivity, owed-month

period(107) A recent randomisediouble-blind, placebo controlled clinical triavith a large

sample size (n=2423) compdra vitamin D 4000IU/day supplement to placebo ovéryaar

duration in those who are considered to be &tigh risk of developing T2D{08) This RCT found

no significant difference betwegplacebo and treatment in reducing the risk of developing type 2

diabetes.

Another recent review concluded that vitamin D supplementai®not recommended to improve

or prevent type 2 diabete§l09) In contrast, a review blips and colleagues (2019) didserve an
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improvement with vitamin D supplementatian deficient participants on HbAlc, insut@sistance

and insulin secretion in some clinical tridi®wever, effect size was small.

Grammatiki and colleagues also reviewed the available literature and concluded that current
research is conflicted and fraught wilimitations such as unpowereample size and duration

(110) In support of this, an expert panel has collaborated to review the evidence regaitdinmgv

D and disease. Their recommendation was that vitamin D supplementation would not prevent or
treat T2DM, however, may benefit those early on in disease onsehawea deficient statug111)
Indeed,Giovanni et al. (2016) state thitis unclear if supplementation is more effae when the

R S O NB I-cglGandiingulin function is in its early stagésiamage. The possible relationship
between vitamin D and type 2 diabetes rams disputed as observational stud{@42)find positive
associations and randomised control trial data draws no conclugid® The most recent (2020)
evidenceon the possible benefit of vitamin D supplementation on T2DM agrees that the large

differences in the vaables aforementioned makes/glence ofareal effect challengingl13, 114)

Gastrointestinal

Vitamin D has been linked to several gastrointestinal disordel’'S117) Emerging research is
providing evidence that suggests this prohormone may improve recurrence and survival rates in
colorectal cancer and redugymptom severity in inflammatory bowel disease (IBD) and irritable
bowel syndrome (IB%)114, 118, 119) IBS and vitamin D in particular is a new and developing area
of research. Vitamin D infficiency ($0 nmolLl) has been observed in tee with IBS, UC and CD
(120-122) Evdence is limited in the area of IBS howe\arailable literatureshows low levels of

vitamin D(115, 123, 124)Vitamin D deficiency has also been obserireIBD and colorectal cancer
patients(125, 126) There is little understanding of whether low concentrations of 25 (OH)D is cause

or effect in gastrointestinal disorde(427)

Colorectal cancer

Colorectal cancer (CRC) is the second most coryd@agnosed cancer in women atfite third
most common cancen men in Europ€128) In the UK, there are 42 000 neases each year with
an improved 5 year survival rate of 6Q¥%29) Research has identified three patterns of incidence

and mortality rates of global CRC30). Arnold et al. (2015) classify the patterns as; group one with
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both incidence and mortality on the rise (e.g. Brazil, Croatia and Spain), group 2 have increase in
incidence but a decrease in mortality (e.g. UK, Ireland and Sweden) and lasily 3giwhich has

both a reduction in incidence and mortality (US, Japan and Austria). There are on average 100 new
cases of CRC diagnosed every day iflBK) Many CRC studies have reported low vitamin D levels
and?2 recent metaanalyses shows strong evidence for an inverse association between serum
concentrations of 25(OH)D and colorectal adenomia(fi82, 133) Evidence linking the effect of

vitamin Dsupplementation and CRC prevention remains inconclusive. A largar Btudy with

36,282 postmenopausal women investigated the effect of vitamu(800IU) plus calcium (1000mg)
daily supplement compared to placebo on the risk of developing(CBIJ No association between
daily supplementation of vitamin D and calcium on the incidence of CRC was found. In contrast, a
nested caseontrol study in western European populations (ERIGYY showed a strong inverse
relationship between praliagnosis 25(OH)D levels and colorectal cancer risk using 1248 cases and
1248 age match contro(d35) It remains unclear if vitamin D statuasha causal linto the

development or prevention of CR@uchs et al. (2017), used predictive modelling for stage Il colon
cancer patients (n=1016). Predictive modellisgsivalidated regression models to forecast future
2dzi O2YSao {LISOATAOFIffer (KAAa NBaSINOK FaasSaasSRr
diagnosed with CRC then created a model to predict levels of 25(OH)D using a score. Using Cox
proportional hazards, the predicted plasma 25(OH)D scores were then investigated on cancer
recurrence and mortality. It was determined that the higher predicted 25(OH)D levels post diagnosis

are associated with lowarancerrecurrence rates and increased swali(136)

In summary, the evidence suggests having higher concentratio2s(OH)D may improve mortality

and recurrence rates in those with colorectal cancer.

Inflammatory Bowel Disease

¢KS (62 YIFIAYy (GeéLlSa 2F AyFElLYYFIOG2NE o026Stf RAASI &
The aetiology of these conditions is unclear, however both of these chronic conditions cause
inflammation to the gastrointestinal tragfl37) Ulcerative colitis is primarily located in the large

bowel, while Chas inflammation anywhere from mouth to anus, with the most common b#irg

right colon and the terminal ileur(L38, 139) In Europe, over 2 million peogiave been diagnosed

with IBD which has an immense effect on health @ard is considered a major public health concern

(140) The prevalence of IBD has been increasing in western populations since 1990 at a substantial
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rate; from 79.5/100 000 to 84.3/100 000 in 20Q141) A recent prospective cohort study estimates
prevalence for U@t 397 andfor CDat 276 per D0 00(142)

Numerous drug therapies for this condition are available, inclugigdplizumab and ustekinumab,

however, approximately 30% of patients do not respond to this form of treatr{iet8) Patients may

needto test many therapy options until the most effectiaption is discovered144) Vitamin D

deficiency has been associatedtlwiincreased inflammation and disease activity in |@@5)

Research shows that vitamin D insufficiency is common in thoselBRK146, 147) In support of

this, vitamin D levels were measured in participants with IBD and found 49.8% were vitamin D
deficient(148) There are limited RCTSs investigating the effect of vitamin D as a treatment. The most
recent data from a pilot study supplemented patients with M@ RSNJ S / NRPKy Qad RA &
50001U/day for 24 weekfl49) Their findings suggest achieving vitamin D levels to above 40ng/ml
(100nmol/LE NBRdzOSR / NRKy Qa RA &SI & 230470at oaBdliepto KF0RSE 6 /
for 67% (ex) (p=<0.0001pnd improved quality of life scordom 156+24(baseline}o180+26(exit)

(p=0.0004) in this small sample (n=18i. earlier study compared the effect of 1,25(0OH)2 to 25(OH)D

with CD participants to investigate effect on bone pathology diskase activity. This research

presents beneficial effects on bone metabolism and disease activity in the shor{1&0h It is also

suggested that vitamin D mayay a role in reducing relapse frequency. A recent ragtalysig151)

provides evidence that all IBD relapse rates, including both UC and UD, may be controlled with
improved 25(OH)D levels and recommends that vitamin D supplementation is incindéa

treatment of IBD.

Ananthakrishnan et al. (2012), conducted a prospective cohort study with over 70,000 females, aged
40T 0o FNRY (KS bdzNESaQ008. Sheir évidende Shizisa deErbiBeYin incidepoe
of CD in women with higher plas levels of 25(0OH){@4).

The evidence presented offers a possibladig of avitamin D supplement to reduce relapse and

disease activity imflammatory bowel disease.

Vitamin D binding protein and the possible mechanism for Gl disease

The possible mechanism for vitamin D in gastrointestinal disease is thought lodugh the
vitamin D receptor (VDR) and its mediated pathways within the cdl62) VDRwhich is present in
many tissues and almost all immune cells, has been investigated and found to have involvement in

the possible development of inflammation in bowel disordend aolorectal cancerél53, 154)
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VDR is strongly expressed in the colon and is a potential regulag@nefexpressiofil18) The

vitamin D receptor mediates the majority of recognised functions of-tljagdroxyvitamin B(153)

In reference to IBD, VDR expression is significantly decreased in those Wiib8DVDR may be a

biomarker for these complex conditions and offer insight into those who may respond to vitamin D
supplementation. Susceptibility genes have also been investigated in both IBD and IBS and may

offer supplementary insightZucchelli and colleagues (2011) investigated single nucleotide

polymorphisms (SNP#)at are commonly seenih N2 Ky Q&4 RAaSFaS |yR NBLR2NIS
allele rs4263839 G in tHENFSF1§ene (involved in inflammatory responseasalsoassociated

with IBS suggesting that susceptibility to IBS is mediated via similar inflammatory patii®&6)s

This finding may inforrfuture research to further investigate the means that fhilFSF1§ene may

offer to the pathogenesis of IBS.

Irritable Bowel Syndrome

Features

Irritable Bowel Syndrome (IBSxifunctional disorder of the gastrointestinal tract which is prevalent
in approximatelys% t020%o0f the global populatiorf157-159). Functional gastrointestinal disorders
(FGIDs) is a term for chronic ecurrent conditions of the gastrointestinal tract that are absent of
any pathophysiologgnd thatare diagnosedbasedon symptoms and include constipation,

dyspepsiapesophageatiisorders and IB&60)

In the UKIBS incurs a high cost to the NHS, in 2BQ23 it was estimated at ovérl1 000 00(q161)

LG A& | NBfFLBAAY3 O2yRAGAZ2Y GKIFG KFa 0SSy GNI RAC
bowel habits; IB® (diarrhoea predominant), IBS (constipation predominant)3SM (mixed or

alternating of both) and IBB (undefined)162) Altered gut motility can be seen as the main
pathophysiological component in IBS. Gut dysmotility can affect themeatolon, small intestine

and the stomach in approximately Z%% of IBS patien{d63) Kanazawa and colleagues (2008)

show that altered motility was associated with dissatisfaction in bowel habits and abdominal

distention in their prospective study with 129 individuals with (B&!) The cause of the syndrome

appears tabe multifactorial and may include social, biological and psychological influétgss

Despite the high prevalence ofitondition, the aetiology of IBS remains uncl€eg6) IBS can
yS3alL GA@St & AYLI essociationslaveibeey ®@dith deprdsSon, lankiBty and pest
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traumatic stress disordgl67) The effect of mental health on IBS could be explained by the gut
brain axis and visceral sgitivity. The gubrain axis is the physiological connection between the Gl
tract and the central nervous systefi68) Asfurther discussed later in this chapter, visceral
hypersensitivity in IBS participants have been identified through a lower pain tolerance to colonic or

rectal distension compared to neiBS counterpart§169)

Infectious enteritis is a posde riskfactor for developing IBS. This is considered a subset of IBS
known as postnfectious IBS (RBS). This occurs after an acute episode of gastroenteritis in those
who had no previous IBS symptoms or diagn(isi®) The associated risks for the development of
PHBS may include; being younger in age, female, severity of the gastroenteritis event, and the

presence of psychological distress before or during gastroentétifik)

IBS diagnosis

In 1978,the first effort to establishan objectivecriteriafor the diagnosif IBSwasknownasthe
Manningcriteria(172) Manningand colleaguegound that IBSnpatientssharedfour common
symptoms;abdominaldistention, frequentandlooserstoolswith the onsetof pain, alleviationof
painupondefecation(173) In asimilarstudyconductedin GermanyKruiset al. (1984)reported

three hallmarkrelapsingfeaturesreported by IBSparticipants;altered bowelfunction, bloatingand

pain(174) Thisledto ameetingin in Rome(1988)where expertsin IBSgatheredto createa
standardisedliagnostidool for IBS(175)

TheRomecriteria for the diagnosis of irritable bowel syndrome were first developed in 1992 to

prevent patients from needing extensie&d invasivenvestigations such as colonoscdgy6)and

to be able to identify eligible patients for pharmaceutical intervention stu@i€$) IBS was and

remains difficult to diagnos€l77) The Rome criteria diagnostic tool has a set of standatdise

guestions relating to abdominal pain, bloating, stool consistency/frequency aied adtier

defecation. These q@#ions have altered as the criteria has been updated to II, lll, and most

recently in 2016 to Rome [{£78) There has been little validation for Rome | and Il and none for the
Rome Il criteria until Fordand €06 | 3dzS4Q S @It dzZt GA2Y Ay(a7@0uThees p &St
is debate around the efficacy of Rome IV. Research has shown that Rome IV vs Rome Il significantly

lowered the prevalence of IBS and may miss those with mild or less severe syn{fp&0n481)

Risk factors for IBS
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Epidemiologic study of IBS is tbaging due to symptom variability, a large proportion of those
living with IBS not seeking medical attention and the lack of unbiased findi@8% Twoknownrisk
factors for developing IBS are being female and contracting a gastrointestinal infek&@n.84)
Women have been showm thave a higher prevalencd IBShan maleq185) Globally |BShasan

overallprevalencehat is 67%higherin womenthan in men (186)

Research suggests a reason for this gender divide is that women are more likely toesked

advice tran men(159) Ifwe compare IBS rates between men and women in Africa, South Asia and

South Americathey are similar in prevalence and in some instances, men have higher rates of the
condition(187) As aforementioned poshfectious IBS (RBS) is considered another way to subtype

IBS. It is the onset of persistent abdominal symptoms post gastroenteritis imfie¢i88) The

estimated incidenceates for PAIBS are as follows; epidemic infection®(2:2 0 X G NI @St f SNDa
(4-14%) and individual infections-36%)189)

It may also be beneficial to consider certain psychological features (stress or anxiety) in this
population(190) Anxiety, depression, and pesaumatic stress disorder are psychological traits
that have been linked to IB$91) Onedominant theory is that IBS symptoms arise as a result of a
disruption in neurotransmitterelated management of interaction between the braind the

enteric nervous system (the gorain axis(192) This communication system combines Gl and

brain functions which include appetite, weight and gut moti(itp3)

IBS can alsbe associated with visceral hypersensitivity, which can be heightened following a meal
(194) Visceral hypersensitivity is thought to be dependent on melfgttors and occur in the
peripheral or central nervous system. It may also play a part in the cause of symptom¢$1&HBS
Visceral hypersensitivity is thought to be a distorted response to distension of the colon and a
heightened reaction to pai(ll96) Research has shown that IBS participants hdeeer pain
threshold than the noAiBS counterpart§l94, 197)A study using volunteers (n=136) with a
diagnosis of IBS and fulfilling the Rome Il criteria and healthy controls were recruited through
physician referral and advertisemefit64) This study aimed testablish; (i) pain sensitivity, phasic
and tonic motility, (i) if subtypes of IBS varytbase variables, (iii) does pain sensitivity correlate
with tonic and phasic motility and (iv) if symptom severity is related to these 3 variaRéssilts
found that regardless of subtype, participants WiBS had significely lower pain thresholds tha
the controls. This lowered pain threshold was seen to contribute to symptom severity, with

particular effect on frequency and intensity of abdominal pain.

The cause of visceral hypersensitivity is unknown but is recognised as a hallmark feature and is

present in ~35% of individuals with 18958)
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Managemenbof IBS

Dietary interventions

Two thirds of patients with IBS believe their symptoms are caused by dietary triggers such as wheat
or dairy(199) As a result of this perceived issue around certain foodggodiet has been a focus

of research with individuals with IE300-202) The most widely used short term dietary

intervention is the use of the low FODMAP (fermentable oligosaccharides, monosaccharides,
disaccharides and polyoldjet (203) This diet restricts the consumption of fermentable
carbohydrates for approximately 8 weef@04) Examples of FODMAPSs inclsidéaeat, garlic,

apples, onion, legumes and pulg@85) These shofthain carbohydrates are unsuccessfully

digested in the smll intestine, then fermented in the colon, thus yielding gas and blodf6§) An
Australian study found lower overall improved symptoms in an IBS population compared to controls
using a low FODMAP digtFDYersus a typical Australian di€t07) The low FODMAP diet is

intended to identify certaindodsthat may cause or increase symptoms of IBS to assist the

individual manage their condition andrist meant to be used as a lostgrm treatment or a cure

(208)

Inaddition to the low FODMAP diet, the role of gluten is another focus of research. Current
evidence, albeit limited, shows the removal of gluten may reduce symptom se(@08y To
support this, research with a glutdree diet led by a dietitian proved beneficial to diard#o
predominant IBS, which reduced symptom severity significantly and in the participants who
continued this gluterfree diet also had sustained reduction of symptom sevg#iy0) Itis argued
that it may be otheffructans present in the carbohydrates causing the disturbances and not the

gluten protein(211)

A review of the literature presents good evidence for the use of LFD in the managementrof IBS
clinical practic€212) This review offers best practice with use of the LFD with dietary counselling
by a specialist diecian. The review identified three significant and relevant stages; restriction,
reintroduction and personalisation and offers evidenced based advice for each\&teplan and

colleagueg212)conclude that although there is inconclusive evidence for the-teng use of a
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LFD, in the short term, the use of a LFD with dietary counselling delivered by a specialist dietician is

an effective tool for the management ofraptoms in functional gastrointestinal disorders.

Probiotics

Probioticaredefinedasi f A S YAONR2NHIyAayYa (GKFIGX 6KSY | RYAY]
O2Yy FTSNJ I KSI f (i K218)S Prébfoticsi cortajh bactérid neédeditd rhaintain intestinal
health, this includes; motility, visceral sensitivity and intestinal permealdity) Information on
probiotics is often sought out by patients with various clinical practitio(2i5)

A recent systematic review and megmalysis assessed 28 randomised controlled trials with the

focus on safety and efficacy of probiotics as a treatment fo{2B&) This reviewound a positive

effect on overall IBSymptoms and quality of life from studies that used a combination of probiotics
but found nothing conclusive for single strains or species. Nor did they find an effect on individual
symptoms such as bloating or satisfaction with bowel habit.

The probioics nost extensively used in human research baetobacillusand Bifidobacterium(29).

It is postulated that changes in the gut microbiota may be a contrilguictor to symptom severity

in functional disorders of the guthich includes IB&17) Indeed, a welknown theory on the
normalising effect of probiotics is thepsible increase of short chain fatty acids which in turn
stabilises gut motility in those with constipati¢a18) Probiotis have been shown to have

beneficial effect®n pain, gasandbloating in functional gastrointestinal disord€isGIDs]219)

However, the amount of evidence provided in this area reméimited. A review dhe research

on probiotics, specifically to IB&pncluded probiotics elicited significamiprovements in the

overall and global symptoms of IBS, particularly using a combination of strainsadtatumDSM

9843 (220). This research also synthesised data that specifically looked at the probability of
symptoms persisting for individuals with IBS in the treatment arm (probiotics) compared to a
placebo. Twentghree randomised controlled trials wernalysed of with, twelve papers were
selected for low risk of bias and presented dichotomous data. This review concluded that probiotics
had a positive effect on bloating, flatulence, abdominal pain and global IBS scores. The RR was 0.79

(95% CI 0.740.89) for persisng symptoms of IBS with probiotics compared to placebo.

Arecent review and metanalysis (2017) assessing the effect of probiotics on constipation found
that the specific strainkactobacillu®r Bifidobacterium increased bowel movements by 0.8 /week
in individuals with IBE and decreased intestinal trangihe in those with IB® (221) The

evidence shows promise for the use of probiotics in the treatment of IBS.
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Prebiotics and symbiotics

There are limited data on the use of prebiotics aythbioticsfor the treatment and improvement

of symptans for those living with IBSCappello et al. (2012) used a symbiotic mixture which

included 9 different species of probiotics and one prebiotic in a powder form preparation compared
to a placebo and>amined its effect on quality of life, colonic transit time and overall symptoms
(222) Sixtyfour participants from an outpatient clinic were recruited for this study for four weeks
after a twoweek run in. The authors found a significant decrease in flatulence severity, and no
improvement in bloating or global satisfaction of abdominal flatulefg®?) This research was
extended to a @month pilot study based on the previously published t23) The results were
similar, with a change that more patients (n= 26) found relief of severe flatulence and for,longer

however, with anuchreducedsample size.

As aforementioned, Ford and colleagues (2014) produced a systematic review andmaBtsis,
covering latest research to explore the efficacy of prebiotics, probiotics and symbiotics in IBS and
chronic idiopahic constipation (CIC). Although as stated above probiotics were found to be
beneficial, there wretoo few intervention studies with prebiotics and/or symbiotics for conclusions

to be drawn.

Pharmacological management

Before a pharmacological ppachis taken, it imppropriate to first explore dietary changes
mentioned above. Once these have been unsuccessful at relieving symptoms for the patient, then

pharmacotherapy is offere(224)

Medications that are prescribed for constipation predominant IBS include; lubiprostone, linaclotide
and plecanatide. These secretagogues offer an increase in fluid imtleedli cavity and have been
shown to be significantly more effective than placebo in RCTs. Although these treatments have

been found to be successful, lotgym safety has yet to be establishéR5)

Loperamidegluxadoling andalosetronare drug therapies offered to those with diarrhoea
predominant IBS. Alosetron has shown benefit but is associated with severe adverse side effects

such as faecal impactiq@26) Loperamide is an over the counter adiarrhoeal used frequently
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by those with IBS. However, toxicity or misuse of loperamideshawn to have serious cardiac
effect (227) Eluxadoline a similar maopioid to loperamide have displayed adverse effects in this
population, specifically, Lembo and colleagues found ih&@t5% of 166@articipantsreceiving

eluxadoline reported AH228)

Selective serotonin reiptake inhibitors (SSRI) are also used for the treatment of IBS. Traditionally,
SSRIs are used to treat psychological conditions such as depression and égdbgmorbidities
associated with IBS. A recent review (2019) by Ford et al., found SSRIs to most likely be effective in
the treatment of IB%230) This was an update on a previous review with similar results and only 5

more studies were included since 20(B1)

A safe and effective treatment that can be administered togrgn has yet to be discovered.
Therefore, researchers and practitioners have explomribus dietary interventions to improve

gastrointestinal symptoms, which may offer less risk to pharmaceuticals.

Placebo Effect

The pacebo effechas been definedsa positive response to an inert substar{@82) It is argued,
that it has broaer meaning in that it is the improvements seen in individuals symptoms that are a

result of participating in a therapeutic environmeg233) The positiveffect may be attributable to

a changen behaviouror physiology inresponse @ KS LI NI AOA LI yiQa | ¢ NBySaa

Hawthorne effect)234) this effect has been observed even when theeegsh is double blind
(235)

A Cochrane review of the literature found that of the 11 clinical conmfitiavestigated, asthma,
phobiapain and nausea showed significgadicebo effec{236) In IBS specifically, elevated placebo
response rates are approximately-#0%(237) The reason for this high placebo rate is not
completely clear, the endpoints that are measured are-sgtbrted and herein lies a major
contributing factor. Meteaanalysis of the research suggests the more rigorous amtigria anda
higher number of treatment visits decreases the risk of placebo ©f&37) while others evidence
high variability in baseline scoré238, 239) Kaptchuk and colleagué®40)suggest the most robust
predictor of placebo effect in IBS was placebo plus a sympathetic practitidnerontrast Flik and
colleagues (20)#eviewed the literature in psychological intervention studies and discovered

similar placebo response rates to pharmacological intervention stifdi&k) This shows research
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conducted in a supportive and sympathegicvironment does not elicit more placebo response

compared to traditional intervention studies.

A placebo run in phase for research with individuals with IBS has been suggested to reduce the
placebo effect as it allows researchers to exclude placebo reppe(242, 243) may contribute to
However, the exclusion of placebo responders will contribute to the creation of heterogenic

population samples which makes comparison of trials even more challerigddd

Simplistic and subjective binaendpoints (whether the intervgion worked or not) are used to

assess positive and negative outcomes in IBS res€24&) This may not be the most effective way

to determine efficacy due to the complex and often variable symptoms. To reduce this effect in IBS
research, the Food and Drug Administratid-DA)n the US/as modified the binary endpoints that
have been typically used for global symptom relief of IBS to 2 endpoints directly relating to the
primary motility issue. These include a more objective assessment focused on motility change and

abdominal pain which is thought to minimise the placebo effect in clinical {{24I8)

Vitamin D and IBS

Status of publications ontaminD and IBS at the start of this study

The research available at the start of this study was limited to four observational s{idi@s24?

249) and three randomised controlled trial§l15, 250, 251) Chapter three is a published
comprehensive systematic literature review of the current literature at the start of this PhD project in
2017. An updated review of the more recent publicati@®itervention studiesis presented in this
chapter (114, 252, 253) Collectively, the studies in the systematic review and the supplementary
reseach were mostly in agrement. Five out of the six intervention studies reported vitamin D levels
to be insufficient among their participan{$15, 250253). Tazzyman (2@), albeit a formal pilot study
was the only paper that did not find a positive effect from supplementing IBS participantsiyirep

with vitamin D supplement compared to placet#b0) Thesubsequent intervention studied 14,

115, 251253) suggests vitamin D supplementation improved both symptom severity and quality of
life in clinical populations. We can determine from the intervention studies that a vitamin D
supplementmay be effectivein participants from a clinical settingompared to a frediving
population to reduce symptoms and improve quality of life. Althowgicethis benefit was seen in
observational studies, these results areither significant nor generalisabl@d 20, 123, 247, 248t

highlights the need for vitamin D status to be assessed in IBS individuals andbregatecessary
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even if for general health reasons alone. The synthesis ofrésisarch is limited and warrants

adequately powered trials witgeneralisable results.

Vitamin D deficiency prevalence in IBS and possiplanations

An association between low vitamin D status and irritable bowel syndrome (IBS) has been suggested,
however, the published literature is limited and an established causal role in IBS has yet to be
determined. Some of the research suggests that people Bif have a common deficiency of
vitamin D(120)which is thought to impact on both symptom severity and quality of life. The reason
for this deficiency is yet to be determined as cause or effect of IBS. Low baseline serum
concentrations have been recognised in both paedtg®249)and adult studie$120, 123) These
studies found moe than 50% (paediatrics) and 83% (adults) had baseline serum concentrations
<50nmol/L. Deficiency in this population may be a result of their symptoms; peopé®mgortable
leaving the housdpod avoidance or possibly issues with malabsorpti®esearh has shown that
malabsorption is present in other chronic gastrointestinal disease (i.e., ulcerative ¢abd3)

however, his has not been a proven issimeFGIDs. It remains unclear whether the assodiktes
vitamin D status in IBS is a malabsorption issuguertolifestyle characteristicsRecent research

with participants (IB®) has shown effaciousat improving IBS symptonty using a high dose

(50,000 IU/week) vitamin D supplemg@55) As altered intestinal patterns are present in this
population, particularly individuals with IEBalong with posbie lactose/dairy intolerance, this

could suggest reduced absorption of-fluble vitamins such as vitamin(84). This impaired

intestinal absorption could be a contributing factor for the onset of deficiency in vitBmin

Chapter2

AimsandObijectives

The previous chapter has shown the various gaps in the research surrounding reliable and
efficacious therapies for IBS. The limited research available at the start of this project suggested a
potential benefit of vitamm D supplementation on IBS related symptoms and quality of life. Two
intervention studieg115, 251)and one pilot study250)reported positive resultsAbbenezhad et

al. (2016)251)and Jallil et al.2016) (115)both reported that high dose vitamin D (50,0001U/week)

improved both symptom severity and quality of life in people with IBS recruited from a
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gastrointestinal clinicTazzyman et a(2015)(250) a pilot study whiclinvestigated the effect of
vitamin D supplement, placebo or vitaniihand probiotics on symptom severity and quality of life in
an IBS population. No association was found between treatment arms and improvement of quality
of life or symptom severity. Although, it was noted thiaére was a negative correlation between
serum 25(0OH)D and quality of liffazzyman and colleaguaso provideda power calculation of 74

per armfrom which future studies should achieve

This thesis intends to address some of the uadmearched questions related to vitamin D

supplementation ad its possible effect on IBS symptoms and quality of life
Thesis aim:

The main aim for this thesis is to investigate the relationship between vitamin D and irritable bowel
syndrome and to address the question of whether vitamin D supplementation cancaateli

symptoms of IBS.
Hypothesis

A vitamin Rsupplement will improve symptom severity and quality of life in individuals diagnosed

with irritable bowel syndrome.

Study Aims
The aims of the thesis were:
1) To examine and synthesise all theailable current literature on the relationship between
vitamin D and irritable bowel syndrome.
2) Toinvestigate the efficacy of a sublingual/buccal vitamin D spray compared to vitamin D
capsule
3) To conduct a RCT to investigate the possible effect300®IU/ day vitamin D sublingual

spray on symptom severity and qualitylié with individuals with IBS.

Objectives

Study 1:Vitamin D status in irritable bowel syndrome and the impact of supplementation on

symptoms: what do we know and what do we neednow?

Primary Aim:To systematically review the available literature with the focus of vitamin D and IBS.
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Study 2:Rate of change in circulating 2fydroxyvitamin D following sublingual and capsular vitamin

D preparations.

Primary Aim:To measure and copare the rate of change in circulating 25(OH)D in response to a
vitamin D supplement delivered in two preparations: a sublingual spray or a capsule. This study was

an efficacy assessment of the proposed intervention prepandiio the IBS trial (Chaptd).

Study 3:Effect of vitamin D supplementation on irritable bowel syndrome symptom severity and

quality of life.

Primary Aim:To undertake a randomised controlled trial of the effect of 300@temin D
supplementon symptom severity and quality of life individuals with irritable bowel syndrome

from a freeliving population.
Objectives: The lwoad objectives of the PhD were:

1. To conduct a systematic review of the literature exploring the relationship between vitamin D
and IBS.

2. To conduct a randomisedareboacontrolled efficacy trial of a vitaminsBupplement comparing

two modes of delivery; capsule and sublingual spray.

3. To conduct a randomised placeloontrol trial to investigate the effect of vitamin D

supplementation on severity of symptomsprople with irritable bowel syndrome.
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Chapter3

GeneraMethodology

This chapter is an overview of the methods used in this PhD. Each method is briefly reported in their
respective chapters including the three research studies that have peerreviewed and
published. The justification for each method is presented through an exploration of their

appropriateness to the study conducted.

Vitamin D analysis

The assessment of vitamin D status of the participants of this research was fundainghia
interpretation of this thesis. For the purpose of this thesis, the total vitamin D status for each
participant recruited was determined from whole blood samples collected using finger prick blood
spot kits. For chapter 5 (the repletion studygthitamin D status of participants was measured at
days 0, 3, 7, 14, 21, and 42 during the study. For chapter 6 (the randomised control trial) the vitamin
D status of participants was measured at baseline and trial exit in order to determine response to
supplementation. The fingerprick blood spot kits were manufactured by Birmingham City Assays
and supplied by the industry stakeholder BetterYou (Barnsley, UK). These kits are designed for the
collection of dried blood spots on Whatman paper without theddor a phlebotomist.  The kits
provideparticipants with dancet and detailed stepy-step written instructiors, allowing an

individual to collect their own fingeprick blood spot samples. For the purposes of the research

each participant was givadmands on guidance by the researcher to show how to perform the finger
prick blood spot test independently. For the repletion study the researcher performed only the first
and final whole blood spot sample, leaving participants to complete the remainiagngles

(chapter 5)For the intervention study the researcher completed the fingerprick blood spot sample

at baseline and exit.

The samples were sent to City Assays, Department of Pathology, Birmingham Sandwell Hospitals
NHS Trust, and analysed by liqudamatography tandem mass spectrometry for total blood
25(0OH)D (25(0OH)D2 and 25(0HI»6) An example of the report with participants results can be
seen in Appendix 12. This method was selected for its ease of use, quick turnaround of results

(within 2-3 days), the reliability of service and precision of this technique.
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The lalwratory (BirminghamCity Assays) are a member of DEQAS (vitamin D External Quality
Assessment Scheme). The aim of this scheme is to ensure the validity and reliability of assays for 25
hydroxyvitamin D (250HD) and 1,25 dihydroxyvitamin D (1,250K)EQAS 2022).i§lshows a

clear commitment to providing accurate results from this laboratory.

The fingerprick blood spanethod is convenient for both participant and researcher as there is no
need for a trained phlebotomist. In addition, capillary fingertip blooliection is seen as a nen
invasive, quick technique which participants may feel more comfortable when compared to

venepuncture

It was important for this study to have a swift turnaround for results, especially as invpastant

to know baseline vitami status of participantprior to start of intervention in ordeto avoid

toxicity. The results of vitamin D status were sent from the laboratory to the industry partner to
ensure blinding. The staff member responsible for the results would flagitamyin D levels to the
researcher that were at a risk of toxicity2@0nmol/L). If a participan®itamin D status were to

reach toxic levels the participant would be contacted and withdrawn from the study and advised to

see their general practitionerThe studies conducted for this thesis did not have any toxic results.

Venous blood samiplg by a trained phlebotomighasbeen thetraditional approach to collect blood

for vitamin D status analysis. Howeveried capillary blood sampiehave been showto perform to

a high standard compared to venous blood for the measurement of serum 25(OH)D. McNally and
colleagues compared measurements of 25(OH)D levels in both capillary and venous blood samples
(257) Their results provided evidence that the use of finger lance technique for collecting blood
samples for assessing vitaniinstatus is an accurate and reliable method. The blood spot finger

prick method used in two of the studies was most appropriate for time, efficiency, participant

acceptability, and accuracy for this thesis.

The method of analysis of vitamin D status bhaen a topic of considerable debate over recent
decadegq52). This debate has included a consideration of which form of vitamin D should be
considered as a biomarker of status and dispaxer which laboratory method is most accurate

(258) The debate over which form of vitamin D is the most appropriate biomarker continues, but
the majority of the recent literature has recommended the use chg8roxyvitamin D (25(0OH)23

the biomarker most reflective of stas (259, 260) Thisis opposedo 1,25(0OH)D2 since this has a

short halflife, so difficult to measure and is less responsive to changes irei(it@k261) These are
important issues because deficiency and inadequacy of vitamin D has been increasingly recognised
as risk factors for a number of diseases and international agreement over threstialdiciencies

and standardised accurate methods are needed to allow comparison between datasets. This has led
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to attempts to standardise the methodology. Twommonly usednethods for assessment of

25(0OH)D concentrations are: Chromatography (used sttigsis) and Immunoassays ((2§2)

There is strong evidence of tlecuracy ofthe LC/MS/MS3nethod (263) Researchas compared to

2 liguid chromatographyandem mass spectrometry,radioimmunoassayRIA) and 5automated

25(0HD immunoassay&®64) To determine assay acceptability, the minimum requirements for

mean bias and imprecision were calculatedigm p @ndXX o Prespectively. Additionally, the
authorsused theconcordance correlation coefficie(@CCCllefined as <0.9 as poor agreement and

>0.99 as excellent. The results from this study found, the 5 automated immunoassays gave variable
results with excessive bias scores and poor concordance with LC/MS/MSC/M&MS had

excellent concordance of 0.99 and mean bias score of 2.8%. However, the RIA did show comparable
results to the LC/MS/MS with a CCC of 0.97 and mean bias of 5.4%. It was also shown that all assays
had adequate results for the imprecision scarigh the exemption of one of the automated
immunoassays. It appears thaimunoassays have over time improved efficacy but remain inferior

to the LC/MS/MS metho(R65)

To ensure laboratories are producing high quality testing viteenin D StandardizatioRrogram

(VDSP) organisexh interlaboratory (n=15) comparability study which assessed 16 assays (8 = A, 8
= LC/MS/MS) against the VDSP specific evaluation criteria that included a CV of <10% and bias <5%.
There were 7 countries involved in this studgn@da, United Kingdom, United States, Korea,

Ireland, Australia and Germany. This study reported that 11 out of 13C/MS/MS assays met the
standard benchmarks for measuring 25(OH)D concentrations compared to only 9 out of 18 of |1As
tested. They concluded dh the results from this comparability study should be used as a baseline
that future studies could be benchmarked. There is also recent research exploring which vitamin D
metabolite could be used to assess vitamin D status. The most abundant vitanataBoiite

available in the circulatory system is 25(OkiYidbwever, it has been argued that other active
metabolites (e.g. 25(OH)BG) could prove beneficial when assessing sté26€) It is important to

note that 25(OH)Bis the inactive form of vitamin D and insights into the activated forms for the
assessment of vitamin D status is an emerging area of research (see3)i§26&) Recent research

into different metabolites of vitamin D for assessing status; specifically conjugated (25® &iB
250HDBG) compared to unconjugated (25(OR#Dd 25(0OH)E) forms found that approximately

50% of 25(OH}xirculates in the conjugated (sulfate) fo@68) Interestingly, the authors also
evidence that the conjugated glucuronide (25QHIHOHD, and 24,25(0OH)2{pforms are present

in circulation, howeegr in much smaller amounts than the sulfated forms. This supports the research
that focussing on a single inactive metabolite may not be most accurate for the assessment of

vitamin D status.
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Figure3: Metabolism of vitamin D frm point of ingestion of vitam#iD rich foods or exposure from
sunlight to active and inactive form@66)

The current study could have benefitted from using the active metabolites as a way of assessing
vitamin D status in combination with the 25(OR#nd would have contributed to this emerging

research in supplementation studies.

There are notable variations in the laboratory assessments and in the types of vitamin D metabolites

used to determine vitamin D status in the human body. It is cruciatthg correct method for
FaaSaaAyd LINIAOALIYGQakLI GASYGQa GAGIEYAY 5 &0l (
the interpretation of both observational and experimental research and will in turn contribute to
evidencebased guideline@269) Future studiesshodl ¢2NJ (26 NRa +y | IANBSR
which metabolite(s) and laboratory method when assessing the vitamin status of patients and

participants in reseatt

Dietary analyses

Research into dietary intake involves the use of dietary assessment tools (DATSs) such as food
frequency questionnaires (FFQs), food records antid# recall(270) Dietary assessment is
challenging and often comes with limitations such as under/gepporting, missing data, and recall
bias(271) This is due to setéported dietary intake being reliant on the memoriytbe participant,

social desirability bias, and ability to estimate portion si252) For the purpose of this thesis, a

41



DAT was needed to assess the dietarghetof vitamin D in participants from the previous year to

determine whether this may reflect their baseline vitamin D status.

The Weighed food records method is commonly used for measuring dietary intake due to its known
accuracy and detailed accountfobd and drink consume(273) This accuracy is achieved when

the leftover food waste is subtracted from the original full seridgd) Although accurate, this is a
burdensome task for volunteers to weigh all food and drinks consumed pre and post meal and may
lead to missing data or participant drayut (275) This method of dietary assessment would not

have been suitable for the study presented in chapter 6. Cost and time were limited as this research
was a part of a PhD with a limited budgeihe 24hour recall is a relatively quickethod with low
participant burden lead by a trained professiof(@6). This tool is not limited to a specific type or
groups of food, literacy is not needdoy participants, and is sensitive to ethnic differences.

However, validity is only achieved when multiple recalls are conducted, which increases both cost
and time(276) The cost burden is gained through the administration of midtiecalls and
subsequently, the analysis of the data collec(2d7) The 24hour recall deemed not be an

appropriate method to assess vitamin D intake in individuals with IBS. There is a limited amount of
vitamin D rich foods available ihe diet and this DAT could miss the variation in-ttagay intake

of vitamin D by participant278)

There is no agreed gold standard for the assessment of dietary intake, it is suggested that there is a
need to combine methods as well as a comparison to bioma(@&%) For the purpose of the
research presented in chapter 6, it waasled on a formal pilot study, which used the EPIC FFQ to

assess dietary intake of vitamin D in individuals with IBS.

The EPIC Food frequency questionnaire (FFQ) has been previously validated in a UK adult
population. The EPIorfolk study was part dhe European Prospective Investigation of Cancer
(EPIC). This multentre cohort study started recruitment between 1992997 and is one of the

largest epidemiological studies of nutritigB30). There were 23 centres involved, which, EPIC
Norfolk was one. The aim of the EPIC study was to investigate the possible relationship between
dietary intake and cancer incidence. This study used 4 different methods to assess dietary intake;
FFQ, day diet diary, 24hour diet recall (paper version) and the diet web questionnaire. The
validation of the dietary assessment was achieved using biological markers (e.g plasma vitamin C)

and comparison between each assessment {@8IL)

This questionnaire asks thamicipant to rate the frequency of the food consumed (list of 130
F22Ra0 dzaAy3 ¢ OFGSAZ2ZNARSEAT gKAOK adlkNIa gAlK ay S

¢ 0 A Y §28R) RThedpértions are specified using confpeasible sizes such as one slice of bread
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or one orange or household units (spoon or c(883) To ensure accuracy, the participants were
instructed how to fill in the FFQ and the researcher ensured each person was confident to complete
this independently in their home setting. It is important that the FFQ that is selected is appeopriat
for the population size that you intend to measure and for which purpose. It is recommended that
FFQs are used in research with larger sample size and validated for use in the same country or
dietary habit5(284) Additionally, SerréMajem et al.(2009) reviewed FFQs from validation studies

and 2 of the key components for quality included having a sample size of over 100 and compared
intake results to a biomarkgP85) The EPIC FFQ was appropriathénpresent study as research

was with a UK population and used for potentially 160 participants (n=135).

The FFQ EPIC Tool for Analysis (FE®A:(/www.epic-norfolk.org.uk) was the tool to calculate

nutrient and food group data from the entered food frequency questionnaires (FFQ). The data

gathered from the FFQs are first inputted into an excel spreadsheet which is then uploaded into

FETA software. FETA is a ciplsgform, opensourced tool that analyses the dietary data from the

food frequency questionnaire. TH80F 2 2 R4 dziSR Ay (GKS CCv I NB FTNRY :
Composition of food and the UK food composition datab@86) For the research presented in

chapter 6, n=115 FFQs were returned by participants and only these were included in the final

analysis. No missing data was observetthincompleted and returned questionnaires. The FETA

software analysis gives 4 nutrient outputs. The first output is average intakes of daily food groups

(14 basic) and nutrients (46) from all the consumed foods from the FFQ. This is in a format that is

suitable to import into statistical software or spreadsheet for analysis.

A recent study have developed a rapid FFQ to estimate the dietary intake of vitamin D in healthy

adult participants (n=50) in Engla@87) The FFQ was developedusing KS O2 Y LR AAGA2Yy 2
08 alO/lyOS YR 2ARR2gaz2ys |yR WC22R t2NIAz2y { Al S
groups included are; pasta, breakfast cereals, milk ana@neregg and egg dishes, cheese, yoghurts,

meat and meat products, dessert and sweet items, fish, drinks, sauces, butter and spreads, and
supplements. To validate this FFQ, it was compared tday4liet diary and plasma 25(OH)D

concentrations. A Blandtfan plot was conducted to show the difference in vitamin D intakes

between the 4day diet diary and the rapid FFQ. Only one patrticipahoutside the 95agreement,

with the mean (SD) differende reported vitamin D intakéetween the FFQ andday diet diary

was¢l-8ug(SD 3:-8).This research also reported a strong, significant correlation between-tlag 4

diet diary and the FFQ for evaluating dietary vitamin D intakes (r= 0.609, p < 0i@i6Xesearch

was conducted with university studen@nd ethnic minorities were not well represented, making

results not representative of the general UK population. However, the results presented offer a

promising FFQ to estimate dietary intake ofwiin D in future studies. This research was published
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post recruitment of the present study and would have been a possible alternative FFQ to assess
dietary intake of vitamin D in individuals with IBS. There appears to be a gap in the research for a
FFQspecifically designed and validated to assess dietary intake of people living with IBS. There are
limited studies assessing the dietary intake of individuals witl{2B&291) The available research

is based on short term dietary assessment tools such as food diaries or recalls and neglects to report

long term habitual intakes.

TheEPIG-FQused in this thesis, was also used in reseamdcifically evaluating dietary intake in

individuals with IB&92)andaformal pilot study this research was based(@b0) In individuals,

with IBSdietary intake was investigated using the validated EPIQZFX) Analysis of the FFQ data

was compared to the Dietary Reference Values (food energy and nutrients) and intakes observed in

the UK general population. TH#IC FFQ was successfully used in the previous re¢2aéjh

suggesting that this is an acceptable tool to capture habitual dietary intake in people with IBS.

tKS YSGK2Ra RAa0dza&aSR a FtGaGSNYI GA OGS dhisiihesisi KS CCv

sought to examine the habitual dietary intake of a specific nutriesrh the previous 12 months.

Questionnaires

To evaluate the possible effect of a vitamin D supplement (30001U) on symptom severity and quality
of life in volunteers witHBS, wo IBSspecific questionnaires were usg¢@93, 294) The IBS Quality

of Life Questionnaire (IBSoL) is a recognised Hfecific measure with recognised repeatability,

and internal consistencf295) The IBSSynptom Severity Score (IBSSS) questionnaire is

extensively used to measupain(abdominal) as it recognised as advantageous over standard pain
measures and shown to be correlated to physical assessn@2@3 All the IBS research (RCTSs)
reviewed in chapte# have used these IBS specific questionnaires to measure improvement in the
participants evidencing its widespread udd.4, 115, 251, 297)The pilot stdy that the research in

chapter 6 was based on used both the-lBSS and IBJoL, therefore these questionnaires were

selected for use as they are widely used and validated tools for assessing pain severity and quality of

life in an IBS population.

Alternatives to the IBSSS tool to measure pain severity in IBS are the Numeric Rating Scale (NRS)

and the Functional Bowel Disorder Severity Index (FBDSI).

The NRS is an 11, 21 or Jint scalewhich has endpoints of worst pain to no pain that can be
adaptedto the need of the research€R98) Past research has shown the NRS to have poor

reproducibility(299) However, when adapted to a J®int scale for assessing pain severity in
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individuals with IBS, the NRS scale proved to have exceptialidity and recommended for use in

clinical trials with people with IBS00)

The FBDSI is a simple scale develdpebBrossman et al995 with patients, to assess illness

severity in individuals with functional bowel disorders for the use in intervention st@dly The

score is based on three variables current pain severity (VAS), clinical diagnosis of functional chronic
abdominal pain and the number of visits in the past 6 months to their phyg@@) The score

rates the severity as mild {86), moderate (37110) and severe (>110). This tool has been validated
for its use in assessing illness severity in functional bowel disorders which includes IBS and its
application for its use in screening participgfor entry onto treatment studie€302) A recent
systematic review concluded that NRS 10 point scale was valid and reliable in IBS research for
abdominal pain, although the authors concluded the-85S to be the most appropriate tool to

assess gastrointestinal severity in participants with [B&3)

L.{ Aa (yz2sy (2 KIFIOS I aSNAR2dza AYL} OG 2y GKS
isolation, anxiety and even suicid804) Research suggests that people who live with IBS are at a
higher rek of developing depression and have a lower quality of life compared to controls without
IBS(305) Our study used the IBZoL to assess quality of life in those living with IBS. As
aforementioned, this was to in keeping with the methodology used in the formal pilot studyer Oth
health related measures available to assess quality of life that could be applied to an IBS population
is theFunctional Digestive Disorders Quality of Life Questionf&ibdQ).and the Irritable Bowel
Syndrome Questionnaire (IBSQ).

Similar to the IB®)ol, the FDDQL is a disease specific questionnaire created to measure health
related quality of life in people living with functional disorders of the bowel. Thisegadited
guestionnaire has 43 items related to 8 dimensions; sleep, daily actividgagthiperception, impact
of stress, anxiety, diet, digestion discomfort and coping with dis€2@@) A specific calculation
delivers ascore for eaclof the 8dimensiors that can range from O (the worst) to 100 (the hest
(307) The FDDQL, has yet to produce published evidence of validatide use specifically for
research withBS to dat€308)

Developed by Wong et .d1998), the Irritable Bowel Syndrome Questionnaire (IBB€gsures

quality of life in participants withBS(309) The itens were produced from interviews with patients
and clinicians, ensuring the main symptoms were determined and incl{8i€ The final tool has

26 items id domains (fatigue, activity limitations, emotional dysfunction, and bowel symptoms). A
7-point scale is used to score results, which a higher score indicates a better quality of life. This

appears to be an appropriate way to measure quality of lifadividuals with IBS, unfortunately this
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method has not been adequately validat@ll1) At present, the IBQoL used in this thesis is the
most extensively validated tool for assessing quality of life in individuals living wit@98312,
313)

Recruitment

Sample size and sampling technique are important considerations for req@4thA sample size
should be established during the design phase of the research §3d8yand for RCTs ab adequate
sample size is needed to show grsficant difference, if a difference is pres¢Bi6) It is also
important to have a sample size to ensure the research is able to provide clinically relevarst result
(317) The sample size of a study/research needs to be large enough to be statisticallyasignific
however, too large and there may be unnecessary exposure to participants from potentially harmful
interventions, not to mention ethical concer@18) On the other hand, having a research study
which is undersized can be a wastevafuable resources without usable resy819) The formal

pilot from which chapter 6 was based on, produced a power calculation (sample size of >97) for
future studies investigating the effect of vitambD supplementation on an IBS populat{@®0) The
RCT reported in this thesis (Chapter 6) benefitted from a samplefsizel 35.

Convenience sampling was used to recruit participants through the university email lists for both
studies in chapter 5 and 6. The same volunteers in chapters 5 were recruited to participate in the
gualitative phase (focus groups) of this sfudConvenience sampling is considered a honprobability
and nonrandom sampling methoB320) This is the most common samplingthrod that recruits
individuals that can meet the inclusion criteria and consent to particifa®4) A convenience

sanple could be expected be homogenous and consequently have fewer disparities in results
compared to a random samp({822) Alongside an increase in bias from researchers;random
sampling does not offer generalisable res(823) Although this method has its disadvantages, it is
16 times more likely than convenience sampling is used over probability safBpas

Convenience sampling offered this thesis an efficient, cost effective and simpler alternative to

probability sampling.
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Participants

Healthy @ults overthe age of 18 were recruited to take part in the in the efficacy study (chapter 5)
and adults over the age of 18 withsalfreported diagnosis of IBS for the intervention study

(chapter 6). Healthy adults were needed to compare the effect of two forr88@dIU vitamin D
supplements; capsule and oral spi@y raising vitamin D concentrationd.ow vitamin D status is
prevalent worldwidg(45)and this thesis exploredtamin D status in a healthy free living population
while testing the efficacy of the two modes of delivery. Discovering whether the oral vitamin D
spray is as effective as the capsule could be advantageous for those with swallowing or absorption
difficulties (325) The industry partner (BetterYou) wkappliedthe oral spray were keeto explore
whether theirproduct could raise serum 25(OH)D concentrations to adequate lelretsoth

studies, volateers were recruited in the winter months to ensure that their vitamin D levels were at

the lowest due to limited skin synthesis of vitamin D and therefore at low risk of tof@&6)

Low vitamin D status has been associated with individuals diagnosed with2lBSWe recruited

adults aged 18 and older with a clinical diagnosis of IBS includlihg aubtypes. It was important

to include all subtypes of IBS to explore possible response to treatment between these groups. We
included individuals diagnosed with IBS using RomdVlkriteria. Clinical settings are regarded as

the gold standardor research, although not representative of real world data as participants tend to
be treatment compliant, excluded for other comorbidities, limiting to clinical pra¢Be&) Free

living settings are able to@tude those individuals that may be more generalisable and have the

ability to capture data on those not familiar with clinical prac{ig28)

Current and ®ailable researckexploring vitamin D supplementation and individuals with IBS (see
chapter 4) recruit participantBom gastrointestinal outpatient clingc To recruit volunteers from a
gastrointestinal clinic, the primary resedwrer must obtain NHS ethics approval is a lengthy process.
The normal response time for opinion on an NHS ethics application is 60 days (hra.nhs.co.uk). This
process could be made longer if amendments are required. PhD studentships are time sengditive an
would not allow for prolonged waiting time before recruitment could begin. A decision was

therefore taken to recruit via the general population rather than via the NHS.

This thesis was based on a formal pilot study whose participants were from-fviireg community

and at this time, the only interventioreseart with this population(250)
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Focus Groups

Focus Groups (2 sessions) were conducted with participants who had taken part in the efficacy study

G2 dzy RSNBGIYR G(KS LI NIAOALIYy(iQa SELISNASYOS 27F (K
capsule and sublingual spray. This was firstly to ensuradbeptability of the sublingual spray and

to determine a possible preference between the two modes of delivery. At exit interview the

participants were asked whether they had a preference between the spray and capsule. This

ensured that the preferenceada was captured in the event the focus groups were not adequately

attended. The focus groups were recorded and transcribed. The main finding from both the

interview question and focus group sessions was that there was an overall preference for the spray

This was disseminated to the industry partriéocus groups are a suitable way to gain sufficient

amount of indepth detail in a relatively short time for a small c@29) This type of technique

aims to facilitate honestidcussions in a natural w@$30) Participants can feel the need to
WLISNF2NYQ YR GKAA& YIF& AYKAORA (331 RehchUrageNHzS 2 LIA Y A 2
RAaOdzaarzy GKS NBaSHNODKSNDE dzaSR LK2G23aNI LKaE GKI
spray bottle or tablets) Our focus groups did not discuss sensitive topics, and it was obvious in the

group that the vdéunteers felt comfortable disagreeing with each other on the very practical

discussion on whether the group preferred the oral spray or capsule. To ensure the focus groups

were completed to a high standard, an experienced researcher with this methotkasisishe

running of the sessions. To support the findings of the focus groups, the participants were asked

whether they had a preference of either of preparation or no preference. Quantitatively these

responses were analysed identify a preferredmode of supplementation if anyOne to one

interviews could have been conducted as an alternative to focus groups. Interviews for research is
beneficial for when in depth detail information is required on a specific (§80) Face to face
AYGSNBASGa FNBE O2yaARSNBR || adaAadlofS YSGUK2R (2 =
views on a product or service and acceptability and delieétize intervention study they

participated in(332) In addition, interviews may be beneficial over focus groups as more rich detail

answers may be given while not silenced by dominant speakers in a group $888)g The

practicality for this thesis to interview 75 participants would be time consuming for the analysis of

the information recorded/transcribed and the time to conduct the interviews. The topic for

discussion in the focus @ups were not of a sensitive nature and volunteers were healthy adults
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asked to discuss their experience of using both vitamin D supplement preparations. Focus group
interviews was the most appropriate for extracting data on preference and experiencsngf two

different methods of a vitamin Bupplement.

Data analyses

Detailed account of the analytical tests performed in each study are available in their respective

chapters. Once cleaned and locked, all data sheets were merged and import&PIS®SPSS Inc.,

USA, V.23). Baseline descriptives were explored and distribution of normality was determined. Not

all data was distributed normally, and where needed fpamametric tests were performed and is

stated in the publication/chapter. Tests specifd the research questions were performed including

repeated measures ANOVA, independentandpairéd®a 6 8> | yR t SI NA2y Qa O2 NNJ

were 2tailed with a significance value of <0.05.

Other statistical software packages are availabl&ksud- & WYwQX {!{ FyR {¢! ¢! @ {
LI O11F3S L 6FyR Y& adzZJSNBA&A2NBO ¢l & Y2adG FFYAEALFN

semester to develop this skill and as such was the chosen platform for statistical analyses.

Ethicalconsiderations

Ethical issues were considered and are an integral part of being a competent researbleamain

ethical considerations for this thesis includealuntary participation, informed consent, anonymity,
confidentiality, potential foharm, and results communicatiof.o ensure the main ethical

considerations were considered, ethical approval (amendments where needed) was applied for and
successfully approved through the University Research Ethics Committee (UREC) (réfE1866e

and016753. Additionally, it was mandatory for PhD researchers to successfully complete the

Y2RdzS WC/a cmnn NBaSINOK SikKada yR AyGiSaNRrRGeQd
aimed for post graduate researchers to be effective reflective piaogrs. This was developed

through group discussion of six case studies while considering the models of ethics and integrity.

Students were encouraged to apply this learning to their own research and to discuss any challenges

they may have faced. Godlinical Practice (GCP) training was completed to ensure the research is
O2yRAOGSR Ay GKAA (KSara sta G2 Iy SGKAOFE FyR 3
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research presented in this thesis were all over the age of 18 and fully awtreiofight to

withdraw from the study at any time before signing the consent form. Details of what was going to
be involved by taking part in the research was explained in detail and documents with this
information was given to participants to take horaed review. Volunteers were informed that

their identity would not be identifiable in documentation and numbers would be used in place of
names to ensure confidentiality. The numbers were created by the researchers to substitute

LJ- NI A OA LI yidedtifatign: coti€sawhidhavétd only known to the researchers directly
linked with the study. Encrypted hard drive was used to store electronic data and paper (hard)
copies were stored in a locked cabinet. The key and password for the encrypted eledatanicas

the responsibility of the primary researcher. The two focus groups were recorded with the consent
of the participants. The recordings were transcribed and saved to the encrypted device.

t P NOAOALI yiQa al FSde 41 aeirdofmedofHa iNdotreftl) SonsumgeR @2 £ dzy
the vitamin D (30001U) oral spray/capsules and advised to contact the research team if any
unwanted side effects occurred. There were two volunteers that experienced small bumps in the
mouth as a result of the vitamiD oral spray. One participant appropriately stopped using the spray
and the reaction stopped. The other participant was able to continue taking the spray with minimal

discomfort. These adverse events are clearly stated in the publication in chapter 5.

Systematic review

Critical appraisal skills programme (CASP) and PRISMA guidance were used to ensure reproducibility
and quality of the reviewed research (chapter ©ASP is a validated tool to appraise the quality of
conducted research including; ramuise control trials, case studies, and cohort stud&sst)

Other validated tools are available such as Effective Public Health Practice Project (EPHPP)

Centre for Evidence Based Medicine (Oxford) Critical Appraisalar@b®ochrane Assessing Risk of

Bias in a Randomized Triaht could have been applied foné systematic revieWd335337). The

critical appraisal tools are designed for specific types of research and would not have been

appropriate for this systematic reviewd F2 Odza 2F GAGFYAY 5 YR ANNRGL

PRISMA guidance is a wedltablished and validated method for reporting and synthesising research
in a transparent manng338, 339) The Cochrane Handbook is another accepted method for
systematic literature reviews, valued for its commitment to contin(@}0) Either of these

techniques are appropriate for systematically reviewing the literature. The PRISMA method was

chosen as | was familiar with this tool and both of my supervisors promoted its use
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Study design

The first research study conducted compared two preparations for the efficacy of a vitamin D
supplement at raising serum 25(OH)D concentrati®4d) There is very limited data comparing a
capsule to an oral spray with a placetantrol. There wer@nly 3 comparable studies available at
the time of this research (27276). Duration of study ranged the research from-B months, with
our study time period of 6 weeks. Thisved to be aradeguatelengthof studyand allparticipants
were repleteby day 21. fAis study was a part of gublished systematic review scoring the quality of
RCTs comparing the efficacy of a sublingitaimin d spray compa&d to capsule$342) A total of 4
studies were included ithe final reviewm(326, 341, 343, 344)The efficacy studyhich is peer
reviewed and publishe(thapter 5) scred the highest foguality (341)

The 12week RCT presented in chapter 6 was based on a formal pilot which therefore, used the same
study duration. Taresearch presented in chapter 4 reviews the duration of studies from the
availableliterature investigating effect of vitamin D supplementation on symptoms/quality of life in
those with IBS. This shows that study length among similar research ranged-fverks to 6

months. As the total number of intervention studies is a very lithtte7, as previously mentioned,

the 12week duration was primarily chosen based on the formal pilot from which it was based.

The published version of this research has now been raptdysed in 2 different review845, 346)

This is a strength of the RCT presented in this chagtbuelazmet al(2022), conducted a quality
assessment of risk bias of the included resbaand reported that current study had a low risk of

bias. The conclusions by both metaalyses generally agree with the conclusions in this thesis; i)
vitamin D supplementation is an additional therapeutic resource ii) effect of vitamin D
supplementatio on IBS symptom severity and quality of life remains unclear and iii) larger, first rate

RCTs are needed to establish dosing regimen, effect of vitamin D supplementation in therfong
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Chapter4

Vitamin D status iirritable bowel syndrome and the impact of supplementation on
symptoms: what do we know and what do we need to know?

This chapter is in the form of a paper which was published in the European Journal of Clinical
Nutrition in 2018. This paper is a systefatview using PRISMA guidelines and shows the research
available on vitamin D and IBS at the start of this study. This paper is presented in published format
with permission from the publishersThe paper and supplementary data can be accessed here
https://doi.org/10.1038/s41436017-0064z

The rationale for conducting this review was to identify the literature available and to show, if any,

the evidence for supplementation of vitamin D in indivals with IBS to relieve symptom severity

and improve quality of life. The study presented in this chapter suggests that low vitamin D status
appears to be common in IBS populations. Since the time of this publication, additional research has
been publshed. A supplementary search to update what is further known on the subject was

02y RdzOUGSR® 'aAy3 GKS alyYS ao9{l GSN¥& AGLNNRGIOf S
2018. the search was performed using the previously searched websites; WeibrofeS(core

collection), Medline and Pubmed. This search yielded three intervention studies fronr22Q08

Two of these studies were based in I(@d4, 252)and one study in Egy§253) with all studies

using recruitment from a clinical setting and a randomised, placebo déedrtrial design . Sample

sizes werdetween 74 and 116 participantSikaroudiet al. (2018) andel Amrousy et al2020) had

similar mean average baseline vitamin D concentrations of 43.6 had!46.5 nmol/L

respectively. These concentrations were similar for both treatment and placebo arm in both these
studies. Conversely, Jalili et al. (2018ad sufficient vitamin D status across both arms 52.75 nmol/L.

Jalili et al. (202Poffer no justificéion for this vitamin D status as criteria of inclusion.

Duration of study ranged from 6 wee{52, 253Y0 9 weeks\ith a 3 month follow up§252) The

studies used aariety of endpoints (e.g. inflammatory biomarkers, HADs), howeveiS &5 and

quality of life scores were present in all of the research. Each study reported significant results from
the intervention group compared to placebo in these commonly assemsepoints for IBS

population Table3, Table4). One study observed a significant improvement in88S score

(p<0.001) and quality of life (p=0.007) in the placebo &82) This placebo effect was also

reported in theintervention study presented in chapterd this thesis. No other research reviewed
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in this chapter has reported this effect although very common within an IBS c(@#1} Indeed, a
review of the placebo effect in an IBS population found thati8@o of clinical trials reported a

placebo éfect with this participant grou§75).

The data collected from the three papers was difficult to synthesise. Each study used various
methods of reporting their findingsEl Amrousy et al2018) neglected to state whether the data
distribution &) presented was standard deviation or standardor. While Jalili et al(2019) used a
combination of standard deviation at baseline then changed to standard error at exit. Lastly, a range
rather than a mean or median was reported by the most recent study Bikaroudi and colleagues

making compason with other trials challengin@52)

Assessmenfior serum vitamin bwas also varied across the studies. Sikaroudi used the LIAISON 25
(OH) vitamin Passay and stated their classification of vitamin D3 status as deficient (<10ng/ml),
insufficient (1630 ng/ml), sufficient (300 ng/ml) and toxic (>80 ng/ml). This study took
measurements at baseline drexit in IBD participants, which includetie questionnaires (IBSSS,
QoL, K\Ds and VSI) and blood sam@&¢OH)B, 5-hydroxy tryptaming5-HT), 5-hydroxyindole

acetic acid5-HIAA and 5HT to 5HIAA ratio Jalili et al. (20)used a similar design where all
assessments were made at the start and finish of the trial. However, this study neglects to state
which type of laboratory testing was used to determine vitamirt@centratonsandthere is no
definition for the classification of vitamin D status or justification for the required vitamin D status of
<75 nmol/L. Jalili et al. (201L8oes report using the IBSSS and IBJoL questionnaires along with

data from dietary intakdrom 3-day dietary recalls.

El Amrousy et al. (20185ed a slightly different assessment schedule. This study measurS&BS
IBSQoL, and a total score of HESS (visual analogue scale) questionnaires at day 0, 3 months and
exit (6 months). All lzoratory assessments were taken at the start and end of the trial, similar to

the other trials. Whole blood samples were obtained through venipuncture and vitamin D assay was
completed using th&itamin D total assay kitThis study only recruited parip@ants with vitamin D

status of <50nmol/L; which they deem deficient based on the clinical practice guideline created by

the Endocrine Society, hence no further classification was offi34@)

This data from the research shows a similar baseline meaB8#%Sscore (treatment + placebo) from
each trial 240.5, 248.5, 235 respectively. This agrees with the RCTs reviewed in this chapter with
mean basehe IBSSSS scores of 245.8, 241.3 and 248.5. Across the three studies, similarities were
observed in baseline QoL and {BSS scores, study setting, design and at exit an improvement in

IBSSSS and QoL scores. Sample age was the one difference betimefetrAmrousy et al2018)

53



had adolescents for participants in comparison to adult populations in the other studies. All

participants were recruited from hospital settings.

This supplementary search has provided a further three RCTs in this aesafah which appears

to agree with the previously reviewed literature that vitamin D supplementation improves symptom
severity and quality of life. These IBS populations differ across the studies; in age, study duration,
and type of sample used, makinggetresults difficult to synthesise. Although, similar results were
reported, these data cannot be simply applied to all individuals with IBS. Data collented f

clinical sample inot representative of the individuals living in a friléeéng populatbn with IBS.

Using a clinical sample reduces the ability to apply the results to the general population, while
random samples will be able to deliver data that is more representéB48). It does provide a
foundation from which weltlefined research studies can stem from, recommending the need for
further RCTs that are larger, adequately powered, with a control population, which will offer

generalisable results that may confirmusijification for vitamin D @.a potential treatment of IBS.

Table3: IBSSSS scores for baseline and exit.

Vitamin D Placebo

Group
AUTHOR Baseline Exit Baseline Exit P
ELAMOURSY ETAL. | 239.3t7.3 167.6£46.9 241.9169.8 233168.2 <0.001
(2018) (NOT STATED)
JALILI ET AL. (2019) 250.87496.42 60.234+12.67* 245.78+112.82 35.55+13.54*  <0.057
(MEAN£SD?/SE®)
SIKAROUDI ET AL. 230 (190-290)% 100 (70-170)* 240 (200-300)% 190 (140-240)* <0.001
(2020) (RANGE)

*Used change from baseline data instead of full scores,® ANCOVA adjusting the effects of age, IBS-QOL baseline score, and
baseline value of each factor as covariates, “reported range of score, ‘standard deviation used at baseline, *standard error
used at exit.
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Table4: Quality of life scores at baseline and exit

Vitamin D Group Placeho
AUTHOR Baseline Exit Baseline Exit P
EL AMOURSY ET AL. 59.2+14.7 75.249.2 58.8415.2 60.8113.8 <0.001
2018
(NOT STATED)
JALILI ET AL. 2019 57.35+27.96 48.13+4.24 46.70+£31.37 35.18+4.24 0.039*
(MEAN+SD/+SE)
SIKAROUDI ET AL. 76 (65-109) 59 (50-89) 93 (68-120) 79 (61-99) 0.022
2020
(RANGE)

*ANCOVA used and adjusted tb#ects of age, IBQOL baseline score, and baseline value of each
factor as covariates.
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Abstract

Background Low witamdn [ stams is associaed with nsk of colorectal cancer and has been impheated in inflamsmaioey
bowel disease. Dmitable bowel syndromse (IBS) 45 a chronie, relapsing. functional bowel disorder. A nascent Heeraiwre
sugpests a rode for vitamin [ in IBS, but this has not been collated or crnitigued. To date, seven sdies have been published:
four observational snsdies and three randomised controlled tnals (RCTs). All observational smudses reported that a substantial
proportion of the [BS population was viamin D deficient. Two intervention sisdies reported improvemsent in IBS symptom
severiny scones and guality of life (Qhol) with vitamn D supplementation.

There are limited data around the mole of vitamin D in IBS.

Condusions The avalable evidence suggests thar bow vitamin [ stamus s common among the IBS population and mens
assesament and rectfication for general health reasons alome. An inverse cormelation between seram vitamin D and TBS
aymplom severily B suggested and vitamin [ interventions may benefit symptoms. However, the available RCTs do not
provide sirong, generalisable evidence; larger and adequately powered inlervenisons are needed o establish a case for
therapeutic application of vitamin [ in IBS.

Introduction hommone [2]. The priscipal circulsting form of vitamin [

The reported health benefits of vitamin [ lave recently
extended from muosculoskeletal bealth w focus on the
potential relationships i systemac diseases, such as mulriple
aclerosis, oolorectal cancer and inflammatory bowel disease
{(IBD) [1]). Viamin D s a hosmone that has two key roles
within the body: (i) to ald the absorptson of calciom and
phosphate and (W) control the secretion of parathynodd

Electronic supplensenory materinl The online version of this anicle

i 25-hydroxyvitarmin [ (250H)  caleifediol;
ChEBL:17933), which is wsed clindcally w determine wita-
min [} stares [3). There is no umiversally agreed optimal
level of witamun [ however, the Matomal Academy of
Medicine (USA amd Canada) has asserted that serum 25
(OH)ID levels peed o excesd 50 nmolfL (20 ngfml) w be
adequate 10 meel the meeds of 97.5% of the population [4]
and by extension levels <S50 amol/L (<20 ngfml) are con-
apdered insuffickent [5, 6). Poor vitamin D stams is of
major public health concern with low vitamin [} stams
affecting 5-24% of children and 30% adolis in the UK [T].
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Co i Iy, SACN guidelimes recommend an intake of
10 pgfday for anyone aged 1 year and older [E]. Viatamin [
has  increasingly beem implicsied i the pathobiology
of colorectal diseases. A mets-analysis and systeranc
meview of observational sredies mo inflammatory  bowel
disease (1B suggesved thar patients were G4% mope
likely o be vitemin [ deficient compared o controls
without IBD (p=00001) [9]. Simalarly. a recent review
amnd a rmea-analysis of the potential relalionship between
vitamin D and colorectal cancer identified an association
betwesn vitamin [ intake and colorectal cancer prevalence:
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a significant inverse associaton between dietary vitamdn [
intake, 2%0H)D stams and colorectal cancer risk was
reponed [10, 11]. The potemtial for vitamin [ as a sec-
ondary preventive of ademoma recurrence has abio been
invesigated in several trals both alone and m combination
with cabeium [12).

Irritable bowel syndromse s ome of the most common
functional bowel disorders seen globally (D0-20% of some
populations [13] with signaficant healthcare cost [14]). The
pathogenesis of the disease remains wnclear and s cate-
gonsed prmanly by the symploms expenenced [15-17].
Sympioms of 1BS include bloating. abdominal pain, diar-
thoes andlor comstipation; the ROME 11 cratenia incomporate
asacisment of these symploms 1o diagnose the condition
[18]. There are three recognised sub-types of IBS:
diarthoea-predominant (Type [3), constipation-predominant
{Type Cyand abemating diarthoea and constipation {Type
AY [19]. Other common feaures of this syndome ot
covered in the diagnostic criteria are bloating, passing of
mucus from the recium, rregular siool habits and urgency
of evacuation [20]. These symploms have a serous impact
on the person's every day quality of lfe and appear 10 have
airomg Hoks 1o mental health issees such as amxiety and
depression [21]. A aumber of repons lnking vitamin [ and
IBS have received significant needia anention; this review
abmns o collate and contexmalise this reseanch. The Hierane
wis searched systematically (see Supplementary Online
Information Sectbon 1) o sdemtify the full scope of pub-
lcations in this area; seven reports wene sentified, com-
prising four observational smdses and three randomised
control trials (RCTs)

Summary of the literature to date
Observational studies

Fiour intervention traals were identified that sssessed vitamin
[ snanis in IBS (see Table 1)

A case snady reponed that a high dose supplementation
(5073 pg per day throwghout the year) of vitamin [ sig-
nificamly improved one womans [BS ayvmploms [2I],
incleding a ream o almost-nomal bowel panems and
decreased anxiery and depression. This paper alio aysiem-
atcally identified analysed social media (blogs by people
with IBS), noting that 70% of 37 individuals’ blogs repotad
that vitaman [ supplementation resulied in an improvensent
of symploms. This case resided in the UK (hence a
Moetherly latimude); however, blogs were from those lving
intermationally and exact localions were mol reported.
Dheficiency thresholds were not defined and sensm 25(0H D
levels were not smped. Although in agreement with some
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imtervention trals [23, 24], case sodies are nol gen-
eralizable or stnsucally significamt

A case eontrol stedy reported vitamdn D serum con-
cenlratoms.  in patients with [BS  anending a  gastro-
enlerpdogy clinde in Sandi Arabia (Intemational Medical
Centre) [5]. Cases had a confirmsed disgnosis of 1BS using
ROME III criteria and healthy controls were gemder and
age-matched saff members from the medscal centre. This
sindy defined deficient semum 230H)ID concentrations as
<50 nmolfL [23, 25]; mean serum 25(0H)D concemralions
in patients with IBS was 21 + 12 nmeol/l, which was sig-
nificantly different 1o 31 £ 16 nmolL reported for the con-
trol group. It should be noted thar this sudy only repored
sepurn 25(0HID concentralions retrospectively from medi-
cal reconds.

A second observational sisdy in Sawdi Arabia neponed
recraitnent of subjects (n = 498) with both Crohn's disease
{CD) and IBS and compared these to a control group of staff
amd smdents (r=442) [26]. The sudy reported insuffi-
clency of serum 2500HD concentrations i 67 3% of the
patients; however, 11 s difficalt to ascemtain whether the
insufficiency of vitanun [} was a result of the IBS, CD, a
combinatson of both or 8 common issue among this general
population. This stady neglected o define their threshold of
“wiaman [ msufficiency”.

Both studies were conducted in Sandi Arabia known for
its year-round sunshine which should lsave a positive effect
on serum 25(0HID levels. However, for religsous reasons
the population avodd direct exposure of thedr skin o sunlight
amd a recent systemmtic review [27] of 13 sudies (n=
24.399) found that 81% of different Saudi Arabian popu-
lations fe.g. pregnantflactating women, children, adulis) had
serum concentration levels of 25(0H)D <20 ngfml (<50
nmelL).

In a US-based stady (Atanta, Georgla) medscal reconds
of 1000 IBS patients wene reviewed [28]. The mean serum
concentration of 2HOH)ID of te population snsdsed was
2505 amolL.. It was also reported that T2% of women and
3% of men with IBS had a seram concentration < 30 nmolf
L. There were no conrols wed for comparison. Farmher-
more, this research is only available in abstract form amd as
aach a full analysis is unavalable

A retrospective case-controlled sosdy [A] amalysed the
medical reconds of 33 children and adobescens aged 621
dingnosed with IBS lwing in Massachusens, USA. This
research shows that only 7% of the IBS cohort had suffi-
clent vitamin [ levels compared o 25% of body mass
index-matched  healthy conrol agending a  well-child
clinic. This soudy suggested prevalent vitamin [ insuff-
clency in both the [BS and control populations, albeit with a
larmated spwdy design.
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Intervention studies

Three miervention rzals were identified thar investigated the
possible bemeficial effect of viemin [ on IBS symploms
{see Table X)j.

Tazeyman et al. (200 5) conduciad a 12-week ramdomised
doable-blind three-arm parallel palad sody din people wath
[BS which compared placebo 1o esther viimin [ supplde-
mentation { T8 pefday) or combinat of w in [ (75 paf
day) plus probiode (reo sirases of Loceofacillus onend-
epprifas per capsule). The tdal was condected in e UK in
January—Apl 2005, Amalysis of b i abata all 5|
thar partbcipants with bow witamsin [ (<S50 mmolfl) had
lovweer Qrall (using the single guestion m the Total Sy mpiom
Severiy IBS guestonnadre [29] compared 1o their replete
counterparts {p=_0.034. Innprovements wene reported in
all trestnsem arms, but no significant difference berween the
restmsent arms was observed. The siedy provedes valuable
data on which o base posver calculstions for fomee BCTs.

A BRCT conducied in Iran with 8% particapants with 1BS
[23] found significant improvensent of IBS sympioms (p <
0Dy and quality of life (@< 00001 following very high
dose {1250 pg fornightly for & msonths) sitamin Dy sop-
plementaison congpared o a placebo over a persod of
& months. Separate ools measured sympiom severiny [29]
amd quality of life [30] ar baseline amd exit of the snody.

A secomd Iranian sody [24] ased a 2 s 2 factonal design
o conduct a blmded RCT wabh women aged 185-T35 w
investgate the effects of vitamin D, soy soflavones or bath
on IBS symploms and qualicy of Life. One hundred parcni-
5 wene 1| Iy assigmed 1w ome of four possilbde
a.rr:u.-x of the imervenizon: vitamin [ oand placebo (D 4+ P),
a0y moflavones and placebo (5 + P, soy isoflavones and
vitaman [ (5 + ) or both placebos vitamin [ and placebo
a0y isoflavones {4+ P SO00000 TUT {1250 pe) of vitansin [
wias administered fortmaghtly amd 2 2 200mg of so0y iso0-
Aavones capsules daily. The length of snsdy was a restrsc-
e & weeks with a follow-up ol 4 weeks posl intervention.
This smdy reported significant improvements in [BS
s\-nq:m-m severnly score and gualicy of Hfe in participants

imed no el vitamin [} isoflavomses. Both 5 + P and
the [ + P groups significantlly improved IBS woal score
=LK, =005, respectively)k The combmaton effect
of vitamin [ and soy on IBS-TS was also significant (p <
0S)y.

Both the Abbasnezhad amd Jaliln snsdies showed exora-

i iy lovw dard deviations of IBS sympiom severiy
scores (aroand 109% arownd se mean): our ongoedng work
augmests that the magority of swch sdes report the S of
sympiom severily in the range of 20—TM% of the mean
(Corfe, mnpublished). This suggests a significamly more
hosmegeneons populaizon tean comparable publicasons., the
neasons for this are unchear.
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All three intervemion stadies reported koow mean baseline
vitarnin [ serum concentrations m the IBS populasions
snsdied, ranging from 14 o 2123 ngdml (3553 nmolfL).
Vitamin [ deficiency is p in the g 1 populastions
of botl the UK and Iran [31. 32) populations and as sech,
noe cansal ok with 1BS can be inferred withowr comtrol
population data. Two [23, 25) ow of the three sisdies
showed an increase i the mean 2500HID levels from
defbesent (<20 ngfml or <250 Ly bir 1 (=200
ngfml or =50 mmoll) in the active arm. Dnﬁages: of wita-
min [ supplement varied berwesn the siadies. The pre-
parations were either in the form of one S00000 TLT 1250
wgh oral capsule formightly or a daily 300000 (75 ag)
aublingual spray. Abhbhough optinsal dosing sirategy 48 mol
knovwn, research suggests thar both larger, less freguent
domes amd daily preparations are equal in effectiv in
therr repletion of 25 (OHDD [33, 34). Despite small losses w
follvw-up. final sample sizes from previows stodies appear
1o be relatively samilar.

Conclusions and directions

There 2 a mascent body of lleraiare sssocmating vitandn D
stapus amd the pathobology and mamsmgement of colorectal
conditions incleding IBIY and cancer. Fouar papers and one
absiract reporn cross-sectomal soudies. A consiseent Homioa-
tron of these was that witamdn [ stams of the wider poga-
lation 15 mor reporied. Caose amd effect are difficull w
determine as it might be argued that individuals wath severe
IBS nuay exhibat behaviour changes, for example elevated
nme indoors consequent o sympioms, fhal may inmpact on
vitarin [ stamas.

Two of three intervemizons spudies neport a positive
benefit of witann [ supplemsemation in people with IBS;
however, the low varation in the sody populations and
wnusual dosing reginee in these rwo d raldes g s
aboul the generalisabdbny of the data Al I:I'u\he RCTs
repornied a relasonship. either ar baseline or in response o
imtervention, betwesn vitamin [ oamsd Qol, a sympiom
diomain of panscular importance o the patsent populsison.

Collectively he smadies reviewed, although restrced,
offer enowgh justificason for further work in this subject
area. In particular, funare h may b fir froem ade-
quate poswering { Tazzyman e al. suggest T4 subjectafarm),
now that effect size data are in the public domsin, o assere

Lizabilay and o 1 Fumune smdies showld
:nu:lud.e a broader spread of participant, of multiple snsdies
should addeess the potentzal benefis m defired populssons
amd lamat clains 1o these populadons.

Less equivocally, the body of evidence accrued across
multiple populations already suggests that vitaman [¥ sgapis
asaessment should be incorporated as a rouline assessrment
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alongside IBS diagnosis in routine practice to identify
individuals at risk and likely to benefit from vitamin D
intervention for general health as much as for IBS
symptoms.
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Supplementarynformation

PRISMAvorkflow

This review was conducted in accordario the PRISMA guidelind838). The search terms used to

identifyre | ev ant

fivitamin

Do

(core collection) in August 2017.
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The
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The clinicaltrials.gov was also kedror any current studies

taking place whence further data could be extracted. Two reviewers (CEW and BMC) conducted the

search independently and one reviewer (CEW) collated the data at The University of Sheffield.

Studies included were of original datn the association of vitamin D and IBS and were limited to

studies in humans. Only peeviewed studies were included in this review.

Number of records identified
from databases searched

(n =21)

v

A\ 4

Number of records after
duplicates removed

(n=8)

A\ 4

Records screened
(n=8)

A\ 4

Ful-text articles assessed
for eligibility
(n=7)

A 4

A 4

Studies included in
systematic literature
review
(n=7)
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Chapters

Rate of change in circulating-Bgdroxyvitamin D following sublingual arapsular
vitamin D preparations.

This chapter is in the form of a publication. This efficacy study was conducted in my first year of
study and the results were published in ther&ean Journal of Clinical Nutrition in 2019. The
ethical approval, participant information sheet, and recruitment poster can be seen in Appe8dix 1
At the time of this publication, only two publications were available that had compared two
different oral routes of delivering a vitamin D suppleméB26, 343) With so few data available on

the efficiency and acceptability of an oral spray to raise vitamin D levels, further research was

warranted. The papercan be accessed herettps://doi.org/10.1038/s41430 -019-0503-0 and

has been presented in this chapter.

The rational for this research several fold. Firstly, the high prevalence of suboptimal levels of vitamin
D in the general population meritesolving. This is of particular importance to people living at
Northern latitudes and ethnic minoritig850) A recent randomised control triéd51)examined

rates of deficiency and insufficiency across seven European countries; @e@pain, Greece,

Poland, Netherlands, Ireland and UK in a sample size of 1075 participants. The rate of insufficiency
(30-49.9 nmol/L) and deficiency (<30nmol/L) for the UK was 34% and 8.2% resp&8iidglyThe

UK was identified as having the highest prevalence of vitamin D insufficiency/deficiency within the
European countries assessed, with the Netherlands having the Ipresgtlence. It was further

reported that females had a higher prevalence of deficiency/insufficiency of vitamin D compared to
males (p=<0.001). Younger participants¢lp 0 O2 YLIJ NBR (2 2t RSNJ LI NI A OAL
also associatewith a greater pevalence of vitamin D insufficiency and deficiency (p=0.(8&))

This shows the high prevalence of deficiency and ingeffioy in the UK, especially for those who are
between the age of 185 and female, which may need supplementation to correct. The current
research in this chapter contributes to the current body of literature that an oral spray is an effective
alternativeto capsules. This may be advantageous for those with swallowing or malabsorption

issues and have insufficient or deficient vitamin D status.

The UK SACN has recommended that a serum 25(OH)D concentration >25nmol/L is maintained
throughout the year, leadmto a RNI of 10p/d from all sources, however this is difficult to achieve

through diet alone and as a result supplementation of vitamin D is likely to be req@d¢dDespite
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this, there is limited data comparing the different routes of vitamin D delivery, uptake rates and
efficacy betweerpreparations(326) Indeed, in total ol four RCT studies have been published
reporting the efficacy of a vitamin D sublingual spf236, 341, 343, 344)Only one of these trials
reported a superior absorption of a sublingual vitamin D oral spray compared to capsules in
individuals with intestinal malabsorption syndrome and in healthy con{@®18) This study was an
open labelled, randomised, two periods, tweay cross over design. The authors compared
absorption of vitamin Bin a soft gelatine capsule (10001U/capsule) compared to a buccal spray
(500IU/spray x2). The placebo was in the forfma goft gelatine capsule purchased over the

counter. Thirtyeight participants aged 185 were randomised to receive the vitamia uccal

spray, capsule or placebo for 30 days. The participants were based at 2 different hospitals in India;
healthy contols at one and malabsorption patients at the other. Group allocation was the same for
controls and malabsorption patients with n=7 (capsule), n=7 (spray) and n=6 (placebo) respectively.
After a washout period of 30 days, those in the spray group movéuetcapsule group (vice versa

for capsule group) and placebo remained placebo. Two participants were lost due to compliance
being less than 90% and were excluded from the final analysis. The study found a significant
increase in serum 25(0OH)D for botedithy and patient groups. The mean increase of 25(0OH)D was
10.2nmol/L (capsules) and 20nmol/L (spray) for the healthy cohort. The patient group had a similar
mean increase 10 nmol/L (capsules) 26.2 nmol/L (spray). The increase in serum 25(OH)Ddvas note
to be higher in the individuals with malabsorption disease in comparison to the healthy group. The
authors acknowledge the known inverse relationship between lower baseline 25(OH)D
concentrations and uptake rate of vitamin D. This was also found isttidy presented in this

chapter.

It was concluded that the buccal vitamig lluccal spray proved to be superior at raising 25(OH)D
levels than the capsule in both the control group and individuals with intestinal malabsorption
syndrome. In contrast, Todst al. (2016), Penagini (2017) and Williams ef{2019)found no

difference in efficacy at raising vitamin Bvels between the capsule and oral spray preparations.

Since the time of the publication presented in this chapter, a further two studies fpstematic

review and one RCT) have been published, both in 2828, 352)

Zmitek et al(2020) conducted a RCT with 105 participants age@5L8uring wintertime in Slovenia
with insufficient vitamin D levels (380nmol/L)(352) They investigated the efficiency of a vitamin

D supplement in healthy adults and possible associations with physical activity, BMI and baseline
status. Participnts were randomised to one of four groups; vitamin D capsules, a vitamin D oil

based oral spray, a vitamin D wafeaised spray or control grouplhe treatment arms received a
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vitamin I supplement of 10001U/day for 2 months. This study reported a gignifincrease in

serum 25(OH)D levels compared to the placebo group (p<0.0001 for each treatment vs control).
There was no difference between modes of delivery (p not stated). It was also determined that the
efficiency of the supplement was associateitbva normal BMI <25 and those with prominent

vitamin D insufficiency. This study cited our paper, which presented the details of my study design

and concurred with our results that both modes of delivery were equally efficacious.

The systematic reviewad the focus of assessing recent RCTs to determine the efficacy of a buccal
spray compared to other supplement formulatiof812) Inclusion criteria were; human trials, any
health status, any language and any age that evaluates the efficacy of a buccal vitiampiayip

any other method of deliveryl'he included trials (n=4) were evaluated for their quality of study and
risk of bias. The quality of the study was scored using the Jadad3&3)and risk of bias using the
Cochrane risk of bias@R 2.0) assessment tof854) This review found it difficult to synthesise the
results from the four trials. There was variability in the dose (80001U/day), duration of the

study (30 dayg 3 months), trial design (2 x cross over, 2 x parallel)raadits. One out of the four
reported the sublingual spray to be superior in raising 25(QB4B) while the remaining three

found equal efficacy between methods of delivery.

My study scored highest for quality compared to the others; however, the silsdyscored high for
risk of bias. It was also noted that the present study was the only one to report an adverse event and

skin tone.

Criticisms of the study | conducted include; no flow diagram, not adhering to the original study
duration, and the comparisons made between placebo and active groups were removed due to not
YSSGAYy3 GKS FdziK2NBE GadzLISNA2NRGE@E ONARGSNAI F2NI C

The research discussed has created a body of evidence that shows a vitsuablilgual spray and
capsule are equally efficious at raising 25(OH)D levels. This finding was of importance for the
proposed intervention stuglthat is presented in chapter. 3t gives the study confidence that the
sublingual spray is as effective as the capsule at raising 25(OH)D levelss bhigdtan accepted

mode of delivery for participants.

This study was conducted with an external industry partner BetterYou, which provided all the
vitamin D supplements. In the exit interview, participants were asked if they preferred the tablet,
oral spay or no preference Two focus groups were conducted pesidywith 12 participants in

each sessioto determine if the oral spray was considered a good alternative to tablets and why, for

the benefit of the industry partnerFocus groups were recordavith participants consent and
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transcribed by administration staff in the department. The main themes that emerged were simply
regarding preference between the two modes of deliveékg.stated in the publication presented in

this chapter, there was a pference for the oral spray compared to capsule. Reasons included; easy

to take without water, nice taste, and travel friendly. We acknowledge that the oral spray is a

convenient but expensive way to supplement individuals with vitamin D. Tablets pedctiam a

well-known pharmacy would cost £2.30foi32 Y 1 KA Q adzLJLX & 2F wmndza GAGIl YA
contrast, the equivalent in spray format would cost over double at £6.95. As our findings show

equal efficacy, we have not promoted this product as aesigp alternative. This portion of the

study was simply to explore these questions for the benefit of the industry stakeholder.
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Abstract

Background Vitamin D s critical for skeletal health, and is increasingly associated with other pathologie: encompassing
gastrointestinal, immunolegical and pevcheologicel effects. A sigmificant proportion of the population exlubits suboptimal
levels of vitamin D, particularly in Northem latitudes in winter. Supplementation 15 advocated, but few data are available on
achievable or typical rates of change. There has been considerable interest in the potential use of sublingual sprays for
delivery of nutrient supplements, but data on efficacy remain sparse.

Methods A randomised, placebo-controlled, three-arm parallel design study was conducted in healthy volunteers (n=75) to
compare the rate of change of vitamm D status in response to vitamin D3 (3000 IUVday) supplementation m capsule and
sublingual spray preparations over a 6-week period between January and April 2017. Blood 25{0H)D concentrations were
measured after day 0, 3, 7, 14, 21 and 42 days of supplementation with 3000 IU par diem.

Results Bazseline measurements show 25(0H)D deficisncy (=30 nmolT), msufficiency (3146 nmol1) and sufficiency (= 50
mmeol1) n 14.9, 44.6 and 40.3%0 of the participants, respectively. There was a significant elevation in bloed concentrations
of 25{0H)D in both of the treatment arms (capsule p = 0.003, spray p = 0.001) compared with control. The capsule and spray
were equally efficacious. The rate of change ranged from 0.6% to 3.93 (capsule) and 0.64 to 3.34 (spray) nmolT day with
average change in blood 25(0H)D levels of 2 nmol/l'day. Rates followed a simple normal distribution in the study population
(ks = 0.94 and 0.32 for capsule and spray, respectively). The data suggest that rates of change are higher in individuals with
lowrer levels of 25(0H)D.

Conclusions A sublingual vitamin D spray 1z an effective mode of delivery for supplementation in 2 healthy population. The
data provide reference values and ranges for the rate of change of 25(0H)D for nutrikinetic analyses.

Introduction

Supplementary information The online varzion of thizs article (https:” - E . . . .
dod are/10.1035/241430-019-0303-0) contains supplementary material,  * tamin I is eszential for the homoeostasiz of caleium and

which is available to authorized users. phosphate, and well kmown for its role in the development
and maintenance of bone health [1]. Once vitamin D has
been imgested or synthesized via sunlight exposurs, it
requires activation in the liver to form 25-hydroxyvitamin I
(23(0H)D) and in the kidney to form 1,23 dihydroxyvitamin
Molecular Gastroenteralogy Research Group, Academic Unit of D (125 (OHRD [2]. 25(0HD is the most abundant
Surgical Oncology, Deparment of Oncology & Matabolizm, circulating form i the human body and 15 used to determine
University of Sheffield, Beech Hill Foad, Sheffiald 510 IR, UK vitamin D status. 23(0H)D level: can be defined as;

! Department of Oncalozy & Matabolism, University of Sheffield, sufficient (=50 nmolL), nsufficient (30 = 3049 mmolL) of
Beech Hill Roed, Sheffiald 510 IR, UK deficient (=30 nmolL) [3, 4]. There iz limited research cn
Insigneo Institute for In Silico Medicive, The Umiversiiy of  [ates of repletion; ome paper reports amounts for
Shaffield, Sheffisld, UK mamtenance of blood 25(0H)D at 50 nmeoll requires
around 11 weeks of dosing at 1000 I vitamm D per day [3].

Hypovitaminosis 13 evident worldwide, and 1s a major public

* Bernard M. Corfe
bom.corfei@sheffield ac.uk
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health concem [6] leading to advocacy for supplementation
in atrisk groups. Research has also shown African
Americans may require a2 higher dose of vitamin D
supplementation to reach optimal serum 25(0OH)D
concentrations compared with the Caucasian participants [7],
perhaps as a result of lower baseline 25(OH)D levels in this
population [8]. It is also kmown that serum 25(OH)D levels
1s inversely associated with body fat mass [9].

Supplementation has classically been with capsule
preparations, but sublingual sprays are increasingly
available. There are few data available on the relative
efficacy of each type of preparation on rate of change in
circulating levels. Dose response studies using capsular
delivery of vitamin D supplementation [10-12] have shown
evidence of efficiency in increasing serum 25(OH)D levels
which plateau and begin to decrease.

This study aimed to measure and compare the rate of
change of circulating vitamin D in response to capsular or
sublingual delivery of a daily vitamin D supplement.

Methods
Study design

This was a 6-week double blind, placebo-controlled
threearm parallel design study. The participants attended
three visits at The Medical School of The University of
Sheffield. The initial visit included anthropometrics, issue of
first batch of blood test kits and completion of a first self-test
blood sample. The second visit occurred ~2 weeks after the
initial visit for issue of further test kits and to support
participant retention in the trial. The final visit required
participants to retum their preparation bottles and answer
five questions regarding the study.

Sample size and randomisation

There were no data upon which to base a power calculation.
Seventy-five healthy male and female participants were
recruited between January 2017 and February 2017, and
were randomly assigned to one of three amms: (1) active
capsules and placebo spray (n= 23); (ii) active spray and
placebo capsules (n= 25); (iil) double placebo (n= 25).
Participants were randomised according to a computer-
generated random sequence using block randomisation with
a block size of 9, with randomisation undertaken by an
independent outside source. The allocation sequence was
not available to any member of the team until databases had
been completed and locked.
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Participants

The University of Sheffield Research Ethics Committee
granted ethical approval for this study (Ref: 011865).
Participants were recruited via poster advertisements at the
University of Sheffield and through a student volunteer
email list. Inclusion criteria required participants to be fit
and healthy, and aged between 18 and 50 years. Participants
who reported any micronutrient supplement use (vitamin D,
multivitamin, fish oils), recent or upcoming sunny holiday,
pregnant or lactating, history of gastrointestinal disease,
BMI > 30, diabetes, >50 years of age were excluded. A total
of 124 potential participants were approached, of which 49
were excluded: 28 did not meet inclusion criteria and 21 had
no further contact after initial consultation.

Participant measures

The concentration of 25(OH)D in the blood was assessed by
blood sample using a finger-prick blood spot kits at 0, 3, 7,
14, 21 and 42 days of supplementation. Blood spots were
analysed by liquid chromatography tandem mass
spectrometry (Waters TQD and Acquity UPLC) for total
blood 25(OH)D (25(OH)D: and 25(OH)D:). LC-MS was
undertaken by City Assays, Department of Pathology,
Birmingham Sandwell Hospitals NHS Trust. Previous work
has shown that this method is comparable with other
commercial assays with intra and interassay coefficients of
<10 and <11%, respectively [13-15]. Anthropometric
measurements included: height, weight, BMI and body fat
percentage. Body fat and weight were measured using
Tanita BC-543 [16]. Skin tone was assessed by the
researcher using 1 = Caucasian, 2 = Asian, 3 = Black.

Qualitative opinion of capsules and sprays were assessed
via exit questionnaire. Participants were asked if they had a
preference between preparations

“Did you have a preference between the two
preparations? If so which one?”

Answers were categorised as; “yes, the spray”, “yes, the
capsule” and “no preference”.

Intervention

The vitamin D:; and comesponding placebos were
manufactured by Cultech Ltd, Port Talbot, UK and
provided by BetterYou Ltd, Bamsley, UK. Preparations of
vitamin D and corresponding placebos were provided as 15
ml sprays and capsule. Each capsule and spray contained



3000 IU (75 ug) of vitamin D: per dose. The content of the
spray and the capsule from the manufacturer was prepared
to 97.5 pg/dose in order to maintain shelf life and to
guarantee dose. Volunteers were instructed to ingest one
capsule per day with water, and one spray orally per day for

Boneferroni correction. Pearson’s correlations for rate of
change in 25(OH)D per day was performed. Change in
25(OH)D over six time points were analysed by repeated
measures ANOVA (there was a high failure rate in
assessments of 25(OH)D at day 42, leading to the exclusion

Rate of change of circulating 25-hydroxyvitamin D following sublingual and capsular vitamin D. . .

Table 1

characteristics andD:::nm Capsules Placebo Spray Al p-value

KIS TR Participants, n 25 25 25 75
Female, n 14 10 15 39 0326
Mean age (= SD) 220(4.82) 224(272) 21.7(23.05) 22.4(23.65) 0.504
BMI (kg'm?) 23.6(#295) 22.7(+272) 23.8(a2.56) 23.4(22.77) 0294
Body fat (%) 234(*7.75) 19.1(#591)  23.7(+7.65) 22.1(2737)  0.043
Height (m) 171327.54)  173.5(21020) 170.0 (#8.35) 171.6(28.77) 0357
Weight (kg) 69.6(£10.71) 68.6(+12.77) 69.0(x11.32) 69.1(211.48) 0958
Skin tone 2221 2401 2500 7122 0.268
Mean serum 25(0H)D, nmollL 50.7 (£19.73) 45.6 (#21.30) 54.0 (427.84) 50.5(#23.24) 0.381
(baseline)
Mean serum 25(OH)D, o135 55.62 (34.40) 95.78 81.13 0.001
amolL (exit) (=19.78) (=28.03) (=33.02)

The data are presented in means = SD. Baseline charactenistics are given along with exit serum 25(OH)D.
Significant values are p > 0.005. A one-way ANOVA was used 10 compare means at baseline and exit for

serum 25(OH)D

6 weeks. Compliance was measured by weighing the spray
bottles and counting the remaining capsules at the end of the
study. In total, 86% and 96.4% of participants reached 100%
compliance with the spray and capsules, respectively.

Adverse events

Two participants reported that small blisters formed on
cheek and tongue after the study began. One participant
stopped using the preparations for the duration of the study.
The second participant continued to use the preparations
throughout the intervention.

Statistical analyses

The data on vitamin D status were held by a third-party until
all other data entry was complete, spreadsheets were then
merged and analysis was undertaken at a group level with
blinding to group identity. Statistical analysis was
performed using the Statistical Package for the Social
Sciences (SPSS) (IBM SPSS Statistics for Windows, V.23;
IBM Corp.). Percentage change in 25(OH)D from baseline
was determined by analysis of variance (ANOVA) with
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of this time point's data from the main analysis).
Comparisons between percentage change in 25(OH)D from
baseline in deplete and replete participants were assessed by
Mann-Whitney U Test. Two-tailed tests were used in all
analyses with the significance value of <0.035.

Results

Baseline demographics are shown in Table 1, and a
CONSORT is supplied in online (Supplementary Fig. 1).
The three arms were similar in numbers, age, BMI, body fat,
height, weight, skin tone, sex and baseline blood 25(OH)D
concentrations. Baseline blood 25(OH)D concentration
showed 59% of participants had insufficient/deficient
vitamin D status (<50 nmol/L).

Intention-to-treat analysis was used to evaluate the five
time points up to day 21. Kolmogorov—-Smimov test (ks)
indicates that the rate of change of 25(OH)D for both
treatment arms follow a normal distribution (p = 0.200). Raw
data are available online (Supplementary Table 1). Blood
25(OH)D concentration analysed across the timecourse in
all three trial atrms by ANOVA showed a significant
improvement in 25(OH)D status in those receiving vitamin
D compared with placebo. Post hoc analyses revealed
significant differences between each of the active treatments
and the placebo (capsules p = 0.003, spray p = 0.001), but no
difference between the active preparations at any time point

SPRINGER NATURE



Fig. 1 Efficacy and rates of
vitamin D uptake with differing
delivery platforms. Panel a 1
shows change in vitamin D
circulating levels over time in
each of the three study arms,
presented as absolute levels
(panel a1) or relative to baseline
(panel aii). Panel b shows rates of

Absolute25(OH)D
nmol/L

C. E. williams et al.

3’{;‘5

o8 8888

uptake comparing spray (left ° 5
column) with capsules (right
column). Panels bi and bii show
ladder plots for individuals in
each arm of the trial plotting
difference in vitamin D between |
1
day 0 and day 21 (the abscissa B for |
uptake, based on panel a). Rates were i
|

nmol bins (panels biii and biv). KS tests
showed the data were normally

distributed (capsules p= 0.200, spray p=

Timepoint (day)
Spray

15 20 25

250H)0 percentage change from basel ne

derived as nmol'L/ day and binned into 5
5
3
~

0.200). Finally, the rates for each
individual were correlated with the
baseline serum concentration for that
individual (panels bv and bvi). The r’and
p-values for correlations are indicated

Frequency
o -~ - L] -

nmol/l/day
-]

e N & o = B

Rate of change

Baseline 25(0H)D (nmollL)

(Fig. 1a). As there are few available data on the rates of
change of ingested vitamin D, we assessed the inter-
individual and inter-preparation difference as change in
whole blood nmolL/day (Fig. 1bi, i1). Whilst there was a
range of rates in each data set, assessment of the distribution
of rate showed a2 monotonic normal distribution for both
preparations with similar peak rates (Fig. 1bii, iv).
Independent t test was performed, and found no significant
difference between mean rates of change for capsule and
spray. A Mann—Whitney U test was used to compare
differences between deplete and replete participants within
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Baseline 25(0H)D (nmoliL)

the treatment arms (replete data was not normally distributed

with a KS score of

p = 0.001). There was a significant difference (p = 0.001) in

the percentage change of 25(OH)D between the replete and

deplete from baseline to day 21.

In order to investigate a potential homoeostatic
mechanism for 25(OH)D status, we investigated the
relationship between 25(OH)D status and rate of change (Fig.
1bv, vi). We observed inverse relationships between
baseline whole blood 25(OH)D and rates of change over 21
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predisposing to development of excessive levels collec-
uvely identify a need for research on comparative efficacy
of preparations and the saturability of uptake. This study
used two commoaly available vitamin D preparations: the
widely used capsules and a more novel sublingual spray 10
investigate these factors.

Our findings show that a sublingual spray is equally
effective at raising blood 25(OH)D concentrations with no
significant difference between rate of change compared with
capsules in this study population. The study participants
reported a preference for the sublingual spray, and this
study demonstrates that this delivery platform is of com-
parable efficacy. Sublingual sprays may be particularly
advantageous in people with pre-existing malabsorption
conditions or swallowing problems. Our analysis shows for
the first time the likely rate of change in 2S(OH)D and the
range of these rates, albeit in a relatively small, healthy
sample. The monotonicity of our rate distribution suggests a
limited spread of rates with no suggestions of outliers or
subpopulations: however, the relatively bomogenous profile
of the study population, whikt an advantage for this pilot
exploration, is a limitation in terms of the prediction of rates
in other groups (older adults, different ethnicities). A recent
review [17] does offer suggested optimal supplementation
rates to achseve adequate serum 25(OH)D levels (75 amol/l.)
in regional, population and age-specific groups.

These data also suggest that baseline 25(OH)D status
may influence the rate of change. as a correlation between
baseline status and change exhibited a moderate inverse
relationship, furthermore the circulating 2S(OH)D con-
centrations started 1o level off towards the end of the

Satia et al. found superior sublingual absorption compared
with capsules in patients with malabsorpion issuves [21).
Participants were given clear guidelines on how to use the
spray. Further studies should assess 25(OH)D and 1.25(0OH)
D levels in localised tissues with the use of labelled D3.

Conclusions

In summary, we have shown the capsule and sublingual
spray are equally effective at delivery of a vitamin D sup-
plement. There was an overwhelming preference (64%) for
the spray over capsules for mode of supplement delivery.
Rate of change, reported for the first tume, exhibits a
monotonic distnibution in this population. This study saw a
reduction in 2S(OH)D levels as blood 25(OH)D con-
centrations increased over 21 days in both preparations.
This suggests the oral spray has the same known mechan-
ism as the capsule for slower conversions of vitamin D,
when concentrations are higher [22]. These data illustrate
the need for further studies 10 explore rate of change across
mixed population groups, especially those identified as
high risk.

Funding This work was jointly supporied by BetterYou Lid and The
University of Sheffickd.
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intervention. This is in agreement with previous h by
Lips et al, who reported that change in serum 2SOHD in
response 10 6 moaths vitamin D supplementation was
dependent on baseline vitamin D status, with the greatest
change observed in people with the lowest baseline vitamin
D [18). Our research complements the previous work by
undertaking an intervention over a shorter tmeframe with
samphing along the timecourse, demonstrating a baseline
status-dependent response to the intervention and the pos-
sibility of a plateau effect. The mechanistic basis of this is
unclear, and it is notable that both delivery platforms exhibit
this effect, implying coatrol in both enteric and transbuccal
absorption. Future work may address the strength of this
inferred relationship more thoroughly and sdentify mmplied
control mechanisms. This study had no data from which a
power calculation could be determined, however, the data
presented herein may prove useful for the design of pro-
spective intervention studies.

A limitation to this study is that we cannot show defi-
nitive absorption of the sublingual supplement. However,
sublingual routes of drug delivery are established in phar-
macokmetsc studies [19, 20). Recent research presented by
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Supplementary Information
How diagram of participant recruitment and allocation

Assessed for

Recruitment and Allocation Eligibility

n=124

Excluded n=49
Not meeting inclusion criteria n=28
Declined to participate n=0

Other reasons n=21%*
Randomised

[ Allocation ]
Active Spray Placebo Spray Placebo Spray
Placebo Capsule Active Capsule Placebo Capsule
n=25 n=25 n=25

Figured: Flow diagram of study recruitment and allocation.

*These include; no further contact and missed/cancelled appointments
Compliance for blood test kits at day 21; capsules and placebo 97.3%, and spray 98.6%.
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Chapter6

Effect ofvitamin D supplementation on irritable bowel syndrome symptom severity
and quality of life

This chapter is presented in maguript form. As the primary author, | wrote this draft of the
manuscript, contributed to design of the study, undertook recruitment and collection of the data
and the data analysisThe ethical approval letter, participant information form, recruitment poster,

and questionnaires can be seen Appendix 46.

Another version of this manuscript has been written based on the one presented in this chapter and
has been published in the European Journal of Nutrition. The publication has been attached to this

chapter.

The published version of this research has now been raptdysed in 2 different review845, 346)
This is a strengtof the RCT presented in this chaptdreTtonclusiongpooled by both meta
analysesuggest; i) vitamin D supplementation is an additional therapeutic resdardmne health
i) effect of vitamin D sygementation on IBS symptom severity and qualityifefremains unclear
and iii) larger, first rate RCTs are needed to establish dosing regimen, effect of vitamin D

supplementation in the longerm.
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ABSTRACT

Backgroundirritable Bowel Syndrome (IBS) is a common functional disorder of the gastrointestinal
tract, affecting 17% overall of the UK population. The aetiology of this disorder is unknown,
although it has been linked to environmental, psychological and sociak$a Vitamin D deficiency

and insufficiency is common within the IBS population, and vitamin D has been hypothesized as a
potential remedy. We sought to test whether vitamin D supplementation improved symptoms or

quality of life in IBS.

Methods: One hundred and thirty six volunteers waandomised to receive either a vitamin D

(30001Up.d.) or placebo oral spray in a-iizek doubleblind, placebecontrolled, parallel design

aiddzRRe o I NBRdAzZOUGAZ2Y 2F xpn L2 A (BBESSPWAS thieirBnart @ Y LIG 2 v
endpoint of the study. Secondary endpoints included improvement of Quality of Life (QoL) and

vitamin D status. QoL and serum vitamin D were determined at baseline and exit, symptom severity

was assessed fortnightly across thadst. Dietary intake of vitamin D was measured using the Food

Frequency Questionnaire.

Results:One hundred and thirtfive participants (n=68, treatment, n=67, placebo) were included in
the final analysis. Baseline demographics were similar betweamipgr After 12 weeks there was a
significant improvement in the vitamin D status of participants randomised to receive the active
vitamin D (p=0.005). Symptom severity was assessed across the study by trial arm: there was no
difference between active anplacebo (p=0.824). Quality of life showed no difference between
baseline and exit for either trial arm (p=0.415). There was no association between increase in
vitamin D and change in symptoms {6=071, p=0.434), nor increase in vitamin D and change in
quality of life (r=0.031, p=0.733)There was a weak but significant correlation between baseline

25(0OH)D concentrations and dietary intake of vitamifp£0.046, r=0.17)

ConclusionsVitamin D insufficiency was prevalent in this sample confirming previous studies.
Supplementation was efficacious. Patients with IBS should be tested for vitamin D status and, where
appropriate, supplemented. In contrast to previous reports, this studystno benefit of vitamin D
supplementation on IBS symptomologietary intake of vitamin Dare reflective of the general

population and not clinically significant to individuals who have IBS.
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Trial registration numberiSRCTN 13277340

What is alreadknown about this subject?

U Irritable Bowel Syndrome (IBS) is a common functional disorder of the gastrointestinal tract,

affecting 17% overall of the UK population.
U Vitamin D insufficiency is prevalent within this population.
0 Vitamin D supplementation hdseen shown to have a positive associations with other

gastrointestinal disease such as inflammatory bowel disease and colorectal cancer

What are the new findings?

U There is no relationship between vitamin D status and amelioration of symptoms or

improvemer of quality of life in this population.

U Vitamin D deficiency was prevalent at baseline in this population.

How might it impact on clinical practice in the foreseeable future?

U Patients with IBS should be tested for vitamin D status and, where appropsigiplement

for overall musculoskeletal health.
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INTRODUCTION

Irritable Bowel Syndrome (IBS) is a common functional disorder of the gastrointestinal tract,

affecting 17% overall of the UK populati@b5) It is a chronic relapsing condition that can

negatively impact on quality of life and in 201012 had a burden of cost of over £11 000 00tht
NHS(356) Aetiology of this disorder is unknown, although reseatwws it may be related to
environmental, psychological and social factors. IBS has been classified into 3 subtypes according to
predominant symptoms; IBS (constipation predominant), |IES(diarrhoea predominant), and IBS

M (alternating between the twoysnptoms)(357) The heterogeneity of IBS symptoms makes

diagnosis often difficult. Diagnosis is based on the Rome criteria, which assesses cumulatiye severi
of symptoms such as bloating, abdominal pain, and bowel {ab&) Treatments are limited to the

relief of the symptomg359)and include antdepressants, loperamide (diarrhoea) and laxatives.

Vitamin D has been traditionally associated to bone he@é0) and intakes and repletion levels

are judged for optimal bone heal{{361) Defined ranges are: Deplete (<30 nmol/L), Insufficient (30
50 nmol/L), replete (>50nmol/L), Toxic (>125nmolB$2) There is emerging evidence that vitamin
D plays a role in neskeletal condition§363) Research has presented evidence of the potential
beneficial effects of vitamin D supplementation on colorectal ca(®@4)and cardiovascular

diseasg365) further showing an aniinflammatory and immunomodulatory response.

The active form of vitmin D (calcitriol) which binds to andtavates the vitamin D receptor (VDR)
highly expressed in intestinal epithelial c€B§6)and may have aassential role in the maintenance
and protection against inflammation of the mucosal bar(&67, 368) This suggests that vitamin D
may play a role in symptom severity in indivéds with IBS who are also vitamin D deficient and if
inflammation is the cause. Indeed, this proposes that the lack of the biologically active prohormone
(1,25 (OHDs) in circulation may result in increased inflammation in the large intestine as seen in

research associated with Inflammatory Bowel Disease (IBI2)

Vitamin D deficiency and insufficiency is common within the IBS populdtiih 121) although it is
unclear whether this reflects a cause or effect of the symptoms, or indeed whether the IBS
population is different to the general population which is also widely insufficient at some times of
year(369) A case study report suggestegmptomatic relief with vitamin D supplementati¢®47)

The benefit of vitamin D in IBS has been tested in three small trials. Three studies reported
symptomatic benefit, using a high dose (50,0001U) either weekly or fortnightly in clinically selected
populations in Iran and Egy(51, 370) A smaller study primarily focusing anolecular endpoints
reported no benefit on symptom@71) A pilot study using a recommendable dosing regia%®)

found a potential benefit on quality of life, and was used to inform the power calculation for this
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study. Herein we sought to test the potential benefit of a recommendable vitamin D dosing regimen

on IBS symjgims using an adequately powered trial.

METHODS

Study design & measures

This was a }eek doubleblind, placebecontrolled, 2arm parallel design studyThe participants
attended two visits at The Medical School dfeTUniversity of Sheffield. 13&olunteers were
randomised to receive either a vitamin D (3000IU) or placebo oral sprayesnept each day for 12
weeks. The initial visit included anthropometrics, baseline fingerpridot sample, and completion

of 2 questionnaires (QoL, and IBSS) Participants were given a further 5 HBSS questionnaires to
complete and post back fortnightly. The final visit occurred approximately 12 weeks after the initial
visit. Participants gave an exit fingerprick blood sample to measure final 25(OH)D caticest A

final IBSSSS and IBZoL questionnaire was also completed at exit interview. Food frequency
guestionnaires were given in the initial interview with a prepaid envelope to post back upon
completion.The data from the FFQ questionnaires were inputted and analysed by the FETA software
which calculated dietary intakdn order to measure treatment compliance, participants were asked

to return their used preparation bottles to be weighed and comparedh\aifull unused bottle.

Participants

The University of Sheffield Research Ethics Committee granted ethical approval for this study (Ref:
016753). Recruitment occurred during two rounds of recruitment in the local area in winter
(JanuaryApril) 2018 and @19. Participants were recruited via poster advertisements at the
University of Sheffield and through a student volunteer email list. All participants had a clinical
diagnosis of IBS, met the Rome Ill or IV criteria, and obtained a severity scoreoof 356 scale.
According to Francis, Morris and Whorwell (1996), the developers of th833Ijuestionnaire

define IBS severity as; <75 as control or in disease remissidir,5/&ild, 175, 300 as moderate

and >300 as seve(@93) Participants were recruited from a fréiging setting and as such may not
have as severe symptoms as those from a clinical setting and therefore the cut off for >150 was

used.
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Participants whavere pregnant or lactating, regular users of nutritional supplements, had a BMI

bonz

Fye KA&G2NE

2F FJIAGNRBAYGESEGAYL €

RAa&a2NRSNA

and diabetes mellitus were exclude®articipant enrolment and randomsation is shown ifrigure 4

Assessed for eligibility
(n=314)

Excluded (n=179)

colitis) (n=4)

Randomized (n= 135)

BMI =30 (n=10)
Declined to participate (n=12)
Lost to further contact (n=148)

Other conditions (e.g. ulcerative

Currently on supplements {n=35)

[ |

Allocated to TREATMENT (n=68)
+  Received allocated treatment (n=68)
+  Did not receive allocated treatment (n=0)

Lost to follow-up (n=2)
«  Withdrew due to Relapse of anorexia (n=1)
+  Withdrew due to worsening of IBS (n=1)

Analysed (n= 68 at start, n=66 at end)
+  Excluded from analysis (n=0)

Allpcated to PLACEBO (n=67)
» Received allocated placebo(n=67)
+ Did not receive allocated placebo (n=0)

Lost to follow-up (n= 8)

= Loss of contact (n=6)

+ Withdrew due to stress [/ time constraints
(n=2}

Analysed (n=B7 at the start, n-59 at the end)
= Excluded from analysis (n=0)

Figure5: Flow diagram of participant enrolment

Participant measures

Participants had height and weight taken at baseline to determine BMI score. To measure serum

25(OH)Dparticipants provided a blood sample at baseline and. d5 symptom severity was

assessed at baseline and exit, anavieeklyduring the study(293) !

NB R dzO (i oigtgonthd X p n

IBSSSS scale was assessed as the primary endpdmiBSpecific quality of life questionnaire

(313 wasused at baseline and exit. The 34 questions assesses 8 subscales; dysphoria, interference

with activity, body image, health worry, food avoidance, social reaction, sexual and relationships.

Food frequency questionnaires were completed to evaluhétary intake of vitamin D.
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Sample size and randomisation

Based on power calculations determined by our previous pilot s@f@)we aimed to recruit 160
participants. Randomisation was computer generated in blocks of 8 by a third party. Researchers

and study participants were unaware of the allocation sequence until completion of databases.

Intervention

The vitaminDs; oral spray and equivalent placebos were provided by BetterYou Ltd, Barnsley, UK.
Volunteers received a vitamingDral spray or placebo equivalent oral spray for 12 weeks at a dose
of 30001U (75ug). These were provided as 15mL liquid, 100 dose stlay Participants were

asked to consume one oral spray daily for the duration of the study. Compliance was measured by
weighing the spray bottkeat the exit and compared to a full spray boitlé5% compliance was

achieved.
Biochemical assay

Serum B(OH)D was analysed by liquid chromatography tandem mass spectrometry (Waters TQD
and Acquity UPLC) for total blood 25(0OH)D (25(@&h 25(OH)E). LEMS was undertaken by City
Assays, Department of Pathology, Birmingham Sandwell Hospitals NHS TrustusPrevk has

shown that this method is comparable to other commercial assays with intra and interassay

coefficients of <10% and <11% respectivélg4, 372)

Statistical analysis

Baseline characteristics and exit serum levels are summarised and independent saindles ti 2 | y R

were used to evaluate significant differences between the active treatment and placebo groups.

The betweergroup difference to assess treatment effect of this#@ek intervention, with at least

a 50point reductiononthe IB§ { { = FNRY ol2aba6APBt OAZ SESRPF  { LIS N
correlations were calculated for; (1) change in total symptom severityesmod change in serum

25(0OH)D, (2) change in quality of life score elmange in serum 25(OH)Repeated measures

ANOVA with Bonferroni correction was used to determine associations between change in each

symptom severity score between groups across thieng points. Dietary intake of vitamin D was
assessedsing scatterplot with line of best fit. All analysesretwo sided with a significance value

set at <0.05 unless otherwise stated. Analysis was performed using SPSS V 25.0 (IBM, Armonk, New

York,USA).
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RESULTS

Recruitment and participant demographics

135 participants were enrolled to this randomised, doubli;d, placebecontrolled intervention
study during the winter months (January to April 2018/2019). Baseliaeacteristics and
demographics of participants asimilar in both groupstéble 6). Randomisation, allocation and
retention of paticipants are shown ifrigure 3 68 were allocated to the treatment group; 67 to
placebo. Rate of withdrawgblacebo 12%, treatment 3%) was not different between groups
(p=0.207) Reasons for discontinuation of the study included: worsening of current condition,
voluntary withdrawal, and personal time constraints. Intentiortreat analysis was used for this

data.
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Table5: Baseline demographics of study participants.

All Placebo Treatment P
Participants n 135 67 68
Females n (%) 106 (78.5%) 51 (76.1%) 55 (80.9%) 0.5
Age yr 30.01 (+10.46) 31.10 (+10.85) 28.94(+10.03) 0.231°
BMI kg/m2 23.37 (+2.88) 23.58 (+3.00) 23.15 (+2.76) 0.390°
IBSSSS 277.41 (£65.15) 273.22 (+69.01) 281.54 (+61.34) 0.460°
IBSQoL % 42.72 (+18.17) 43.35 (+£19.24) 42.54 (19.45) 0.809°
Blood 25(0H)D 49.23(+27.38) 49.71 (+27.05) 48.75 (£27.91) 0.839°
nmol/L (baseline)
% with blood 60 61.2 58.8 0.779
25(0OH)D <50mmol/l
% with blood 20.7 14.9 26.5 0.098*
25(0OH)D <25mmol/l
Dietary vitamin D 3.09 (2.379) 3.21 (2.383) 2.96 (2.389) 0.565°
intake pg/d
(Baseline)

Dataare numbers (%) and means (+ SD) for the whole sample and by arm. No differences between

arms and factorsa: analysed by chiquared test and b: analysed byetst.

Effect of vitamin D supplementation and status on IBS symptoms

Vitamin D deficiency/institiency was prevalent in participants at baseline with 60% of the cohort
having serum 25(OH)D levels <50nmol/L. An increase in serum 25(OH)D from baseline to exit in the
treatment arm compared to placebo was significant (p=0.005). Mean baseline se(@H ¥ for

the treatment arm was 48.75 (£27.91) nmol/L which increased to 94.29 (£33.70) nmol/L at exit. This

demonstrates the vitamin D sublingual spray was effective at raising serum 25(OH)D levels.

Symptom severity was assessed biweekly (total of 7j)iayarm. There was no difference in mean
symptom severity between active and placebo groups (p=0.824) over the 7 time points shown in
Fgure 4. Figure 5demonstrates total symptom severity score as a percent from baseline across the
duration of the stug. As presented, no significant difference was discovered between arms

(p=0.872). The ANOVA analyses evaluating each symptomts tithe points Figure 4 showed
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no difference betwen active and placebdigurel?illustratesno association between increase in
vitamin D and change in symptorgyure 5(r=-0.071, p=0.43%4 Treatment group wagot different
to placebo when each symptom was assessed. Thus, demonstrating vitamin D supplementation

does not relieve any symptoms.
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Figure6: Effect of Vitamin D supplementation on IBS symptoms
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Figure7: Effect of change in vitamin D status on IBS symptoms and quality of life

The effect of change in circulating levels of vitamin D was assessed for both outcome
measures (TSS and QoL). Panel A shows correlation between change in circulating
vitamin D from start to end of the trial against change in IBS symptoms. Panel B
shows corelation between change in circulating vitamin D from start to end of trial
against change in quality of life. There was no relationship between either endpoint
and the vitamin D status change
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Dietary vitamin D intake versus 250HD serum concentration
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Figure8: Scatterplot with line of best fit between baseline serum 25(0OH)D concentrations and dietary
intake of vitamin D.

Effect of vitamin D supplementation and status on quality of life

We assessed whether a 30001U/day vitamisupplement could improve quality of life using &%
specific QoL questionnaif812) shows no correlation between the change in QoL at baseline and
exit compared to vitamin D status from baseline to exit-0:831, p=0.73). QoL showed no

difference between baseline and exit for either trial arm (p=0.4Eg)ure 1).

Dietary intake of Vitamin D

Dietary intake of vitamin D was analysed using food frequency questionnaires to determine a
possible correlation between baseline 25(OH)D concentrations and dietary i{#aRg A total of
115 returned questionnaires, 114 were used for the analysis, as 1 participant didveoalspecific

subtype. We assessetietary vitamin D intake and serum 250Ed@hcentration using a scatterplot
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with a line d best fit,establishingan inclinethat mirrored a doseresponse relationship witgradual
increase®f 1.84nmol/L (0.74ng/ml) per g of dietary vitamin D. HEmalysis found a significant but

weakcorrelation (p=0.046, r=0.1)7see figure 7)

Further eploratory analysis

Exploratoryandysis was conductetb evaluate whether theravere changes in response by IBS
subtype to vitamin D. There was no chamgeymptom severity (SSS: 9719, 0.962, 0.697
constipation, diarrhoea and mixed symptoms, respectivBlgpeated measures ANOVA) or alpan
in Quality of life (QoL p&316. 0.946, 0.090 constipation, diarrhoea anikedsymptoms,
respectively, MangWhitney U test) in response to vitamindDpplementatbn within any of the IBS

subtype groups

Adverse Events

One participant reported worsening of their current condition and withdrew from the study.
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DISCUSSION

Our main finding is that providing a 30001U/day vitamin D supplement for 12 weeks to participants
with IBS did not reduce symptom severity nor improve quality of life. We found no relationship

between vitamin D status and individual symptoms at any fioiat for the duration of the study.

Our findings are in contrast to the published trials that have shown a benefit of supplementation of
vitamin D on IBS symptoms. Collectively, these studies were conducted in the Middle East and
recruited from clinichpopulations from endoscopy and gastroenterology outpatient cliflidg,

115, 251253)

Jalili and colleagugd15)used 50,000IU capsule biwidg with 25 participants per arm and repat
significant decrease in symptom severity (P<Q.08bbasnezhad edl. (2016)(251)condwcted a RCT
with 45 participantsper armwith IBS This study alsfound a significantimprovement of IBS
symptoms (P< 0.001) and quality of life @®01) following a 50,000Ibiweeklyvitamin I3 (capsule)
swpplementcompared to a placebo over a period of 6 montAeother study with a significant
response to vitamin D supplementation was reported in research with a paediatric cohort. El
Amrousy et al. recruited 58aediatric outpatients per arm for a durati of 21 weeks. A significant
improvement was shown fdotal score P<0.02),IBSQoL (P<0.001) and HBSSR<0.001). Jalili et

al. conducted a second intervention study with a high bolus dose of 50,0001U/week, with 58 patients
each arm for 6 weeks #t again found a significant improvement in symptom severity and quality of
life (P< 0.05]114) RecentlySikaroudi et al. randomised patients with IB$o receiveMebeverine
135mg (twice a day) and eith&0,0001U/week (n=39) vitamin D supplement or plag (n=35) for 9
weeks. The results from this study reported significant improvement in the vitamin D group for
symptoms severity and quality of life (<0.001 afd049respectively). However, the authors do not
offer any commentary on the possible impacteffect of the Mebeverine on symptom severity or

quality of life.

This study required a baseline symptom severity score of <150. Although considered within the mild
range by its creator€93) studies that have used IBS clinical populations have no inclusion criteria
surrounding a cut off for symptom severity from which to compare to the present study. Itis
evidenced in the research that reducing the severity scor&points is seen as a clinically

significant improvement which is the main endpoint this study u$d®) The mean symptom

severity score in presented in

Table5, show the mean baseline EESS wa277.41 (£65.15) considdsly higher than the cut off of
<150.
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Compared to our study, this small collection of research from the Middle East used high doses of
vitamin D (e.g50,000/week) which would not be advisable for individuals with IBS living in the
general population. These studies have also stated high levels of compliance, very good retention of
participants, however, no reporting of a placebo effect. Although cilmeent study had a low drep

out rate and sufficient compliance (75%) we did observe a strong placebo effect which appears to be
common in research with this I, 237, 239) It is difficult to generalise the results from these

clinical setting studies to the wid#BS population that are free living. Further real world studies are

needed to determine the effect of vitamin D supplementation in individuals with IBS.

We explored dietary intake of vitamin D to establish whether a correlation between dietary vitamin
D and baseline serum 25(OH)D concentrations. Using data fromepelfted food frequency
guestionnaires (FFQhe datafrom the FFQsvas analysed by the FETA softwarerovide the

nutrient and food intake of the participan{@81) Food frequency questionnaireseaa validated

tool for the assessment dietary intak284). Research has shown this method of dietary analysis is
competent at comparing@gainst a biomarke373) This study found a weak but significant
correlation (r=0.17, p=0.046) between baseline vitamin D status and dietakei These findings
arereflective of the general population and therefore, not clinically significant to individuals who
have IBS. Research shows in a healthy UK population, indivedigalhetween 2810 years have a
daily intake of 3.6ug of vitamin Dsimilar to the individuals in this study who had an intake of 3.1
pg/day (374) The availability of vitamin D in the diet is negligible and therefore lovaigiébtake is
common in UK adults with or without IB&2, 375, 376)

A strength of thegpresentstudy is the use of a safe and conservative dose of vitamin D. We used a
commercially available vitamin D (30001U/day) sublingual oral spray to the treatment arm of this
study. This is 1000lUhder the upper tolerable limi362) Recruitment was in winter months to

ensure low vitamin D status to minimise any possible risk of toxicity. We also used a length of study
to reduce placebo effed877) Lastly, this study was based on a formal pilot studygusimilar

endpoints and type of populationThe mean intake of participants was gdlcompared to the SACN

recommended 10ug20).

The mainimitations of the current studynclude the heterogeneity of the sample aadarge

placebo responsddowever, these shortcomings are present in resbawith IBS populationdn our
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study, QoL scores ranged from 882 (baseline) and 5.188.97 (exit) and for IBSSS total score
ranged from 155420 (baseline) and-860 (exit) showin@ highly varied response rate. Future
research should focus on rading the placebo response, which may benefit the results from larger
sized studies. Seléported improvement from high dose vitamin Bupplementation has been
evidenced through a systematic analysis from-sghiorted experiences on social media si(247)
This data has identified a subset of individuals living with IBS that have responded to
supplementation, albeit high doses that range fré600;10000 IUday. Further RCTS using high

daily dose vitamin Psupplementation in this population are needed.

We asked for a diagnosis of IBS and as such, all Rome and any other criteria was included. This
would also have contributed to thgopulation sampldeing more diverse in their symptom severity
and quality of life scores. It may have been beneficial to have had a specific subtype of IBS to allow

for improved homogeneity.

In conclusion, this is the largest vitamin D and IBS intervention trial to d&t=have found no
association between vitamin D supplementation and reduction in symptom severity or improvement
in quality lifein free-living individuals with IBSPatients with IBS should routinely have serum

25(0OH)D levels checked if only for musslletal benefits.
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Abstract

Purpose Several small trials suggest a benefit of vitamin D supplementation in irvitable bowel syndrome (IBS). The general-
isability of these reports is limited by their design and scale. This study aimed to assess whether vitamin D supplementation
improved IBS symptoms in a UK community setting.

Methods This was a randomised, double-blind, placebo-controlled study. Participants were recruited from the community
in winter months between December 2017 and March 2019. 135 participants received either vitamin D (3,000 IU p.d.) or
placebo for 12 weeks. The primary outcome measure was change in IBS symptom severity: secondary outcomes included
change in IBS-related quality of life.

Results The participants were analysed on an intent-to-treat basis. 60% of participants were vitamin D deficient or insuf-
ficient at baseline. Although vitamin D levels increased in the intervention arm relative to placebo (45.1 £ 32.88 nmol/l.
v 3.1 £26.15 nmol/L; p <0.001). There was no difference in the change of IBS symptom severity between the active and
placebo trial arms (= 62.5£91.57 vs ~ 75.2.£84.35, p=0.426) over time. Similarly there was no difference between trial
arms in the change in quality of life (= 7.7 £25.36 vs - 11.31 £25.02, p=0.427).

Condusions There is no case for advocating use of vitamin D in the management of IBS symptoms. The prevalence of vita-
min D insufficiency suggests routine screening and supplementation should be implemented in this population for general
health reasons.

This trial was retrospectively registered with ISRCTN (ISRCTN13277340) on 24th April 2018 after recruiting had been

Keywords Irritable bowel syndrome - Vitamin D - Vitamin D deficiency - Symptom management - Quality of life

Introduction

Irritable Bowel Syndrome (IBS) is a highly prevalent func-
tional bowel disorder, with estimates of numbers affected
in westernised populations ranging widely. but often in the

) Bermnd M. Carfo ion of 10-15%(1]. although this estimate has been revised
e a5 2 u'-iuL the introduction of revised ROME IV
' Molecular G dogy Rescarch Group, Department criteria for assessment [3). It is characterised by chronically
of Oncology & Metabolism, The Medical School. The relapsing perturbed bowel habit, associated pain and sensi-
b‘;““"’“ Sheflicld. Booch Hill Road, Shefficld $10 20X, tivity, and dissatisfaction with bowel movements[4). Symp-
- toms may be severe and significantly impact both social
i W“‘MIE"‘““*T:“;“‘.‘"‘“ function and work, with predicted cost to the NHS in excess

of £11 M p.a|5) and estimates of direct healthcare costs from
£45-200 M in the UK [6]. indirect costs are likely to be

of Shefficld. Beech Hill Road, Shefield $10 2RX, UK
*  Human Nutrition Rescarch Centre, Faculty of Medical

Population Health Sci G es . higher when the impacts of the condition on work are con-
University, Newcastle NE2 4HH, UK sidered [ibid.). The aetiology of IBS is not well-understood:
Q Springer
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infection, stress, dietary factors, impaired gut-brain signal-
ling are all implicated, but none conclusively[7]. As a result,
treatment is limited to symptom management. Pharmaceuti-
cal approaches include anti-spasmodic and anti-depressive
drugs. Whole dietary approaches to symptom manage-
ment include low-FODMAP diets and other exclusion-led
approaches[8]. There is also interest in supplementation
strategies, including probiotics, prebiotics[9] and recently
glutamine supplementation] 10]. What is unequivocal is
that in all trials and approaches there is a heterogeneity of
response (Williams & Corfe: manuscript in preparation);
for patients, trial and error lead to restrictive behaviours in
a form of personalised dietary management|11] although
nutritional intake seems generally adequate{ 12]. The nature
and impact of symptoms, coupled to lack of a clear treat-
ment path, have associated impacts on mental health and
well-being[ 13].

Vitamin D is a prohormone produced by epidermal pho-
toconversion of 7-hydroxycholesterol to vitamin D,, fol-
lowed by sequential hepatic, then renal, dihydroxylation to
yield 25(OH) vitamin D then 1,25(OH) vitamin D[ 14]. The
monohydroxylated form has a longer half-life and is usually
used as a status marker. Low sunlight exposure through lati-
tude, reduced mobility, or for cultural reasons is a risk factor
for low vitamin D status[15). Vitamin D is also obtained
through diet and through supplementation. Low vitamin D
status is a risk factor for poor bone health, with guidance on
intake informed by reduced risk of fracture{ 16). Nonetheless
vitamin D is also implicated in non-skeletal pathologies[ 17].
From a gastroenterological perspective, the vitamin D recep-
tor is strongly expressed in the colon[18]. Low vitamin D is
a potential risk factor for colorectal carcinogenesis| 19) and
inflammatory bowel disease[20). However, causal relation-
ships between observed low vitamin D status in inflamma-
tory conditions may be confounded by potential sequestra-
tion of the vitamin driven by inflammatory pathways[21].

Exploration of links between vitamin D status and IBS
has arisen due to links between vitamin D and other colo-
rectal pathobiologies. An untargeted analysis of mRNA
from patients with IBS compared with controls suggested
altered expression of serotonin update and metabolism path-
ways[22]. The same study showed reduced levels of TPHI
expression in IBS associated with vitamin D status, and went
on to show with in vitro models that vitamin D treatment
restored expression of EphA3 and CYP24Al (vitamin D
24-hydroxylase) [22). A case study[23] systematically col-
lated patient reports of self-administration and suggested a
potential benefit of vitamin D supplementation. Our review
of vitamin D trials in management of IBS symptoms[24)
noted that studies consistently reported prevalent vitamin D
deficiency in participants with IBS, although there is incon-
sistency as to whether this is greater than in the general pop-
ulation (ibid.). Five RCTs have tested the effect of vitamin
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D in the management of IBS symptoms[25-29], with all
reporting significant positive outcomes. However, four of
these trials used bolus dosing (50,000 IU), one [27] (and
potentially two—the dosing regime is ambiguous in [26])
with an effective dose above safe upper limit. Two trials used
6-week interventions[26, 27), which can obscure effect size
relative to placebo in IBS studies[30). All these studies were
conducted in patients recruited from clinics and had small
sample sizes relative to our pilot-study derived calculation
of numbers needed for a powered trial of vitamin D inter-
vention with IBS SSS as the outcome{31]. In view of this
emerging literature and the potential benefit of vitamin D on
IBS, coupled with the ease and relative safety of delivery we
identified the need to assess the potential benefit of moder-
ate dose vitamin D supplementation in the UK IBS popula-
tion. Here we report on a double blind, placebo-coatrolled,
adequately powered trial to investigate the effect of 12 week,
moderate dose vitamin D supplement on symptoms of IBS.
We hypothesised that vitamin D supplementation would
reduce IBS symptom severity. This study was designed to
test the hypothesis, and used a previous pilot study to inform
the design [31].

Materials and methods

Study design

This was a randomised, double-blinded, placebo-controlled,
two-arm parallel trial of 12-week duration. The study design
and planned endpoints were registered at http:/www.isretn.
com (ISRCTN13277340) seven weeks after recruitment had
been initiated, but 11 months before trial closure or analysis.
Ethical approval was granted by The University of Sheffield
Medical School Research Ethics Committee (Ref: 11.865)
and the trial was conducted in accordance with the Declara-
tion of Helsinki. A sample size calculation (reported in our
pilot study [31]) suggested, that 74 participants per arm were
needed to achieve 80% power with 0.05 a—error (based on a
reduction in total symptom severity score at exit of a mean
of — 16 in the placebo arm, a mean of — 54 in the vitamin
D intervention arm and a SD of 82). To achieve this target
and allow for 10% withdrawals, a recruitment target of 160

participants was set.
Participants and recruitment

Participants were recruited through online mailshots to vol-
unteer lists through the University of Sheffield, via the IBS
Network (The UK National charity for IBS) and through
poster and postcard advertising in the local areas. Respond-
ents were assessed according to trial critena. The Inclusion
criteria were: a previous clinical diagnosis of IBS by ROME
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critenia (as participation was open to individuals with long-
standing IBS, potentially predating ROME IV or 111, and as
this was a community-based trial, of a potentially over-the-
counter remedy, researchers required confirmation from par-
ticipants of a previous clinical diagnosis, coupled to a total
symptom severity score of 150 or over, rather than a clinical
diagnosis using ROMEIV), age > 18 years. Exclusion crite-
ria were: regular use of nutritional supplements: pregnant
or lactating; BMI> 30 kg/m*; BMI < 18 kg/m?; any history
of other gastrointestinal disorders (e.g. inflammatory bowel
diseases, diverticulitis, cancer). diabetes, recent or planned
vacation. Due to circannual variation in vitamin D status| 15)
recruitment was undertaken seasonally in October-March
2017-18 and October-March 2018-19.

Respondents to advertisements were pre-screened against
inclusion and exclusion criteria by telephone. provided with
study information and subsequently invited to attend the
Clinical Research Facility at the Royal Hallamshire Hospi-
tal, Sheffield for a study orientation and consent interview.
Al interview, potential participants’ inclusion/exclusion
criteria were cross-checked, consent taken, BMI was meas-
ured, and the dosing and symptom reporting protocols were
explained. Fortnightly symptom questionnaires (see below)
were returned by post. Quality of life measures and blood
spots for circulating 25(0OH) vitamin D were taken at entry
and exit interview.

Participants were provided with a sublingual flavoured
liquid spray for delivery of 3,000 IU vitamin D3 per diem,
and were instructed how 1o use the spray format. This trial
is designed to support the option of self-administration /
over the counter supplementation as an option for people
with IBS. Dose was therefore selected to be (i) below the
safe maximum daily dose [32]: (ii) effective at increasing
circulating vitamin D in deplete subjects within the interven-
tion period [33]. Placebo was an identically presented spray
with vector and flavouring only. The vitamin D spray and
identically packaged placebo were provided by BetterYou
Lid (Bamsley, UK). Randomisation was computer generated
in blocks of eight using sealedenvelope.com by a third party
(G. Weatherhead, BetterYou Lid). Additional detail on the
blinding process is in the online supplement (for additional
detail see supplementary oanline material).

Endpoints

Biometric data included age, sex, height (SECA 213
Height Measure), body weight (Tanita BC-543), circulat-
ing levels of vitamin D, severity of IBS and IBS-related
Quality of Life. Participants’ circulating vitamin D was
measured as 25(OH) vitamin D, and 25(OH) vitamin Dy
in a dry bloodspot using blood collected from a finger-
prick blood sample at baseline and after 3 months on the

intervention. The 25(OH)D assay was conducted by a
clinical service provider (Black Country Pathology Ser-
vices, Sandwell and West Birmingham NHS Trust) using a
validated LC-MS-MS assay as previously described [33].
IBS symptoms were assessed every two weeks through-
out the trial using a widely applied IBS symptom severity
questionnaire [34). The questionnaire scores both severity
and duration of abdominal pain (Pain severity: days with
pain), abdominal distension (Distension severity), satis-
faction with bowel habits (bowel habit Satisfaction) and
global well-being (Impact of symptoms on life). Scores
for composite individual factors (each with an arbitrary
score of 100) were combined to give the total Symptom
Severity Score (SSS) which has a maximum value of 500.
Participants were reminded to complete questionnaires and
to continue to take vitamin D via fortnightly text messag-
ing throughout the duration of the study. Quality of Life
was assessed at baseline and exit using an IBS-specific
QoL instrument [35]. Particip who completed the
study received a £50 voucher to thank them for their time
and effort.

Data management and statistics

Consented participants were allocated consecutive trial
numbers. The researcher (CEW) managed and inputted
each participant’s biometric data, symptom severity scores
and Qol. data into a spreadsheet in SPSS v25.0 (IBM,
Armonk, New York, USA). The standard duration of the
intervention was 84 days.

Participants were advised to continue supplementation
between day 84 and the exit meeting. “Days on trial” rep-
resents time from commencement to exit blood sampling,
or to the day of the last recorded symptom questionnaire
in the case of withdrawal.

Data on serum 25(OH)D were returned to a third party
(Mr G Weatherhead, BetterYou Lid) who was blinded to
all other participant data. Only on completion of the trial
and data entry were spreadsheets merged. Analyses was
undertaken by the research team whilst blinded to the
identities of the trial arms. Analysis was performed on
an intention to treat basis. Data missing for patients at the
end of the trial period due to drop-out (see CONSORT dia-
gram, Fig. 1) were not imputed. Statistical analyses were
performed using SPSS V 25.0. Baseline demographic data
were tested for normality and differences tested by t-test
except where indicated: the primary endpoint (Symptom
Severity Score) and contributing variables were analysed
using repeated measures ANOVA. Non-normally dis-
tributed data are presented as medians with interquartile
ranges and analysed by Mann-Whiney U test.
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Assessed for eligibility
(n= 314) Excluded (n=179)
Other conditions (e.g. ulcerative
coliss) (n=4)
CMW aoonwo ents (n=5)
" = 1 >30 (n=1 )H
Randomized (n= 135) Dediined to participate (n=12)
Lost o further contact (n=148)
l Allocation I
Alocated to TREATMENT (n=68) Allocated to PLACEBO (n=67)
S IR I P " [ st d placebo(n=67)
+ Didnot i 1 d (n=0) + Did not receive allocated placebo (n=0)
Lost to follow-up (n=3) Lost to folow-up (n= 8)
+ Loss of contact (n=1) * Loss of contact (n=6)
*  Withdrew due to Relapse of anorexia (n=1) *  Withdrew due 1o stress / time constraints
*  Withdrew due to worsening of IBS (n=1) (n=2)
Anslysed (n= 68 t start, n=68 at end) Analysed (n=67 at the start, n-59 at the end)
*  Excluded from analysis (n=0) * Excluded from analysis (n=0)
Fig.1 Consort diagr ising particip S and were unable to meet the time commitment for involvement, one was
retenticn in this trial. Of 314 expressicas of i 19 candid for unrelated bhealth reasons, ooe doe to increased symptoms (not

did not meet the inclusion criteria, 10 declined further involy
and 148 did not follow-up on mitial contact. 135 participants were
entered into the trial; 92% were retained until scheduled exit, two

Results
Recruitment and patient demographics

Participants were recruited to this trial across two successive
winters (2017-2018 and 2018-2019). In total, 135 partici-
pants were recruited from an initial 314 responses to trial
publicity, with 179 either excluded or lost to contact prior
to consent (see Fig. | for the CONSORT workflow). In total
80 participants were recruited in the 2017-2018 round and
55 in the 2018-2019 round. Sixty-eight participants were
entered into the treatment arm and 67 received placebo;
92.5% of participants completed the trial, reasons for with-
drawal are indicated where known. Only one participant (in
the treatment arm) withdrew reporting worsened symptoms.
Demographic data for the whole group and comparison of
trial arms are shown in Table 1.

There were no differences between trial arms at base-
line in proportion of females, mean IBS severity, mean
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overtly framed as an adverse event by the participant) and seven lost
contact

IBS-related quality of life or serum 25(0H)D. In common
with previous studies we found a high proportion of partici-
pants with IBS were below recommended vitamin D ade-
quacy levels: 20.7% were deficient (<25 nmol/l) and 60%
were insufficient (< 50 nmol/l). Dietary intake of vitamin D
was assessed at baseline, intake was 3.1 +2.38 pg/day in the
study sample and there was no difference in intake between
arms (Table 1).

Effect of vitamin D supplementation on vitamin D
status and 1BS Symptoms

The intervention was effective at elevating total 25(OH)
D levels, increasing circulating vitamin D in the interven-
tion arm at 12 weeks relative to control (94.29 +33.70 vs
53.59+£23.21, p<0.0001, r test) and relative to baseline
(94.29.£33.70 vs. 48.75 £ 27.91, p <0.001. t test). Explora-
tory analyses showed that the increase in circulating vita-
min D in respoase to vitamin D intervention was greater in
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Fable 1 T All Placebo Treatment »
Participants 135 67 68
Females n (%) 106 (78.5%) 51(76.1%) 55 (80.9%) 05
Age year 3001 (210.46) 31.10(£1085) 2894(=1003) 023"
BMI kg/m® 2337(2288) 2358(+300) 2315(2276) 03%°
1BS-SSS 277.41 (265.15) 273.22(269.01) 281.54(+6134) 0.460°
IBS-Qul. % 272(21817) 4335(21924) 4254(1945)  0809°
Blood 25(0H)D nmol (baseline) 4923(227.38) 49.71(22705) 4875(£2791) 0839
% with blood 25(0OH)D < S0 mmol 60 612 588 0779
% with blood 25(OH)D < 25 mmol/l 207 149 265 0.098"
Dictary vitamin D intake pg/day (bascline) 3.09 (2.379) 321(2383) 2.96 (2.3%9) 0565°
Data are summarised for the whole sample and by trial arm. where appropriate means (= SD) are listed, for
days on trial medians (IQR) are shown. There were no b arm diffe b any factor
‘fu
s test

Table2 Ov Ox Placcbo Treatment P
Adverse cvents 2 2
Days on Trial (IQR) £3(15) 8S(11) 02400
IBS-SSS (Bascline) 27322 (269.01) 281.54 (£61.34) 0460
IBS.SSS (Exit) 19537 (297.27) 22032 (x9N0 0147
IBS-Qul. % (Bascline) 4364 (£1833) 4181 (£ 1809) 0560
IBS-Qol. % (Exit) 3312(217.95) 3424 (2 17.56) 0726
Blood 25(0H)D nmol! (baseline) 4971 (£27.05) 4875 (227.91) 0839
Blood 25(0H)D nmol (exit) 5359(x2321) 9429 (23370 <0.0001*

Data are comparisons by trial arm; where appropriate the means (= SD) are listed, for Days on Trial meds-
ans (IQR) are shown. There were no betwoen arm differences for the primary outcome measure (IBS-
SSS) or Qol.. There was a significant difference between trial arms in circulating vitamin D at trial exit

(p<0.0001
*Mann-Whitney U test
*rtest

participants with insufficient vitamin D status (> 50 nmol/l)
at baseline versus their replete counterparts (increas-
ing by 56.1+27.48 nmol vs 30.0+34.1 nmol, p=0.001)
and also greater for those participants who were deficient
(> 25 nmol/l) at baseline (increasing by 60.1 +31.02 nmol
vs 40.1 £32.26 nmol. p=0.034) (Table 2).

The primary outcome measure was IBS-SSS. To assess
the effect of vitamin D on IBS symptoms, the symptom
severity was assessed every 2 weeks across the course of
participation. Analysis of total symptom severity over time
by trial arm is shown in Fig. 2Ai. Both groups reported
significant improvement in their IBS symptoms, but there
was no difference between vitamin D and placebo treatment
arms (p=0.824, ANOVA). The data were also considered as
change from baseline (Fig. 2Aii) and again no difference was
identified between the trial arms (p=0.872, ANOVA). The
IBS-SSS was compared at the 12 week point (see Table 1).
At this tmepoint, there was no difference between trial

arms in total symptom severity (Vit D=220.3(£93.73),
vs Placebo = 194.2 (£97.67) p=0.147). When individual
symptom scores were assessed (Severity of pain, days with
pain, distention, satisfaction with bowel habit, and impact
of symptoms on life) there were no differences between trial
arms across the course of the study for any individual symp-
tom (data for all timepoints are provided in the Supplemen-
tary material). No differences in respoase to the intervention
were identified according to IBS subtype (data not shown).

Response to intervention may be dichotomised; a reduc-
tion in symptom severity of more than 50 points is invoked
as clinically effective/ beneficial [34]. When proportions
of participants exhibiting > 50point were compared for
treatment vs. placebo (Table 3), there was no difference in
response rate between arms.

Finally, we hypothesised that the extent of improvement
in circulating vitamin D level might lead to improvement

€) Springer
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ticipants were assessed every 2 weeks on their symptoms. In all plots,
placebo arm is the open circle and active arm is the solid circle; plots
show mean + SEM at cach timepoint. A Shows change in total symp-
toms across the course of the trial, Panel A shows actual sympeom

in symptoms and tested this by correlating change in vita-
min D with change in symptoms. There was no appar-
ent relationship between change in serum 25(OH)D and
change in total symptom severity (Fig. 3i: r=- 0.071,
p=0.434, Spearman’s rank correlation coefficient).
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Effect of vitamin D status on quality of life in IBS

Several studies have used an IBS-specific QoL instrument
[36]) and reported a benefit of vitamin D intervention. The
instrument was applied at baseline and at exit from the
intervention. Whilst there was an improvement in QoL in
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Table ¥ Comparison of response rage between trial arms E i
Freguency (%) n i 200
All Participants ‘E
Placeho ARG (63 3% £% 100~
; J z 2
Treaimen ATIGS (56.9%) 1465 T2 g-
Witnmin [} insafficient’deficient participants ( 25(0H ) E;
I3 50 kL) E S -100-
Placcho 2236 (61.1%) a3
Treatment VAT 54.1%) os2 3 ~200
Witamin [} deficient participants ({25 {OHD) < 25 nmolfL) |_§ ~300 =
Placeho 518 (6L5%) £
Treatment B/15 (53.3%) 0673 B a0 T T T T 1
B -100 -50 ] 50 100 150
Respomse is defined as= 50 point redoction m TSS soore at iral exit. ] Change in serum 25(0H)D
There were no differences in the propartions of panticipants pespond-
ing o the imiervention by trial arm in the whole stady, or in either from baseline to exit fmmol /1)
lower vitamin [} status category (inadequate and deficient, deficient) -i
(" besd) 1
g 40 A= L3
a8 . P= 0.73
each arm of the trial (p <0001 for each arm, Mann—Whit- E % 204 - .
ney), there was no difference berween the change in Qol. 5 E - . ‘rh. -
scone from baseline o exit berween trial arms (p=03525, B g 0= - - = .‘ .
Mann—Whitney). We investigated whether improvement in i = oee ""
circulating vitamin D} level might improve QoL; no rela- & E =20 . ¥ %
tioaship was found between change in serum 25(0H)D and E g _— LT
change in QoL. (Fig. 3ii: r=— 0031, p=073, Spearman’s  § 2 40 o« e,
rank correlation coefficient). 5 L
o 60 T T T T 1
-100 -50 1] 50 100 150

Exploratory and signal-seeking analyses

Trials in IBS often either select or subdivide participants
according 1o IBS subtype (constipation, diarrhoea or alier-
nmating symptoms). A signal seeking analysis was under-
taken to assess whether there were differences in response
o vitamin [ by IBS Subtype. There was no difference in
symplom severity (555: p=0.T719, 0.962, 0L697 constipa-
tion, diarrhoea and aliernating symptoms, respectively,
Repeated measures ANOVA) or change in Quality of life
(QoL p=0316. 0.946, 0.090 constipation, diarrhoeea and
alternating symptoms, respectively, Mann—Whimey L7 t2st)
in response o vitamin D within any of the IBS subtype
groups.

The response according o IBS severity was investigated.
Panticipants were categorised by IBS severity[34] (75-174—
Mild: 175-290—Maoderate: > 300—Severe) and response o
the intervention was analysed. There were no differences
in symptom severity (p=10.25, 0518, 0554 mild, moder-
ate and severe, respectively, repeated measures ANOVA) or
Quality of life (p=0.262_ 0.275, (0.900 mild, moderate and
severe, respectively, Mann—Whitey 1) in response o inger-
vention when analysed according to IBS symptom severity
at haseline.

Change in serum 25{0H)D
from baseline to exit (mmal | 1)

Fig. 3 Effect of change in witamin D staius on IBS sympioms and
quality af kife. The effect of change in circulating levels of vitlamin
[ was assessed fior both ouscome mensores (TS5 and (ol ). @ shows
carrelation between change in circulsting vitamsn [¥ from start o
end of the rial agaimst change in IBS sympioms. b shows correlation
hetween change in circalating vicamin [¥ from start o end of the trial
against change in Cality of Life. There was no relationship between
either endpaint and the vitamin D stahs change |Spearman’s mnk
carrelaiion coeficients shown)

Discussion

This study sought to investigate the potential of vitamin
D supplementation as a management strategy for IBS, the
design was community-based, seeking to be applicable to
the general IBS population in addition to clinical senings.
This study found no benefit of vitamin D supplementation
on either sympioms of IBS or on Qol. measures using stand-
ardised assessrments. In addition, we found no relationship
between change in vitamin [¥ and change in symptomalogy.

The study has several hallmark featores: it was based on
a formal pilot study using the same intervention, endpoints

ﬂ Sprlngcr
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and population for the full trial; it is the largest trial of vita-
min D in people with IBS: it used a moderate and safe dose
of vitamin D; the duration of intervention was determined
to minimise placebo effect [30). Due to circannual varia-
tion in vitamin D status, we undertook recruitment during
the winter to potentiate the maximum increase in circulat-
ing vitamin D at the annual low, concomitantly minimising
risk of reaching toxic levels of the vitamin. Limitations of
our trial include the potential heterogeneity of the sample
(although this was deliberately a real-world study). We may
have achieved more sample homogeneity and reinforced
IBS diagnosis through reassessing participants with the
ROMEIV criteria at screening. This sample would be more
homogenous, although not sarily more responsive. A
general nisk in nutrient supplement trials is that patients may
self-supplement, obscuring effects: this was minimised by
analysing outcomes against change in circulating vitamin D
as well as by trial arm. We did not meet our target sample
size, based on the power calculation. The implementation
of GDPR regulations in 2018 led to a substantial impact on
our recruitment rate in the second winter (80 vs target of 80
in first season; 55 versus target of 80 in second season). The
absence of any signal of an effect suggests that failure to
recruit did not affect interpretation of the outcome. Finally,
despite our design, the placebo effect remained large.

Our findings are in contrast to a cluster of recent trials
reporting a benefit of vitamin D supplementation on symp-
toms of IBS[25-28]. Abbasnezhad et al.[25] based in Iran
recruited 45 outpatients / arm to a 50,000 IU fortnightly
dose for 21 weeks and reported a significant reduction in
symptoms (p < 0.001) of over 70 TSS points on average.
Jalili et al.[26] had only 25 patients/arm recruited from an
endoscopy clinic in Iran to 50.000 1U “biweekly™" dose for
6 weeks, again reporting a significant (p <0.05) response.
El Amrousy et al. [28] had a larger sample size (56/arm)
recruited from paediatric outpatients in Egypt, undertook
a power calculation based on a vitamin D intervention in
IBS.” and used a longer intervention (21 weeks), again find-
ing a significant (p <0.001) benefit of supplementation.
Jalili et al. [27] (2019) again recruiting in Iranian endos-
copy clinics and using a dose (50,000 IU p.w.) considerably
in excess of what would be regarded as safe, for 6 weeks
with 58 patients per arm, again found a significant (p <0.05)
benefit of vitamin D. Most recently Sikaroudi et al. [29]
recruited 88 patients from a gastroenterology clinic, dosing
with 50,000 IU p.w. for 9 weeks, and reported a signifi-
cant improvement in IBS-SSS. A further publication from

' It is unclear whether “biweckly” meant twice weekly or fortnightly
hhmdlhispw
* Although the cakulation appears to be based oa work p d

the same group appears to be a restatement of these out-
comes[37]. We note that these trials have several consistent
features that limit their generalizability—all are based on
clinically recruited groups in the Middle East: three used an
intermittent bolus dose (50,000 IU), with one study using an

extremely high effective dose of 7,142 IU p.d. Nonetheless,
all four studies reported high compliance, low rates of drop
out and high levels of significance notwithstanding sample
sizes (25-58/arm) which our power calculation suggests
were small. Despite the success of these trials their features
suggest caution is needed about generalisability of their find-
ings to the wider IBS population: in particular a bolus dose
of 50,000 1U would not be a recommendable approach for
general symptom management in IBS.

A recurrent feature of IBS trials is the heterogeneity of
response, which may in part reflect the ill-defined nature of
the syndrome. A meta-analysis of coefficients of variation
(CV) in the IBS symptom tool used in this study reveals an
average CV of 25% (SD=8%) (Williams & Corfe, manu-
script in preparation). It may be the case that there are sub-
sets of the IBS population who do benefit from vitamin D
supplementation[23]. Predicting responders, in terms of IBS
symptoms, merits further research as vitamin D supplemen-
tation is a viable long-term management option. Our work
shows that neither vitamin D status nor repletion is a predic-
tor of a therapeutic response to vitamin D supplementation
(in contrast, for example. to IBD{38]). Exploratory analyses
of larger datasets would be needed to identify such potential
predictors.

Critically, this study is in line with others in identifying
vitamin D deficiency as widespread in IBS. There is recent,
increasing recognition that IBS associates with increased
risk of fracture[39) and of osteoporosis[40]. A causal infer-
ence is not yet possible, but poor vitamin D status in IBS
may contribute to the observed association of these con-
ditions. This suggests that, notwithstanding any benefit of
vitamin D on IBS symptomology. IBS patients should be
screened for vitamin D status and supplemented appropri-
ately for general health reasons.

Supplementary Information The oaline
tary material available at https://doi.ocg/10. 1007/500394-021.02633.w.
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Supplementary information
Supplementary information #1 shows the randomisation strategy and supplementary
information #2 presents the data table for {BSS outcomes.
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SupplementaryInformation #1

The randomisation schedule was generated independently by G. Weatherhead (BetterYou Ltd) using
sealedenvelope.com and a block size of eight. Identically presented boxes containing coded bottles and
corresponding coded vitamin D bloodspatsewere provided to the research team by the supplier. The

research team (CEW, EAW, BMC) was blinded to the content of each bottle.

In addition,the vitamin D assay results were returned and collated by a third party (G. Weatherhead,
BetterYou) who waslinded to the IBSSSS scores, whilst the researcher (CEW) entered th& 855

data into a parallel sheet, blinded to the vitamin D baseline status or change. As the trial took place
over a long period, across two successive winters, this protocol etisatr@d interim unblinding or

analyses were undertaken until all the data entry was completed.

Supplementary Information #2 — Data Table for IBS-SSS outcomes

Time (days)
0 14 28 42 56 70 84
Pain severity? YitD 51.6(21.20)0 447(Q2163) 44802464 41.7(27.35) 409(28.10) 38.6(26.43) 38.1(23.91)
mean (5D) Placebo 48.8 (24.39) 423 (2523) 3829(26.16) 33.7(24.05) 36.0(2844) 359(2574) 29.2(2482)
471 48.6 433 446 427 349 364
Days with paint YitD (27.58) (30.07) (28.57) (28.53) (28.52) (26.13) (27.35)
mean (SD) 44.0 422 437 374 36.8 346 311
Placebo  (25.47) (28.75) (29.73) (28.01) (30.19) (27.15) (27.93)
Distension severity® ¥itD 534 (22.69) 486(25.38) 473(26.07) 4552825  420(27.78)  450(26.72) 415(26.31)
mean (SD) Placebo 531.7(28.46) 496(2699)  46.1(30.66) 3927(28.1) 415(26.27) 37.7(26.77) 35.7(25.28)
67.3 62.2 61.7 58.4 59.4 57.6 54.1
Bowel Satisfactiont YitD (18.37) (19.41) (19.23) (21.54) (19.99) (20.36) (19.43)
mean (SD) 67.1 63.4 62.5 57.3 56.4 56.1 51.0
Placebo  (19.60) (15.49) (18.51) (19.86) (19.98) (19.94) (21.45)
Impact on Lifet YitD CLI(1364) 520454 F6UTIN  BIQUM B BICLK 03N
mean (SD) Placebo  61.6(14.93) (17.15) 560(2039)  520019.71) 515Q083) S516QLEN 4712296
281.54 59.3 259.8 2439 2379 229.79 2203
Total-SSS Yit D (61.33) (79.26) (86.15) (99.17) (92.06) (98.40) (93.73)
mean (SD) 273.2 2544 247.5 219.6 2222 2159 1942
Placebo  (69.01) (87.48) (93.80) (90.78) (100.86) (92.95) (97.67)
Table S1 Data detail for response to treatment

The table shows mean and standard deviations for each composite IBS symptom and for the total Symptom Severity Score at each timnepoint in the study for
each arm of the study, supporting the data presented graphically in Fig 2. Individual scores have a maximum score of 100; Total SS5 _: Total symptom

severity hag a maximum possible score of 500.
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Chapter7

Discussion

This thesis has presentedidence from4 studiesthat were conducted during this PhDhelover
arching aimwas to investigatehe relationship between vitamin D and irritable bowel syndrome and
the possible impact vitamin D may have on symptom severity and quality of life. Each chapter is
presented in either manuscript or publication format and each has its dacussion, specific to the
research conducted. This discussion chapter will summarise the objectives achieved, results from
the previous chapters, while addressing whether this agrees or conflicts with current evidence. It
will discuss limitations/sengths of the findings and the contribution this makes to the wider IBS

research community.

Summary ofindings

1. The systematic literature revie{Chapter 4) yielded a total of 7 studi@sl5, 120, 247, 248, 250,
251, 378has shown the limited research available on the subject of vitamin D and IBS. Four
observation and three intervention studies were identified using PRISMA guideihésur
observational studies reported vitamin D deficiency was evident in agnaportion of the IBS
population. Improvemerttin IBS symptom severity scores and Qalte reported in two of the
intervention studieg115, 251)YChapter 4). In the supplementary search post publication, all 3
intervention studies observed an inverse relationship between vitamin D levels and symptom

severity/Qol(114, 252, 379)

2. Arandomised control trigChapter 5vas conducted itealthy volunteers to compare rate of

uptake of vitamin D using an oral spray versus a capsule. Vitamin D statdeplete or

insufficient at baseline in 44.6% of the volunteers. There was a significant increase in serum vitamin
D (capsules$50.7+19.730 91.35+19.78nmol/lp=0.003 spray54.9+27.84 to 95.78+28.Q3= 0.001)

in both treatment arms compared to the controVer a 6 week periodThe capsule and the spray

were equally effective at raising vitamin D levielsufficiency The data suggest th&éhose with a

lower vitamin D serum had a higheapletionrate. The majority (71%)fgarticipants preferred the

oral spray to the capsule for vitamin D supplementation.

3. A randomised, doublblinded placebecontrolled, 2 arm tria{Chapter Svas conpleted with 135
free living participants with IBS. The datacludedhat a vitamin D 3000Iiday supplementfor 12

weeksdid not improve symptom severity or quality of life inghgopulation The intervention was
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successful at raising vitamin D levieishe treatment armfrom 48.75 (£27.91) nmol/to 94.29
(£33.70) nmol/L at exitompared to placeb@=0.05).

Detailedsummary of studies conducted

In the first year of this project, a systematic review was conducted ERI§MAuidelines,

presented in chapter 2. The revidaund a consistent observatiasf an insufficiency/deficiency of
serum vitamin D levels in the IBS population and suggestfi@at®n of symptoms after
supplementatiorwith vitaminD. Systematically reviewing the literatuigentified 7 papers, 3 of
which (at the start of this project) were intervention studi@d5, 250, 251) All three studies

agreed there was a high level of deficiency/insufficiency inIB&populationTwo(115, 251 put of
three studies found vitamin D supplementation to have a signifibanefit onsymptom severity

and quality of life It would have benefitted the review to have contacted the authors to better
understand their decision to present the data in standard deviation, standard error, or a range of
scores. In hindsight, the standard erresented in Jalili et al. (2016) could have been converted to
a standard deviation to offer comparable data. This was unfortunatelydeatified at the time

Future research conducted will include this best practice when completing systematic seview

The efficacy study established that the sublingual vitamin D spraysvaective as a capsule for

raising serum vitamil levels in healthy populationsThis offered confidence for its use in the RCT

with IBS participants and an opportunitytoadsg2 | YR O2 YLI NB G KS adzof Ay 3dz
serum 25(OH)D in a different sampM/e established that all participants were replete by day 21

with a 30001U daily supplement of vitamin The time taken to repletion informed the design of the

subsequent RCTPRarticipants reported in focus groups a higher preference for the sublingual spray

over the capsule, finding it easy to use and pleasant tasting. This provided assurance for the

ddzof Ay3IdzZ £ ALINF 8Q&a | OOSLIiheRGATE Aié F2NJ LI NI AOA LI y

Chapter Goresents the randomised control trial investigating the effect of vitamin D
supplementation on symptom severity and quality of life in a free living IBS population. It is the
largest study to date with a sample size of n=135 basedfomaal pilot studydrawn from the same
populationtype and similar endpoints. We hypothesised that a 30001U/day vitamin D suppteme

would ameliorate symptom severity and improve quality of ilifgeople with IBS
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Our main finding was that providing3®00IU/day vitamin D supplement for 12 weeks to

participants with IBS did not reduce symptom severity nor improve quality ofllifagreement with

current research we also found a high proportion of our sample to be low in vitamin D, which may

just be areflection of the deficiency seen in the wider populati@®). A higher number of

NBaLR2yRSNE ONBRdAzOUGAZ2Y 2F Xpn Lihdegoann cédnpared ©S ¢ { { 3
the treatment (63.3%ersus56.9%respectively. This confirms the current evidence of a high

placebo effect in this populatigrthis is discussed further in this chap(8i77)

Contrast irffindings

This next section will discuss the possible factors that may result in different outcomes in research
conducted with IBS populations and vitamin D supplementatiocontrast to our main finding,
previousresearchby several authors has reporté#l14, 115, 251, 252) highly significant a

reduction in IBS symptom severijth vitamin D supplementation Our studyChapter 6used
30001U/day sublingual spray within a free living population, while Jalili et a.3s8£11U/day(2016)

or 71421U/day(2019) with a cliitalpopulation (114, 115) Similarly, Abbasnezhad and colleagues
(2016) conducted a RCT with 85 participants with IBS and found significant improvement of IBS
symptoms (p < 0.001) and quality of life (p < 0.001) folgve35711U/dayvitamin D capsul€251)

A recent study conducted in Iran, (2020) with 88 participants, from a clinically recruited sample, used
a weekly bolus dose of 50,0001U in adults with-IBf6r 9 weeks. Thiswugly found a significant
improvement in both IBSSS and QoL scores (p=<0.001, 0.049) in the treatment arm compared to
the placebo for 9 week&@52) Alongside vitamin D all participants received 135mg (twice daily) of
Mebeverine which is known to relieve symptoms of (88) It may be this antspasmodic that

improved the symptom severity and quality of life in volunteers, however, no discussion is provided.

One could postulate that it may be the clinical population have a higher symptom severity score at
baseline than free living participants. However, our study sh@spter 6Yhe mean baseline IBS
SSS score (277.29) to be higher than the scores from a clinical population which ranged from 235
248. It may be that having a clinical sample reduces symmpseverity as this group is already under
the care of a specialist medical team compared to our random sample that may have not received
any medical intervention thus far, and there may have been confounding factors that may have

influenced the responseotintervention.

Baseline serum 25(OH)D concentratiamauld also be a differing factorAgain, this is similar across

all the studies presented with a baseline me&{OH)D concentrations from 46.40nmal/L
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52.67nmol/L. As aforementioned, tlstudies conducted in the Middle East used bolus doses of
vitamin D 50,000IU per week/ biweekly. It could be that this higher dosage in one bolus treatment is

more effective in relieving symptom severity in individuals with IBS compared with a daily negime

The combination of a high rate of fluctuation in symptom severity and a tendency for individuals to

volunteer when symptoms are more severe, it is inevitable that their symptoms will im(3&1g

It is known thatinterventionresearch with IBS populations encounter high placebo rézag)

Areas of focus include practitiongatient relationship, number of visits, entry criterion, and

duration of study(377) Research has shown that personality of the practitioner leading the
research may positively influence placebo rates in the IBS popul@d@) A practitioner that has a
positive relationship with the participant appears to raise placebo responses, which is independent
of the treatment being use@75). By reducing the amount of contact time and lowering participant
expectations is thought to counteract this placedffect (246). A metaanalysis suggests strict

entry conditions such as the inclusion of the Rome deateduces placebo rates onenage by 8.9%
(237) A clinical diagnosis of IBS was part of the inclusion criteria of the present study and therefore
all known Rome criteria was included and possibly unknown diagnostic measures. This may have
contributed to the heterogeneity of the sampl&e research aidieswhichrecruited from
gastroenterology clinicgsed specifically the Rome Il criteria for their inclusion critgrial, 115,

251, 297) apart from the most recent study which used RoméB2)and this may be why they

were able to observsignificant results.

Ourresearch, although conflicting with current literatuyaluates the efficacy of a widely
available, over the counter vitamin D supplementrae livingindividuals withiBS The reason for
the lack of response to vitamin D in our populationngertain,and this promptecan investigation

of the variability between trials using tHBSSSS questionnaire (chapter 7

The IBSSSS questionnaire is common in all the repodediies and has been used regularly for over
20 years in IBS research to evaluate symptom sev@®$) The data collected from these IBS
specific questionnairesan varyin scores from &00.Due to the symptoms of IBS being
heterogeneous in nature, and as such, this is reflected in the highly \so@eds in the IBSSS

guestionnairen trials with this population.

Strengths and limitations

The systematiceview (Chapter ¥thighlighted the novelty of the topic and an opportunity to explore

the possible relationship between vitamin D and IBS. This was also the first systematic review to
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investigate and synthesise the evidence surrounding vitamin D supptati@mwithin populatiors

of peoplewith IBS.

The intervention triapresented in Chapter Gyas based on a formal pilot studyawn from the
same population type ansimilarendpoints(250) Guided by the pilot study it was the aim to

recruit from a free living population with IBS and not from a clinical cohort.

Only safe doses were used that are available to membettsegbublic and are able to purchase

over the counter. The duration of study, is in line with advice to be over 8 weeks in length to reduce
placebo effec(377) We sought to recruit participants in the winter months when 25(OH)D
concentrations are at their lowest, for both the efficacy and intervention study. This was a way to
minimise any risk of toxicity to the participantmaximise the potential benefit of receiving the

intervention to a population that may need it the mostdito ease interpretation of the data.

The studies presented in this thesis were conducted in a robust mahowweverlimitations are still
present. The efficacy study was not based on a power calculation, however, it may provide a
foundation from whickuture studies may be based. AnothHenitation of the efficacy study is the
inability to be definitive in the absorption of the suppleméntcapsule form osublingually

however pharmacokinetistudies lave confirmed both these oral rout¢382-384).

The limitations in the intervention study includige large placebo effect, heterogeneity of the

sample, and a possibility of participants s&lpplementing

Future work

This thesis has shown the rate of change in serum 25(OH)D following 6 weeks supplemaevitation
vitamin 3 (30001U/day) in a healthy cohort. This thesis has contributed to the understanding of the
rate of change of serum 25(OH)D in a healthy and prim@salycasian cohort. Future waskould
explore the rate of change in other population groups, particularly those at high risk of deficiency,
such as the elderly dhose with darker pigmentatio(66, 385) There is evidence showing further
work is necessary with South Asian and Black African and Caribbean to determine guidelines for
adequate intake of vitamin D for immigrants ligim the UK17). Theevidence presented in chapter

5, may be used as a comparatidata set to measure and compare the rate of change in other

population such as individuaisom BAME communities.
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It has been evidenced by FEband colleaguethat having rigid entry criteria (latest Rome
criteria/specific subtype) appears to lower placebo effect creating a more homogeneous population
sample(377)

As aforementioned, thithesisrequired participantd¢o have a clinical diagnosis which could include
any of the Rome criteria or any other IBS diagnostic tool. riiéyshave created a more

heterogeneous sample and thereforeduced the likelihood of observing an effect

Because this thesis found no sigrant difference between the treatment and the placebo arms, it
may be worth future research focussing on subtypes of IBS that may benefit from vitamin D
supplementation. To improve this work | would suggest utilising one single Rome criteria preferable
the most recent which would contribute to the homogeneity of the san{B&5) The use of the
volunteer email and advertising with IBS charity would still be used as an effective recruitment tool,
it would be beneficial to access IBS groups within other cities around the UK to increase participant
numbers and diversity. It woultk advantageous to stratify according to vitamin D status and
subtype to compare the effect of a vitamin D supplement between arms only if a larger sample size
could be achieved. | would also use a run in phase to exclude volunteers who are showingpa place
response which is recommended in studies using participants with IBS to lessen placebo response
(387)

This may identify one or more subtype of IBS that may have improved symptomology and quality of
life with repleton. Lastly, recruitment from a gastroenterology clinics would confirm diagnosis of
IBS.

Conclusion and contributions to research

1 This thesis has contributed to the growing body of evidence that there is a high prevalence
of vitamin D deficiency/insuffiency present in individuals with IBS

1 Our efficacy study offers a data set for rate of change in a healthy population from which
other populations can be compared, such as the eldariyndividuals who are obese.

1 The efficacy study has alsontributed to existing work that shows baseline 25(OH)D
concentrations influence uptake of vitamin(B88)

9 This thesis has also added to the knowledgtamin D supplementation in free living

individuals with IBS. This was achieved by conducting the largest trial to date with n=135
participants
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Concluding remarks

This thesis as a whole hesntributed to current research that IBS is an ongoing public health issue
that needs an effective and evidenbased intervention to alleviate symptoms and improve quality
of life. The impact of an effective treatment means a reduced burden of cosetdlHiS but most
importantly improved quality of life for the individual. Although we did not find a significant
relationship between vitamin D supplementation and decreased symptom severity, these findings

are useful for future research.
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