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Summary

Background: Inflammatory bowel diseases (IBD) have been related to high-sugar
dietary patterns, but the associations of different types of beverages with IBD risk
are largely unknown.

Aims: To examine any associations between intake of sugar-sweetened beverages,
artificially sweetened beverages and natural juices and IBD risk

Methods: This cohort study included 121,490 participants in the UK Biobank who
were free of IBD at recruitment. Intake of beverages was obtained from repeated
24-h diet recalls in 2009-2012. Cox proportional hazard models were used to
estimate the hazard ratios (HRs) and 95% confidence intervals (Cls) for associations
of beverage intake with IBD risk.

Results: During a mean (standard deviation) follow-up of 10.2 (1.5) years, we
documented 510 incident IBD cases, (143 Crohn's disease (CD) and 367 ulcerative
colitis (UC)). Compared to non-consumers, participants consuming >1 unit per day of
sugar-sweetened beverages were at significantly higher risk of IBD (HR 1.51, 95% Cl
1.11-2.05), but the trend was non-significant (p-trend = 0.170). This association was
significant for CD (HR 2.05, 95% Cl 1.22-3.46), but not for UC (HR 1.31, 95% CI 0.89-
1.92). We did not observe significant associations for the consumption of artificially
sweetened beverages or natural juices.

Conclusions: Our findings suggest an association between consumption of sugar-
sweetened beverages, rather than artificially sweetened beverages or natural juices,
and IBD risk.
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1 | INTRODUCTION

Inflammatory bowel diseases (IBD), including Crohn's disease
(CD) and ulcerative colitis (UC), are chronic gastrointestinal dis-
eases with unknown aetiology.! Accumulating evidence has linked
its rising incidence to dietary changes, including higher intake
of fat, sugar, food additives and lower fibre intake.? As one of
the major sources of free sugar, beverages have been related to
inflammation-related health outcomes®™ but received less atten-
tion in the field of IBD.

In vitro and in vivo researches linked beverages to IBD through
dysbiosis of gut microbiota and enhanced colitis susceptibility,m’11
but population-based evidence was inconclusive. Two meta-
analyses based on cross-sectional and cohort studies showed
positive associations between soft drinks and sugar-sweetened
beverages and IBD risk,'?'% in line with another large prospec-
tive study.’* On the contrary, another recent prospective study
and a meta-analysis found null associations.*> The disparities
might result from the differences in definitions of beverages and
heterogeneity of populations. For example, a study conducted in
two Swedish cohorts treated both sugar-sweetened beverages and
artificially sweetened beverages as sugary beverages,'® without
considering the different sweetener components in these two bev-
erages. As for artificial sweetener, epidemiological and animal stud-
ies have suggested its effect on gut bacteria and immunity,'” while
whether they were associated with gastrointestinal inflammation
was controversial. Also, the relations of natural juices with IBD risk
have not been studied and deserve more exploration for the differ-
ent forms of sugar they contain.

Therefore, we aim to explore the associations of sugar-sweetened
beverages, artificially sweetened beverages and natural juices with
IBD risk in the UK Biobank, a large population-based cohort.
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2 | METHODS
2.1 | Study population

This study was based on the UK Biobank, a large population-based
cohort, with over 500,000 participants being recruited in England,
Wales and Scotland from 2006 to 2010. More details about the UK
Biobank are described elsewhere.!® The UK Biobank received ethical
approval from the North West-Haydock Research Ethics Committee
(REC reference: 16/NW/0274). All participants in this study pro-
vided informed consent when they were recruited.

For the present study, participants who completed 24-hour ques-
tionnaires at least twice with typical diet and credible energy (defined
as >0-20MJ for males, >0-18 MJ for females)'”?° were included in
the analysis. We further excluded participants with IBD at recruit-
ment (n = 1465), unclear IBD diagnostic information during follow-up

(n = 1). The final analysis included 121,490 participants (Figure 1).

2.2 | Assessment of exposure

Dietary intake was measured using a web-based 24-h diet recall
questionnaire (Oxford Web-Q). The questionnaires were sent
out in April 2009-September 2010, February 2011-April 2011,
June 2011-August 2011, October 2011-December 2011 and
April 2012-June 2012. Participants were asked how many units
(glasses/cans/250 ml/cartons) of beverages they drank yesterday,
and the options included 0, 0.5, 1, 2, 3, 4, 5 and more than 6 units.
In the current study, sugar-sweetened beverages included fizzy
drink and squash, artificially sweetened beverage referred to
low-calorie drinks, and natural juices included pure orange juice,
grapefruit juice and other pure fruit or vegetable juice.?! We

Participants recruited from 2007 to 2010
and had at least two valid 24-h dietary
questionnaire in the UK Biobank

(N=122 956)
Excluded participants
1 with IBD at baseline (N=1465)
2 with unclear diagnosis during
L7 follow-up (N=1)

Participants in analyse (N=121 490)

Primary analyses:

alternative healthy eating index; CD,

)
FIGURE 1 Participant inclusion. AHEI, 2;
5)

Association between three beverages intake and risk of IBD, CD, UC
Secondary analyses:

1) Total sugar intake and risk of IBD, CD, UC

2) Subgroup analyses for beverage intake and IBD risk

Sensitivity and additional analyses:

1) Further adjusted for total sugar/comorbidities

2) Used Mediterranean diet score in place of AHEI

Dealed with missing covariates using multiple imputation
Ascertained incident IBD as at least twice IBD diagnosis

Lag 4-year analysis and latency analyses

Crohn's disease; IBD, inflammatory bowel
disease; UC, ulcerative colitis.
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TABLE 1 Baseline characteristics of overall participants according to consumption of sugar-sweetened beverages (n = 121,490)

Sugar-sweetened beverages

0 unit per day

>0-1 unit per day

>1 units per day

Variables Overall (n = 121,490) (n = 80,547) (n = 26,485) (n = 14,458)
Sex (%)
Female 67,726 (55.7) 46,517 (57.8) 14,379 (54.3) 6830 (47.2)
Male 53,764 (44.3) 34,030 (42.2) 12,106 (45.7) 7628 (52.8)
Age (mean, SD) (years) 56.2(7.8) 56.5(7.7) 56.4(7.9) 54.2(8.2)
Ethnicity (%)
White 117,716 (96.9) 78,352 (97.3) 25,575 (96.6) 13,789 (95.4)
Others 3774 (3.1) 2195(2.7) 910 (3.4) 669 (4.6)
TDI tertiles (%)
Low 40,522 (33.4) 26,973 (33.5) 8970 (33.9) 4579 (31.7)
Moderate 40,515 (33.3) 26,755 (33.2) 9006 (34.0) 4754 (32.9)
High 40,453 (33.3) 26,819 (33.3) 8509 (32.1) 5125 (35.4)
Education (%)
High school and below 64,656 (53.2) 41,352 (51.3) 14,881 (56.2) 8423 (58.3)
College and above 56,834 (46.8) 39,195 (48.7) 11,604 (43.8) 6035 (41.7)
Smoking status (%)
Current 8377 (6.9) 5507 (6.8) 1738 (6.6) 1132 (7.8)
Never 69,804 (57.5) 45,556 (56.6) 15,711 (59.3) 8537 (59.0)
Previous 43,309 (35.6) 29,484 (36.6) 9036 (34.1) 4789 (33.1)
Alcohol drinking status (%)
Current 114,433 (94.2) 76,423 (94.9) 24,760 (93.5) 13,250 (91.6)
Never 3520 (2.9) 1991 (2.5) 917 (3.5) 612 (4.2)
Previous 3537 (2.9) 2133 (2.6) 808 (3.1) 596 (4.1)
Physical activity levels (median [IQR]) 2085.0(939.0, 2868.0)  2078.0(942.0,2848.3)  2106.0(956.0, 2904.0) 2106.0 (924.0,
(MET-minutes/week) 3024.0)
BMI (mean, SD) (kg/mz) 26.7 (4.6) 26.5(4.5) 26.8 (4.6) 27.5 (4.8)
Total energy intake (mean, SD) (KJ/day) 8663.9 (2229.4) 8467.9 (2200.1) 8850.1 (2103.4) 9415.2 (2419.2)
Total sugar intake (mean, SD) (g/day) 119.8 (44.4) 112.8 (42.4) 125.3 (40.8) 148.3 (48.8)
Number of 24-h questionnaire
2 44,870 (36.9) 31,884 (39.6) 6620 (25.0) 6366 (44.0)
3 41,084 (33.8) 26,952 (33.5) 9381 (35.4) 4751 (32.9)
24 35,536 (29.3) 21,711 (27.2) 10,484 (39.6) 3341 (23.1)

Notes: Continues variables are displayed as means (SDs) or median (IQR) and categorical variables are displayed as numbers (%).

Abbreviations: BMI, body mass index; IQR, interquartile range; SD, standard deviation; TDI, townsend deprivation index.

calculated the mean intake of the beverage intake in multiple 24-h
recalls as the exposure variables.

The Oxford Web-Q has been widely used and validated in large-
scale prospective studies.???% In the UK Biobank, this dietary as-
sessment tool has been validated and showed moderate validity

(correlation coefficients=0.3-0.5 for macronutrients).?*

2.3 | Ascertainment of outcome

In the current study, the outcome was the incidence of IBD during

follow-up, obtained through hospital inpatient data (International

Classification of Disease ninth and tenth editions [ICD-9 and ICD-
10]), death registry data (ICD-10) and coded primary care data.
Incident IBD cases were defined as CD (ICD-9 codes 555, ICD-10
codes K50) or UC (ICD-9 codes 556, ICD-10 codes K51). The health
data of participants was updated until 30 September 2021 for
England, 31 July 2021 for Scotland and 28 February 2018 for Wales.

2.4 | Assessment of covariates

Covariates were selected for adjustments based on a priori knowl-

edge and a previous study,?! including age (continuous in years), sex
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TABLE 2 Associations between consumption of three types of beverages and risk of inflammatory bowel disease

Minimally adjusted Fully adjusted model® HR

Incident cases/person-year model® HR 95% CI p-value 95% Cl p-value

Sugar-sweetened beverages

O unit per day 331/819469 Ref Ref

>0-1 unit per day 130/343335 0.94[0.76, 1.15] 0.526 0.91[0.74, 1.12] 0.355

>1 units per day 49/75718 1.62[1.19, 2.19] 0.002 1.51[1.11, 2.05] 0.009

p for trend 0.074 0.170
Artificially sweetened beverages

0 unit per day 392 /971678 Ref Ref

>0-1 unit per day 93/201529 1.17 [0.93, 1.46] 0.181 1.09 [0.87, 1.38] 0.457

>1 units per day 25/65314 0.98 [0.66, 1.48] 0.937 0.85[0.56, 1.28] 0.436

p for trend 0.461 0.818
Natural juices

0 unit/day 220/553581 Ref Ref

>0-1 unit per day 252/591603 1.05[0.88, 1.26] 0.587 1.14[0.95, 1.37] 0.173

>1 units per day 38/933 37 1.00[0.71, 1.41] 0.990 1.08 [0.76, 1.53] 0.664

p for trend 0.742 0.320

Notes: Tests reaching a significance level of 0.05 were marked bold.

Abbreviations: Cl, confidence interval; HR, hazard ratio.

?Fully adjusted model, further adjusted for education, Townsend deprivation index, physical activities, smoking status, alcohol drinking status, BMI,
total energy, AHEI and mutually adjusted for another two beverages.

PMinimally adjusted model, Cox proportional hazard model-adjusted age, gender and ethnicity.

SSBs consumption and IBD risk ASBs consumption and IBD risk NSJs consumption and IBD risk

8 1.00% 0 unit/day o 1.00% 0 unit/day o 1.00% 0 unit/day
S —0-1 unit/day 2 — 0-1 unit/day 2 — 0-1 unit/day
Tfé 0.75% | —more than 1 unit/day _-;.1: 0.75% | — more than 1 unit/day % 0.75% | — more than 1 unit/day
— c c
py £ £
2 0.50% 2 0.50% A 2 0.50%
E 5 K
= >
£ 0.25% £ 0.25% £ 0.25%
O ] ]
(& O
0.00% 0.00% 0.00%
0o 2 4 6 8 10 12 0o 2 4 6 8 10 12 0O 2 4 6 8 10 12

Time (Years) Time (Years) Time (Years)

Number at risk Number at risk Number at risk

80547 80160 79489 78632 75422 60611 4263
— 33481 33319 32983 32620 31241 27202 2122
— 7462 7407 7329 7236 6952 5739 397

95405 94940 94092 93026 89306 72715 5187
— 19639 19537 19358 19185 18350 15908 1246
— 6446 6409 6351 6277 5959 4929 349

54606 54331 53860 53207 50914 40557 2771
= 57784 57502 56978 56407 54165 45712 3428
= 9100 9053 8963 8874 8536 7283 583

FIGURE 2 Cumulative incidence of inflammatory bowel disease, Crohn's disease and ulcerative colitis according to consumptions of
sugar-sweetened beverages, artificially sweetened beverages and natural juices unit/day.

(male and female), ethnicity (white and others), Townsend depriva-
tion index (TDI; low, moderate and high), education (high school
and below, college and above), smoking status (never, previous and
current), alcohol drinking status (never, previous and current), physi-
cal activity levels (continuous in MET-min/week), body mass index
(continuous in kg/m?), total sugar (continuous in g), and energy intake
(continuous in KJ), diet quality score including Alternative Healthy
Eating Index (AHEI) or Mediterranean diet score, and baseline comor-
bidities?>?% including diabetes, hypertension, coronary heart disease
(CHD), stroke and cancers from multiple sources (hospital, primary

care, self-report and cancer registry), ascertained by ICD-10 code.

Townsend deprivation index was an area-based socioeconomic
status.?”?® Physical activity was measured as metabolic equiva-
lents (MET-minute), summed by walking, moderate and vigorous
activity from the touchscreen questionnaire. Total sugar and
energy were calculated using McCance and Widdowson's The
Composition of Foods and provided by the UK Biobank.?’ Diet
quality score was calculated using food components and scor-
ing criteria described previously. Briefly, the modified AHEI?1%°
included five items, including red meat, processed meat, fruit,
vegetables and fat.?! Each dietary item scored O (unhealthiest),

5 and 10 (healthiest), respectively. Mediterranean diet score was



1022 X X FU ET AL.
W1 LE Y- APT Alimentary Pharmacology & Therapeutics
TABLE 3 Associations between consumption of three types of beverages and risk of Crohn's disease and ulcerative colitis®
Crohn's disease Ulcerative colitis
Incident cases/ Incident cases/
person-year HR 95% CI p-value person-year HR 95% CI p-value
Sugar-sweetened beverages
0 unit per day 94/818141 Ref 237/818951 Ref
>0-1 unit per day 31/342812 0.79 [0.53, 0.274 99/343175 0.95[0.75, 0.665
1.20] 1.20]
>1 units per day 18/75550 2.05[1.22, 0.007 31/75627 1.31[0.89, 0.172
3.46] 1.92]
p trend 0.181 0.432
Artificially sweetened beverages
0 unit per day 120/970197 Ref 272/971033 Ref
>0-1 unit per day 19/201124 0.72 [0.44, 0.197 74/201430 1.26 [0.96, 0.090
1.18] 1.63]
>1 units per day 4/65182 0.42 [0.15, 0.091 21/65290 1.05 [0.67, 0.832
1.15] 1.65]
p trend 0.032 0.281
Natural juices
0 unit per day 60/552635 Ref 160/553260 Ref
>0-1 unit per day 70/590663 1.11[0.78, 0.564 182/591225 1.15[0.92, 0.212
1.57] 1.42]
>1 units per day 13/93204 1.24[0.67, 0.489 25/93268 1.01 [0.66, 0.954
2.28] 1.55]
p trend 0.507 0.448

Notes: Tests reaching a significance level of 0.05 were marked bold.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

?HR was calculated based on fully adjusted model, which was Cox-proportional hazards model adjusted for age, gender, ethnicity, education,
Townsend deprivation index, physical activities, smoking status, alcohol drinking status, BMI, total energy, AHEI and mutually adjusted for another

two beverages.

constructed according to nine food items, with total score rang-
ing from O to 9. Missing values of continuous and categorical vari-
ables were assigned to the mean and the most populated category,

respectively.®!

2.5 | Statistical analyses

Participants were categorised into three groups according to the
consumption of each beverage: O unit per day (reference group), >0
to 1 unit per day and >1 units per day. Baseline characteristics of
participants were described according to the consumption of sugar-
sweetened beverages. We calculated person-years from the date
of the first available 24-h questionnaire to the date of incidence of
outcome, death, loss to follow-up or the end of follow-up (latest up-
dated time for health data), whichever came first.

Associations of sugar-sweetened beverages, artificially sweet-
ened beverages, natural juices with IBD risk were estimated using
Cox proportional hazard models. The minimally adjusted model was
adjusted for age, the square of age, sex, ethnicity and the fully ad-

justed model was additionally adjusted for TDI, educational levels,

physical activity levels, smoking status, alcohol drinking status, BMI,
total energy, AHEI and the other two beverages. Proportional haz-
ard assumption was tested and verified using Schoenfeld residual
methods (p = 0.460 for sugar-sweetened beverages, 0.370 for arti-
ficially sweetened beverages, 0.098 for natural juices and 0.350 for
total sugar in the fully adjusted models). We also separately exam-
ined the associations between the three beverages and risk of CD or
UC. Cumulative incidence of IBD, CD and UC were also presented
according to the consumption of the three types of beverages. In
order to understand the relationship between beverage consump-
tion and IBD risk better, we used restricted cubic splines to flexibly
model and visualise the associations. In addition, we examined the
associations between quintiles of total sugar intake and IBD, CD and
UC risk.

We also evaluated whether the associations between beverages
and IBD risk were modified by age (<60 and >60years), sex (male and
female), smoking status (current, previous and never), alcohol drink-
ing status (current, previous and never) and BMI (<30 and 230kg/
m?) by testing the interactions of each beverage and covariate and
conducting subgroup analyses. Moreover, we conducted a series of

sensitivity analyses: (1) we further adjusted the models for total sugar
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Sugar-sweetened beverages consumption and risk of inflammatory bowel disease, Crohn’s disease and ulcerative colitis
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FIGURE 3 Associations between beverage intake and risk of inflammatory bowel disease, Crohn's disease and ulcerative colitis.

intake to check if the associations were independent of total sugar; (2)
we used the Mediterranean diet score in place of AHEI to represent
the overall diet quality; (3) we further adjusted the models for base-
line comorbidities given possible confounding effects of these dis-
eases; (4) we reprocessed missing values of covariates with multiple
imputation; (5) we excluded participants who developed IBD within
the first 4years after baseline to reduce the influence of potential
reverse causality and (6) we ascertained incident IBD as at least twice
IBD diagnosis. We also conducted additional latency analyses strati-
fied by follow-up from the time of exposure ascertainment (<2 years,
2-4years, 4-8years and >8years) to identify the critical window for
associations of beverage consumption with IBD risk.

Statistical analyses were performed using R, version 4.1.0. In this
study, all statistical tests were two-tailed, and p <0.05 indicated sta-

tistical significance.

3 | RESULTS
Baseline characteristics of the study population according to con-
sumption of sugar-sweetened beverages were shown in Table 1. Of
the 121,490 participants included, the mean (standard deviation,
SD) age was 56.2 (7.8), and 96.9% of them were of white ethnicity.
Most participants did not consume any sugar-sweetened beverages
(66.3%), and participants consuming sugar-sweetened beverage >1
unit per day were more likely to have a higher BMI, higher intake of
total energy and sugar. During an average (SD) follow-up of 10.2(1.5)
years, we documented 510 incident IBD cases (41 cases/100,000
person-years), including 143 CD cases (12 cases/100,000 person-
years) and 367 UC cases (30 cases/100,000 person-years).

We observed positive associations between consumption of

more than 1 unit per day of sugar-sweetened beverages and IBD
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Total sugar intake Cases/Person years HR (95% ClI)
Risk of inflammatory bowel diseases
First quintile 107/246 666 Ref
Second quintile 108/247 881 0.99 (0.75, 1.30) L
Third quintile 92/248 453 0.82 (0.61, 1.10) T
Fourth quintile 93/248 557 0.78 (0.57, 1.08) -
Highest quintile 110/246 964 0.84 (0.58, 1.20) T
P trend
| | |
0.5 1 1.5 2
Risk of Crohn’s disease
First quintile 23/246 218 Ref '
Second quintile 36/247 465 1.47 (0.86, 2.51) _
Third quintile 26/248 063 1.00 (0.55, 1.81)
Fourth quintile 29/248 204 1.02 (0.55, 1.89)
Highest quintile 29/246 553 0.84 (0.41,1.73) ' -
P trend 0.414
| | |
0.5 1 1.5 2
Risk of ulcerative colitis
First quintile 84/246 550 Ref 1
Second quintile 72/247 697 0.85 (0.62, 1.18) 1
Third quintile 66/248 295 0.77 (0.54, 1.08) T
Fourth quintile 64/248 394 0.72 (0.49, 1.04) s
Highest quintile 81/246 817 0.85 (0.56, 1.29) T
P trend 0.269
| | |
0.5 1 1.5 2

HR (95% Cl)

FIGURE 4 Associations between total sugar intake and risk of inflammatory bowel disease, Crohn's disease and ulcerative colitis.
HRs were calculated by Cox proportional hazard regression models adjusted for age, gender, ethnicity, education, Townsend deprivation
index, physical activities, smoking status, alcohol drinking status, BMI and total energy, alternative healthy eating index and beverages. Cl,

confidence interval; BMI, body mass index; HR, hazard ratio.

risk (Table 2 and Figure 2). Compared to zero consumption, consum-
ing sugar-sweetened beverages >1 unit per day was associated with
increased risk of IBD (HR 1.51, 95% Cl 1.11-2.05, p trend = 0.170),
which was stronger for CD (HR 2.05, 95% Cl| 1.22-3.46, p
trend = 0.181), but was non-significant for UC (HR 1.31, 95% ClI
0.89-1.92, p trend = 0.432) (Table 3). The trend for the associations
of sugar-sweetened beverages with risk of IBD, CD or UC was non-
significant. In contrast, artificially sweetened beverages (HR 0.85,
95% Cl 0.56-1.28, p trend = 0.818) or natural juices (HR 1.08, 95%
Cl 0.76-1.53, p trend = 0.320) were not associated with the risk
of IBD, CD or UC. In the restricted cubic splines, we did not found
non-linear relationship between beverage intake and risk of IBD,
CD or UC, but we can observe an elevated risk of IBD and CD with
excessive intake of sugar-sweetened beverages, which was consis-
tent with results in the primary analyses (Figure 3). Moreover, no
association was observed for total sugar intake with risk of IBD, and
HR of comparing extreme quintiles was 0.84 (95% Cl 0.58-1.20, p
trend = 0.173) for IBD risk, 0.84 (95% Cl1 0.41-1.73, p trend = 0.414)
for CD risk, and 0.85 (95% Cl 0.56-1.29, p trend = 0.269) for UC
risk (Figure 4).

In subgroup analyses, the main findings did not differ substan-
tially by sex, age, smoking status, alcohol drinking status or BMI
(p-interactions >0.10, Table 4). The results remained stable in the
sensitivity analyses (Tables 5 and 6é). Specifically, compared to non-
consumers, participants consuming sugar-sweetened beverages >1
unit per day were at increased IBD risk when further adjusted for
total sugar intake (HR 1.56, 95% Cl 1.13-2.15), baseline comorbidi-
ties (HR 1.49, 95% Cl 1.10-2.04). Similar results were also observed
when we used multiple imputations to deal with the missing values
of covariates (HR 1.57, 95% Cl 1.12-2.19), used Mediterranean diet
score instead of AHEI (HR 1.50, 95% Cl 1.10-2.04), used at least
twice IBD diagnosis as outcome (HR 1.61, 95% Cl 1.06-2.45) or ex-
cluded participants with IBD that occurred in the first 4years after
baseline (HR 1.56, 95% Cl 1.07-2.29). In the latency analysis, we
found the highest risk of IBD occurred within the first 2 years of fol-
low-up (HR 2.47, 95% Cl 1.25-4.87), but not significant when the
follow-up time exceeded 2years (Table 6). And no significant asso-
ciations were found of artificially sweetened beverages and natural
juices with IBD risk in the above sensitivity analyses, in line with the

primary analyses (Tables 5 and 6).
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TABLE 5 Sensitivity analyses for the associations between consumptions of three types of beverages and risk of inflammatory bowel disease

Excluded incident of

Used at least twice
IBD diagnosis as

Dealt with missing

Further adjusted for
comorbidities® HR

95% ClI

Changed AHEI to

IBD that occurred in the
first 4years HR 95% CI

covariates using multiple
imputation HR 95% ClI

Mediterranean diet

HR 95% ClI

Further adjusted for

outcome HR 95% CI

total sugar HR 95% ClI

Ref

Ref

Ref Ref Ref

Ref

0 unit per day

Sugar-sweetened

0.95[0.74, 1.23]
1.56 [1.07,2.29]

Ref

0.92[0.69, 1.23]

0.951[0.76, 1.19]

0.90[0.73, 1.11]
1.49 [1.10, 2.04]

Ref

0.90[0.73,1.11]

0.92[0.74,1.13]

>0-1 unit per day

beverages

1.61[1.06, 2.45]

Ref

1.57[1.12,2.19]

Ref

1.50[1.10, 2.04]

Ref

1.56[1.13,2.15]

Ref

>1 units per day

0 unit per day

Artificially sweetened

1.06 [0.80, 1.42]
0.89 [0.54, 1.48]

Ref

1.06 [0.76, 1.47]
0.98[0.57, 1.68]

Ref

1.06 [0.82, 1.37]
0.94 [0.61, 1.45]

Ref

1.09 [0.86, 1.37]
0.84[0.55, 1.27]

Ref

1.09 [0.87, 1.38]

1.09 [0.87, 1.38]

>0-1 unit per day

beverages

0.85[0.56, 1.28]

Ref

0.85[0.56, 1.28]

Ref

>1 units per day

O unit per day

Natural juices

1.04[0.83, 1.30]
0.92[0.59, 1.45]

1.17 [0.90, 1.51]

1.14[0.95, 1.38] 1.14[0.95, 1.37] 1.10[0.90, 1.34]

1.15[0.95, 1.38]
1.11[0.77, 1.59]

>0-1 unit per day

1.18[0.73, 1.89]

1.00[0.68, 1.47]

1.08[0.76, 1.54]

1.10[0.77,1.57]

>1 units per day

Notes: Tests reaching a significance level of 0.05 were marked bold.

Abbreviations: AHEI, Alternative Healthy Eating Index; Cl, confidence interval; HR, hazard ratio; IBD, inflammatory bowel diseases.

*The comorbidities included diabetes coronary-heart-disease, hypertension and cancers.
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4 | DISCUSSION

In this large population-based study of 121,490 participants in the
UK Biobank, we found that compared to non-consumers, sugar-
sweetened beverage consumption >1 unit per day was associated
with increased IBD risk. A similar association was also observed be-
tween sugar-sweetened beverages consumption and risk of CD but
not UC. However, we found no significant trend for the associations
between sugar-sweetened beverages and the risk of IBD, CD or UC.
In contrast, no associations were detected between artificially sweet-
ened beverages, natural juices or total sugar intake with IBD risk. The

above findings were robust in a series of sensitivity analyses.

4.1 | Compared with previous studies

A previous cohort study based on European Prospective Investigation
into Cancer and Nutrition (EPIC)®? found that a dietary pattern char-
acterised by high intake of sugar and confectionery foods, and lower
intake of vegetables and non-processed seafood is associated with
higher UC risk (RR comparing extreme quintiles = 1.68, 95% CI 1.00-
2.82). Another study14 based on 116,087 adults from the Prospective
Urban Rural Epidemiology (PURE) cohort found a positive association
between soft drinks and IBD risk (HR for 23 servings per week vs
<0.5 serving per week = 1.94, 95% Cl 1.42-2.66), which, to some ex-
tent, was confirmed by our findings. On the contrary, a recent cohort
study® conducted in 83,042 participants from Swedish Men or the
Swedish Mammography cohort found no association between sweet-
ened beverages and risk of CD (HR 1.02, 95% CI 0.60-1.73) or UC
(HR 1.14, 95% Cl, 0.83-1.57). Most of these studies considered both
sugar-sweetened beverages and artificially sweetened beverages as
soft drinks. Conclusions from meta-analyses were also inconsistent.
Three meta-analyses based on cross-sectional and cohort studies
showed a positive association between soft drinks and risk of UC*?
and CD,*323 while another recent meta-analysis revealed no associa-
tion.’ Given the differences in definitions of beverages and cultural
background across cohorts, our findings not only added to current
literature in a UK context but also provided further evidence in the
relation of the types of beverages to IBD. Notably, we did not find
a significant trend for the relation between sugar-sweetened bever-
ages and IBD risk, which may be explained by the limited sample size
and IBD cases of participants consuming sugar-sweetened beverages
>1 unit per day and the trend test was driven by the null association
in lower consumption groups. In addition, the categories for bever-
age consumption (0, >0-1 and >1 units/day) (which was based on
the questionnaire) might not be totally biologically plausible, and we
attempted to use restricted cubic splines to better understand the
relatioship between beverage consumption and IBD risk. Therefore,
caution is needed in interpreting the current finding and more large-
scaled cohort studies were required to explore the dose-response re-
lationship and effects of other categories of beverages. In general, our
findings pointed out that excessive consumption of sugar-sweetened

beverages, but not artificially sweetened beverages or natural juices,
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TABLE 6 Association of three types of beverage consumptions with inflammatory bowel disease risk for latency of <2years, 2-4years,

4-8years and >8years

Cases Person-years HR 95% CI Cases  Person-years HR 95% CI
<2years® 2-4years®
Sugar-sweetened 0 unit per day 48 160,786 Ref 70 319,984 Ref
beverages >0-1unitperday 25 66,836 1.21[0.74, 1.98] 18 132,961 0.57[0.34, 0.96]
>1 units per day 11 14,879 2.47 [1.25, 4.87] 6 29,557 0.77[0.33, 1.81]
Artificially sweetened O unit per day 65 190,448 Ref 71 378,941 Ref
beverages >0-1 unit perday 17 39,189 1.15[0.67, 1.99] 17 779 79 1.14 [0.66, 1.96]
>1 units per day 2 12,863 0.39 [0.09, 1.60] ) 25,582 1.14 [0.48, 2.68]
Natural juices 0 unit per day 30 108,991 Ref 39 216,875 Ref
>0-1 unit per day 47 115,347 1.52[0.96, 2.42] 46 229,498 1.22[0.79, 1.88]
>1 units per day 7 18,162 1.38 [0.60, 3.19] 9 36,129 1.45[0.69, 3.04]
4-8years® >8years?
Sugar-sweetened 0 unit per day 134 629,417 Ref 79 790,933 Ref
beverages >0-1unitperday 62 261,068 1.10[0.81,1.49] 25 330,968 0.72[0.45,1.13]
>1 units per day 19 58,020 1.48[0.90, 2.42] 13 73,008 1.71[0.93, 3.14]
Artificially sweetened O unit per day 168 744,967 Ref 88 938,018 Ref
EEElEE >0-1 unit/day 38 153,336 0.99 [0.69, 1.42] 21 194,331 1.21[0.74, 1.97]
>1 units per day 9 50,202 0.68[0.34, 1.35] 8 62,561 1.37[0.65, 2.89]
Natural juices 0 unit per day 96 426,113 Ref 55 533,017 Ref
>0-1 unit per day 107 451,363 1.14[0.86, 1.51] 52 571,630 0.87[0.59, 1.28]
>1 units per day 12 71,029 0.83[0.45, 1.53] 10 90,263 1.04 [0.53, 2.07]

Notes: HR was calculated based on fully adjusted model, adjusted for age, gender, ethnicity, education, Townsend deprivation index, physical
activities levels, smoking status, alcohol drinking status, BMI and total energy.

Tests reaching a significance level of 0.05 were marked bold.
@Follow-up time from the time of exposure ascertainment.

might be a potential risk factor for IBD, but more studies are needed

to verify this relation and explore the underlying mechanisms.

4.2 | Possible interpretations

Although the underlying mechanism remained unclear, several path-
ways could be possible explanations for the observed findings. Animal
studies have emphasised the effect of dietary sugar on colitis with
multiple mechanisms,3* including increased mucosal inflammation, de-
creased gut microbiome diversity,35 compromised mucus barrier and
immunity,!* and sugar-sweetened beverages were found to be associ-

3637 obesity,>® meta-

ated with increased risk of systemic inflammation,
bolic syndrome, and diabetes’; in parallel, there has been evidence for
the critical roles of these diseases in IBD.3”*? It is noteworthy that we
did not observe a positive association between artificially sweetened
beverages, natural juices or total sugar intake and IBD risk. The inflam-
matory role of artificial sweeteners is still on a debate and the effect
of natural sugar in natural juices may be counteracted by dietary fibres
and bioactive compounds.***? For total sugar, it included many forms of
sugar derived from different food, and evidence showed that ingestion
of sugar-sweetened beverages increases the risk of chronic diseases

more than isocaloric amounts of complex carbohydrates.*® Finally, we

also observed a positive association between sugar-sweetened bever-
ages and risk of CD instead of UC, in line with previous most studies that
diet was more associated with CD risk, which may be partly explained
by the different lesion location and imbalanced intestinal microbiota
in patients with CD or UC.* The current study demonstrated that the
associations between sugar-sweetened beverages and IBD risk were in
general consistent in latency analysis although not all significant, and
the greatest risk occurred in the first 2years after exposure ascertain-
ment. The latency analyses between beverages consumption and IBD

risk have not been investigated before and deserve more exploration.

4.3 | Strengths and limitations

To our knowledge, this is one of the few studies to explore the associa-
tion of sugar-sweetened beverages, artificially sweetened beverages
and natural juices with IBD risk simultaneously in a large cohort. We
took advantage of the large prospective cohort study*®* with detailed
assessments and updated health data linkage. However, there were
several limitations in this study. First, at baseline, all participants in the
UK Biobank were over 40years, and we are thus unable to examine
the association of beverages with younger-onset IBD. Second, self-

reported exposures assessed by the 24-h diet recall questionnaires
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were subject to inevitable measurement error and recall bias, although

d?22% and we tried to address this

the questionnaire has been validate
issue by including participants with at least two assessments. Third,
diagnosis for IBD, CD and UC was ascertained by ICD code, as in pre-

vious studies,*¢*

which may have limited specificity. In the current
study, we further ascertained IBD patients as more than twice diagno-
sis in the sensitivity analysis. Finally, residual confounding and reverse
causation cannot be avoided considering the observational nature
of this study, although we have controlled for various potential con-
founders such as lifestyles, overall diet quality and comorbidities and
excluded participants with IBD occurred in the first 4years in a sen-
sitivity analysis. More studies are needed to confirm the associations

observed in the current study and explore the underlying mechanisms.

5 | CONCLUSIONS

In conclusion, our study suggested an association between excessive
intake of sugar-sweetened beverages, rather than artificially sweet-
ened beverages or natural juices, and IBD risk, while the trend was
non-significant. Our findings, if proven causal, suggested reduced
consumption of sugar-sweetened beverages as a strategy for pre-
vention of IBD, especially CD, but further studies are needed to con-
firm these findings and explore the underlying mechanism before
public health policy could be carried out.
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