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Abstract

Objective: Inflammatory bowel disease (IBD) is not only a chronic inflammatory

disorder of the gastrointestinal tract but also accompanied by systemic inflamma-

tion. The onset of hypertension is closely related to systemic inflammation. How-

ever, the relationship between IBD and hypertension has not been investigated. We

aimed to investigate the potential association between IBD and the incidence of

hypertension.

Method: We retrieved IBD onset and the incidence of hypertension from a public

database UK Biobank. The association between the onset of IBD and subsequent

incidence of hypertension was analyzed using a multivariate Cox regression anal-

ysis, and propensity score matching was performed for sensitivity analysis.

Result: Of a total of 281,064 participants included in the study, 2376 (0.8%) were

diagnosed with IBD at baseline, and 20,129 (7.2%) in the whole cohort developed

hypertension with a median follow‐up duration of 8.1 years (interquartile range

[IQR] 7.3–8.8 years). Patients with IBD had a higher cumulative risk of hypertension

compared with general population (10.9% in ulcerative colitis [UC], 7.7% in Crohn's

disease [CD], and 9.3% in IBD unclassified [IBD‐U] vs. 7.1% in non‐IBD, p < 0.001).

Multivariate Cox regression analysis identified that UC, rather than CD or IBD‐U,
was independently associated with subsequent occurrence of hypertension (HR

1.30, 95% CI: 1.11–1.52, p = 0.001). In propensity matching analysis, UC also

showed its robustness as a risk factor for the prediction of hypertension (HR 1.56,

95% CI: 1.21–2.03, p = 0.001).

Conclusion: In IBD patients, UC rather than CD is associated with a higher risk for

the incidence of hypertension compared with general population. Close monitoring

of hypertension might be required in clinical practice.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic intestinal disease that

mainly includes Crohn's disease (CD), ulcerative colitis (UC), and IBD

unclassified (IBD‐U). Although the pathogenesis of IBD remains un-

clear, it involves a complex interplay between genetic, environmental,

epithelial, microbial, and immune factors, resulting in not only a local

inflammation limited to intestine but also a systemic inflammation.1

IBD patients are often accompanied by various extraintestinal man-

ifestations such as erythema nodosum, arthritis, and thromboembo-

lism, which may be due to systemic inflammatory stimulation.

Studies have pointed out that systemic inflammation is involved

in atherosclerosis, and that systemic inflammation increases the risk

of acute arterial events, which can be alleviated by anti‐inflammatory

treatment.2–6 Hypertension is an early and common manifestation of

atherosclerosis and various cardiovascular events. Although the eti-

ology of hypertension is not completely clear, many studies and

theories have pointed out that it occurs much earlier than acute

arterial events and often causes arterial stiffness under the contin-

uous stimulation of systemic inflammation.7–10

IBD has been considered a potential risk factor for acute arterial

events in addition to traditional cardiovascular risk factors.11,12

However, these studies havemainly focused on hard endpoints such as

cardiovascular and cerebrovascular events, and few studies focusedon

the relationship between IBD and hypertension. Therefore, we

analyzed the data from the UK Biobank, a large prospective,

population‐based andmultiple‐centered study focusing on genetic and
nongenetic risk factors for diseases in general population.We aimed to

explore the association between IBD and subsequent incidence of

hypertension and to provide a reference for the necessity of routine

screening and early intervention in clinical practice.

MATERIALS AND METHODS

Study population

The study was conducted under the guideline of STROBE Checklist

(Supporting Information S2). In this prospective, observational cohort

study, we used the data from the UK Biobank. This large cohort has

collected health‐related information from more than 500,000 par-

ticipants ranging from 37 to 69 years old during the time of

recruitment between 2006 and 2010. Information regarding the

study design, data collection, and protocol has been previously pub-

lished online.13 Briefly, each approved participant received a 90‐min

session which includes questionnaires, physical examinations, blood

sample collections, and interviews at the recruitment. The cohort

then matched the data of all participants with the NHS Central

Register database and obtained their subsequent medical records,

including diagnosis and death registration.

All 502,505participantswith eligible databetween2006and2017

were initially included in this study. The exclusion criteriawere listedas

follows: (a) Diagnosis of hypertension at recruitment; (b) History of

cardiovascular diseases, diabetes, or stroke at recruitment; (c) New

diagnosis of IBDduring followup; (d) Lackof baselineor follow‐updata.
The screening progress of participants is shown in Figure 1. Finally, a

towtal of 281,064 eligible participants were included.

Assessment of IBD

Participants were divided into four groups according to the baseline

status of IBD (UC, CD, IBD‐U, and non‐IBD) based on self‐report at
baseline interview or data extraction from medical records of the

International Classification of Disease (ICD) and the time when they

first presented. The ICD‐10 codes for UC and CD were K51 and K50,

respectively. Those who did not clearly report their IBD sub-

phenotype or had diagnostic records of both UC and CD at recruit-

ment were classified as IBD‐U.

Follow‐up and the outcome event

The follow‐up started from the enrollment of the study till the

occurrence of the outcome event or the end of the available date (31

Key summary

The established knowledge on this subject

� Inflammatory bowel disease (IBD) is accompanied by

various extraintestinal manifestations induced by sys-

temic inflammatory stimulation.

� Systemic inflammation is closely related to the onset of

hypertension.

What are the significant and/or new findings of this study?

� Data from a large cohort UK Biobank revealed that IBD

patients had a higher risk of hypertension than normal

population.

� Ulcerative colitis was an independent risk predictor of

subsequent hypertension.

� Close monitoring and early management of hypertension

may be required in clinical practice for patients with IBD.
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March 2017). The primary outcome was the occurrence of hyper-

tension determined by the primary care, hospital admission or death

register during follow‐up. The ICD codes for hypertension included

I10, I11, I12, I13, and I15 in the 10th edition.

Covariates

A variety of covariates recorded at baseline were also collected.

Demographic characteristics included age, gender, race (white or

other), education phase (ranked as 5 grades as followed: 0 for na-

tional vocational qualification or equivalent, 1 for the certificate of

secondary education or equivalent, 2 for O levels or equivalent, 3 for

A levels or equivalent, and 4 for college/university degree), smoking

status (never, former or current), drinking status (never, former or

current), and an indicator of poverty, the Townsend deprivation in-

dex (TDI). Anthropometric characteristics included average handgrip

strength (defined as the average grip strength of two hands), body

mass index (BMI), and waist to hip rate. Blood samples and laboratory

tests were obtained in accordance of standardized protocols at

recruitment, including triglycerides (TG), total cholesterol (TC), high‐
density lipoprotein cholesterol (HDL‐C), low‐density lipoprotein

cholesterol (LDL‐C), glucose, creatine, albumin, lymphocyte and C‐
reactive protein (CRP).14 Physical activity score was evaluated by a

modified version of the International Physical Activity Questionnaire.

Overall health rating was self‐reported and divided into four levels:

poor, fair, good, and excellent. Anxiety status was determined by

whether there was a medical consultation due to tension or anxiety

at recruitment. Family history of heart diseases and medication his-

tories were self‐reported. The medication histories of concern

included anti‐hypertension drugs, lipid‐lowering drugs, aspirin, ste-

roids, and immunosuppressants including methotrexate, thiopurine,

tacrolimus, cyclosporin, and adalimumab.

Statistical analysis

Baseline characteristics of participants with different IBD states were

summarized, in which continuous variables were used as means with

standarddeviations (SD) ormedianswith interquartile range (IQR), and

categorical variables were expressed as frequencies with proportions.

Multiple comparisons were adjusted with the Bonferroni correction. A

KaplanMeier survival analysiswith log‐rank tests between groupswas

performed to compare the cumulative risk for hypertension. A multi-

variate Cox regression model was established to determine the asso-

ciated factors for hypertension. Subgroup analysis and interactive

tests were subsequently performed to explore the interactive rela-

tionship between IBD and other categorical variables.

Sensitivity analyses were performed to verify the robustness of

the result. Firstly, to explore the association between the prevalence

of IBD and hypertension at baseline, we performed a univariate lo-

gistics analysis between the subpopulations with and without hy-

pertension at baseline. Secondly, we further adjusted variables

including age >60 years (in replace of the continuous age variable),

baseline CRP level, and a specified immunosuppressants use history

in the multivariate model. In addition, a propensity score matching

(PSM) (nearest neighbor ratio of 1:1 without replacement and a

caliper width of 0.02) was performed. A two‐tailed p‐value <0.05 was

considered significant. Analyses were performed by SPSS Statistics

26 (SPSS) and R v4.1.0.

F I GUR E 1 Screening process and criteria of eligible participants in the study.
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RESULTS

IBD patients have a higher incidence of hypertension
than normal population

A total of 281,064 eligible participants were included in the study

and their characteristics are summarized in Table 1. Among them,

120,765 (43.0%) were female and 267,934 (95.3%) were Caucasian.

The mean age of the participants was 55 � 8 years old, and 36.2% of

them were more than 60 years old. Most of the participants (93.0%)

were current drinkers and nearly a half (57.1%) were non‐smokers.

In the whole cohort, 2376 (0.8%) participants were diagnosed

with IBD at baseline, including 1418 UC, 840 CD, and 118 IBD‐U
patients, respectively. The percentage of the elderly (>60 years) in

UC and IBD‐U patients was higher than that of in non‐IBD partici-

pants (41.4% and 66.9% vs. 36.1%, p < 0.001), respectively. There

were fewer current drinkers in patients with IBD than those in non‐
IBD participants (86.4%–91.5% vs. 93.0%, p = 0.001), but patients

with CD were more likely to be a current smoker compared to non‐
IBD participants (15.7% vs. 10.5%, p < 0.001). Physically, IBD pa-

tients had a slightly weaker handgrip strength (29.7–30.3 vs. 31.0,

p = 0.001) and a lower physical activity score (44.8–45.1 vs. 54.2,

p = 0.015) than non‐IBDs. Other parameters including lymphocyte,

albumin, TC, HDL‐C, LDL‐C, TG and CRP showed significant but

narrow differences among the 4 groups (Table 1), respectively. As for

medication history, the percentages of participants with a medication

history were relatively low, such as anti‐hypertension drugs (1.0%),

steroids (1.1%), and immunosuppressants (0.7%), except for lipid‐
lowering drugs (6.7%) and aspirin (6.5%). Interestingly, IBD patients

had a higher rate of usage with steroids (4.2%–8.0% vs. 1.1%,

p < 0.001) and immunosuppressants (6.8%–20.4% vs. 0.5%,

p < 0.001) than non‐IBD participants, but less with aspirin (2.5%–

5.6% vs. 6.5%, p = 0.021). Thiopurine was mostly used in the popu-

lation with UC (134 (9.4%)) and CD (149 (17.7%)), while other

immunosuppresants, including methotrexate, tacrolimus, cyclo-

sporine, adalimumab, and combination of ≥2 drugs, were mostly used

in the non‐IBD population.

There were 20,129 (7.2%) participants, including 231 IBD pa-

tients and 19,898 non‐IBD participants, who developed hypertension

with a median follow‐up of 8.1 years (IQR 7.3–8.8 years). The inci-

dence of hypertension in IBD patients was significantly higher than

those without IBD (10.9% in UC, 7.7% in CD, and 9.3% in IBD‐U vs.

7.1% in non‐IBD, p < 0.001, Table 1). Survival analysis with inter-

group log‐rank tests showed that patients with UC had a higher

cumulative rate of hypertension compared to non‐IBD participants

(p < 0.001, Figure 2), but not in those with CD (p = 1.000) or IBD‐U
(p = 1.000).

UC is a risk predictor of subsequent hypertension

We then established three multivariate models to explore whether

the diagnosis of UC, CD, or IBD‐U was independently associated with

subsequent hypertension (Table 2). Age, sex, and race were adjusted

in Model 1. Education, smoking status, drinking status, TDI, handgrip

strength, BMI, waist to hip rate, physical activity score, and labora-

tory tests were further adjusted in Model 2 based on Model 1. Then,

we further adjusted Model 2 by overall health rating, anxiety status,

family history of heart diseases, and medication history, and even-

tually obtained Model 3. We found that UC, rather than CD or IBD‐U,
showed a significant risk for subsequent hypertension in all three

Models (HR 1.30, p = 0.001 in Model 1; HR 1.49, p < 0.001 in Model

2, and HR 1.30, p = 0.001 in Model 3, Table 2). Additionally, the

multivariate analysis also identified both the usage of steroids (HR

1.33, 95% CI: 1.20–1.47, p < 0.001, Supplementary Table 1) and

immunosuppressive agents (HR 1.32, 95% CI: 1.16–1.50, p < 0.001,

Supplementary Table 1) as risk factors for hypertension.

Subgroup analysis and interaction tests were also performed

between UC status and categorical characteristics adjusted in Model

3 (Figure 3). The hazard ratios of UC for hypertension differed be-

tween the sub‐populations with (HR 1.01, 95% CI: 0.75–1.36,

p = 0.933) and without anxiety (HR 1.46, 95% CI: 1.21–1.76,

p < 0.001), and a significant interaction effect was found between UC

and anxiety (p = 0.040). For the use of anti‐hypertension drugs, UC

was the risk predictor for hypertension only in the subpopulation

without the drug history (HR 1.36, 95% CI: 1.15–1.59, p < 0.001) and

the interaction between UC and the use of anti‐hypertension drugs

was relatively borderline (p = 0.078). For immunosuppressive agents,

UC also showed its the risk only in the subpopulation without the

drug history (HR 1.35, 95% CI: 1.14–1.59, p < 0.001). For the use of

steroids, UC was a risk factor for hypertension in both those with (HR

1.77, 95% CI: 1.07–2.93, p = 0.027) and without (HR 1.27, 95% CI:

1.07–1.50, p = 0.006) steroid use. No significant interaction effect

with UC was observed in the use of immunosuppressive agents or

steroids.

Sensitivity analysis

Firstly, we explored the association between the prevalence of IBD

and the previously diagnosed hypertension events at baseline. When

stratifying the whole population with concurrent hypertension at

baseline during the screening process (128,077 vs. 374,428 people,

Figure 1), we found that the subpopulation with hypertension at

baseline had a relatively higher prevalence of IBD at baseline (1141.3

vs. 1035.6 per 100,000 people) and a higher incidence during follow‐
up (53.9 vs. 40.0 per 100,000 person years) than those without. The

prevalence and the incidence in the two subpopulations were close to

the values reported in previous studies, with the prevalence of 725–

1421 per 100,000 people and the incidence of 28.6–69.5 per

100,000 person years.15,16 Furthermore, the cross‐sectional univar-
iate logistics analysis showed that prevalence of hypertension was

significantly associated with prevalence of IBD at baseline (OR 1.10,

95% CI 1.04–1.17, p = 0.001), suggesting that the prevalence of IBD

might also be associated with previously diagnosed hypertension

events.
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TAB L E 1 Characteristics of IBD patients and non‐IBD participants in UK Biobank

Characteristics

Total

N0 = 281,064

IBD

Non‐IBD
N4 = 278,688 p value

UC

N1 = 1418

CD

N2 = 840 IBD‐U N3 = 118

Age, years 55.2 (8.1) 56.0 (8.0) 54.7 (8.1) 55.1 (8.1) 55.2 (8.1) 0.001

≥60 101,655 (36.2%) 587 (41.4%) 289 (34.4%) 79 (66.9%) 100,740 (36.1%) <0.001

Female 120,765 (43.0%) 629 (44.4%) 350 (41.7%) 43 (36.4%) 119,743 (43.0%) 0.290

White 267,934 (95.3%) 1368 (96.5%) 819 (97.5%) 113 (95.8%) 265,634 (95.3%) 0.004

Education phasea 0.006

0 38,793 (13.8%) 220 (15.5%) 141 (16.8%) 29 (24.6%) 38,403 (13.8%)

1 100,594 (35.8%) 461 (32.5%) 250 (29.8%) 46 (39.0%) 99,837 (35.8%)

2 33,440 (11.9%) 156 (11.0%) 99 (11.8%) 12 (10.2%) 33,173 (11.9%)

3 60,981 (21.7%) 333 (23.5%) 194 (23.1%) 15 (12.7%) 60,439 (21.7%)

4 47,256 (16.8%) 248 (17.5%) 156 (18.6%) 16 (13.6%) 46,836 (16.8%)

TDI −1.5 (3.0) −1.6 (2.9) −1.3 (3.0) −1.1 (3.0) −1.5 (3.0) 0.051

Drinking status 0.001

Non‐drinker 10,913 (3.9%) 61 (4.3%) 46 (5.5%) 5 (4.2%) 10,801 (3.9%)

Former drinker 8681 (3.1%) 60 (4.2%) 37 (4.4%) 11 (9.3%) 8573 (3.1%)

Current drinker 261,470 (93.0%) 1297 (91.5%) 757 (90.1%) 102 (86.4%) 259,314 (93.0%)

Smoking status <0.001

Non‐smoker 160,440 (57.1%) 729 (51.4%) 390 (46.4%) 63 (53.4%) 159,258 (57.1%)

Former smoker 90,758 (32.3%) 607 (42.8%) 318 (37.9%) 43 (36.4%) 89,790 (32.2%)

Current smoker 29,866 (10.6%) 82 (5.8%) 132 (15.7%) 12 (10.2%) 29,640 (10.5%)

Anthropometrics

BMI, kg/m2 26.6 (4.3) 26.4 (4.2) 26.0 (4.1) 26.5 (4.1) 26.6 (4.3) <0.001

Waist‐hip ratio 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.470

Hand grip strength, kg 30.9 (11.0) 30.3 (10. 7) 29. 8 (11.2) 29.7 (11.9) 31.0 (11.0) 0.001

Physical activity score 44.9 (41.2) 43.5 (40.3) 41.4 (37.4) 40.0 (36.8) 45.0 (41.2) 0.015

Laboratory tests

Lymphocyte, 109/L 1.9 (1.5–2.3) 1.8 (1.4–2.2) 1.6 (1.2–2.1) 1.8 (1.5–2.1) 1.9 (1.5–2.3) <0.001

Albumin, g/L 45.2 (43.5–46.9) 44.8 (43.0–46.6) 44.0 (41.9–46.1) 45.1 (43.3–46.8) 45.2 (43.6–46.9) <0.001

TC, mmol/L 5.8 (5.1–6.5) 5.6 (5.0–6.3) 5.28 (4.6–6.0) 5.8 (5.3–6.6) 5.8 (5.1–6.5) <0.001

Creatine, umol/L 69.5 (60.9–79.6) 69.6 (60.0–80.2) 69.6 (61.0–81.0) 67.7 (60.8–77.6) 69.5 (60.9–79.6) 0.285

Glucose, mmol/L 4.9 (4.6–5.2) 4.9 (4.6–5.3) 4.9 (4.6–5.3) 4.8 (4.5–5.2) 4.9 (4.6–5.2) 0.239

HDL‐C, mmol/L 1.4 (1.2–1.7) 1.5 (1.2–1.8) 1.4 (1.2–1.7) 1.5 (1.2–1.8) 1.4 (1.2–1.7) <0.001

LDL‐C, mmol/L 3.6 (3.1–4.2) 3.5 (3.0–4.1) 3.2 (2.7–3.8) 3.7 (3.2–4.3) 3.6 (3.1–4.2) <0.001

TG, mmol/L 1.4 (1.0–2.0) 1.4 (1.0–2.0) 1.7 (1.1–2.4) 1.5 (1.0–2.2) 1.4 (1.0–2.0) <0.001

CRP, mg/L 1.2 (0.6–2.5) 1.7 (0.8–3.3) 2.0 (0.9–3.9) 1.5 (0.6–7.2) 1.2 (0.6–2.4) <0.001

Anxiety status 91,431 (32.5%) 464 (32.7%) 262 (31.2%) 50 (42.4%) 90,655 (32.5%) 0.116

Over‐all health rating 2.0 (0.7) 2.3 (0.7) 2.5 (0.8) 2.5 (0.8) 2.0 (0.7) <0.001

Family history of HD 105,390 (37.5%) 548 (38.6%) 314 (37.4%) 44 (37.3%) 104,484 (37.5%) 0.847

Medication history

Anti‐hypertension 2695 (1.0%) 21 (1.5%) 4 (0.5%) 0 (0.0%) 2663 (1.0%) 0.097

Lipid‐lowering 18,866 (6.7%) 91 (6.4%) 29 (3.5%) 6 (5.1%) 18,717 (6.7%) 0.785

(Continues)
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T A B L E 1 (Continued)

Characteristics

Total

N0 = 281,064

IBD

Non‐IBD
N4 = 278,688 p value

UC

N1 = 1418

CD

N2 = 840 IBD‐U N3 = 118

Aspirin 18,235 (6.5%) 79 (5.6%) 39 (4.6%) 3 (2.5%) 18,114 (6.5%) 0.021

Steroids 3092 (1.1%) 80 (5.6%) 67 (8%) 5 (4.2%) 2940 (1.1%) <0.001

Immunosuppresants 1836 (0.7%) 152 (10.7%) 171 (20.4%) 8 (6.8%) 1505 (0.5%) <0.001

Methotrexate 1209 (0.4%) 11 (0.8%) 16 (1.9%) 4 (3.4%) 1178 (0.4%)

Thiopurine 461 (0.2%) 134 (9.4%) 149 (17.7%) 4 (3.4%) 174 (0.1%)

Tacrolimus 21 (0%) 2 (0.1%) 0 (0%) 0 (0%) 19 (0%)

Cyclosporine 43 (0%) 3 (0.2%) 0 (0%) 0 (0%) 40 (0%)

Adalimumab 41 (0%) 0 (0%) 4 (0.5%) 0 (0%) 37 (0%)

Using ≥2 drugs 61 (0%) 2 (0.1%) 2 (0.2%) 0 (0%) 57 (0%)

Follow up and outcome

Follow‐up time, years 8.1 (7.3–8.8) 8.1 (7.3–8.8) 8.0 (7.2–8.8) 8.2 (7.1–8.9) 8.1 (7.3–8.8) <0.001

Hypertension 20,129 (7.2%) 155 (10.9%) 65 (7.7%) 11 (9.3%) 19,898 (7.1%) <0.001

Note: Data was expressed as mean (standard deviation) or median (interquartile range) or numbers (percentage %). The p values less than 0.1 were

highlighted with bold font.

Abbreviations: BMI, body mass index; CD, Crohn's disease; CRP, C‐reactive protein; HD, heart diseases; HDL‐C, high‐density lipoprotein; IBD,

inflammatory bowel disease; IBD‐U, inflammatory bowel disease unclassified; LDL‐C, low‐density lipoprotein; TC, total cholesterol; TDI, Townsend

deprivation index; TG, triglycerides; UC, ulcerative colitis.
aEducation phase was ranked as 5 grades as followed: 0 for National Vocational Qualification or equivalent, 1 for Certificate of Secondary Education or

equivalent, 2 for O levels or equivalent, 3 for A levels or equivalent, and 4 for College/University degree.

Considering that the onset ages of IBD and hypertension were

different, and that most of the population recruited in the study were

middle‐aged, we divided the population into two groups by the age of

60 years old and adjusted it in the multivariate model (in replace of

the continuous variable of age) to observe the overall trend. Similar

to the continuous one, the age >60 years was also a risk factor for

subsequent hypertension (HR 2.17, 95% CI: 2.10–2.24, p < 0.001,

Supplementary Table 2). We also adjusted the baseline CRP level in

the model, an index reflecting the levels of systemic inflammation or

the disease activity, and identified it as a risk factor for subsequent

hypertension (HR 1.01, 95% CI: 1.01–1.02, p < 0.001, Supplemen-

tary Table 2). It was notable that UC, rather than CD or IBD‐U, still
remained as an independent risk factor for subsequent hypertension

after the additional adjustment of these variables (all p = 0.001,

Supplementary Table 2).

Thirdly, to clarify the effect of different immunosuppressants on

the onset of hypertension, we further adjusted the specified immu-

nosuppressants in the multivariate analysis (Supplementary Table 3).

The results showed that methotrexate (HR 1.35, p < 0.001 in all three

subpopulation) and the combination of immunosuppressants (HR

2.09, p = 0.008 in all three subpopulations) were significantly asso-

ciated with the onset of hypertension. The use of thiopurine was also

a risk factor of subsequent hypertension development in the sub-

populations of CD (HR 1.34, 95% CI 1.02–1.77, p = 0.033) and IBD‐U
(HR 1.30, 95% CI 1.00–1.69, p = 0.052), but not UC. The use of other

immunosuppressants did not show significant effect. Our main result

that UC increased the risk of subsequent hypertension showed a

good robustness (HR 1.31, 95% CI 1.11–1.53, p = 0.001), regardless

of the adjustment of the use of different immunosuppressive agents.

In addition, we performed a 1:1 PSM for sensitivity analysis to

eliminate other potential confounding factors. Finally, 1329 UC pa-

tients, 758 CD patients, and 117 IBD‐U patients were paired with the

same number of non‐IBD participants, respectively. Baseline char-

acteristics in the three paired groups had no significant difference

(Supplementary Table 4–6). Subsequent survival analysis (p < 0.001,

Figure 4a) and univariate COX regression analysis (HR 1.56, 95% CI:

1.21–2.03, p = 0.001, Supplementary Table 7) showed that only UC

was a predictive risk factor for the onset of hypertension.

DISCUSSION

To the best of our knowledge, this is the first study to link IBD with

hypertension. To ensure that the study is representative enough of

the general population, we focused on this large cohort based on the

general population instead of hospitalized patients. Besides, we

excluded cases with cardiovascular or cerebrovascular history (hy-

pertension, heart disease, stroke, and diabetes) to get a cohort with a

relatively healthy baseline status. Moreover, unlike cross‐sectional
studies, we longitudinally collected IBD status at baseline and eval-

uated the endpoint event after follow‐up, which could avoid reverse

causalities in the study (considering hypertension as a risk factor for

IBD). In addition, recognized cardiovascular risk factors such as age,

sex, and waist hips are also risk factors for hypertension with a
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F I GUR E 2 The Kaplan–Meier curves of cumulative risk for the incidence of hypertension between UC, CD, IBD‐U patients, and non‐IBD
population. Log‐rank tests between groups were adjusted with Bonferroni correction. CD, Crohn's disease; IBD‐U, inflammatory bowel disease

unclassified; UC, ulcerative colitis.

TAB L E 2 Multivariate analysis for incidence of hypertension in patents with UC, CD and IBD‐U

Diseases

Model 1 Model 2 Model 3

HR with 95% CI p value HR with 95% CI p value HR with 95% CI p value

UC 1.30 (1.11–1.53) 0.001 1.49 (1.27–1.75) <0.001 1.30 (1.11–1.52) 0.001

CD 0.89 (0.70–1.14) 0.346 1.08 (0.88–1.38) 0.542 0.88 (0.69–1.13) 0.314

IBD‐U 1.09 (0.60–1.97) 0.778 1.25 (0.69–2.26) 0.460 1.12 (0.62–2.02) 0.708

Note: Model 1: adjusted for age, sex, race. Model 2: further adjusted for education, smoking status, drinking status, Townsend deprivation index at

recruitment, hand grip strength, BMI, waist to hip rate, physical activity score, lab tests (TG, TC, HDL, LDL, glucose, Creatine, Albumin, Lymphocyte).

Model 3: further adjusted for over‐all health rating, anxiety status, family history of heart diseases and medication history (including anti‐hypertension
medicine, lip‐lowing medicine, aspirin, steroids and immunosuppresants). The p values less than 0.05 were highlighted with bold font.

Abbreviations: BMI, body mass index; CD, Crohn's disease; CI, confidence interval; HR, hazard ratio; IBD‐U, inflammatory bowel disease unclassified;

TC, total cholesterol; TG, triglycerides; UC, ulcerative colitis.
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narrow but stable confidence interval in the model, suggesting that

the population could well represent the general population.17,18

Based on this large general population, we found that IBD pa-

tients had a significantly higher prevalence of hypertension than

those without. Although there is no similar study with hypertension

as the endpoint, several studies have found a positive correlation

between IBD and cardiovascular and cerebrovascular diseases, which

is partly consistent with our study.19–21 However, these studies

chose major cardiovascular and cerebrovascular events as the

endpoint, which might underestimate the endothelial dysfunction

caused by the disease. On the contrary, hypertension occurs earlier

and more frequently than those hard endpoints and may be more

sensitive to spot early vascular endothelial injuries which have long‐
term systemic harmful effects.

F I GUR E 3 Forest plot of subgroup analysis and interaction tests between categorical variables and UC for the risk of developing
hypertension in patients with UC. UC, ulcerative colitis.

26 - UNITED EUROPEAN GASTROENTEROLOGY JOURNAL



As one of the main phenotypes of IBD, CD was once considered

to have a wider range of lesions and more frequent extraintestinal

manifestations compared with UC.22,23 As a result of systemic

inflammation and endothelial dysfunction, the incidence of hyper-

tension should have reflected a similar trend. However, we found a

significant association only between UC and subsequent

F I GUR E 4 Survival curves of cumulative risk with log‐rank tests of (a) UC, (b) CD, and (c) IBD‐U patients matched with the same number
of non‐IBD participants after propensity score matching, respectively. CD, Crohn's disease; IBD‐U, inflammatory bowel disease unclassified;

UC, ulcerative colitis.
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hypertension, suggesting that UC, rather than CD or IBD‐U, was an

independent risk factor for hypertension. The result was still robust

when verified by PSM analysis. Previous population‐based cohort

studies have identified UC but not CD as a significant risk factor of

cardiovascular events including acute arterial events, ischemic heart

disease, heart failure and venous thromboembolism.24–27 Moreover,

UC rather than CD was identified as a risk factor of diabetes mellitus,

a risk equivalent of coronary heart disease leading to endothelial

dysfunction.28,29 Our result was consistent with these studies.

Further studies are warrant to explore the intriguing pathogenesis of

the association between IBD and cardiovascular events, which may

involve systemic inflammation, vascular endothelial dysfunction,

distribution of intestinal microbial population, thrombosis suscepti-

bility and lipid abnormality.30

If systemic inflammation does increase the risk of endothelial

damage and hypertension, it is reasonable to believe that medication

therapies might reduce the risk. However, we identified the use of

steroids and immunosuppressive agents as risk factors for hyper-

tension in our study. Subgroup analysis with interaction tests sug-

gested no significant interaction effect with UC in either of them,

indicating that steroids and immunosuppressants independently

raised the risk of hypertension. The use of glucocorticoids has been

widely reported to induce hypertension, which is consistent with our

result.31,32 The effect of immunosuppressants on blood pressure

varied with different types of drugs. Previous studies have reported

that treatment of cyclosporine and tacrolimus might cause hyper-

tension, that methotrexate and anti‐tumor necrosis factor α agents

could lower blood pressure, and that the effect of thiopurine on

blood pressure has not been well investigated.33–37 Our results based

on types of immunosuppressants seemed to differ from the studies

above. Inevitable confounding bias might be blamed, considering the

relatively small size of population with a history of immunosup-

pressive drugs. Our main finding that UC posed an independent risk

for hypertension was still robust regardless of the adjustment of

different immunosuppressants use.

For other therapies not included in our study, there is still not

enough evidence to clarify their impact on the onset of hypertension.

Some related studies indicated that anti‐inflammatory medications

like 5‐aminosalicylic acid could reduce the risk of acute artery

events.25,38 Another longitudinal study showed that bowel resection

reduced arterial stiffness in patients with UC.39 Further studies, with

more detailed prescription data such as dosage and time, are needed

to explore the impact of these therapeutic factors on the onset of

hypertension.

Additionally, we spotted that the anxiety status was a risk

factor for hypertension, which is consistent with the current

view.40 Subgroup analysis with the interaction test further sug-

gested that UC might not only cause subsequent hypertension

directly but also lead to hypertension indirectly by affecting the

mental state of patients. Anxiety and depression are common in

patients with IBD, and they are considered to be associated with

not only the disease activity but the discontinuation of

treatment.41,42 In terms of pathophysiological mechanism, previous

studies have linked IBD to anxiety and depression through many

aspects, including pro‐inflammatory factors affecting brain struc-

ture, intestinal microbiome changing brain function through the

gut‐brain axis, and the shared genetic correlations of IBD and

mental illness.43 Since UC and anxiety may interact in the onset of

hypertension, antidepressants and psychological interventions seem

to be capable to prevent hypertension complications in patients

with IBD. However, it is worth noting that current findings of the

impact of antidepressants on the course of IBD are mixed, and the

effects of psychological intervention on IBD improvement are still

unclear.44,45 Therefore, further research is needed to clarify the

question.

Inevitably, there are certain limitations in our study. First, as an

observational study, we could only find the association between IBD

and hypertension but not a proven causal relationship. Second, the

number of CD and IBD‐U patients enrolled in the study is inadequate,

and the evaluation of disease activity at baseline and follow‐up (e.g.,

longitudinal blood samples, endoscopy and radiographic data) is un-

available. Third, we could only obtain the diagnostic information of

IBD and hypertension through the ICD code without other inspection

materials at diagnosis, and there was a potential bias of misdiagnosis.

Similarly, the endpoint event was determined only by the diagnosis at

its first occurrence, and records of multiple diagnoses during follow‐
up were not accessible. Other longitudinal variables including follow‐
up blood pressure measurement and subsequent use of anti‐
hypertension drugs were also unavailable. Lastly, we had no access

to the prescription data of other biologic agents in the UK Biobank.

In summary, our study demonstrates IBD patients, especially UC

patients, have a higher risk of subsequent hypertension than the

general population. It is recommended to strengthen the manage-

ment of patients with IBD to minimize disease activity and prevent

cardiovascular events in clinical practice.
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