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Abstract

Background Individuals with inflammatory bowel disease (IBD) who lack traditional cardiovascular disease (CVD) risk
factors, such as young females, are observed to experience adverse CVD outcomes. Whether women with IBD have increased
CVD risk after the menopause transition is unclear.

Methods We conducted a survival analysis of Women’s Health Initiative (WHI) participants and excluded those with miss-
ing IBD diagnosis, model covariate data, follow-up data, or a baseline history of the following CVD outcomes: coronary
heart disease (CHD), ischemic stroke, venous thromboembolism (VTE), peripheral arterial disease (PAD). Risk of outcomes
between IBD and non-IBD women was performed using Cox proportional hazard models, stratified by WHI trial and follow-
up. Models were adjusted for age, socio-demographics, comorbidities (e.g., hypertension, diabetes, hypercholesterolemia,
etc.), family history, and lifestyle factors (e.g., smoking, alcohol, physical activity, body mass index, etc.).

Results Of 134,022 WHI participants meeting inclusion criteria, 1367 (1.0%) reported IBD at baseline. Mean baseline age
was 63.4 years. After adjusting for age and other confounders, no significant difference was observed between IBD and
non-IBD women for the risk of CHD (HR 0.96, 95% C1 0.73-1.24), VTE (HR 1.11, 95% CI 0.81-1.52) or PAD (HR 0.64,
95% CI 0.28-1.42). After adjusting for age, risk of ischemic stroke was significantly higher (HR 1.41, 95% CI 1.06-1.88) in
IBD than non-IBD women. With further adjustment, the excess risk of ischemic stroke among IBD women was attenuated
and no longer statistically significant (HR 1.31, 95% CI 0.98-1.76).

Conclusions Among postmenopausal women with IBD, risk of ischemic stroke may be higher than in non-IBD women.
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MI Myocardial infarction

PE/DVT Pulmonary embolism or deep vein thrombosis
PAD Peripheral arterial disease

RA Rheumatoid arthritis

SLE Systemic lupus erythematosus
VTE Venous thromboembolism
WHI Women’s Health Initiative
JAK Janus kinase

Introduction

Inflammatory bowel disease (IBD), namely Crohn’s disease
and ulcerative colitis, are conditions of chronic immune-
mediated inflammation affecting the gastrointestinal tract.
Individuals with IBD may also experience systemic inflam-
matory activity beyond the GI tract presenting as extra-
intestinal manifestations or co-morbid immune mediated
conditions. Although data are mixed, many studies indicate
individuals with IBD have an increased risk of adverse car-
diovascular (CV) outcomes not fully explained by traditional
CV risk factors [1-9]. For instance, female and younger indi-
viduals with IBD may have higher risk of coronary heart
disease (CHD) and stroke, in contrast to the traditional CV
risk factors of male sex and older age [7, 10—15]. Endothelial
dysfunction with accelerated atherosclerosis is proposed as
a potential mechanism of adverse CV events in IBD [16-18]
and is observed in other conditions of chronic inflammation,
such as rheumatoid arthritis and systemic lupus erythemato-
sus [19-24]. In addition, proinflammatory cytokines, such as
C-reactive protein (CRP), tumor necrosis factor-alpha, and
homocysteine are associated not only with IBD activity but
also play a central role in the inflammatory cascade leading
to atherosclerosis and thrombogenesis [25, 26].

Sex difference in the risk of coronary heart disease and
stroke in IBD may be due to higher systemic inflammation
in females [11, 27]. While endogenous estrogen is thought
to be cardioprotective, decline in estrogen levels during the
menopause transition is linked to decline in endothelial func-
tion [28, 29]. The menopause transition is also associated
with increases in blood pressure, atherogenic lipids, visceral
adiposity, and insulin resistance [28, 30-32]. It has been sug-
gested that CV risk from a chronic inflammatory condition,
such as IBD, may be less apparent in older populations due
to the increasing prevalence of traditional CV risk factors
with age. However, the risk of adverse CV outcomes among
older women with IBD is unclear. Particularly in the setting
of increased CV events observed with newer agents, such
as Janus kinase (JAK) inhibitors, used in the treatment of
IBD, identifying factors that elevate the CV risk for patients
with IBD is increasingly important. Thus, this study aimed
to assess the risk of incident cardiovascular disease (CVD)
among postmenopausal women with IBD.

Methods
Study Population

The Women’s Health Initiative (WHI) is a long-term cohort
study investigating clinical outcomes among postmeno-
pausal women. Originally initiated in the early 1990s with
the recruitment of women ages 50-79 years from 40 clini-
cal centers nationwide, WHI has continued with extension
studies that collect annual health updates and outcomes
of participants. A total of 161,808 women were recruited
and enrolled into the initial study to participate in either
the clinical trials or the parallel observational study. The
clinical trial component randomized women into four trials,
which were overlapping for some participants: two hormone
therapy (estrogen + progesterone vs. placebo and estrogen
alone vs. placebo), dietary modification (low-fat diet vs.
self-selected dietary behavior), and calcium with vitamin D
supplementation (vs. placebo).

Extensive data from participants in both the clinical trials
and observational study were collected by self-administered
questionnaire, interview, and physical exam at the baseline
visit and scheduled follow-ups. Further details of the study
design have been previously described [33]. WHI data was
analyzed at the WHI Clinical Coordinating Center. As
secondary data analysis, this study was exempt from IRB
review.

Exposure and Outcomes

All WHI participants completed a baseline questionnaire
with information on medical history. In this study, IBD was
defined as self-reported diagnosis by affirmative response to
the question “Has a doctor told you that you have any of the
following conditions? Ulcerative colitis or Crohn’s disease.”
Details regarding IBD age of diagnosis and disease duration
were not collected.

A major WHI clinical outcome of interest was CVD mor-
bidity and mortality. The CVD outcomes of interest were
coronary heart disease (CHD), ischemic stroke, pulmonary
embolism or deep vein thrombosis (PE/DVT), or peripheral
arterial disease (PAD). The outcomes of CHD, ischemic
stroke, and PAD were adjudicated throughout the WHI study
period. PE/DVT outcomes were by self-report [34].

Statistical Analysis

We performed a survival analysis of participants who were
enrolled during the period 1993-1998 for the initial WHI
cohort and were followed through Extension 1 of the study
in 2010. Participants in both the WHI clinical trial and
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observational study were included. We excluded participants
with missing data on self-reported IBD diagnosis at enroll-
ment, missing model covariate data, no follow-up data, or
a previous history of one of the CVD outcomes of interest.

We compared baseline characteristics of women with
and without IBD as well as baseline characteristics between
women who did and did not have a CVD outcome event,
using t-test for continuous variables and chi-square test for
categorical variables. We then assessed the risk of each
CVD outcome between women with and without IBD using
Cox proportional hazard models, stratified within the model
by WHI component (clinical trial / observational study),
hormone use (never, past, current; incorporating WHI hor-
mone therapy trial component), WHI dietary modification
trial arm (intervention, usual diet comparison group), and
time-dependent WHI follow-up period (WHI, extension
1, extension 2). The proportional hazard assumption was
assessed and confirmed by graphical methods and by fit-
ting a model of the interaction between IBD and follow-up.
Models were adjusted a priori for the following potential
confounders: age; socio-demographics (ethnicity, race, edu-
cation); comorbidities (treated hypertension, HTN; treated
diabetes, DM; treated hypercholesterolemia, HLD; theuma-
toid arthritis, RA; systemic lupus erythematosus, SLE; cor-
ticosteroids; body mass index, BMI); family history MI or
stroke; and lifestyle factors (e.g. smoking status, alcohol use,
physical activity, visit to a regular doctor in the past year,
any health insurance). We performed a subgroup analysis
to separately assess for interaction between IBD and age
group (< 65 years vs. > 65), RA/SLE, hormone therapy use,
and smoking.

Statistical significance for all analyses was defined as
p <0.05. All statistical analyses were performed using SAS
for Windows 9.4.

Results

Of the total 161,808 women enrolled in WHI, there were
134,022 who met inclusion criteria, of whom 1367 (1.0%)
had self-reported IBD at baseline. As seen in Table 1,
the mean age among women with and without IBD was
similar (63.4 vs. 63.5 years). The majority of women in
both groups were of non-Hispanic ethnicity (95.1% vs.
94.9%) and White race (87.9% vs. 85.6%). Overall hor-
mone therapy use, defined by either self-report at enroll-
ment or assignment into the hormone therapy trial, was
not significantly different among women with and without
IBD (p=0.21). With respect to co-morbid CVD risk fac-
tors, there were no significant differences in HTN (28.4%
vs. 27.8%) or DM (3.4 vs. 3.7%), whereas more women
with than without IBD had HLD (17.0% vs. 12.5%), RA
(8.3% vs. 4.7%), and SLE (SLE, 6.5% vs. 0.4%); p <0.001
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for all comparisons. More women with than without IBD
also had a family history of MI (52.5% vs. 48.9%, p=0.02)
and stroke (38.0% vs. 35.9%, p=0.04) and were either
past or current smokers (never smokers: 43.7% vs. 51.0%,
p <0.001). Of note, less women with IBD were on regular
aspirin, defined as > 80mg for thirty days or more, than
those without IBD (15.0% vs. 18.8%, p<0.001) (Table 1).
From baseline (1993-1998) through the end of the study
period (2010), very few women reported use of IBD bio-
logics that were just coming to market (i.e. infliximab,
adalimumab, certolizumab).

In the overall study population, traditional CV risk fac-
tors were more common among women who had an adverse
CVD event compared to women who did not have an event
(HTN—no event 26.4% vs. event 36.6—-49.7%; DM—no
event 3.3% vs. event 5.3-12.3%, p <0.001 for all com-
parisons). In addition, RA and SLE were more common
in women who experienced CHD, ischemic stroke, and
PE/DVT (no event—RA 4.5%, SLE 0.4% vs. event RA
6.5-7.3%, SLE 0.7-0.8%, p <0.001 for all comparisons).
Finally, smoking and less physical activity were also more
common among women who had an event compared to
those who did not (never smokers—no event 51.3% vs. event
25.4-50.8%; mean metabolic equivalent hours—no event
12.8 vs. event 9.6-11.3%, p <0.05).

The annual rate of CVD events was approximately 0.36%
for CHD, 0.25% for PE/DV'T, and 0.04% for PAD among all
women regardless of IBD status. The annual rate of ischemic
stroke, however, was 0.09% higher for women with IBD than
women without IBD (Table 2). On survival analysis, women
with IBD had overall lower stroke-free survival than those
without IBD during the study period (Fig. 1).

After adjusting for age and other potential confounders
(ethnicity, race, education, HTN, DM, HLD, family history
of MI or stroke, RA, SLE, corticosteroids, BMI, smoking,
alcohol, physical activity, visit to doctor in the past year, any
insurance), no significant difference was observed between
women with IBD compared to those without IBD for risk
of CHD (HR 0.96, 95% CI 0.73-1.24), PE/DVT (HR 1.11,
95% CI 0.81-1.52), or PAD (HR 0.64, 95% CI 0.28-1.42)
(Table 2). After adjusting for age, the risk of ischemic stroke
was significantly higher (HR 1.41, 95% CI 1.06-1.88) in
women with IBD compared to those without IBD. On fur-
ther adjustment for the abovementioned socio-demographic
characteristics, comorbidity, family history, and lifestyle fac-
tors, the higher risk of ischemic stroke among women with
IBD was attenuated and no longer statistically significant
(HR 1.31,95% CI1 0.98-1.76) (Table 2).

In a subgroup analysis among women who had ischemic
stroke, no significant interaction was observed between IBD
and age (<65 vs. > 65 years), comorbid RA/SLE, hormone
therapy use, or smoking on the risk of ischemic stroke.
(Table 3).
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Table 1 Baseline characteristics

. A Characteristic Self-report IBD
of women with and without
IBD, defined as self-report No (n=132,655) Yes (n=1367)
of colitis at enrollment n % n %
(n=134,022)
Demographics
Age at screening, mean (SD) 63.5 (7.2) 63.4 (7.3)
<60 42,543 32.1 446 32.6
60-69 59,899 45.2 605 44.3
>70 30,213 22.8 316 23.1
Ethnicity
Not Hispanic 125,870 94.9 1345 95.1
Hispanic 5660 43 60 4.2
Unknown/not reported 1078 0.8 9 0.6
Race
American Indian/Alaska Native 389 0.3 2 0.1
Asian 3635 2.7 21 1.5
Native Hawaiian/Pacific Islander 114 0.1 2 0.1
Black 11,078 8.4 95 6.9
White 113,545 85.6 1202 87.9
More than one race 1564 1.2 18 1.3
Unknown/not reported 2330 1.8 27 2.0
Education
<High school / GED 28,765 21.7 312 22.8
School after high school 49,739 37.5 514 37.6
> College degree 54,151 40.8 541 39.6
Income
<$20,000 19,092 14.4 245 17.9
$20,000-$49,999 55,400 41.8 534 39.1
$50,000-$74,999 25,375 19.1 266 19.5
>$75,000 24,265 18.3 235 17.2
Any insurance 126,748 95.5 1292 94.5
Women’s Health
WHI Component
Clinical Trial 54,104 40.8 466 34.1
Observational Study 78,551 59.2 901 65.9
Hormone therapy use?
Never 49,881 37.6 500 36.6
Past 18,842 14.2 178 13.0
Current 63,932 48.2 689 50.4
Lifetime HT use, y
0 57,157 43.1 575 42.1
<25 18,411 13.9 171 12.5
2.5-8 21,756 16.4 217 15.9
>8 35,331 26.6 404 29.6
WHI Dietary Modification Trial
Intervention 15,309 11.5 122 8.9
Comparison 22,930 17.3 179 13.1
Not randomized 94,416 71.2 1066 78.0
Visit to regular doctor in past year
No 21,183 16.0 188 13.8
Yes 99,219 74.8 1062 71.7
No regular care provider 8202 6.2 80 5.9
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Table 1 (continued)

Discussion

In this large cohort study of postmenopausal women, those
with IBD had a 41% age-adjusted increased risk of ischemic
stroke compared to women without IBD. After adjusting

@ Springer

Characteristic

Self-report IBD
No (n=132,655)

Yes (n=1367)

n % n %
Comorbidities
Treated hypertension 36,848 27.8 388 28.4
Treated diabetes 4970 3.7 46 34
Treated hypercholesterolemia 16,549 12.5 233 17.0
Rheumatoid arthritis 6208 4.7 114 8.3
Systemic lupus erythematosus 502 0.4 89 6.5
Cardiovascular risk factors
Body mass index, kg/m2, mean (SD) 27.8 (5.9) 27.5 5.9)
<25 48,270 36.4 519 38.0
25-<30 46,025 34.7 496 36.3
>30 38,360 28.9 352 25.7
Family history of MI 64,833 48.9 717 52.5
Family History of stroke 47,581 359 520 38.0
Lifestyle
Smoking
Never 67,714 51.0 597 437
Past 54,793 41.3 663 48.5
Current 8816 6.6 94 6.9
Alcohol drinks/wk
0 54,734 41.3 579 424
>0-<7 62,004 46.7 629 46.0
>7 15,917 12.0 159 11.6
Physical activity, MET-h/week, mean (SD) 12.6 (13.8) 11.8 (14.4)
<25 33,127 25.0 388 28.4
2.5-<18.25 66,552 50.2 668 48.9
>18.25 32,976 24.9 311 22.8
Medications
Corticosteroid 1041 0.8 44 32
Anticoagulant 684 0.5 6 0.4
Aspirin® 24,900 18.8 205 15.0
IBD medications* 565 0.4 237 17.3
Anti-metabolite 479 0.4 16 1.2
Inflammatory bowel agent 92 0.1 229 16.8

Missing Data: income, n=8610; visit to regular doctor in past year, n=4088; treated hypertension,
n=1053; treated hypercholesterolemia, n=354; rheumatoid arthritis, n=1221; family history of MI,
n=6801; family history of stroke, n="7279; smoking, n=1345; medications, n=2

!p value comparing demographics by IBD at baseline from t-test for continuous characteristics and chi-

square test for categorical characteristics

2Hormone therapy use incorporates self-report of use at enrollment as well as WHI Hormone Trial inter-

vention assignment

3Regular aspirin use defined as >80 mg for > 30 days

4 Anti-metabolites: azathioprine, mercaptopurine, methotrexate, thioguanine; inflammatory bowel agents:
balsalazide, certolizumab, infliximab, adalimumab, mesalamine, olsalazine, sulfasalazine

for socio-economic factors as well as co-morbid rheuma-
tologic disorders (RA, SLE) and traditional CV risk fac-

tors, the excess risk of ischemic stroke among women with
IBD was no longer statistically significant. Importantly, this
higher risk of ischemic stroke among women with IBD did
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Table 2 Hazard ratios of self-report IBD on outcome events

Outcome No IBD IBD
CHD Events (Ann%) 5385 (0.35) 57 (0.36)
HR (95% CI)  HR (95% CI) p value
Model 1 1.00 (ref) 1.05 (0.81, 0.69
1.37)
Model 2 1.00 (ref) 0.97 (0.74, 0.79
1.26)
Model 3 1.00 (ref) 0.96 (0.73, 0.74
1.24)
Ischemic stroke Events (Ann%) 3332 (0.21) 47 (0.30)
HR (95% CI)  HR (95% CI) p value
Model 1 1.00 (ref) 1.41 (1.06, 0.02
1.88)
Model 2 1.00 (ref) 1.32 (0.99, 0.06
1.77)
Model 3 1.00 (ref) 1.31(0.98, 0.07
1.76)
PE/DVT Events (Ann%) 3251 (0.21) 40 (0.25)
HR (95% CI)  HR (95% CI) p value
Model 1 1.00 (ref) 1.23 (0.90, 0.20
1.68)
Model 2 1.00 (ref) 1.12(0.82, 0.48
1.54)
Model 3 1.00 (ref) 1.11 (0.81, 0.51
1.52)
PAD Events (Ann%) 871 (0.06) 6(0.04)
HR (95% CI)  HR (95% CI) p value
Model 1 1.00 (ref) 0.68 (0.31, 0.35
1.52)
Model 2 1.00 (ref) 0.66 (0.29, 0.31
1.47)
Model 3 1.00 (ref) 0.64 (0.28, 0.27
1.42)
CHD/ Events (Ann%) 8944 (0.58) 98 (0.62)
Ischemic HR (95% CI)  HR (95% CI) p value
stroke/
PAD Model 1 1.00 (ref) 1.09 (0.89, 0.41
1.33)
Model 2 1.00 (ref) 1.02 (0.83, 0.85
1.25)
Model 3 1.00 (ref) 1.01 (0.82, 0.95
1.23)

Hazard ratios and p values form proportional hazards models with
the outcome of interest as a function of IBD status at enrollment. All
models are stratified within the model by WHI component (clinical
trial / observational study, hormone use (never, past, current; incor-
porating WHI HT trial component), WHI Dietary Modification Trial
arm (intervention, comparison, not randomized), and time-dependent
WHI follow-up period (WHI, extension 1, extension 2)

Model 1: Adjusted for age

Model 2: Model 1 +ethnicity, race, education, treated hypertension,
treated diabetes, treated hypercholesterolemia, family hx of MI, fam-
ily hx of stroke, rheumatoid arthritis, lupus, BMI, corticosteroid use

Model 3: Model 2 +smoking, alcohol, physical activity, visit to regu-
lar doctor in the past year, any insurance

not differ based on age (<65 years vs. > 65 years), comorbid
RA/SLE, hormone therapy use, or smoking status. We found
no significant difference in the risk of the CVD outcomes
of CHD, PE/DVT, or PAD between women with IBD com-
pared to those without IBD.

In a previous meta-analysis of observational studies that
reported incident cases of stroke and ischemic heart disease
among an adult IBD and non-IBD population, those with IBD
had an approximately 20% increased risk of stroke (28% for
women) [5]. Both ischemic and hemorrhagic stroke as well as
transient ischemic attack were included in the meta-analysis,
which may account for difference in estimated risk com-
pared to the current study in which only ischemic stroke was
included. The results of the meta-analysis suggested a 26%
increased risk of ischemic heart disease (inclusive of acute
coronary syndrome, history of MI, and/or angina) among
women of all ages with IBD, while we did not find a signifi-
cant difference in risk of CHD in our population. Reasons for
this difference in findings are unclear but may be due to the
specific focus on postmenopausal women in the current study.

The landmark WHI hormone therapy clinical trial was
designed to assess the safety and efficacy of hormone ther-
apy for the primary prevention of CHD in postmenopausal
women. Data from the trial, however, demonstrated excess
risk of CHD, stroke, VTE, and breast cancer among hor-
mone therapy use participants. As a result of these findings,
the use of hormone therapy among postmenopausal women
has declined substantially [35] so that the prevalence of hor-
mone therapy use in our study population is likely greater
than that of the present day IBD population. However, there
was no significant difference in hormone therapy use among
women with and without IBD in our analysis. In addition,
there was no interaction between IBD and hormone therapy
use for the risk of stroke, suggesting the excess age-adjusted
risk of stroke observed among IBD women was not associ-
ated with exposure to hormone therapy.

Notably, women with IBD in our study had higher rates of
HLD but no difference in other traditional CVD risk factors,
such as DM and HTN, compared to women without IBD.
It is also interesting to note that most women regardless of
IBD status did not report regular aspirin use, but even less so
among women with IBD. One of the largest trials examining
aspirin primary prevention in women showed a reduction in
ischemic stroke among those receiving aspirin on alternate
days compared to those receiving placebo [36]. However,
the role of aspirin as primary prophylaxis against CVD is
controversial [37] and currently is only recommended by the
US Preventive Services Task Force for individuals 40-59
years with increased CVD risk factors [38]. In IBD, there
has been concern for precipitating flares of disease activity
with use of non-steroidal anti-inflammatory drugs (NSAIDs)
[39], although recent data suggest lack of adverse effect from
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Fig. 1 Survival-free of ischemic stroke between women with and without IBD, Women’s Health Initiative, 1993-2010

aspirin on IBD outcomes [40, 41]. Specific data on the role
of aspirin for CVD risk factor reduction in IBD are lacking.

This study has several strengths including a well-char-
acterized cohort of women in the WHI studies with data on
socio-economic and traditional CV risk factors, a robust pro-
cess of adjudication of CVD events, and a substantial follow-
up period. Our study is also one of the first to specifically
examine adverse CVD outcomes among IBD women after
the menopause transition, a period of known increased CVD
risk for women. We do acknowledge there are some limita-
tions. The majority of women included in the study were of
non-Hispanic White race and ethnicity, limiting the general-
izability of study findings among an increasingly racial and
ethnically diverse IBD population. IBD diagnosis was self-
reported at baseline, so misclassification bias is a potential
limitation. We assessed for diagnosis of IBD after baseline
enrollment (1993-1998) by expanding the definition of IBD
to include use of IBD medications during follow-up in 2010.
However, this did not alter the results. Of note, very few
women in the study reported taking an IBD biologic medi-
cation, which is unsurprising since initial WHI enrollment
occurred in the pre-biologic era. Infliximab was only first
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approved for use in Crohn’s disease in 1998, which is when
initial WHI enrollment closed. While WHI data included
the rheumatologic conditions RA and SLE, data on psoriasis
was not available. Given that psoriasis is also more common
in IBD and a known CVD risk factor, absence of this data is
a limitation. Data on IBD activity and subtype (Crohn’s dis-
ease vs. ulcerative colitis) were also not available in the data
set, and the CVD outcomes reported here may differ based
on level of underlying inflammation [3, 7, 13]. Measurement
of CRP as a biomarker of IBD activity and a marker of ath-
erosclerotic disease was missing for the majority of women.
Future studies should examine the influence of IBD activ-
ity on adverse CVD outcomes in postmenopausal women,
particularly now in the biologic era.

In summary, we found that IBD is associated with an age-
adjusted excess risk of ischemic stroke among postmeno-
pausal women that is no longer statistically significant after
accounting for traditional CVD risk factors. Future studies
should investigate underlying mechanisms and potential
interventions for this increased risk. As newer medications
used in the treatment of IBD, such as JAK inhibitors, are
associated with increased CV events, understanding other
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Table 3 Hazarq ratios‘ of self- Subgroup Annualized rates Hazard ratios Interaction
report IBD on ischemic stroke,
stratified by baseline subgroups IBD No IBD IBD vs. No IBD (ref)

Events (Ann%) Events (Ann%) HR (95% CI) p value!

All participants 47(0.30)

Age

<65 11 (0.12)

>65 36 (0.55)
RA/SLE

No 37 (0.27)

Yes 10 (0.46)
HT use

Never/past 29 (0.38)

Current 18 (0.22)
Smoking

Never/past 42 (0.28)
Current 5(0.50)

3332(0.21) 1.31(0.98, 1.76)
0.35
938 (0.10) 1.03 (0.57, 1.86)
2394 (0.36) 1.43 (1.05, 1.99)
0.64
3059 (0.21) 1.31(0.95, 1.81)
230 (0.32) 1.55 (0.82, 2.92)
0.27
1845 (0.23) 1.52 (1.05, 2.20)
1487 (0.19) 1.09 (0.68, 1.73)
0.55
3033 (0.21) 1.29 (0.95, 1.76)
264 (0.27) 172 (0.71, 4.18)

Hazard ratios and p values form proportional hazards models with the outcome of interest as a function of
IBD status at enrollment, the subgroup of interest, and their interaction. All models are stratified within the
model by WHI component (clinical trial/observational study, hormone use (never, past, current; incorporat-
ing WHI HT trial component), WHI Dietary Modification Trial arm (intervention, comparison, not rand-
omized), and time-dependent WHI follow-up period (WHI, extension 1, extension 2)

Models are adjusted for age, ethnicity, race, education, treated hypertension, treated diabetes, treated hyper-
cholesterolemia, family hx of MI, family hx of stroke, rheumatoid arthritis, lupus, BMI, corticosteroid use,
smoking, alcohol, physical activity, visit to regular doctor in the past year, any insurance

Individual subgroup models are not stratified nor adjusted for the variable of interest. For example, the cat-
egorical age subgroup is not adjusted for continuous age

!p value from the interaction term between IBD and the subgroup of interest

factors that may elevate the CV risk for patients with IBD is
increasingly important. Additionally, with an aging popula-
tion, the number of postmenopausal women with IBD will
almost certainly continue to rise, and findings from this
study highlight the importance of pursuing modifiable risk
factor reduction among women with IBD.

Funding RG is supported by NIH/National Center for Advanc-
ing Translational Science (NCATS) Einstein Montefiore CTSA
Grant Number UL1TR001073. The WHI program is funded by the
NHLBI, NIH, and the US Department of Health and Human Services
through contracts HHSN268201600018C, HHSN268201600001C,
HHSN268201600002C, HHSN268201600003C, and
HHSN268201600004C. For a list of all the investigators who have
contributed to WHI science, please visit:https://www.whi.org/doc/
WHI-Investigator-Long-List.pdf.

Declarations

Competing interests Ruby Greywoode: None. Joseph Larson: None.
Jellyana Peraza: None. Rachel Clark: None. Matthew A. Allison: None.
Naueen A. Chaudhry: None. Peter F. Schnatz: None. Alladin H. Shadyah:
None. Robert B. Wallace: None. Sylvia Wassertheil-Smoller: None.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any

non-commercial use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.

References

1. Bernstein CN, Wajda A, Blanchard JF. The incidence of arterial
thromboembolic diseases in inflammatory bowel disease: a pop-
ulation-based study. Clin Gastroenterol Hepatol 2008;6:41-45.

2. Osterman MT, Yang YX, Brensinger C, Forde KA, Lichten-
stein GR, Lewis JD. No increased risk of myocardial infarction
among patients with ulcerative colitis or Crohn’s disease. Clin
Gastroenterol Hepatol 2011;9:875-880.

3. Rungoe C, Basit S, Ranthe MF, Wohlfahrt J, Langholz E, Jess
T. Risk of ischaemic heart disease in patients with inflamma-
tory bowel disease: a nationwide Danish cohort study. Gut
2013;62:689-694.

4. Fumery M, Xiaocang C, Dauchet L, Gower-Rousseau C,
Peyrin-Biroulet L, Colombel JF. Thromboembolic events and

@ Springer


https://www.whi.org/doc/WHI-Investigator-Long-List.pdf
https://www.whi.org/doc/WHI-Investigator-Long-List.pdf
http://creativecommons.org/licenses/by-nc/4.0/

2594

Digestive Diseases and Sciences (2024) 69:2586-2594

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

cardiovascular mortality in inflammatory bowel diseases:
a meta-analysis of observational studies. J Crohns Colitis
2014;8:469-479.

Singh S, Singh H, Loftus EV, Pardi DS. Risk of cerebrovascular
accidents and ischemic heart disease in patients with inflamma-
tory bowel disease: a systematic review and meta-analysis. Clin
Gastroenterol Hepatol 2014;12:382-93 el: quiz e22.

Barnes EL, Beery RM, Schulman AR, McCarthy EP, Korzenik
R, Winter RW. Hospitalizations for Acute Myocardial Infarc-
tion Are Decreased Among Patients with Inflammatory Bowel
Disease Using a Nationwide Inpatient Database. Inflamm Bowel
Dis 2016;22:2229-2237.

Aniwan S, Pardi DS, Tremaine WJ, Tremaine WJ, Loftus EV.
Increased Risk of Acute Myocardial Infarction and Heart Fail-
ure in Patients With Inflammatory Bowel Diseases. Clin Gas-
troenterol Hepatol 2018;16:1607-1615.e1.

Card TR, Zittan E, Nguyen GC, Grainge MJ. Disease Activity in
Inflammatory Bowel Disease Is Associated With Arterial Vascular
Disease. Inflamm Bowel Dis 2021;27:629-638.

Bernstein CN, Nugent Z, Singh H. Persistently High Rate of Venous
Thromboembolic Disease in Inflammatory Bowel Disease: A Pop-
ulation-Based Study. Am J Gastroenterol 2021;116:1476-1484.

. Panhwar MS, Mansoor E, Al-Kindi SG, Sinh P et al. Risk of Myo-

cardial Infarction in Inflammatory Bowel Disease: A Population-
based National Study. Inflamm Bowel Dis 2019;25:1080-1087.
Singh S, Kullo 1J, Pardi DS, Loftus EV. Epidemiology, risk fac-
tors and management of cardiovascular diseases in IBD. Nat Rev
Gastroenterol Hepatol 2015;12:26-35.

Peyrin-Biroulet L, Loftus EV, Colombel JF, Sandborn WJ. Long-
term complications, extraintestinal manifestations, and mortality
in adult Crohn’s disease in population-based cohorts. Inflamm
Bowel Dis 2011;17:471-478.

Kristensen SL, Ahlehoff O, Lindhardsen J, Erichsen R et al. Disease
activity in inflammatory bowel disease is associated with increased
risk of myocardial infarction, stroke and cardiovascular death—a
Danish nationwide cohort study. PLoS One 2013;8:¢56944.
Grainge MJ, West J, Card TR. Venous thromboembolism during
active disease and remission in inflammatory bowel disease: a
cohort study. Lancet 2010;375:657-663.

Ha C, Magowan S, Accortt NA, Chen J, Stone CD. Risk of arterial
thrombotic events in inflammatory bowel disease. Am J Gastro-
enterol 2009;104:1445-1451.

. Roifman I, Sun YC, Fedwick JP, Panaccione R et al. Evidence

of endothelial dysfunction in patients with inflammatory bowel
disease. Clin Gastroenterol Hepatol 2009;7:175-182.

Wu GC, Leng RX, Lu Q, Fan YG, Wang DG, Ye DQ. Sub-
clinical Atherosclerosis in Patients With Inflammatory Bowel
Diseases: A Systematic Review and Meta-Analysis. Angiology
2017,68:447-461.

Nevulis MG, Baker C, Lebovics E, Frishman WH. Overview of
Link Between Inflammatory Bowel Disease and Cardiovascular
Disease. Cardiol Rev 2018;26:287-293.

Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis.
Circulation 2002;105:1135-1143.

Lerman A, Zeiher AM. Endothelial function: cardiac events. Cir-
culation 2005;111:363-368.

Frostegard J. Systemic lupus erythematosus and cardiovascular
disease. Lupus 2008;17:364-367.

Manzi S, Meilahn E, Rairie J, Conte C et al. Age-specific inci-
dence MI angina women SLE Framingham comparison. American
Journal of Epidemiology 1997;145:408—415.

Nurmohamed MT, Heslinga M, Kitas GD. Cardiovascu-
lar comorbidity in rheumatic diseases. Nat Rev Rheumatol
2015;11:693-704.

Avina-Zubieta JA, Thomas J, Sadatsafavi M, Lehman AJ,
Lacaille D. Risk of incident cardiovascular events in patients with

Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

rheumatoid arthritis: a meta-analysis of observational studies. Ann
Rheum Dis 2012;71:1524-1529.

Kaptoge S, Di Angelantonio E, Lowe G, Pepys MB et al. C-reac-
tive protein concentration and risk of coronary heart disease,
stroke, and mortality: an individual participant meta-analysis.
Lancet 2010;375:132-140.

Bigeh A, Sanchez A, Maestas C, Gulati M. Inflammatory
bowel disease and the risk for cardiovascular disease: Does all
inflammation lead to heart disease? Trends Cardiovasc Med
2020;30:463—-469.

Cook NR, Buring JE, Ridker PM. The effect of including C-reac-
tive protein in cardiovascular risk prediction models for women.
Ann Intern Med 2006;145:21-29.

El Khoudary SR, Aggarwal B, Beckie TM, Hodis HN et al. Meno-
pause Transition and Cardiovascular Disease Risk: Implications
for Timing of Early Prevention: A Scientific Statement From the
American Heart Association. Circulation 2020;142:e506—e532.
El Khoudary SR, Wildman RP, Matthews K, Thurston RC et al.
Endogenous sex hormones impact the progression of subclinical
atherosclerosis in women during the menopausal transition. Azh-
erosclerosis 2012;225:180-186.

Matthews KA, Crawford SL, Chae CU, Everson-Rose SA et al.
Are changes in cardiovascular disease risk factors in midlife
women due to chronological aging or to the menopausal transi-
tion? J Am Coll Cardiol 2009;54:2366-2373.

Gurka MJ, Vishnu A, Santen RJ, DeBoer MD. Progression of
Metabolic Syndrome Severity During the Menopausal Transition.
J Am Heart Assoc 2016;5.

Maas A, Rosano G, Cifkova R, Chieffo A et al. Cardiovascular
health after menopause transition, pregnancy disorders, and other
gynaecologic conditions: a consensus document from European
cardiologists, gynaecologists, and endocrinologists. Eur Heart J
2021;42:967-984.

Design of the Women's Health Initiative clinical trial and observa-
tional study. The Women's Health Initiative Study Group. Control
Clin Trials 1998;19:61-109.

Curb JD, McTiernan A, Heckbert SR, Koperberg C et al. Out-
comes ascertainment and adjudication methods in the Women’s
Health Initiative. Ann Epidemiol 2003;13:S122-S128.

Sprague BL, Trentham-Dietz A, Cronin KA. A sustained decline
in postmenopausal hormone use: results from the National Health
and Nutrition Examination Survey, 1999-2010. Obstet Gynecol
2012;120:595-603.

Ridker PM, Cook NR, Lee IM, Gordon D et al. A randomized trial
of low-dose aspirin in the primary prevention of cardiovascular
disease in women. N Engl J Med 2005;352:1293-1304.
Abdelaziz HK, Saad M, Pothineni NVK, Megaly M et al. Aspirin
for Primary Prevention of Cardiovascular Events. J Am Coll Car-
diol 2019;73:2915-2929.

Davidson KW, Barry MJ, Mangione M, Cabana CM et al.
Aspirin Use to Prevent Cardiovascular Disease: US Preven-
tive Services Task Force Recommendation Statement. JAMA
2022;327:1577-1584.

Kvasnovsky CL, Aujla U, Bjarnason I. Nonsteroidal anti-inflam-
matory drugs and exacerbations of inflammatory bowel disease.
Scand J Gastroenterol 2015;50:255-263.

Patel P, Gao G, Gulotta G, Dalal S et al. Daily Aspirin Use Does
Not Impact Clinical Outcomes in Patients With Inflammatory
Bowel Disease. Inflamm Bowel Dis 2021;27:236-241.

Takeuchi K, Smale S, Premchand P, Maiden L, et al. Prevalence
and mechanism of NSAID clinical relapse in IBD. Clin Gastro-
enterol Hepatol 2006:196-202.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Risk of Adverse Cardiovascular Outcomes in Postmenopausal Women with Inflammatory Bowel Disease
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study Population
	Exposure and Outcomes
	Statistical Analysis

	Results
	Discussion
	References




