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ARTICLE INFO ABSTRACT

Keywords: Objectives: To evaluate the association between inflammatory bowel disease (IBD) and atherosclerotic cardiovas-

Cardiovascular disease cular disease (ASCVD) and whether this association is modified by age or sex.

Lnﬂamnr?atlon Methods: We conducted a cross-sectional analysis using data from the 2015-2016 National Health Interview
revention

Survey (NHIS). The exposure of interest was self-reported IBD. The outcome of interest was prevalent ASCVD,
which included a history of angina, myocardial infarction or stroke. We used survey-specific descriptive statistics
to obtain weighted national estimates for IBD and ASCVD prevalence. Logistic regression models were used to
assess the association between IBD and ASCVD, progressively adjusting for demographics and traditional risk
factors. Effect modification by age and sex was evaluated.

Results: Among participants with IBD, the age-adjusted prevalence of ASCVD was 12.0% compared to 6.9%
among those without IBD (p < 0.001). In multivariable regression analyses IBD was associated with increased
odds of having ASCVD, even after adjustment for demographics and traditional risk factors (odds ratio 1.58, 95%
CI 1.17-2.13). We found statistically significant interaction by age (p < 0.001) whereby those in the younger age
strata had the strongest association (fully adjusted odds ratio among 18- to 44-year-olds 3.35, 95% CI 1.75, 6.40)
while the association was null in those >65 years. Effect modification by sex was not observed.

Conclusion: Our analysis confirms an independent association between IBD and ASCVD in the U.S., particularly
among young adults. Further studies are needed to fully establish a causal relationship between IBD and AS-
CVD, characterize the mechanisms underlying these associations, and identify tailored opportunities for ASCVD
prevention in young and middle-aged adults with IBD.

Young adults
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1. Introduction

Atherosclerotic cardiovascular disease (ASCVD) remains a major
killer in the U.S [1]. Chronic inflammatory diseases such as rheumatoid
arthritis, psoriasis, and systemic lupus erythematosus have been associ-
ated with increased risk of ASCVD events, often presenting at premature
ages [2-4]. Inflammatory bowel disease (IBD) is a chronic disorder of
the gut comprised of ulcerative colitis, Crohn’s disease, and IBD unclassi-
fied. IBD involves chronic local and systemic inflammation, and multiple
studies have suggested a link between IBD and incident ASCVD events
[5-7]. Despite this, current American College of Cardiology/American
Heart Association (ACC/AHA) guidelines for the primary prevention of
ASCVD do not explicitly mention IBD as a risk enhancing factor, while
this is the case for other chronic inflammatory conditions.

The U.S. has the highest age-standardized prevalence of IBD in the
world (464.5 per 100,000), and the country faces a significant burden
of ASCVD [1,8,9]. Despite this, research on the association between IBD
and ASCVD has so far been scarce in the U.S., particularly at the na-
tional level. In addition, whether a potential association between IBD
and ASCVD is modified by age and sex remains poorly defined. A better
understanding of the relationship between IBD and ASCVD can have di-
rect implications for ASCVD prevention strategies, which currently are
typically directed towards middle-aged and older adults, while IBD is
usually diagnosed between the second and fourth decades of life [9].

The aim of our study was thus to characterize the potential associa-
tion between IBD and ASCVD using data from a nationally representa-
tive U.S. population, and to assess whether there is effect modification
by age and sex.

2. Materials and methods

We used data from the 2015-2016 National Health Interview Sur-
vey (NHIS). The NHIS is a nationwide annual cross-sectional household
survey conducted by the Centers for Disease Control and Prevention,
providing information on the health of the civilian noninstitutionalized
population of the U.S. The sample design, a multistage area probability
sampling, adjusts for nonresponse and further allows for national rep-

Table 1
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resentativeness [10]. The survey consists of four core questionnaires:
the household composition, the family core, the sample adult core and
the sample child core. Each household selected by the sampling proce-
dure is mailed a letter prior to a visit by an interviewer. One adult per
household is randomly selected to complete the sample adult module
and to provide detailed information on health status, healthcare service
and health behavior. In this study, we used the sample adult file with
supplementation of variables from other cores. The response rates for
the adult core for 2015 and 2016 were 55.2% and 54.3% respectively
[10]. Due to the de-identified nature of NHIS, this study was considered
exempt from institutional review board by Houston Methodist Hospital.

The study population consisted of individuals >18 years of age. Pres-
ence of IBD was self-reported and defined as an affirmative response to
the question: “Have you ever been told by a doctor or other health profes-
sional that you had Crohn’s disease or ulcerative colitis?”[11] ASCVD diag-
nosis was also self-reported, and was defined by an affirmative response
to any of the following questions: “Have you ever been told by a doctor
or other health professional that you had ... coronary heart disease?”, “...
angina, also called angina pectoris?”, “... a heart attack (also called my-
ocardial infarction)?”), and/or stroke (“Yes” to the following question:
“Have you ever been told by a doctor or other health professional that you
had a stroke?”) [12,13]. Other data collected in NHIS and used for this
study included age (18-44, 45-64 and >65), sex (male and female),
race/ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic
Asian and Hispanic) and self-reported cardiovascular risk factors (hy-
pertension, diabetes, high cholesterol, current smoking, obesity and in-
sufficient physical activity). Hypertension, diabetes and high cholesterol
were ascertained from the questions: “Have you ever been told by a doc-
tor or other health professional that you had ...hypertension?” “...diabetes
or sugar diabetes?” “... high cholesterol?” respectively. Current smoking
was ascertained from the question: Do you now smoke cigarettes every
day, some days or not at all? Obesity was ascertained from self-reported
weight and height and defined as a body mass index of >30 kg/m?. In-
sufficient physical activity was defined as not participating in >150 min
per week of moderate-intensity aerobic physical activity, >75 min per
week of vigorous-intensity aerobic physical activity, or a total combi-

Characteristics of the study population by IBD and ASCVD status, National Health Interview Survey 2015-16.

No IBD IBD
Total ASCVD No ASCVD p-value Total ASCVD No ASCVD p-value
Sample (N) 65,659 6360 59,299 951 165 786
Weighted sample 240,345,699 19,217,346 (8.0) 221,128,360 (92.0) 3121,394 500,280 (16.0) 2621,114 (84.0)
Age Category <0.001 <0.001
18-44 26,618 (46.6) 408 (8.6) 26,210 (49.9) 254 (30.4) 16 (9.8) 238 (34.4)
45-64 22,089 (34.1) 1972 (34.1) 20,117 (34.1) 405 (44.7) 73 (49.4) 332 (43.8)
>65 16,952 (19.3) 3980 (57.3) 12,972 (16.0) 292 (24.9) 76 (40.7) 216 (21.9)
Sex <0.001 0.57
Male 29,696 (48.3) 3322 (55.8) 26,374 (47.7) 330 (39.1) 64 (41.6) 266 (38.6)
Female 35,963 (51.7) 3038 (44.2) 32,925 (52.3) 621 (60.9) 101 (58.4) 520 (61.4)
Race/ethnicity <0.001 0.13
Non-Hispanic White 43,649 (65.8) 4635 (73.9) 39,014 (65.1) 751 (76.9) 133 (82.5) 618 (75.9)
Non-Hispanic Black 8191 (12.4) 868 (12.4) 7323 (12.3) 66 (5.9) 10 (3.3) 56 (6.4)
Non-Hispanic Asian 3604 (6.0) 169 (3.0) 3435 (6.2) 25 (3.3) 3(5.9) 22 (3.8)
Hispanic 9289 (15.9) 591 (10.7) 8698 (16.3) 96 (13.8) 15 (13.6) 81 (13.9)
Cardiovascular risk factors
Hypertension 22,921 (30.9) 4700 (72.5) 18,221 (27.3) <0.001 450 (45.6) 130 (79.3) 320 (39.1) <0.001
Diabetes 7012 (9.6) 1935 (31.6) 5077 (7.8) <0.001 129 (14.9) 39(28.1) 90 (12.4) <0.001
High cholesterol 19,388 (27.1) 4176 (66.2) 15,212 (23.7) <0.001 372 (38.8) 107 (66.6) 265 (33.5) <0.001
Smoking 10,577 (15.3) 1174 (18.3) 9403 (15.0) <0.001 182(17.9) 46 (29.6) 136 (15.7) 0.002
Obesity 21,548 (32.4) 2503 (39.9) 19,045 (31.8) <0.001 326 (33.6) 69 (38.9) 257 (32.6) 0.24
Insufficient physical activity 32,758 (49.4) 4463 (69.1) 28,295 (47.7) <0.001 533 (58.3) 117 (71.8) 416 (55.8) 0.003
Cardiovascular risk profile <0.001 <0.001
Optimal 30,980 (52.7) 803 (14.5) 30,177 (56.0) 337 (38.9) 18 (12.1) 319 (43.7)
Average 24,458 (36.9) 2978 (49.5) 21,480 (35.9) 414 (44.8) 76 (52.9) 338 (43.3)
Poor 7457 (10.3) 2172 (36.0) 5245 (8.2) 154 (16.3) 57 (34.9) 97 (12.9)

Results are presented as number (weighted%).

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; IBD, inflammatory bowel disease.
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Fig. 1. Age-adjusted prevalence of ASCVD by IBD status, overall and by age, sex and cardiovascular risk factors.
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; IBD, inflammatory bowel disease.

nation of >150 min per week of moderate/vigorous-intensity aerobic
physical activity. Consistent with other studies, we defined optimal, av-
erage, and poor cardiovascular risk factor profiles as having 0-1, 2-3
and > 4 self-reported cardiovascular risk factors, respectively [12,14].

All analyses were performed using Stata version 16 (StataCorp, Col-
lege Station, TX). The characteristics of the study population were de-
scribed by IBD and ASCVD status. Variables were summarized using
number and percentage, and groups were compared using the Rao-Scott
72

To account for the complex sampling design of the NHIS to estimate
annual nationally representative data, we used the svy family of com-
mands in Stata. We used the svy: proportion command to obtain weighted
national estimates for the prevalence of IBD, ASCVD, and of ASCVD by
IBD status, overall, across socio-demographic characteristics, and car-
diovascular risk factors, with age-adjusted estimates obtained using the
US Census Population 2010 Data [15]. Per NCHS guidelines, the svy:
mean with option stdize and stdweight were used to obtain age-adjusted
prevalence estimates of ASCVD by IBD status [16].

Multivariable logistic regression models were used to assess the as-
sociation between IBD and ASCVD adjusting for potential confounders.
Three hierarchical models were used: Model 1 was unadjusted; Model 2
adjusted for age, sex, and race/ethnicity; and Model 3 further adjusted
for traditional cardiovascular risk factors. We tested for interaction by
age and sex by including interaction terms in the fully adjusted regres-
sion models, and conducted subgroup analyses stratified by age (18-44,
45-64 and >65 years) and by sex, respectively.

Finally, in post-hoc analyses we estimated the prevalence of ASCVD
comparing those with and without IBD stratifying by cardiovascular risk
factor profile, overall and further stratifying by age groups.

Variance estimation and person-level sample weights (representing
the inverse probability of a person being selected and household nonre-
sponse adjustment)[17] were obtained from the Integrated Public Use
Microdata Series website (http://wwww.ipums.org) [18]. The person-

level sample weights were divided by the number of years in the pooled
datasets to accurately reflect the total population. For all statistical anal-
yses, a two-tailed alpha level of 0.05 was considered statistically signif-
icant.

3. Results

The study included 66,610 surveyed participants, representing ap-
proximately 243 million U.S. adults. Overall, 951 (1.3% [95% CI, 1.2—
1.4], representing ~3.1 million annually) reported IBD, and 165, repre-
senting ~ 500,000, reported ASCVD. Among adults with IBD, the mean
age was 52.5 years (SD 17.1), 61% were women, and 77% were non-
Hispanic White (Table 1).

Compared to individuals without IBD, those with IBD were older,
more frequently female, and more frequently non-Hispanic White. De-
tails on the characteristics of the study population by IBD status are
summarized in the Table 1. IBD patients with ASCVD were older than
those without ASCVD and had a higher burden of cardiovascular risk
factors.

Among participants with IBD, the age-adjusted prevalence of ASCVD
was 12.0% (95% CI, 9.7-14.2), while this was 6.9% (95% CI, 6.6-7.1)
among those without IBD (p < 0.001) (Fig. 1). A higher prevalence of AS-
CVD among those with vs without IBD was also observed in subgroups
defined by age strata, sex, and traditional cardiovascular risk factors.
Differences between strata with vs without IBD were statistically sig-
nificant in all subgroups, except for individuals >65 years (26.1% vs
22.8%, p = 0.50) and for participants with diabetes (p = 0.14).

Compared to not having IBD, presence of IBD was associated with
a crude 2.20 odds ratio (95% CI, 1.74-2.78) for ASCVD in unadjusted
analyses (Fig. 2, Model 1). In multivariable analyses adjusting for age,
sex, and race/ethnicity, individuals with IBD had 95% higher odds of
having ASCVD compared with those without IBD (Fig. 2, Model 2). After
further adjustment for traditional risk factors, individuals with IBD had
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Fig. 2. Multivariable-adjusted associations between IBD and ASCVD, overall and by age strata.
Model 1 was unadjusted; Model 2 adjusted for age, sex and race/ethnicity; Model 3 further adjusted for traditional cardiovascular risk factors (hypertension, diabetes,

high cholesterol, smoking, obesity, physical inactivity).

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; IBD, inflammatory bowel disease.

58% higher odds of having ASCVD than those without IBD (Fig. 2, Model
3).

There was a statistically significant interaction by age in the associa-
tion between IBD and ASCVD (p < 0.001 in all models). Specifically, the
association was stronger with lower age: the fully adjusted odds ratio of
ASCVD among 18- to 44-year-olds was 3.35 (95% CI, 1.75-6.40), while
this was slightly weaker but statistically significant among those aged
45 to <65 years, and null among individuals aged >65 years (odds ratio
0.95, 95% CI 0.63-1.44).

Conversely, we found no conclusive evidence of a statistical interac-
tion by sex (Fig. 3). However, the 95% CI crossed the null value (1.00)
for men, while this was not the case for women.

Given the relevance of traditional risk factors also among IBD strata,
and evidence of effect modification by age in the association between
IBD and ASCVD, in post-hoc analyses we explored differences in age-
adjusted prevalence of ASCVD by cardiovascular risk factor profile over-

all and further stratified by age strata. The prevalence of ASCVD was
higher among participants with IBD than without IBD across cardio-
vascular risk factor profiles, overall and among those aged <65 years
(Fig. 4). On the other hand, among those with age >65 years, the preva-
lence of ASCVD was not statistically different between participants with
and without IBD in any of the cardiovascular risk factor profile strata
considered.

4. Discussion

Using nationally representative data from NHIS representing 243
million U.S. adults and ~3.1 million individuals with IBD, we observed
a strong, independent association between IBD and prevalent ASCVD.
This was true after adjusting for demographics and multiple tradi-
tional cardiovascular risk factors. The age-adjusted prevalence of AS-
CVD was 12.0% (95% CI, 9.7-14.2) among those with IBD while this



K. Nasir, I. Acquah, A.K. Dey et al.

American Journal of Preventive Cardiology 9 (2022) 100316

p-value for
Odds ratios (95% confidence intervals) interaction

Model 1 :
Total population 2.20 (1.74, 278)
Sex 037
Male . 2.02 (1.41, 290)
Female ¢ 2.47 (1.86, 3.29)

0 0‘5 ; 1'5 :2 2'5 E! 3'.5
Model 2
Total population . . 1.95 (1.49, 255)
Sex 0.38
Male > 1.70 (1.13, 256)
Female - 2.15 (1.55, 2.98)

0 0.5 1 15 2 25 3 35
Model 3 .
Total population P 1.58 (1.17, 213)
Sex 031
Male i e 1.33(0.84,211)
Female o 1.79 (1.24, 258)

0 0'5 ; 1'.5 é 2'5 3 3‘5

Fig. 3. Multivariable-adjusted associations between IBD and ASCVD, overall and by sex.
Model 1 was unadjusted; Model 2 adjusted for age, sex and race/ethnicity; Model 3 further adjusted for traditional cardiovascular risk factors (hypertension, diabetes,

high cholesterol, smoking, obesity, physical inactivity).

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; IBD, inflammatory bowel disease.

was 6.9% (95% CI, 6.6-7.1) among those without IBD (p < 0.001). In
multivariable-adjusted analyses, the association between IBD and AS-
CVD was significantly stronger among younger adults, while it became
null among those aged >65 years.

To the best of our knowledge, this is the first study to evaluate the as-
sociation between IBD and ASCVD using nationally representative U.S.
data. Our findings are consistent with those from a recent analysis com-
bining data from 26 U.S. nationwide healthcare systems, restricted to
adults 20-65 years of age and using a history of myocardial infarction
as the study outcome [19]. The authors also observed effect modifi-
cation by age within the 20-65 year age range, with stronger associ-
ations between IBD and myocardial infarction in younger adults [19].
Another study by Lee et al. using the nationwide Veterans with prema-
Ture AtheroscLerosis (VITAL) registry found that patients with IBD had

higher odds of premature (<55 years) and extremely premature (<40
years) ASCVD, with the association between stronger among partici-
pants in the <40 year group [20]. Our findings are also qualitatively
consistent with those from 2 recent large meta-analyses combining 10
and 27 cohort studies, respectively, in which IBD was independently as-
sociated with a 15-25% increased risk of incident ASCVD events [6,7].
However, the largest contributors to the pooled estimates were non-U.S.
populations, and effect modification by age was not evaluated.

Similar to Panhwar and colleagues, we also observed effect modifi-
cation by age, the association between IBD and ASCVD being stronger
in younger ages. Prior studies have suggested that active disease in IBD
is associated with cardiovascular events, with higher event rates occur-
ring during flares [21]. Additionally, the risk of ASCVD is higher the
first year after IBD diagnosis. The fact that active disease and flares oc-
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Fig. 4. Age-adjusted prevalence of ASCVD by IBD status, age and cardiovascular risk factor profile.
P values comparing proportions among individuals with vs. without IBD were calculated using chi-squared tests.
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CRF, cardiovascular risk factors; IBD, inflammatory bowel disease.

cur in younger individuals could account for the relatively stronger as-
sociation between IBD and ASCVD in this age group, with cardiovascu-
lar risk factors (which accumulate over time) having a stronger impact
on ASCVD events than IBD during later years of life. More research is
needed to better understand the mechanisms driving the stronger as-
sociation among younger patients with IBD. Because the U.S. has the
largest prevalence of diagnosed IBD, understanding such mechanisms
can inform ASCVD prevention approaches tailored to young adults with
IBD [9,22,23].

In our study, the association between IBD and ASCVD was inde-
pendent of traditional cardiovascular risk factors, which is consistent
with prior reports [6,7,19]. Several mechanisms have been proposed
as underlying the IBD-ASCVD connection. These include chronic in-
flammation leading to vascular damage, endothelial dysfunction, pro-
thrombosis, lipid dysfunction, microbiome abnormalities which further
activate the other mechanisms, and the cardiovascular effects of corti-
costeroids, among other mechanisms [24-26]. Observational research
suggests that anti-TNF agents may hold some promise in reducing AS-
CVD risk in IBD patients [27], however, experimental studies are needed
to confirm these findings. These findings are consistent with those from
studies involving other chronic inflammatory conditions such as pso-
riasis and human immunodeficiency syndrome, where the use of im-
munomodulators and biologics have shown the potential for ASCVD
risk reduction [28,29]. Specifically, Elnabawi et al. showed that in pa-
tients with psoriasis, biologic therapy was associated with a favorable
modulation of coronary atherosclerotic plaque indices at one year of
follow-up [28]. More generally, and as discussed above, further mech-
anistic research is needed to identify targeted opportunities for ASCVD
risk reduction in patients with IBD [23]. Also, a detailed phenotyp-
ing of coronary plaque prevalence, characteristics, and changes over
time in patients with IBD can provide further insights into the patho-
physiology of ASCVD in these individuals, inform personalized risk
assessment approaches, and perhaps even develop novel ASCVD risk-
reduction paradigms tailored to this patient population.

The findings for young adults in this and prior studies have impor-
tant implications moving forward. Young adults with IBD may benefit
from a team approach to their cardiovascular risk management, ideally
involving preventive cardiologists early in the process [23]. An opti-
mized management of IBD, particularly of flares may reduce the risk of
ASCVD events, and an exhaustive screening of traditional cardiovascu-
lar risk factors and an aggressive management once detected will most
likely be beneficial as well. Additionally, considering the consistency
of our finding with those of recent studies [6,7,20,23], we believe that
there is enough evidence to explicitly include IBD as an example risk
enhancing factor in future ACC/AHA prevention guidelines.

We did not observe a statistically significant interaction by sex in the
association between IBD and ASCVD. Of note, the published literature is
not completely consistent in this aspect. In their meta-analysis of cohort
studies, Singh and colleagues found a stronger association between IBD
and ASCVD among women [30]. The same was true in the meta-analysis
by Sun and colleagues combining 27 studies. Conversely, in their large
cross-sectional analysis focused on myocardial infarctions, Panhwar and
colleagues found a stronger independent association between IBD and
MI among men [19]. Further research is needed to better understand
these differences by sex.

4.1. Study limitations

Some limitations should be acknowledged. IBD and ASCVD were
self-reported, which may have introduced information bias. While this
would be expected to result in an underestimation of the prevalence of
IBD, particularly among subgroups with lower access to care and health
literacy, prior studies using NHIS have actually pointed to some po-
tential for IBD prevalence overestimation [31]. Although this was not
the main purpose of our study, our prevalence estimates are consistent
with prior reports from the CDC, thereby, we expect the impact of any
potential misclassification of either IBD and ASCVD on the reported as-
sociations to be small, if any. With regards to the IBD-ASCVD associ-
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ation, it is important to note that any information bias would be ex-
pected to be non-differential: while young patients with IBD may have
greater contact with the healthcare system than those without IBD and
be more aware of their overall health, we would not expect differen-
tial reporting of hard cardiovascular events such as angina, myocardial
infarctions, and strokes by IBD status. The same would be expected
with regards to IBD reporting among individuals with vs without AS-
CVD. Non-differential misclassification of IBD/ASCVD status would be
expected to have biased the associations towards the null, at least in the
unadjusted analyses.

Conversely, self-reported information on cardiovascular risk factors
as categorical variables, may have led to residual confounding in multi-
variable regression analyses. This may explain the stronger associations
observed in our study compared to some prior research [6,7].

Although the NHIS has remained a reliable source of information
on the health of the non-institutionalized US population, studies have
shown that survey respondents tend to be healthier than the general pop-
ulation [32]. Therefore, our prevalence estimates might have been con-
servative. Nevertheless, our prevalence estimate for IBD (1.3%, trans-
lating into 3.1 million) was identical to that reported in the literature
[11], further reinforcing the validity of our estimates.

Finally, NHIS did not include information on IBD subtypes, which
prevented evaluating the specific associations between ulcerative coli-
tis and Crohn’s disease and ASCVD. Nevertheless, prior studies suggest
that the association with ASCVD events is consistent across IBD subtypes
[6,71. Related to this was our inability to assess the effect of IBD severity,
duration, and medications for both IBD and ASCVD on the association
between our exposure and outcome. Further analyses using more gran-
ular clinical databases will shed light on these aspects, although those
analyses will not be as generalizable to the US population as these cur-
rent one using NHIS.

5. Conclusions

In a nationally representative adult U.S. population, there was an
independent association between IBD and ASCVD. This association was
significantly stronger in younger adults, while it was absent among indi-
viduals aged >65 years. Additionally, there was no statistical evidence
of a differential association between IBD and ASCVD by sex. Mechanis-
tic and interventional studies are needed to confirm a causal association
between IBD and ASCVD and identify opportunities to enhance ASCVD
prevention in young and middle-aged adults with IBD.
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