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INTRODUCTION

Coronary artery disease (CAD) is established as a major 
cause of  mortality and morbidity. CAD alone caused 
approximately 1 of  every 6 deaths in the United States 
in 2010.[1] The total CAD prevalence in adults older than 
20 years in the United States is 6.4%, with the prevalence 
in men and women being 7.9% and 5.1%, respectively.[2] 
By 2030, the prevalence of  CAD is estimated to increase 
to approximately 18%.[3] Considerable progress been 
made with regard to risk stratification, identification, and 
controlling this risk. A study suggests that inflammation 

has a role in the etiology of  CAD and inflammatory 
biomarkers, such as C‑reactive protein, have a potential 
role in predicting the risk of  CAD and may correlate with 
the severity of  CAD.[4]

Several systemic autoimmune conditions, including 
rheumatoid arthritis (RA), systemic lupus erythematosus, 
antiphospholipid syndrome, and primary Sjögren 
syndrome, are associated with enhanced atherosclerosis, 
and consequently higher cardiovascular morbidity and 
mortality rates.[5] Celiac disease (CD), a chronic autoimmune 
inflammatory disease of  the small bowel, is caused by a 
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permanent intolerance of  dietary gliadin and related 
protein, resulting in small bowel mucosal inflammation that 
leads to villous atrophy and crypt hyperplasia in genetically 
susceptible individuals. CD is estimated to affect at least 1 
in 133 people worldwide.[6] CD can affect multiple organs, 
including the heart, but few studies have determined the 
association of  CD and CAD. Approximately 2.5 million 
Americans possibly remain undiagnosed and at a risk 
of  cardiac complications;[7] therefore, we examined the 
prevalence of  CAD in the CD population.

Aims
•	 To estimate the point prevalence of  CAD in the CD 

population
•	 To specify this prevalence in different age groups
•	 To evaluate the incidence of  myocardial infarction in 

the CD population.

PATIENTS AND METHODS

This is a cross‑sectional retrospective cohort study 
conducted using de‑identified data, which was obtained 
using the Explore application on the Explorys Inc. 
platform. The Explorys technology platform uses a health 
data gateway  (HDG) server behind the firewall of  each 
participating health care organization, all of  which are 
based in the United States. The HDG server collects data 
from various health information systems: electronic health 
records, billing systems, laboratory/radiology systems. 
Next, the de‑identified data from each participating 
health care organization is passed into the Explorys 
data grid, a cloud‑based data store. The data is then 
standardized and normalized using common ontologies. 
Each participating health care organization has access to 
a secure web‑based application, which allows for searching 
and analyzing the data from all participating health care 
organizations. The data is automatically updated at least 
once daily. This standardized data is searchable through 
the Health Insurance Portability and Accountability 
Act‑compliant, patient de‑identified web application 
Explore, Explorys Inc[8] and is totally free to the members 
of  the participating health care organizations.

Study population
All patients aged 18  years or older and who used the 
participating health care systems from January 1999 to 
March 2016 were identified from the database. We then 
identified an aggregated cohort of  eligible patients with CD 
diagnosed code 579.0 from the International Classification 
of  Diseases, Tenth Revision (ICD‑10), and the remaining 
patients without CD in the database formed the control 
group. CAD included stable angina, unstable angina, 

non‑ST elevation myocardial infarction and ST elevation 
myocardial infarction[9] were identified using ICD‑10 codes 
410.0–414.9.

Characteristics, such as age; sex; and history of  hypertension, 
diabetes, cerebrovascular accident, smoking, or peripheral 
vascular disease  (PVD) were abstracted for comparison 
between the two groups.

This study was approved by the Institutional Review 
Board (IRB# 14‑303) of  the Cleveland Clinic Foundation.

Statistical analysis
Categorical variables are reported as counts and 
percentages; continuous variables are presented as 
means  ±  standard deviation. Categorical variables were 
compared using the Chi‑squared test, and continuous 
data were analyzed using the Student t test or Wilcoxon 
nonparametric statistics (PASW Statistics version 18, SPSS 
Inc, Chicago, IL, USA).

RESULTS

Among the 48,642,290 patients in the study  (mean age: 
52.12  years) 45.7% were men, 54.7% were Caucasians, 
2.4% were smokers  (current and former), 6.5% had 
a history of  diabetes, 4.5% had hypertension, and 
13.5% had hyperlipidemia.

Baseline characteristics of patients with coronary artery 
disease and without celiac disease
In the CD cohort (n = 59,010), 5140 patients (mean age: 
50.6  years) had CAD; 43.3% were men and 90% were 
Caucasians. In the non‑CD cohort (n = 48,583,280), CAD 
was present in 2,119,060 patients (mean age: 53.1 years); 
59.8% were men and 77.7% were Caucasians. The prevalence 
of  hyperlipidemia (81.5% vs 76%), PVD (50.9% vs 38.9%), 
and hypertension (41% vs. 26.9%) was higher in patients 
with CD. The prevalence of  diabetes  (39.3% vs 40.1%) 
was similar in both groups [Table 1].

Point prevalence of coronary artery disease in celiac 
disease
The prevalence of  CAD was significantly higher in the 
CD cohort than the non‑CD cohort  [5140  (8.7%) vs. 
2,119,060  (4.4%), P < 0.001], with the odds ratio  (OR) 
being 2.09  (95% confidence interval  [CI]: 2.03–2.15, 
P < 0.0001).

In adults ≤65 years of  age, the prevalence of  CAD was 
similarly higher in the CD cohort than the non‑CD 
cohort (3.72% vs. 1.98%, P < 0.001), with the OR being 
1.84 (95% CI: 1.7488–1.9417, P < 0.001).
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Point prevalence of coronary artery disease in celiac 
disease in different age groups
When comparing by age groups, the prevalence of  CAD 
in CD was 1.1% vs 0.45%, (P < 0.001) in the age group of  
18–49 years, 8.65% vs 4.71% (P < 0.001) in the age group 
of  50–64 years, and 37.67% vs 14.45% (P < 0.001) in the 
age group of  >65 years [Figure 1].

Point prevalence of myocardial infarction in celiac 
disease
The point prevalence of  myocardial infarction (MI) was 
significantly higher in the CD cohort than in the control 
cohort (4.2% vs. 2.1%, P  <  0.001) with the OR of  
1.73 (95% CI: 1.65–1.82, P < 0.001) [Figure 2].

In younger adults with CD (age, <65 years), the results 
were similar with a higher point prevalence of  MI in the 
celiac cohort than the non‑CD cohort (1.8% vs. 0.97%, 
P < 0.001), with the OR being 1.64 (95% CI: 1.51–1.79, 
P < 0.0001). In elderly patients  (age: ≥65 years), it was 
12.1% in the CD cohort vs. 5.2 in the non‑CD cohort 
(OR: 1.76, 95% CI: 1.66–1.88) [Table 2].

Subgroup comparison
The prevalence of  CAD was higher in both men and women 
in the CD cohort than in the non‑CD cohort. Men with 
CD had a higher prevalence of  14.3%  (2,226/15,590) vs 
5.7% (1,267,198/22,213,385) in those without CD (OR: 2.72, 
95% CI: 2.52–2.92). In women with CD, CAD was present 
in 6.7% (2,914/43,420) vs 3.2% (851,862/26,369,895; OR: 
2.17, 95% CI: 2.08–2.27) in those without CD. In patients 
with hypertension, CAD was common in patients with 
CD  (32.5%; 2,107/6,480) vs those without CD  (25.9%; 
570,550/2,204,340), OR: 1.2; 95% CI: 1.11–1.23). The 
prevalence of  CAD seemed lower in patients with CD with 
diabetes (24.1% vs 26.2%; OR: 0.89, 95% CI: 0.81–0.97), 
PVD  (28.1% vs 32.6%; OR: 0.80, 95% CI: 0.77–0.84), 
hyperlipidemia (22.4% vs 24.7%; OR: 0.88, 95% CI: 0.84–0.92) 
and in smokers (16.5% vs 23.3%; OR: 0.69, 95% CI: 0.64–
0.74) than in patients without CD. However in normotensive 
patients  (5.8% vs 2.4%; OR: 1.93, 95% CI: 1.86–1.99), 

non‑diabetics (6.2% vs 2.8%; OR: 2.3, 95% CI: 2.22–2.38) 
and those without PVD  (5.1% vs 2.8%; OR: 1.81, 95% 
CI: 1.74–1.89) or hyperlipidemia (2.4% vs 1.2%; OR: 1.24, 
95% CI: 1.16–1.32), the prevalence of  CAD was higher in the 
CD cohort than in the non‑CD cohort [Table 3 and Figure 3].

DISCUSSION

Coronary atherosclerotic heart disease is the most common 
cause of  cardiovascular disability and death in the United 
States.[10] The total CAD prevalence is 6.4% in the United 
States in adults older than 20 years, with the prevalence in 
men and women being 7.9% and 5.1%, respectively. The 
crude mortality of  CAD remains high. CAD alone caused 
approximately 1 of  every 6 deaths in the United States in 
2010.[2] By 2030, the prevalence of  CAD is estimated to 
increase to approximately 18%.[3] Over the last decade, 
numerous studies have indicated that inflammation is 
associated with accelerated atherosclerosis.[11]

Table 1: Baseline characteristics of patients with coronary artery disease in the celiac and non‑celiac disease cohorts
Celiac disease with CAD n=5,140 Non celiac disease with CAD n=2,119,060 P≤0.001

Mean age (years) 50.6 53.1
Men % (n) 43.3% (2,226) 59.8% (1,267,198) <0.001
Caucasian % (n) 90% (4,626) 77.7% (1,646,509) <0.001
Smoker % (n) 25% (1,285) 15% (269,703) <0.001
Hypertension % (n) 41% (2,107) 26.9% (570,550) <0.001
Diabetes mellitus % (n) 38.5% (1,979) 39.4% (834,909) 0.25
Peripheral vascular disease % (n) 50.9% (2,616) 38.9% (824,314) <0.001
Hyperlipidemia % (n) 81.5% (4,189) 76% (1,610,486) <0.001
Cerebro‑vascular disease % (n) 28.9% (1,486) 22.33% (473,186) <0.001

CAD: Coronary artery disease

Table 2: Comparison of the prevalence of myocardial infarction 
between celiac and non‑celiac cohorts

Celiac 
disease % (n)

Non‑celiac 
disease % (n)

OR 95% CI P

MI 4.2% (1,610) 2.1% (755,120) 1.73 1.65‑1.82 <0.001
MI >65 12.1% (1,080) 5.2% (495,750) 1.76 1.66‑1.88 <0.001
MI <65 1.8% (530) 0.97% (259,370) 1.64 1.51‑1.79 <0.001

MI: Myocardial infarction; OR: Odds ratio; CI: Confidence interval

Figure 1: Comparison of the prevalence of cerebral artery disease in 
patients with and without celiac disease in different age groups
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Two hypotheses have been proposed to explain the 
involvement of  inflammation and immune response in 
the initiation of  atherosclerosis. The first is referred to as 
response to injury, which leads to chronic inflammation 
in the blood vessel wall, where the macrophage is the 
primary driver.[11] The second and more recent hypothesis 
is the autoimmune response, in which the recognition and 
presentation of  atherosclerosis‑related autoantigenesis 
leads to the activation of  T cells.[11]

Autoimmune response is defined as immune responses to 
self‑reactive T cells. Self‑reactive T cells typically include 
two subsets of  T cells: type 1 helper T cells (Th1) and a 
recently described subset type 17 helper T cells (Th17). In 
addition, it is believed that regulatory T cells function to 
maintain autoimmune responses and that the reduction of  
regulatory T cells function leads to autoreactivity. Buono 
et al. showed that the presentation of  atherosclerosis‑related 
antigens, including oxidized low‑density lipoprotein (LDL), 
heat shock protein 60, and β2‑glycoprotein by 
antigen‑presenting cells (APC), and recognition of  these 
antigens by T cells leads to atherosclerosis.[12] Cheng et al. 
showed that in patients with acute coronary syndrome, 

there was a significant increase in peripheral Th17 cells, 
Th17‑related cytokines  (e.g.,  interleukin  [IL]‑17), and 
transcription factor  (RORγT) levels, as well as a clear 
decrease in regulatory T cells  (Treg), Treg‑related 
cytokines (e.g., IL‑10), and transcription factor, suggesting 
a role of  the Th17/Treg imbalance in rupture‑prone 
atherosclerosis.[13] Thus, a strong correlation seems to exist 
between T cells in blood and plaques or progression of  
atherosclerosis.

Several systemic autoimmune conditions, including 
RA, systemic lupus erythematosus, antiphospholipid 
syndrome, and primary Sjögren syndrome, are associated 
with enhanced atherosclerosis, and consequently 
higher cardiovascular morbidity and mortality rates.[5] 
Pathologically, atherosclerosis and RA share many features, 
including cellular components (monocytes/macrophages, 
T cells, and connective tissue cells), extracellular matrix, 
and pathological mechanisms. With respect to molecular 
mediators, the two diseases share the involvement of  many 
factors, such as cytokines, matrix metalloproteases (MMP), 
surface receptors, and transcriptional factors.[5]

CD is an autoimmune inflammatory disorder with 
characteristics similar to other autoimmune disorders. It 
is characterized by an intestinal inflammation triggered by 
gluten, a storage protein found in wheat, rye, and barley. 
The resulting immune response leads to tissue destruction 
and production of  autoantibodies. HLA‑DQA1 and 
HLA‑DQB1 are the two main genes responsible for 
triggering the immune response in CD.[14]

The deamidation of  the gluten peptides by transglutaminase 
2 (TG2) creates potent immunostimulatory epitopes that 
activate CD4 T cells‑secreting mainly Th1 cytokines, such as 
interferon (IFN)‑γ, which induces the release and activation 
of  MMP by myofibroblasts.[14] This results in mucosal 
remodeling and villous atrophy. Additionally, Th2 cytokine 
production drive the production of  auto antibodies to 
gluten and TG2. Other cytokines, such as IL‑18, IFN‑α, 

Table 3: Subgroup analysis and comparison between the celiac and non‑celiac disease cohorts
Celiac disease CAD % (n) Non celiac disease CAD % (n) P

Male 14.3% (2,226/15,590) 5.7% (1,267,198/22,213,385) <0.001
Female 6.7% (2,914/43,420) 3.2% (851,862/26,369,895) <0.001
Hypertension 32.5% (2,107/6,480) 25.9% (570,550/2,204,340) <0.001
No hypertension 5.8% (3,033/52,530) 2.4% (1,101,911/46,378,940) <0.001
Diabetes 24.1% (1,979/8,240) 26.2% (834,909/3,185,070) <0.001
No diabetes 6.2% (3,161/50,770) 2.8% (1,284,151/45,398,210) <0.001
Peripheral vascular disease 28.1% (2,616/9,300) 32.6% (824,314/2,532,130) <0.001
No peripheral vascular disease 5.1% (2,524/49,710) 2.8% (1,294,746/46,051,150) <0.001
Hyperlipidemia 22.4% (4,189/18,720) 24.7% (1,610,486/6,522,550) <0.001
No Hyperlipidemia 2.4% (951/40,290) 1.2% (508,574/42,060,730) <0.001
Smoker 16.5% (1285/7,800) 23.3% (269,703/1,155,295) <0.001
Non smoker 7.5% (3,855/51,210) 3.9% (1,849,357/47,427,985) <0.001

Figure 2: Prevalence of myocardial infarction in patients with and 
without celiac disease
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and IL‑21, play a role in polarizing and maintaining the 
Th 1 response. Gliadin also activates macrophages and 
dendritic cells via toll‑like receptor  (TLR) 4, leading to 
the secretion of  inflammatory cytokines, such as IL‑1, 
IL‑8, tumor necrosis factor‑α, monocyte chemoattractant 
protein‑1, which can potentiate the immune responses of  
the body.[14,15]

The concern is that this profligacy and persistence 
of  inflammation in patients with CD presents a 
proinflammatory milieu, favoring the abundance of  factors 
likely to play a contributory role in atherogenesis. The 
presence of  inflammatory mediators and substrates, such as 
TLRs and cytokines, may probably facilitate and accelerate 
various stages of  atherosclerosis in patients with CD, right 
from the initiation of  atheroma by incorporating LDL, to 
the propagation, and later rupture of  the unstable plaque 
of  the culprit atheromatous lesions by this abundance and 
possible cross‑reaction of  the inflammatory process.

Our study shows a higher prevalence of  CAD in patients 
with CD. The incidence of  CAD was nearly two‑fold higher 
in patients with CD than in the controls. Similar trends 
were observed across all age groups, including patients 
aged <65 years. Based on this trend, our study suggests an 
association between CD and CAD. This certainly lends to 
the theory that chronic persisting inflammation contributes 
to the increased risk of  atherogenesis. The same hypothesis 
can be extended to the extra coronary vascular diseases, 
whereby atherosclerosis, plaque formation is aided, 
accelerated and destabilized by the ongoing inflammation. 
Previous research seems to corroborate this suggestion, 
particularly in cerebrovascular disease.[16]

Peters et al. report that in patients with CD, 17% (39/238) 
of  the mortality was because of  cardiac causes; Viljamaa 
et  al. reported similar higher cardiovascular‑related 
mortality in celiac patients.[17,18] Several reports on cardiac 

complications, such as atrial fibrillation, myocarditis, 
and cardiomyopathy, have been associated with CD.[19,20] 
Approximately 2.5 million Americans with CD may remain 
undiagnosed, possibly at risk of  CAD, thereby increasing 
the burden of  morbidity and mortality associated with 
cardiac disease if  left undiagnosed.

Our study indicates a strong potential association between 
CD and CAD. Apart from addressing the traditional 
risk factors for CAD, it may also be important to 
identify patients with autoimmune disorders, which are 
associated with accelerated atherosclerosis and treat them 
appropriately. This may consequently help in reducing 
cardiovascular morbidity and mortality.

Limitations
Our study has some limitations. The proportion of  
patients with CAD identified in our study may be smaller 
than is actually prevalent. This may have resulted from 
the limitations of  using diagnosis codes to retrospectively 
identify patients, which is dependent on the input by the 
respective health care provider. Another limitation is that we 
did not have the data regarding the inflammatory markers 
and hence could not compare the direct relationship of  
inflammation with CAD. A larger prospectively designed 
study would be able to address these limitations and can 
also further validate our findings.

CONCLUSIONS

Our study highlights the strong association of  CAD 
with CD. Our study has shown a two‑fold increase in the 
prevalence of  CAD in patients with CD across all age 
groups. We suspect the underlying pathogenesis is the 
autoimmune inflammatory process resulting in accelerated 
atherogenesis. Early detection and aggressive treatment of  
CD may result in favorable outcomes of  cardiovascular 
complications associated with this chronic disorder.

Figure 3: Subgroup analysis between celiac disease and non-celiac disease cohorts
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