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Abstract: Background: Cardiovascular disease remains the leading cause of death in the United
States. Coronary artery disease alone accounted for approximately 13% of deaths in the US in 2016.
Some studies have suggested an increased prevalence of coronary artery disease (CAD) in chronic
inflammatory conditions, such as celiac disease (CD). Chronic subclinical systemic inflammation,
decreased absorption of cardio-protective nutrients and drugs have all been postulated as the driving
mechanisms for this increased risk of CAD. Methods: We reviewed a Nationwide Inpatient Sample
from 2007 to 2017, using Acute Coronary syndrome as a principal diagnosis with CD as the secondary
diagnosis, utilizing validated ICD-9-CM and ICD-10 codes. We examined the annual trends in
the number of cases and hospitalization charges yearly and used survey regression to calculate
adjusted odds ratios (aOR) for hospital mortality and other outcomes. Results: We identified a
total of 8,036,307 ACS hospitalizations from 2007 to 2017, of which 5917 (0.07%) had a diagnosis for
CD. The proportion of patients with CD in ACS hospitalizations increased from 0.015% in 2007 to
0.076% in 2017. These patients were significantly older (70.3 vs. 67.4 years, p < 0.02), more likely
female (51.9% vs. 39.5%, p < 0.01), and more likely to be white (93.8% vs. 76.6%; p < 0.01) than
ACS patients without CD. After adjusting for age, gender, race, Charlson Comorbidity index and
hospital level characteristics, ACS hospitalizations for CD patients had a lower odds ratio for hospital
mortality (aOR = 0.39; 95% CI = 0.23–0.67; p < 0.01). Additionally, length of stay in this patient
population was shorter (4.53 vs. 4.84 days, p < 0.01) but the mean hospitalization charges were
higher (USD 64,058 vs. USD 60,223, p < 0.01). Conclusion: We found that the number of ACS-related
admissions in CD patients has risen more than five-fold between 2007 and 2017. However, the odds
of in-hospital mortality in these patients is not higher than patients without CD. The results of our
study demonstrate that although the systemic inflammation related to CD is associated with an
increasing prevalence of ACS hospitalizations, on the contrary, the mortality rate is significantly
higher in patients without celiac disease.

Keywords: celiac disease; myocardial infarction; database analysis; big data study; national
inpatient sample

1. Introduction

While inflammation over a short period of time can serve as a benefit in mounting a
defensive response and facilitating tissue repair, long-term inflammatory states have proven
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to be maladaptive [1]. Coronary artery disease (CAD) is thought to be typically associated
with chronic pro-inflammatory states, as cytokines and interleukins are involved in multiple
steps of atherogenesis, including endothelial cell dysfunction, plaque formation, plaque
progression and rupture [2–4]. Celiac disease, a chronic autoimmune inflammatory disease,
affecting the small intestine, is one such example of a maladaptive chronic inflammatory
response [5]. The pathogenesis of coronary artery disease in celiac disease is not well
identified. The increased cardiovascular risk is attributed to complex pathophysiological
mechanisms that involve several signaling pathways with a contribution of various cell
types and cytokines. Moreover, celiac disease is associated with a malabsorptive state,
which may hinder absorption of cardioprotective nutrients and/or cardiac medications.
For example, hyperhomocysteinemia, secondary to the malabsorption of folic acid and
vitamin B12, might increase the risk of CAD.

It is postulated that these factors can cumulatively affect the risk of cardiovascular
disease [6,7]. In this study, we aim to examine the incidence, trend and outcomes of Acute
coronary syndrome (ACS) in patients with celiac disease.

2. Methods

We performed a retrospective, observational study using data from the Nationwide
Inpatient Sample (NIS) (Healthcare Cost and Utilization Project, Agency for Healthcare
Research and Quality), an administrative database consisting of (until 2012) all hospitaliza-
tions drawn from a sample of 20% of US hospitals, which are then weighted to be nationally
representative of all US hospitalizations [5].

Our principal analysis included all adult hospitalizations with ACS as the primary
discharge diagnosis using International Classification of Diseases, Ninth Revision; Clinical
Modification (ICD-9-CM) codes (410.10X and 411.1) for years 2007–2014, ICD-10 codes for
years 2016–2017 and a combination of ICD-9 and ICD-10 for 2015. The study cohort and
ICD-9 codes used have been previously validated [5]. We then divided the ACS population
into the two cohorts: one with baseline celiac disease, and another without celiac disease
using ICD-9 (5790) or ICD-10 (K900) codes in any of the secondary discharge diagnoses.

2.1. Study Variables and Outcomes

NIS contains baseline patient characteristics such as age, sex, race/ethnicity, median
yearly income in the patient’s zip code, patient’s comorbidities (Deyo adaptation of the
Charlson Comorbidity Index for administrative data), hospital location (rural or urban),
geographic region (Northeast, Midwest, West, or South), hospital teaching status, and
hospital bed size. Length of hospital stay and total hospitalization charges were provided
within the NIS for each hospitalization.

The primary outcome was in-hospital mortality, which was provided within the NIS
for each discharge. Secondary outcomes were the length of hospital stay, total admission
charges, discharge disposition and inpatient complications. These outcomes were compared
between those with and without celiac disease who were admitted with ACS. We also
trended the total number of hospitalizations of our individual study populations from 2007
to 2017.

2.2. Statistical Analysis

Multivariable regression analysis models were used to adjust the results for potential
confounders. Multivariable regression models were built by including all confounders
that were significantly associated with the outcome of univariable analysis using a cutoff
p-value of 0.05. Variables that were deemed important determinants of the outcomes based
on literature review were incorporated into the models. Logistic regression as used for
binary outcomes and linear regression was utilized for continuous outcomes. Proportions
were compared by using the Fisher exact test, and continuous variables were compared
by using the Student t-test. All p values were two-sided, with 0.05 as the threshold for
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statistical significance. Patients with missing information for any of the variables in the
regression analyses were excluded. Analyses were performed by using STATA version 15.0.

3. Results
3.1. Population Demographics and Comorbidities

Between January 2007 and December 2017, a total of 78 million patients were dis-
charged from the studied US hospitals, 10.3% or 8,036,307 patients were admitted with
ACS and met our inclusion criteria. Of these, 5917 (0.07%) had a secondary diagnosis
of celiac disease. Table 1 presents a comparison of all hospitalizations with a primary
diagnosis of ACS, regardless of a diagnosis of celiac disease. Patients with celiac disease
presented with ACS at a significantly older age than those without (69.5 vs. 67.5 years
respectively, p < 0.01). ACS patients with celiac disease were also more likely to be female
(52.7% vs. 39.4%, p < 0.01). These patients also had a significantly higher prevalence of
chronic obstructive pulmonary disease (6.6% vs. 4.7%, p = 0.021), alcoholism (5.2% vs.
3.1%, p < 0.01), family history of coronary artery disease (12.4% vs. 10.3%, p = 0.03), and
systemic lupus erythematosus (0.6% vs. 0.2%, p = 0.04). ACS patients without celiac disease
had a higher frequency of congestive heart failure (33.2% vs. 29.4%, p =< 0.0001), diabetes
mellitus (37.3% vs. 28.8%, p < 0.01), and tobacco smoking (32.7% vs. 29.3%, p = 0.027) than
their counterparts with underlying CD. Finally, with regards to hospital characteristics, a
greater number of celiac disease patients were treated at a teaching hospital (59.8% vs. 56%,
p = 0.03).

3.2. Trend of Hospitalizations

Patients with celiac disease have shown a consistent rise in hospitalization rates, with
a 3.07-fold increase from 2007 to 2017 (Figure 1). The increase in ACS hospitalizations
was more pronounced in celiac disease patients than those without, an increase of 1.6-fold
(p = 0.03). The increase in all-cause admissions for celiac disease patients was less than that
for ACS, only increasing by 2.04-fold in the same 10-year period, between 2007 and 2017.
The year with the most ACS admissions was 2017. Inpatient mortality rates have been
consistent with the rate of hospitalizations over the study period, increasing by 4.4-fold for
the celiac disease cohort with ACS, and 1.84-fold for the non-celiac disease cohort.
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Figure 1. Yearly trend of ACS in celiac disease patients compared to non-celiac disease. (y axis is
number of cases; in 1000 for ACS with no celiac disease).



Hearts 2022, 3 41

Table 1. Baseline characteristics of patients with ACS and with/without celiac disease.

Variable Patients with Celiac Disease Patients without Celiac Disease p Value

No. of patients 5917 8,030,390
ACS % 24.5 22.07

Patient Characteristics
Female % 52.7 39.4 <0.001

Age in years (yr) 69.5 67.5
Age divided into categories %

18–35 0.4 0.9 0.182
36–45 2.6 4.4 0.08
46–65 32.7 37.3 <0.001
>66 64.2 57.3 <0.001

Race %
White 78.6 72.3 0.008
Black 0 8.6 <0.001

Hispanic 10.7 11.4 0.07
Other 11 7.3 <0.001

Charleston comorbidity index % 0.746
0 2 1.9

1 or 2 53.7 52.5
3 or more 44.2 45.4

Median income in patient zip code % <0.001
$1–$38,999 19.4 29.9

$39,000–$47,999 25.7 27.4
$48,000–$62,999 29.1 23.4

>$63,000 25.7 19.1
Insurance Provider % <0.001

Medicare 67.2 60.2
Medicaid 5.8 7.7

Private 25.4 26.5
Uninsured 1.4 5.5

Hospital Characteristics %
Teaching hospital 59.8 56 0.032

Hospital size 0.602
Small 12.2 13.1

Medium 28.2 26.8
Large 59.5 60

Patient Comorbidities %
Congestive heart failure 29.4 33.2 <0.001
End stage renal disease 11.9 14 0.056

Chronic obstructive pulmonary disease 6.6 4.7 0.021
Coronary artery disease 28.5 28.1 0.835
Obstructive sleep apnea 3.4 2.9 0.39

Diabetes 28.8 37.3 <0.001
Hypertension 45.5 47.7 0.182

Hyperlipidemia 49.4 52.5 0.068
Atrial Fibrillation 20.4 18.7 0.187

Aortic stenosis 3.5 4 0.414
Alcohol 5.2 3.1 0.001

Peripheral vascular disease 8.3 6.7 0.058
Anemia 15.9 10.4 <0.001
Smoking 29.3 32.7 0.027

family history of CAD 12.4 10.2 0.034
Rheumatoid Arthritis 1 0.9 0.68

Systemic lupus erythematosus 0.6 0.2 0.04
Hypothyroidism 21.3 11 <0.001

3.3. Outcomes

As shown in Table 2, the all-cause mortality rate for patients admitted with ACS who
had underlying celiac disease was 0.6%, as opposed to 0.8% in non-celiac disease patients
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(p = 0.004). The average length of stay (LOS) was significantly lower in the celiac disease vs.
the non-celiac disease group (5.1 d vs. 10.2 d, p = 0.036). Mean total hospitalization charges
(USD 68,400 vs. USD 72,184, p = 0.27) were lower for ACS admissions in celiac disease
patients but not significantly different from patients without celiac disease. Similarly,
these patients were less likely to be discharged to rehabilitation centers and skilled nursing
facilities (11.7% vs. 20%, p = 0.185), though this difference also had no statistical significance.
In-hospital complication rates were not different between ACS patients with and without
celiac disease, namely hemodynamic shock (3.2% vs. 2.6%, p = 0.271), prolonged mechanical
ventilation > 72 h (0.6% vs. 1.2%, p = 0.071) and requirement for blood product transfusion
(5.4% vs. 4.8%, p = 0.356).

Table 2. Comparison of celiac disease and non-celiac disease patients.

Celiac Disease Non Celiac Disease Patients p Values

Total ACS cases 5917 8,030,390
Total inpatient mortality 40 (0.6) 68,144 (0.8) <0.004

Total Charge 68,400 ± 2873 72,184 ± 604 0.27
Mean LOS 4.54 ± 0.14 4.84 ± 0.01 0.036

Length of stay by category
<3 days 55.60% 54.99% 0.042
3–5 days 17.55% 19.09% 0.03
>5 days 26.81% 25.92% 0.08

Rehab Transfer 11.7 20 0.185
Complications

Shock 3.2 2.6 0.271
Prolonged Mechanical

Ventilation 0.6 1.2 0.071

Requiring blood transfusion 5.4 4.8 0.356

In terms of the multivariable regression, increasing age (per one year of increase, OR
1.11 with 95% CI 1.03–1.19, p = 0.004) and a higher mean Charlson comorbidity score (OR
1.40 with 95% CI 1.05–1.87, p = 0.019) both had significantly higher odds of in-hospital
mortality in ACS patients with underlying celiac disease.

4. Discussion

Among celiac disease patients, CV involvement represents a topic of growing interest.
In this large nationally representative analysis of patients with ACS, only a small proportion
of patients (0.07%) had underlying celiac disease. While still rare, there has been a steady
rise in the prevalence of ACS in celiac disease patients, with a 3-fold increase demonstrated
over the study period. This correlates with the increasing incidence of celiac disease in the
21st century, at a rate of approximately 8% every year [8].

We identified geographical and socioeconomic factors, in addition to hospital-related
factors, to demonstrate differences between patients with and without celiac disease who
present with ACS. Females constituted a little over half the celiac disease patients with
ACS, as compared to 40% of the ACS group without celiac disease. Though females have
double the incidence of celiac disease compared to males, it is in fact males who have a
higher preponderance for coronary artery disease [9,10]. There was no difference in the
mean Charlson comorbidity burden between the two groups, which may suggest that our
findings are possibly directly related to the presence versus absence of underlying celiac
disease. Of the comorbid conditions, anemia was more common in celiac disease patients,
which is likely explained by iron and cyanocobalamin (vitamin B12) malabsorption [11].
Prior studies have demonstrated a link between elevated homocysteine levels and risk
for ischemic vascular disease [12], which is seen in celiac disease patients with vitamin
B12 and/or folate deficiency. Unsurprisingly, other autoimmune conditions, such as
hypothyroidism and systemic lupus erythematosus, were both more prevalent in the celiac
disease group, confirming European registry data [13,14]. An interesting finding, however,



Hearts 2022, 3 43

was the lower prevalence of type 2 diabetes mellitus (DM) in the celiac disease group,
a finding that contradicts previous data out of Finland, showing an equal prevalence in
celiac disease patients and the general population [15]. Additional classic cardiac risk
factors, such as hypertension and hyperlipidemia, were equal between both groups, with
age at time of ACS presentation being 2 years higher in the celiac disease population. The
latter finding is intriguing, given the usual early onset of celiac disease with progressively
increased ACS risk hypothesized with passage of time, due to ongoing inflammation.
Additionally, the celiac disease population with ACS was noted to belong to a higher
income quintile compared to the non-celiac disease population, and they were also more
likely to be admitted to an academic hospital.

Previous literature has shown an increased risk of incident ischemic heart disease
(IHD) and death resulting from IHD in celiac disease patients [16–18]. This association
seems to be primarily linked to systemic inflammation, with widespread immune activation
playing a pivotal role in the process [19,20]. We demonstrated lower inpatient mortality in
patients with celiac disease presenting with ACS, almost a third lower than patients without
celiac disease. Length of stay was also shorter for ACS patients with celiac disease than for
those without. It is important to note, however, that an administrative database, such as
the NIS, is incapable of gauging disease severity and/or the complexities of an individual
patient’s hospital course [21], both of which are important determinants of mortality risk
and length of stay.

Our study has several strengths and multiple limitations. It is a large nationwide
analysis, taking into account patient characteristics and outcomes within different hospital
systems and geographic regions. It is the first study of its kind, at this magnitude, to
examine the correlation between the presence of celiac disease and patient outcomes in
the setting of ACS. Inherent to the nature of our retrospective discharge database however,
our analysis is limited by coding errors and missing data. Furthermore, we were unable
to identify interventions performed to treat ACS, which largely influences outcomes. Al-
though the sensitivity (94%) and specificity (99%) of ICD-9 codes for the identification of
patients with a discharge diagnosis of ACS is established, those parameters have not been
examined within the population of celiac disease patients with ACS [20]. Regardless, our
study highlights important parameters related to the characteristics and outcomes of celiac
disease patients hospitalized with ACS.

5. Conclusions

The ACS-related admissions of CD patients has risen more than five-fold between
2007 and 2017. However, the odds of in-hospital mortality in these patients is not higher
than patients without CD. The results of our study demonstrate that although the systemic
inflammation related to CD is associated with an increasing prevalence of ACS hospitaliza-
tions, the mortality rate is significantly higher in patients without celiac disease. The clinical
relevance of the observed differences may be minimal and should serve as a reassurance of
comparable risk between patients with and without CD.
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