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Background/Aims

A number of inflammatory mediators have been documented to be elevated in gastroesophageal reflux disease (GERD). Similar
inflammatory mediators are involved in coronary artery disease. Thus, the aim of the study is to determine if GERD is a risk factor for
developing acute myocardial infarction (AMI).

Methods

We used Explorys, a private cloud-based data store to which a number of health care systems feed information. We identified a cohort
of GERD patients who have undergone an esophagogastroduodenoscopy compared to those without GERD. Incidence of AMI was
studied after statistically controlling for known AMI risk factors.

Results

Total of 200 400 patients were included in the GERD group and 386 800 patients in non-GERD group. The primary event of AMI
occurred in 17 200 patients in the GERD group (8.6%) vs 24 300 in non-GERD group (6.3%). Using logistic regression analysis and
controlling for 6 major risk factors which included male gender (OR, 1.09; 95% Cl, 1.07-1.11; P < 0.001), hypertension (OR, 6.53;
95% Cl, 6.21-6.88; P < 0.001), hyperlipidemia (OR, 3.08; 95% Cl, 2.96-3.20; P < 0.001), diabetes mellitus (OR, 1.72; 95% Cl, 1.69-
1.76; P < 0.001), obesity (OR, 1.02; 95% Cl, 1.00-1.04; P = 0.044), and smoking (OR, 1.38; 95% Cl, 1.35-1.41; P < 0.001). The
odds of developing AMI in the GERD population was 1.11 (95% Cl, 1.08-1.13; P < 0.001). GERD had higher odds of developing AMI
than male gender or obesity in our study.

Conclusions

This study demonstrated that GERD is a risk factor for AMI, higher than male gender and obesity. However, the increased risk may be
clinically insignificant.
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Introduction

Inflammation has long been recognized as a key factor in the
pathogenesis of cardiovascular disease and formation of atheroscle-
rosis. In the light of this fact, our study aims to evaluate if gastro-
esophageal reflux disease (GERD) which is a chronic inflammatory
state (see below), as a risk factor for acute myocardial infarction
(AMI). Coronary artery disease (CAD) is one of the most common
cardiovascular illnesses in the United States (US) which results in
significant morbidity and mortality.' In 2009 alone over 1.2 mil-
lion hospital discharges were associated with the diagnosis of acute
coronary syndrome.” This has a significant economic impact on the
health care system with economic burden of close to 50 billion US
dollars in direct health care costs just in 2015.” There are multiple
well established risk factors for the development of AMIL" How-
ever, advances in research over the last 2 decades have established
a more fundamental role for inflammation in mediating almost all
stages of atherogenesis.” These findings have enabled to identify
certain chronic inflammatory processes as risk factors for coronary
events.”’

GERD, a very common disorder; is primarily the disorder of
the esophagogastric junction, directly related to esophageal acid
exposure.”"" However, recent advances have broadened our un-
derstanding of the role of immunopathogenesis in the disease and
currently GERD is considered a chronic inflammatory disorder.
When the esophageal epithelium is exposed to bile acid, trypsin,
and pepsin in the presence of low PH, proteinase-activated recep-
tor-2 is activated. These receptors are located in all layers of the
stratified squamous epithelium.'*" There is marked inflammatory
response following stimulation of these receptors.'* One of the more
well studied cytokines in relation to GERD is IL-8.""'* This cyto-
kine, which is a powerful chemo-attracting compound of leukocytes
and non-immune cells, is significantly increased in GERD pa-
tients. """ Similarly, there are other cytokines such as IL-1f, IL-6,
platelets activating factor, and reactive oxygen species that have been
shown to be high in patients with GERD."”*'

also have a role in promoting esophageal fibrosis and even carcino-

These cytokines may

genesis.”**' However, thus far there are no studies that evaluated the
systemic impact of elevated inflammatory mediators in GERD.

It has been established that immune cells dominate formation
of atherosclerotic lesions in the coronary arteries and elsewhere in
the cardiovascular system.*** Their effector molecules (mainly
IL-1, tumor necrosis factor-o, and 11.-6 inflammatory cytokines)

can not only accelerate the progression of these lesions but also pre-

cipitate acute coronary syndrome with plaque rupture. Thus, the
same inflammatory cytokines that are elevated in GERD, are those
involved in thrombus formation.

As a result, the aim of the current study is to compare the inci-
dence of new AMIs in patients with GERD versus patients with-
out GERD while controlling for the major ischemic heart disease

risk factors.

Materials and Methods

In order to accomplish this, we performed a large national data-
base study using a platform named “Explorys.” Because most of the
co-morbidities which increase the risk of AMI are also common in
GERD patients, it was important to access a very large population
database.

Patients

We identified a cohort of patients with a “Diagnosis: GERD,”
who have undergone an esophagogastroduodenoscopy (EGD).
Explorys uses Current Procedural Terminology (CPT') codes from
the American Medical Association data files. We ensured that
GERD patients have undergone EGD within 1 week of the diag-
nosis. The control group was defined as those who never had a di-
agnosis of GERD. Then we included a cohort of patients between
18 to 85 years in either group. All patients had to be active in the
electronic health system during the time of data collection. When
studying the GERD group, we ensured the diagnosis of GERD
was made prior to the primary outcome or the diagnosis of AMIL
Patients were excluded if they had prior history of coronary event,
whether AMI or stable coronary artery disease. Patients were also
excluded if they had a diagnosis of peripheral artery disease. The
study was approved by the Institutional Review Board (IRB No.
18-00532). We used the CPT code “acute myocardial infarction”
as our primary outcome after reviewing all the definitions related
to coronary artery disease (CAD), and we excluded the presence
of CAD or AMI prior to the diagnosis of GERD to ensure the
primary outcome occurred after the diagnosis of GERD. Patients
with myocardial infarction were identified as those with the pres-
ence of Systematized Nomenclature of Medicine—Clinical Terms
(SNOMED)-CT diagnosis of “acute myocardial infarction.” To
increase the internal validity of our results, we re-collected the data
and repeated the analysis. That was especially important for the di-
agnosis of AMI since Explorys does not provide troponin levels or
electrocardiographic (EKG) data.
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Study Design

This was a large nationwide database cohort study involving 2
groups. The study group was the GERD patients which were com-
pared to those who did not have the diagnosis of GERD using the
database platform “Explorys” (infra vide).

The primary outcome of the study was the incidence of new
AMI in either group. By not including patients with prior coronary
events we were ensuring that GERD preceded patients’ coronary
event. However, there are a number of confounding factors which
could affect the association between GERD and AMI. Based on
recent publication we identified the 6 most important risk factors
which included; hypertension, hyperlipidemia, obesity, diabetes mel-
litus, male gender, and tobacco use. Obesity was defined as patients
with body mass index that is greater than 30 kg/m’. Subjects with
hypertension, hyperlipidemia, diabetes mellitus, or current smoker
were included based on available documentation in their electronic
chart.

The Explorys Database

Explorys (www.explorys.com) is a private cloud-based data
store established in 2009. Healthcare data span across a disparate
ecosystem of employed and affiliated providers, payers and plans,
care setting and electronic medical systems. Explorys is unique in a
way that it ties all of these variables together.

De-identified data was obtained using the explore application of
the Explorys platform. The data was obtained from a collection of
health information systems which include billing inquires, electronic
medical records, and others. A web application allows institutions to
search and analyze the standardized, normalized, and de-identified
data.

All data were de-identified to meet The Health Insurance
Probability and Accountability Act and The Health Information
Technology for Fconomic and Clinical Health Act standards. Busi-
ness affiliation agreements were in place between all participating
healthcare systems and Explorys Inc. regarding contribution of
electronic medical records data and the use of de-identified data.
Unified Medical Language Systems ontologies were used to
map EHR data to facilitate searching and medical clinical terms
[SNOMED-CTT) hierarchy.” Prescription medication orders
were mapped to RxNorm.” Laboratory test observation were
mapped to Logical Observation Identifiers Names and Code, es-
tablished by the Regenstrief institute.”

Risk of AMI in Patients With GERD

Explorys Data Retrieval

There was aggregate level data available on Explorys. Since the
system derives de-identified data from multiple health care systems
across the country, individual level data are not available or obtain-
able. Only dichotomous variables were considered for analysis. All
efforts were made to ensure that the data pool remained unchanged.
Cohorts were defined based on a total of 8 variables which therein
amounted to a total of 256 cohorts. These were individually defined
and then entered to a total of 256 cohorts. They were individually
defined and then entered into the Explorys search engine. Follow-
ing this, queries were run to pull total counts and incidence of acute

myocardial infarction for each cohort.

Statistical Methods
Data for the statistical analysis consisted of the 8 dichotomous

categorical variables described above. Number and percentages
were presented to describe the variables. Logistic regression analysis
was used to assess the influence of the explanatory variables on the
outcome variable AMI. Bonferroni correction was used to com-
pensate for multiple testing. Due to the nuance of reporting counts
in the Explorys system, which reports counts only to the nearest
10, counts equal to zero were converted to the value 1 in order to
maintain stability in the solution of the logistic regression equations.
Statistical analysis was conducted using SAS software version 9.4.
Copyright SAS institute Inc. SAS and all other SAS Institute Inc.
product or service names are registered trademarks or trademarks
of SAS Institute Inc, Cary, NC, USA.

Results

There were total of 200 400 patients in the GERD group and
386 800 patients in the non-GERD arm. Due to our inclusion and
exclusion criteria, the number of GERD patients included in our
study was less than 1% of the total Explorys population. The pri-
mary outcome which was the incidence of new AMI in the GERD
group was 17 200 cases resulting in an event rate of 8.6%. In the
non-GERD arm there were 24 300 cases of AMI with an event
rate of 6.3%. The crude unadjusted odds ratio was 1.40 (95% CI,
1.37-1.43).

Table 1 shows the demographics of patients with GERD and
non-GERD. The total of patients diagnosed with GERD between
the age range of 18 and 85 years were 200 400. There were 52.1%
men in the GERD group compared to 51.8% in the non-GERD

group arm which are nearly comparable. There were 36.6% smok-
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Table 1. Demographics of Patients With Gastroesophageal Reflux
Disease and Non-gastroesophageal Reflux Disease

Variable GERD Non-GERD

Sex

Male 52.1% 51.8%

Female 47.9% 48.2%
Smoker

Yes 36.6% 32.1%

No 63.4% 67.9%
Mean age (yr) 65-69 75-79
Alcohol consumption 42.0% 47.0%
Race

Caucasian 62.0% 59.0%

Non-Caucasian 38.0% 41.0%

GERD, gastroesophageal reflux disease.

Table 2. Comparison of the Prevalence of Major Risk Factors for
Coronary Artery Disease Between Gastroesophageal Reflux Disease
and Non-gastroesophageal Reflux Disease Patients

.. GERD Non-GERD
Characteristic

(n =200 400) (n = 386 800)

AMI 17 200 (8.6) 24 300 (6.3)
Male 104 400 (52.1) 200310 (51.8)
Hypertension 156 660 (78.2) 254 060 (65.7)
Hyperlipidemia 157 100 (78.4) 248 370 (64.2)
Diabetes 74 480 (37.2) 115 410 (29.8)
Obesity 89 260 (44.5) 132 470 (34.3)
Smoking 73290 (36.6) 124020 (32.1)

GERD, gastroesophageal reflux disease; AMI, acute myocardial in-
farction.

Data are presented as number (%).

ers in the GERD group vs 32.1 % in the non-GERD group.

Table 2 presents the prevalence of the 6 major risk factors for
ischemic heart disease for the 2 patient groups (GERD vs non-
GERD). Diabetes Mellitus (37.2% vs 29.8%), hypertension
(78.2% vs 65.7%), hyperlipidemia (78.4% vs 64.2%), obesity
(44.5% vs 34.3%), and smoking (36.6% vs 32.1%), respectively.

Logistic regression was performed to assess the strength of the
association between GERD and AMI (Table 3). After controlling
for all 6 major risk factors which included male gender (OR, 1.09;
95% CI, 1.07-1.11; P < 0.001), hypertension (OR, 6.53; 95% CI,
6.21-6.88; P < 0.001), hyperlipidemia (OR, 3.08; 95% CI, 2.96-
3.20; P < 0.001), diabetes mellitus (OR, 1.72; 95% CI, 1.69-1.76;
P < 0.001), obesity (OR, 1.02; 95% CI, 1.00-1.04; P = 0.044),
and smoking (OR, 1.38; 95% CI, 1.35-1.41; P < 0.001), the odds

Table 3. Logistic Regression Analysis of Acute Myocardial Infarction
Status in the Patient Population Adjusted for Gastroesophageal Reflux
Disease and Major Risk Factors for Coronary Artery Disease

Odds 95% 95%

Rank Effect ratio LCL UCL P-value
1 Hypertension 6.53 6.21 6.88 < 0.001
2 Hyperlipidemia 3.08 2.96 3.20 < 0.001
3 Diabetes 1.72 1.69 1.76 < 0.001
4 Smoking 1.38 1.35 1.41 < 0.001
5 GERD 1.11 1.08 1.13 < 0.001
6 Male 1.09 1.07 1.11 < 0.001
7 Obesity 1.02 1.00 1.04 0.044

LCL, lower confidence limit; UCL, upper confidence limit; GERD,
gastroesophageal reflux disease.
Effects ranked by decreasing order of risk.

of developing AMI in the GERD population was 1.11 (95% CI,
1.08-1.13; P < 0.001).

Proton pump inhibitors (PPIs) are the most commonly pre-
scribed agents for GERD as they are the most potent acid sup-
pressing agents. In our study, 44.6% of the patients with GERD
were prescribed PPI as compared with 33.5% of the patients in
the non-GERD group. The odds ratio of AMI amongst GERD
patients, when adjusted for PPI use was 1.11 compared to 1.10 for
those who did not use PPI. Thus, PPI use did not remove the risk
GERD posed for AMI. We concluded that the PPI prescribed for
the non-GERD group was probably for non-GERD indications
such as peptic ulcer disease, and patients on long term NSAIDs

and steroids.

Discussion

In this large nationwide study, we examined GERD as a risk
factor for AMI and coronary artery disease. The biological plausi-
bility of our theory was based on the fact that GERD and CAD (eg,
AMI) share the same immunopathogenesis and inflammatory cy-
tokines. Therefore, we hypothesized that patients with GERD may
have a higher incidence of CAD and thus AMI. While the odds
ratio was 1.11, it was higher than some of the known AMI risk fac-
tors.

Our study showed that patients with GERD have a higher risk
of developing AMI in comparison with the known major risk fac-
tors (hypertension, hyperlipidemia, diabetes, smoking, male gender,
and obesity) for CAD, after those risk factors were controlled sta-
tistically. Hypertension was by far the greatest risk factor for AMI
in our cohort followed by hyperlipidemia, diabetes, and smoking.
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However, our study showed that, GERD as a risk factor for AMI
was ranked above male gender and obesity.

The awareness for the association between GERD and CAD
has been increasing recently. A similar, nationwide population—
based study in Taiwan demonstrated that GERD patients had
higher incidence of AMI than those without GERD, and that
GERD was independently associated with increased risk for
subsequent myocardial infarction.”” In contrast, Johansson et al’
demonstrated that GERD was not an independent predictor of
AMI, however an increased risk was observed in the immediate
days after the initial diagnosis of GERD, but no excess risk was
observed once this period of time was discounted. A small study
using simultaneous 24-hour ambulatory esophageal pH monitor-
ing, 7-lead EKG monitoring and documentation of symptoms in
patients taking their usual anti-anginal medication, demonstrated
that GERD occurs frequently in patients with CAD.”" Our hy-
pothesis was based on the fact that GERD and CAD share the
same immunopathogenesis and inflammatory cytokines, however
Chauhan et al”? demonstrated that esophageal acid stimulation can
produce angina and significantly reduce coronary blood flow in
humans in a laboratory setting. A study by Dobrzycki et al* which
used simultaneous 24-hour continuous EKG and pH monitoring
in an angiography proven CAD patients demonstrated that GERD
patients had larger total ischemic burden and higher number of ST
segment depression. Furthermore, short term use of PPI restored
normal esophageal pH, and significantly reduced myocardial isch-
emia.” Although Dobrzycki et al” studied the effect of GERD
in known CAD patients, in our study we ensured that all patients
developed AMI after the diagnosis of GERD was made. However,
it is known that in atherosclerosis it may take several years before
plaques rupture which then leads to AMI. This supports the hy-
pothesis of the ongoing inflammatory process shared by GERD
and AMI, and that GERD plays a role in activation of this process.
In support of this, a study demonstrated that I1.-6 receptor antago-
nist could provide a therapeutic approach to prevent CAD.™

Our study showed that GERD poses a risk for AMI more
than obesity and male gender. In line of what we found, Zhu et al”
in their meta-analysis demonstrated a significant association between
overweight and AMI (OR, 1.27; 95% CI, 1.21-1.33; P < 0.001)
with similar results in obese patients (OR, 1.22; 95% CI, 1.07-1.40;
P = 0.003). Furthermore, a retrospective study demonstrated that
there was a strong inverse linear relationship between body mass
index and earlier age of first non-ST segment elevation myocardial
infarction (NSTEMI).”

Our study has certain limitations. The results are based on

Risk of AMI in Patients With GERD

the Explorys system, which originates from 26 major Healthcare
systems and 360 hospitals. This data is de-identified and it may
not reveal certain regional trends or represent the diversity in the
US health care system. For our analysis, we identified cohorts of
GERD patients with and without AMI. We were unable to per-
form propensity-score matching because the Explorys platform
only provides population-level data and not individual cases. Also,
GERD diagnosis was based on the term “Diagnosis: gastroesopha-
geal reflux disease” without specifying symptoms severity. Thus, we
could not determine the relationship between severity of GERD
and risk of developing AMI. Furthermore, Explorys is susceptible
to limited documentation by physicians, which can lead to error in
data collection and confound analysis.

In conclusion, in this large nationwide study, we demonstrated
a higher incidence of first ime AMI in patients with GERD com-
pared to patients without GERD, which was statistically significant
but may not be clinically meaningful. Therefore, GERD is an
unrecognized risk factor for the development of coronary artery
disease. Furthermore, we were able to demonstrate that GERD is
a risk factor for AMI, higher than obesity and male gender. More-
over, PPI use did not remove the risk GERD poses for AMI.
Lei et al”’ commented that patients who were prescribed PPIs for
more than 1 year showed only slight decrease in the rate of the new
AMIs. However, the confidence interval crossed 0 (95% CI, 0.31-
1.04) and the P-value was not significant (0.066), suggesting that
PPIs likely had no impact on the rate of new AMIs.” Further pro-
spective studies are needed to examine the effect and the severity of
GERD on the development of coronary artery disease, and whether
early control of GERD would change the risk for AMIL
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