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Abstract

Background: Lung cancer is a leading cause of mortality in the USA. 
Non-small cell lung cancer (NSCLC) contributes to 85% of all lung 
cancers. It is the most prevalent subtype amongst non-smokers, and 
its incidence has risen in the last 20 years. In addition, gastroesopha-
geal reflux disease (GERD) has been associated with several lung 
pathologies, namely idiopathic pulmonary fibrosis and asthma. We 
aimed to investigate the association between GERD and NSCLC by 
performing a retrospective, multicenter, case-control study. This is the 
first study of this nature to be carried out in the USA.

Methods: Data were retrieved from 17 Northwell health care facili-
ties in the New York area between the years 2010 and 2018. Inclu-
sion criteria were patients > 18 years of age with NSCLC (large 
cell, adenocarcinoma, and squamous cell). They were appropriately 
matched with controls based on age, gender, weight, comorbidities, 
and medication use. Our exposure group had a diagnosis of GERD 
based on the International Classification of Diseases, Ninth/10th 
Revision (ICD 9/10) codes and endoscopic, in addition to histologi-
cal evidence if present. We excluded patients with secondary lung 
cancers, esophageal adenocarcinoma, other primary malignancies, 
Barrett’s esophagus, and smokers. Logistic regression was con-
ducted to determine the adjusted odds ratio (OR) and corresponding 
95% confidence interval (CI) for the association between NSCLC 
and GERD.

Results: A total of 1,083 subjects were included in our study: 543 
(50%) patients were diagnosed with NSCLC. In this population, 
GERD was twice as prevalent compared to controls (20.4% vs. 
11.6%, P < 0.001). Multivariate analysis demonstrated that GERD 
was associated with a higher risk of NSCLC compared to matched 
controls (OR = 1.86, 95% CI = 1.26 - 2.73). In addition, GERD pa-
tients treated with either antihistamines or proton pump inhibitors did 
not demonstrate an overall reduced risk of NSCLC (OR = 1.01, 95% 
CI = 0.48 - 2.12).

Conclusions: Our study demonstrates that GERD is associated with a 
higher risk of NSCLC, irrespective of GERD treatment. We postulate 
that GERD patients suffer from chronic micro-aspirations leading to a 
prolonged inflammatory state within the lung parenchyma, triggering 
specific proliferative signaling pathways that may lead to malignant 
transformation.

Keywords: Gastroesophageal reflux disease; Non-small cell lung 
cancer; Micro-aspiration; Risk factors

Introduction

Lung cancer is diagnosed in more than 200,000 people annu-
ally and remains one of the leading causes of cancer deaths 
in the United States [1]. Furthermore, lung cancer remains 
the leading cause of cancer-related death in the United States 
and worldwide. In 2020, it was responsible for an estimated 
136,000 deaths in the United States alone [1]. This number had 
decreased since its peak in 2005 when nearly 160,000 individ-
uals died from cancer-related outcomes [2]. The improvement 
is primarily attributed to increased awareness of the risks of 
smoking and smoking cessation programs. However, although 
smoking is believed to cause the majority of lung cancer, ac-
cording to the American Cancer Society, as many as 20% of 
people in the United States who died from lung cancer in 2020 
(a total of roughly 30,000 people) never smoked [3]. Given the 
impact of this disease, surprisingly little information is avail-
able on the descriptive epidemiology of lung cancer in never 
smokers.
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Lung cancers can be divided into small cell (small cell 
lung cancer (SCLC)) and non-small cell (non-small cell lung 
cancer (NSCLC)) types. NSCLC contributes to about 85% of 
all lung cancer, and this category can be further divided into 
squamous and non-squamous subtypes (adenocarcinoma and 
large cell carcinoma) [4]. While both SCLC and NSCLC types 
are highly associated with smoking, almost all never smokers 
have NSCLC. These patients generally have the non-squamous 
sub-type, specifically adenocarcinoma [5].

Although overall rates of NSCLC are decreasing, there 
has been no improvement in the incidence rate of lung cancer 
among never smokers [6]. Environmental factors are the most 
significant contributor to lung cancer in never smokers, with 
secondhand smoke exposure believed to cause about 25% of 
the cases in this group [7]. Radon is also thought to be a sig-
nificant carcinogen in those exposed, and pollution, asbes-
tos, and arsenic have been implicated [8]. Family members 
of never smokers with lung cancer are also at higher risk of 
developing NSCLC, suggesting there are hereditary factors. 
Epidermal growth factor receptor (EGFR) mutations play a 
crucial role in lung cancer. While these mutations are usually 
somatic, germline mutations are reported, and the incidence 
rates of lung cancer in these never smokers are higher than 
incidence rates in smokers [9]. Although many risk factors 
are reported, the strength of the correlation is often unclear 
and may not explain a significant proportion of lung cancers 
among never smokers.

Gastroesophageal reflux disease (GERD) has been pro-
posed as a new possible risk factor. A population-based co-
hort study from Taiwan demonstrated that patients with GERD 
had a 50% increased risk of lung cancer compared to the non-
GERD population; however, this study did not exclude smok-
ers [10]. GERD is a known risk factor for the development 
of esophageal adenocarcinoma, where the chronic reflux of 
stomach acids into the esophagus causes metaplasia, dyspla-
sia, and eventually carcinoma in the distal esophagus [11]. 
Chronic micro-aspiration from GERD has also been associ-
ated with multiple pulmonary pathologies, including intersti-
tial pulmonary fibrosis (IPF) and asthma [9]. Therefore, it is 
plausible that if stomach acid is reaching the lung parenchyma 
from GERD and chronic aspiration, then the same malignant 
transformation may be occurring in the lungs that occurs in the 
esophagus. Hence this large case-control study of never smok-
ers was designed to investigate the association between GERD 
and NSCLC.

Materials and Methods

We performed a retrospective, case-control study using data 
from the 17 Northwell health care facilities in the New York 
metropolitan area between the years 2010 and 2018. Statistical 
analysis was carried out using SAS (SAS Institute, NC, USA). 
Cases were selected using the following inclusion criteria: pa-
tients aged 18 years and older with a diagnosis of NSCLC. The 
patients were initially screened using the International Classi-
fication of Diseases, Ninth/10th Revision (ICD 9/10) codes for 
lung cancer and then confirmed by a chart review to confirm 

the specific histology. Patients were excluded if the diagnosis 
was either SCLC or a metastatic lesion to the lung from a non-
lung primary. Additionally, those with any history of smoking, 
Barrett’s esophagus (BE), esophageal adenocarcinoma, or a 
second primary cancer were excluded based on ICD codes and 
if noted during the chart review.

It was calculated that a sample size of 1,300 subjects (650 
per group) was sufficient to detect a clinically significant dif-
ference of 6% between cases and controls in the exposure rate 
of GERD, using a two-sided Z-test of the difference between 
proportions with 80% power and a 5% significance level. This 
6% difference represents the difference between a 15% preva-
lence rate in the control group and a 21% rate in the lung can-
cer group. Univariate and multivariate analyses were then per-
formed to identify an association between GERD and NSCLC 
among never-smokers. P values < 0.05 were considered to be 
statistically significant.

A total of 650 cases were selected after the initial screen. 
After an extensive chart review and data collection based on 
the criteria stated above, 543 patients remained. The lack of 
documentation of ICD codes for NSCLC and smoking history 
were the common causes of exclusion during chart review. 
The controls were then matched for age, gender, body mass 
index (BMI), comorbidities, and medication use. Controls had 
the same exclusion criteria, with the addition of primary lung 
cancer. The baseline demographics of the patients are shown 
in Table 1. GERD exposure was identified either by the pres-
ence of an ICD 9/10 code, or endoscopy, along with histologic 
evidence if present.

The study was approved by the institutional review board 
(IRB) with the number #19-0400. The data extracted and man-
uscript were reviewed by the Research Department and Ethics 
Committee. No experimental intervention was performed, and 
any specification of guidelines, legislations, or permissions 
were not required. This study was conducted in compliance 
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Results

From 2010 to 2018, a total of 1,083 subjects were included 
in our study: 543 (50%) cases were diagnosed with NSCLC, 
and 542 (50%) controls did not have NSCLC after patients 
were censored due to missing data. Overall, 805 (74%) were 
female, and 278 (26%) were male, which was consistent be-
tween the cases and controls. Ninety-three percent of the pa-
tients had adenocarcinoma, 6% were squamous, and 1% were 
large cell (Fig. 1). GERD was twice as prevalent compared 
to the controls (20.4% vs. 11.6%, P < 0.001) (Table 1). Mul-
tivariate analysis demonstrated that GERD was associated 
with a higher risk of NSCLC compared to matched controls 
(odds ratio (OR) = 1.86, 95% confidence interval (CI) = 1.26 
- 2.73) (Table 2). GERD patients treated with either antihis-
tamines or proton pump inhibitors (PPIs) did not demonstrate 
a reduced risk of NSCLC (OR = 1.01, 95% CI = 0.2 - 1.34) 
(Fig. 2).

Other variables were also found to be associated with 
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NSCLC (Table 2) such as chronic obstructive pulmonary dis-
ease (COPD) having an association with NSCLC. There was a 
total of 33 patients with COPD in the study; 26 patients (4.3%) 
in the cases arm and seven patients (1.3%) in the control arm; 
the adjusted OR was 3.5 (P < 0.01, CI = 1.49 - 8.48). Regarding 
the family history of lung cancer, 114 (21%) with NSCLC had 
a family history when compared to 87 (16%) in those without 
NSCLC (P = 0.023) (Table 1). However, this failed to remain 

statistically significant in the multivariate analysis (adjusted 
OR = 0.73, P = 0.06, CI: 0.53 - 1.01) (Table 2).

Discussion

This large, case-control study of never smokers was designed 
to investigate the association between GERD and NSCLC. We 

Table 1.  Baseline Demographic Characteristics of Patients With Non-Small Cell Lung Cancer (NSCLC) and Controls

Variables NSCLC, n = 543 Controls, n = 540 P value
Age (years), mean ± SD 72.9 ± 13.1 71.7 ± 10.7 0.091
Sex, n (%) 0.676
  Female 407 (74.9) 398 (73.7)
  Male 136 (25) 142 (26.3)
Ethnicity, n (%) < 0.001
  White 360 (66.4) 402 (74.5)
  Black 46 (8.4) 61 (11.2)
  Other 137 (25.2) 77 (14.3)
Weight kg/m2, n (%) 0.058
  Basic metabolic index < 30 420 (77.4) 390 (72.2)
  Basic metabolic index > 30 123 (22.6) 150 (27.8)
Alcohol use, n (%) < 0.001
  History of use 161 (29.7) 104 (19.2)
  No use 382 (70.3) 436 (80.8)
Medical history, n (%)
  Gastroesophageal reflux disease 111 (20.4) 63 (11.6) < 0.001
  Congestive heart failure 26 (4.8) 13 (2.4) 0.840
  Chronic kidney disease 13 (2.4) 6 (1.1) 0.116
  Liver cirrhosis 2 (0.3) 1 (0.2) 1.000
  Asthma 26 (4.7) 13 (2.4) 0.052
  Chronic obstructive pulmonary disease 26 (4.8) 7 (1.3) < 0.01
  Hypertension 157 (28.9) 241 (44.6) < 0.01
  Dyslipidemia 117 (21.5) 177 (32.9) < 0.01
  Atrial fibrillation 26 (4.7) 29 (5.3) 0.681
  Family history of lung cancer 114 (21) 87 (16) 0.023
Medications, n (%)
  Antihistamine 28 (5) 34 (6.3) 0.299
  Proton pump inhibitor 108 (19.8) 78 (14.4) 0.017
  Non-steroid anti-inflammatory drugs 92 (16.9) 109 (20.2) 0.166
  Prednisone 40 (7.3) 22 (4) 0.028
  Anticholinergic 40 (7.3) 25 (4.6) 0.077
  Nitrates 8 (1.4) 2 (0.4) 0.109
  Calcium channel blockers 92 (17) 77 (14.2) 0.189
  Opioids 56 (10.2) 29 (5.3) < 0.01
  Benzodiazepines 45 (7.8) 36 (6.6) 0.490

SD: standard deviation.
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found the rate of GERD in patients with NSCLC was twice 
the rate of GERD in patients without NSCLC, suggesting 
that GERD is a risk factor for lung cancer in never smokers. 
This was demonstrated in both the univariate and multivariate 
analyses, where both comorbidities and medications were ac-
counted for separately.

A retrospective cohort study in Taiwan is one of the only 
other studies that looked at the estimated risks of lung cancer 
in patients with GERD [10]. The researchers used its National 
Health Insurance Research Database and included patients 
diagnosed endoscopically with GERD [10]. The rate of lung 
cancer among patients with GERD in this study was 0.0020 
per person-years vs. 0.0013 per person-years among patients 
developing lung cancer without GERD (hazard ratio (HR) = 
1.53, 95% CI = 1.19 - 1.98) and had significantly more comor-
bidities, such as osteoporosis, diabetes mellitus, depression, 
chronic liver disease and chronic kidney disease [10]. The 

authors showed that the crude HRs of the potential confound-
ers were non-significant, and Cox regression analysis was per-
formed to control for these factors.

A separate study from Norway investigated if GERD was 
associated with higher all-cause mortality using a question-
naire of symptoms to determine if patients had severe GERD 
and compared these patients to those without GERD symp-
toms. This study was negative; however, it did show a non-
statistically significant trend towards increased rates of head 
and neck and lung cancer among those with GERD [12].

Our study supports the conclusion that GERD is associ-
ated with a higher risk of NSCLC, irrespective of GERD treat-
ment. We postulate that GERD patients suffer from chronic 
micro-aspirations leading to a prolonged inflammatory state 
within the lung parenchyma, triggering specific proliferative 
signaling pathways that may lead to malignant transformation. 
Several mechanisms can help explain this significant relation-

Table 2.  Multivariate Analysis of Variables Associated Between GERD and NSCLC

Multivariate analysis Adjusted OR P value 95% CI
Age (< 55 vs. > 55) 0.87 0.64 (0.49 - 1.54)
Gender (F vs. M) 1.25 0.19 (0.89 - 1.73)
Weight (BMI < 30 vs. > 30) 0.94 0.73 (0.66 - 1.33)
Alcohol (no vs. yes) 0.49 < 0.01 (0.34 - 0.70)
Ethnicity (black vs. white) 0.86 0.55 (0.52 - 1.42)
Ethnicity (othersa vs. white) 2.81 < 0.01 (1.89 - 4.18)
Family history of lung cancer 0.73 0.06 (0.53 - 1.01)

aEthnicity (others) includes Asians, American Indian, Native Hawaiian, Hispanic, Alaskan Native, and other Pacific Islander. OR: odds ratio; CI: con-
fidence interval; GERD: gastroesophageal reflux disease; NSCLC: non-small cell lung cancer; F: female; M: male; BMI: body mass index; OR: odds 
ratio; CI: confidence interval.

Figure 1. Pie chart depicting histological subtypes amongst 543 patients diagnosed with NSCLC: 93% of the patients had adeno-
carcinoma, 6% had squamous cell carcinoma and 1% had large cell carcinoma. NSCLC: non-small cell lung cancer.
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ship between GERD and lung cancer from various studies. 
One study has shown gastric reflux that reaches into the up-
per airway causing cellular damage in the epithelial lining and 
introducing chronic inflammation resulting in laryngopharyn-
geal malignant transformation [13]. Another study demonstrat-
ed reflux material such as hydrochloric acid, pepsin, bile, bile 
acids and trypsin inducing cellular proliferation, apoptosis and 
DNA damage all promoting carcinogenesis of the larynx and 
pharynx [14]. These pathogeneses may occur in the lower res-
piratory tract resulting in chronic inflammation thus contribut-
ing to the development of NSCLC.

In our study by excluding smokers, we were able to 
achieve two goals. First, it allowed us to explore a new risk 
factor for never smokers with lung cancer, and it removed the 
most significant confounder present in the study from Taiwan 
[10]. Second, we excluded all patients with BE and any other 
primary lung tumor to minimize any confounding factors.

Additionally, we individually reviewed all the charts for 
any mention of smoking to improve the fidelity of the data, as 
ICD codes for smoking are often missing in many electronic 
medical records (EMRs). Similarly, charts were manually re-
viewed for the pathology of the lung cancer to ensure all cases 
were NSCLC. As these were done after the initial data col-
lection, these patients were excluded to minimize confound-
ing factors and not replaced, so our total number of patients is 
below the initial target. Despite being underpowered, GERD 
was still statistically significantly associated with lung cancer.

The exclusion of patients with BE may have underesti-
mated the association. We excluded these patients to help min-
imize the effects of any confounding factors that could have 
had a high impact on the study. Nevertheless, those with BE 
are likely the patients with the most significant GERD. There-
fore, if the proposed mechanism is correct, patients with BE 
will probably have micro-aspiration into the lungs and develop 
NSCLC. Therefore, by excluding these patients, we likely 

excluded the population most likely to have both GERD and 
NSCLC. If they were included, the association might have 
been even more robust.

While the focus of this paper was to determine the associa-
tion between GERD and lung cancer in never smokers, GERD 
should be further looked at in smokers as well. Smoking is 
known to cause GERD, so there is likely a higher percentage 
of smokers with GERD [15]. There may be an additive effect 
or even synergistic effect of having these two insults, smoking 
and acid exposure, which might even further raise the risk in 
smokers. Therefore, this should be evaluated in future studies 
as well.

There were several limitations of this study. GERD expo-
sure was identified either by the presence of an ICD 9/10 code, 
or endoscopy, along with histologic evidence if present. The 
initial protocol called for all ICD diagnoses to be confirmed 
with further testing, such as esophagogastroduodenoscopy 
(EGD) reports, pathology reports, or pH monitoring. How-
ever, there was an insufficient number of patients with com-
plete documentation, and censoring these patients would have 
biased results, so all patients with an ICD diagnosis of GERD 
were included in the final analysis. Also, with symptoms of 
GERD often being nonspecific definitive diagnosis usually 
requires invasive testing such as 24-h pH monitoring or EGD 
with biopsy. In addition, patients are often empirically treated 
with PPIs or histamine H2-receptor blockers (H2 blockers) 
and never go for further testing if they respond well to treat-
ment. Many people are diagnosed with the GERD who may 
not have the condition. We tried to confirm the ICD diagnoses 
with histologic evidence and pH monitoring by chart review 
in which most patients either did not have invasive testing 
performed, or we lacked access to this information. Although, 
many of these patients diagnosed with GERD that may not 
have had significant reflux were included in the study. This 
could also underestimate the effect size if the association was 

Figure 2. Forest plot of odds ratio (OR) values (x-axis) according to the independent risk predictors (y-axis) of non-small cell lung 
cancer. COPD: chronic obstructive pulmonary disease; GERD: gastroesophageal reflux disease; PPI: proton pump inhibitors; 
OR: odds ratio; CI: confidence interval.
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proven correct suggesting an even stronger link than the study 
showed. Performing a cohort study and starting with patients 
with confirmed GERD by invasive testing would solve this 
problem. However, this would require an extensive database 
to include enough never smokers with NSCLC and confirmed 
GERD. Another limitation was the method by which never 
smoker status was determined. Since all patients without a 
smoking history listed in the EMR were included, it likely 
allowed many patients who were smokers but with inaccurate 
documentation in their chart to be included. One way we cor-
rected for this was to perform a separate analysis excluding 
those patients with documented COPD, assuming these pa-
tients likely represented patients who were smokers but with-
out it recorded in the chart.

Large, multifaceted public health efforts have contributed 
to the decline in overall lung cancer mortality. Per the Centers 
for Disease Control and Prevention (CDC), mass media cam-
paigns have decreased smoking rates by 5.0% in adults and 
increasing taxes and expanding smoke-free zones have further 
lowered smoking rates and lung cancer rates [16]. Addition-
ally, lung cancer screening efforts have also made an impact. 
The US Preventive Services Task Force (USPSTF) has recent-
ly expanded the eligible population increasing the age span to 
50 - 80 from 55 - 80 and decreasing the minimum pack years 
required from 30 to 20. The initial National Cancer Screening 
Trial, which changed the screening standard from chest X-ray 
to low-dose computerized tomography (CT) scan, showed a 
9.8% decrease in all-cause mortality [17]. While this is a sig-
nificant improvement, efforts need to be made to help decrease 
the incidence and mortality of never smokers. Therefore, find-
ing modifiable risk factors is paramount. Our study suggests 
GERD is one of contributing risk factors leading to NSCLC, 
and efforts to treat GERD can potentially reduce the risk of 
developing NSCLC.

Learning points

Question: Is there an association between GERD and the de-
velopment of NSCLC?

Findings: In this retrospective case-control study, 1,083 
subjects were included, in which 543 (50%) patients were di-
agnosed with NSCLC. In this population, GERD was twice as 
prevalent compared to controls (20.4% vs. 11.6%, P < 0.001). 
Multivariate analysis demonstrated that GERD was associated 
with a higher risk of NSCLC compared to matched controls 
(OR = 1.86, 95% CI = 1.26 - 2.73). In addition, GERD patients 
treated with either antihistamines or PPIs did not demonstrate 
an overall reduced risk of NSCLC (OR = 1.01, 95% CI = 0.48 
- 2.12).

Meaning: There is a positive association between GERD 
and NSCLC as GERD patients suffer from chronic micro-as-
pirations.
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