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Gastroesophageal Reflux Disease Increases
Susceptibility to Nontuberculous
Mycobacterial Pulmonary Disease
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BACKGROUND: Gastroesophageal reflux disease (GERD) is a common comorbidity of non-
tuberculous mycobacteria (NTM) pulmonary disease (PD). Although GERD is associated
with more symptoms and severe disease in patients with NTM PD, whether GERD is
associated with an increased risk of NTM PD developing is unknown.

RESEARCH QUESTION: Does GERD influence the development of NTM PD? Are there any
factors associated with an increased risk of NTM PD among patients with GERD? What is
the impact of NTM PD on the health-care use of patients with GERD?

STUDY DESIGN AND METHODS: Data from the Korean National Health Insurance Service Na-
tional Sample Cohort between 2002 and 2015 were used. The incidence and risk of NTM PD
were compared between patients with GERD (GERD cohort; n¼ 17,424) and patientsmatched
for age, sex, type of insurance, and Charlson Comorbidity Index (matched cohort; n¼ 69,696).
Using the GERD cohort, the factors associated with incident NTM PD also were evaluated.

RESULTS: During a median follow-up duration of 5.1 years, the age- and sex-adjusted inci-
dence of NTM PD was significantly higher in the GERD cohort (34.8 per 100,000 person-
years [PY]) than in the matched cohort (10.5 per 100,000 PY; P < .001), with a sub-
distribution hazard ratio (HR) of 3.36 (95% CI, 2.10-5.37). Regarding risk factors associated
with NTM PD, age of 60 years or older (adjusted HR, 3.57; 95% CI, 1.58-8.07) and bron-
chiectasis (adjusted HR, 18.69; 95% CI, 6.68-52.28) were associated with an increased risk of
incident NTM PD in the GERD cohort. Compared with patients with GERD who did not
demonstrate NTM PD, those with NTM PD showed higher all-cause (13,321 PY vs 5,932 PY;
P ¼ .049) and respiratory disease-related (5,403 vs 801; P ¼ .011) ED visits or
hospitalizations.

INTERPRETATION: GERD is associated with an increased incidence of NTM PD. Older age
and bronchiectasis are risk factors for NTM PD in patients with GERD. NTM PD in patients
with GERD is associated with increased health-care use. CHEST 2023; 163(2):270-280
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Take-home Points

Study Questions: Is gastroesophageal reflux disease
(GERD) associated with an increased risk of non-
tuberculous mycobacteria (NTM) pulmonary disease
(PD)? If so, which factors are associated with an
increased risk of NTM PD in patients with GERD?
What are the effects of NTM PD on health-care use
in patients with GERD?
Results: We found that patients with GERD had an
approximately 3.4-fold increased risk of NTM PD
developing compared with those without GERD, and
the former was associated positively with respiratory-
related health-care use. In addition, older age and
bronchiectasis were predictors of NTM PD devel-
oping in patients with GERD.
Interpretation: GERD is associated with an
increased incidence of NTM PD. Older age and
bronchiectasis are risk factors for NTM PD in pa-
tients with GERD. NTM PD in patients with GERD
is associated with increased health-care use.
The prevalence of nontuberculous mycobacteria (NTM)
pulmonary disease (PD) has increased worldwide, and
the disease burden associated with NTM PD is
substantial.1-5 NTM PD is known to be associated with
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many comorbidities.6 The proper management of these
comorbidities is important because they affect the
clinical presentation and prognosis of patients with
NTM PD and can be attributable to the development or
progression of NTM PD.7

Gastroesophageal reflux disease (GERD) is a common
comorbidity of NTM PD.6,8,9 In previous studies, up
to 45% of patients with NTM PD were shown to have
GERD, which is associated with more symptoms and
severe disease in this population.8,9 Although the
association between GERD and NTM PD has been
relatively well studied in terms of symptoms and
disease presentation,8,9 whether GERD predisposes a
patient to NTM PD developing and, if so, which
factors are associated with the development of NTM
PD in patients with GERD, remains unknown.
Because identifying modifiable risk factors is an
important strategy to reduce the disease burden of
NTM PD, solving these issues may be clinically
relevant and important.

In the present study, the effects of GERD on the
development of NTM PD were evaluated and factors
associated with increased risk of NTM PD were
elucidated in patients with GERD. In addition, the
association between the development of NTM PD and
health-care use was evaluated in patients with GERD.
Study Design and Methods
Study Population

Data from the National Health Insurance Service National Sample
Cohort, which is a population-based retrospective cohort, including a
2.2% representative sample of Korean citizens, were used. In Korea,
the National Health Insurance Service covers the health insurance of
almost all Korean citizens. The National Health Insurance Service
National Sample Cohort database collects health data regarding
major and minor diagnoses using the International Classification of
Diseases, 10th Revision (ICD-10), codes during the outpatient visit,
ED visit, or hospitalization and drug prescriptions.10

As shown in Figure 1, 877,320 adult patients 20 years of age or
older were identified between January 1, 2002, and December 31,
2014. We excluded 21,282 patients who received a diagnosis of
GERD between January 1, 2002, and December 31, 2002. Among
the remaining 856,038 patients, 17,659 patients had a new
diagnosis of GERD and 838,379 patients were without GERD.
Because baseline characteristics between patients with and
without GERD differed significantly, we decided to match the
two groups.

The enrollment period was between January 1, 2003, and December 31,
2014. To establish the NTM PD-naïve GERD cohort, patients with a
diagnosis of NTM PD before enrollment (n ¼ 7) and those who
died within 1 year after enrollment (n ¼ 228) also were excluded
from the GERD cohort. Additionally, to establish an NTM PD-naïve
control group, patients with a diagnosis of NTM PD (n ¼ 314) were
excluded. Each patient with GERD was matched exactly to four
control participants without GERD based on age, sex, type of
insurance, and Charlson Comorbidity Index (CCI).11 Among the
NTM PD-naïve control group, those who died within 1 year after
matching were replaced with those who did not die within 1 year
after matching in the process of matching. Finally, 17,424 NTM-
naïve patients with GERD (GERD cohort) and 69,696 NTM-naïve
matched patients (matched cohort) were included in the present
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study. Both cohorts were followed up through December 31, 2015, to
compare the incidence of NTM PD (Fig 1).

The study protocol was approved by the institutional review board of
Hanyang University Hospital (application no. HYUH- 2021-06-009),
and the need for informed consent was waived because anonymized
National Health Insurance Service data were used for this study.

Exposure

GERD was defined based on ICD-10 codes for GERD (K20.8, K20.9,
K21.0, or K21.9) as a major or minor diagnosis and the prescription
of proton pump inhibitors (PPIs) for > 3 months within 1 year after
the first diagnosis of GERD.12 Because clinical guidelines recommend
an empirical PPI treatment for GERD for at least 8 weeks,13-15 we
defined GERD as a > 3-month use of PPIs.
Outcomes

The main outcomes evaluated in this study were (1) comparison
between the GERD cohort and the matched cohort regarding the
incidence and risk of incident NTM PD, and (2) risk factors for
NTM PD in the GERD cohort. An incident case of NTM PD was
defined based on the presence of a new primary or secondary
diagnostic code associated with NTM PD (A31.0, A31.8, or A31.9)
plus claims data for acid-fast bacilli smears or mycobacterial
culture.4,16 The claims data for microbiological tests indicated only
performance of the tests by attending physicians; they did not
indicate positive results. For sensitivity analysis, we also defined
NTM PD as follows: ICD-10 code only or ICD-10 code, claims for
acid-fast bacilli smears or mycobacterial culture, plus macrolide
prescription for more than one month (e-Table 1).
Adult patients � 20 y
January 2002 and D

(N = 877

Adult patients � 20 y
January 2002 and D

(n = 856,

NTM-naïve GERD cohort
(n = 17,424)

Patients with incident GERD
(n = 17,659)

1:4 matc

Exclusion
• Diagnosis of NTM PD before
   enrollment (n = 7)
• Death within 1 y after
   enrollment (n = 228)

Figure 1 – Flow chart showing the study population. GERD¼ gastroesophagea
disease.
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Other minor outcomes were comparing the rates of all-cause and
respiratory disease-related health-care use (ED visit and
hospitalization) between the patients with GERD with NTM PD and
those without NTM PD. A respiratory-related health-care visit was
defined as one with ICD-10 respiratory disease codes (J00-J99).17,18

Covariates

Comorbidities also were defined using the following ICD-10 diagnosis
codes: COPD (J42-J44, except J43.0 [unilateral emphysema]), asthma
(J45-J46), bronchiectasis (J47), cerebrovascular disease (I60-I69),
angina or myocardial infarction (I20-I25), diabetes mellitus (E10-
E14), chronic kidney disease (N18), and connective tissue disease
(M05, M06, M32, M35, and M45).16-19 CCI was calculated according
to a previous report.11

Statistical Analysis

Data for the baseline characteristics were presented as numbers
(percentages), and standardized differences between the GERD and
matched cohorts were computed to assess whether the two groups
had been well matched.20 To evaluate the effects of GERD on NTM
PD incidence, the incidence rate (per 100,000 person-years [PY]) of
NTM PD was compared using the exact mid P test for binominals.21

To compute the cumulative curves of incident NTM PD, we used
the cumulative incidence function, which estimates the cumulative
incidence accounting for competing risks. The cumulative incidence
of NTM PD between the GERD and matched cohorts was compared
using Gray’s test, which was used to test the hypotheses of equality
of cumulative incidence functions between the two groups.22

To determine the hazard ratio (HR) for incident NTM PD in the
GERD cohort relative to the matched cohort, we performed a
 of age between
ecember 2014

,320)

 of age between
ecember 2014

038)

NTM-naïve matched cohort
(n = 69,696)

hing

Patients without GERD
(n = 838,379)

Exclusion
• Diagnosis of GERD between January 2002
   and December 2002 (n = 21,282)

Exclusion
• Diagnosis of NTM PD before
   enrollment (n = 314)

l reflux disease; NTM ¼ nontuberculous mycobacteria; PD¼ pulmonary
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subdistribution Cox proportional hazards regression model to account
for competing risks caused by mortality. Because all baseline variables
were matched appropriately between the GERD and matched cohorts,
adjustment for covariates was not performed. To validate the Cox
proportional hazards regression model, sensitivity analyses excluding
patients with a diagnosis of NTM PD early in the observation
periods (1 year and 2 years) were performed (e-Table 1). To validate
that 1 year was adequate to identify prevalent cases of NTM,
sensitivity analyses using 2 years and 3 years to identify prevalent
cases of NTM were performed (e-Table 1). We also performed
propensity score-matching analyses on 12,162 patients with GERD
and 12,162 without GERD matched for age, sex, insurance type,
pulmonary and extrapulmonary comorbidities, and CCI (e-Tables 2, 3).
chestjournal.org
To analyze the risk factors associated with NTM PD in patients with
GERD, a Cox proportional hazards regression model was performed,
adjusting for age (< 60 years vs $ 60 years), sex, type of insurance,
pulmonary and extrapulmonary comorbidities, and CCI using the
GERD cohort. To evaluate health-care use in patients with GERD
based on the development of NTM PD, annual health-care use (per
100,000 PY) was compared between patients with GERD who
demonstrated NTM PD and those who did not. Wald test was used
to calculate the 95% CIs for the Cox model.

All tests were two-sided and P values of < .05 were considered
statistically significant. All statistical analyses were performed using
SAS version 9.4 software (SAS Institute).
Results

Baseline Characteristics

The baseline characteristics of the study population
are summarized in Table 1. Approximately 90% of
patients were at least 40 years of age and 50% were
men. Most patients received self-employed health
insurance and employee health insurance. The
GERD cohort and matched cohort were well
balanced in terms of age, sex, type of insurance,
pulmonary or extrapulmonary comorbidities, and
CCI (standardized difference, 0.00 for most
variables).

Incidence and Risk of NTM PD in GERD Cohort
vs Matched Cohort

During the median follow-up duration of 5.1 years
(interquartile range, 3.0-7.2 years), the age- and sex-
adjusted incidence of NTM PD was significantly
higher in the GERD cohort (34.8 per 100,000 PY)
than in the matched cohort (10.5 per 100,000 PY;
P < .001) (Fig 2). Similarly, the risk of incident
NTM PD developing was significantly higher in the
GERD cohort than in the matched cohort
(subdistribution HR, 3.36; 95% CI, 2.10-5.37)
(Table 2).

Regardless of age group and sex, the risk of incident
NTM PD was significantly higher in the GERD
cohort compared with the matched cohort (e-Fig 1).
All sensitivity analyses of (1) excluding patients with
a diagnosis of NTM PD within 2 years of
enrollment, (2) using different periods (2 or 3 years)
to identify prevalent cases of NTM PD, and (3)
defining NTM PD showed similar results (e-Table 1).
Furthermore, propensity score-matching analysis
showed similar results (HR, 3.87; 95% CI, 1.58-9.47)
(e-Table 3).
Risk Factors for Incident NTM PD in Patients With
GERD

Table 3 summarizes the factors associated with incident
NTM PD in the GERD cohort. In both univariate and
multivariate analyses, age of 60 years or older
(unadjusted HR, 3.37; 95% CI, 1.56-7.29; adjusted HR,
3.57; 95% CI, 1.58-8.07) and bronchiectasis (unadjusted
HR, 19.80; 95% CI, 8.15-48.13; adjusted HR, 18.69;
95% CI, 6.68-52.28) were associated significantly with an
increased risk of incident NTM PD in the GERD cohort.
In addition, the same analysis was performed when a
history of macrolide use was included (e-Table 4).

Effects of NTM PD Developing on Health-Care
Outcomes in Patients With GERD

Compared with patients with GERD who did not
demonstrate NTM PD, those who demonstrated NTM
PD showed increased all-cause (13,321 per 100,000 PY
vs 5,932 per 100,000 PY; P ¼ .049) and respiratory
disease-related (5,403 per 100,000 PY vs 801 per 100,000
PY; P ¼ .011) ED visits or hospitalization (Fig 3).
Discussion
In the present study, whether GERD is a predisposing
factor for the development of NTM PD was evaluated
and which factors are associated with an increased risk
of NTM PD among patients with GERD was
investigated. The results showed that patients with
GERD had approximately a 3.4-fold increased risk of
NTM PD developing compared with those without
GERD, and the former were associated positively with
respiratory-related health-care use. In addition, older
age and bronchiectasis were predictors of NTM PD
developing in patients with GERD.

The incidence of NTM PD in patients with GERD in
this study was 35 per 100,000 PY, an approximate 3.4-
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TABLE 1 ] Baseline Characteristics of the Study Population

Variable
Total

(N ¼ 87,120)
GERD Cohort
(n ¼ 17,424)

Matched Cohort
(n ¼ 69,696)

Standardized
Difference

Age group, y

20-29 3,195 (3.7) 639 (3.7) 2,556 (3.7) 0.00

30-39 6,730 (7.7) 1,346 (7.7) 5,384 (7.7) 0.00

40-49 14,735 (16.9) 2,947 (16.9) 11,788 (16.9) 0.00

50-59 22,895 (26.3) 4,579 (26.3) 18,316 (26.3) 0.00

60-69 20,580 (23.6) 4,116 (23.6) 16,464 (23.6) 0.00

$ 70 18,985 (21.8) 3,797 (21.8) 15,188 (21.8) 0.00

Sex

Male 43,630 (50.1) 8,726 (50.1) 34,904 (50.1) 0.00

Female 43,490 (49.9) 8,698 (49.9) 34,792 (49.9) 0.00

Type of insurance

Self-employed health
insurance

29,425 (33.8) 5,885 (33.8) 23,540 (33.8) 0.00

Employee health insurance 50,280 (57.7) 10,056 (57.7) 40,224 (57.7) 0.00

Medical aid 7,415 (8.5) 1,483 (8.5) 5,932 (8.5) 0.00

Pulmonary comorbidities

COPD 7,108 (8.2) 1,432 (8.2) 5,676 (8.1) 0.00

Asthma 12,762 (14.7) 2,405 (13.8) 10,357 (14.9) –0.03

Bronchiectasis 912 (1.1) 186 (1.1) 726 (1.0) 0.00

Extrapulmonary comorbidities

Cerebrovascular disease 10,541 (12.1) 2,008 (11.5) 8,533 (12.2) –0.02

Angina or MI 8,196 (9.4) 2,135 (12.3) 6,061 (8.7) 0.12

Diabetes mellitus 24,609 (28.3) 4,446 (25.5) 20,163 (28.9) –0.08

Chronic kidney disease 1,326 (1.5) 223 (1.3) 1,103 (1.6) –0.03

Connective tissue disease 4,995 (5.7) 1,268 (7.3) 3,687 (5.3) 0.08

Charlson Comorbidity Index

0 12,600 (14.5) 2,520 (14.5) 10,080 (14.5) 0.00

1 23,435 (26.9) 4,687 (26.9) 18,748 (26.9) 0.00

2 19,060 (21.9) 3,812 (21.9) 15,248 (21.9) 0.00

3 11,945 (13.7) 2,389 (13.7) 9,556 (13.7) 0.00

4 7,790 (8.9) 1,558 (8.9) 6,232 (8.9) 0.00

$ 5 12,290 (14.1) 2,458 (14.1) 9,832 (14.1) 0.00

Data are presented as No. (%). Each patient with GERD was matched exactly with four patients without GERD as control participants based on age, sex,
type of insurance, and Charlson Comorbidity Index. GERD ¼ gastroesophageal reflux disease; MI ¼ myocardial infarction.
fold increased risk of NTM PD compared with the risk
for patients without GERD. Because the incidence of
NTM PD in the Korean population ranged from 6 to 19
cases per 100,000 per year between 2008 and 2016 in a
previous study,4 the GERD-related disease burden of
incident NTM PD seems to be substantial. Further
evidence supports a close relationship between GERD
and NTM PD in terms of prevalence and disease
presentation in previous studies.6,8,9 In addition to
showing cross-sectional association between GERD and
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NTM PD, the temporal relationship between GERD and
NTM PD was clarified in the present study. To the best
of our knowledge, this is the first study in which GERD
was shown as a predisposing factor for NTM PD using a
longitudinal cohort.

The major effect of GERD on NTM PD is thought to be
achieved through gastric-to-pulmonary microaspiration
and, consequently, the continuous destruction of the
protective barrier of the airways,23 which may create a
[ 1 6 3 # 2 CHES T F E B R U A R Y 2 0 2 3 ]
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Figure 2 – Line graph showing the cumulative incidence of NTM PD
(per 100,000 person-years) in the GERD and matched cohorts. GERD ¼
gastroesophageal reflux disease; IR ¼ incidence rate; NTM ¼ non-
tuberculous mycobacteria; PD ¼ pulmonary disease; sdHR ¼ sub-
distribution hazard ratio.
predisposing condition to NTM infection. In addition,
NTM could be ingested through contaminated water
or food. During reflux, NTM can be microaspirated
and deposited into the lung, causing infection in
epithelial cells in which barriers are damaged during a
gastroesophageal reflux microaspiration episode.24 In a
recent study, Mycobacterium abscessus was shown to
TABLE 2 ] Age- and Sex-Specific Incidence Rates and HRs
Cohort

Variable Incident Case of NTM PD Inc

Overall

Matched cohort 38

GERD cohort 32

Age group, y

< 60

Matched cohort 13

GERD cohort 9

$ 60

Matched cohort 25

GERD cohort 23

Sex

Male

Matched cohort 22

GERD cohort 15

Female

Matched cohort 16

GERD cohort 17

GERD ¼ gastroesophageal reflux disease; HR ¼ hazard ratio; NTM ¼ nontuber
aTo determine the relative HR for incident NTM PD in the GERD cohort, an una
baseline variables were matched appropriately between the GERD and matche

chestjournal.org
survive in human airway cells in simulated acidic
conditions.24 Bile aspirated into the lung during
GERD is another possible mechanism. In a previous
study, bile was detected in sputum from patients with
GERD.25 Also, GERD-derived bile acids have been
detected in BAL fluid. A predisposition to pulmonary
infection has been associated with bile acid aspiration
in several studies, including infection with
Pseudomonas aeruginosa, an important pathogen
associated with several respiratory diseases.26-29

Therefore, even if acid secretion is suppressed by PPI
treatment in patients with GERD, NTM PD may be
induced or aggravated through mechanisms such as
bile reflux. The authors showed that chenodeoxycholic
acid, a bile component, significantly increased
transforming growth factor b expression in airway
epithelial cells,25 which may be associated with a
favorable environment for NTM PD. Transforming
growth factor b levels were shown to increase in
patients with NTM PD compared with control
participants.30 The PPIs frequently used in patients
with GERD may have several roles. PPIs may reduce
respiratory symptoms associated with GERD (such as
cough) or damage of the lung caused by acidic
contents. However, PPIs may increase the
for Incident NTM PD in the GERD Cohort and Matched

idence Rate (per 100,000 PY) Subdistribution HR (95% CI)a

10.5 Reference

34.8 3.36 (2.10-5.37)

6.2 Reference

17.1 2.77 (1.18-6.47)

16.3 Reference

58.3 3.65 (2.07-6.44)

12.3 Reference

33.0 2.71 (1.41-5.23)

8.7 Reference

36.5 4.24 (2.14-8.40)

culous mycobacteria; PD ¼ pulmonary disease; PY ¼ person-years.
djusted Cox proportional hazards regression model was used because all
d cohorts. Competing risk of mortality was considered in the model.
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TABLE 3 ] Risk Factors for the Development of NTM PD in Patients With GERD

Variable
No. at Risk
(n ¼ 17,424)

Incident Case of NTM PD
(n ¼ 32)

Univariate Analysis Multivariate Analysis

Unadjusted
HR 95% CI

Adjusted
HRa 95% CI

Age group, y

< 60 9,511 (54.6) 9 (0.1) Reference Reference Reference Reference

$ 60 7,913 (45.4) 23 (0.3) 3.37 1.56-7.29 3.57 1.58-8.07

Sex

Male 8,726 (50.1) 15 (0.2) Reference Reference Reference Reference

Female 8,698 (49.9) 17 (0.2) 1.10 0.55-2.20 0.93 0.45-1.88

Type of insurance

Self-employed health
insurance

5,885 (33.8) 7 (0.1) Reference Reference Reference Reference

Employee health
insurance

10,056 (57.7) 22 (0.2) 1.92 0.82-4.49 1.71 0.73-4.01

Medical aid 1,483 (8.5) 3 (0.2) 1.72 0.45-6.65 1.34 0.34-5.31

Pulmonary
comorbidities

COPD 1,432 (8.2) 5 (0.3) 2.11 0.81-5.49 1.01 0.33-3.11

Asthma 2,405 (13.8) 6 (0.2) 1.46 0.60-3.56 0.90 0.33-2.45

Bronchiectasis 186 (1.1) 6 (3.2) 19.80 8.15-48.13 18.69 6.68-52.28

Extrapulmonary
comorbidities

Cerebrovascular
disease

2,008 (11.5) 3 (0.1) 0.89 0.27-2.92 0.83 0.24-2.90

Angina or MI 2,135 (12.3) 3 (0.1) 0.76 0.23-2.50 0.59 0.17-2.00

Diabetes mellitus 4,446 (25.5) 6 (0.1) 0.73 0.30-1.78 0.72 0.26-1.97

Chronic kidney
disease

223 (1.3) 1 (0.4) 3.31 0.45-24.29 5.55 0.67-45.98

Connective tissue
disease

1,268 (7.3) 4 (0.3) 1.81 0.64-5.16 1.71 0.57-5.11

Charlson Comorbidity
Index

0 2,520 (14.5) 5 (0.2) Reference Reference Reference Reference

1 4,687 (26.9) 8 (0.2) 0.82 0.27-2.52 0.69 0.22-2.13

2 3,812 (21.9) 7 (0.2) 0.90 0.29-2.83 0.60 0.18-1.98

3 2,389 (13.7) 5 (0.2) 1.05 0.30-3.63 0.60 0.16-2.33

4 1,558 (8.9) 4 (0.3) 1.34 0.36-4.98 0.70 0.16-3.08

$ 5 2,458 (14.1) 3 (0.1) 0.69 0.16-2.88 0.35 0.06-1.97

Data are presented as No. (%) or ratio (95% CI), unless otherwise indicated. GERD ¼ gastroesophageal reflux disease; HR ¼ hazard ratio; MI ¼myocardial
infarction; NTM ¼ nontuberculous mycobacteria; PD ¼ pulmonary disease.
aMultivariate Cox regression analysis was adjusted for age (< 60 y vs $ 60 y), sex, type of insurance, pulmonary and extrapulmonary comorbidities, and
Charlson Comorbidity Index in the GERD cohort.
susceptibility to NTM PD, as shown in other
pulmonary infections. For example, several
observational studies showed a positive association
between the use of PPIs and the risk of community-
acquired pneumonia.31-34

Notably, in the present study, the risk of NTM PD was
increased significantly in patients with GERD who were
276 Original Research
older than 60 years. In previous studies, elderly patients
were shown to have fewer typical GERD symptoms, but
more severe GERD-related complications and
esophageal lesions, compared with younger
individuals.35 In addition, a decrease in gastric
emptying36 and increased microaspiration or reflux
associated with impaired swallowing37,38 are more
common in the elderly population. Accordingly, elderly
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Figure 3 – Bar graph showing a comparison of all-cause and respiratory
disease-related health-care use (ED visits and hospitalizations per
100,000 person-years) during follow-up between patients with GERD
who demonstrated NTM PD and those who did not demonstrate NTM
PD. GERD ¼ gastroesophageal reflux disease; NTM ¼ nontuberculous
mycobacteria; PD ¼ pulmonary disease.
patients with GERD are likely to experience a large
amount of aspiration of acidic gastric contents
compared with young patients with GERD, which
consequently may lead to an increased risk of NTM. In
this study, bronchiectasis also was shown as a risk factor
for NTM PD in patients with GERD. Previous studies
similarly have shown that the risk of NTM PD in
patients with bronchiectasis is significantly higher than
that in those without bronchiectasis,16,39 indicating that
bronchiectasis-related lung destruction can be a
predisposing factor for NTM PD. Thus, GERD-induced
aspiration of acidic gastric contents may aggravate
bronchiectasis-related inflammation, which could
facilitate NTM infection in patients with GERD.

Despite female sex being a well-known risk factor for
NTM PD,40 our findings and those of previous research
surprisingly showed no association between female sex
and an increased risk of NTM PD in patients with
GERD.8 The prevalence of GERD is higher in women
than in men. However, men frequently have more
pathologic diseases like reflux esophagitis and Barrett’s
esophagus, whereas women have more nonerosive reflux
disease.41 Accordingly, among patients with GERD, the
increased risk of NTM PD developing in women may be
attenuated by a higher susceptibility to NTM PD in men
with more severe GERD.

Chronic airway diseases (COPD, asthma, or
bronchiectasis) previously were shown to increase
significantly the risk of NTM PD in the general
population.16,39,42,43 However, our study unexpectedly
revealed that asthma or COPD were not related to the
increased incidence of NTM PD among patients with
chestjournal.org
GERD; only bronchiectasis was associated with a higher
risk of NTM PD. A previous study similarly showed that
patients with GERD and concomitant Mycobacterium
avium complex PD showed a lower tendency of having
COPD or asthma than age- and sex-matched patients
with GERD but no M avium complex PD. The
difference was statistically insignificant, however.9 In
contrast with our results, a similar rate of bronchiectasis
was observed between the two groups.9 Although the
underlying mechanism of this phenomenon is unclear,
one plausible explanation exists. GERD may have an
additional effect on the risk of NTM PD in patients with
more destructive and purulent airway disease (eg,
bronchiectasis), but it may not have synergistic or
additive effects on the development of NTM PD in
patients with less destructive airway disease (eg, COPD
or asthma).

The results of the present study have several potential
clinical implications. First, because the risk of NTM PD
in patients with GERD was significantly higher than in
those without GERD, NTM PD should be suspected
when new-onset or worsening of respiratory symptoms
develop during regular follow-up in patients with
GERD. Second, because the results indicate that older
age and bronchiectasis significantly increased the risk of
NTM PD, more active strategies (eg, screening of
symptoms and regular chest radiography follow-up)
may be helpful in patients with GERD and these risk
factors. Third, patients with GERD who demonstrated
NTM PD made more respiratory disease-related ED
visits and were hospitalized more often than those who
did not demonstrate NTM PD. Thus, when GERD and
NTM PD are combined, clinicians should focus on the
variations of respiratory symptoms.

Although an association was found between GERD and
NTM PD using a population-based longitudinal cohort,
several limitations should be acknowledged. First, this
study was performed with the Korean population.
Thus, studies in other countries and different
ethnicities are needed to generalize the findings.
Second, because the National Health Insurance Service
National Sample Cohort database does not contain
data on smoking history, BMI, pulmonary function test
results, or types of NTM PD, these factors could not be
evaluated in our analyses. Third, because ICD-10 codes
were used, misclassification of GERD diagnosis may be
an issue. The insurance claim-based definition of
GERD studied in the Canadian context revealed a
sensitivity, specificity, and positive predictive value
(PPV) of 56.1%, 98.5%, and 94.8%, respectively.44
277
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Although differences in study design make it
impossible to compare the diagnostic accuracy directly
between our study and previous studies, the PPV
reported in our study may be higher than that reported
in the previous study because we also incorporated
information on PPI use in the definition of GERD.
Fourth, a misclassification issue exists regarding NTM
PD diagnosis. In a previous study, the insurance claim-
based definition of NTM PD among US Medicare
beneficiaries with bronchiectasis revealed a PPV of
63.2%.45 Because we also considered claims data for
acid-fast bacilli smears or mycobacterial cultures when
defining NTM PD, the PPV may be higher than that of
the previous study. Furthermore, we also performed
sensitivity analyses with new definitions of NTM PD
(ie, diagnosis code of NTM PD only or combination of
diagnostic code of NTM PD, claims data for acid-fast
bacilli smears or mycobacterial culture, and macrolide
prescription for more than 1 month). Sensitivity
analyses demonstrated that GERD increased the risk of
NTM PD regardless of NTM PD definition used (e-
Table 1). Fifth, misclassification also should be
considered regarding the definition of comorbidities.
Sixth, the presence of GERD could raise the clinical
index of suspicion for NTM PD because GERD may
278 Original Research
increase respiratory symptoms, particularly in the
setting of underlying lung diseases, such as
bronchiectasis.
Interpretation
GERD was shown to be an important predisposing
factor for the development of NTM PD, and older age
and bronchiectasis were risk factors for incident NTM
PD in patients with GERD. NTM PD developing in
patients with GERD is associated with increased health-
care use.
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