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ABSTRACT

Introduction: The rise in Gastro-Esophageal Reflux Disease
(GERD) prevalence appears to have coincided with a
simultaneous increase in the prevalence of diabetes mellitus,
hypertension and bronchial asthma amongst the Indian
population. Despite being evaluated extensively for their role as
a risk factor for GERD, till date this relationship has remained
a debatable one. Moreover, literature available on such studies
conducted within Indian population remains scarce.

Aim: The aim of the present study was to examine the risk of
developing GERD in patients suffering from diabetes mellitus,
hypertension and asthma in a Southern Indian population.
The present retrospective, triple cohort and hospital based
study was conducted by accessing the patient records from
the medical records department of a tertiary care hospital in
Southern India.

Materials and Methods: The patient’s records were accessed
from the year 2011 onwards. Relative Risk (RR) was calculated
to determine the risk of development of GERD with every

disease. Chi-square test was used to determine the statistical
significance of the relationship between each disease and the
development of GERD. A p-value of <0.05 was considered
statistically significant.

Results: In view of the time constraints as well as the limitations
of the inclusion and exclusion criteria, data pertaining to only 40,
71 and 53 patients in Cohort 1 (diabetics), 2 (hypertensives) and
3 (bronchial asthmatics) respectively could be analyzed in the
present study. The relative risk of GERD development was greater
than 1 for patients belonging to Cohort 2 and 3, suggesting that
the risk of GERD development is higher amongst hypertensives
and asthmatics. Surprisingly, the diabetics (Cohort 1) were not
associated with a high risk of GERD development. However, the
relationship between any of the disease and GERD development
was not statistically significant.

Conclusion: The present study found an increased risk of GERD
development amongst patients suffering from hypertension and
bronchial asthma, but not with diabetes mellitus.
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INTRODUCTION

GERD is a common global health problem and it has been observed
to be more prevalent among patients plagued by a slew of chronic
disorders, among which diabetes mellitus [1,2], hypertension
[3,4] and asthma [5,6] appear to figure prominently. Moreover,
mechanistic theories for development of GERD based upon, for
instance the intra thoracic pressure swings leading to the overriding
of the lower esophageal sphincter pressure among asthmatics [7],
peripheral neuropathy leading to autonomic dysfunction within the
digestive tract along with the loss of Lower Esophageal Sphincture
(LES) tone among diabetics [8], have lent credence to the notion that
these diseases may possibly be intricately associated with GERD
development. However, till date, the relationship between these
three disorders and GERD remains a debatable one as the data so
generated has been a conflicting one [9-12]. Moreover, our literature
search revealed that majority of these studies have been conducted
amongst the American and European population. Considering the
sudden spike in the incidence of lifestyle disorders like diabetes
mellitus [13], hypertension [14] and asthma [15] within the Indian
population, GERD is no more a problem of the Western society
and it needs careful evaluation amongst the Indian populace [16].
Hence, this study was conducted with the objective of examining
the risk of developing GERD in patients suffering from diabetes
mellitus, hypertension and asthma in a tertiary care hospital of
Southern India.
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Diabetes mellitus, hypertension and asthma are positively associated
with the development of GERD; i.e., patients with diabetes mellitus,
hypertension and asthma would possess a higher risk of developing
GERD. Hence, the present study was undertaken to examine the
risk of developing GERD in patients suffering from diabetes mellitus,
hypertension and asthma in a Southern Indian population.

MATERIALS AND METHODS

The present study was designed as a triple cohort, retrospective,
hospital based study. The necessary permissions were sought
from the Institutional Ethical Committee and the medical records
department of a tertiary care hospital in Southern India, for
accessing the medical records of the patients fulfilling the inclusion
and exclusion criteria. Identity of the patients, whose records were
viewed and the details included in our study, were completely
anonymous.

Patient records for years 2011-2015 were utilized for our study.
Data extraction was initiated by accessing the patient logs of the
year 2011. The records were screened and included into a study
cohort as per the below mentioned inclusion and exclusion criteria.

Cohort 1 (Risk Factor-Diabetes Mellitus)

Inclusion criteria: Patients equal to or above 18 years of age
diagnosed clinically with diabetes mellitus during or before 2011
(may or may not be receiving treatment).
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The diagnosis of diabetes mellitus was additionally verified by the
study investigator using World Health Organization (WHO) [17] and
American Diabetes Association (ADA) criteria [18].

Exclusion criteria: Patients below 18 years of age. Patients
with concomitant presence of co-morbidities like hypertension and
bronchial asthma and GERD in 2011; may or may not be receiving
treatment for the same.

Cohort 2 (Risk Factor-Hypertension)

Inclusion criteria: Patients equal to or above 18 years of age
diagnosed clinically with hypertension during or before 2011 (may
or may not be receiving treatment). The diagnosis of hypertension
was additionally verified by the study investigator using WHO criteria
[19].

Exclusion criteria: Patients below 18 years of age. Patients with
concomitant presence of co-morbidities like diabetes mellitus and
bronchial asthma and GERD in 2011; may or may not be receiving
treatment for the same.

Cohort 3 (Risk Factor-Bronchial Asthma)

Inclusion criteria: Patients equal or above 18 years of age
diagnosed clinically with bronchial asthma during or before 2011
(may or may not be receiving treatment). The diagnosis of bronchial
asthma was additionally verified by the study investigator using
Global Initiative for Asthma (GINA) 2014 criteria [20].

Exclusion criteria: Patients below 18 years of age. Patients
with concomitant presence of co-morbidities; diabetes mellitus
and hypertension along with GERD in 2011; may or may not be
receiving treatment for the same.

Only those patients whose records had been updated either until
December 31, 2015 or till the development of the study end-point,
i.e., onset of GERD, were included within the study. This ploy helped
counter the problem of missing data associated with retrospective
studies. The data was extracted from the medical records in
compliance with the proforma outlined in Appendix-1. The included
patients were followed up from 2011 up to December 2015 or until
the development of outcome; i.e., development of GERD (whichever
was the earliest).

Keeping the alpha = 0.05, power of study = 80%, p (level of
significance) = 0.05 (C.I. = 95%) and a hypothesized proportion
equal to 0.225, a total of 390 patients, 130 patients in each cohort
were to be included in this study.

STATISTICAL ANALYSIS

The qualitative results were expressed as frequency with
percentages in parentheses. Quantitative data was expressed
as meanzstandard deviation. Chi-square test was employed to
ascertain the significance of the relationship between each risk
factor and development of GERD. RR was utilized to determine the
risk of development of GERD with every disease. A p-value <0.05
was considered statistically significant.

RESULTS

Due to time constraints and the limitations imposed by the inclusion
and exclusion criteria, only 164 patients could be included within
our study, with the following distribution:

Cohort 1 (risk factor-diabetes mellitus); 40 (24.4%); Cohort 2 (risk
factor-hypertension); 71 (43.3%) and Cohort 3 (risk factor-bronchial
asthma); 53 (32.3%). The mean age of the overall study population
was 57.57+15.97 years, with the gender distribution skewed
towards males — 93 out of 164 (56.7% vs. 43.3% for females).
The mean Body Mass Index (BMI) of the overall population was
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24.02+5.5 kg/cm?. In the period of observation from 2011-2015, 26
(15.9%) of the subjects developed GERD, with a mean time-span
for GERD development from the onset of the first concomitant co-
morbidity and second concomitant co-morbidity being 5.36+1.71
and 1.50+0.71 years respectively.

Cohort 1: The mean age of the subjects within Cohort 1 (patients
with diabetes mellitus alone in 2011) was 61.15+12.97 years, with a
gender distribution of 34 males (within cohort - 85%) and six females
(within cohort - 15%). The mean BMI was 24.59+5.90 kg/cm?.
Among the 40 subjects in Cohort 1, 13 developed only bronchial
asthma between the time period of 2011-2015. The mean time
span for GERD development from the onset of the first (diabetes
mellitus) and second disease (bronchial asthma) being 12.25+1.4
and 1.50+0.71 years respectively.

Only four of the 40 subjects (within cohort - 10%) in Cohort 1
developed GERD between the period of observation from 2011-
2015. The RR of development of GERD amongst the Cohort 1
subjects when compared to the whole study population was 0.56,
suggesting that the probability of development of GERD amongst the
diabetics is less likely in comparison to the non-diabetics. However,
a cross-tabulation evaluation of the overall Cohort 1 population using
Chi-square test revealed that there was no statistically significant
relationship between diabetes mellitus and GERD (p=0.244 for
overall Cohort 1 population).

An evaluation of a subset (n=13) comprising of patients who
developed bronchial asthma among the Cohort 1 subjects at a
later stage, revealed the RR of development of GERD within this
subset as 2.01. However, Chi-square test application did not reveal
any statistical significance within this subset (p=0.431). Further, an
analysis of the patients in Cohort 1 who did not develop bronchial
asthma (n=27) revealed no statistically significant relationship
between diabetes alone with development of GERD (p=0.564), with
a RR of 0.48. This would suggest that though diabetes mellitus by
itself may not be a risk factor for the development of GERD, the
likelihood of development of GERD increases by almost two folds in
diabetic patients developing bronchial asthma.

Cohort 2: The mean age of the subjects within Cohort 2 (patients
with hypertension in 2011 alone) was 62.18+13.92 years, with a
gender distribution of 36 males (within cohort - 50.70%) and 35
females (within cohort - 49.30%). The mean BMI was 25.59+5.14
kg/cm?. Among the 71 subjects in Cohort 2, none of the patients
developed either diabetes mellitus or bronchial asthma during the
observation period from 2011-2015. The mean time-span for GERD
development from the onset of hypertension was 2.33+0.14 years
respectively.

Only 12 of the 71 subjects (within cohort - 15.90%) in Cohort 2
developed GERD between the period of observation from 2011-
2015. The RR of development of GERD amongst the hypertensives
when compared to the overall study population was 1.12, suggesting
that the probability of development of GERD amongst hypertensive
population is more likely in comparison to the rest of the study
subjects. However, a cross-tabulation evaluation of the Cohort
2 population revealed that there was no statistically significant
relationship between hypertension and GERD (p=0.748).

Cohort 3: The mean age of the subjects within Cohort 3 (patients
with bronchial asthma alone in 2011) was 48.70+17.13 years, with
a gender distribution of 23 males (within cohort - 43.40%) and 30
females (within cohort - 56.60%). The mean BMI was 23.26+5.71
kg/cm?2. Among the 53 subjects in Cohort 3, none of the patients
developed either diabetes mellitus or hypertension during the
observation period from 2011-2015. The mean time-span for GERD
development from the onset of hypertension was 6.33+0.56 years
respectively.

Only 10 of the 53 subjects (within cohort - 18.90%) in Cohort 3
developed GERD between the period of observation from 2011-
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2015. The RR of development of GERD amongst the asthmatics
when compared to the overall study population was 1.31, suggesting
that the probability of development of GERD amongst asthmatic
population is more likely in comparison to the rest of the study
subjects. A cross-tabulation evaluation of the Cohort 3 population
revealed that there was no statistically significant relationship
between bronchial asthma and GERD (p=0.465).

The results of the study have been summarized in [Table/Fig-1]. The
values are expressed as frequencies with intra-cohort percentages
in parentheses; p<0.05 — statistical significance cut-off.

Further, a binomial logistic regression analysis was performed to
account for the impact of the various confounding independent
variables like age, sex, body weight and BMI. The results of such
an analysis in the overall population as well as separately within
each of the three cohorts did not reveal a significant impact of any
of these confounding variables on the dependent primary outcome,
i.e., GERD development.
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The present study suggests that despite the absence of any
statistically significant relationship between any of these three
diseases and development of GERD, there is a slightly high risk
of development of GERD amongst patients with hypertension
and bronchial asthma. The lack of statistical significance could be
attributed to the inability to meet the pre-decided mark of 130 subjects
in each cohort. The findings of our study with respect to asthmatics
seem to be in accordance with the results of a recent prospective
study conducted amongst Indian asthmatics which concluded
that GERD symptoms were more prevalent amongst asthmatics
and were closely associated with asthma disease worsening as
well [22]. As the present study in its entirety is only focused on
investigating whether bronchial asthma can act as a risk factor for
GERD, hence a discussion on the worsening of asthma disease
course due to GERD is beyond the scope of this manuscript. The
theory of increased fluctuations in intra thoracic pressure propelling
the acid into the oesophagus asides would appear to have gained
a lot of traction in terms of explaining bronchial asthma as a risk

GERD n (%)
Disease Category p-value Relative Risk Overall Relative Risk
Yes No

DM alone 2(5) 25 (62.5) 0.564 0.48

DM followed by HTN 0 0 --
Diabetes Meliitus (DM) DM followed by BA 2 (5) 11(27.5) 0.431 2.01 056
n=40 DM followed by HTN followed 0 0 B '

by BA

DM followed by BA followed 0 0 B

by HTN

HTN alone 12 (15.90) 59 (84.10) 0.748 1.12

HTN followed by DM 0 0 --
Hypertension (HTN) HTN followed by BA 0 0 - 1
n=71 HTN followed by DM followed o 0 B '

by BA

HTN followed by BA followed 0 0 B

by DM

BA alone 10 (18.90) 43 (81.10) 0.465 1.31

BA followed by DM 0 0 -
Bronchial Asthma BA followed by HTN 0 0 -

1.31

(BA) n=53 BA followed by DM followed 0 0 _»

by HTN

BA followed by HTN followed 0 0 -

by DM
Total 26 138

[Table/Fig-1]: Summary of the relation between diabetes mellitus, hypertension and bronchial asthma with GERD.

DISCUSSION

The present study was carried out with the aim of investigating
diabetes mellitus, hypertension and bronchial asthma as arisk factor
for the development of GERD. The present study revealed that the
incidence of GERD among the study population was lower than the
documented rates in various other studies [2,3,6]. This probably
could be attributed to the fact that a better chunk of the studies
evaluating the risk of GERD with these diseases have been carried
out amongst the Western and Chinese population. An extensive
literature search revealed only a few studies that have tried to
assess the prevalence of GERD amongst Indian asthmatics [21,22].
The prevalence of GERD noted in these studies was also higher
than in the present study. It could be a case of underdiagnoses
of GERD within the present study population as this study being
retrospective in design did not allow for an objective assessment of
GERD using endoscopy or standardized questionnaires, which was
the manner of diagnosis of GERD in the two studies within Indian
asthmatics [21,22].
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factor for GERD development [7]. This could also probably explain
the greater risk of GERD amongst diabetic patients within our study
who also developed bronchial asthma at some point during the
observation period of 2011-2015. However, interestingly, it has also
been hypothesized that therapy for asthma using methylxanthines
[23,24] and anticholinergics [25] may possibly contribute to the
relaxation of the LES, thereby precipitating GERD. An analysis of
the asthma medications in the present study revealed that none
of the asthma patients received any anticholinergic drugs, though
five (9.43% of the total 53 asthmatics) did receive methylxanthine
derivatives. It was interesting to note that none of these five patients
developed GERD over the course of the observation period from
2011-2015. However, the small sample size does not allow for the
deduction of any valid conclusions in terms of whether usage of
certain classes of asthma therapeutic agents can act as a risk factor
for GERD development.

In case of the hypertensive population, the present study observed
a greater risk of developing GERD as compared to the rest of the
study population. These findings concur with the results of a cross-
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sectional study carried out amongst the Chinese population by
Chen T et al. [26] which concluded that hypertension was strongly
associated with GERD development. It is well understood that
stress and dietary habits along with tobacco and alcohol misuse is
associated with high blood pressure [27]. It has been observed that
high levels of stress hormones may slow down the gastric emptying
[28]. This in turn may allow for an increase in gastric acid and gas
production, thereby possibly propelling the gastric contents into
the esophagus, culminating in the development of GERD. Though,
this hypothesis needs further confirmation, it may possibly explain
the increased risk of GERD observed with hypertension. However,
these findings are in contradiction to that of another study which
suggested that “people who experience daily symptoms of gastro-
esophageal reflux have lower blood pressure than people with
less frequent or no symptoms” [11]. This inverse relationship was
attributed by the authors to an increased level of Nitric Oxide (NO)
amongst patients with low or normal blood pressure, which in
turn led to a decrease in the LES pressure. Moreover, to support
the hypothesis that GERD symptoms may be more prevalent
amongst patients with low blood pressure, there exists another
line of thought, which states that the lowering of the LES tone by
the calcium channel blockers which is a common antihypertensive
being prescribed in the Indian population, may possibly precipitate
GERD as well [29]. A scrutiny of the antihypertensive medications
revealed that of the 71 hypertensive subjects, 37 (52.39%) received
oral amlodipine, a calcium channel antagonist. Of these 37, only 8
(21.62%) developed GERD; again, the small sample size precluding
us from drawing any conclusion over whether anti-hypertensive
therapy with calcium channel antagonists may precipitate GERD.

Curiously though, diabetes mellitus, which has been previously
studied extensively and reported as a likely risk factor for GERD,
was not observed to pose a risk for GERD development within
the present study population. This is in complete contrast to the
findings of a meta-analysis which on investigating a relationship
between GERD and diabetes mellitus, observed a greater risk of
GERD among diabetics [30]. This finding within our study seems
to go against the popular perception that diabetic neuropathy
may produce motor dysfunction and gastric dysmotility as well
as increased incidence of LES distension [31]. However, our
study finds support from a recently published case control study
carried out by Ha JO et al. [32] which suggested that there was
no significant difference between the prevalence of GERD among
type 2 diabetics and non diabetics. The authors of the case-control
study mentioned here suggest that their results could probably
be due to an overestimation of GERD prevalence due to certain
logistical issues with respect to the methodology of the study. With
respect to the present study, it must be remembered that the final
patient sample size in each cohort fell way short of the intended
mark of 130 patients due to time constraints and the limitations
imposed by the inclusion and exclusion criteria. This could have
seriously undermined the predictive power of our study and it would
be advisable to exercise caution while drawing conclusions.

CONCLUSION

This study showed the incidence of GERD was lower within the
study population compared to other studies carried out in Western
and Chinese populations. However, despite the absence of any
statistically significant relationship, the risk for GERD development
is higher amongst hypertensive and asthmatic patients. The present
study did not find any increased risk of GERD amongst diabetics.
Furthermore, there is a need for elucidation of the potential underlying
mechanisms to provide us with better insights into the manner of
development of GERD with these diseases as risk factors.

PROFORMA (Appendix — 1)
Enrolment No.:

www.jcdr.net

Hospital No. :

Age:

Sex:

Address:

Contact No. :

Occupation:

Height:

Weight:

BMI:

Year Disease Duration Treatment

2011 Diabetes mellitus Y /N
Hypertension Y/N
Bronchial Asthma Y/N

Others (specify)

2015 Diabetes mellitus Y /N
Hypertension Y/N
Bronchial Asthma Y/N

Others (specify)
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