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Abstract: Background and Objective: To assess whether the combination of high waist-to-hip ratio
(WHR) and elderly age is associated with higher risk of GERD. Material and Methods: A total of
16,996 subjects aged ≥20 years who received esophagogastroduodenoscopy (EGD) between January
2010 and December 2019. We evaluated the risk of GERD in different age groups and WHR groups
in unadjusted analysis and multivariate logistic regression models for predictors of GERD. Results:
There was a trend towards more participants with both age ≥65 years and WHR ≥ 1 (n = 129)
(n = 66, 51%) than participants with age < 65 and WHR < 0.9 (n = 10,422) (n = 2814, 27%) presenting
with GERD. Participants who had both age ≥ 65 years and high WHR ≥ 1 had the highest risk of any
type of GERD (adjusted OR, 2.07; 95% CI, 1.44–2.96, p value < 0.05) based on multivariate logistic
regression analysis. Conclusions: The combination of having a high WHR and being elderly was
associated with a higher risk of GERD, and preventing central obesity in the elderly population
reduced the risk of GERD and the requirement for medical resources.

Keywords: elderly; waist-to-hip ratio (WHR); gastro-esophageal reflux disease (GERD)

1. Introduction

Gastro-esophageal reflux disease (GERD) is a condition that develops when the re-
flux of stomach content causes either symptoms or an array of potential esophageal and
extra-esophageal manifestations. A prevalence of 10~20% in the western world making
GERD is highly prevalent worldwide [1]. At some time during the course of a year, 60% of
persons suffered from GERD and 20~30% of persons suffered at least annually [2]. Typical
symptoms of GERD are regurgitation and heartburn. Extra-esophageal syndromes include
chronic cough, laryngitis, and asthma [3]. An increasing incidence of GERD and its compli-
cations, including Barrett’s esophagus and adenocarcinoma of the esophagus, throughout
the world has been found [4].

GERD has a direct impact on quality of life, especially in the elderly [5]. In elderly
individuals, Zhu et al. observed that abnormal gastroesophageal reflux occurred more
frequently than in younger individuals. The mean prevalence of pH < 4 was significantly
higher (32.5%) than that found in younger patients (12.9%) [6]. Age-related progressive
impairment of esophageal clearance and degradation of the gastroesophageal junction re-
sults in GERD [7]. From the age of 40 years onward, Gregersen et al. found that esophageal
function naturally deteriorates [8]. A total of 60% of patients older than 60 years of age have
hiatal hernia and the presence of hiatal hernia has been associated with lower esophageal
sphincter dysfunction [9].
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Body mass index (BMI) has been used as an indicator of obesity. Obesity has been
known to promote GERD. There is strong evidence from epidemiological studies of popula-
tions with GERD symptoms showing associations with high prevalence rates of obesity [10].
However, the pattern of obesity may be more important than BMI alone [11]. Studies have
shown that central obesity relates more to reflux symptoms than peripheral deposition of
fat among patients in obesity [12]. Edelstein et al. reported an association between a high
waist-to-hip ratio (WHR) and GERD [13]. Ringhofer et al. reported that WHR was a better
predictor of esophageal acid exposure than BMI [14].

In this retrospective cross-sectional study, we enrolled a large sample of apparently
healthy people who underwent routine health checkups. We hypothesized that the combi-
nation of high WHR and aging was associated with a higher riskof GERD.

2. Material and Methods
2.1. Patient Selection

We retrospectively analyzed the data of 23,257 subjects who had underwent annual
routine checkups at MacKay Memorial Hospital, Taipei, Taiwan, between January 2010 and
December 2019. The inclusion criteria were as follows: individuals aged ≥ 20 years and
individuals who had undergone esophagogastroduodenoscopy (EGD) on the same day as
part of a health checkup were enrolled for analysis.

The exclusion criteria were as follows:

• Previous gastro-esophageal surgery.
• Stomach or esophagus with previous or current cancer.
• Presence of gastric outlet obstruction.
• Use of medications (including nitrates, anti-cholinergic agents,

Benzodiazepines, and calcium channel blockers) interfering with GERD.

• Current use of proton pump inhibitors or histamine-2 receptor antagonists.
• Known specific esophageal motor disorder.
• Incomplete data.

A total of 16,996 study participants (8951 males and 8045 females) were enrolled for
further study.

2.2. Clinical Data Collection and Questionnaire

Baseline characteristics, including age, sex, height, weight, body mass index (BMI),
body fat, waist circumference (WC), hip circumference (HC), WHR, personal medical
history, and current medicine use, were obtained from a questionnaire completed at the
time of the physical check-up. BMI was calculated as the ratio between weight (kg) and
the square of height (m2). WC was measured in centimeters, at a midpoint between
the lowermost rib and the anterior superior iliac spine with a non-elastic tape. HC was
measured in centimeters at the widest portion of the hip. WHR was calculated as the
ratio of WC divided by HC. Blood samples were collected from all subjects after 12 h of
fasting, and the parameters measured included a complete blood count (CBC), fasting
plasma glucose AC, hemoglobin A1C (HbA1c), albumin, total cholesterol, triglycerides
(TGs), low-density lipoprotein (LDL), high-density lipoprotein (HDL), glutamic oxaloacetic
transaminase (GOT), blood urea nitrogen (BUN), creatinine, and uric acid, and the blood
samples were obtained from the participants on the same health checkup day as when the
EGDs were performed.

2.3. Scanning Protocol and GERD Severity Evaluation

All EGDs were performed at the Health Evaluation Center. Some people had gastroin-
testinal discomfort, but most of the others did not show any discomfort clinically. The
definition of having GERD was determined by EGDs findings, rather than being defined by
the symptoms of clinically presenting GERD. Four experienced gastroenterologists blinded
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to the study aimed to perform the EGD using gastrofiberscopes (GIFQ260, Olympus Op-
tical, Tokyo, Japan). The severity of GERD was graded from A to D according to the Los
Angeles Classification.

Grade A: One (or more) mucosal break, no longer than 5 mm that does not extend
between the tops of two mucosal folds.

Grade B: One (or more) mucosal break, more than 5 mm long that does not extend
between the tops of two mucosal folds.

Grade C: One (or more) mucosal break that is continuous between the tops of two or
more mucosal folds but involves less than 75% of the circumference.

Grade D: One (or more) mucosal break involving at least 75% of the esophageal circumference.

2.4. Statistical Analysis

Demographic variables were recorded for each subject. When the data for continuous
variables fit a standard Gaussian distribution, a t-test was applied to compare GERD and
non-GERD participants. The data were expressed as the mean ± standard deviation (SD).
When the data for continuous variables failed to fit a normal distribution, a rank-sum
test was applied to compare the two groups of participants. The data were expressed as
the median ± interquartile range (IQR). Categorical variables are expressed as numbers
(percentages), and the chi-squared test was adopted. Univariable and multivariable logistic
regression analyses were applied to calculate the odds ratios (ORs) with 95% confidence
intervals (CIs). Unadjusted ORs and ORs adjusted for clinically relevant predictors of
GERD were presented. All variables with p < 0.05 were considered statistically significant.
All analyses were performed using R version 4.1.2 (R Core Team, Vienna, Austria, 2021).

3. Results
3.1. Patient Characteristics

Table 1 shows the demographic data of patients with and without GERD. There were
significant differences in all variables except body fat and platelet count.

Table 1. Baseline characteristics (presented with mean and SD, median and IQR, or n and %).

Variables Without GERD (n = 11,537) With GERD (n = 5459) p-Value
Age, mean (SD), year 47.00 (39, 56) 49.00 (40, 57) 0.000
Sex (Male %) 5563 48% 3388 62% 0.000
Height, mean (SD), cm 164.354 8.598 166.034 8.707 <0.001
Weight, mean (SD), kg 63.602 12.728 67.250 13.494 <0.001
BMI, mean (SD), kg/m2 23.418 3.572 24.257 3.727 <0.001
Body fat, mean (SD), % 25.485 6.720 25.617 6.537 0.228
Waist, mean (SD), cm 81.403 9.994 84.467 10.268 <0.001
Buttock, mean (SD), cm 94.454 6.465 95.529 6.788 <0.001
Waist-to-hip ratio (WHR), mean (SD) 0.860 0.071 0.883 0.071 <0.001
HbA1c, mean (SD), % 5.50 (5.2, 5.7) 5.50 (5.3, 5.8) 0.000
Glucose AC, mean (SD), mg/dL 94.00 (88, 99) 95.00 (89, 102) 0.000
Albumin, mean (SD), g/dL 4.575 0.272 4.610 0.271 0.000
Total cholesterol, mean (SD), mg/dL 199.757 37.472 202.696 39.616 0.000
Triglyceride, mean (SD), mg/dL 95.00 (68, 141) 109.00 (75, 161) 0.000
LDL, mean (SD), mg/dL 128.032 34.794 130.106 35.191 0.000
HDL, mean (SD), mg/dL 55.059 16.010 51.946 15.266 <0.001
GOT, mean (SD), IU/L 22.00 (19, 27) 23.00 (19, 28) 0.000
BUN, mean (SD), mg/dL 9.00 (7, 11) 9.00 (7, 11) 0.000
Creatinine, mean (SD), mg/dL 0.80 (0.7, 1) 0.90 (0.7, 1) 0.000
Uric acid, mean (SD), mg/dL 5.653 1.415 5.989 1.448 <0.001
WBC count, mean (SD), ×103/uL 6.078 1.667 6.278 1.815 0.000
Hb, mean (SD), g/dL 14.001 1.592 14.363 1.576 <0.001
Ht, mean (SD), % 41.938 4.486 42.980 4.456 <0.001
MCV, mean (SD), fl 88.415 7.193 88.798 6.921 0.001
Platelet count, mean (SD), ×103/uL 255.070 60.689 256.182 60.593 0.264

BMI: body mass index; HbA1c: glycated hemoglobin; LDL: Low-density lipoprotein; HDL: High-density
lipoprotein; GOT: Glutamic Oxaloacetic Transaminase; BUN: Blood urea nitrogen; WBC: White blood cell;
Hb: Hemoglobin; Ht: Hematocrit; MCV: Mean corpuscular volume.
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3.2. Risk of Any Type of GERD According to Different Age Groups

Table 2 shows the prevalence of GERD in different age groups. A total of 2261 of
7567 participants (30%) aged < 45 years presented with GERD. For age 45 to <55, 1439
of 4358 participants (33%) presented with GERD (adjusted OR, 1.13; 95% CI, 1.04–1.23,
p value < 0.05). For age 55 to <65, 1288 of 3834 participants (34%) presented with GERD
(adjusted OR, 1.15; 95% CI, 1.05–1.25, p value < 0.05). A total of 288 of 765 participants
(38%) aged 65 to <70 years presented with GERD (adjusted OR, 1.35; 95% CI, 1.16–1.58,
p value < 0.05), and 180 of 466 participants (39%) aged ≥ 70 years presented with GERD
(adjusted OR, 1.41; 95% CI, 1.16–1.72, p value < 0.05). We observed a trend that a higher
proportion of participants with older age presented with GERD.

Table 2. Different ages and their risk of GERD.

Number GERD (+) GERD (%) OR
(Unadjusted) 95% CI p-Value OR

(Adjusted) 95% CI p-Value

Age <45 7567 2261 30 reference - - - reference - -
Age 45 to <55 4358 1439 33 1.157 1.068 1.253 0.000 1.131 1.043 1.228 0.003
Age 55 to <65 3834 1288 34 1.187 1.092 1.290 0.000 1.145 1.051 1.248 0.002
Age 65 to <70 765 288 38 1.417 1.214 1.653 0.000 1.352 1.155 1.583 0.000

Age ≥ 70 466 180 39 1.477 1.218 1.791 0.000 1.408 1.156 1.715 0.001

Adjusted for AC Glucose, Sex, and BMI.

3.3. Risk of Any Type of GERD according to Different WHR Groups

Table 3 shows the prevalence of GERD in the different WHR groups. A total of 2968 of
10,769 participants (28%) with WHR < 0.9 presented with GERD. For individuals with WHR
0.9 to 0.99, 2222 of 5605 participants (40%) presented with GERD (adjusted OR, 1.32; 95% CI,
1.21–1.43, p value < 0.05). For individuals with a WHR ≥ 1, a total of 262 of 590 participants
(44%) presented with GERD (adjusted OR, 1.45; 95% CI, 1.20–1.74, p value < 0.05). We
observed a trend toward a higher proportion of participants with high WHR presenting
with GERD.

Table 3. Different WHR with the risk of GERD.

Number GERD (+) GERD (%) OR
(Unadjusted) 95% CI p-Value OR

(Adjusted) 95% CI p-Value

WHR < 0.9 10,769 2968 28 reference reference
WHR0.9 to 0.99 5605 2222 40 1.726348 1.613 1.848 <2 × 10−16 1.318 1.213 1.432 0.000

WHR ≥ 1 590 262 44 2.09949 1.775 2.483 <2 × 10−16 1.447 1.200 1.744 0.000

Adjusted for AC Glucose, Sex, and BMI.

3.4. Risk of GERD According to Different Age Groupsand WHR Groups

Table 4 shows that of the total subset of participants with age < 65 and WHR < 0.9
(n = 10,422), 2814 (27%) presented with GERD. A total of 154 of 453 participants (34%) with
an age≥ 65 years and WHR < 0.9 presented with GERD, and 1975 of 4938 participants (40%)
with an age < 65 years combined with WHR 0.9 to 0.99 presented with GERD. Regarding
individuals with an age ≥ 65 years and WHR 0.9 to 0.99, 247 of 633 participants (39%)
presented with GERD, while 196 of 456 participants (43%) with an age < 65 years and
WHR ≥ 1 presented with GERD. However, we observed a trend that a higher proportion
of participants with both age ≥ 65 years and WHR ≥ 1 presented with GERD (66 of 129
participants, 51%).

3.5. Multivariate Logistic Regression for Predictors of GERD

Table 4 shows the impact of aging and WHR on the risk of GERD. We classified
participants based on WHR and old age (<65 or ≥65). The risk of any GERD was higher in
participants who were an older age or higher WHR than in those without either condition.
Participants with an age ≥ 65 years and WHR ≥ 1 had the highest risk of GERD (adjusted
OR, 2.07; 95% CI, 1.44–2.96, p value < 0.05) in the multivariate logistic regression. Therefore,
the combination of old age and higher WHR is associated with a higher risk of GERD.
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Table 4. Interaction of WHR and age with the risk of GERD.

Any GERD

N % Unadjusted
OR 95% CI p-value Adjusted

OR 95% CI p-Value

WHR < 0.9 Age < 65 2814 27 reference reference
WHR < 0.9 Age ≥ 65 154 34 3.838 5.157 1.003 0.003 1.394 1.141 1.703 0.001

WHR0.9 to 0.99 Age < 65 1975 40 5.803 6.610 1.000 0.000 1.329 1.219 1.449 0.000
WHR0.9 to 0.99 Age ≥ 65 247 39 5.380 7.278 1.000 0.000 1.365 1.150 1.620 0.000

WHR ≥ 1 Age < 65 196 43 7.172 10.823 1.000 0.000 1.329 1.079 1.638 0.007
WHR ≥ 1 Age ≥ 65 66 51 16.292 52.039 1.000 0.000 2.068 1.444 2.962 0.000

Adjusted for AC glucose, sex, and BMI.

4. Discussion

One of the most prevalent clinical conditions affecting the gastrointestinal tract is
GERD [15]. Severe symptoms frequent of GERD are associated with impaired health-
related quality of life and time lost from work, further emphasizing the clinical significance
of this entity [16]. The associations between GERD symptoms and age, BMI, alcohol
consumption, smoking, stress, anti-cholinergic drugs, aspirin, and non-steroidal anti-
inflammatory drugs have been identified by previous population-based studies [17]. To
the best of our knowledge, this report is the first to indicate a positive correlation between
aging and high WHR complicated with GERD. Such a positive correlation was noticed
when individuals were older and had a higher WHR. In multivariate logistic regression of
predictors of GERD, participants with an age ≥ 65 years and WHR ≥1 had the highest risk
of GERD (adjusted OR, 2.07; 95% CI, 1.44–2.96, p value < 0.05). One strength of our study is
that it included a large sample size (16,996 subjects).

In elderly patients, GERD is the most common upper gastrointestinal disorder [18] and
up to 40% of the adult United States population are affected at least once a month [19]. In
Finland, a population-based study revealed that the prevalence of daily GERD symptoms
in those aged 65 years and older was 8% in men and 15% in women [20]. In the elderly
population, the presentation of GERD is not “classic” and the severity of reported symptoms
does not correlate with the severity of mucosal disease [3]. Some studies have found that
up to 50% of cases of non-cardiac chest pain may have an association with GERD [21].
Extra-esophageal complications of GERD occur more commonly in elderly individuals.
These complications include laryngitis, asthma, atypical chest pain that can simulate angina
pectoris, chronic cough, and pulmonary aspiration [3]. Despite a trend toward increased
acid exposure complicated with esophageal mucosal injury, elderly individuals tend to have
less symptom perception [22]. Elderly patients are at greater risk than younger patients
for developing serious complications of GERD, such as Barrett’s esophagus, esophageal
stricture, and esophageal adenocarcinoma [23]. More elderly patients (20.8%) have grade
C/D of GERD compared with only 3.4% of younger patients [6].

In our study, we observed a trend toward a higher proportion of participants with older
age presenting with GERD. The highest proportion of patients suffering from GERD (180
of 466 participants, 39%) was found among individuals with an age ≥ 70 years (adjusted
OR, 1.41; 95% CI, 1.16–1.72, p value < 0.05) compared with the lowest proportion (2261 of
7567 participants, 30%) found in individuals aged < 4 5 years. The development of GERD
is led by multiple factors. First, from the age of 40 years onwards, esophageal function
naturally deteriorates, which may increase the risk for the development of GERD [8]. In
elderly patients, compared to the situation in younger individuals, there is a significant
decrease in the amplitude of peristaltic contraction and an increase in the frequency of non-
propulsive contractions, causing esophageal motility disturbances [24]. Second, an effective
buffer that helps to re-establish a more alkaline pH in the esophageal lumen is saliva [25].
Decreasing salivary production with age, which is associated with a significantly decreased
salivary bicarbonate response to acid perfusion within the esophagus, causing impairment
of esophageal acid clearance [26]. Third, in elderly patients, delayed gastric emptying and
duodenogastric reflux of bile plays a significant role in GERD pathogenesis [27]. With



J. Clin. Med. 2022, 11, 5224 6 of 9

increasing age, most data support the finding that there is a decrease in gastric emptying
time [28]. Fourth, when patients are in their fifth and sixth decade, reduced pain perception
begins causing the ability to sense acid in the esophagus to fade. This is a progressive
phenomenon that becomes more profound as patients reach their seventh and eighth decade.
A possible explanation for the greater number of elderly patients who have reflux without
symptoms is an age-related loss of neurons in the myenteric plexus of the esophagus [22].
Fifth, a hiatal hernia involves the displacement of the lower esophageal sphincter toward
the thoracic cavity and impairs the clearance of refluxate from the esophagus [29]. In 60%
of patients older than 60 years, hiatal hernia has been identified [9]. In another study, the
presence of hiatal hernia and the size of the hiatus increased with age [30].

Other factors that lead to the development of GERD in elderly individuals includeco-
morbidities and medications, which can diminish esophageal sphincter tone and esophageal
clearance mechanisms [31]. In elderly individuals, multiple medications including calcium
channel blockers, benzodiazepines, nitrates, and antidepressants are more frequently taken
for comorbid illnesses, such as hypertension, cardiovascular disease, and depression, which
are well known to decrease lower esophageal sphincter (LES) pressure [32]. Other medica-
tions, including potassium tablets, iron supplements, and non-steroidal anti-inflammatory
drugs, have direct effects on esophageal injury, and are more frequently used by elderly
individuals [5]. Moreover, elderly individuals undergo lifestyle changes that exacerbate
reflux, including reduced mobility, the development of obesity, an increased sedentary
lifestyle, and increased recumbency due to comorbid illness, such as cerebrovascular
disease, dementia, and pulmonary disease [28].

In our study, we observed a trend towards a higher proportion of participants with
high WHR presenting with GERD. The highest proportion of individuals suffering from
GERD (262 of 590 participants, 44%) was found among participants with WHR ≥ 1 (ad-
justed OR, 1.45; 95% CI, 1.20–1.74, p value < 0.05) compared with the lowest (2968 of 10,769
participants, 28%) among participants with WHR < 0.9. A risk factor for GERD symptoms,
esophageal erosions and esophageal adenocarcinoma, is obesity as measured by BMI [33].
However, BMI is not always an accurate estimate of adiposity, particularly in men with a
greater muscle mass. For the same BMI, it is known that the distribution of body fat tends
to be more visceral than truncal in groups with a high risk of GERD [11]. WHR showed
a stronger association with esophageal acid exposure than BMI. Of endoluminal pH < 4
in the distal esophagus, Ringhof et al., showed that 6.9% of cases are attributable to WHR.
Furthermore, WHR showed an association with impaired esophageal acid clearance was
observed [14]. Lee et al., showed a significant increase in the risk of GERD with obesity,
specifically abdominal obesity measured by the WHR. Their study suggested that the
development of GERD may be the pattern of obesity more important than BMI [11].

The association of central obesity with GERD could be explain by several hypotheses.
The LES acts as a physiological barrier and prevent refluxing gastric contents to the esopha-
gus [34]. The contribution of a higher WC to GERD involves a mechanical pathogenesis
by abdominal adipose tissue causing extrinsic gastric compression, which would tend to
increase intra-gastric pressure, thereby leading to acid reflux by inducing relaxation of
the lower esophageal sphincter [35]. Hiatal hernia formation and enlargement is another
possible explanation for GERD. A total of 1389 patients undergoing upper endoscopy in
a retrospective analysis, obesity was a significant independent risk factor for hiatal her-
nia [36]. A strong association between waist circumference and increased separation of
gastroesophageal pressure components (indicative of enlargement of hiatal hernia) have
been shown by previous studies with GERD patients or healthy individuals [37]. Among
people with obesity, abdominal fat is implicated as the cause of GERD. Visceral abdominal
fat has been closely associated with elevated serum levels of interleukin-6, leptin, and tu-
mor necrosis factor-X. These cytokines are proinflammatory cytokines and enhance gastric
secretory function and may influence the integration of gastroesophageal junctions, and
they have been shown in multiple studies to be overexpressed in GERD patients [38].
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Regarding elderly individuals, it is unclear whether it is better to have higher or lower
adiposity. In the past, there were still some controversies in the medical field. Poor survival
with a higher prevalence of coronary heart disease and type 2 diabetes mellitus in the elderly
population is associated with obesity after accounting for confounders [39]. However, a
drop in all-cause mortality in survivors of sudden cardiac arrest correlates with higher BMI,
suggesting that the obesity paradox also prevails in the post-arrest condition [40]. In our
study, we found that aging combined with high WHR will increase the risk of GERD and
affect the quality of life of elderly individuals. Aging is an unavoidable event, so avoiding
central obesity is very important in the care of elderly individuals.

Our study has several important limitations. First, this was a retrospective observa-
tional study that included only participants with relatively high incomes and higher health
awareness, which may not represent the general population. Second, this was a single
medical center study, which may have resulted in selection bias. Third, the severity of
GERD was graded from A to D according to the Los Angeles Classification. Our study
reported only the incidence of GERD in relation to WHR and age but did not take into
consideration the severity of GERD, which is a study limitation. Despite these limitations,
because of the large number of participants in this study, these biases have been statistically
reduced as much as possible.

5. Conclusions

High WHR and aging alone can cause GERD. In our study, a high WHR combined with
aging is associated with a higher risk of GERD. Given the high prevalence of high WHR in
developed countries and the growing elderly population, we would like to emphasize the
importance of preventing central obesity in the elderly population and reducing the risk of
GERD and the use of medical resources.

Author Contributions: L.-Y.Y., Y.-C.K., H.-Y.W., M.-J.C., H.-J.K., C.-C.L. and S.-C.S. performed
literature research; L.-Y.Y., Y.-C.L. and K.-C.H. wrote the manuscript and acquisition of subjects
and/or data, analysis and interpretation of data; K.-C.H. completed the study concept and design,
interpretation of data, and preparation of the manuscript, coordinated, and corrected the writing of
the paper. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the Mackay Memorial Hospital
Institutional Board (protocol code: 20MMHIS175e).

Informed Consent Statement: Not applicable due to study was a retrospective type and the data is
de-identified.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. El-Serag, H.B. Time trends of gastroesophageal reflux disease: A systematic review. Clin. Gastroenterol. Hepatol. 2007, 5, 17–26.

[CrossRef]
2. El-Serag, H.B.; Petersen, N.J.; Carter, J.; Graham, D.Y.; Richardson, P.; Genta, R.M.; Rabeneck, L. Gastroesophageal reflux among

different racial groups in the United States. Gastroenterology 2004, 126, 1692–1699. [CrossRef] [PubMed]
3. Richter, J.E. Gastroesophageal reflux disease in the older patient: Presentation, treatment, and complications. Am. J. Gastroenterol.

2000, 95, 368–373. [CrossRef]
4. Robertson, D.; Aldersley, M.; Shepherd, H.; Smith, C.L. Patterns of acid reflux in complicated oesophagitis. Gut 1987, 28,

1484–1488. [CrossRef] [PubMed]
5. Chait, M.M. Gastroesophageal reflux disease: Important considerations for the older patients. World J. Gastrointest. Endosc. 2010,

2, 388–396. [CrossRef]
6. Zhu, H.; Pace, F.; Sangaletti, O.; Porro, G.B. Features of symptomatic gastroesophageal reflux in elderly patients. Scand. J.

Gastroenterol. 1993, 28, 235–238. [CrossRef]
7. Lee, J.; Anggiansah, A.; Anggiansah, R.; Young, A.; Wong, T.; Fox, M. Effects of age on the gastroesophageal junction, esophageal

motility, and reflux disease. Clin. Gastroenterol. Hepatol. 2007, 5, 1392–1398. [CrossRef]

http://doi.org/10.1016/j.cgh.2006.09.016
http://doi.org/10.1053/j.gastro.2004.03.077
http://www.ncbi.nlm.nih.gov/pubmed/15188164
http://doi.org/10.1016/S0002-9270(99)00850-3
http://doi.org/10.1136/gut.28.11.1484
http://www.ncbi.nlm.nih.gov/pubmed/3428675
http://doi.org/10.4253/wjge.v2.i12.388
http://doi.org/10.3109/00365529309096078
http://doi.org/10.1016/j.cgh.2007.08.011


J. Clin. Med. 2022, 11, 5224 8 of 9

8. Gregersen, H.; Pedersen, J.; Drewes, A.M. Deterioration of muscle function in the human esophagus with age. Dig. Dis. Sci. 2008,
53, 3065–3070. [CrossRef]

9. Grotenhuis, B.A.; Wijnhoven, B.P.L.; Bessell, J.R.; Watson, D.I. Laparoscopic antireflux surgery in the elderly. Surg. Endosc. 2008,
22, 1807–1812. [CrossRef]

10. El-Serag, H. The association between obesity and GERD: A review of the epidemiological evidence. Dig. Dis. Sci. 2008, 53,
2307–2312. [CrossRef]

11. Weinsier, R.L.; Hunter, G.R.; Gower, B.A.; Schutz, Y.; Darnell, B.E.; Zuckerman, P.A. Body fat distribution in white and black
women: Different patterns of intraabdominal and subcutaneous abdominal adipose tissue utilization with weight loss. Am. J.
Clin. Nutr. 2001, 74, 631–636. [CrossRef] [PubMed]

12. Friedenberg, F.K.; Xanthopoulos, M.; Foster, G.D.; Richter, J.E. The association between gastroesophageal reflux disease and
obesity. Am. J. Gastroenterol. 2008, 103, 2111–2122. [CrossRef] [PubMed]

13. Edelstein, Z.R.; Farrow, D.C.; Bronner, M.P.; Rosen, S.N.; Vaughan, T.L. Central adiposity and risk of Barrett′s esophagus.
Gastroenterology 2007, 133, 403–411. [CrossRef] [PubMed]

14. Ringhofer, C.; Lenglinger, J.; Riegler, M.; Kristo, I.; Kainz, A.; Schoppmann, S.F. Waist to hip ratio is a better predictor of esophageal
acid exposure than body mass index. Neurogastroenterol. Motil. 2017, 29, e13033. [CrossRef] [PubMed]

15. Adekanle, O.; Olowookere, S.A.; Ijarotimi, O.; Ndububa, D.A.; Komolafe, A.O. Relationship between body mass index, waist
circumference, waist hip ratio and erosive gastroesophageal reflux disease in a tertiary centre in Nigeria: A case control study.
Alex. J. Med. 2018, 54, 605–609. [CrossRef]

16. Revicki, D.A.; Wood, M.; Maton, P.N.; Sorensen, S. The impact of gastroesophageal reflux disease on health-related quality of life.
Am. J. Med. 1998, 104, 252–258. [CrossRef]

17. Eslick, G.D.; Talley, N.J. Gastroesophageal reflux disease (GERD): Risk factors, and impact on quality of life-a population-based
study. J. Clin. Gastroenterol. 2009, 43, 111–117. [CrossRef]

18. Wong, W.M.; Lai, K.C.; Lam, K.F.; Hui, W.M.; Hu, W.H.; Lam, C.L.; Xia, H.H.; Huang, J.Q.; Chan, C.K.; Lam, S.K.; et al. Prevalence,
clinical spectrum and health care utilization of gastro-oesophageal reflux disease in a Chinese population: A populationbased
study. Aliment. Pharmacol. Ther. 2003, 18, 595–604. [CrossRef]

19. Locke, G.R.; Talley, N.J.; Fett, S.L.; Zinsmeister, A.R.; Melton, L.J. Prevalence and clinical spectrum of gastroesophageal reflux: A
population-based study in Olmstead County, Minnesota. Gastroenterology 1997, 112, 1448–1456. [CrossRef]

20. Räihä, I.J.; Impivaara, O.; Seppälä, M.; Sourander, L.B. Prevalence and characteristics of symptomatic gastroesophageal reflux
disease in the elderly. J. Am. Geriatr. Soc. 1992, 40, 1209–1211. [CrossRef]

21. DeVault, K.R.; Castell, D.O. Current diagnosis and treatment of gastroesophageal reflux disease. Mayo Clin. Proc. 1994, 69,
867–876. [CrossRef]

22. Lasch, H.; Castell, D.O.; Castell, J.A. Evidence for diminished visceral pain with aging: Studies using graded intraesophageal
balloon distension. Am. J. Physiol. 1997, 272, G1–G3. [CrossRef]

23. Johnson, D.A.; Fennerty, M.B. Heartburn severity underestimates erosive esophagitis severity in elderly patients with gastroe-
sophageal reflux disease. Gastroenterology 2004, 126, 660–664. [CrossRef] [PubMed]

24. Fass, R.; Pulliam, G.; Johnson, C.; Garewal, H.S.; Sampliner, R.E. Symptom severity and oesophageal chemosensitivity to acid in
older and young patients with gastro-oesophageal reflux. Age Ageing 2000, 29, 125–130. [CrossRef] [PubMed]

25. El-Serag, H.B.; Sonnenberg, A. Associations between different forms of gastro-oesophageal reflux disease. Gut 1997, 41, 594–599.
[CrossRef] [PubMed]

26. Sonnenberg, A.; Steinkamp, U.; Weise, A.; Berges, W.; Wienbeck, M.; Rohner, H.G.; Peter, P. Salivary secretion in reflux esophagitis.
Gastroenterology 1982, 83, 889–895. [CrossRef]

27. Ferriolli, E.; Oliveira, R.B.; Matsuda, N.M.; Braga, F.J.; Dantas, R.O. Aging, esophageal motility, and gastroesophageal reflux. J.
Am. Geriatr. Soc. 1998, 46, 1534–1537. [CrossRef] [PubMed]

28. Linder, J.D.; Wilcox, C.M. Acid peptic disease in the elderly. Gastroenterol. Clin. N. Am. 2001, 30, 363–376. [CrossRef]
29. Xie, P.; Ren, J.; Bardan, E.; Mittal, R.K.; Sui, Z.; Shaker, R. Frequency of gastroesophageal reflux events induced by pharyngeal

water stimulation in young and elderly subjects. Am. J. Physiol. 1997, 272, G233–G237. [CrossRef]
30. Pilotto, A.; Franceschi, M.; Leandro, G.; Scarcelli, C.; D′Ambrosio, L.P.; Seripa, D.; Perri, F.; Niro, V.; Paris, F.; Andriulli, A.; et al.

Clinical features of reflux esophagitis in older people: A study of 840 consecutive patients. J. Am. Geriatr. Soc. 2006, 54, 1537–1542.
[CrossRef]

31. Tack, J.; Vantrappen, G. The aging oesophagus. Gut 1997, 41, 422–424. [CrossRef] [PubMed]
32. Huang, X.; Zhu, H.M.; Deng, C.Z.; Porro, G.B.; Sangaletti, O.; Pace, F. Gastroesophageal reflux: The features in elderly patients.

World J. Gastroenterol. 1999, 5, 421–423. [CrossRef] [PubMed]
33. Hampel, H.; Abraham, N.S.; El-Serag, H.B. Meta-analysis: Obesity and the risk for gastroesophageal reflux disease and its

complications. Ann. Intern. Med. 2005, 143, 199–211. [CrossRef] [PubMed]
34. Fisher, B.L.; Pennathur, A.; Mutnick, J.L.; Little, A.G. Obesity correlates with gastroesophageal reflux. Dig. Dis. Sci. 1999, 44,

2290–2294. [CrossRef]
35. El-Serag, H. Role of obesity in GORD-related disorders. Gut 2008, 57, 281–284. [CrossRef]
36. Wilson, L.J.; Ma, W.; Hirschowitz, B.I. Association of obesity with hiatal hernia and esophagitis. Am. J. Gastroenterol. 1999, 94,

2840–2844. [CrossRef]

http://doi.org/10.1007/s10620-008-0278-y
http://doi.org/10.1007/s00464-007-9704-z
http://doi.org/10.1007/s10620-008-0413-9
http://doi.org/10.1093/ajcn/74.5.631
http://www.ncbi.nlm.nih.gov/pubmed/11684531
http://doi.org/10.1111/j.1572-0241.2008.01946.x
http://www.ncbi.nlm.nih.gov/pubmed/18796104
http://doi.org/10.1053/j.gastro.2007.05.026
http://www.ncbi.nlm.nih.gov/pubmed/17681161
http://doi.org/10.1111/nmo.13033
http://www.ncbi.nlm.nih.gov/pubmed/28133854
http://doi.org/10.1016/j.ajme.2018.10.001
http://doi.org/10.1016/S0002-9343(97)00354-9
http://doi.org/10.1097/MCG.0b013e31815ea27b
http://doi.org/10.1046/j.1365-2036.2003.01737.x
http://doi.org/10.1016/S0016-5085(97)70025-8
http://doi.org/10.1111/j.1532-5415.1992.tb03643.x
http://doi.org/10.1016/S0025-6196(12)61790-X
http://doi.org/10.1152/ajpgi.1997.272.1.G1
http://doi.org/10.1053/j.gastro.2003.12.001
http://www.ncbi.nlm.nih.gov/pubmed/14988819
http://doi.org/10.1093/ageing/29.2.125
http://www.ncbi.nlm.nih.gov/pubmed/10791446
http://doi.org/10.1136/gut.41.5.594
http://www.ncbi.nlm.nih.gov/pubmed/9414963
http://doi.org/10.1016/S0016-5085(82)80021-8
http://doi.org/10.1111/j.1532-5415.1998.tb01538.x
http://www.ncbi.nlm.nih.gov/pubmed/9848814
http://doi.org/10.1016/S0889-8553(05)70186-2
http://doi.org/10.1152/ajpgi.1997.272.2.G233
http://doi.org/10.1111/j.1532-5415.2006.00899.x
http://doi.org/10.1136/gut.41.4.422
http://www.ncbi.nlm.nih.gov/pubmed/9391234
http://doi.org/10.3748/wjg.v5.i5.421
http://www.ncbi.nlm.nih.gov/pubmed/11819480
http://doi.org/10.7326/0003-4819-143-3-200508020-00006
http://www.ncbi.nlm.nih.gov/pubmed/16061918
http://doi.org/10.1023/A:1026617106755
http://doi.org/10.1136/gut.2007.127878
http://doi.org/10.1111/j.1572-0241.1999.01426.x


J. Clin. Med. 2022, 11, 5224 9 of 9

37. Pandolfino, J.E.; El-Serag, H.B.; Zhang, Q.; Shah, N.; Ghosh, S.K.; Kahrilas, P.J. Obesity: A challenge to esophagogastric junction
integrity. Gastroenterology. 2006, 130, 639–649. [CrossRef]

38. Cannon, J.G.; Nerad, J.L.; Poutsiaka, D.D.; Dinarello, C.A. Measuring circulating cytokines. J. Appl. Physiol. 1993, 75, 1897–1902.
[CrossRef]

39. Bowman, K.; Delgado, J.; Henley, W.E.; Masoli, J.A.; Kos, K.; Brayne, C.; Thokala, P.; Lafortune, L.; Kuchel, G.A.; Ble, A.; et al.
Obesity in older people with and without conditions associated with weight loss: Follow-up of 955,000 primary care patients. J.
Gerontol. A Biol. Sci. Med. Sci. 2017, 72, 203–209. [CrossRef]

40. Matinrazm, S.; Ladejobi, A.; Pasupula, D.K.; Javed, A.; Durrani, A.; Ahmad, S.; Munir, M.B.; Adelstein, E.; Jain, S.K.; Saba, S.
Effect of body mass index on survival after sudden cardiac arrest. Clin. Cardiol. 2018, 41, 46–50. [CrossRef]

http://doi.org/10.1053/j.gastro.2005.12.016
http://doi.org/10.1152/jappl.1993.75.4.1897
http://doi.org/10.1093/gerona/glw147
http://doi.org/10.1002/clc.22847

	Introduction 
	Material and Methods 
	Patient Selection 
	Clinical Data Collection and Questionnaire 
	Scanning Protocol and GERD Severity Evaluation 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Risk of Any Type of GERD According to Different Age Groups 
	Risk of Any Type of GERD according to Different WHR Groups 
	Risk of GERD According to Different Age Groupsand WHR Groups 
	Multivariate Logistic Regression for Predictors of GERD 

	Discussion 
	Conclusions 
	References

