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Abstract 

Introduction: Carbohydrate metabolism disorders, obesity and a severe course of gastroesophageal reflux cor-
relate with more frequent development of esophageal complications. The aim of this study was to assess the in-
fluence of obesity and carbohydrate disorders on the characteristics of gastroesophageal reflux disease (GERD).
Methods: The study included 58 patients with excess weight. Anthropometric parameters (including the body 
mass index, BMI), data regarding GERD (severity of symptoms, gastroscopy and esophageal pH monitoring re-
sults) were included in the study. Correlations between obesity and GERD parameters were analyzed. Subjects 
were divided into a diabetic and a control group and the severity of GERD was compared. Results: GERD was 
diagnosed in 40 patients and occurred more frequently in the obese group (73%) than in the overweight group 
(57%). Increased GERD severity was associated with increased BMI only for postprandial parameters. GERD 
was diagnosed in most of the group with carbohydrate disorders (78% vs 63% in the non-diabetic group). No 
differences in the severity of GERD were observed between groups depending on carbohydrate disorders. Conc-
lusions: In our study, GERD was common in obesity and in diabetic disorders. Increased severity of postprandial 
reflux was associated with an increased BMI. Diabetic disorders were not associated with more severe GERD.
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Introduction

Factors linked to modern lifestyle, e.g. physical inactivity, 
overnutrition and poor sleep quality have led to the wide-
spread incidence of obesity, type 2 diabetes (T2DM) and 
gastroesophageal reflux disease (GERD) [1-5]. In many coun-
tries obesity is an important public health problem and its 
prevalence results in an increase in the incidence of GERD 
and type 2 diabetes [6-8]. Gastroesophageal reflux disease 
is a common health problem which still requires research. 
Depending on the region, the prevalence of GERD is esti-
mated at 10-20% of the population [2, 5]. Overweight, es-
pecially abdominal obesity, correlates with the severity of 
GERD. The main causes of GERD are impaired function of the 
lower esophageal sphincter, hiatal hernia, impaired esopha-
geal motility and increased intra-abdominal pressure [9-18]. 
Gastroesophageal reflux disease leads to the development 
of Barrettʼs esophagus (BE) or metaplasia, which is a precan-
cerous condition leading to the development of dysplasia and 
subsequently of esophageal adenocarcinoma (EAC) [4, 19-20]. 
Numerous studies have noted that not only the severity of 
GERD, but the presence of abdominal obesity and T2DM, in-
crease the risk of developing BE and EAC [21-25]. 

In abdominal obesity, the development of BE and EAC 
plays a major role in the increased amount of adipokines 
and inflammatory cytokines produced by visceral adipose 
tissue, which leads to a chronic inflammatory process, and 
thus, promotes cancerous transformation [26-28]. Patients 
with T2DM are often obese, making them more prone to 
GERD. In T2DM, as in high-grade obesity, the clinical course 
of GERD is more often atypical. The differences between pa-
tients with T2DM result from additional factors contributing 
to GERD, including esophageal peristalsis disorders, gast-
roparesis, hyperglycemia, neuropathy and usage of diabetic 
medications (e.g. GLP-1 receptor agonists and metformin) 
[29]. The atypical, often mild or asymptomatic course of 
GERD in T2DM may delay the decision to perform diagnos-
tics, leading to delayed diagnosis of complications, partic-
ularly BE and EAC. Therefore, it is important to study the 
natural course of GERD in obese and T2DM patients in order 
to reduce the risk of complications through early diagnosis 
and treatment.

Aim

The aim of our study was to characterize GERD in over-
weight patients and to assess the correlation between obe-
sity parameters and the severity of GERD. The second aim 
of this study was to assess the differences in the clinical 
characteristics of GERD, depending on the diagnosis of car-
bohydrate disorders, which could explain the increased risk 
of complications in this group.

Materials and Methods

Study population

Our analysis covers data collected from 58 patients who 
were diagnosed for sleep breathing disorders at the Depart-
ment of Internal Diseases of the Institute of Rural Medicine 
in Lublin. The exclusion criteria were: chronic use of drugs 
which may interfere with the assessment of GERD param-
eters (proton pump inhibitors, H2 blockers, alkali, nitrates) 
or previous significant gastrointestinal surgery (gastrec-
tomy, bowel resection). This patient group also served as 
study participants in our previous work [30]. We collected 
anthropometric measurements and the responses from 
GERD-complaint questionnaires. If GERD was suspected, 
patients were referred for additional tests (gastroscopy and 
esophageal pH-measurement). The results from these addi-
tional tests were included in the study. 

Criteria for the diagnosis of GERD

The diagnosis of GERD was established according to the 
definitions of the Lyon consensus [4]. Therefore, the diag-
nosis was based on the combined assessment of clinical 
symptoms, endoscopic evaluation of the esophageal muco-
sa, esophageal pH monitoring and response to therapeutic 
intervention. Clinical diagnosis was made when the patient 
had persistent symptoms characteristic of GERD which 
include heartburn and acid regurgitation. Persistence of 
symptoms was recognized when symptoms of mild intensity 
occurred at least 2 days a week or when they were more 
severe and caused deterioration in general well-being and 
occurred at least 1 day a week. Moreover, the diagnosis of 
GERD confirmed the presence of inflammatory changes in 
the esophagus (LA grade C) and the result of pH-measure-
ment with esophageal acid exposure time > 6%, DeMeester 
Score > 14.72 or > 80 reflux episodes per 24 hours. Addition-
ally, the diagnosis of GERD was confirmed by the reduction 
of symptoms after starting treatment with a proton pump 
inhibitor [4].

Anthropometric data 

All participants underwent a physical examination. The 
body mass index (BMI) was calculated as the body weight in 
kilograms divided by the height in meters squared (kg / m2). 
The waist circumference (the circumference at midpoint be-
tween the lower border of the rib cage and the iliac crest) 
was measured in the standing position. Overweight was 
diagnosed if BMI was in the range of 25-29.9 kg / m2; class 
I obesity when BMI was 30-34.9 kg / m2, class II obesity 
when BMI was 35-39.9 kg / m2; and class III obesity when 
BMI was at ≥ 40 kg / m2 [8].



Survey data regarding the severity 
of GERD complaints

The severity of GERD clinical symptoms was assesed us-
ing a questionnaire about the overall intensity of complaints 
(within a score range of 0-10) and the intensity and frequency 
of symptoms considered typical for GERD (within a score range 
of 0-52). GERD symptoms included the feeling of heartburn 
and presence of regurgitation typical for GERD situations, acid 
reflux and dysphagia. In addition, the presence of GERD symp-
toms was assessed at night, during sleep and after an over-
night sleeping period. Patients were instructed to describe 
the symptoms occurring in the month prior to completing the 
questionnaire. Survey data from all patients were collected by 
the primary investigator. The full version of the questionnaire 
is available in the Supplementary Materials [in Polish]: https://
ejtcm.gumed.edu.pl/files/67 .

Gastroscopy and esophageal 
pH monitoring

All procedures were undertaken by experienced phy-
sicians before the introduction of GERD treatment. All gas-
troscopic examinations were done using the Fujifilm (Japan 
or Pentax) (Japan). Whereas the esophageal pH monitoring 
was done using the ComforTEC Plus PHNS single-channel 
probe and a recorder made by Sandhill Scientific (USA, REF: 
Z07-2000-A, SN: H109007C). The degree of esophagitis was 
determined according to the Los Angeles classification, and 
numerical values with a range of 1 to 4 were given for subse-
quent grades (grade A-D); 0 was designated as no inflamma-
tory lesions [4, 10].

Diagnosis of pre-diabetes 
and type 2 diabetes 

In order to assess the importance of carbohydrate dis-
orders on the course of GERD, the subjects were divided 
into a group with carbohydrate disorders (23 patients) and 
a control group (35 patients). The group with carbohydrate 
disorders included patients diagnosed with T2DM, impaired 
glycemic tolerance (IGT) or impaired fasting glycemia (IFG). 
In all participants with T2DM, diabetes was well-controlled. 
Diagnoses of carbohydrate disorders were established be-
fore inclusion in the study and were based on the Polish Dia-
betes Association guidelines [31].

Data Analyses and Statistical Methods

All statistical analyses were carried out with the Statisti-
ca software package (version 13, TIBCO Software Inc., USA). 
After confirming that all variables meet the criteria of a nor-
mal distribution, Spearmanʼs rank correlation coefficient was 
used for the analysis. Correlations between variables were 

calculated using Spearman’s rank correlation coefficient, 
while comparisons between two independent groups were 
performed using the Mann–Whitney U test. P values < 0.05 
were considered statistically significant. Because the distri-
bution of GERD measurements was characterized by a large 
asymmetry, the median should be taken as the key measure-
ment (possibly including the range of variability in the form 
of IQR) while assessing its severity depending on the pres-
ence of diabetic disorders.

Results

Baseline data

The study population consisted of 58 patients (48 males 
and 10 females) aged 34-75 years (mean = 54.5 years; Me = 
56 years; s = 11.2 years). In the study group, obesity was di-
agnosed in 44 subjects (75.9%). Of these, class I obesity was 
seen in 17 subjects, class II obesity was seen in 12 subjects, 
and class III obesity was seen in 15 subjects. Fourteen (24.1%) 
patients were overweight. The average patient weight was 
104 kg (range 77-161 kg), while average waist circumference 
was 115.5 cm (range 96-147 cm). The mean BMI was 34.8 kg 
/ m2 (range 25.1-49.7 kg / m2). Carbohydrate disorders were 
reported by 23 subjects (~ 40%), of which 14 subjects (24.1%) 
had T2DM and 9 subjects (15.5%) had pre-diabetes. Table 1 
presents the basic characteristics of the study population.

In our study, GERD was diagnosed in 40 patients (~ 69%). 
In the obese group, GERD was diagnosed in 32 subjects (73%), 
while the in overweight group, GERD was diagnosed in 8 sub-
jects (57%). Gastroscopy was performed in 32 patients. In 
2 cases, no esophageal inflammatory changes were observed. 
Most of the gastroscopic examinations revealed esophageal 
inflammatory changes with grade A, B and C of esophagi-
tis recognized in 22, 7, and 1 subject, respectively. Grade D 
lesions or peptic stricture were not observed in any of the 
patients. Moreover, neither BE nor EAC were diagnosed. In 
23 patients, pH-metry was performed. Table 1 presents the 
distribution of the variables.

Apart from obesity, carbohydrate disorders and GERD, the 
majority participants had comorbidities mainly related to the 
circulatory system. The most common were: arterial hyper-
tension (47 patients, 81%); dyslipidemia (34 patients, 59%), 
coronary artery disease (16 patients, 28%); hyperuricemia 
(10 patients, 17%); chronic obstructive pulmonary disease 
(5 patients, 9%) and heart failure (4 patients; 7%).

Gastroesophageal reflux in obesity 
and in diabetic disorders

We investigated the relationship between obesity pa-
rameter values (body weight, abdominal circumference, and 
BMI) and GERD severity parameters. Since all considered 
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features were consistent with a normal distribution, Spear-
man�s rank correlation coefficient was used for the analysis.
Table 2 presents correlation coefficient values between indi-
vidual features along with the assessment of their statistical 
significance. In the studied group, no statistically significant 
relationships were found between the obesity parameters 
and the assessed reflux parameters. 

A tendency toward greater values with increasing obe-
sity parameters was seen only for the “feeling of heartburn 
after meals” parameter.

 
The relationships between GERD parameters from gas-

troscopy, pH measurement and obesity parameters were 
calculated. Only the correlation between the number of 
postprandial reflux episodes and BMI was near statistical 
significance (test probability values p = 0.0084), however its 
strength was rather small rS = 0.36. In addition, there was 
a trend toward greater values for the postprandial De 
Meester index and for the duration of gastric acid exposure 
with increasing BMI (Table 3).

Table 1. Basic characteristics of the study population, severity of GERD symptoms and distribution of esophageal pH monitoring results

Features Mean Median Std. dev. Min Max

Age (yr) 54.5 56 11.2 34 75

BMI (kg/m2) 34.8 34.6 6.7 25.1 49.7

Waist circumference (cm) 115.5 115.0 12.8 96.0 147.0

GERD symptoms day 11.9 12 9.2 0 28

GERD symptoms night 2.8 3 2.9 0 12

GERD symptoms overall 14.7 15 11.5 0 40

De Meester index (n = 23) 27.8 15.1 33.2 1.7 136.4

De Meester index 
– post meal (n = 23)

9.8 7.5 9.0 1.5 37

Reflux episodes 
– recumbent (n = 22)

34.5 10 57.7 0 250

Reflux episodes 
– 24/h (n = 22)

136.1 107 127.9 7 570

Mean pH night 
(n = 23)

6.4 6.5 0.8 4.3 8.1

Mean pH – 24/h 
(n = 23)

6.2 6.2 0.5 5.0 7.2

Esophageal clearance time 
(n = 22)

37.0 35.5 21.2 8 91

Esophageal clearance time 
– recumbent (n = 22)

31.7 22.5 33.1 0 138

Longest reflux episode 
(n = 23)

13.7 4.9 17.9 0.3 59.3



Table 2. Distribution of correlations between obesity parameters and the severity of GERD complaints

GERD symptoms
Obesity parameters (n = 58)

Weight Waist circumference BMI

GERD symptoms day 0.05 (p = 0.7338) 0.07 (p = 0.6178) 0.03 (p = 0.7973)

GERD symptoms night 0.07 (p = 0.5866) 0.06 (p = 0.6513) 0.04 (p = 0.7892)

GERD symptoms 
day and night

0.05 (p = 0.7039) 0.07 (p = 0.5779) 0.04 (p = 0.7681)

Overall intensity of 
GERD-related complaints

-0.01 (p = 0.9461) 0.07 (p = 0.5988) 0.10 (p = 0.4678)

Burning sensation in the 
chest (Post Meal)

0.16 (p = 0.2302) 0.16 (p = 0.2440) 0.19 (p = 0.1605)

Table 3. Correlations between GERD parameters from gastroscopy, pH measurement and obesity parameters

GERD severity 
parameters

Obesity parameters (n = 58)

Weight Waist circumference BMI

Severity of inflammatory 
changesin the esophagus 
(gastroscopy assessment) 

-0.08 (p = 0.6753) -0.04 (p = 0.8218) -0.09 (p = 0.6203)

De Meester Index (Post Meal) 0.02 (p = 0.9340) 0.10 (p = 0.6415) 0.24 (p = 0.2636)

De Meester Index -0.10 (p = 0.6608) 0,00 (p = 0.9964) 0.11 (p = 0.6198)

Reflux Episodes (Post Meal) 0.16 (p = 0.4610) 0.22 (p = 0.3198) 0.36 (p = 0.0884)

Reflux Episodes (24 h) -0.04 (p = 0.8554) -0.06 (p = 0.7859) 0.06 (p = 0.8029)

Exposure to gastric 
acid following a meal

0.03 (p = 0.9055) 0.12 (p = 0.5803) 0.22 (p = 0.3044)

Exposure to gastric acid (24 h) -0.05 (p = 0.8085) -0.05 (p = 0.8305) 0.03 (p = 0.8888)

Mean pH (Post Meal) 0.12 (p = 0.5836) 0.00 (p = 0.9839) -0.11 (p = 0.6025)

Mean pH (24 h) 0.15 (p = 0.4928) -0.06 (p = 0.7962) -0.13 (p = 0.5468)

Esophageal Clearance 
(Post Meal)

-0.13 (p = 0.5452) 0.04 (p = 0.8540) 0.08 (p = 0.7216)

Esophageal Clearance (24 h) -0.05 (p = 0.8308) 0.07 (p = 0.7636) 0.02 (p = 0.9284)
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Next, we analyzed the differences between the param-
eters of GERD severity depending on the diagnosis of carbo-
hydrate disorders. Among the participants with carbohydrate 
disorders, GERD was diagnosed in 18 patients (78%), of which 
12 (86%) had T2DM, and 6 (67%) had pre-diabetes. Whereas 

in the group without carbohydrate disorders (n = 35) GERD 
was diagnosed in 22 participants (63%). No differences in the 
severity of GERD were observed between the groups with 
and without carbohydrate disorders. In our study, the GERD 
parameters in both groups were very similar (Table 4).

Table 4. Comparison of GERD severity parameters depending on the presence of diabetic disorders (p – test probability values were 

calculated using the Mann-Whitney test)

GERD severity 
parameters

Diabetic disorders

Yes No
p

n Mean Me IQR n Mean Me IQR

GERD symptoms 
day and night

23 16.5 18 21.0 35 13.8 14 22.0 0.4206

Severity of inflammatory 
changes in the esophagus 
(gastroscopy Assessment)

12 1.1 1 0.0 20 1.3 1 1.0

0.2551

Reflux Episodes (24 h) 10 111.8 66.5 165.0 12 156.4 146.5 151.5 0.4562

Reflux Episodes (Post Meal) 10 45.9 28 49.0 13 69.2 34 119.0 0.7381

Exposure to gastric acid 
following a meal (%)

10 5.6 2.5 8.5 12 8.1 4.5 9.5 0.8718

Mean pH (24 h) 10 6.1 5.9 0.6 13 6.3 6.4 0.6 0.2316

Mean pH (day) 10 6.1 6.0 0.8 13 6.1 6.3 1.1 0.7844

Mean pH (night) 10 6.1 6.1 0.8 13 6,6 6.7 0.3 0.0666

De Meester Index 10 24.7 10.6 27.9 13 30.2 18.1 29.0 1.0000

De Meester Index (Post Meal) 10 7.8 6.4 9.8 13 11.3 8.4 8.8
0.7844

Esophageal Clearance 
– 24 h (sec)

10 40.7 38 20.0 12 33.8 33 24.5
0.3136

Overall intensity of 
GERD-related complaints

23 3.8 2.0 8.0 35 2.5 2.0 5.0 0.3271

GERD symptoms day 23 13.7 15 17.0 35 11.0 10 20.0 0.3041

GERD symptoms night 23 2.8 3 4.0 35 2.8 2 5.0 0.9497

Burning sensation in 
the chest (Post Meal)

23 2.9 3.0 5.0 35 2.5 3.0 4.0 0.4973



The analysis of the probability of GERD depending on 
the selected variables (BMI, waist circumference, diagnosis 
of carbohydrate disorders and diagnosis of diabetes) was 
performed using the logistic regression model. Based on the 
analyzes performed, no statistical evidence was found that 
any of the proposed factors had a significant influence on 
the diagnosis of GERD (Table 5). Moreover, an attempt was 
made to search for a model containing statistically significant 
variables. The best model that included only the diagnosis of 
diabetes was still not statistically significant: OR (95% CI) = 
3,429; p = 0.14.

Discussion 

All participants in our study were overweight and in this 
group the occurrence of GERD was much more frequent than 
in the general population. Obesity is an important risk fac-
tor for GERD and numerous studies demonstrated its more 
frequent occurrence in people with excess weight [11-17]. In 
our study, no statistically significant correlation was found 
between individual obesity measures and GERD parameters. 
However, there was a trend towards greater severity of post-
prandial GERD clinical symptoms and worsening of postpran-
dial GERD pH parameters with increasing BMI. Most of the 
published data demonstrate a more severe course of GERD in 
people with excess weight.

Obesity, especially the visceral type, causes GERD due to 
changes in the anatomy and physiology of the gastroesopha-
geal junction (GEJ) [11, 18]. Additionally, it is believed that the 
pro-inflammatory effects of cytokines synthesized in visceral 
adipose tissue plays an important role [12, 26]. Akyuz et al. 

showed a significant correlation between BMI and the se-
verity of GERD in pH measurements. They also found that 
the severity of esophageal inflammatory changes seen in 
gastroscopy did not differ significantly in the obese group, 
however the authors did not assess the severity of GERD in 
the context of its association with abdominal obesity [11]. In 
our study, we also did not observe any relationship between 
obesity and the severity of esophageal inflammatory chang-
es in gastroscopy. The correlation between BMI and GERD 
severity in pH measurements was also present, but did not 
reach the level of statistical significance. 

We did not observe a correlation between abdominal 
circumference and the severity of GERD. However, most 
studies indicate that it does have greater a role than BMI 
in terms of GERD severity. A study by Wu et al. investigated 
the correlations of obesity parameters with GERD symptoms 
and esophageal inflammatory activity via the measurement 
of glucose metabolism in 18F-Fluorodeoxyglucose positron 
emission tomography (PET-CT). There was a significant cor-
relation between GERD symptoms and esophageal inflam-
matory activity in PET-CT with all obesity parameters (BMI, 
abdominal circumference, and the amount of subcutaneous 
and visceral adipose tissue) [13]. Nam et al. described the 
correlations between the amount of visceral fat, concentra-
tions of inflammatory cytokines synthesized within it, and 
the intensity of esophageal inflammatory changes [12]. Sim-
ilar results were obtained in large-scale studies in Japan and 
South Korea. An increased incidence of reflux esophagitis 
has been observed in obesity and in the metabolic syndrome. 
Hyperglycemia, high BMI, and in particular, greater abdomi-
nal circumference and increased visceral fat, correlated with 
an increased risk for GERD [14-15].

Gastroesophageal reflux disease 
is linked to a higher risk of BE [4, 20]. 
Population-based studies have indi-
cated that the risk of BE and EAC is 
also significantly increased in obesi-
ty, especially in the abdominal type. 
This risk is increased regardless of the 
presence of GERD symptoms [21, 23-
25]. In a study by Nelsen et al., the 
risk of developing BE and dysplasia 
correlated with the amount of viscer-
al adipose tissue and adipose tissue 
in the GEJ fat area; however, it was 
independent of the BMI value and 
the presence of GERD symptoms [24]. 
Similar conclusions were obtained by 
El-Seraq et al. [19]. Moreover, in an 
investigation by Corley et al., abdom-
inal circumference and abdominal 
obesity (but not BMI) correlated with 
a greater risk for BE [25].

-

Table 5. Logistic regression model of the probability of GERD 

diagnosis depending on selected variables

Independent variables
GERD diagnosis

OR (95% CI) p

BMI 1.060 (0.867-1.295) 0.5704

WC 0.975 (0.880-1.079) 0.6207

Diagnosis of 
carbohydrate disorders

1.158 (0.244-5.496) 0.8532

Diagnosis of diabetes 3.195 (0.392-26.073) 0.2781

OR – odds ratio; CI – confidence interval; GERD – gastroesophageal reflux disease; 

BMI – body mass index (kg/m2); waist circumference (cm)
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Gastroesophageal reflux disease is common in T2DM and is 
more likely to be atypical or present with mild symptoms [29]. 
In addition, these patients are at an increased risk for devel-
oping metaplasia [22]. In our study, no differences in the se-
verity of GERD were found between subjects with T2DM or 
pre-diabetes and the group without these disorders. Notably, 
the two groups were very similar in terms of GERD charac-
teristics. Lorentzen et al. compared the features of GERD in 
patients with a high degree of obesity, depending on the di-
agnosis of T2DM. As in our study, GERD was more common 
in the obese group than in the general population. However, 
a large proportion of the respondents had asymptomatic 
GERD, regardless of whether or not they suffered from T2DM. 
In this study, clinical symptoms were reported by approxi-
mately 29% of the respondents, but esophagitis in gastrosco-
py was seen in 58% of patients in the T2DM group and in 47% 
of patients in the non-T2DM group. Among subjects with in-
flammatory changes in the esophagus, 68-80% did not report 
symptoms of GERD. In the T2DM group (only T2DM patients 
underwent pH-metry), 55% of subjects had pathologic acid 
reflux, whereas 67% of subjects were asymptomatic [16]. In 
our study, the severity of GERD clinical symptoms was similar 
in both groups, which may be due to the lower number of 
severely obese patients when compared to the cited study. 

As reported by Ortiz et al., the asymptomatic course of 
GERD in obese patients may be related to the decreased esoph-
ageal sensitivity to acid content observed in this group. The au-
thors indicated that the absence of typical GERD symptoms in 
these patients may delay the diagnosis of GERD complications, 
especially BE [32]. Promberger et al. also observed the frequent 
occurrence of atypical GERD symptoms in T2DM [33]. Further-
more, Lluch et al. found that GERD was common in diabetic 
patients, but it was more often asymptomatic [34]. The 
above conclusions are of clinical significance in the context of 
a report by Leggett et al, which found an increased risk of BE in 
patients with metabolic syndrome, regardless of GERD symp-
toms [23]. The role of carbohydrate disorders in the pathogen-
esis of GERD is unclear. Gokturk et al. observed a more severe 
course of GERD in subjects with T2DM, but the presence of 
reflux episodes was associated with obesity rather than hy-
perglycemia [17]. In the study by Wang et al., the occurrence 
of GERD symptoms in diabetes was observed more frequently, 
and their severity clearly increased in the group of patients 
with diabetic neuropathy [35]. 

In our study group, we did not observe an atypical 
course of GERD in T2DM, but in all cases, these were pa-
tients with pre-diabetes or well-controlled diabetes without 
complications. Although the patients with carbohydrate 
disorders more often suffer from GERD and its complica-
tions, the clinical course does not correlate with the risk of 

complications. Because of this, they may benefit from early 
gastroscopic evaluation. 

The limitations of our study include the small number 
of participants and the lack of assessment of other obesi-
ty parameters, such as the waist-hip ratio. Moreover, not all 
patients underwent endoscopic examinations or pH-metry. 
Another limitation was the inclusion of only hospitalized pa-
tients with suspected sleep apnea who were mostly obese, 
which makes it difficult to transfer the obtained conclusions 
to the general population. Despite these limitations, the col-
lected results allowed us to demonstrate a greater incidence 
of GERD in obesity and to show that the presence of car-
bohydrate disorders was not associated with a more severe 
clinical course of GERD (in the context of clinical symptoms, 
changes in gastroscopy, and pH measurement).

Conclusions

In our study group, we observed that GERD is more com-
mon in obesity and in T2DM; however, the diagnosis of dia-
betic disorders was not associated with more severe GERD. 
Our results and a review of the current literature indicate 
that due to a mild or atypical course, GERD may be underdi-
agnosed in the group of severely obese and T2DM patients. 
Finally, although patients with carbohydrate disorders more 
often suffer from GERD and its complications, the clinical 
course does not correlate with the risk of complications, and 
because of this, these patients may benefit from early gas-
troscopic evaluation.
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