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Abstract

Background: Gastroesophageal reflux disease (GERD), which leads to acid reflux into the esophagus, is a common
gastrointestinal disorder. Several studies have shown the prevalence of GERD in Iranian population, but their
evidence is contradictory. Therefore, the present study was conducted to investigate the epidemiology of GERD in
Iran.

Methods: The entire steps of this systematic review and meta-analysis were based on the MOOSE protocol, and
the results were reported accordance with the PRISMA guideline. This review is registered on PROSPERO
(registration number: CRD42020142861). To find potentially relevant published articles, comprehensive search was
done on international online databases Scopus, Science Direct, EMBASE, PubMed/Medline, CINAHL, EBSCO,
Cochrane Library, Web of Science, Iranian online databases and the Google Scholar search engine in June 2019.
Cochran test and I? index were used to assess the heterogeneity of the studies. Data were analyzed using
Comprehensive Meta-Analysis software ver. 2. The significance level of the test was considered to be P < 0.05.

Results: The daily, weekly, monthly, and overall prevalence of GERD symptoms in Iranian population was 5.64%
(95%Cl [confidence interval]: 3.77-8.35%; N = 66,398), 12.50% (95%Cl: 9.63-16.08%; N = 110,388), 18.62% (95%Cl:
12.90-26.12%; N =70,749) and 43.07% (95%Cl: 35.00-51.53%; N =73,189), respectively. The daily, weekly, monthly,
and overall prevalence of heartburn in Iranian population was 2.46% (95%Cl: 0.93-6.39%; N =18,774), 9.52% (95%Cl:
6.16-14.41%; N =54,125), 8.19% (95%Cl: 2.42-24.30%; N =19,363) and 23.20% (95%Cl: 13.56-36.79%; N = 26,543),
respectively. The daily, weekly, monthly, and overall prevalence of regurgitation in Iranian population was 4.00%
(959%Cl: 1.88-8.32%; N =18,774), 9.79% (95%Cl: 5.99-15.60%; N =41,140), 13.76% (95%Cl: 6.18-44.31%; N =19,363)
and 36.53% (95%Cl: 19.30-58.08%; N = 21,174), respectively. The sensitivity analysis for prevalence of all types GERD,
heartburn and regurgitation symptoms by removing a study showed that the overall estimate is still robust.

Conclusion: The present meta-analysis provides comprehensive and useful information on the epidemiology of

GERD in Iran for policy-makers and health care providers. This study showed a high prevalence of GERD in Iran.
Therefore, effective measures on GERD-related factors such as lifestyle can be among the health policies of Iran.
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Background

Gastroesophageal reflux disease (GERD), which leads
to acid reflux into the esophagus, is a common
gastrointestinal disorder and results in typical pain-
ful symptoms such as heartburn and/or regurgita-
tion [1]. However, it may also appear with atypical
symptoms including cough, asthma, chest pain, and
fatigue [2].

Permanent acid reflux may cause more severe compli-
cations, including erosive esophagitis, esophageal stric-
tures, Barrett’s esophagus, esophageal adenocarcinoma,
hiatus hernia, delayed gastric emptying, and visceral
hypersensitivity [1, 3-5].

Several risk factors are associated with GERD, includ-
ing Nonsteroidal Anti-inflammatory Drugs (NSAIDs),
type of food, beverages, smoking, family history, high
body mass index (BMI), physical activity, salt, or con-
suming pickles with meals and fast food, which are more
associated with the lifestyle of the patient [5-7]. It has
also been shown that age, gender, pregnancy, and geo-
graphical variation are also related to GERD [7]. In
addition, it has been suggested that vertebral fractures
and/or spinal malalignment may affect the incidence of
GERD [8, 9]. In Iranian studies, consumption of NASIDs
and pickle consumption, and smoking is more harmful
factors [10, 11].

A systematic review of longitudinal studies suggests that
the incidence of GERD has increased in recent decades. If
this trend continues, it may rapidly increase the serious
complications of GERD, affect the patient’s quality of life,
and increase the cost of health care systems [12, 13].

Increasing the GERD awareness to improve Iranian
people’s health may be necessary. There is much in-
formation in Western cultures that can be general-
ized to an Iranian person but cannot match
completely. Therefore, understanding the epidemio-
logical effects of GERD in Iranian society can help
healthcare professionals and policymakers take the
next steps in creating the list of priorities for disease
management.

Several studies have shown the prevalence of GERD
in Iranian population, but their evidence is contra-
dictory [10, 11, 14-39]. Therefore, a structured review
of all the documentation and their combination can
provide a more complete picture of the dimensions of
this disease in Iranian society. One of the main goals
of meta-analysis, which is a combination of different
studies, is to reduce the difference between parame-
ters due to the increased number of studies involved
in the analysis process. Another important goal of
meta-analysis is to address inconsistencies in the re-
sults and their causes [40—42]. Therefore, the present
study was conducted to investigate the epidemiology
of GERD in Iran.
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Methods

Study protocol

The entire steps of this systematic review and meta-
analysis were based on the Meta-analyses Of Observa-
tional Studies in Epidemiology (MOOSE) protocol [42],
and the results were reported accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guideline [43]. Two authors independ-
ently preformed all study steps. In the case of dispute, a
third author was involved. We registered this review at
PROSPERO (registration number: CRD42020142861),
Available from: https://www.crd.york.ac.uk/prospero/dis-
play_record.php?ID=CRD42020142861.

Search strategy

To find potentially relevant published articles, compre-
hensive search was done on international online databases
Scopus, Science Direct, EMBASE, PubMed/Medline,
CINAHL, EBSCO, Cochrane Library (Cochrane Database
of Systematic Reviews - CDSR), Web of Science and na-
tional online databases Iranian Research Institute for In-
formation Science and Technology (IranDoc) (https://
irandoc.ac.ir), Scientific Information Database (SID)
(http://www.sid.ir/), Magiran (http://www.magiran.com/),
Regional Information Center for Science and Technology
(RICST) (http://en.ricest.ac.ir/), Iranian National Library
(http://www.nlaiir/), and Barakat Knowledge Network
System (http://health.barakatkns.com) and the Google
Scholar search engine in June 2019. Our search was done
to retrieve all literature related to GERD in Iran. The ref-
erence list of articles was reviewed to find the gray litera-
ture. The studies identified by our search strategies were
entered into Endnote X7 (Thomson Reuters, Philadelphia,
PA, USA) software.

The related articles were searched in PubMed using a
combination of expressions and terms Medical Subject
Heading (MeSH): “gastroesophageal reflux’[MeSH
Terms] OR “gastroesophageal reflux disease” [Text Word]
OR “heartburn”[MeSH Terms] AND “Iran”[MeSH Terms].
Search terms were combined using Boolean operators of
“OR” or “AND”.

Study selection

The two researchers independently reviewed the articles
on the abovementioned databases. The third researcher
examined the consistency between the data extracted by
the two researchers, and the contradictory results were
discussed and resolved. After collecting literature from
the databases, the next step was to assess whether the
articles corresponded to the content of the title and ab-
stract. The second and third stages were the review of
the remaining articles with full text.
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Inclusion and exclusion criteria
We included the studies that were: (1) written in English
or Persian; (2) cross-sectional studies; (3) with the pri-
mary aim of reporting the prevalence of GERD, heart-
burn and regurgitation; and (4) preformed among adults.
We excluded studies that: (1) had non-random sample
size; (2) were non-relevant; (3) GERD diagnosis was not
defined by heartburn and regurgitation; (4) were non-
Iranian; (5) were case reports, review articles, congresses,
letters to the editor without quantitative data, and
theses.

Data extraction and management

In case of duplicate publication, we contacted the re-
searchers to clarify the original publication, and if we
did not get an answer, we chose the study with the lar-
gest number of participants for cases with overlapping
data, if necessary, additional details were extracted from
the secondary articles.

We extracted the following data from each study: First
author, year of publication, year of study, place of study,
study design, method of diagnosis, data collection, char-
acteristics of participants and estimation of prevalence.

Qualitative assessment

The modified Newcastle Ottawa Scale (NOS) was used
to assess the quality of studies [44]. The studies were di-
vided into three categories based on the scores: high risk
studies (scores ranging from 1 to 4), moderate risk
(scores ranging from 5 to 7), and low risk (scores ran-
ging from 8 to 10). Low and medium risk studies were
included in the meta-analysis.

Statistical analysis

The prevalence of the GERD is shown using the event
rate. The 95% confidence intervals (CI) were calculated
using Comprehensive Meta-Analysis (CMA) software
ver 2 using sample size (N) and standard error (SE). To
determine women to men ratio, we calculated the odds
ratio (OR). Cochran Q test and I? index were used to as-
sess the heterogeneity of the studies. There are three
categories for I” index: I” index below 25% is low hetero-
geneity, 25-75% is medium, and above 75% is high het-
erogeneity [45, 46]. For cases with low heterogeneity, the
fixed effects model was used and for cases with medium
and high heterogeneity, the random effects model was
used. Subgroup analysis was used to find the cause of
heterogeneity in the studies. Sensitivity analysis was per-
formed by removing a study at a time to assess the pre-
dictive power. Mixed-effects meta-regression was used
to investigate the relationship between continuous vari-
ables such as the time of study and the prevalence [47].
Finally, distribution bias was evaluated using funnel plot,
and Egger and Begg’s tests. Statistical analysis and graph
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diagrams were performed using CMA version 2. The sig-
nificance level of the test was considered to be P < 0.05.

Results

Search results and characteristics

Our initial search found 4260 records. After removing
2130 duplicates, 2130 unique documents were reviewed
for relating the titles and abstract. Then, we reviewed
the full text of 101 articles. Finally, 30 articles (23 studies
for GERD, 20 studies for heartburn, and 13 studies for
regurgitation) were included in the study (Fig. 1). The
mean age of the participants (in 14 reported studies) was
39.35years (95% CI: 34.98-43.71). Table 1 shows the
characteristics of each study.

GERD prevalence and sensitivity analysis
The daily, weekly, monthly, and overall prevalence of
GERD symptoms in Iranian population was 5.64% (95%
CI: 3.77-8.35%; heterogeneity: 1> =98.76%, P< 0.001;
N=66,398), 12.50% (95% CI: 9.63—16.08%; heterogen-
eity: > =99.50%, P< 0.001; N =110,388), 18.62% (95%
CI: 12.90-26.12%; heterogeneity: I* = 99.66%, P < 0.001;
N=70,749) and 43.07% (95% CI: 35.00-51.53%; hetero-
geneity: I = 99.66%, P< 0.001; N = 73,189), respectively
(Fig. 2).

The sensitivity analysis for prevalence of all types
GERD symptoms by removing a study showed that the
overall estimate is still robust (Figure 1- supplementary).

Subgroup analysis of GERD

The subgroup analysis for the daily, weekly, monthly,
and overall prevalence of GERD symptoms is shown in
Table 2. For the daily prevalence of GERD, the subgroup
analysis of the study population (P < 0.001) and the data
collection method (P=0.019) were significant. For the
weekly prevalence of GERD, subgroup analysis of the
area (P=0.001) and study population (P< 0.001) were
significant. For the monthly prevalence of GERD, the
subgroup analysis of the study population was significant
(P =0.001). For the overall prevalence of GERD, the sub-
group analysis of the area (P < 0.001), the study popula-
tion (P< 0.001) and the quality of studies (P =0.005)
were significant. Other variables were not significant.

The prevalence of GERD by gender

The daily, weekly, monthly, and overall prevalence of
GERD symptoms in Iranian males was 5.72% (95% CI:
3.41-9.46%; heterogeneity: 1> = 97.44%, P< 0.001; N =
26,004), 11.38% (95% CI: 8.10-15.75%; heterogeneity:
I =97.80%, P< 0.001; N=19,453), 15.68% (95% CI:
10.67-22.45%; heterogeneity: 1> =98.15%, P< 0.001;
N =8865) and 39.26% (95% CI: 32.35—46.62%; hetero-
geneity: I =99.04%, P< 0.001; N =31,704) (Figure 2-
supplementary).
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The daily, weekly, monthly, and overall prevalence of
GERD symptoms in Iranian females was 7.88% (95% CI:
3.67-16.11%; heterogeneity: I* = 98.56%, P< 0.001; N =
31,588), 12.81% (95% CIL: 9.47-17.10%; heterogeneity:
> =98.04%, P< 0.001; N=19,380), 16.96% (95% CI:
13.17-21.56%; heterogeneity: 1> =98.17%, P< 0.001;
N =21,567), and 45.51% (95% CI: 38.22-52.99%; hetero-
geneity: 1> =98.99%, P< 0.001; N =38,252) (Figure 3-
supplementary).

Odds ratio (OR) for the prevalence of daily, weekly,
monthly, and overall prevalence of GERD in women
compared to men in Table 2 shows that there is a sig-
nificant difference only in the daily prevalence of GERD
(P =0.003).

Meta-regression and publication bias for prevalence of
GERD
The meta-regression model based on years of study for
GERD prevalence revealed that the meta-regression co-
efficient for daily, weekly, monthly, and overall preva-
lence of GERD was (-0.022, 95% CI: —0.132 to 0.087,
P=0.688), (0.025, 95% CIL: -0.410 to 0.092, P=0.450),
(0.0140, 95% CI: — 0.057 to 0.085, P =0.700) and (0.038,
95% CI: - 0.081 to 0.085, P=0.104), respectively (Fig. 3).
Regarding publication bias, the significance level of
Egger and Begg's tests was (Egger=0.024 and
Begg’s =0.152), (Egger=0.628 and Begg’'s=0.624),
(Egger<0.001 and Begg’s =0.533) and (Egger =0.002
and Begg’s =0.754) for the daily, weekly, monthly,
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Ref. First author, Year Place Population Mean Age  Method Duration Sample size Quality
Published Year (+SD) Al Male  Fermale

[15] Nouraie et al, 2005  Tehran General population 36.1+124  Questionnaire NR 1202 505 697 Medium
2007 + Interview risk

[16] Hatami et al., 2001 Tehran Blood Donors 37.22+0.19 Questionnaire  12M 3517 3115 402 Medium
2003 + Interview risk

[17] Rogha et al, 2004 Isfahan General population 388+£129  Interview 12M 2400 1074 1326 Medium
2006 risk

[18] Mahmoudi et al, 2001 Tehran Medical students Questionnaire  12M 3008 1223 1785 Medium
2012 + Interview risk

[48] Ehsani et al, 1991 Tehran General population Questionnaire NR 700 350 350 Low risk
2007 + Interview

[10] Mostaghnietal, 2006  Fars Qashgai migrating 431+£142  Questionnaire 12M 77 284 433 Low risk
2009 nomad + Interview

[32] Aletaha et al., 2005-6 Gonbad General population 2735+6.1 Interview 12M 1000 Medium
2010 Kavoos, risk

Kalale

[33] Nasseri- 2006 Tehran General population 348+ 130 Questionnaire 12 M 2057 1132 Low risk
Moghaddam + Interview
et al, 2008

[34] Solhpouretal, 2006  Damavand, General population 379+143  Questionnaire 3 M 5733 2935 2798  Medium
2008 Firoozkouh + Interview risk

[15] Nouraie et al, 2005  Tehran General population Questionnaire 6 M 2561 1083 1478  Medium
2007 + Interview risk

[35] Saberi et al, 2008-9 Kashan Shift working nurses Questionnaire 4 W 160 Low risk
2010

[31] Saberi-Firoozi M 2004  Shiraz General population 499+ 11.14  Questionnaire  12M 1978 582 1396 Low risk
et al, 2007 + Interview

[19] Somi et al, 2006 2005 Tabriz Medical sciences studen 2248+ 1.98 Questionnaire 12 M 589 Medium

+ Interview risk

[36] Hoseini-assal 2002 Shahrekord ~ General population 3794143 Interview 12M 4762 2045 2717 Medium
et al, 2004 risk

[20] Pourshams et al, 2002  Gonabad General population Interview 12M 1066 450 616 Low risk
2005

[21] Bordbar et al., 2013 Bandar medical sciences Questionnaire 12 M 600 220 380 Medium
2015 Abbas students risk

[37] Vakhshoori et al, 2010- Isfahan Staff of Isfahan 36.53 Questionnaire 3 M 4669 Low risk
2018 12 University of Medical

Sciences

[11] Vossoughinia 2010  Mashhad General population Questionnaire NR 1685 Low risk
etal, 2014

[27] Shahravan et al, 2003 Sari General population 384 Questionnaire 12 M 901 433 468 Medium
2013 risk

[22] Pourhoseingholi  2006-7 Tehran General population 38.7+17.1 Questionnaire 3 M 18,180 9108 9072 Low risk
etal, 2012 + Interview

[38] Mansour- 2010 Rasht General population 3831+ 13.09 Questionnaire NR 1473 453 1020 Low risk
Ghanaei et al,, + Interview
2013

[30] Khodamoradi 2010  Fars General population 526+97 Questionnaire 12 M 9264 4276 4988  Low risk
etal, 2017 + Interview

[39] Islami et al, 2014 2004-8 Golestan General population 36.1+124 Questionnaire 12 M 49975 21216 28,785 Low risk

+ Interview

SD standard deviation, NR not reported
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-
A Study name, published year Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Nouraie et al, 2007 0.0190 0.0126 0.0285 -18.669 0.000 9.40
Hatami et al., 2003 0.0470 0.0405 0.0545 -37.772 0.000 10.20
Rogha et al., 2006 0.1210 0.1085 0.1347 -31.682 0.000 . 10.25
Mahmoudi et al., 2003 0.0210 0.0164 0.0268 -30.213 0.000 9.98
Ehsani et al., 2007 0.1090 0.0880 0.1343 -17.323 0.000 . 10.01
Aletaha et al., 2010 0.0580 0.0451 0.0743 -20.605 0.000 9.94
Nasseri- Moghaddam et al., 2008 0.0300 0.0234 0.0383 -26.894 0.000 9.97
Pourshams et al., 2005 0.1840 0.1619 0.2084 -18.844 0.000 . 10.20
Mansour-Ghanaei et al., 2013 0.0240 0.0173 0.0332 -21.765 0.000 9.71
Islami et al., 2014 0.1183 0.1155 0.1212 -145.020 0.000 . 10.34
0.0564 0.0377 0.0835 -13.094 0.000 ’
0.00 0.50 1.00
B Study name, published year Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate  limit  limit Z-Value p-Value weight
Hatami etal., 2003 0.0560 0.0489 0.0641 -38517  0.000 5.28
Rogha et al., 2006 0.1290 0.1162 0.1430 -31.362  0.000 [ ] 5.30
Mahmoudi et al., 2003 0.0700 0.0614 0.0797 -36.197  0.000 5.28
Ehsani etal., 2007 0.0790 0.0612 0.1014 -17.528  0.000 [} 5.11
Mostaghni et al., 2009 0.3300 0.2965 0.3653 -8.917  0.000 | | 5.27
Aletaha etal., 2010 0.1230 0.1040 0.1448 -20.402  0.000 | ] 523
Nasseri- Moghaddam et al., 2008 0.1590 0.1438 0.1754 -27.625  0.000 [ ] 5.30
Solhpour et al., 2008 0.0910 0.0838 0.0987 -50.119  0.000 | ] 5.32
Nouraie et al., 2007 0.2120 0.1966 0.2283 -27.156  0.000 | ] 5.32
Saberi-Fircozi M et al., 2007 0.1540 0.1388 0.1706 -27.348  0.000 | ] 5.30
Somi et al., 2006 0.0630 0.0460 0.0857 -15.918  0.000 | ] 5.01
Pourshams et al., 2005 0.1270 0.1083 0.1484 -20.957  0.000 [ ] 5.24
Bordbar et al., 2015 0.1480 0.1218 0.1787 -15225  0.000 [ ] 5.19
Vakhshoori et al., 2017 0.2370 0.2250 0.2494 -33.973  0.000 [ ] 533
Shahravan etal., 2013 0.1309 0.1104 0.1545 -19.166  0.000 | | 523
Pourhoseingholi etal., 2012 0.0885 0.0845 0.0927 -89.308  0.000 | ] 534
Mansour-Ghanaei et al., 2013 0.0910 0.0773 0.1068 -25.405  0.000 | 525
Khodamoradi et al., 2017 0.2510 0.2423 0.2599 -45626  0.000 [ ] 534
Islami et al., 2014 0.0806 0.0782 0.0830 -148.135  0.000 | | 535
0.1250 0.0963 0.1608 -12.993  0.000 (3
0.00 0.50 1.00
C Study name, published year Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Nouraie et al, 2007 0.1840 0.1631 0.2069 -20.010 0.000 . 9.08
Hatami etal., 2003 0.2260 0.2125 0.2401 -30.534 0.000 . 9.15
Rogha et al., 2006 0.2150 0.1990 0.2319 -26.064 0.000 . 9.13
Mahmoudi et al., 2003 0.1630 0.1502 0.1766 -33.143 0.000 . 9.14
Ehsani et al., 2007 0.2090 0.1805 0.2407 -14.318 0.000 . 9.03
Nasseri- Moghaddam et al., 2008 0.1010 0.0887 0.1148 -29.877 0.000 . 9.09
Somi et al., 2006 0.1300 0.1052 0.1597 -15.515 0.000 . 8.93
Hoseini-assal et al., 2004 0.2550 0.2428 0.2676 -32.247 0.000 . 9.16
Pourshams et al., 2005 0.1510 0.1307 0.1738 -20.186 0.000 . 9.05
Mansour-Ghanaei et al., 2013 0.1180 0.1025 0.1355 -24.906 0.000 . 9.07
Islami et al., 2014 0.4096 0.4053 0.4139 -40.194 0.000 . 9.18
0.1862 0.1290 0.2612 -6.643 0.000 ‘
0.00 0.50 1.00
D Study name, published year Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Nouraie et al, 2007 0.2710 0.2466 0.2968 -15.249 0.000 . 11.03
Hatami etal., 2003 0.3290 0.3137 0.3447 -19.859 0.000 . 11.15
Rogha et al., 2006 0.4650 0.4451 0.4850 -3.426 0.001 11.14
Mahmoudi et al., 2003 0.3590 0.3420 0.3763 -15.252 0.000 - 11.15
Ehsani et al., 2007 0.3970 0.3614 0.4337 -5.411 0.000 . 10.96
Nasseri- Moghaddam et al., 2008 0.4210 0.3998 04425 -7.136  0.000 [ ] 1112
Pourshams et al., 2005 0.4624 04326 04924 -2.453 0.014 11.05
Khodamoradi et al., 2017 0.5850 0.5749 0.5950 16.282 0.000 . 11.19
Islami et al., 2014 0.6086 0.6043 0.6129 48.163 0.000 . 11.20
0.4307 0.3500 0.5153 -1.607 0.108
0.00 0.50 1.00
Meta Analysis
Fig. 2 The daily (a), weekly (b), monthly (c), and overall (d) prevalence of GERD symptoms in Iranian population
A\
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Table 2 Subgroup analysis of prevalence of GERD

Variable Studies  Sample (N) Heterogeneity ~ 95% Cl Pooled
N Total subjects Event I P-Value (p())/rsvalence
Daily Areas Center [§ 12,884 680 9844 < 0001 237-847 452
East 2 2066 254 9854 < 0001 321-2970 1058
North 2 51,448 5947 9898 < 0001 1.09-2340 548
Test for subgroup differences: Q = 1.559, df(Q) =2, P=0.459
Population Blood donors 1 3517 165 - - 4.05-545 4.70
General population 8 59,873 6653 98.18 < 0001 451-945 6.56
Health care worker 1 3008 63 - - 1.64-2.68 210
Test for subgroup differences: Q = 38389, df(Q) =2, P < 0.001
Year of studies 1991-2004 6 11,691 849 9865 < 0001 403-1307 737
2005-2013 4 54,707 6032 99.01 < 0.001 1.20-10.51 3.64
Test for subgroup differences: Q =1.256, df(Q) =1, P=0.263
Quality of studies Low risk 5 55271 6282 9852 < 0001 421-1239 731
Moderate risk 5 11,127 600 9846 < 0001 2.08-854 4.26
Test for subgroup differences: Q = 1.380, df(Q) =1, P=0.240
Method of data collection Questionnaire + Interview 7 61,932 6337 9906 < 0001 2.14-781 412
Interview 3 4466 545 9891 < 0001 6.53-1838 11.14
Test for subgroup differences: Q = 5488, df(Q) =1, P=0.019
Sex The odds ratio of females to males: 1.503 (95% Cl: 1.153-1.59, P=0.003); Heterogeneity: 1 68.49%, P=0.013
Weekly Areas Center 9 42,825 4880 9934 < 0001 7.92-1592 11.31
East 2 2066 258 0 0.784 11.15-14.01 1251
North 4 52,938 4317 9108 < 0001 7.04-1138 898
South 4 12,559 2955 9789 < 0001 1522-2889 21.26
Test for subgroup differences: Q = 17.025, df(Q) =3, P=0.001
Population Blood donors 1 3517 197 - - 4.89-641 560
General population 14 98,005 10,770 9969 < 0001 1007-1791 1352
Health care worker 4 8866 1443 9920 < 0001 5.17-7.39 11.44
Test for subgroup differences: Q = 29.288, df(Q) =2, P < 0.001
Year of studies 1991-2004 8 14,570 1453 9725 < 0001 786-1356 1037
2005-2013 " 95,818 10957 9970 < 0001 995-20.04 1427
Test for subgroup differences: Q =1.947, df(Q) =1, P=0.163
Quality of studies Low risk 10 90,079 10262 9971 < 0001 985-20.74 1447
Moderate risk 9 20,309 2149 9826 < 0001 7.65-1446 1058
Test for subgroup differences: Q = 1544, df(Q) =1, P=0.214
Method of data collection Interview 3 4466 568 0 0.892 11.77-1373 1272
Questionnaire 3 6170 1313 9695 < 0001 10.71-2545 16.83
Questionnaire + Interview 13 99,752 10529 9961 < 0.001 838-1592 11.63
Test for subgroup differences: Q =1.815, df(Q) =2, P=0.404
Sex The odds ratio of females to males: 1.174 (95% Cl: 0.974-1.414, P=0.092); Heterogeneity: 1°: 91.63%,
P< 0.001
Monthly Areas Center 7 17,646 3591 9755 < 0001 1536-2291 1884
East 1 1066 161 - - 13.86-1642 15.10
North 3 52,037 20720 9964 < 0001 6.22-46.66 1942

Test for subgroup differences: Q =3.177, df(Q) =2, P=0.204
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Table 2 Subgroup analysis of prevalence of GERD (Continued)

Variable Studies  Sample (N) Heterogeneity ~ 95% Cl Pooled
N Total subjects Event I P-Value (p())/rsvalence

Population Blood donors 1 3517 795 9891 < 0001 21.25-2401 2260
General population 8 63,635 23,110 9971 < 0001 1244-2862 1927
Health care worker 2 3597 567 9823 < 0001 11.92-1840 1487
Test for subgroup differences: Q= 14.531, df(Q) =2, P=0.001

Year of studies 1991-2004 6 15,453 3323 9589 < 0001 17.14-2354 20.15
2005-2013 5 55,296 21,149 9970 < 0001 7.27-3471 1695
Test for subgroup differences: Q=0.181, df(Q) =1, P=0.671

Quality of studies Low risk 5 55,271 21,159 9970 < 0001 7.82-3592 17.90
Moderate risk 6 15478 3313 9603 < 0001 1642-2285 1943
Test for subgroup differences: Q =0.042, df(Q) =1, P=0.838

Method of data collection Interview 3 8228 1891 9745 < 0001 1589-2603 20.50
Questionnaire + Interview 8 62,521 22,581 9970 < 0001 10.79-2845 17.99
Test for subgroup differences: Q=0.233, df(Q) =1, P=0.637

Sex The odds ratio of females to males: 1.126 (95% Cl: 0.849-1.494, P = 0.411); Heterogeneity: |I*: 96.68%,
P < 0.001

Overall Areas Center [§ 12,884 4823 9738 < 0001 3201-4262 37.16

East 1 1066 493 - - 43.26-49.24 46.24
North 1 49,975 30415 - - 6043-6126  60.86
South 1 9264 5419 - - 5749-59.50 58.50
Test for subgroup differences: Q = 169.751, df(Q) =3, P < 0.001

Population Blood donors 1 3517 157 - - 31.37-3447 3290
General population 7 66,0664 38913 9943 < 0001 3849-53.12 4571
Health care worker 1 3008 1080  99.09 < 0001 34.20-37.63 3590
Test for subgroup differences: Q = 16.155, df(Q) =2, P< 0.001

Year of studies 1991-2004 5 10,691 4124 9726 < 0001 3436-46.09 40.09
2005-2013 4 62,498 37026 9959 < 0001 37.71-56.28 46.89
Test for subgroup differences: Q = 1458, df(Q) =1, P=0.227

Quality of studies Low risk 5 63,062 37471 9915 < 0001 43.12-56.23 49.67
Moderate risk 4 10,127 3679 9820 < 0001 2859-4277 3536
Test for subgroup differences: Q =8.008, df(Q) =1, P=0.005

Method of data collection Questionnaire + Interview 7 69,723 39541 9973 < 0001 3271-5217 4214
Interview 2 3466 1609 0 < 0001 44.76-4808 4642
Test for subgroup differences: Q= 0692, df(Q) =1, P=0.406

Sex The odds ratio of females to males: 1.111 (95% Cl: 0.888-1.391, P =0.358); Heterogeneity: 1% 97.96%,
P< 0.001

Cl Confidence intervals, N number

and overall prevalence of GERD, respectively (Figure  6.39%; heterogeneity: I> = 99.15%, P< 0.001; N = 18,774),

4-supplementary). 9.52% (95% CI: 6.16-14.41%; heterogeneity: I* = 99.58%,
P< 0.001; N =54,125), 8.19% (95% CI: 2.42-24.30%; het-
Heartburn prevalence and sensitivity analysis erogeneity: I =99.76%, P< 0.001; N=19,363) and

The daily, weekly, monthly, and overall prevalence of 23.20% (95% CI: 13.56-36.79%; heterogeneity: I* =
heartburn in Iranian population was 2.46% (95% CI: 0.93—  99.77%, P < 0.001; N =26,543), respectively (Fig. 4).
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heartburn symptoms by removing a study showed
that the overall estimate is still robust (Figure 5-
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Subgroup analysis of heartburn

For the daily prevalence of heartburn, the subgroup ana-
lysis of the area (P< 0.001), study population
(P< 0.001), the quality of studies (P< 0.001) and
method of data collection (P = 0.007) were significant
(Table 3). For the weekly prevalence of heartburn,

A Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit  Z-Value p-Value weight
Nouraie et al, 2007 0.0060 0.0029 0.0124 -13.682 0.000 15.83
Hatami etal., 2003 0.0190 0.0150 0.0241 -31.934 0.000 17.14
Mahmoudi et al., 2003 0.0080 0.0054 0.0119 -23.551 0.000 16.84
Mostaghni et al., 2009 0.0090 0.0042 0.0193 -11.889 0.000 15.67
Pourshams et al., 2005 0.1280 0.1092 0.1494 -20.930 0.000 . 17.22
Khodamoradi et al., 2017 0.1390 0.1321 0.1462 -60.722 0.000 . 17.31
0.0246 0.0093 0.0639 -7.253 0.000
0.00 0.50 1.00
B Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit  Z-Value p-Value weight
Hatami etal., 2003 0.0230 0.0185 0.0285 -33.328 0.000 6.25
Mahmoudi et al., 2003 0.0300 00245 00367 -32.522  0.000 6.26
Mostaghni et al., 2009 0.0870 0.0685 0.1100 -17.741 0.000 6.21
Nouraie et al., 2007 0.1220 0.1099 0.1353 -32.689 0.000 6.31
Somi et al., 2006 0.0270 0.0166 0.0437 -14.100 0.000 5.91
Pourshams et al., 2005 0.0900 00742 0.1087 -21.618  0.000 6.26
Bordbar et al., 2015 0.1230 0.0990 0.1518 -15.803 0.000 6.23
Pourhoseingholi et al., 2010 0.0860 0.0765 0.0965 -36.499 0.000 6.31
Khoshbaten., 2003 0.0270 0.0225 0.0324 -37.684 0.000 6.27
Safaee et al., 2010 0.2800 0.2447 03183 -10.133  0.000 | ] 6.27
Honarkar Z et al., 2005 0.2550 0.2248 0.2877 -12.686 0.000 . 6.29
Hassanzadeh Keshtelietal., 2017~ 0.2350 0.2232 0.2473 -34.538 0.000 . 6.33
Shahravan et al., 2013 0.0570 0.0436 0.0742 -19527  0.000 6.19
Reshadat et al., 2017 0.3010 0.2585 0.3472 -7.825 0.000 - 6.26
Pourhoseingholi et al., 2012 0.0545 0.0512 0.0578 -87.330 0.000 6.33
Khodamoradi et al., 2017 0.2530 0.2443 0.2620 -45.302 0.000 . 6.33
0.0952 0.0616 0.1441 -9.379 0.000
0.50 1.00
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit  Z-Value p-Value weight
Nouraie et al, 2007 0.0470 0.0364 0.0605 -22.082 0.000 14.27
Hatami etal., 2003 0.0410 0.0349 0.0481 -37.070 0.000 14.33
Mahmoudi et al., 2003 0.0740 0.0652 0.0839 -36.277 0.000 . 1434
Mostaghni et al., 2009 0.0440 0.0312 0.0617 -16.907 0.000 14.20
Somi et al., 2006 0.0510 0.0359 0.0720 -15.610 0.000 14.19
Pourshams et al., 2005 0.1120 0.0944 0.1324 -21.319 0.000 . 14.31
Khodamoradi et al., 2017 0.4560 0.4459 0.4662 -8.459 0.000 14.36
00819 0.0242 02430 -3.698  0.000 o
0.00 0.50 1.00
D Study name Statistics for each study Event rate and 95% Cl
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Nouraie et al, 2007 0.0690 0.0560 0.0848 -22.866 0.000 11.02
Hatami et al., 2003 0.0842 0.0754 0.0938 -39.303 0.000 . 11.12
Rogha et al., 2006 0.3100 0.2918 0.3288 -18.129 0.000 . 11.14
Mahmoudi et al., 2003 0.1680 0.1551 0.1818 -32.805 0.000 . 11.14
Mostaghni et al., 2009 0.2020 0.1742 0.2330 -14.770 0.000 . 11.07
Pourshams et al., 2005 0.3302 0.3026 0.3590 -10.860 0.000 . 11.11
Khodamoradi et al., 2017 0.5640 0.5539 0.5741 12.286 0.000 . 11.16
Adibi et al., 2016 0.2390 0.2270 0.2514 -33.750 0.000 . 11.15
Ehsani Ardakani et al., 2001 0.3970 0.3614 0.4337 -5.411 0.000 . 11.10
0.2320 0.1356 0.3679 -3.578 0.000 -
0.00 0.50 1.00
Meta Analysis
Fig. 4 The daily (a), weekly (b), monthly (c), and overall (d) prevalence of heartburn in Iranian population
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Table 3 Subgroup analysis of prevalence of heartburn

Variable Studies  Sample (N) Heterogeneity 95% Cl Pooled
N) Total subjects Event I P-Value E())/:jva\ence

Daily Areas Center 3 7727 98 8958 < 0001 048-2.13 1.02
East 1 1066 136 - - 1092-14.94 12.80
South 2 9981 1294 9810 < 0001 023-39.75 378
Test for subgroup differences: Q =46.616, df(Q) =2, P < 0.001

Population Blood donors 1 3517 67 - - 1.50-241 1.90

General population 4 12,249 1438 9767 < 0001 1.86-7.92 3.88
Health care worker 1 3008 24 - - 0.54-1.19 0.80

Test for subgroup differences: Q = 19304, df(Q) =2, P < 0.001

Year of studies 1998-2005 4 8793 235 9802 < 0001 042-835 1.93
2006-2015 2 9981 1294 9810 < 0001 023-39.75 378
Test for subgroup differences: Q= 0672, df(Q) =1, P=0.672

Quality of studies Low risk 3 11,047 1431 9884 < 0001 427-1253 740
Moderate risk 3 7727 98 8958 < 0001 048-2.13 1.02
Test for subgroup differences: Q= 17.950, df(Q) =1, P< 0.001

Method of data collection Questionnaire + Interview 5 17,708 1392 9931 < 0001 037-743 1.69
Interview 1 1066 136 - - 10.92-1494 1280
Test for subgroup differences: Q =7.342, df(Q) = 1, P=0.007

Sex The odds ratio of females to males: 1.211 (95% Cl: 0.915-1.602, P = 0.180); Heterogeneity: 1% 0%, P=0.829

Weekly Areas Center 7 35,634 3014 9966 < 0001 438-1629 862

East 1 1066 96 - - 742-1087  9.00
North 3 5697 181 90.56 < 0001 2.04-597 350
South 4 11,318 2608 9775 < 0001 1064-2531 1637
West 1 410 123 - - 25.85-34.72  30.10
Test for subgroup differences: Q = 131.724, df(Q) =4, P < 0.001

Population Blood donors 1 3517 81 - - 1.85-2.85 2.30
General population 11 45,674 5633 9965 < 0001 7.14-1848 11.66
Health care worker 3 4197 180 9784 < 0001 160-1325 474
injured people of B 1 737 188 - - 2248-28.77 2550
Test for subgroup differences: Q = 364.779, df(Q) =3, P < 0.001

Year of studies 1991-2004 8 16,586 948 9903 < 0001 286-1091 566
2005-2013 8 37,539 5133 9970 < 0.001 8.94-2547 1548
Test for subgroup differences: Q = 5330, df(Q) =1, P=0.021

Quality of studies Low risk 6 32,832 3913 9976 < 0001 558-24.24 12.08
Moderate risk 10 21,296 2169 9939 < 0001 436-1488 8.19
Test for subgroup differences: Q= 0614, df(Q) =1, P= 0433

Method of data collection Interview 2 4100 357 0 0.690 7.88-9.61 871
Questionnaire 4 7001 1432 9809 < 0001 8.76-24.18 14.90
Questionnaire + Interview 10 43,024 4292 9970 < 0001 4.11-1509 803
Test for subgroup differences: Q = 3.897, df(Q) =2, P=0.142

Sex The odds ratio of females to males: 1.678 (95% Cl: 1.105-2.548, P =0.015); Heterogeneity: 12 80.16%,
P< 0.001

Monthly Areas Center 3 7727 423 9426 < 0001 346-791 5.26

East 1 1066 119 - - 944-1324 1120
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Variable Studies  Sample (N) Heterogeneity 95% Cl Pooled
N) Total subjects Event I P-Value E())/:jva\ence

North 1 589 30 - - 3.59-7.20 5.10
South 2 9981 4256 9960 < 0001 1.14-7724 1649
Test for subgroup differences: Q = 27.0761, df(Q) =3, P< 0.001

Population Blood donors 1 3517 144 - - 349-481 4.10
General population 4 12,249 4432 9969 < 0001 240-3888 11.11
Health care worker 2 3597 253 7463 < 0001 444-9.07 6.37
Test for subgroup differences: Q = 6.229, df(Q) =2, P=0.044

Year of studies 1991-2004 5 9382 573 9515 < 0001 4.16-893 6.12
2005-2013 2 9981 4256 9960 < 0001 1.14-7724 1649
Test for subgroup differences: Q= 0571, df(Q) =1, P= 0450

Quality of studies Low risk 3 11,047 4375 9966 < 0001 2.96-48.85 14.57
Moderate risk 4 8316 453 9148 < 0001 3.71-731 523
Test for subgroup differences: Q =1.582, df(Q) =1, P=0.208

Method of data collection Interview 1 1066 19 - - 944-1324 1120
Questionnaire + Interview 6 18,297 4709 9981 < 0.001 1.90-26.74 7.76
Test for subgroup differences: Q =0.288, df(Q) =1, P=0.592

Sex gge odds ratio of females to males: 1.282 (95% Cl: 1.282-1.729, P< 0.001); Heterogeneity: I’ 16.13%, P=

311
Overall Areas Center 6 15,496 3022 9935 < 0001 11.70-2769 1838

East 1 1066 352 - - 30.26-35.90 33.02
South 2 9981 5370 9965 < 0001 1039-73.94 3645
Test for subgroup differences: Q =7.973, df(Q) =2, P=0.019

Population Blood donors 1 3517 369 - - 7.54-9.38 842
General population 6 15,349 6827 9962 < 0001 1636-4401 28.17
Health care worker 2 7677 1621 9817 < 0001 14.06-27.99 20.14
Test for subgroup differences: Q = 34.143, df(Q) =2, P< 0.001

Year of studies 1991-2004 6 11,893 2258 9939 < 0001 1140-3136 1952
2005-2013 3 14,650 6486 9985 < 0001 13.15-59.27 3194
Test for subgroup differences: Q =0.996, df(Q) =1, P=0318

Quality of studies Low risk 4 15,716 6838 9983 < 0001 1621-5386 3222
Moderate risk 5 10,827 1906 9945 < 0001 9.22-30.35 17.38
Test for subgroup differences: Q =1.908, df(Q) =1, P=0.167

Method of data collection Interview 2 3466 1096 9944 < 0001 29.86-3366 31.73
Questionnaire 2 5369 1394 9869 < 0001 1800-4835 31.19
Questionnaire + Interview 5 17,708 6254 9987 < 0001 5.54-4993 1766

Sex

Test for subgroup differences: Q = 1.148, df(Q) = 2, P=0.505

The odds ratio of females to males: 1.414 (95% Cl: 1.093-1.829, P = 0.008); Heterogeneity: 12: 79.84%, P=0.002

Cl Confidence intervals, N number

subgroup analysis of the area (P = 0.001), study population
(P< 0.001) and year of study (P =0.021) were significant
(Table 3). For the monthly prevalence of heartburn, the
subgroup analysis of the area (P < 0.001) and population
(P =0.044) was significant (Table 3). For the overall preva-
lence of heartburn, the subgroup analysis of the area (P =

0.019), and the study population (P < 0.001) were signifi-
cant (Table 3). Other variables were not significant.

The prevalence of heartburn by gender
The daily, weekly, monthly, and overall prevalence of
heartburn in Iranian males was 2.61% (95% CI: 0.59—
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10.75%; heterogeneity: I* = 98.19%, P < 0.001; N = 4778),
5.68% (95% CI: 1.81-16.44%; heterogeneity: I> = 98.69%,
P< 0.001; N=7257), 5.93% (95% CIL: 3.93-8.84%; het-
erogeneity: I> = 89.65%, P < 0.001; N = 4788) and 16.54%
(95% CI: 10.9-24.28%; heterogeneity: I* =96.43%,
P < 0.001; N=1788) (Figure 6-supplementary).

The daily, weekly, monthly, and overall prevalence of
heartburn in Iranian females was 2.90% (95% CI: 0.36—
19.95%; heterogeneity: I> = 98.45%, P < 0.001; N = 2803),
6.89% (95% CI: 2.96—15.21%; heterogeneity: I* = 98.02%,
P< 0.001; N=5171), 9.90% (95% CI: 6.45-14.90%; het-
erogeneity: 1> =92.19%, P< 0.001; N=3183), 19.71%
(95% CI: 11.89-30.89%; heterogeneity: 1% =98.02%,
P< 0.001; N =2803) (Figure 7-supplementary).

OR for the prevalence of daily, weekly, monthly, and
overall prevalence of heartburn in women compared to
men in Table 3 shows that there is a significant differ-
ence in the weekly (P = 0.015), monthly (P < 0.001) and
overall (P =0.008) prevalence of heartburn.

Meta-regression and publication bias for prevalence of
heartburn
The meta-regression model based on years of study for
heartburn prevalence revealed that the meta-regression
coefficient for daily, weekly, monthly, and overall preva-
lence of heartburn was (0.136, 95% CI: - 0.241 to 0.514,
P=0.478), (0.109, 95% CI: 0.013 to 0.205, P=0.025),
(0.205, 95% CI: 0.004 to 0.405, P=0.044) and (0.047,
95% CI: - 0.103 to 0.198, P=0.539), respectively (Fig. 5).
Regarding publication bias, the significance level of
Egger and Begg’s tests was (Egger = 0.028 and Begg’s =
0.707), (Egger =0.118 and Begg’s = 0.392), (Egger = 0.005
and Begg's =0.548) and (Egger =0.025 and Begg’s =
0.754) for the daily, weekly, monthly, and overall preva-
lence  of  heartburn, respectively  (Figure 8-
supplementary).

Regurgitation prevalence and sensitivity analysis
The daily, weekly, monthly, and overall prevalence of re-
gurgitation in Iranian population was 4.00% (95% CI:
1.88-8.32%; heterogeneity: I> = 99.03%, P< 0.001; N =
18,774), 9.79% (95% CI: 5.99—15.60%; heterogeneity: I* =
99.55%, P< 0.001; N=41,140), 13.76% (95% CI: 6.18—
27.88%; heterogeneity: 1> =99.73%, P< 0.001; N=19,
363) and 36.53% (95% CIL: 19.30-58.08%; heterogeneity:
> =99.86%, P< 0.001; N = 21,174), respectively (Fig. 6).
The sensitivity analysis for prevalence of all types re-
gurgitation symptoms by removing a study showed that
the overall estimate is still robust (Figure 9-Supplement).

Subgroup analysis of regurgitation

For the daily prevalence of regurgitation, the subgroup
analysis of the area (P< 0.001), study population
(P< 0.001), the quality of studies (P< 0.001) and the
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data collection method (P=0.001) were significant
(Table 4). For the weekly prevalence of regurgitation,
subgroup analysis of the study population (P =0.001)
was significant (Table 4). For the monthly regurgitation
of heartburn, the subgroup analysis of the population
was significant (P< 0.001) (Table 4). For the overall
prevalence of regurgitation, the subgroup analysis of the
area (P < 0.001) was significant (Table 4). Other variables
were not significant.

The prevalence of regurgitation by gender

The daily, weekly, monthly, and overall prevalence of re-
gurgitation in Iranian males was 3.59% (95% CIL: 1.17—
10.47%; heterogeneity: I* = 97.58%, P < 0.001; N = 4788),
7.93% (95% CI: 4.55—13.46%; heterogeneity: I> = 95.25%,
P < 0.001; N=5008), 10.15% (95% CI: 5.61-17.70%; het-
erogeneity: I* = 97.28%, P < 0.001; N = 4788) and 28.00%
(95% CI: 24.66-31.60%; heterogeneity: I* =81.76%,
P < 0.001; N=4788) (Figure 10-supplementary).

The daily, weekly, monthly, and overall prevalence of
regurgitation in Iranian females was 4.63% (95% CI:
0.78-23.11%; heterogeneity: I* = 98.76%, P< 0.001; N =
2803), 6.81% (95% CI: 3.64—12.41%; heterogeneity: I* =
94.86%, P< 0.001; N=3183), 523% (95% CIL 1.11-
21.34%; heterogeneity: I* = 98.49%, P< 0.001; N = 2803)
and 30.59% (95% CI: 17.89-47.14%; heterogeneity: 1> =
98.29%, P < 0.001; N = 2803) (Figure 11-supplementary).

OR for the prevalence of daily, weekly, monthly, and
overall prevalence of regurgitation in women compared
to men in Table 4 shows that there is no significant dif-
ference in the prevalence of regurgitation.

Meta-regression and publication bias for prevalence of
regurgitation

The meta-regression model based on years of study for
regurgitation prevalence revealed that the meta-
regression coefficient for daily, weekly, monthly, and
overall prevalence of regurgitation was (0.091, 95% CI: -
0.206 to 0.390, P=0.546), (0.081, 95% CI: -0.029 to
0.192, P=0.149), (0.162, 95% CI: 0.027 to 0.297, P=
0.018) and (0.002, 95% CI: — 0.001 to 0.002, P <0.001),
respectively (Fig. 7).

Regarding publication bias, the significance level of
Egger and Begg’s tests was (Egger = 0.060 and Begg’s =
0.452), (Egger = 0.221 and Begg’s = 0.999), (Egger = 0.011
and Begg's =0.999) and (Egger =0.074 and Begg's =
0.763) for the daily, weekly, monthly, and overall preva-
lence of heartburn, respectively (Figure 12-
supplementary).

Discussion

The present study is the first systematic review and
meta-analysis on the prevalence of GERD in Iran. In this
study, the prevalence of daily, weekly, monthly, and
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AStudy name

Statistics for each study

Event rate and 95% CI

Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Nouraie et al, 2007 0.0150 0.0095 0.0237 -17.635 0.000 16.15
Hatami etal., 2003 0.0364 0.0307 0.0431 -36.387 0.000 16.99
Mahmoudi et al., 2003 0.0140 0.0104 0.0189 -27.416 0.000 16.71
Mostaghni et al., 2009 0.0220 0.0135 0.0357 -14.904 0.000 16.01
Pourshams et al., 2005 0.1530 0.1326 0.1759 -20.113 0.000 . 17.01
Khodamoradi et al., 2017 0.1240 0.1174 0.1309 -62.019 0.000 . 17.13
0.0400 0.0188 0.0832 -8.010 0.000 '
0.00 0.50 1.00
B Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Hatami et al., 2003 0.0460 0.0396 0.0534 -37.668 0.000 9.13
Mahmoudi et al., 2003 0.0510 0.0437 0.0595 -35.275 0.000 9.13
Mostaghni et al., 2009 0.1000 0.0801 0.1242 -17.650 0.000 9.03
Nouraie et al., 2007 0.1680 0.1540 0.1830 -30.270 0.000 9.17
Somi et al., 2006 0.0630 0.0460 0.0857 -15.918 0.000 8.89
Pourshams et al., 2005 0.1160 0.0981 0.1366 -21.233 0.000 9.10
Bordbar et al., 2015 0.1100 0.0873 0.1376 -16.024 0.000 9.02
Honarkar et al., 2005 0.1000 0.0803 0.1238 -17.895 0.000 9.04
Shahravan et al., 2013 0.1250 0.1050 0.1482 -19.317 0.000 9.09
Pourhoseingholi et al., 2012 0.0652 0.0617 0.0689 -88.643 0.000 9.20
Khodamoradi et al., 2017 0.2560 0.2472 0.2650 -44.814 0.000 9.20
0.0979 0.0599 0.1560 -8.177 0.000
1.00
‘ f Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit  Z-Value p-Value weight
Nouraie et al, 2007 0.1560 0.1366 0.1776 -21.239 0.000 . 14.31
Hatami etal., 2003 0.0680 0.0601 0.0768 -39.083 0.000 14.33
Mahmoudi et al., 2003 0.1380 0.1261 0.1508 -34.654 0.000 . 14.34
Mostaghni et al., 2009 0.0630 0.0474 0.0833 -17.563 0.000 14.14
Somi et al., 2006 0.1300 0.1052 0.1597 -15.515 0.000 . 14.22
Pourshams et al., 2005 0.1350 0.1158 0.1569 -20.724 0.000 . 14.29
Khodamoradi et al., 2017 0.4330 0.4229 0.4431 -12.858 0.000 14.37
0.1376 0.0618 0.2788 -4.064 0.000 ’
0.00 0.50 1.00
D Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Nouraie et al, 2007 0.2280 0.2052 0.2526 -17.740 0.000 14.27
Hatami et al., 2003 0.2473 0.2333 0.2618 -28.479 0.000 14.30
Rogha et al., 2006 0.3280 0.3095 0.3471 -16.497 0.000 14.30
Mahmoudi et al., 2003 0.2750 0.2593 0.2912 -23.740 0.000 14.30
Mostaghni et al., 2009 0.3460 0.3121 0.3816 -8.110 0.000 14.25
Pourshams et al., 2005 0.4043 0.3752 0.4341 -6.210 0.000 14.28
Khodamoradi et al., 2017 0.7640 0.7552 0.7725 48.011 0.000 14.31
0.3653 0.1930 0.5808 -1.233 0.218

Meta Analysis

Fig. 6 The daily (a), weekly (b), monthly (c), and overall (d) prevalence of regurgitation in Iranian population
A\

overall prevalence of GERD in Iranian population was
5.64%, 12.50%, 18.62%, and 43.07%, respectively. In a
systematic review in 2014, the weekly prevalence of
GERD in North America was 18.1-27.8%, in South
America was 23.0%, in Europe was 8.8-25.9%, in East
Asia was 2.5-7.8%, in Middle East was 8.7-33.1% and
in Australia was 11.6%, and was specifically reported
for Iran to be 10.1-15.0% [49], which is consistent
with the present study.

In the present study, the causes of heterogeneity in the
studies can be attributed to the geographic region and
the studied population, while previous studies also men-
tioned racial and geographical factors for the pathogen-
esis of GERD [49, 50].

In a systematic review in Iran, the causes of heterogen-
eity for the prevalence of GERD have been attributed to
different criteria such as definition, difference in social
factors, cultural background, and lifestyle in different
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Variable Studies  Sample (N) Heterogeneity 95% Cl Pooled
N) Total subjects Event I P-Value E())/:jva\ence
Daily Areas Center 3 7727 188 9421 < 0001 097-4.09 2.00
East 1 1066 163 - - 1326-1759 1530
South 2 9981 1165 9805 < 0001 0094-2582 543
Test for subgroup differences: Q = 33.289, df(Q) =2, P < 0.001
Population Blood donors 1 3517 128 - - 3.07-4.31 3.64
General population 4 12,249 1346 9796 < 0001 278-1041 545
Health care worker 1 3008 42 - - 1.04-1.89 140
Test for subgroup differences: Q = 33.09, df(Q) =2, P< 0.001
Year of studies 1998-2005 4 8793 351 99.04 < 0001 1.04-1053 340
2006-2015 2 9981 1162 9805 < 0001 094-2582 543
Test for subgroup differences: Q =0.196, df(Q) =1, P=0.658
Quality of studies Low risk 3 11,047 1328 9890 < 0001 503-13.76 842
Moderate risk 3 7727 188 9456 < 0001 097-4.09 2.00
Test for subgroup differences: Q = 10268, df(Q) =1, P < 0.001
Method of data collection Questionnaire + Interview 5 17,708 1353 99.17 < 0001 1.07-802 298
Sex Interview 1 1066 163 9951 < 0001 13.26-1759 1530

Weekly Areas

Population

Year of studies

Quality of studies

Method of data collection

Sex

Monthly Areas

Test for subgroup differences: Q= 10819, df(Q) = 1, P=0.001

The odds ratio of females to males: 1.315 (95% Cl: 0.786-2.201, P = 0.297); Heterogeneity: 1. 64.23%, P=0.061

Center 4 27,266 1931
East 1 1066 124
North 2 1490 150
South 4 11,318 2583
Test for subgroup differences: Q = 3.130, df(Q) =3, P=0.372
Blood donors 1 3517 162
General population 6 32,689 4296
Health care worker 3 4197 257
injured people of B 1 737 74
Test for subgroup differences: Q = 38.144, df(Q) =3, P < 0.001
1991-2004 7 12,379 1093
2005-2013 4 28,761 3695
Test for subgroup differences: Q = 6.547, df(Q) =1, P=0.563
Low risk 4 29,227 3753
Moderate risk 7 11,913 1035
Test for subgroup differences: Q =0.393, df(Q) = 1, P=0.531
Interview 1 1066 124
Questionnaire 3 2238 252
Questionnaire + Interview 7 37,836 4412

Test for subgroup differences: Q= 0552, df(Q) =2, P=0.759

99.22

93.15
98.55

99.71
93.11

98.18
99.82

99.83
98.16

2268
99.73

<

<

0.001

0.001

0.001

0.001
0.001

0.001

0.001

0.001

0.001

0.001
0.001

4.02-12.65
9.81-13.66
4.53-17.19
6.71-24.37

3.96-5.34

6.71-23.16
4.27-11.51
8.03-12.38

555-13.53
4.51-27.80

4.68-2762
541-13.62

9.81-13.66
9.85-12.86
461-16.96

7.23
11.60
9.03
13.21

460
12.83
7.08
1.00

8.75
11.89

12.04
8.67

11.60
11.27
9.04

The odds ratio of females to males: 0.856 (95% Cl: 0.509-1.4339, P = 0.558); Heterogeneity: I°: 84.17%,

P< 0001
Center 3 7727 842
East 1 1066 144

North 1 589 77

98.17

<

0.001

6.94-18.29
11.58-15.69
10.52-15.97

1144
13.50
13.00
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Variable Studies  Sample (N) Heterogeneity 95% Cl Pooled
N) Total subjects Event I P-Value E())/:jva\ence

South 2 9981 4056 9959 < 0001 206-71.12 18.55
Test for subgroup differences: Q =0.552, df(Q) =3, P=0.907

Population Blood donors 1 3517 239 - - 6.01-7.68 6.80
General population 4 12,249 4388 9961 < 0001 6.03-37.74 1647
Health care worker 2 3597 492 0 0.605 12.59-14.83 1367
Test for subgroup differences: Q = 88495, df(Q) =2, P < 0.001

Year of studies 1991-2004 5 9382 1062 9648 < 0001 880-1647 1212
2005-2013 2 9981 4056 9959 < 0001 206-71.12 18.55
Test for subgroup differences: Q =0.167, df(Q) =1, P=0.683

Quality of studies Low risk 3 11,047 4200 9962 < 0001 444-46.54 16.75
Moderate risk 4 8316 918 9728 <0001 792-17.23 11.80
Test for subgroup differences: Q =0.273, df(Q) =1, P=0.601

Method of data collection Interview 1 1066 144 - - 11.58-15.69 1350
Questionnaire + Interview 6 18,297 4975 9976 <0001 564-2999 13.80
Test for subgroup differences: Q = 0.002, df(Q) =1, P=0.960

Sex The odds ratio of females to males: 0.500 (95% Cl: 0.085-2.952, P =0.859); Heterogeneity: 1 98.30%, P < 0.001

Overall Areas Center 4 10,127 2758 9505 <0001 23.09-3100 2686

East 1 1066 431 - - 37.53-4341 4043
South 2 9981 7326 99.79 <0001 18.17-8855 56.72
Test for subgroup differences: Q = 26.883, df(Q) =2, P < 0.001

Population Blood donors 1 3517 870 - - 2333-26.18 2473
General population 5 14,649 8818 9984 <0001 19.28-6723 41.18
Health care worker 1 3008 827 - - 25.93-29.12 2750
Test for subgroup differences: Q =8.028, df(Q) =2, P=0.018

Year of studies 1991-2004 5 11,193 3198 9712 <0001 2440-3470 2928
2005-2013 2 9981 7326 99.79 <0001 17.17-8855 56.72
Test for subgroup differences: Q =1.587, df(Q) =1, P=0.208

Quality of studies Low risk 3 11,047 7757 9978 <0001 2240-7934 51.29
Moderate risk 4 10,127 2758 9502 <0001 23.09-31.00 2686
Test for subgroup differences: Q = 2483, df(Q) =1, P=0.115

Method of data collection Interview 2 3466 1218 9467 <0001 2935-4421 3646
Questionnaire + Interview 5 17,708 9297 9990 <0001 1491-6541 3653

Sex

Test for subgroup differences: Q = 0.000, df(Q) =1, P=0.996

The odds ratio of females to males: 1.046 (95% Cl: 0.712-1.539, P =0.818); Heterogeneity: 1 99.19%, P < 0.001

Cl Confidence intervals, N number

cities or different populations [51]. On the other hand,
due to the limitations of population-based studies, where
precise diagnostic methods such as PH metric testing
cannot be used, some of these differences can be due to
the lack of a comprehensive standard for classifying
symptoms and complications of GERD, which makes
comparison between studies difficult [52]. Some differ-
ences in reported reflux rates may be due to cultural and
ethnic differences in perceiving, expressing, and

understanding symptoms of reflux. For example, there
are differences in describing symptoms and diseases in
some areas and among some ethnic groups, while other
groups do not pay attention to the symptoms of the dis-
ease. It has been pointed out that different groups and
cultures have different perceptions of the word “heart-
burn”. In a study in Boston among different ethnic
groups, only 13% of Chinese and Korean people had a
proper understanding of the word “heartburn” [53].
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Fig. 7 The meta-regression model based on years of study for daily (a), weekly (b), monthly (c), and overall (d) prevalence of regurgitation
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Iranian people are gaining weight such that the preva-
lence of obesity in Iranian adults is 21.5% [54]. Mean-
while, the economic and social status of people has
changed rapidly. Therefore, some studies have reported
that the above factors are important risk factors [55].

Smoking has always been associated with GERD. The
relationship between smoking and GERD (any symp-
toms) continues even after smoking is stopped [39].
Smoking increases the frequency of GERD by reducing
the pressure of the sphincter [56] and decreases the se-
cretion of the bicarbonate of the saliva [57]. However,
some other mechanisms may also be involved in the re-
lationship between smoking and symptoms of GERD.
Therefore, smoking may result in exaggerated negative
intrathoracic  pressure and inspiratory thoraco-
abdominal pressure gradient, which may cause gastro-
intestinal reflux [58, 59]. In a meta-analysis, the preva-
lence of smoking among Iranian men and women was
reported to be 21.7% and 3.6%, respectively [59].

There is varied evidence regarding the relationship be-
tween gender and GERD symptoms, but most studies
show no relationship [60]. However, in many studies
based on endoscopy, non-erosive and erosive GERD are
more common in men and women, respectively [61, 62].
In the present study, only the daily symptoms of GERD
were significantly higher in women compared to men.

The prevalence of GERD-related symptoms and tissue
damage is different in ethnic/racial groups [63, 64]. We
found a significant difference between the weekly and
overall prevalence of GERD in different areas; the weekly
and overall prevalence of GERD in the south was 21.26%
and in the north was 60.86%. Iran has different ethnici-
ties (Kurds, Persians, Turks, Arabs, Turkmen, etc.) with
different customs and lifestyles, each of which predom-
inantly lives in certain geographic area (e.g., Kurds are
concentrated in western Iran) [65]. Nevertheless, the en-
vironmental or genetic factors that affect these differ-
ences are not clear yet [39].

The study with highest quality in this meta-analysis
was the study of Islami et al. [39] on 49,975 people of
the general population, with a daily, weekly, monthly,
and overall GERD prevalence of 11.83%, 8.06%, 40.96%,
and 60.86%, respectively, who reported a high incidence.

In the present study, the prevalence of daily, weekly,
monthly, and overall prevalence of GERD did not
change significantly over time. In 2005, a systematic re-
view on population-based studies reported the weekly
prevalence of GERD to be 10-20% in Europe and the
United States and less than 5% in East Asia [66]. How-
ever, in a more recent systematic review in 2011, the
weekly prevalence of GERD was reported to be 8.8—
25.9% in Europe and 18.1-27.8% in North America and
2.5-7.8% in East Asia 49). Therefore, the global preva-
lence of GERD is increasing over time [49].
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The results of the Egger’s test show that bias has been
suggested for the overall prevalence of GERD. Publica-
tion bias is usually suggested for studies that are based
on relationship assessment scale because studies with a
positive result are more likely [48, 67].

There were several limitations for this early study, so
interpreting the results should be done with cautious. The
questionnaire consisted of only the major and common
symptoms of GERD such as heartburn and acid reflux,
but not other symptoms. Non-gastric manifestations of
GERD are not included. Indeed, in the absence of a golden
standard for the diagnosis of GERD, we only have the
questionnaires, which are common in clinical or epi-
demiological studies.

Conclusion

The present meta-analysis provides comprehensive and
useful information on the epidemiology of GERD in Iran
for policy-makers and health care providers. This study
showed a high prevalence of GERD in Iran. Therefore,
effective measures on GERD-related factors such as life-
style can be among the health policies of Iran.
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