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Global prevalence of functional 
dyspepsia according to Rome 
criteria, 1990–2020: a systematic 
review and meta‑analysis
Kwanjoo Lee 1, Chang‑il Kwon 1, Abdullah Özgür Yeniova 2, Ai Koyanagi 3, Louis Jacob 3,4, 
Lee Smith 5, Seung Won Lee 6, Masoud Rahmati 7,8, Ju‑Young Shin 9, Jae Il Shin 10*, 
Wonyoung Cho 11* & Dong Keon Yon 11,12*

Although functional dyspepsia (FD) is a common functional gastroduodenal disorder with a 
high socioeconomic burden, little is known about its global prevalence. Thus, we performed a 
comprehensive study to estimate long‑term trends in the prevalence of FD. We searched PubMed/
MEDLINE, Embase, and Google Scholar from 1990 to 2022 for population‑based studies that reported 
the prevalence of FD in adults (≥ 18 years old) according to Rome I, II, III, or IV criteria. The prevalence 
of FD was extracted from included studies to obtain pooled prevalence with 95% confidence 
intervals (CI) and 95% prediction intervals. Subgroup analysis was performed according to certain 
characteristics, including geographic region. A total of 44 studies met the eligibility criteria, including 
256,915 participants from 40 countries across six continents. The overall global pooled prevalence 
of FD was 8.4% (95% CI 7.4–.9.5). The prevalence was the highest in Rome I (11.9%; 95% CI 5.1–25.4) 
and lowest in Rome IV (6.8%; 95% CI 5.8–7.9). Developing countries showed a higher prevalence than 
developed countries (9.1% versus 8.0%), and prevalence was higher in women, irrespective of the 
definition used (9.0% versus 7.0%). The pooled prevalence gradually decreased from 1990 to 2020 
(12.4% [8.2–18.3] in 1990–2002 versus 7.3% [6.1–8.7] in 2013–2020). The prevalence of FD differs by 
country, economic status, geographical region, and sex, and the global prevalence has been gradually 
declining. Despite the heterogeneity of sample population, our study estimates the current global 
burden of FD and provides information to heath care policy decisions.

Keywords Dyspepsia, Prevalence, Epidemiology, Functional gastrointestinal disorders, Helicobacter pylori

Dyspepsia is a complex symptom of gastroduodenal lesions represented by epigastric pain or burning, postpran-
dial fullness, or early satiety. Although many cases are accompanied by an organic pathology that can explain 
the symptoms, over three-quarters of cases have no organic  pathologies1,2. Such cases are called functional 
dyspepsia (FD) and have been defined by the Rome criteria for standardization. Although there are subtle dif-
ferences depending on the criteria, it is commonly defined as a case where the above symptoms that cannot be 
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explained by investigation including esophagogastroduodenoscopy (EGD) continue for more than 6  months3. 
The prevalence of FD varies depending on the literature and the way it is defined, but is known to be approxi-
mately 10–30%1. FD is the most common functional gastrointestinal disorder (FGIDs) and is estimated to have 
the highest healthcare  burden4. FD can cause social and economic losses by increasing medical expenses and 
negatively impacting individual mental  health5,6.

For these reasons, it is necessary to understand the global prevalence of FD, its trend over time, and changes 
due to the Rome criteria revision to better inform medical policies and determine directions for future research. 
There have been systematic reviews and meta-analyses on the global prevalence of uninvestigated dyspepsia 
(UD), indicating patients with dyspepsia who were not received routine investigation and multinational preva-
lence research conducted by the Rome Foundation based on the Rome IV  criteria2,7–9. However, no study has 
comprehensively researched the global prevalence of FD alone based on the time periods of the Rome I to IV 
(1990 to 2022) criteria. In this study, we estimated the global prevalence of FD diagnosed by the Rome criteria, 
and also conducted subgroup analysis according to country, Rome criteria, survey method, study year, country 
level, geographical region, and sex.

Methods
We performed a systematic review and meta-analysis of relevant studies to investigate global and national trends 
in the prevalence of FD using the Rome criteria in different countries. Subgroup analysis was done by sex, con-
tinent, country level, Rome criteria used for diagnosis, and study year. This systematic review adhered to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)  guidelines10 and the protocol 
was registered with PROSPERO (registration no. CRD42022381641).

Search strategy and study selection
We searched the PubMed/MEDLINE, Embase, and Google Scholar databases from January 1, 1990, to Septem-
ber 22, 2022, to find studies that reported the incidence or prevalence of FD in adults according to the Rome 
Foundation diagnostic criteria. We limited the search to 1990 because the Rome criteria were first described in 
1991. After excluding pediatric studies and those that did not use the Rome criteria, studies were required to have 
recruited participants from the general population or have used datasets that were not skewed so could somewhat 
represent the general population. Those who reported the prevalence of functional dyspepsia in skewed samples, 
such as university students, certain professions such as military personnel, or a specific sex or age, were excluded. 
Studies with the same target population or with fewer than 50 participants were also excluded.

The databases were searched using the terms “functional dyspepsia” or “chronic dyspepsia”, which were com-
bined using the set operator “AND” with studies identified using the terms “incidence” or “prevalence” as free 
text terms. A total of 2,917 studies were initially selected, and studies that did not meet the selection criteria by 
title and abstract were excluded. There were no language restrictions, and, if necessary, the contents were verified 
by translation. A recursive search was performed using the bibliographies of all eligible papers. Two investiga-
tors (KL and WC) independently assessed the eligibility of the study and disagreements were resolved through 
discussion with a third investigator (DKY).

Data analysis and quality assessment
Data were independently extracted by two investigators (KL and WC) using Microsoft Excel (version 2013; 
Microsoft, WA, US), with any discrepancies resolved by the opinion of a third investigator (DKY). The follow-
ing data were collected for each study: study design, country, method of data collection (face-to-face interview, 
telephone interview, interviewer-administered questionnaire, self-completed postal questionnaire, self-completed 
questionnaire given to the participant at an appointment, or self-completed Internet-based questionnaire), Rome 
criteria used to define FD, total number of participants providing complete data, mean age of participants, 
number of participants with FD, number of male and female participants, and number of male and female par-
ticipants with FD. When the prevalence of FD was reported according to more than one set of criteria within 
an individual study, we extracted the participants using the Rome definition. The adapted Newcastle–Ottawa 
Quality Assessment Scale (NOS)11 was used to evaluate the data quality for cross-sectional studies (Tables S1 and 
S2). This scale has a total score of nine points; high-quality studies have seven or more points, medium-quality 
ones have four to six points, and low-quality studies have three points or less.

A random effects model was used to calculate the pooled prevalence of FD. We performed extensive subgroup 
analyses stratified by country, sex, study year (1990–2002, 2003–2012, and 2013–2020), country income level 
(developed and developing countries), geographical region by continent (Africa, Asia, Australia, Europe, North 
America, and South America), Rome criteria used to define FD, and source of participant data (interview- and 
non-interview-based data). Countries were divided into developed and developing countries based on the UN 
Human Development Index (cut-off point 0.8). Based on the results of the subgroup analysis by study year. 
The global prevalence of FD was compared using DerSimonian and Laird (DL) pooled  estimates12 with 95% 
confidence intervals (CIs). To reduce the error rate, the Hartung-Knapp-Sidik-Jonkman (HKSJ) method was 
also used in the  analysis13. Heterogeneity was assessed using the  I2  statistic14 and Egger’s test was performed for 
publication bias. The prediction interval (95% PI) was used to make our main results for the summary of esti-
mates more robust in order to assess the uncertainty of our findings using Bayesian  statistics15. Microsoft Excel 
(version 2013; Microsoft, WA, US) and R software (version 4.1.2; R Foundation, Vienna, Austria) were used to 
calculate the main results and generate all tables. A two-sided p value of < 0.05, was considered  significant16–25.
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Patient and public involvement
No patients were involved in setting the research question or outcome measures, nor were they involved in 
developing plans for the design or implementation of the study. None of the patients were asked to advise on 
the interpretation or writing of the results. However, we plan to disseminate the results of this study to all study 
participants or wider relevant communities on request.

Results
The search strategy identified 6,063 studies. Of these, 44 studies met the eligibility  criteria8,9,26–67, representing 80 
separate adult study populations, comprising 256,915 participants from 40 countries worldwide (Figs. 1, 2 and 
Table 1). Most studies were conducted in a single country, with the exception of a three-nation study conducted 
in Canada, the UK, and the  USA8 and a multinational survey conducted in 33 different  countries9. FD data 
of patients from 1993 to 2020 were included; most were cross-sectional studies, but several population-based 
cohort studies, case–control studies, and randomized control studies that could calculate the prevalence were 

Figure 1.  Literature search and study selection.

Figure 2.  A graphical abstract of the prevalence of functional dyspepsia by continent.
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also included. Most of the study population was a randomly sampled general population; however, samples 
from health check-up visitors, general hospital visitors (not patients), and large-scale hospital staff were also 
included. Face-to-face interviews and internet-based self-completed questionnaires accounted for the majority 
of the survey methods, but there were also some methods using self-completed postal questionnaires, telephone 
interviews, or self-completed questionnaires at appointments. The detailed characteristics of all included studies 
are shown in Table S1.

The global pooled prevalence using the DL method of FD in the 80 included adult population was 8.4% (95% 
confidence interval [CI] 7.4–9.5;  I2 = 98.8%), and the global prevalence using the HKSJ method was 9.9% (95% CI 
8.5–11.3), with a 95% PI of 2.6–23.8 (Table 1). The lowest prevalence of FD reported was 0.7% (95% CI 0.5–1.0) 
in an Indian population cross-sectional study that administered the Rome IV questionnaire during face-to-face 
household interviews. The highest prevalence was 38.3% (95% CI 35.1–41.6), which was reported in a Pakistani 
population cross-sectional study that used the Rome III criteria in face-to-face interviews (Table 2).

Prevalence of FD according to Rome criteria and survey year
In total, three studies stated that they used the Rome I criteria in three separate countries, five used the Rome II 
criteria in five separate countries, 27 used the Rome III criteria in 14 separate countries, and 45 used the Rome 
IV criteria in 38 separate countries. The pooled prevalence of FD was highest according to Rome I criteria and 
lowest according to Rome IV criteria (11.9% [95% CI 5.1–25.4] vs. 6.8% [95% CI 5.8–7.9], respectively). The 
prevalence using the HKSJ method also had the highest frequency when using Rome I criteria and the lowest 
frequency when Rome IV criteria was used (13.6% [95% CI 0.0–37.8] vs. 7.9% [95% CI 6.6–9.1], respectively). 
Table 2 summarizes the pooled data for the prevalence of FD worldwide according to country, using all itera-
tions of the Rome criteria.

Table 1.  Prevalence of functional dyspepsia. CI confidence interval, HKSJ Hartung-Knapp-Sidik-Jonkman. 
*In the HKSJ method, the confidence interval of prevalence is unavailable when the number of studies 
is less than three. † The interview-based type refers to face-to-face interviews, interviewer-administered 
questionnaires, telephone interviews, and non-interview types refer to other methods.

Number of 
populations

Number of 
participants

Pooled prevalence, 
% (95% CI)

Prevalence by HKSJ 
method, % (95% CI) Heterogeneity 

I
2 , % Egger’s P value

95% predicted 
interval

Overall 80 256,915 8.4 (7.4–9.5) 9.9 (8.5–11.3) 98.833 0.481 2.6–23.8

Defining criteria

 Rome I 3 10,278 11.9 (5.1–25.4) 13.6 (0.0–37.8) 99.525 0.806 0.0–100.0

 Rome II 5 5,742 10.6 (6.1–17.7) 12.4 (2.7–22.0) 98.048 0.070 1.1–55.2

 Rome III 27 150,923 10.8 (8.7–13.4) 12.5 (9.4–15.6) 99.352 0.184 3.1–31.7

 Rome IV 45 89,972 6.8 (5.8–7.9) 7.9 (6.6–9.1) 97.635 0.308 2.3–18.4

By survey type

 Interview based†

  Rome I – – – – – – –

  Rome II 3 3492 12.1 (5.3–25.3) 13.7 (0.0–35.8) 98.644 0.087 0.0–100.0

  Rome III 16 51,402 10.1 (7.7–13.2) 12.1 (7.3–16.8) 98.860 0.894 2.9–29.5

  Rome IV 11 20,766 4.4 (2.5–7.7) 6.1 (2.6–9.6) 98.765 0.000 0.4–33.0

 Non-interview†

  Rome I 3 10,278 11.9 (5.1–25.4) 13.6 (0.0–37.8) 99.525 0.806 0.0–100.0

  Rome II 2 2250 8.6 (2.2–27.8) 10.3* 98.236 – –

  Rome III 11 99,521 12.0 (8.1–17.3) 13.1 (9.0–17.2) 99.607 0.223 2.4–43.1

  Rome IV 34 69,206 7.8 (6.7–8.9) 8.4 (7.1–9.6) 96.799 0.000 3.2–17.6

By study year

 1990–2002 8 15,578 12.4 (8.2–18.3) 14.0 (7.8–20.2) 98.794 0.668 2.5–43.6

 2003–2012 15 56,840 10.1 (7.8–13.1) 11.3 (8.0–14.5) 99.033 0.388 3.1–28.2

 2013–2020 53 132,931 7.3 (6.1–8.7) 8.8 (7.1–10.5) 98.566 0.747 1.9–23.8

By country level

 Developed country 53 183,426 8.0 (6.8–9.3) 10.0 (8.3–11.7) 98.850 0.787 2.4–23.4

 Developing country 27 73,489 9.1 (7.4–11.2) 12.1 (9.5–14.8) 98.703 0.231 2.8–26.0

By continent

 Africa 4 6673 8.9 (6.5–12.0) 9.2 (4.5–13.9) 93.802 0.026 1.9–32.9

 Asia 36 96,152 7.8 (6.1–9.8) 10.5 (7.5–13.4) 99.174 0.003 1.7–28.9

 Australia 6 11,536 9.6 (7.1–12.9) 10.3 (6.0–14.6) 96.546 0.140 3.0–26.6

 Europe 21 115,469 8.5 (7.1–10.2) 9.1 (7.4–10.9) 98.207 0.130 3.4–19.6

 North America 9 22,325 8.5 (7.4–9.7) 8.7 (7.3–10.5) 89.680 0.826 5.1–13.8

 South America 4 4760 10.7 (7.8–14.6) 11.3 (3.9–18.6) 90.734 0.470 2.3–38.1
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There was a total of 41 studies whose survey year was specified in the research methods: eight between 1990 
and 2002, 15 between 2003 and 2012, and 53 between 2013 and 2020. The pooled prevalence was the highest 
between 1990 and 2002 and the lowest between 2013 and 2020 (12.4% [95% CI 8.2–18.3] vs. 7.3% [95% CI 
6.1–8.7], respectively), and the prevalence using the HKSJ method showed similar results (Table 1). The preva-
lence of FD tended to decrease over time (Fig. 3).

Prevalence of FD according to country income level and continent
53 out of the 80 surveys were conducted in developed countries, and the remaining 37 were conducted in devel-
oping countries. The prevalence in developed countries was 8.0% (95% CI 6.8–9.3) using the DL method and 
10.0% (95% CI 8.3–11.7) using the HKSJ method. In developing countries, it was 9.1% (95% CI 7.4–11.2) and 
12.1% (95% CI 9.5%–14.8%), respectively, showing a higher trend in developing countries (Table 1).

When the included study population was classified by continent, Asia had the largest number of studies 
(36 studies), followed by Africa and South America (4 studies). In both DL and HKSJ methods, the prevalence 
was highest in South America at 10.7% (95% CI 7.8–14.6) and 11.3% (95% CI 3.9–18.6), respectively, but the 

Table 2.  Prevalence of functional dyspepsia by country. CI confidential interval.

Country, k = 40 Rome overall, % (95% CI) Rome I criteria, % (95% CI) Rome II criteria, % (95% CI) Rome III criteria, % (95% CI)
Rome IV criteria, % 
(95% CI)

Argentina 6.9 (5.9–8.1) – – – 6.9 (5.9–8.1)

Australia 10.2 (7.4–13.8) 8.5 (7.5–9.5) 4.3 (3.1–6.0) 14.0 (12.7–15.4) 7.2 (6.2–8.4)

Bangladesh 10.5 (5.3–19.8) – – 7.6 (6.3–9.1) 19.4 (17.7–21.2)

Belgium 5.0 (4.1–6.0) – – – 5.0 (4.1–6.0)

Brazil 12.3 (8.9–16.6) – – 13.6 (7.3–23.9) 10.6 (9.3–12.0)

Bulgaria 15.3 (10.6–21.5) – – – 15.3 (10.6–21.5)

Canada 8.1 (7.3–9.0) – – – 8.1 (7.3–9.0)

China 7.6 (3.2–17.1) – 23.5 (21.0–26.2) 5.1 (4.4–6.0) 5.1 (3.7–6.9)

Colombia 7.2 (6.2–8.4) – – – 7.2 (6.2–8.4)

Croatia 16.6 (13.9–19.6) – – 16.6 (13.9–19.6) –

Denmark 7.8 (7.6–8.0) – – 7.8 (7.6–8.0) –

Egypt 12.3 (10.9–13.8) – – – 12.3 (10.9–13.8)

France 5.8 (2.7–12.0) – – 4.0 (3.8–4.2) 8.5 (7.4–9.8)

Germany 6.9 (5.9–8.1) – – – 6.9 (5.9–8.1)

Ghana 7.2 (5.9–8.8) – – – 7.2 (5.9–8.8)

Honduras 9.4 (7.6–11.7) – – – 9.4 (7.6–11.7)

India 0.7 (0.5–1.0) – – – 0.7 (0.5–1.0)

Indonesia 4.4 (3.4–5.7) – – – 4.4 (3.4–5.7)

Iran 9.8 (7.0–13.4) – – 12.6 (9.4–16.7) 2.9 (2.2–3.8)

Israel 3.6 (2.8–4.5) – – – 3.6 (2.8–4.5)

Italy 9.9 (8.2–12.0) – 11.0 (9.3–13.1) – 9.1 (7.9–10.4)

Japan 8.1 (4.7–21.0) – – 11.9 (4.7–26.8) 2.4 (1.9–3.1)

Malaysia 5.0 (2.2–11.1) – – – 5.0 (2.2–11.1)

Mexico 6.6 (5.6–7.8) – – – 6.6 (5.6–7.8)

Netherlands 4.1 (3.3–5.0) – – – 4.1 (3.3–5.0)

Nigeria 6.0 (4.9–7.4) – – – 6.0 (4.9–7.4)

Pakistan 38.3 (35.1–41.6) – – 38.3 (35.1–41.6) –

Poland 8.3 (7.2–9.6) – – – 8.3 (7.2–9.6)

Romania 7.4 (6.4–8.6) – – – 7.4 (6.4–8.6)

Russia 10.3 (9.0–11.7) – – – 10.3 (9.0–11.7)

Saudi Arabia 18.9 (17.5–20.4) – – – 18.9 (17.5–20.4)

Singapore 5.9 (5.0–7.0) – – – 5.9 (5.0–7.0)

South Africa 11.0 (9.7–12.4) – – – 11.0 (9.7–12.4)

South Korea 7.9 (4.2–14.5) – 6.3 (5.2–7.7) 10.0 (3.6–25.1) 4.9 (4.0–5.9)

Spain 15.3 (13.2–17.6) – – – 15.3 (13.2–17.6)

Sweden 11.4 (5.9–20.9) – – 15.7 (13.6–18.1) 8.2 (7.1–9.5)

Taiwan 12.6 (4.5–30.7) 24.8 (22.9–26.8) 16.1 (14.3–18.0) 4.5 (3.9–5.2) –

Turkey 2.4 (0.5–11.1) – – – 2.4 (0.5–11.1)

UK 7.9 (6.6–9.7) – – – 7.9 (6.6–9.7)

USA 8.9 (7.2–10.9) 7.4 (6.8–8.1) – 9.8 (8.8–10.8) 9.2 (6.4–13.0)
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continent with the lowest prevalence was Asia with DL method (7.8%, 95% CI 7.8–14.6) and with the HKSJ 
method, it was North America (8.7%, 95% CI 7.3–10.5; Table 1 and Fig. 2).

Prevalence of FD according to survey method
We analyzed several survey methods by classifying them into two categories. These were the interview-type in 
which a trained interviewer participates in the survey in any way, and a non-interview type in which a question-
naire is prepared and submitted by the participant. For each Rome criterion used in the definition, the prevalence 
of the two types of survey methods was compared, but in the case of Rome I, there was no interview-type study, 
so a comparison could not be made. In Rome II, the interview-type showed a higher pooled prevalence (12.1% 
[95% CI 5.3–25.3] vs. 8.6% [95% CI 2.2–27.8], respectively) than the non-interview type, and showed a similar 
trend in the HKSJ method. However, in Rome III and Rome IV, which accounted for the majority of included 
studies, the interview-type tended to be significantly lower than the non-interview type (10.1% [95% CI 7.7–13.2] 
vs. 12.0% [95% CI 8.1–17.3], and 4.4% [95% CI 2.5–7.7] vs. 7.8% [95% CI 6.7–8.9]).

Prevalence of FD according to sex
The prevalence of FD was divided into male and female categories and analyzed by dividing the Rome criteria 
into Rome overall, Rome I, II, III, and IV (Table 3). The prevalence of women in all categories was significantly 
higher, and the largest difference was observed in Rome IV with an odds ratio for female to male of 2.68 (95% 
CI 2.31–3.12).

Study quality assessment
A total of 44 studies included in the analysis were evaluated for quality using the NOS scale. Except for one study 
that showed poor selection quality, all other studies showed good or fair selection and outcomes quality. In the 
comparability section, 81.8% (36/44) of the studies were of good or fair quality (Table S2). Twenty-six studies 
were evaluated as high-quality, and the remaining 18 studies were evaluated as medium-quality. None of the 
included studies was of low quality.

Figure 3.  Global prevalence of functional dyspepsia from 1990 to 2020.

Table 3.  Prevalence of functional dyspepsia for each of the Rome criteria by sex. CI confidential interval. The 
bold numbers indicate a significant difference (p < 0.05).

Number of studies
Proportion of females with functional 
dyspepsia, %

Proportion of males with functional 
dyspepsia, %

Odds ratio for females to males, % 
(95% CI) p-value

Rome overall 32 9.0 7.0 1.32 (1.27–1.37)  < 0.001

Rome I 3 12.3 9.8 1.29 (1.14–1.46)  < 0.001

Rome II 5 14.0 11.0 1.31 (1.13–1.54)  < 0.001

Rome III 21 8.2 6.3 1.33 (1.27–1.39)  < 0.001

Rome IV 3 24.3 10.7 2.68 (2.31–3.12)  < 0.001
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Discussion
Key findings
This systematic review and meta-analysis integrated data from 44 original articles and over 256,915 participants 
from 40 countries across six continents (Africa, Asia, Australia, Europe, North America, and South America), 
which reported the prevalence of FD in the community using all iterations of the Rome criteria from 1990 to 
2020. We investigated whether the prevalence of FD could vary according to country, continent, and sex, even 
if the same definition was applied. The estimated global prevalence of FD was 8.4% (95% CI 7.4–9.5). This study 
also found differences in prevalence between developed and developing countries, with a higher prevalence in 
developing countries. The prevalence according to the Rome criteria definitions showed a change of less than 
1.5% between Rome I, II, and III but showed a sharp decrease in the prevalence with the Rome IV criteria. 
Regardless of the definition used, we found that the prevalence of FD was significantly higher in women than that 
in men. Finally, according to study year, we found that the worldwide prevalence of FD showed gradual decreased.

Plausible mechanism
The prevalence of FD showed a gradual decrease by the study year, which can be attributed to the following rea-
sons. First, there is a decrease in the prevalence of Helicobacter pylori (H. pylori) infection, which is assumed to 
be a cause of  FD68–70. For various reasons, such as the prevention of gastric cancer, H. pylori eradication is widely 
practiced, and as a result, the prevalence of H. pylori infection worldwide is decreasing and this result was seen 
in a systematic review of global prevalence; hence, the prevalence of FD is also estimated to have  decreased69–71. 
This claim is supported by the fact that H. pylori prevalence is high in developing countries and low in developed 
 countries68. H. pylori infection without peptic ulcers or gastric cancer may be associated with FD, and there is 
substantial evidence that eradication improves symptoms in FD patients with H. pylori  infection70.

Second, it could be because the diagnostic accuracy for structural disease has increased with the development 
of various technologies and the evaluation techniques for gastroesophageal non-structural organic causes, such as 
motility  disorder72–74. The third explanation is a reduction in infectious gastroenteritis (IGE). It is a well-known 
fact that the incidence of FD increases after suffering from  IGE75,76. It can be assumed that the decrease in the 
incidence of IGE along with the improvement of global sanitation contributed to the decrease in the prevalence 
of FD, and the difference in prevalence between developed and developing countries in our study supports this 
 rationale77. Lastly, the Rome criteria for FD diagnosis has become increasingly stringent as classifications have 
become more  diverse78. Especially, in Rome III, postprandial distress syndrome, one of the subtypes of FD, could 
be identified even if symptoms occurred just once a week, but in Rome IV criteria, the requirements were made 
more stringent to three times a  week79. This is supported by the reduced prevalence using the Rome IV criteria 
compared to Rome I, II, and III.

When the odds ratio for prevalence by sex was analyzed, women consistently showed higher odds for every 
Rome criteria as well as overall prevalence, compared with men. This trend agrees with the other global preva-
lence studies of functional constipation (FC), irritable bowel syndrome (IBS), and other FGIDs using the Rome 
 criteria80,81. This consistent trend indicates that differences between males and females due to various causes affect 
the disease prevalence. Visceral hypersensitivity is known to have a significant effect on sex differences in animal 
models; however, it has not been clearly identified in  humans76. Other possible causes include gastric emptying 
and colon transit time, the degree of sensation for visceral pain due to structural differences in hormones or the 
brain, brain response to stress, ghrelin, heredity, low-grade inflammation of the duodenum, and food; however, 
a clear cause has not yet been  identified76,82.

Strengths and limitations
This study has several limitations. First, few studies have been conducted in Africa or South America, and 
more studies have been conducted in developed countries than in developing countries. Second, there are more 
studies using Romes III and IV criteria than those using Romes I and II. Third, there was variability in the data 
collection methods, such as face-to-face or telephone interviews versus self-completed internet-based or paper 
questionnaires, which may have caused differences in ascertaining the prevalence of FD. In fact, when subgroup 
analysis was performed by dividing the survey types in this study, a difference in prevalence was observed despite 
the Rome criteria used for the definition being the same. Fourth, although an atypical population was excluded, 
some study populations were not pure general population. However, these studies had sufficient sample sizes 
and included patients of different ages. Fifth, because the subtype definition of FD was different in Rome I, II, 
and Rome III and IV, the prevalence was not investigated separately for each subtype. Sixth, demographic data 
such as sex, age, or socioeconomic status could not be obtained from all studies, and only sex was available for 
subgroup  analysis83,84 Seventh, all the studies included in the analysis used a means to exclude organic causes 
and defined the participants as having FD accordingly, but few studies performed routine EGD, and most studies 
were health check-up population studies. In some studies, ultrasound or CT of the abdomen was performed in 
addition to EGD. Therefore, the prevalence of true FD in the study populations may be  questionable85. How-
ever, it is practically impossible to accurately distinguish FD from organic dyspepsia by any process, and each 
country has a different approach to the investigation of  dyspepsia1,86,87. Even if investigations, including EGD, 
were not conducted in the study, it cannot be said that participants were not received investigation. In addition, 
it is difficult to conduct research that routinely performs invasive tests such as EGD on the general  population88. 
Therefore, in many studies, even if it was not a routine investigation, after using a method to exclude organic 
dyspepsia, FD is defined by the Rome criteria and the prevalence is investigated. This is also the case in the large-
scale multinational study conducted by the Rome  Foundation8,9. Lastly, there was considerable heterogeneity. 
Given that our analyses involved heterogeneity, it’s important to note that some results may be subject to inac-
curacy. Therefore, interpretation should be approached with caution, considering these aspects. To the best of 
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our knowledge, our study is the first to investigate the global prevalence of FD, including the prevalence based 
on Rome I to IV criteria. And we performed an extensive literature search and sophisticated statistics, including 
the DL method, HKSJ method, and 95% PI, to reduce the error rate and obtain more accurate results.

Further considerations
As mentioned above, the decrease in the prevalence of FD can be assumed to be due to the development of 
various medical examination techniques and a decrease in the morbidity of H. pylori and IGE. However, the 
cause of FD remains unclear, as mentioned in the discussion on sex differences. Therefore, efforts to find a clear 
cause for FD are still needed. Reason analysis and institutional efforts are needed to reduce the frequency of FD 
in developing countries as much as in developed countries. In addition, despite global cross-sectional studies, 
prevalence studies in Africa and South America are still  insufficient9. For an accurate comparison, additional 
epidemiological studies are needed in these countries in the future.

Although the same criteria were used in our study, there was a slight difference in prevalence according to 
the survey method, which is similar to studies on other FGIDs using the Rome  criteria80,81. This fact suggests 
that although the meaning of the Rome criteria is sufficient as a global standard, the rate at which patients 
report symptoms may vary depending on the survey method; therefore, standardization of the survey method 
or a process for correcting the prevalence according to the survey method is needed. These aspects should be 
considered when revising the Rome criteria in the future.

Conclusions
This systematic review and meta-analysis determined the global prevalence of FD to range from 11.9%, as per 
the Rome I criteria, to 6.8% based on the Rome IV criteria spanning the years 1990 to 2020. Despite heteroge-
neity across studies, our analysis unveiled noteworthy insights into the global prevalence of FD. Notably, there 
were variations between developed and developing countries, with a higher prevalence observed in developing 
nations. Additionally, our findings consistently demonstrated a significantly higher prevalence of FD in women 
compared to men, irrespective of the diagnostic criteria employed. This study provides crucial estimates of the 
current global burden of FD, offering valuable insights for future healthcare planning and research priorities.

Data availability
All data are provided in the Article and in the appendix.

Received: 20 June 2023; Accepted: 15 February 2024

References
 1. Ford, A. C., Mahadeva, S., Carbone, M. F., Lacy, B. E. & Talley, N. J. Functional dyspepsia. Lancet 396, 1689–1702. https:// doi. org/ 

10. 1016/ S0140- 6736(20) 30469-4 (2020).
 2. Ford, A. C., Marwaha, A., Sood, R. & Moayyedi, P. Global prevalence of, and risk factors for, uninvestigated dyspepsia: A meta-

analysis. Gut 64, 1049–1057. https:// doi. org/ 10. 1136/ gutjnl- 2014- 307843 (2015).
 3. Stanghellini, V. et al. Gastroduodenal disorders. Gastroenterology 150, 1380–1392. https:// doi. org/ 10. 1053/j. gastro. 2016. 02. 011 

(2016).
 4. Chuah, K. H., Cheong, S. Y., Lim, S. Z. & Mahadeva, S. Functional dyspepsia leads to more healthcare utilization in secondary 

care compared with other functional gastrointestinal disorders. J. Dig. Dis. 23, 111–117. https:// doi. org/ 10. 1111/ 1751- 2980. 13082 
(2022).

 5. Lacy, B. E., Weiser, K. T., Kennedy, A. T., Crowell, M. D. & Talley, N. J. Functional dyspepsia: The economic impact to patients. 
Aliment Pharmacol. Ther. 38, 170–177. https:// doi. org/ 10. 1111/ apt. 12355 (2013).

 6. Aro, P. et al. Functional dyspepsia impairs quality of life in the adult population. Aliment Pharmacol Ther. 33, 1215–1224. https:// 
doi. org/ 10. 1111/j. 1365- 2036. 2011. 04640.x (2011).

 7. Barberio, B., Mahadeva, S., Black, C. J., Savarino, E. V. & Ford, A. C. Systematic review with meta-analysis: global prevalence of 
uninvestigated dyspepsia according to the Rome criteria. Aliment Pharmacol. Ther. 52, 762–773. https:// doi. org/ 10. 1111/ apt. 16006 
(2020).

 8. Aziz, I. et al. Epidemiology, clinical characteristics, and associations for symptom-based Rome IV functional dyspepsia in adults 
in the USA, Canada, and the UK: A cross-sectional population-based study. Lancet Gastroenterol. Hepatol. 3, 252–262. https:// 
doi. org/ 10. 1016/ S2468- 1253(18) 30003-7 (2018).

 9. Sperber, A. D. et al. Worldwide prevalence and burden of functional gastrointestinal disorders, results of rome foundation global 
study. Gastroenterology 160, 99–114. https:// doi. org/ 10. 1053/j. gastro. 2020. 04. 014 (2021).

 10. Lee, S. W. & Koo, M. J. PRISMA 2020 statement and guidelines for systematic review and meta-analysis articles, and their underly-
ing mathematics: life cycle committee recommendations. Life Cycle https:// doi. org/ 10. 54724/ lc. 2022. e9 (2022).

 11. Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-
analyses. Eur. J. Epidemiol. 25, 603–605. https:// doi. org/ 10. 1007/ s10654- 010- 9491-z (2010).

 12. DerSimonian, R. & Laird, N. Meta-analysis in clinical trials revisited. Contemp. Clin. Trials 45, 139–145. https:// doi. org/ 10. 1016/j. 
cct. 2015. 09. 002 (2015).

 13. IntHout, J., Ioannidis, J. P. & Borm, G. F. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-analysis is straight-
forward and considerably outperforms the standard DerSimonian-Laird method. BMC Med. Res. Methodol. 14, 25. https:// doi. 
org/ 10. 1186/ 1471- 2288- 14- 25 (2014).

 14. Higgins, J. P., Thompson, S. G., Deeks, J. J. & Altman, D. G. J. B. Measuring inconsistency in meta-analyses. BMJ 327, 557–560 
(2003).

 15. Kim, H. J., Park, H., Yon, D. K. & Rahmati, M. National trends in influenza vaccination coverage rates in South Korea between 
2007–2020, including the COVID-19 pandemic: A longitudinal nationwide serial study. Life Cycle 3, e9. https:// doi. org/ 10. 54724/ 
lc. 2023. e9 (2023).

 16. Lee, S. W. Regression analysis for continuous independent variables in medical research: Statistical standard and guideline of Life 
Cycle Committee. Life Cycle 2, e3. https:// doi. org/ 10. 54724/ lc. 2022. e3 (2022).

 17. Lee, S. W. Methods for testing statistical differences between groups in medical research: statistical standard and guideline of Life 
Cycle Committee. Life Cycle 2, e1. https:// doi. org/ 10. 54724/ lc. 2022. e1 (2022).

https://doi.org/10.1016/S0140-6736(20)30469-4
https://doi.org/10.1016/S0140-6736(20)30469-4
https://doi.org/10.1136/gutjnl-2014-307843
https://doi.org/10.1053/j.gastro.2016.02.011
https://doi.org/10.1111/1751-2980.13082
https://doi.org/10.1111/apt.12355
https://doi.org/10.1111/j.1365-2036.2011.04640.x
https://doi.org/10.1111/j.1365-2036.2011.04640.x
https://doi.org/10.1111/apt.16006
https://doi.org/10.1016/S2468-1253(18)30003-7
https://doi.org/10.1016/S2468-1253(18)30003-7
https://doi.org/10.1053/j.gastro.2020.04.014
https://doi.org/10.54724/lc.2022.e9
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.1016/j.cct.2015.09.002
https://doi.org/10.1186/1471-2288-14-25
https://doi.org/10.1186/1471-2288-14-25
https://doi.org/10.54724/lc.2023.e9
https://doi.org/10.54724/lc.2023.e9
https://doi.org/10.54724/lc.2022.e3
https://doi.org/10.54724/lc.2022.e1


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4172  | https://doi.org/10.1038/s41598-024-54716-3

www.nature.com/scientificreports/

 18. Lee, J. S. et al. Long-term health outcomes of early menarche in women: an umbrella review. Qjm 115, 837–847. https:// doi. org/ 
10. 1093/ qjmed/ hcac1 87 (2022).

 19. Lee, K. et al. Global burden of vaccine-associated anaphylaxis and their related vaccines, 1967–2023: A comprehensive analysis of 
the international pharmacovigilance database. Allergy https:// doi. org/ 10. 1111/ all. 15968 (2023).

 20. Hahn, J. W. et al. Global incidence and prevalence of autoimmune hepatitis, 1970–2022: A systematic review and meta-analysis. 
EClinicalMedicine 65, 102280. https:// doi. org/ 10. 1016/j. eclinm. 2023. 102280 (2023).

 21. Yon, D. K. et al. Indoor exposure and sensitization to formaldehyde among inner-city children with increased risk for asthma and 
rhinitis. Am. J. Respir. Crit. Care Med. 200, 388–393. https:// doi. org/ 10. 1164/ rccm. 201810- 1980LE (2019).

 22. Lee, J. S. et al. Breastfeeding and impact on childhood hospital admissions: A nationwide birth cohort in South Korea. Nat. Com-
mun. 14, 5819. https:// doi. org/ 10. 1038/ s41467- 023- 41516-y (2023).

 23. Park, S. et al. Efficacy of information and communication technology interventions for the management of diabetes mellitus: An 
umbrella review and evidence map. Obes Rev https:// doi. org/ 10. 1111/ obr. 13714 (2024).

 24. Yoo, H. W. et al. Non-alcoholic fatty liver disease and COVID-19 susceptibility and outcomes: A Korean Nationwide cohort. J. 
Korean Med. Sci. 36, e291. https:// doi. org/ 10. 3346/ jkms. 2021. 36. e291 (2021).

 25. Lee, S. W. et al. Estimating COVID-19 infection and severity risks in patients with chronic rhinosinusitis: A Korean nationwide 
cohort study. J. Allergy Clin. Immunol. Pract. 9, 2262-2271.e2262. https:// doi. org/ 10. 1016/j. jaip. 2021. 03. 044 (2021).

 26. Boyce, P. M., Talley, N. J., Burke, C. & Koloski, N. A. Epidemiology of the functional gastrointestinal disorders diagnosed according 
to Rome II criteria: An Australian population-based study. Intern. Med. J. 36, 28–36. https:// doi. org/ 10. 1111/j. 1445- 5994. 2006. 
01006.x (2006).

 27. Aro, P. et al. Anxiety is associated with uninvestigated and functional dyspepsia (Rome III criteria) in a Swedish population-based 
study. Gastroenterology 137, 94–100. https:// doi. org/ 10. 1053/j. gastro. 2009. 03. 039 (2009).

 28. Lee, S. Y., Lee, K. J., Kim, S. J. & Cho, S. W. Prevalence and risk factors for overlaps between gastroesophageal reflux disease, 
dyspepsia, and irritable bowel syndrome: A population-based study. Digestion 79, 196–201. https:// doi. org/ 10. 1159/ 00021 1715 
(2009).

 29. Zagari, R. M. et al. Epidemiology of functional dyspepsia and subgroups in the Italian general population: An endoscopic study. 
Gastroenterology 138, 1302–1311. https:// doi. org/ 10. 1053/j. gastro. 2009. 12. 057 (2010).

 30. Noh, Y. W., Jung, H. K., Kim, S. E. & Jung, S. A. Overlap of erosive and non-erosive reflux diseases with functional gastrointestinal 
disorders according to Rome III criteria. J. Neurogastroenterol. Motil. 16, 148–156. https:// doi. org/ 10. 5056/ jnm. 2010. 16.2. 148 
(2010).

 31. Kaji, M. et al. Prevalence of overlaps between GERD, FD and IBS and impact on health-related quality of life. J. Gastroenterol. 
Hepatol. 25, 1151–1156. https:// doi. org/ 10. 1111/j. 1440- 1746. 2010. 06249.x (2010).

 32. Choung, R. S., Locke, G. R. 3rd., Schleck, C. D., Zinsmeister, A. R. & Talley, N. J. Overlap of dyspepsia and gastroesophageal reflux 
in the general population: One disease or distinct entities?. Neurogastroenterol. Motil. 24, 229–234. https:// doi. org/ 10. 1111/j. 1365- 
2982. 2011. 01845.x (2012).

 33. Miwa, H. Life style in persons with functional gastrointestinal disorders–large-scale internet survey of lifestyle in Japan. Neuro-
gastroenterol. Motil. 24, 464–471. https:// doi. org/ 10. 1111/j. 1365- 2982. 2011. 01872.x (2012).

 34. Perveen, I., Rahman, M. M., Saha, M., Rahman, M. M. & Hasan, M. Q. Prevalence of irritable bowel syndrome and functional dys-
pepsia, overlapping symptoms, and associated factors in a general population of Bangladesh. Indian J. Gastroenterol. 33, 265–273. 
https:// doi. org/ 10. 1007/ s12664- 014- 0447-1 (2014).

 35. Le Pluart, D. et al. Functional gastrointestinal disorders in 35,447 adults and their association with body mass index. Aliment 
Pharmacol. Ther. 41, 758–767. https:// doi. org/ 10. 1111/ apt. 13143 (2015).

 36. Seyedmirzaei, S. M., Haghdoost, A. A., Afshari, M. & Dehghani, A. Prevalence of dyspepsia and its associated factors among the 
adult population in southeast of Iran in 2010. Iran Red Crescent Med. J. 16, e14757. https:// doi. org/ 10. 5812/ ircmj. 14757 (2014).

 37. Ebling, B. et al. Influence of various factors on functional dyspepsia. Wien Klin. Wochenschr. 128, 34–41. https:// doi. org/ 10. 1007/ 
s00508- 015- 0718-6 (2016).

 38. Koloski, N. A. et al. Identification of early environmental risk factors for irritable bowel syndrome and dyspepsia. Neurogastroen-
terol. Motil. 27, 1317–1325. https:// doi. org/ 10. 1111/ nmo. 12626 (2015).

 39. Jung, J. G. et al. Visceral adiposity is associated with an increased risk of functional dyspepsia. J. Gastroenterol. Hepatol. 31, 567–574. 
https:// doi. org/ 10. 1111/ jgh. 13146 (2016).

 40. Koloski, N. A., Jones, M. & Talley, N. J. Evidence that independent gut-to-brain and brain-to-gut pathways operate in the irritable 
bowel syndrome and functional dyspepsia: A 1-year population-based prospective study. Aliment Pharmacol. Ther. 44, 592–600. 
https:// doi. org/ 10. 1111/ apt. 13738 (2016).

 41. Adibi, P. et al. Association of anxiety, depression, and psychological distress in people with and without functional dyspepsia. Adv. 
Biomed. Res. 5, 195. https:// doi. org/ 10. 4103/ 2277- 9175. 190936 (2016).

 42. Kim, S. E. et al. Prevalence and risk factors of functional dyspepsia in health check-up population: A nationwide multicenter 
prospective study. J Neurogastroenterol. Motil. 24, 603–613. https:// doi. org/ 10. 5056/ jnm18 068 (2018).

 43. Tanaka, F. et al. Association between functional dyspepsia and gastric depressive erosions in Japanese subjects. Intern. Med. 58, 
321–328. https:// doi. org/ 10. 2169/ inter nalme dicine. 1325- 18 (2019).

 44. Sharbafchi, M. R. et al. Personality traits are related to functional dyspepsia in a large sample of Iranian adults. J. Psychosom. Res. 
129, 109912. https:// doi. org/ 10. 1016/j. jpsyc hores. 2019. 109912 (2020).

 45. Koloski, N. A., Jones, M., Walker, M. M., Holtmann, G. & Talley, N. J. Functional dyspepsia is associated with lower exercise levels: 
A population-based study. United Eur. Gastroenterol. J. 8, 577–583. https:// doi. org/ 10. 1177/ 20506 40620 916680 (2020).

 46. Norwood, D. A. et al. Prevalence and associated dietary factors of Rome IV functional gastrointestinal disorders in rural western 
honduras. Dig Dis. Sci. 66, 3086–3095. https:// doi. org/ 10. 1007/ s10620- 020- 06639-y (2021).

 47. Zacharakis, G. et al. Effects of the Rome IV criteria to functional dyspepsia symptoms in Saudi Arabia: Epidemiology and Clinical 
Practice. Korean J. Gastroenterol. 76, 304–313. https:// doi. org/ 10. 4166/ kjg. 2020. 110 (2020).

 48. Beh, K. H., Chuah, K. H., Rappek, N. A. M. & Mahadeva, S. The association of body mass index with functional dyspepsia is 
independent of psychological morbidity: A cross-sectional study. PLoS One 16, e0245511. https:// doi. org/ 10. 1371/ journ al. pone. 
02455 11 (2021).

 49. Chuah, K. H., Beh, K. H., Mahamad Rappek, N. A. & Mahadeva, S. The epidemiology and quality of life of functional gastrointes-
tinal disorders according to Rome III vs Rome IV criteria: A cross-sectional study in primary care. J. Dig Dis. 22, 159–166. https:// 
doi. org/ 10. 1111/ 1751- 2980. 12975 (2021).

 50. Rahman, M. M. et al. Functional dyspepsia, peptic ulcer, and helicobacter pylori infection in a rural community of South Asia: 
An endoscopy-assisted household survey. Clin. Transl. Gastroenterol. 12, e00334. https:// doi. org/ 10. 14309/ ctg. 00000 00000 000334 
(2021).

 51. Hu, N. et al. Epidemiological and clinical features of functional dyspepsia in a region with a high incidence of esophageal cancer 
in China. Chin. Med. J. 134, 1422–1430. https:// doi. org/ 10. 1097/ CM9. 00000 00000 001584 (2021).

 52. Nakov, R. et al. Increased prevalence of gastrointestinal symptoms and disorders of gut-brain interaction during the COVID-19 
pandemic: An internet-based survey. Neurogastroenterol. Motil. 34, e14197. https:// doi. org/ 10. 1111/ nmo. 14197 (2022).

 53. Zand Irani, M. et al. Prevalence, symptoms and risk factor profile of rumination syndrome and functional dyspepsia: A population-
based study. Aliment Pharmacol. Ther. 54, 1416–1431. https:// doi. org/ 10. 1111/ apt. 16630 (2021).

https://doi.org/10.1093/qjmed/hcac187
https://doi.org/10.1093/qjmed/hcac187
https://doi.org/10.1111/all.15968
https://doi.org/10.1016/j.eclinm.2023.102280
https://doi.org/10.1164/rccm.201810-1980LE
https://doi.org/10.1038/s41467-023-41516-y
https://doi.org/10.1111/obr.13714
https://doi.org/10.3346/jkms.2021.36.e291
https://doi.org/10.1016/j.jaip.2021.03.044
https://doi.org/10.1111/j.1445-5994.2006.01006.x
https://doi.org/10.1111/j.1445-5994.2006.01006.x
https://doi.org/10.1053/j.gastro.2009.03.039
https://doi.org/10.1159/000211715
https://doi.org/10.1053/j.gastro.2009.12.057
https://doi.org/10.5056/jnm.2010.16.2.148
https://doi.org/10.1111/j.1440-1746.2010.06249.x
https://doi.org/10.1111/j.1365-2982.2011.01845.x
https://doi.org/10.1111/j.1365-2982.2011.01845.x
https://doi.org/10.1111/j.1365-2982.2011.01872.x
https://doi.org/10.1007/s12664-014-0447-1
https://doi.org/10.1111/apt.13143
https://doi.org/10.5812/ircmj.14757
https://doi.org/10.1007/s00508-015-0718-6
https://doi.org/10.1007/s00508-015-0718-6
https://doi.org/10.1111/nmo.12626
https://doi.org/10.1111/jgh.13146
https://doi.org/10.1111/apt.13738
https://doi.org/10.4103/2277-9175.190936
https://doi.org/10.5056/jnm18068
https://doi.org/10.2169/internalmedicine.1325-18
https://doi.org/10.1016/j.jpsychores.2019.109912
https://doi.org/10.1177/2050640620916680
https://doi.org/10.1007/s10620-020-06639-y
https://doi.org/10.4166/kjg.2020.110
https://doi.org/10.1371/journal.pone.0245511
https://doi.org/10.1371/journal.pone.0245511
https://doi.org/10.1111/1751-2980.12975
https://doi.org/10.1111/1751-2980.12975
https://doi.org/10.14309/ctg.0000000000000334
https://doi.org/10.1097/CM9.0000000000001584
https://doi.org/10.1111/nmo.14197
https://doi.org/10.1111/apt.16630


10

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4172  | https://doi.org/10.1038/s41598-024-54716-3

www.nature.com/scientificreports/

 54. Lima, E. C. et al. High prevalence of functional dyspepsia in nonalcoholic fatty liver disease: a cross-sectional study. Sao Paulo 
Med. J. 140, 199–206. https:// doi. org/ 10. 1590/ 1516- 3180. 2021. 0015. R1. 14062 021 (2022).

 55. Sperber, A. D. et al. Epidemiology of disorders of Gut-Brain interaction in Israel: Results from the Rome Foundation global epi-
demiology study. Neurogastroenterol. Motil. 34, e14323. https:// doi. org/ 10. 1111/ nmo. 14323 (2022).

 56. Abid, S., Rehman, H., Awan, S., Artani, A. & Siddiqui, I. Epidemiology of functional gastrointestinal disorders using ROME III 
adult questionnaire, a population based cross sectional study in Karachi-Pakistan. PLoS One 17, e0268403. https:// doi. org/ 10. 
1371/ journ al. pone. 02684 03 (2022).

 57. Kovacs, D. B., Szekely, A., Hubai, A. G. & Palsson, O. Prevalence, epidemiology and associated healthcare burden of Rome IV 
irritable bowel syndrome and functional dyspepsia in the adult population of Gibraltar. BMJ Open Gastroenterol. https:// doi. org/ 
10. 1136/ bmjga st- 2022- 000979 (2022).

 58. Lu, C.-L. et al. Prevalence and health/social impacts of functional dyspepsia in Taiwan: A study based on the Rome criteria ques-
tionnaire survey assisted by endoscopic exclusion among a physical check-up population. Scand. J. Gastroenterol. 40, 402–411 
(2005).

 59. Sorouri, M. et al. Functional bowel disorders in Iranian population using Rome III criteria. Saudi J. Gastroenterol. 16, 154 (2010).
 60. Chang, F.-Y. et al. Prevalence of functional gastrointestinal disorders in Taiwan: Questionnaire-based survey for adults based on 

the Rome III criteria. Asia Pac. J. Clin. Nutr. 21, 594–600 (2012).
 61. Lee, Y. Y. et al. A Rome III survey of functional dyspepsia among the ethnic Malays in a primary care setting. BMC Gastroenterol. 

13, 1–7 (2013).
 62. Rasmussen, S. et al. Overlap of symptoms of gastroesophageal reflux disease, dyspepsia and irritable bowel syndrome in the general 

population. Scand. J. Gastroenterol. 50, 162–169 (2015).
 63. Nakov, R. et al. Prevalence of irritable bowel syndrome, functional dyspepsia and their overlap in Bulgaria: A population-based 

study. J. Gastrointest. Liver Dis. 29, 329 (2020).
 64. Drossman, D. A. et al. US householder survey of functional gastrointestinal disorders. Digest. Dis. Sci. 38, 1569–1580 (1993).
 65. Li, Y., Nie, Y., Sha, W. & Su, H. The link between psychosocial factors and functional dyspepsia: An epidemiological study. Chin. 

Med. J. 115, 1082–1084 (2002).
 66. Koloski, N. A., Talley, N. J. & Boyce, P. M. Epidemiology and health care seeking in the functional GI disorders: A population-based 

study. Am. J. Gastroenterol. 97, 2290–2299 (2002).
 67. Almeida, A. M. et al. Prevalence of dyspeptic symptoms and heartburn of adults in Belo Horizonte, Brazil. Arq. Gastroenterol. 54, 

46–50. https:// doi. org/ 10. 1590/ S0004- 2803. 2017v 54n1- 09 (2017).
 68. Hooi, J. K. Y. et al. Global prevalence of helicobacter pylori infection: systematic review and meta-analysis. Gastroenterology 153, 

420–429. https:// doi. org/ 10. 1053/j. gastro. 2017. 04. 022 (2017).
 69. Peleteiro, B., Bastos, A., Ferro, A. & Lunet, N. Prevalence of Helicobacter pylori infection worldwide: A systematic review of studies 

with national coverage. Dig. Dis. Sci. 59, 1698–1709. https:// doi. org/ 10. 1007/ s10620- 014- 3063-0 (2014).
 70. Ford, A. C., Tsipotis, E., Yuan, Y., Leontiadis, G. I. & Moayyedi, P. J. G. Efficacy of Helicobacter pylori eradication therapy for 

functional dyspepsia: updated systematic review and meta-analysis. (2022).
 71. Ford, A. C., Yuan, Y. & Moayyedi, P. Helicobacter pylori eradication therapy to prevent gastric cancer: Systematic review and 

meta-analysis. Gut 69, 2113–2121. https:// doi. org/ 10. 1136/ gutjnl- 2020- 320839 (2020).
 72. Li, H. et al. Advanced endoscopic methods in gastrointestinal diseases: A systematic review. Quant. Imaging Med. Surg. 9, 905–920. 

https:// doi. org/ 10. 21037/ qims. 2019. 05. 16 (2019).
 73. Hoeffel, C. et al. Advances in radiological imaging of gastrointestinal tumors. Crit. Rev. Oncol. Hematol. 69, 153–167. https:// doi. 

org/ 10. 1016/j. critr evonc. 2008. 06. 011 (2009).
 74. Keller, J. et al. Expert consensus document: Advances in the diagnosis and classification of gastric and intestinal motility disorders. 

Nat. Rev. Gastroenterol. Hepatol. 15, 291–308. https:// doi. org/ 10. 1038/ nrgas tro. 2018.7 (2018).
 75. Pike, B. L., Porter, C. K., Sorrell, T. J. & Riddle, M. S. Acute gastroenteritis and the risk of functional dyspepsia: A systematic review 

and meta-analysis. Am. J. Gastroenterol. 108, 1558–1563. https:// doi. org/ 10. 1038/ ajg. 2013. 147 (2013).
 76. Narayanan, S. P., Anderson, B. & Bharucha, A. E. Sex- and gender-related differences in common functional gastroenterologic 

disorders. Mayo Clin. Proc. 96, 1071–1089. https:// doi. org/ 10. 1016/j. mayocp. 2020. 10. 004 (2021).
 77. Havelaar, A. H. et al. World Health Organization global estimates and regional comparisons of the burden of foodborne disease 

in 2010. PLoS Med. 12, e1001923. https:// doi. org/ 10. 1371/ journ al. pmed. 10019 23 (2015).
 78. Drossman, D. A. Functional gastrointestinal disorders: History, pathophysiology, clinical features and Rome IV. Gastroenterology 

https:// doi. org/ 10. 1053/j. gastro. 2016. 02. 032 (2016).
 79. Talley, N. J., Walker, M. M. & Holtmann, G. Functional dyspepsia. Curr. Opin. Gastroenterol. 32, 467–473. https:// doi. org/ 10. 1097/ 

MOG. 00000 00000 000306 (2016).
 80. Barberio, B., Judge, C., Savarino, E. V. & Ford, A. C. Global prevalence of functional constipation according to the Rome criteria: 

A systematic review and meta-analysis. Lancet Gastroenterol Hepatol 6, 638–648. https:// doi. org/ 10. 1016/ s2468- 1253(21) 00111-4 
(2021).

 81. Oka, P. et al. Global prevalence of irritable bowel syndrome according to Rome III or IV criteria: A systematic review and meta-
analysis. Lancet Gastroenterol. Hepatol. 5, 908–917. https:// doi. org/ 10. 1016/ S2468- 1253(20) 30217-X (2020).

 82. Kim, Y. S. & Kim, N. Functional dyspepsia: A narrative review with a focus on sex-gender differences. J. Neurogastroenterol. Motil. 
26, 322–334. https:// doi. org/ 10. 5056/ jnm20 026 (2020).

 83. Hahn, J. W. et al. Global incidence and prevalence of eosinophilic esophagitis, 1976–2022: A systematic review and meta-analysis. 
Clin. Gastroenterol. Hepatol. https:// doi. org/ 10. 1016/j. cgh. 2023. 06. 005 (2023).

 84. Lee, S. W. et al. Proton pump inhibitors and the risk of severe COVID-19: a post-hoc analysis from the Korean nationwide cohort. 
Gut 70, 2013–2015. https:// doi. org/ 10. 1136/ gutjnl- 2020- 323672 (2021).

 85. Moayyedi, P., Talley, N. J., Fennerty, M. B. & Vakil, N. Can the clinical history distinguish between organic and functional dyspep-
sia?. JAMA 295, 1566–1576 (2006).

 86. Moayyedi, P. et al. ACG and CAG clinical guideline: Management of dyspepsia. Am. J. Gastroenterol. 112, 988–1013. https:// doi. 
org/ 10. 1038/ ajg. 2017. 154 (2017).

 87. Oh, J. H. et al. Clinical practice guidelines for functional dyspepsia in Korea. J Neurogastroenterol. Motil. 26, 29–50. https:// doi. 
org/ 10. 5056/ jnm19 209 (2020).

 88. Nasseri-Moghaddam, S. et al. What is the prevalence of clinically significant endoscopic findings in subjects with dyspepsia? 
Updated systematic review and meta-analysis. Clin. Gastroenterol. Hepatol. https:// doi. org/ 10. 1016/j. cgh. 2022. 05. 041 (2022).

Author contributions
D.K.Y. had full access to all of the data in the study and took responsibility for the integrity of the data and the 
accuracy of the data analysis. All authors approved the final version before submission. Study concept and design: 
K.L., W.C., and D.K.Y.; Acquisition, analysis, or interpretation of data: K.L., W.C., and D.K.Y.; Drafting of the 
manuscript: K.L., W.C., and D.K.Y.; Critical revision of the manuscript for important intellectual content: au 
authors; Statistical analysis: K.L., W.C., and D.K.Y.; Study supervision: J.I.S., W.C., and D.K.Y. D.K.Y. supervised 

https://doi.org/10.1590/1516-3180.2021.0015.R1.14062021
https://doi.org/10.1111/nmo.14323
https://doi.org/10.1371/journal.pone.0268403
https://doi.org/10.1371/journal.pone.0268403
https://doi.org/10.1136/bmjgast-2022-000979
https://doi.org/10.1136/bmjgast-2022-000979
https://doi.org/10.1590/S0004-2803.2017v54n1-09
https://doi.org/10.1053/j.gastro.2017.04.022
https://doi.org/10.1007/s10620-014-3063-0
https://doi.org/10.1136/gutjnl-2020-320839
https://doi.org/10.21037/qims.2019.05.16
https://doi.org/10.1016/j.critrevonc.2008.06.011
https://doi.org/10.1016/j.critrevonc.2008.06.011
https://doi.org/10.1038/nrgastro.2018.7
https://doi.org/10.1038/ajg.2013.147
https://doi.org/10.1016/j.mayocp.2020.10.004
https://doi.org/10.1371/journal.pmed.1001923
https://doi.org/10.1053/j.gastro.2016.02.032
https://doi.org/10.1097/MOG.0000000000000306
https://doi.org/10.1097/MOG.0000000000000306
https://doi.org/10.1016/s2468-1253(21)00111-4
https://doi.org/10.1016/S2468-1253(20)30217-X
https://doi.org/10.5056/jnm20026
https://doi.org/10.1016/j.cgh.2023.06.005
https://doi.org/10.1136/gutjnl-2020-323672
https://doi.org/10.1038/ajg.2017.154
https://doi.org/10.1038/ajg.2017.154
https://doi.org/10.5056/jnm19209
https://doi.org/10.5056/jnm19209
https://doi.org/10.1016/j.cgh.2022.05.041


11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4172  | https://doi.org/10.1038/s41598-024-54716-3

www.nature.com/scientificreports/

the study and is guarantor for this study. D.K.Y. is a senior author. The corresponding author attests that all listed 
authors meet authorship criteria and that no others meeting the criteria have been omitted.

Funding
This research was supported by grants from the National Research Foundation of Korea (NRF) grant funded by 
the Korea government (MSIT; RS-2023-00248157) and the Korea Health Technology R&D Project through the 
Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of 
Korea (HE23C002800). The funders had no role in study design, data collection, data analysis, data interpreta-
tion, or writing of the report.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 54716-3.

Correspondence and requests for materials should be addressed to J.I.S., W.C. or D.K.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-024-54716-3
https://doi.org/10.1038/s41598-024-54716-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Global prevalence of functional dyspepsia according to Rome criteria, 1990–2020: a systematic review and meta-analysis
	Methods
	Search strategy and study selection
	Data analysis and quality assessment
	Patient and public involvement

	Results
	Prevalence of FD according to Rome criteria and survey year
	Prevalence of FD according to country income level and continent
	Prevalence of FD according to survey method
	Prevalence of FD according to sex
	Study quality assessment

	Discussion
	Key findings
	Plausible mechanism
	Strengths and limitations
	Further considerations

	Conclusions
	References


