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INTRODUCTION: Although the Rome criteria were created primarily for research purposes, it was an important question

whether the Rome criteria can distinguish organic dyspepsia from functional dyspepsia (FD). We

evaluated the accuracy of the Rome IV criteria in identifying patients with FD and compared the

differences between the Rome IV, Rome III, and potential Asia criteria in identifying patients with FD.

METHODS: In this cross-sectional study, we analyzed data from patients who met the inclusion and exclusion

criteria from March 2018 to January 2019 at 2 tertiary hospitals.

RESULTS: A total of 600patientswere enrolled in this study, including381 individualsmet theRome IV criteria for

FD, 438 individuals met the Rome III criteria for FD, and 525 individualsmet the potential Asia criteria

for FD. The Rome IV criteria identified patients with FD with 67.3% sensitivity and 38.4% specificity,

and the positive and negative likelihood ratios of FD identified by Rome IV criteria were 1.09 (95%

confidence interval 0.97–1.24) and 0.85 (95% confidence interval 0.67–1.08), respectively. There

was no significant difference in the area under Rome IV, Rome III, or potential Asia criteria receiver

operating characteristic curves in identifying FD (P > 0.05).

DISCUSSION: TheRome IV criteria were no better than theRome III or potential Asia criteria in identifying FDandwere

not helpful in identifying patientswith FD.Hence, although theRome criteria remain useful for defining

patients with FD for inclusion into clinical treatment trials, they should not be used for diagnosing FD.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A456; http://links.lww.com/CTG/A457; and http://links.lww.com/CTG/A458.
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INTRODUCTION
Dyspepsia is a complex of symptom originating from the upper
gastrointestinal (GI) tract (1,2). Dyspepsia is present in approx-
imately 20% of the global general population (3,4) and represents
approximately one-third of those who seek health care (5).
Dyspepsia can be subdivided into 2 subgroups: functional dys-
pepsia (FD) and organic dyspepsia. FD is defined as recurrent or
chronic functional symptoms that are believed to originate from
the gastroduodenal region without any structural abnormalities
(6,7). Because of constant medical visits and continuous medi-
cation use, dyspeptic symptoms cause substantial socioeconomic
burden (8,9), negatively affect the quality of daily life, and cause
significant economic losses (10–13).

The Rome classification criteria for FD required a symptom
duration of 6 months or more. However, for the Asian

population, most experts involved in formulating the FD con-
sensus in Asia believed that 6 months or more was too long as the
FD classification criteria. A Japanese study found that most pa-
tients with dyspepsia seek their firstmedical care within 6months
(14). Among the experts participating in the formulation of the
FD consensus inAsia, 68%believed that the duration of dyspepsia
should be set at 3 months (15). For the diagnosis of FD in the
Chinese population, it is unknown whether the duration of
symptoms criterion set at 3months is better than at 6months as in
the Rome criteria. There is still a lack of relevant research data in
China, and further research is needed.

Although the Rome criteria were created primarily for re-
search purposes, it was an important question whether the Rome
criteria can distinguish organic dyspepsia from FD (16). Ford
et al. (17) evaluated the accuracy of the Rome III criteria, Rome II
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criteria, and a broad definition in identifying patientswith FD and
found that the Rome III criteria were not significantly superior to
theRome II criteria and a broad definition.However, the accuracy
of the Rome IV criteria in identifying patients with FD is still
unclear; hence, further assessments on the Rome IV criteria are
needed. The aim of this study was to evaluate the accuracy of the
Rome IV criteria in identifying patients with FD. We also com-
pared the differences between the Rome IV, Rome III, and po-
tential Asia criteria in identifying FD.

METHODS
Study population

We conducted a multicenter, cross-sectional study of consecutive
outpatients from2 tertiaryhospitals (theSecondAffiliatedHospital of
Xi’an Jiaotong University and Xi’an No. 3 Hospital) between March
2018 and January 2019 (see Supplementary study protocol, Supple-
mentary Digital Content 2, http://links.lww.com/CTG/A457). The
ethics committee of the Second Affiliated Hospital of Xi’an Jiaotong
University approved this study. Oral informed consent was obtained
from all the included patients. The Rome IV part of our study was
registered at ClinicalTrials.gov (number NCT03479528). All authors
had access to the study data and reviewed and approved the final
manuscript see STROBE checklist, SupplementaryDigital Content 3,
http://links.lww.com/CTG/A458.

Inclusion criteria

Inclusion criteria were (i) aged 18 years and older; (ii) dyspeptic
symptoms were present according to a broad definition (dis-
comfort was characterized by the presence of 1 or more symp-
toms that included bothersome postprandial fullness at least
several times per week, bothersome early satiation at least several
times per week, bothersome epigastric pain $once per week, or
bothersome epigastric burning $once per week; symptoms had
to be present for at least 3 months); (iii) patients visited the gas-
troenterology clinics and completed upper GI endoscopy and
epigastric ultrasounds at the same visit during the study period;
and (iv) routine blood tests and liver function tests were con-
ducted at any time after the onset of dyspeptic symptoms.

Exclusion criteria

Exclusion criteria were (i) history of diagnosed organic upper GI
diseases which can explain dyspeptic symptoms, such as esoph-
agitis, gastric ulcer, and duodenal ulcer; (ii) pregnant or lactating;
(iii) history of major abdominal surgery; (iv) severe neuropsychi-
atric disease or severe liver, kidney, or respiratory disease; (v)
pancreaticobiliary disease or metabolic disease (thyroid dysfunc-
tion and diabetes), liver dysfunction; (vi) steroids or nonsteroidal
anti-inflammatory drugs were currently used; (vii) the main
symptoms were related to reflux (acid regurgitation and posterior
sternal burning); or (viii) declined to participate in this study.

Data collection

We obtained related data through clinic visits and telephone
consultations. Patients were followed up by telephone to collect
information if we were unable to perform outpatient consulta-
tions. The basic demographic data collected included name, age,
height, weight, sex, and marital status. Dyspepsia data included
dyspeptic symptoms, including duration and frequency per week.
Lifestyle habit data included consumption spicy foods, smoking
amount, drinking, sleep quality, and daily exercise duration. We
also collected information about family history, outpatient cost

(total outpatient cost of medical treatment due to dyspepsia), and
examination results of routine blood tests, epigastric ultrasounds,
and upper GI endoscopy, and a trained researcher imported all
the related data into the database.

Definitions of FD

As in the study conducted by Ford et al. (17), the definitions of FD
were all based on symptoms only, regardless of the results of
upper GI endoscopy and other related examinations. Symptom-
based Rome III-defined FD, Rome IV-defined FD, and Asia-
defined FD were determined by the questionnaire according to
the Rome III criteria, Rome IV criteria, and potential Asia criteria,
respectively (17,18) (see Supplementary Table 1, Supplementary
Digital Content 1, http://links.lww.com/CTG/A456). Potential
Asia-defined FD was defined as dyspeptic symptoms meeting the
Rome IV criteria and a dyspeptic duration $3 months (see
Supplementary Table 1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A456).

Definition of organic upper GI disease

All included patients underwent upper GI endoscopy. The biopsy
was obtained at the discretion of the endoscopists performing the
upper GI endoscopy. Endoscopists and histopathologists were
blinded to thepatient’squestionnairedata.As in the study conducted
by Ford et al. (17), Barrett’s esophagus, esophageal candidiasis,
esophageal cancer, gastric ulcer, gastric erosion, gastric cancer, du-
odenal ulcer, and duodenal erosion were classified as organic upper
GI diseases. Chronic gastritis andduodenitis as a result of endoscopy
or biopsy are regarded as nonorganic upper GI diseases (18).

Reference standard

FD is a type of dyspepsia that has no organic, metabolic, or sys-
temic disease to explain its symptoms, and only a few studies have
rigorously diagnosed FD by laboratory examination, epigastric
ultrasound, and upper GI endoscopy to exclude related diseases
(19,20). Ford et al. (17) defined the reference standard for true FD
as the presence of any epigastric pain or burning, postprandial
fullness, or early satiety onlywith no evidence of organic upperGI
disease and explained the reasons for not adding epigastric ul-
trasound and routine blood examinations. In our study, we rig-
orously diagnosed FD. The reference standard for defining true
FD was the presence of any epigastric pain, epigastric burning,
postprandial fullness, or early satiety with no evidence of ab-
normal upper GI endoscopy, abnormal routine blood tests, or
abnormal epigastric ultrasounds that were likely to explain the
symptoms (17,21,22).

Statistical analysis

EpiData3.1 software was used for data collection. SPSS 20.0 was
used for statistical analysis. And, GraphPad Prism software was
used for mapping the data. The results of categorical variables
were expressed as counts and percentages, and x2 tests or the
Fisher exact test was used according to the analysis requirements.
The results of continuous variables were expressed as the median
6 SD, and the t test or Kruskal-Wallis test was used according to
the analysis requirements. Among the patients who met the ref-
erence standard and those who did not meet the reference stan-
dard, the number of patients whomet the Rome IV criteria, Rome
III criteria, and the potential Asia criteria for FD was obtained
respectively. The sensitivity (95% confidence interval [CI]),
specificity (95% CI), positive predictive values (95% CI), negative
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Table 1. Demographic data and baseline characteristics of all participants

Characteristics Met the reference standard (n 5 196)

Did not meet the reference standard

(n 5 404) P

Age (y) 48.3 6 13.4 50.5 6 12.6 0.055

BMI (kg/m2) 21.4 6 2.8 22.4 6 3.5 ,0.001

Gender (M/F) 86/110 182/222 0.787

Location (Shanxi/other) 172/24 349/55 0.642

Job category 0.883

Physical 61 (31.1) 136 (33.7)

Mental 55 (28.1) 109 (27.0)

Middle 55 (28.1) 104 (25.7)

Retire 25 (12.8) 55 (13.6)

Marriage 0.035

Unmarried 12 (6.1) 14 (3.5)

Married 183 (93.4) 377 (93.3)

Widowed 1 (0.5) 13 (3.2)

Daily exercise 0.326

,Half hour 11 (5.6) 29 (7.2)

Half hour–1 hr 43 (21.9) 103 (25.5)

1 hr–2 hr 43 (21.9) 66 (16.3)

.2 hr 99 (50.5) 206 (51.0)

Spicy food 112 (57.1) 225 (55.7) 0.737

Smoking 33 (16.8) 89 (22.0) 0.138

Alcohol 47 (24.0) 87 (21.5) 0.500

Sleep (good/bad) 137/59 271/133 0.488

Outpatient cost (Renminbi) 0.075

,500 2 (1.0) 0 (0)

500–1,000 33 (16.8) 47 (11.6)

1,000–3,000 55 (28.1) 139 (34.4)

3,000–5,000 19 (9.7) 41 (10.1)

.5,000 87 (44.4) 177 (43.8)

Educational level 0.190

Elementary and below 84 (42.9) 192 (47.5)

High school 39 (19.9) 92 (22.8)

College 69 (35.2) 108 (26.7)

Postgraduate and above 4 (2.0) 12 (3.0)

Previous visits 0.507

0 70 (35.7) 132 (32.7)

1 33 (16.8) 89 (22.0)

2 14 (7.1) 30 (7.4)

$3 79 (40.3) 153 (37.9)

Family history 0.894

No 172 (87.8) 346 (85.6)
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predictive values (95% CI), positive likelihood ratio (LR) (95%
CI), and negative LR (95%CI) were calculated within aMicrosoft
Excel spreadsheet. SPSS 20.0 statistical software was used to cal-
culate the area under the receiver operating characteristic (ROC)
curve and the 95% CI of these 3 definitions of FD, and 1-way
ANOVA was used to compare them.

RESULTS

Patient characteristics

A total of 600 patients meeting the inclusion and exclusion cri-
teria were enrolled in the study fromMarch 2018 to January 2019;
of these, 381 patients met the Rome IV criteria for FD, 438 pa-
tients met the Rome III criteria for FD, and 525 patients met the
potential Asia criteria for FD. The mean age was 49.8 6 12.9
years, and 332 (55.3%) patients were female. Among these pa-
tients, 196 met the reference standard, and 404 did not meet the
reference standard, including 248 who had abnormal upper GI
endoscopies, 39 who had abnormal routine blood tests, and 117
who had abnormal epigastric ultrasounds. The demographic data

and baseline characteristics of all these patients are provided in
Table 1. Those who met the reference standard had a lower body
mass index and were more likely to be unmarried.

In the aggregate, of the 600 patients who underwent upper GI
endoscopy, there were 349 patients with chronic gastritis, 185
patients with gastric erosion, 16 patients with gastric ulcer, 13
patients with duodenal ulcer, 12 patients with Barrett’s esopha-
gus, 9 patients with gastric cancer, 7 patients with esophageal
cancer, and others (Figure 1). Among the 600 patients, 381
(63.5%)met the Rome IV criteria for FD. The average age of these
381 patients was 49.9 years, 231 (60.6%) were female, and 154
(40.4%) had organic lesions on the upper GI endoscopy. Gastric
erosion was the most common, accounting for 31.5%. Of the 219
patients who did notmeet the Rome IV criteria for FD, 94 (42.9%)
had organic lesions on the upper GI endoscopy. The incidence of
organic lesions in patients who met the Rome IV criteria for FD
and those who did not is shown in Table 2.

Validation of FD diagnosis by the Rome IV criteria

In the 196 patients diagnosed with true FD according to the
reference standard, 132 met the Rome IV criteria for FD, and the
sensitivity was 67.3%. Among 404 patients who were not di-
agnosedwith true FD according to the reference standard, 155 did
not meet the Rome IV criteria, and the specificity was 38.4%
(Figure 2). Therefore, the positive and negative LRs of FD di-
agnosed by Rome IV criteria were 1.09 (95% CI 0.97–1.24) and
0.85 (95% CI 0.67–1.08), respectively (Table 3). The area under
the ROC curve of the Rome IV criteria was 0.53 (95% CI
0.48–0.58).

Validation of FD diagnosis by the Rome III criteria

In the 196 patients diagnosed with true FD according to the
reference standard, 154 met the Rome III criteria for FD, and the
sensitivity was 78.6%. Among 404 patients who were not di-
agnosedwith true FD according to the reference standard, 120 did
not meet the Rome III criteria, and the specificity was 29.7%
(Figure 2). The positive LR of FD diagnosed by the Rome III
criteria was 1.12 (95% CI 1.01–1.23), and the negative LR of FD
diagnosed by the Rome III criteria was 0.72 (95% CI 0.50–1.04)
(Table 3). The area under the ROC curve of the Rome III criteria
was 0.54 (95% CI 0.49–0.59).

Validation of FD diagnosis by the potential Asia criteria

Among the 196 patients diagnosed with true FD according to the
reference standard, 167 met the potential Asia criteria for FD, and
the sensitivity was 85.2%. Among 404 subjects who were not di-
agnosed with true FD according to the reference standard, 46 did
not meet the potential Asia criteria, and the specificity was 11.4%

Table 1. (continued)

Characteristics Met the reference standard (n 5 196)

Did not meet the reference standard

(n5 404) P

Esophagus cancer 6 (3.1) 16 (4.0)

Gastric cancer 13 (6.6) 29 (7.2)

Other 5 (2.6) 13 (3.2)

Values are expressed as the mean 6 SD or n (%). Bold entries represent P, 0.05.
BMI, body mass index; F, female; M, male.

Figure 1. Endoscopy results for all participants. Among the 600 patients
who underwent upper gastrointestinal endoscopy, there were 349 patients
with chronic gastritis, 185 patients with gastric erosion, 16 patients with
gastric ulcer, 13 patients with duodenal ulcer, 12 patients with Barrett’s
esophagus, 9 patients with gastric cancer, 7 patients with esophageal
cancer, and others.
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(Figure 2). The positive LR of FD diagnosed by the potential Asia
criteriawas therefore 0.96 (95%CI 0.90–1.03),while the negative LR
of FD diagnosed by the potential Asia criteria was 1.30 (95% CI
0.84–2.00) (Table 3). The area under the ROC curve of the potential
Asia criteria was 0.52 (95% CI 0.47–0.57).

Comparison of the 3 criteria

TheRome IV criteria, Rome III criteria, and potentialAsia criteria
were compared. There was no significant difference in area under
the ROCcurve of the Rome IV, Rome III, or potential Asia criteria
for the diagnosis of FD (P . 0.05, 1-way ANOVA).

DISCUSSION
To the best of our knowledge, this study was not only the first to
compare the accuracy of the Rome IV and Rome III criteria in
identifying patients with FD but also the first to test the accuracy
of the potential Asia criteria in identifying FD. FD is one of the
most common clinical diseases due to its high incidence and its
chronic recurrence nature (7,23,24). The Rome IV criteria were
published in 2016; previous studies comparing Rome IV with
Rome III standards were mostly conducted in children (25–27)
and were mostly about irritable bowel syndrome (28–30). In this
cross-sectional study, we showed that the Rome IV criteria had a
sensitivity of 67.3% and a specificity of 38.4% for the diagnosis of
FD. The area under the ROC curve of the Rome IV criteria was
0.53 (95% CI 0.48–0.58). And, there was no significant difference
in area under the ROC curve of the Rome IV, Rome III, or po-
tential Asia criteria for the diagnosis of FD.

In this study, the duration of dyspepsia was adjusted to 3
months on the basis of the Rome IV criteria, and the results
showed that there was no significant difference in area under the
ROC curves of Rome IV, Rome III, or potential Asia criteria in the
diagnosis of FD. There was no difference between the dyspepsia
period of 3months and the Rome dyspepsia standard of 6months
in the Asian population, which may be because the Asian pop-
ulation was more likely to be hospitalized for consultation and it
was convenient for Asian populations to undergo endoscopic
examination.However, because of the limited number of patients,
further studies are needed to confirm this hypothesis.

The main aim of this study was to evaluate the accuracy of the
Rome IV criteria in identifying patients with FD. The results
demonstrated that the Rome IV criteria were of limited value in

predicting the diagnosis of FD in patients with upper GI symp-
toms, with a positive LR of FD of 1.09 and a negative LR of FD of
0.85. In terms of the positive LR andnegative LR, the performance
of the Rome IV criteria was similar to that of the Rome III criteria.
However, the positive LR of the Rome IV andRome III criteria for
FD was higher than that of the potential Asia criteria, and the
negative LR of the potential Asia criteria for FD was higher. The
results of the area under the ROC curve of the 3 classification
criteria were very similar, and the 95% CIs overlapped, showing
no significant difference in performance.

This study had several limitations. First, the study population
we included was selected based on the presence of dyspeptic
symptoms according to a broad definition, but did not include all
the people with upper GI symptoms. Therefore, the true sensi-
tivity and negative predictive value of the Rome IV criteria, Rome
III criteria, or potential Asia criteria may have been artificially
increased, which might have led to an overestimation of the ac-
curacy. In addition, although our study was conducted at 2 ter-
tiary hospitals, the study population mainly came from

Table 2. Incidence of organic lesions in patients who met the Rome IV criteria for FD and those who did not

Met Rome IV criteria for FD (n5 381) Did notmeetRome IV criteria for FD (n5219)

Barrett’s esophagus (%) 8 (2.1) 4 (1.8)

Esophageal candidiasis (%) 0 (0) 4 (1.8)

Esophagus cancer (%) 2 (0.5) 5 (2.3)

Gastric ulcer (%) 9 (2.4) 7 (3.2)

Gastric erosion (%) 120 (31.5) 65 (29.7)

Gastric cancer (%) 6 (1.6) 3 (1.4)

Duodenal ulcer (%) 7 (1.8) 6 (2.7)

Duodenal erosion (%) 2 (0.5) 0 (0)

Values are expressed as n (%).
FD, functional dyspepsia.

Figure 2. Functional dyspepsia (FD) according to Rome IV, Rome III, and
potential Asia criteria. In the 196patients diagnosedwith true FDaccording
to the reference standard, 132met the Rome IV criteria for FD, 154met the
Rome III criteria for FD, and 167 met the potential Asia criteria for FD;
among 404 patients who were not diagnosed with true FD according to the
reference standard, 249met theRome IV criteria for FD, 284met theRome
III criteria for FD, and 358 met the potential Asia criteria for FD. Ns, no
significance; *P, 0.05.
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Northwest China, and there may be regional differences. Larger
sample data from all over China will be needed in the future.

The reference standard for defining true FD was no evidence of
organic, systemic, or metabolic disease that was likely to explain the
dyspeptic symptom. In our study, the reference standard for true FD
included the evaluationnormal upperGI endoscopy, normal routine
blood tests, normal epigastric ultrasounds, andnormal liver function
tests, which was a strength of this study. In our study, among indi-
viduals meeting the Rome IV criteria for FD, the proportion of
organic diseases diagnosed by endoscopy was 39.6% (154/381), and
in individualsmeeting theRome III criteria for FD, the proportion of
organic diseases was 39.3% (172/438). A previous cross-sectional
study of functional and organic dyspepsia showed that in 783 pa-
tients who met the Rome III criteria for dyspepsia, 29.5% (231/783)
had organic dyspepsia following upper GI endoscopy (31). A study
of dyspepsia in South China demonstrated that after screening 1,304
patients using Rome III criteria, 165 patients had organic dyspepsia,
and203patientswere diagnosedwithFD.Theproportionofpatients
who met the Rome III criteria for FD with organic dyspepsia by
endoscopywas 44.8 (165/368) (32). In other studies of FD vs organic
dyspepsia, the proportion of patients who met the Rome III criteria
for FD with organic dyspepsia was between 23% and 34% (33–36).
Overall, the proportionof organic dyspepsia in our studywas slightly
higher than inmost other studies. The reasonmaybe that all patients
included in this study required epigastric ultrasounds and routine
blood tests, and partial FD patients who did not have epigastric
ultrasounds or routine blood tests were excluded. Among these
patients, the number of FD diagnoses was relatively high, while the
number of organic dyspepsia diagnoses was relatively low. Another
possible reason was that the Asian population had a slightly higher
proportion of patients with organic dyspepsia.

In summary, there was no significant difference between the
Rome IV, Rome III, or potential Asia criteria in diagnosing FD.
The Rome IV criteria were no better than the Rome III or po-
tential Asia criteria in identifying FD and were not helpful in
identifying patients with FD. Hence, although the Rome criteria
remain useful for defining patients with FD for inclusion into
clinical treatment trials, they should not be used for di-
agnosing FD.
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Study Highlights

WHAT IS KNOWN

3 The accuracy of the Rome IV criteria in identifying patients
with functional dyspepsia (FD) was unclear.

3 Nostudies have compared thedifferences between theRome
IV, Rome III, and potential Asia criteria in identifying patients
with FD.

WHAT IS NEW HERE

3 In this cross-sectional study, we found that there was no
significant difference in area under the receiver operating
characteristic curve of Rome IV, Rome III, or potential Asia
criteria in identifying FD.

TRANSLATIONAL IMPACT

3 The Rome IV criteria were not helpful in identifying patients
with FD. Hence, they should not be used for this purpose.
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