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Introduction  

Functional dyspepsia (FD), among the most common gastroin-
testinal (GI) disorders, is characterized by early satiation, postpran-
dial fullness, epigastric pain, or epigastric burning in the absence of 
an organic or metabolic disease.1 FD is not a life-threatening seri-
ous illness, but its symptoms could persist; rather, they limit one’s 
social life and reduces their quality of life (QoL).2 In addition, FD 
constitutes a serious disease burden worldwide because of its high 

prevalence.2  
There has been evidence for sex and gender-related differences 

in functional gastrointestinal disorders (FGID), particularly irri-
table bowel syndrome (IBS)3,4 and gastroesophageal reflux disease 
(GERD).5,6 Sex means a human’s biological status based on their 
reproductive systems and functions assigned by chromosomal type.7 
Gender means manners, feelings, and behaviors in a given culture 
associated with a person’s sex stereotypes.7 Gender determines ac-
cess to health care, help-seeking behavior and individual use of 
the health care system.7 Thus for the effective treatment of FGID 
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Functional dyspepsia (FD) is among the most common gastrointestinal disorders affecting quality of life (QoL). As it frequently occurs 
in women than in men the comparison of various aspects including prevalence, clinical manifestations, and QoL in FD between 
women and men is very important for understanding the disease distribution and burden, evaluating treatment options, developing 
new drugs, and allocating medical resources. However, little is known about sex or gender differences among patients with FD. 
In spite of limited studies, consistent points are that FD occurs more often in women than in men and there are several symptom 
differences between men and women with FD. In addition, women with FD tend to have lower QoL than men with FD. Similarly, 
the pathophysiology of FD likely to vary depending on gender. Furthermore, a sex-gender-oriented approach in healthcare system 
could enhance understanding heterogeneous patients suffering from FD. Due to the sex-gender differences in physiological and 
psychological factors, treatment strategies should differ between women and men with FD. In conclusion, an individualized and 
multicomponent approach that considers sex and gender issues might improve FD treatment and improve patient Qol, especially for 
women.
(J Neurogastroenterol Motil 2020;26:322-334)
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clinicians should approach in the background of gender as well as 
sex. For the IBS and GERD there are several papers regarding sex 
and gender difference.3-6 However, little is known about gender dif-
ferences among patients with FD. Furthermore, systematic review 
articles have not been published, except in 2006.8 Recently, sex and 
gender medicine has been defined as the practice of medicine based 
on the understanding that biology and social roles are important 
in men and women for prevention, screening, diagnosis, and treat-
ment.9 Consequently, a comparison of various aspects including 
prevalence, clinical manifestations, and QoL in FD between wom-
en and men is very important for understanding the disease distri-
bution and burden, evaluating treatment options, developing new 
drugs, and allocating medical resources.10 From this background, 
this review tries to address sex and gender differences in the epide-
miology, pathophysiology, and clinical presentation of FD based on 
valuable studies in the recent literature, and discuss the clinical ap-
plication and future prospects of these differences.

Methodology  

We searched the PubMed using the terms “functional dyspep-
sia”, “dyspepsia” or “non-ulcer dyspepsia”, “sex” or “gender”, “epi-
demiology” or “prevalence”, “pathophysiology”, “sex hormone”, 
“symptoms”, and “treatment” or “therapy”. All searches were com-
pleted by April 30, 2020. Every retrieved abstract was reviewed to 
investigate whether the results included a sex or gender analysis and 
whether original data were presented. Abstracts that fulfilled these 
criteria were included in the next level of review of study design, 
clinical variables, and population. The search was extended by us-

ing the references of selected recent articles and systematic reviews 
or meta-analysis.

Epidemiology  

Large population-based studies have reported an FD preva-
lence of 10-30% worldwide.2 However, the reported prevalence 
of FD varies considerably depending on the diagnostic criteria, 
geographic area in which the population is based, gender, and 
age.11 To meet these criteria for FD in referral populations, upper 
GI endoscopy must be performed to exclude organic disease.11 In 
population-based studies on the other hand, where organic disease 
is rare, the implicit assumption is that the majority of subjects meet-
ing the Rome criteria will have FD.2 Patients with symptoms of 
dyspepsia but did not undergo any investigations such as upper GI 
endoscopy and are not categorized as functional or organic in etiol-
ogy are classified as having uninvestigated dyspepsia (UD).2 Al-
though an accurate diagnosis of FD was not possible in the majority 
of population-based studies for practical reasons, several studies 
have investigated community subjects with gastroduodenoscopy.12-15 
Endoscopy-based studies conducted among adults in the commu-
nity have been diagnosed with FD between 70.0% and 80.0% of 
people with UD.16 

A systematic review by the Rome Working Team summarized 
the available prevalence data for dyspepsia in men and women but 
reported that the prevalence is heterogeneous.8 To the best of our 
knowledge, only 4 studies have been conducted for general popula-
tion with performing endoscopy prior to diagnosis of FD.17-20 In the 
study, women-to-men ratio was 1.4-2.7:1. Studies from large scaled 

Table. Summary of Studies Showing Gender Distribution of Patients With Functional Dyspepsia 

Study Country
No. of 

subjects
Setting Definition FD (%) Women:Men

Investigated 
population (%)

Aro et al,17 2009 Sweden 1001 Population based Rome III 15.7 2.7:1 100.0 (endoscopy)
Zagari et al,18 2010 Italy 1033 Population based Rome II 28.0 1.4:1 100.0 (endoscopy)
Zhao et al,19 2010 China 16 078 Population based Rome II 2.4 1.4:1 6.3 (endoscopy)

Matsuzaki et al,20 2012 Japan 8039 Population based Rome III 7.0 1.5:1 100.0 (upper GI)
Lu et al,21 2005 Taiwan 2018 Single health

 check-up center 
Rome I
Rome II

23.8
11.8

1:1.1
1.3:1

100.0 (endoscopy)

Kim et al,13 2014 Korea 3399 7 health check-up
 centers

Rome III 20.4 1.4:1 100.0 (endoscopy)

Kim et al,22 2018 Korea 1714 9 health check-up
 centers

Rome III 10.3 1.8:1 100.0 (endoscopy)

FD, functional dyspepsia; GI, gastrointestinal.
Study include population based study and health check-up population applying Rome criteria and excluded organic disease.
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health check-up populations showed similar results (Table).13,21,22

A meta-analysis by Ford et al23 for UD also showed a slightly 
higher prevalence in women than in men (25.3% vs 21.9%) with 
significant interstudy heterogeneity. In terms of geographic area, 
North America and some countries in Southern Europe, Northern 
Europe, Southeast Asia, and the Middle East showed more dys-
pepsia in women than men, but the same results were not seen in 
South America, Central America, Australasia, or Africa (Fig. 1),23 
which was very similar to those of IBS.24 However, recently Sperber 
et al25 confirmed a predominance in women, even in those areas. 
In addition, a recent population based large-scale study of patients 
with Rome IV criteria using online questionnaires in the United 
States (US), the United Kingdom, and Canada, women at all ages 
showed a significantly higher prevalence of FD than men, except 
for those older than 65 years (Fig. 2).26 A population-based cohort 
study from the National Registry of Iceland demonstrated that sig-
nificantly more women than men reported FD at a 10-year follow-
up.27

Investigating factors associated with FD is important because 
it can reduce unnecessary treatment and reduce the economic costs 
incurred by FD patients.13 Several studies suggested that female 
sex, a low body mass index (BMI), old age, Helicobacter pylori 
infection, smoking, use of aspirin or NSAIDs, and low education 
level are risk factors for FD.14,15,23,28 However, risk factors associated 
with FD have differed slightly among studies and according to sex. 

For example, in a study performed in health check-up population, 
female sex and education below college level were risk factors for 
FD.13 Especially, education below college level was associated with 
FD in men, while female sex was related with patients over the age 
of 60, suggesting that researchers should pay more attention to this 
age group.13 

An abuse history is more common in women with FD29,30 and 
early childhood is a critical period for the development of certain 
brain circuits that control stress and nociception.29 Forty-two per-
cent of FD patients to whom Rome II criteria were applied had 
experienced sexual and physical abuse in childhood or adulthood.31 
Furthermore a childhood abuse history correlated with the develop-
ment of FD and the severity of dyspepsia was significantly greater 
in patients with a history of abuse.29 Moreover, an abuse history and 
somatization were related with delayed gastric emptying.32 There-
fore, it is important to assess patients with FD for a past history of 
abuse in especially in case of women.

Symptoms  

Some epidemiological studies have reported a male prepon-
derance of “reflux-like” and “ulcer-like” dyspepsia and a female 
preponderance of “dysmotility-like dyspepsia”.33-38 For instance the 
Digital/International Gastroenterology Surveillance Study showed 
that women were more likely to have dysmotility-like symptoms 
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Figure 1. Odds ratio (OR) for uninvestigated dyspepsia in women 
versus men according to geographical location. The Overall OR for 
dyspepsia in women compared with men was 1.24 (95% confidence in-
terval [CI], 1.13 to 1.36), with significant heterogeneity between stud-
ies (I2 = 91.9%, P < 0.001), but no evidence of funnel plot asym-
metry (Egger test, P = 0.860). Data were pooled using a random 
effects model to give a more conservative estimate of the prevalence of 
dyspepsia and the odds of dyspepsia in these various groups. Evidence 
of publication bias was assessed for, by applying Egger’s test to fun-
nel plots of ORs, where a sufficient number of studies were available. 
Reprinted from Ford et al23 with permission.
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Figure 2. Prevalence of functional dyspepsia (FD) according to sex 
and age group. The prevalence of FD was significantly higher be-
tween the ages of 18 years and 34 years than in the age groups 35-49 
years and 50-64 years, with the lowest prevalence of FD seen in indi-
viduals older than 65 years. This pattern was seen across both sexes. 
Women had a significantly greater prevalence of FD than their men 
counterparts across all age groups, except for in those older than 65 
years. Reprinted from Aziz et al26 with permission.
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than men.36 Whereas, women with FD complained more of upper 
abdominal pain than men with FD, which correlated with female 
anxiety scores. In particular, women who underwent gynecological 
surgery had more severe abdominal symptoms than women who 
did not.10 In addition, women are more likely to continue to report 
FD symptoms over time.29 Women tend to continually complain of 
symptoms or experience greater suffering than men and are more 
likely to have associated psychosocial factors.39,40 However, other 
studies have found no difference in the prevalence of dyspepsia sub-
groups between men and women.10,29,41-43

Overlap Syndrome  

The mechanism by which FD coexists with other FGIDs is 
not yet fully known, but it may be due to similar common patho-
physiological factors such as visceral hypersensitivity, altered GI 
motility, dysfunction of the brain and gut interaction, and psycho-
logical comorbidities.23,39 FGIDs such as GERD, FD, and IBS 
sometimes overlap.27,44-48 Several studies found that FGIDs more 
commonly overlap in women than in men.47,48 For instance, patients 
with overlapping FD and GERD were more likely to be young 
and female.47 In addition, a Chinese study showed that overlapping 
IBS and FD was reportedly associated with female sex, divorced 
or widowed versus married status, abdominal distension, decreased 
bowel movements, and mixed IBS.48 It is well known that overlap 
among these FGIDs can impair health-related QoL,47,49,50 and the 
negative effect on QoL was greater in subjects with the overlap of 
3 conditions (FD, IBS, and GERD) in both men and women ir-
respective of age.51 Furthermore, a study regarding overlap of FD 
and IBS showed no significant gender difference for overlap versus 
non-overlap patients.6 Further studies are needed to address this is-
sue.

Quality of Life  

FD patients present more impaired QoL than controls, espe-
cially in terms of social and environmental aspects, suggesting that 
more aggressive interventions are needed to improve FD symp-
toms.10,52 However, studies on factors associated with health related 
QoL in patients with FD are rare. Several studies showed that 
women with FD tend to be more depressed and anxious and have 
lower QoL than men with FD.10,52,53 For example, a population-
based case-control study from Sweden53 showed that women with 
FD suffered significantly poorer QoL including physical function, 
limited physical role, physical pain, and overall health awareness 

compared to sex-matched controls. In another study, women with 
FD scored significantly lower in overall QoL and general health 
and physical domains than men with FD.10 In addition, women 
with FD had higher mean hospital anxiety and depression scale 
(HADS) scores than men with FD. Epigastric pain severity corre-
lated with HADS anxiety scores only in women with FD.10 There-
fore, adjusting these aspects is important in relieving symptoms of 
FD. A recent cross-sectional study performed in Asia showed that 
factors associated with a low QoL in FD patients included female 
sex, anxiety, depression, old age, severe symptoms, and low educa-
tional level.52 

Health Care-seeking Behavior and Socioeconomic 
Impact

FD patients incur significant health costs, which impose an 
economic burden on the health care system.53 Information on 
healthcare seeking behavior will help the development of healthcare 
policies and management of FD. Several studies have reported 
higher consultation rates by women than by men in FD patients.54,55 
Psychosocial factors such as somatization and physical or sexual 
abuse are associated with increased health care use.56 On the other 
hand, a population study using Rome I criteria showed that health 
care seeking for dyspepsia was similar in men and women.57 In the 
study, symptom severity, frequency and pattern (eg, ulcer-like and 
dysmotility-like) were important independent factors in determining 
health care seeking.57 Another study from Taiwan using the Rome 
I and Rome II criteria for health check-up populations showed no 
gender difference in terms of physician-consultation behavior, and 
school/work absenteeism.21 Probably medical consultation rates 
vary across different regions or countries for the variety of medical 
setting and levels of satisfaction with the physician-patient relation-
ship. In a community-based survey enrolling mainly Muslims in 
East Malaysia, married women were more likely to have FD and 
psychosocial symptoms than married men, but consultation rates 
were lower.58 However, until now almost no population-based large 
scaled study has evaluated gender differences in health-seeking be-
haviors using the Rome III or IV criteria in FD. So, further studies 
are needed.

FD impairs work ability and incurs high medical costs world-
wide.53 However, there is a paucity of data on gender difference in 
the economic impact of FD. In a study based on FD patients at-
tending a tertiary care center in the US, it estimated the direct and 
indirect costs of FD at US$ 18.4 billion for the entire US popula-
tion or US$ 80 000 per 1000 US population for the 2009 financial 
year.53 No cost differences were identified between men and women 
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in the study. However, the study did not include gender-specific 
analysis for indirect costs due to missing work and lost productivity.

Pathophysiology  

Various complex mechanisms have been proposed for the 
pathogenesis of FD, including altered gastric motility, visceral 
hypersensitivity, brain-gut interactions, low-grade mucosal inflam-
mation, H. pylori infection, and genetic or social and psychologi-
cal factors, but the etiology and optimal treatment of FD remain 
unclear.12,39,59 Moreover, the underlying pathogenesis for the gender 
difference in FD has not been investigated in detail.

Sex Hormones
Sex hormones are the most important factor biologically charac-

terizing men and women. Estrogens might play a role in the control 
of motor and sensory functions of the GI tract through direct or in-
direct action on immune, endocrine, and neuronal pathways as well 
as interactions with the gut microbiota.60 However, most research 
has been focused on the motility aspect and female sex hormones 
cause change of gastric motility.10 That is, gastric emptying is de-
layed in the luteal phase versus the follicular phase61 and delayed in 
premenopausal women versus men.32,61,62 Chen et al63 demonstrated 
that estradiol (E2) and a mixture of E2 and progesterone inhibit 
gastric emptying, whereas testosterone did not. 

Furthermore, women’s visceral nociception can be affected by 
periodic changes in the female sex hormones.64,65 Estrogen interacts 
with neurotransmitters to modulate pain response in pain recog-
nition pathways.66 Estrogen also affects women’s emotions and 
moods. When estrogen levels are interrupted or fluctuate in women 
after menopause, oophorectomy, or childbirth or during menstrua-
tion, woman experience severe mood swings including changes in 
premenstrual mood, postpartum depression, and postmenopausal 
depression.67-69 Based on these findings, female sex hormones might 
affect visceral pain and gastric motility, supporting female sex as a 
risk factor of FD.13

Psychological Distress 
Psychological disorders are common in FGID; in particular, 

anxiety and depression are common in patients with FD despite 
conflicting reports in some cases.69-72 There are differences between 
men and women in response to stress hormones. Women are 
more vulnerable to stress-related disorders due to sex differences 
in the corticotropin-releasing factor (CRF) and locus coeruleus-
norepinephrine system that increase their sensitivity to stress.73 In 

men, when CRF is excessively secreted, internalization of the CRF 
receptor occurs and the response to the CRF is weakened. On the 
other hand, in women, internalization of the CRF receptor does not 
occur and the response to CRF hypersecretion is transmitted as it 
is.73 In addition, estrogen attaches to the estrogen alpha receptors in 
the hypothalamus and interferes with the negative feedback of cor-
tisol, which also affects stress control in women. Thus, when faced 
with extreme or prolonged stress conditions, women are more vul-
nerable to stress because the CRF-mediated endocrine system and 
arousal system are likely to result in poor control.73 Somatization is 
an important determinant of symptom severity in FD.74 Moreover, 
sex-based differences in CRF function have important implications 
for the development of therapeutic drugs. Because CFR hyperse-
cretion is more common in stressed women, CRF antagonists may 
be more effective in women than in men.73 

Altered Functional Connectivity of the Amygdala 
and Sex-based Differences 

Several researchers have found significant functional and ana-
tomical alterations in multiple brain regions that are related to the 
default mode network and salience network in patients with FD.74-77 
In particular, the amygdala is considered the key part in the patho-
genesis of FD because of its wide involvement in processing intero-
ceptive signals of satiety and fullness, food intake, emotional control, 
and endogenous pain inhibition.74 Zeng et al74 demonstrated that 
women with FD had more severe dysfunction of cognitive-affective 
processing in multiple networks. Patients with FD demonstrated 
altered resting-state functional connectivity (rsFC) in the basolateral 
amygdala (BLA) and centromedial amygdala subregions compared 
with healthy controls, while women with FD revealed increased 
BLA rsFC with the insula and decreased BLA rsFC with the me-
dial prefrontal cortex and dorsal lateral prefrontal cortex compared 
with men with FD and healthy women.74 Taken together it indicates 
that the visceral afferents are amplified and negative emotion is en-
hanced compared with men with FD and healthy women.74 These 
results aid in the understanding of why women are more sensitive to 
pain than men and report GI pain/discomfort more often.68 

Gastroduodenal Motor and Sensory Dysfunction: 
Gastric Emptying 

GI sensory motor dysfunction such as hypersensitivity to gastric 
distension, and delayed gastric emptying are common in patients 
with FD and have been suggested to contribute to the pathogenesis 
of symptoms of FD.78,79 A study investigating the gender differenc-
es of gastric emptying using a 13C-acetate breath test demonstrated 
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that gastric emptying was delayed in healthy women versus healthy 
men.80 In men with FD, mean BMI was lower in the group with 
delayed gastric emptying; in women with FD, the delayed gastric 
emptying group complained of more severe reflux symptoms than 
the group without delayed emptying.80 In addition, GERD ques-
tionnaire scores were higher in the delayed gastric emptying group 
than in the group without delayed emptying among women with 
FD implying that delayed gastric emptying triggered GERD in 
women with FD.80 

Studies using a beverage test at administer nutrient or water 
drinks at a constant rate up to the level of discomfort found that 
women have a lower tolerance than men.81,82 However, the reasons 
for sex differences in the postprandial response are unclear. A study 
measuring the sensations induced by gastric distension showed that 
the same pressure and volume induced more extreme perceptions 
in women, suggesting that a woman’s stomach is more sensitive, 
and perceives and tolerates smaller intraluminal loads than in men.83 
Studies using a gastric barostat demonstrated that the gastric ac-
commodation reflex is more prolonged in women than in men,84 
which might be associated with more definite vagal tone.83 

Ghrelin 
Ghrelin is an important digestive hormone that controls ap-

petite and regulate gastric motility.85-87 Acyl ghrelin reduction is 
associated with delayed gastric emptying88 leading to vomiting or 
postprandial fullness.34,89 Fasting plasma acylated ghrelin levels were 
not significantly different between healthy controls and patients with 
FD, whereas ghrelin levels were related with subjective symptom 
scores of FD in women.59 In contrast, the difference in plasma 
acyl ghrelin between FD patients (postprandial distress syndrome 
[PDS] subtype) and controls was statistically significant in men but 
not in women.10 Similarly, elevated level of pain-related genes (nerve 
growth factor, glial cell line-derived neurotrophic factor, and tran-
sient receptor potential vanilloid-1 [TRPV1]) mRNA expressions 
in the FD group was important in men but anxiety and depression 
were important in women.10 

Familial Aggregation and Genes 
Although data are limited, the clustering of patients with FD 

in families suggests the role of genetic factors in the pathogenesis of 
FD.39,90 Several studies found susceptible genes related with FD, 
but the results are heterogenous.91,92 A Japanese study demonstrated 
that the COX-1-1676T allele was significantly related with an in-
creased risk for the epigastric pain syndrome (EPS) subgroup of 
FD in women.92 A recent meta-analysis did not demonstrate that 

only minor allele (T) of GNB3 825C>T was related to increased 
susceptibility to the EPS subtype of FD.92 However, studies on 
whether the related genes differ between men and women were very 
limited in patients with FD. Further large-scale research including 
sex analysis with an adequate validation method is needed to clarify 
the role of genetic factors in FD.

Microbiota 
The gut microbiota, immune cells, enteroendocrine cells, and 

enteric nervous system are known to have complex interactions, and 
the disruption or alteration of gut microbiota due to unclear mecha-
nisms plays an important role in the pathogenesis of FD.93 Flak et 
al94 proposed a concept called “microgenderome”, the bidirectional 
interaction between microbiota and sex hormones. As sex differ-
ences in gut microbiota do not appear until puberty, the role of sex 
hormones in shaping the gut microbiota composition is supported.95 
Moreover, women’s gut microbiota diverges before and after meno-
pause, with the gut microbiota of postmenopausal women becom-
ing very similar to that of men.96 A study evaluated the relation of 
age, sex, and gut bacterial alpha diversity in 3 large cohorts of adults 
from 4 geographical regions demonstrated sex-dependent differenc-
es in the US, the United Kingdom, and Colombian cohorts.97 In 
addition, a recent study showed that gut microbiome diversity was 
associated with the levels of testosterone in men and E2 in women.98 
Interestingly, gut microbiota can affect the estrogen level by de-
conjugating the conjugated estrogen molecules excreted through 
the bile and reabsorbing it through the enterohepatic circulation.99 
There have been human studies investigating the gut microbiome 
in patients with FD.100-102 In addition, randomized controlled tri-
als of probiotics and selective antibiotics such as rifaximin showed 
improvement in symptoms and the microbiome of patients with 
FD,100 and the bacterial composition and structure of gastric fluid 
in patients with FD differed from that of healthy controls.102 Since 
studies are very limited on how sex differences in the gut microbiota 
affect the pathogenesis of FD, further studies are needed to eluci-
date this issue.

Low-grade Inflammation and Tight Junction 
Proteins 

It was recently demonstrated that low-grade inflammation 
in patients with FD increases duodenal mucosal permeability,103 
subsequently causing duodenal hypersensitivity to several media-
tors such as lipids, capsaicin and acids, playing a role in the onset of 
FD.104 Tight junction (TJ) proteins are components of the GI mu-
cosal barrier, and impaired barrier function of the duodenal mucosa 
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might be related to TJ protein expression. Several studies suggested 
that sex hormones might play a role in the regulation of gut TJ.105,106 
Our team found significantly higher CLDN2 mRNA expression 
in the men PDS and men EPS groups than in the male control 
group, but not in women, indicating that Claudin-2 is involved in 
FD irrespective of H. pylori status, especially in the pathophysiol-
ogy of men with FD.107 However, since very limited studies have 
investigated the sex differences in TJ proteins in patients with FD, 
additional studies are needed to clarify these findings.

Food
In a recent systematic review, wheat and gluten ingestions 

were associated with to PDS and EPS of FD, while dietary fats 
consistently influence PDS.108 Naturally occurring food chemicals, 
fermentable oligosaccharides, disaccharides, monosaccharides, 
and polyols or other known food intolerances are reported to cause 
symptoms.108 However, because of the lack of high quality dietary 
evaluations, with few researches using validated methods, conclu-
sions are limited.108 Moreover, limited sex differences were analyzed 
for the association between food and symptoms. A recent cross-
sectional study investigated relations between dietary glycemic in-
dex or glycemic load and uninvestigated chronic dyspepsia showed 
sex-specific associations between dietary carbohydrate quality and 
dyspepsia.109 That is, higher dietary glycemic index and glycemic 
load may be risk factors for chronic dyspepsia in men and normal-
weight subjects but not in women and overweight subjects.109 A 
randomized parallel trial comparing the postprandial responses to a 
delicious and comfortable meal between men and women showed 
gender differences in the biological responses to having a meal.110 
Women showed a more postprandial fullness than men. Women’s 
hedonic responses were also more pronounced than those in men.110 
Women also showed more noticeable effects on vagal tone and a dif-
ferent lipoprotein response than men.110 These differences between 
women and men in biological response to meal ingestion may help 
explain the gender differences in FD. 

Treatment  

Current treatments for FD demonstrate only modest effi-
cacy over placebo, and not all treatments are effective in all cases 
of FD.111 In addition, pharmacokinetic differences exist between 
women and men. A recent systematic review112 evaluating the effect 
of gender differences on drug therapy found that women generally 
have a shorter gastric emptying time, lower gastric pH, lower lean 
body mass, a higher plasma volume, BMI, body fat, a decreased 

hepatic clearance, different cytochrome P450 enzyme activity, and 
different drug metabolic rates than men. These differences can 
lead to side effects in women, especially those who are pregnant, 
postmenopausal, or elderly.112 Many pharmacological interventions 
have been tested with various results, and while many clinical trials 
enrolled more women than men with FD, no studies have specifi-
cally investigated sex-gender differences in therapeutic outcomes or 
compliance with FD treatment.12 

Proton Pump Inhibitors
Proton pump inhibitors (PPIs) are often the first drug of 

choice for treating FD symptoms, although they are effective in 
only 7-10% of FD patients compared to placebo.113 There are no 
gender restrictions for Food and Drug Administration approval of 
any of the histamine H2 blockers or PPIs.12 A study investigated 
the pattern of dyspepsia evaluation and treatment over 20 years in a 
population-based cohort and investigated that the management was 
influenced by dyspepsia subgroup and that men were significantly 
more likely than women to be treated with PPIs.57 In contrast, there 
was a tendency for women to be more likely than men to be treated 
with psychological agents.57 However, no additional studies have 
investigated whether there is a gender difference in the use of PPI 
in patients with FD, requiring further large scaled studies.

Helicobacter pylori Eradication 
Several studies on H. pylori–associated FD have investigated 

changes in the gut environment.114 In guidelines on FD made 
in the Asia-Pacific region, Japan, the US and Canada, H. pylori 
eradication is strongly recommended as a primary treatment in 
patients with H. pylori-positive dyspepsia.115,116 However, there 
are limited gender analyses of H. pylori treatment differences in 
FD. A prospective multicenter clinical trial performed in Korea 
showed that successful H. pylori eradication was related to symp-
tom improvement.22 Considering factors that predict FD symptom 
response after H. pylori eradication, female sex, eradiation failure, 
and medication for FD during the study period were related with 
poor FD response at 1 year on univariate analysis.22 The reason why 
the improvement of FD symptoms after H. pylori eradication in 
women is lower than in men might be related to women complain-
ing of more frequent symptoms,117 showing longer gastric emptying 
times118 and a higher prevalence of psychological co-morbidities 
than men69,119 rather than H. pylori–associated inflammation.

A significant elevation of 13C-urea breath test (UBT) values 
among women versus men infected with H. pylori was recently re-
ported, suggesting gender differences in the H. pylori host interac-
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tion.120 A study evaluating the pattern of 13C-UBT referrals among 
a large cohort of dyspeptic patients showed that more women were 
referred for 13C-UBT.121 More men showed positive results. The 
mean test values were significantly higher among women, probably 
suggesting an increased bacterial load among women and gender 
related differences in H. pylori–host interactions.121 Most studies 
investigating changes in dyspeptic symptoms after successful H. 
pylori eradication in patients with FD included short observational 
periods; thus, studies with longer observational periods are needed. 

Antidepressants 
Antidepressants, both tricyclic antidepressants and selective se-

rotonin (5-HT) reuptake inhibitors (SSRI), are often used to treat 
abdominal pain of FD.40,113 Regarding depression, several studies 
have reported that the response rates of tricyclic antidepressants 
and SSRI differed by gender71,122-125 For instance, younger females 
exposed to the SSRI (fluvoxamine) showed greater response than 
males and older females as well (> 44 years old).125 Maybe it is 
related with estrogen that has subsequently been shown to influence 
5-HT synthesis, as well as 5-HT receptor binding and activity. Sev-
eral studies also suggested that women respond better to antidepres-

sants such as SSRI than men.126-129 However, very limited studies 
have evaluated gender differences in the use of these drugs specifi-
cally for FD. A recent study showed that low-dose antidepressant 
therapy effectively improved patient symptoms and satisfaction 
with fewer side effects in refractory FD.123 However, sex was not a 
related factor in the response to antidepressants.123 Further studies 
of gender differences in response to antidepressants for the patients 
with FD are required in the future. 

Targeting the Microbiome
A recent small scaled research by Zhong et al130 showed that 

duodenal bacterial load is directly correlated with symptom severity 
in FD, suggesting a role of antibiotics for improving the duode-
nal microbiome in subjects with FD.130,131 Rifaximin was shown 
to change the gut microenvironment with mechanisms of action 
including the prevention of gut inflammation and reduction of 
visceral hypersensitivity.130,132 A recent randomized controlled trial 
study from China,100 which excluded patients with IBS, demon-
strated that rifaximin was superior to placebo for the relief of overall 
dyspeptic symptoms, postprandial fullness/bloating, and belching. 
In addition, women experienced more remarkable and sustained 
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Figure 3. Sex and gender related differences in pathophysiology of functional dyspepsia (FD). Although the detailed investigation is lacking, the 
underlying pathophysiology of FD likely to vary depending on women and men. That is, although the pathophysiology of FD is complex and het-
erogeneous, accumulating knowledge indicates that sex and gender difference in sex hormone, psychological distress, central signaling via cortico-
tropin-releasing factor (CRF), altered functional connectivity of amygdala, ghrelin, genetic factor, gut microbiome, and luminal factor such as food 
might affect enteric nerve system, duodenal immune activation, mucosal barrier function, duodenal low-grade inflammation, or alteration of gut 
motility and sensitivity, resulting in the difference outcome of FD between women and men.
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improvement in overall dyspeptic symptoms as well as postprandial 
bloating and belching, but men did not.100 However, they did not 
suggest why there was a gender difference in symptom improve-
ment. Considering probiotics, a recent double-blind randomized 
controlled trial (RCT) of H. pylori–uninfected patients with FD 
that evaluated the efficacy of Lactobacillus gasseri OLL2716–con-
taining yogurt demonstrated significantly higher elimination rates 
for the major FD symptoms including PDS-like, but not EPS-like 
symptoms of L. gasseri OLL2716 group compared to the placebo 
group.133 However, the study did not conduct separate analyses by 
sex. In addition, the sample size was small. Large-scale studies are 
warranted to evaluate the gender difference in the efficacy of probi-
otics for the patients with FD.

Prokinetics
A recently updated systematic review and meta-analysis of RCTs 

to support the 2017 joint the American College of Gastroenterology 
and the Canadian Association of Gastroenterology dyspepsia guide-
lines showed that prokinetics were effective for the treatment of all 
FD subtypes (RR = 0.81; 95% CI, 0.74-0.89; I2 = 91%; number 
needed to treat, 7) regardless of FD subtype or ethnicity.115 The 
review of gender differences in medications for GI problems such 
as IBS resulted in restrictions of the approval of both alosetron, a 
5-HT3 receptor antagonist, and tegaserod, a partial 5-HT4 receptor 
agonist.69 However, no study has evaluated gender differences in the 
management of FD with prokinetics. 

Conclusion  

Historically, the terminology of gender was introduced because 
sex could not explain the difference of males and females. Thus 
this term is changing over the period of time and area. As a result, 
our review regarding sex- and gender difference of FD has several 
limitations. In this review including very recent publications, we 
found that sex and gender differences related to FD prevalence, 
pathophysiology, symptoms, and treatment responses showed some-
what mixed results. In spite of limited studies consistent points are 
FD occurs more often in women than in men and there are several 
symptom differences between men and women with FD. In addi-
tion, women with FD tend to have lower QoL than men with FD. 
Similarly, the pathophysiology of FD is likely to vary depending on 
men and women (Fig. 3). That is, anxiety and depression seem to 
play a relatively bigger role in women than in men and that of ghre-
lin or TRPV1 is reverse in FD. For treatment, convincing RCTs 
including comprehensive sex and gender analysis are lacking. Fur-

ther studies assessing sex and gender differences in FD are needed 
to enhance patient care and improve patient QoL.
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