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Background: The purpose of this study was to identify the characteristics of dry mouth and gastrointestinal (GI) disorders in antidepressant patients.
Methods: The study included 103 antidepressant-taking patients. Antidepressants were classified according to their
mode of action. The GI disorders were investigated using the medical records of the patients. The Patient Health
Questionnaire-15 and a questionnaire for assessing dry mouth symptoms were used in this study.
Results: The score for “overall discomfort due to dry mouth in daily life” (31.72±33.82), “dry mouth at night or in
the morning” (47.86±35.87), and “dry mouth during the day” (39.83±31.67) were slightly higher than “discomfort in
chewing or swallowing foods”. According to somatization severity, the mean values were 116.36±113.34 in the mild,
213.18±136.98 in the moderate, and 277.59±201.44 in the severe, the between-group difference was significant
(F=10.294, p<0.001). According to the class of antidepressants, the mean score was 180.00±147.5 for vortioxetine,
194.25±169.33 for selective serotonin reuptake inhibitors (SSRIs), 223.61±156.70 for serotonin and norepinephrine
reuptake inhibitors (SNRIs), 75.00±57.00 for norepinephrine dopamine reuptake inhibitors (NDRIs), 201.67±174.66
for Nassau, and 116.67±132.03 for agomelatine. A total of 67 (65.0%) patients had at least one GI disorder.
Conclusion: The study findings are expected to help increase medication compliance in antidepressant patients by
better controlling the side effects experienced by the patients.
Keywords Dry mouth; Gastrointestinal disorders; Somatization; Antidepressant; Functional dyspepsia

INTRODUCTION
Dry mouth is a subjective symptom of the feeling of
dehydration inside of the mouth and is closely linked to
reduced salivary secretion [1]. In general, the criterion
for determining a reduction in salivary secretion to cause
dry mouth is a rate of unstimulated salivary secretion
under 0.1 mL/min [2]. Dry mouth is noticed when the
level of oral mucosal wetness is low due to a thinning
layer of saliva that moistens the mucous membranes
in the mouth, and insufficient oral mucosal wetness is
strongly associated with a reduced rate of salivary se-

cretion [3,4]. Although it used to be thought in the past
that salivary secretion is decreased due to dysfunctional
salivary gland during the aging process, currently, the
decrease is believed to be mainly due to medication, autoimmune disease, radiation therapy, and brain trauma
[5,6]. Dry mouth due to the use of extrinsic drugs refers
to reduced salivary secretion when the salivary gland
is affected by medication administered to treat a condition in patients without problems in the gland per se.
Medication is the foremost cause of dry mouth, and it
is reported that approximately 500 classes of medication induce dry mouth [6-8]. Dry mouth is specified as a
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complication in the labels of many drugs, but how they
affect salivary secretion has rarely been studied.
The measurement of the salivary secretion rate has
been the most objective and common test assessing
dry mouth. However, some patients complain of dry
mouth even when it is not clear that salivary secretion
is reduced. In fact, it has been reported that the severity
of subjective symptoms of dry mouth was not directly
correlated with reduction in the salivary secretion rate
[9,10]. Subjective symptoms of dry mouth are thought to
be strongly associated with psychological factors, and
subjective feeling of discomfort due to dry mouth may
lower quality of life in patients, as well as increase risks
of developing other oral disorders caused by reduced
salivary secretion [11]. Accordingly, when treating dry
mouth, it is critical not only to perform objective assessments (such as salivary secretion rate) but also to
examine subjective symptoms and discomfort level and
investigate the interrelationship with the objective sign.
Brain–gut connection, a research topic of great interest
lately, not only maintains homeostasis in the gastrointestinal (GI) system but also influences human emotion,
motivation, and even higher order cognitive functioning.
This complex connection is explained with the brain–
gut axis, which connects the brain to the functioning of
the gut in the periphery, in addition to modulating and
integrating the functioning of the GI system [12]. To do
so, mechanisms such as immune response activation,
preservation of permeability in the GI system, various
GI responses, and signal transmission between GI and
endocrine systems are involved. Hence, it can be argued
that signal transmission between brain and the GI system is based on the neuroendocrine–immune regulatory
network. This bidirectional signal transmission system
includes the central nervous system, brain and spinal
cord, autonomic nervous system, enteric nervous system, and hypothalamic–pituitary–adrenal (HPA) axis.
The autonomic nervous system, which includes the sympathetic and parasympathetic nervous systems, sends
signals from the lumen of the gut through the enteric,
spinal, vagal pathways to the brain, as well as in the
reverse direction, that is, from the brain to gut [13]. Accordingly, it is speculated that, through this mechanism,
antidepressants are very closely linked to various GI
disorders.
The occurrence of dry mouth and GI disorders due to
antidepressants greatly affects the course of the mental
disorder and medication compliance, but it has barely
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ever been studied. Accordingly, this study aimed to determine the characteristics dry mouth and GI disorders
in patients taking antidepressants.

MATERIALS AND METHODS
1. Participants
One hundred three patients treated at a university
hospital and taking antidepressants participated in the
study. Survey was conducted between September and
November 2021. The antidepressants were classified according to the mechanism of action as follows: selective
serotonin reuptake inhibitor (SSRI; escitalopram, paroxetine, fluoxetine, sertraline), serotonin and norepinephrine reuptake inhibitor (SNRI; duloxetine, venlafaxine,
desvenlafaxine), norepinephrine dopamine reuptake
inhibitor (NDRI; bupropion), noradrenergic and specific
serotonergic antidepressants (NaSSA; mirtazapine),
agomelatine. GI disorders were analyzed by referring
to the patients’ medical records (globus, functional dyspepsia [FD], gastritis, irritable bowel syndrome [IBS],
cancer, nonalcoholic steatohepatitis [NASH], functional
constipation [FC], gastroesophageal ref lux disease
[GERD]). The study was approved by the Wonkwang
University Hospital Institutional Review Board (IRB
approval number: WKUH 2021-07-015). All participants
signed a written consent form.

2. Questionnaire for evaluation of dry mouth
symptoms
The questionnaire for the evaluation of dry mouth
symptoms, a visual analog scale (VAS)–based instrument, developed and evaluated for reliability by Lee et
al. [14], was used to assess dry mouth. In the questionnaire, 6 VAS items were assessed for the extent of dry
mouth (0-100 points): 1) dry mouth at night or when
waking up in the morning, 2) dry mouth during the day,
3) dry mouth when eating, 4) difficulty in swallowing,
5) subjective evaluation of the volume of saliva in the
mouth, and 6) overall discomfort in daily life. Additionally, four items examined behaviors due to dry mouth (1-5
points): 1) frequency of waking up from sleep due to dry
mouth, 2) frequency of preparing drinking water before
going to bed, 3) frequency of drinking water when eating solid foods, and 4) frequency of eating hard candies
www.moodandemotion.org
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or chewing gums to help dry mouth.

3. Patient Health Questionnaire-15 (PHQ-15)
To assess somatization, PHQ-15, a self-report scale
developed by Kroenke et al. [15] to diagnose mental
disorders in a primary care setting, was used. PHQ-15
consists of 15 three-point scale items (0-2 points), and
the total score indicates the severity of physical symptoms. Somatization was classified to be low if the score
was under 5 points, moderate if it was between 6 and 10,
and high if it was 11 or higher. The Korean version was
developed, and the reliability and validity were tested by
Han et al. [16].

4. Statistical analysis
Data of the severity of dry mouth and behavior due to
dry mouth are presented as mean and standard deviation. Participants were grouped according to severity
based on PHQ-15. One-way analysis of variance (ANOVA) was performed to compare dry mouth and behavior
between the groups. Data of GI symptoms are presented
as counts and percentages. To examine the difference
in dry mouth according to the class of antidepressants,
one-way ANOVA was performed. All statistical analyses were conducted using the Statistical Package for the
Social Sciences (SPSS) ver. 21 (IBM Corp., Armonk,
NY, USA).

RESULTS
1. Demographic characteristics
Thirty-six (35.0%) participants were male and 67
(65.0%) were female. Regarding marital status, 25
(24.3%) were single; 60 (58.3%), married; 1 (1.0%), separated; 10 (9.7%), divorced; and 7 (6.8%), bereaved. Regarding clinical characteristics, 18 (17.5%) were smokers, 32 (31.1%) were alcohol drinkers, and 63 (61.2%)
had a chronic disease (Table 1).

2. Severity of dry mouth
Results regarding the severity of dry mouth were as
follows: “Do you feel that your mouth is dry at night or
in the morning?” (47.86±35.87), “Usually, do you feel
www.moodandemotion.org

that your mouth is dry during the day?” (39.83±31.67),
“Do you feel that your mouth is dry when eating?”
(23.35±28.96), “Do you have difficulty in swallowing foods because the mouth is dry?” (18.06±29.42),
“Do you feel that saliva is not enough in your mouth?”
(29.76±33.06), and “Overall, to what extent are you uncomfortable in daily life, due to the symptoms of dry
mouth?” (31.72±33.82) (Table 2).

3. Behaviors due to dry mouth
Results regarding behaviors due to dry mouth were
as follows: “Have you woken up in the middle of a
night because your mouth is dry?” (1.96±1.29), “Before
going to bed, do you keep drinking water next to the
bed?” (2.15±1.62), “Do you drink water or other beverages to swallow solid foods?” (2.00±1.03), and “Do you
chew gums or eat hard candies due to symptoms of dry
mouth?” (1.57±0.83) (Table 3).

4. Difference in dry mouth according to
somatization severity
With regard to differences in dry mouth according to somatization severity, the mean values were
116.36±113.34 in the mild group, 213.18±136.98 in the
Table 1. Demographic characteristics of participants
Variable
Sex
Male
Female

Value
36 (35.0)
67 (65.0)

Marital status
Single

25 (24.3)

Married

60 (58.3)

Separated

1 (1.0)

Divorced

10 (9.7)

Bereaved

7 (6.8)

Smoking
Yes

18 (17.5)

No

85 (82.5)

Alcohol
Yes

32 (31.1)

No

71 (68.9)

Chronic disease
Yes
No

63 (61.2)
40 (38.8)

Values are presented as number (%).
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Table 2. Severity of dry mouth
Variable

Value

1. Do you feel that your mouth is dry at night or in the morning?
2. Usually, do you feel that your mouth is dry during the day?

47.86±35.87
39.83±31.67

3. Do you feel that your mouth is dry when eating?

23.35±28.96

4. Do you have difficulty in swallowing foods because the mouth is dry?

18.06±29.42

5. Do you feel that saliva is not enough in your mouth?
6. Overall, to what extent are you uncomfortable in daily life, due to the symptoms of dry mouth?

29.76±33.06
31.72±33.82

Values are presented as mean±standard deviation.

Table 3. Behaviors due to dry mouth
Variable

Value

1. Have you woken up in the middle of a night because your mouth is dry?
2. Before going to bed, do you keep drinking water next to the bed?

1.96±1.29
2.15±1.62

3. Do you drink water or other beverages to swallow solid foods?
4. Do you chew gums or eat hard candies due to symptoms of dry mouth?

2.00±1.03
1.57±0.83

Values are presented as mean±standard deviation.

Table 4. Difference in dry mouth according to somatization severity
Variable
Severity of dry mouth
Behaviors due to dry mouth

Mild

Moderate

Severe

F

Post-hoc
(Bonferroni)

116.36±113.34
6.48±2.52

213.18±136.98
8.18±4.10

277.59±201.44
8.93±4.41

10.294***
4.206*

1<2, 1<3
1<3

Values are presented as mean±standard deviation.
1, mild; 2, moderate; 3, severe.
*p<.05, ***p<.001.

Table 5. Class of antidepressants and dry mouth
Variable

Vortioxetine

SSRI

Severity of dry mouth
180.00±147.5 194.25±169.33
Behaviors due to dry mouth
8.86±5.30
7.70±3.56

SNRI
223.61±156.70
8.17±4.43

NDRI

NaSSA

Agomelatine

F

75.00±57.00 201.67±174.66 116.67±132.03 0.798
5.00±1.00
7.67±3.51
6.00±1.00
0.824

Values are presented as mean±standard deviation.
SSRI, selective serotonin reuptake inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitor; NDRI, norepinephrine dopamine
reuptake inhibitor; NsSSA, noradrenergic and specific serotonergic antidepressants.

moderate group, and 277.59±201.44 in the severe group,
and the between-group difference was significant
(F=10.294, p<0.001). The mean scores of behaviors due
to dry mouth were 6.48±2.52, 8.18±4.10, and 8.93±4.41
in the mild, moderate, and severe groups, respectively.
The between-group difference was significant (F=4.206,
p<0.05) (Table 4).
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5. Class of antidepressants and dry mouth
Regarding the difference in dr y mouth according to the class of antidepressants, the mean score
was 180.00±147.5 for vortioxetine, 194.25±169.33 for
SSRIs, 223.61±156.70 for SNRIs, 75.00±57.00 for
NDRIs, 201.67±174.66 for NaSSAs, and 116.67±132.03
for agomelatine. The between-group difference was
not significant (F=0.798). Additionally, the groups
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were not different with regard to behaviors due to dry
mouth (F=0.824). The mean score was 8.86±5.30 for
vortioxetine, 7.70±3.56 for SSRIs, 8.17±4.43 for SNRIs, 5.00±1.00 for NDRIs, 7.67±3.51 for NaSSAs, and
6.00±1.00 for agomelatine (Table 5).

6. Gastrointestinal disorders in patients taking
antidepressants
Regarding GI disorders, 5 participants (4.9%) had globus; 7 (6.8%), FD; 15 (14.6%), gastritis; 2 (1.9%), IBS;
1 (1.0%), cancer; 3 (2.9%), NASH; and 1 (1.0%), FC.
Focusing on cases with 2 GI conditions, 17 participants
(16.5%) had FD and gastritis; 2 (1.9%), FD and IBS;
1 (1.0%), FD and ulcer; 3 (2.9%), gastritis and IBS; 1
(1.0%), gastritis and ulcer; and 5 (4.9%), gastritis and
GERD. Focusing on cases with 3 GI conditions, 2 participants (1.9%) had FD, gastritis, and IBS; 1 participant
(1.0%) had FD, gastritis, and GERD; and 1 participant
(1.0%) had gastritis, IBS, and GERD. A total of 67
(65.0%) patients had at least one GI disorder (Table 6).

Table 6. Gastrointestinal disorders in patients taking
antidepressants
Variable
Globus
FD
Gastritis

Value
5 (4.9)
7 (6.8)
15 (14.6)

IBS

2 (1.9)

Cancer

1 (1.0)

NASH

3 (2.9)

FC
FD & gastritis

1 (1.0)
17 (16.5)

FD & IBS

2 (1.9)

FD & ulcer

1 (1.0)

Gastritis & IBS

3 (2.9)

Gastritis & ulcer

1 (1.0)

Gastritis & GERD

5 (4.9)

FD & gastritis & IBS

2 (1.9)

FD & gastritis & GERD

1 (1.0)

Gastritis & IBS & GERD
Total

1 (1.0)
67 (65.0)

Values are presented as number (%).
FD, functional dyspepsia; IBS, irritable bowel syndrome; NASH,
nonalcohol steatohepatitis; FC, functional constipation; GERD,
gastroesophageal reflux disease.
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DISCUSSION
This study aimed to examine the characteristics of dry
mouth and GI disorders in patients taking antidepressants.
In the assessment of dry mouth based on the criterion
of “overall discomfort due to dry mothu in daily life,”
the scores for “dry mouth at night or in the morning”
and “dry mouth during the day” were slightly higher
than those for “discomfort in chewing or swallowing
foods.” Thus, the cholinergic effect of antidepressants
seems to have greater impact on the overall subjective
feeling of discomfort than on masticatory dysfunction.
With regard to behaviors due to dry mouth, the item “I
drink water before going to bed” scored the highest,
which suggests that dry mouth at night is the greatest
discomfort. Unfortunately, because the characteristics of
dry mouth in patients taking antidepressants have never
been studied before, a direct comparison cannot be
made. More research should be conducted in this area.
Regarding the difference in dry mouth according to
somatization severity, the more severe the somatization,
the higher the scores for the symptoms of dry mouth and
behaviors due to the condition. Psychological factors affect the body through bidirectional and close interactions
among the neurologic, immunologic, and endocrine systems [17]. The salivary gland is neurobiologically modulated by the autonomic nervous system; hence, a change
in transmitter substances in these systems can affect the
functioning of the gland [18]. In particular, stress is reported to be the most crucial factor in dry mouth. Kim et
al. [19] investigated the relationship between psychological stress and dry mouth using SCL-90-R and found that
the severity of dry mouth was closely associated with
psychological status. Additionally, changes in cerebral
blood flow and metabolism due to somatization stimulate the lateral and paraventricular nuclei of the amygdala, thereby hyperactivating the autonomic nervous
system and increasing the plasma cortisol level, which
eventually affects salivary secretion. Hyperactivation of
the HPA axis due to somatization may elevate cortisol
levels and, consequently, cause dry mouth [20].
The severity of dry mouth and behaviors due to dry
mouth were not different according to the class of antidepressants. Within the body, water and electrolytes are
transported primarily by neurotransmitters produced
in parasympathetic and sympathetic neurons, which
interacts with receptors present in cell membranes and
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increases the intracellular concentration of Ca++. Ca++ in
cells is a very important medium for promoting saliva
secretion from the salivary gland, and Ca++ levels are
increased when neurotransmitters bind to the receptors
[21]. Acetylcholine, carbachol, and pilocarpine increase
the production of inositol triphosphate (IP3) through
muscarinic cholinergic receptors, a major type of receptor found in the salivary gland, and IP3 increases the
intracellular concentration of Ca++ by releasing it from
the calcium storage in cells such as the endoplasmic
reticulum [22]. Purinergic receptors increase the intracellular concentration of Ca++ by reacting to nucleotides
such as ATP. Increased intracellular concentration of
Ca++ directly or indirectly activates ion channels in cell
membranes to transport electrolytes. Accordingly, if an
extrinsic drug modulates any one of those mechanisms,
then it can immediately lead to a change in salivary
secretion. Traditionally, tricyclic antidepressant (TCA)
are known to cause dry mouth by blocking the effect of
acetylcholine muscarinic M3 receptors and reducing salivary flow rate. However, a meta-analysis has reported
that the association between the affinity of SSRIs and
SNRIs to M3 receptors to cause dry mouth is not very
strong [23]. Cappetta et al. [23] conducted a meta-analysis of 99 randomized controlled trials, in which SSRIs,
SNRIs, and atypical antidepressants were investigated,
and found that antidepressants increased the risk of dry
mouth vs. placebo. Particularly, the risk was higher with
SNRIs than with SSRIs, and neither fluvoxamine nor
vortioxetine was associated with the risk of dry mouth.
The risk of dry mouth was significantly associated with
SSRIs (RR=1.64, p<0.001), SNRIs (RR=2.24, p<0.001),
and bupropion (RR=2.0, p<0.001). The central accumulation of norepinephrine from SNRIs activates alpha-2
receptors, which consequently decreases salivary flow
by inhibiting parasympathetic salivary neurons in the
brainstem, causing dry mouth [24]. With regard to SSRIs, the risk of dry mouth is lower due to the weaker
affinity of muscarinic cholinergic receptors, alpha-2 receptors, and norepinephrine.
In this study, 65.0% of study participants had one or
more GI disorders. Of those, gastritis was most common (14.6%). The proportion of participants with two or
more GI symptoms was also high, 31.9%, and the most
common combination was FD and gastritis (16.5%).
The functioning of serotonin in the GI system is very
complex, but it is clear that serotonin and serotonin
receptors influence GI motility [25]. Thus, drugs affect-
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ing serotonin receptors or serotonin levels significantly
influence gastric motility [26]. It has been continuously
reported in a previous meta-analysis that GI-related side
effects were more common with fluoxetine than with
TCAs. It is reported that nausea, vomiting, diarrhea,
weight loss, and anorexia are much more common with
f luoxetine vs. with other SSRIs. Although TCAs are
weakly associated with nausea and anorexia, constipation and weight gain are more common, and those complications are reported to be due to the anticholinergic
side effect [27]. Of second-generation antidepressants,
venlafaxine is reported to have higher risks of nausea
and vomiting vs. other SSRIs. A meta-analysis reported
that the relative risk of nausea and vomiting in venlafaxine was 1.53 (95% confidence interval: 1.26-1.86),
with SSRIs as the reference [28]. However, most studies
conducted thus far have focused on GI symptoms. As
repetitive and long-lasting GI symptoms have a high risk
of advancing to GI disorders, additional studies should
be performed to examine GI disorders in patients taking
antidepressants.
This study has the following limitations. First, as it
was a cross-sectional study, it was difficult to determine
any causal relationship. Second, the sample size was
small (n=103); thus, it was difficult to generalize the
study findings. Third, dry mouth was assessed based on
patients’ self-report. Fourth, the presence or absence of
GI disorders was determined based on patients’ medical
records; hence, the reliability was low. In addition, psychiatric disorders may have affected the occurrence of
GI disorders.
Despite the limitations, the study is of significance
in that it investigated the characteristics of dry mouth
and GI disorders in patients taking antidepressants. It is
expected that the study findings will help increase medication compliance in patients taking antidepressants by
better controlling the side effects experienced by the
patients.

CONCLUSION
The occurrence of dry mouth and GI disorders due to
antidepressants greatly affects the course of the mental
disorder and medication compliance, but it has barely
ever been studied. The score for “overall discomfort
due to dry mothu in daily life”, “dry mouth at night or
in the morning”, and “dry mouth during the day” were
www.moodandemotion.org
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slightly higher than “discomfort in chewing or swallowing foods”. To behaviors due to dry mouth, “I drink water before going to bed” scored the highest. Dry mouth
according to somatization severity, the between-group
difference was significant. Dry mouth according to the
class of antidepressants, between-group difference was
not significant. A total of 67 (65.0%) patients had at least
one GI disorder. It is expected that the study findings
will help increase medication compliance in patients
taking antidepressants by better controlling the side effects experienced by the patients.
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