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Abstract

Background Major depressive disorder is one of the most common psychiatric disorders, which is associated

with a high disease burden. Current treatments using antidepressants have limitations, so using medication with neu-
romodulating and anti-inflammatory properties alongside them could be helpful. In a clinical trial, we studied

the effectiveness of empagliflozin, a blood sugar-lowering drug, as an adjunctive therapy to reduce the severity

of depression symptoms.

Methods A number of outpatients with moderate to severe depression (Hamilton Depression Rating Scale

(HDRS) >=17) who were not under related medication or had not taken medication for at least the last two months,
had an age range of 18-60 years and had written informed consent to enter the study (N=90) were randomly divided
into two groups receiving placebo or empagliflozin (10 mg daily) combined with citalopram (40 mg daily) based

on permuted block randomization method in an 8-week randomized, double-blind, placebo-controlled clinical trial.
They were evaluated using the HDRS in weeks 0, 4, and 8.

Results HDRS scores were equal to 28.42(+3.83), 20.20(+ 3.82), and 13.42(+ 3.42) in the placebo group during weeks
04, and 8, respectively. These scores were 27.36(+3.77), 13.76(+ 1.40), and 7.00(+ 1.13), respectively, for the group
treated with empagliflozin. Compared to the control group, patients treated with empagliflozin using repeated-
measures ANOVA showed greater improvement in reducing the severity of depression symptoms over time (p
value=0.0001).

Conclusions Considering the promising findings in this clinical trial, further study of empagliflozin as adjunctive
therapy in MDD with larger sample sizes and longer follow-ups is recommended.
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Introduction

Major Depressive Disorder (MDD) is a severe mental
illness that can be debilitating for individuals [1, 2].
It is considered one of the most common psychiatric
disorders, leading to high incidence, severity, and
recurrence rates [3]. MDD affects an estimated
300 million people worldwide every year, accounting
for the highest number of years of disability among
psychiatric disorders [4]. This means that 5-6% of the
world’s population is affected by MDD each year, while
11-15% of people experience it at some point in their
lifetime [5].

Selective serotonin reuptake inhibitors (SSRIs) are a
type of antidepressant that are commonly prescribed
as the first-line of treatment for major depressive
disorder (MDD). The most commonly prescribed
SSRIs include paroxetine, fluoxetine, sertraline, and
citalopram [6]. These medications work by blocking the
5-hydroxytryptamine (5-HT) transporter in presynaptic
neurons, which helps to increase the levels of serotonin
in the brain [7]. However, it’s important to note that
SSRIs are not always effective for everyone. Studies
have shown that only about 60% of MDD cases respond
to treatment with SSRIs [8]. Additionally, high doses of
SSRIs are not recommended as a routine treatment due
to the risk of side effects [9]. It’s also worth noting that
the effectiveness of SSRIs usually occurs in the lower
range of their licensed dose, and increasing the dose does
not significantly increase this effectiveness [10].

In recent years, there has been a focus on modern
neurobiological approaches to better understand the
pathophysiology and effective treatment of depression.
This is due to gaps in knowledge in this field [11].
Induction of oxidative pathways, which is associated with
immune inflammatory response, may play an important
role in these pathogenic mechanisms [12]. Additionally,
there has been an observed increase in the level of
inflammatory cytokines and the induction of their
signaling pathways in the brain and peripheral blood in
important groups of patients with depression [13].

Based on recent evidence, insulin resistance plays
a crucial role in depression’s clinical manifestations,
pathophysiology, and treatment response [14]. Insulin
levels and insulin resistance-related indices increase
during acute episodes of depression, according to
laboratory studies [15].

The use of add-on treatments to the standard therapy
of MDD, with such an approach, has been the attention
of experts in recent years [16, 17]. Metformin was
found to have anti-inflammatory, antioxidant, and
neuroprotective properties. In a 12-week clinical trial,
80 outpatients with MDD received fluoxetine (20 mg
daily) and either metformin (1000 mg daily) or a placebo.
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The group receiving metformin had significantly higher
response and remission rates, along with decreased
serum levels of inflammatory factors and increased levels
of biological markers such as brain-derived neurotrophic
factor (BDNF) and serotonin [18].

In a clinical trial, the use of pioglitazone, an antidiabetic
drug that acts as a synthetic agonist of peroxisome
proliferator-activated nuclear receptor (PPAR)-gamma,
was found to have properties such as anti-inflammatory,
neuroprotective and anti-excitotoxic effects. It was used
as an adjunctive treatment to citalopram in patients
suffering from moderate-to-severe Major Depressive
Disorder (MDD) and without underlying diabetes. This
treatment showed significant improvement in depressive
symptoms as compared to placebo. In this clinical trial,
a group of 20 patients with an HDRS score of =22, who
were already under treatment with 20 mg citalopram
daily, were given 15 mg pioglitazone twice a day for a
period of 6 weeks. The results showed that the patients
who received pioglitazone treatment had a significant
reduction in their HDRS score over time, with a higher
percentage of early improvement, response (at week 6),
and remission compared to those who received a placebo
[19].

Empagliflozin is a potent inhibitor of sodium-glucose
co-transporter 2 (SGLT2) that selectively targets this
protein [20, 21]. This results in an increase in the
excretion of glucose through urine [22]. Empagliflozin
is a suitable treatment option for patients with type
2 diabetes mellitus due to its high-capacity transport
of glucose protein and low affinity to plasma proteins
[23]. Additionally, the use of Empagliflozin has been
associated with various benefits in heart function and
cardiovascular problems such as heart failure, regardless
of glucose tolerance status [24, 25]. Empagliflozin has
been found to alleviate cerebral ischemia/reperfusion
damage in animal models by activating the HIF-la/
VEGF signaling pathway and suppressing the oxidative-
inflammatory-apoptosis pathway [26, 27]. Some animal
studies have shown that activating the HIF-1a/VEGF
signaling pathway can also improve depression symptoms
[28, 29]. This suggests that influencing this pathway could
be a potential goal for developing new treatments for
depression.

It has been discovered that SGLT2 inhibitors group
of drugs can reduce serum ACTH levels. This is due
to the common mechanism of action of this group of
drugs [30] On the other hand, patients with MDD have
a dysfunction in the hypothalamic-pituitary-adrenal
(HPA) axis which results in an increase in the level of
this hormone [31, 32] Therefore, it is assumed that this
group of drugs may have a positive effect on improving
depressive symptoms [33].
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Empagliflozin has been shown to reduce pro-
inflammatory cytokines in animal studies, which
may lead to a secondary effect of reducing
neuroinflammation and neurodegeneration. This is
significant as there is evidence suggesting the role of
inflammatory factors in the exacerbation of MDD [34].
Therefore, the use of this medication may have potential
benefits in controlling the underlying pathophysiology
of MDD [35].

This particular feature of empagliflozin is linked to
its ability to increase the expression of PPAR-y, nuclear
factor erythroid 2-related factor 2 (nrf2), and their
target gene Hmox-1, which helps combat oxidative
stress and inflammation [36]. This can be a contributing
factor to the benefits of empagliflozin in improving
cerebrovascular flow, and may also be a promising
avenue for other benefits related to the improvement
of depressive symptoms in patients with MDD [37]
Moreover, other animal studies have highlighted the
role of Nrf2-mediated antioxidants in the prevention of
depression [38, 39].

SAHIN et al. conducted a study to examine the effects
of SGLT?2 inhibitors on mental health. They evaluated the
impact of empagliflozin (10 mg daily) or dapagliflozin
(10 mg daily) on the quality of life, anxiety, and sleep
quality of a group of patients with type 2 diabetes
mellitus. The clinical trial lasted for 12 weeks, and at
the end of it, an improvement in the quality of life was
reported among patients who received empagliflozin/
dapagliflozin compared to the control group [40].

To the best of our knowledge, there haven’t been
any clinical studies conducted to investigate the
effectiveness of empagliflozin as an additional therapy
to address depressive symptoms in patients. However,
the underlying mechanisms associated with the action
of empagliflozin raise the hypothesis that it may help
improve depressive symptoms in individuals diagnosed
with MDD. In this 8-week clinical trial, we aimed
to evaluate the effectiveness of empagliflozin as an
adjunctive therapy for patients with moderate to severe
depression who were already undergoing treatment
with citalopram. The trial involved a placebo-controlled
approach to ensure accurate results.

Materials and methods

This study is an 8-week randomized, double-blind,
placebo-controlled, parallel-group clinical trial that
evaluates the effect of adjunctive treatment with
empagliflozin compared to placebo (combined with
citalopram) in the treatment of patients with major
depressive disorder. This study was conducted from
February 2022 to August 2022.
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Participants

The participants in the study were selected from
outpatients referred to the psychiatric clinic of Imam
Ali Hospital, Alborz, Iran. The diagnosis of MDD based
on the Diagnostic and Statistical Manual of Mental
Disorders-Fifth Edition (DSM-5) criteria was made for
them by two experienced psychiatrists who are faculty
members of the department of psychiatry of Alborz
University of Medical Sciences, following an independent
structured interview.

The inclusion criteria included all the above-mentioned
patients with moderate to severe depression (Hamilton
Depression Rating Scale (HDRS) >=17) who had an age
range of 18—60 years and had written informed consent
to enter the study.

Exclusion criteria included the comorbidity of other
major psychiatric disorders (schizophrenia, bipolar
disorder, anxiety disorders, obsessive-compulsive
disorder) and psychotic symptoms in patients. Any
substance use in the last 3 months was another exclusion
criterion of the study (except nicotine and caffeine use
in the absence of any dependence). Unwillingness to
provide written consent to participate in the study, not
being available during the trial, having any concurrent
neurological disorder, having diabetes (type 1 or 2 treated
with any blood sugar lowering drug), active liver and
kidney disease, history of any chronic disease (kidney,
liver, cardiopulmonary, etc.), history of malignancy,
immune deficiency, major surgery, autoimmune disorder,
uncontrolled hypothyroid or hyperthyroid situation,
any cardiovascular disease or interventions, history of
chronic or uncontrolled blood pressure, hypotension,
active or recent genitourinary infection (within the last
3 months), pregnancy or breastfeeding, history (during
the last month) of receiving antidepressants and other
psychotropic medication or recent electroconvulsive
therapy (ECT) during the last 2 months, history of
receiving pioglitazone and other SGLT-2 inhibitor
medications such as canagliflozin and dapagliflozin
during the last 3 months, history of receiving
Angiotensin-Converting Enzyme (ACE) inhibitors,
Hydralazine, long-acting nitrates, beta blockers or
Angiotensin Receptor Blockers (ARBs), Rasagiline,
amlodipine, furosemide and linezolid during the last 3
months, history of allergy to empagliflozin and any other
drug of this category were other exclusion criteria.

Having diabetes or pre-diabetic conditions managed
by an internist-endocrinologist without concurrent
treatment with hypoglycemic drugs was not a criterion
for exclusion from the study. Considering that the
glucose-lowering effect of empagliflozin is low in
normoglycemia, the risk of hypoglycemia with these
agents is very low [41].
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Measures

Hamilton Depression Rating Scale (HDRS)

HDRS is the most widely used scale for selecting and
following-up patients with depression in clinical studies
[42]. The psychometric properties of this questionnaire
have been examined and verified in terms of reliability,
validity, and sensitivity over the years [43]. HAMD
has multiple subset scales (Evans-6, MP-6, Toronto-7,
Gibbons-8) and various full versions (HAMD-17,
HAMD-21, HAMD-24) [44]. In a study, an internal
reliability coefficient of 0.83 was obtained for —17D-
HAM and 0.88 for —24D-HAM [45].

The first standard version of this questionnaire
was presented as 17-item HDRS. The scale includes
17 variables that are measured in five-point (0-4)
(depressed mood, guilt, suicide, difficulties at work
and loss of interests, retardation, anxiety(psychic),
anxiety(somatic), hypochondriasis) or three-point (0-2)
(insomnia-initial, middle, delayed, agitation, somatic
symptoms(gastrointestinal), somatic symptoms(general),
genital symptoms, loss of insight, loss of weight) scales.
The three-point scale is used in situations where it is
difficult to quantify the variable [46]. The severity of
depression is considered moderate to high with a total
score of 17 and above [47].

In this study, the standard 24-item HDRS was used
to evaluate the severity of depression and patients with
total scores of 22 and above were included in the study
as moderate to severe cases [48]. In this version, other
items including Hypersomnia, Social Withdrawal, and
Fatigability with a five-point (0-4), Appetite Increase,
Increased Eating and Carbohydrate Craving with a four-
point (0-3), and Weight Gain with a three-point (0-2)
have been added to the previous items.

The Iranian version of this questionnaire has
been validated in several studies using different
clinical populations and changes in the severity/
score of depression following  psychological/
psychopharmacological interventions [49—53].

Side effects checklist

During the «clinical trial, we utilized open-ended
questions followed by a questionnaire that we designed
to evaluate the presence and severity of side effects. Our
questionnaire was based on similar ones used for other
medications [54—56] and considered the pharmacopeia
of empagliflozin [57-59]. We evaluated various items,
including:

Headache« Dizzy ¢« Faintingc Weakness< Nose bleeds¢
Unusual bleeding¢ Bruising« Fatigue« Pain¢ Chills< Nauses
Vomiting ¢ Taste changes ¢ Mouth sore¢ Decreased
appetitec Stomach cramps¢ Diarrhea¢ Constipations
Painful urination¢ Leaking urine¢ Frequency of urination«
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Burning while urinating¢ Foul smelling urine¢ Blood in
urine (pink /red)¢« Fever< Hair loss¢ Change in skin color¢
Skin dryness¢ Rash and Itching.

Procedures

Outcome

The primary aim of this study was to investigate the
effect of empagliflozin compared to placebo on reducing
the severity of depressive symptoms in patients with
moderate to severe severity of MDD. Therefore, patients
referred to the psychiatric outpatient clinic of the
Imam Ali academic Hospital, diagnosed with MDD
were evaluated to enter the study. Patients who met
the inclusion criteria and did not meet the exclusion
criteria were considered for entering the study after
the initial evaluation and completion of taking clinical
and psychiatric history and providing explanations
related to the research project. They entered the study
after providing written informed consent. This trial
was conducted on patients who were not under related
medication or had not taken medication for at least the
last two months.

At the beginning of the study and then in the 4th and
8th weeks, the patients were evaluated for the severity of
depression based on the HDRS. They were also evaluated
using the side-effect checklist in terms of the side effects
of taking medication related to the research project.

Intervention

After screening and final selection of study participants,
patients were randomly divided into two groups receiving
placebo or empagliflozin combined with citalopram
based on permuted block randomization method.
Citalopram was used at first with a dose of 20 mg daily
for two weeks and then by increasing the dose to 40 mg
daily. Empagliflozin tablets with a dose of 10 mg daily
were prescribed in the morning. Placebo tablets with the
same condition as empagliflozin tablets in terms of shape,
size, and color were given to the other group for daily
consumption in the morning. Patients and psychiatrists
did not know about the placement of the participants
in each of the two groups. Also, they did not know the
contents of the pills. All participants in the study were
subjected to basic clinical examination and assessment of
vital signs (body temperature, pulse rate, respiration rate,
blood pressure) before starting the study. The final dose
of prescription medication in both groups was the same
at the beginning and end of the study.

Randomization, allocation concealment, and blinding

Participants were randomized using a computer random
number generator. In this way, based on a random and
unpredictable procedure, the participants were divided
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into two groups receiving empagliflozin and placebo
along with standard treatment. A person who was not
a member of the research team and was unaware of the
nature of the pills, placed the pills in two groups based
on the number of participants, inside separate envelopes
unique to each participant. The tablets had the same
shape, color and size. Using a random number table,
numbers were typed on separate cards according to
the number of participants and each was placed in an
envelope. Sealed envelopes were prepared and given to
the participants after they entered the study. Physicians
and patients did not know the nature of the pills. In this
way, separate people were randomizing, allocating, and
providing pills to patients, none of whom were members
of the research study team.

Data analysis

Power analysis

Considering beta less than 20%, and alpha of 5%, the
required sample size for the study was estimated to be
at least 50 patients. Assuming 20% attrition during the
study, the sample size was estimated to be at least 60
patients, and finally, to increase the power of the study,
90 patients (45 patients in each group) were considered
as the final sample size.

Statistical analysis

The quantitative data of this study are shown as mean
(standard deviation), and qualitative data are reported
as numbers (percentage). At first, the Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to check
the normal distribution of quantitative data. The data
were considered to have a normal distribution if there
was a P value<0.05. Due to the normal distribution of
data related to Hamilton’s questionnaire in both case
and control groups, the two-way repeated-measures
ANOVA test (Greenhouse—Geisser correction) was used
to analyze the relevant data. Levene’s Test was used to
check the Equality of Variance of the age variable and
the Chi-Square Test was used to evaluate the equality of
qualitative variables between two groups. The analyzes
were performed using IBM SPSS Statistics 25.

Results

120 patients diagnosed with MDD were initially evalu-
ated to enter the study, of which 90 met the inclusion
criteria. These participants did not meet the exclusion
criteria and were willing to participate in this study. They
were included in the study randomly in two groups of
45 patients. None of the participants from both groups
withdrew from the study until the end of it (Fig. 1).
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The average age of patients receiving placebo was
35.82(+7.45) versus 34.58(+8.29) in the group receiv-
ing empagliflozin (p value=0.451). 43(47.8%) of the
total participants were female and the rest were male.
23(25.6%) of the total participants in the study had a his-
tory of suicide attempts and 43(47.8%) had a history of
psychiatric hospitalization. Other demographic infor-
mation and psychiatric records of the patients are speci-
fied in Table 1. No statistically significant difference was
seen between the two groups in any of the quantitative or
qualitative variables.

Hamilton depression rating scale scores were equal
to 28.42(+3.83), 20.20(+3.82), and 13.42(+3.42) in
the group that received placebo during weeks 0,4,
and 8, respectively. These scores were 27.36(+3.77),
13.76(+ 1.40), and 7.00(+ 1.13), respectively, for the group
that received empagliflozin (Fig. 2).

Comparative evaluation of HDRS scores among two
groups using repeated-measures ANOVA shows a
significant difference in scores over time (p value =0.000).
Using Greenhouse—Geisser correction, the effect was
also significant for time (F (1.653,8664.484)=976.139, p
value=0.000) and time—treatment interaction (F (1.653,
261.394)=29.449, p value=0.000). In this way, while
during the clinical trial, we saw the downward trend of
HDRS scores in both arms, the average of these scores
in empagliflozin recipients was lower than the placebo
group and this was also statistically significant.

Two patients from the group receiving empagliflozin
(identification of the group, after the end of the study)
complained of urinary symptoms in the form of
increased frequency of urination compared to the past
without any other urinary symptoms, which was mild
and gradually improved without the need for separate
diagnostic or therapeutic measures or discontinuation
of the medication. No other side effects were reported
during the study.

Discussion

Our study focused on exploring the potential impact of
empagliflozin as an additional treatment for patients
with moderate to severe Major Depressive Disorder
(MDD). The findings we obtained demonstrated the
effectiveness of this approach. This outcome can be
attributed to the various properties of empagliflozin as
an SGLT2 inhibitor, particularly its ability to inhibit the
oxidative-inflammatory-apoptosis pathway, and other
hormonal effects such as a decrease in serum ACTH
levels. Additionally, empagliflozin has neurotransmitter
effects such as reducing glutamate concentration [60]. To
the best of our knowledge, this study is the first clinical
trial that investigates the effect of add-on treatment of
empagliflozin with its complex set of neuroreceptor,
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Assessed for Eligibility(N=120)

Exclude(N=30)

» Not meeting inclusion criteria(N=9)
» Refused to participate (4)
» Meeting exclusion criteria(N=17)

Randomized(N=90)

Allocated to Citalopram+ Empagliflozin
(N=45)

» Received Allocated Intervention (n=45)

Lost to Follow-up

> Withdrawn(n=0)

Analysis

45 completed the trial

Allocated to Citalopram+ Placebo(N=45)

» Received Allocated Intervention (n=45)

Lost to Follow up

» Withdrawn(n=0)

45 completed the trial

Fig. 1 Flow diagram of the clinical trial of the efficacy of empagliflozin on major depressive disorder

neuroinflammatory and neurohormonal effects on
clinical depression symptoms.

Refardt et al. conducted a study on empagliflozin and its
sodium-glucose cotransporter feature. They investigated
its role in treating Chronic Syndrome of Inappropriate
Antidiuresis. The study showed that after 4 weeks of
treatment, the plasma sodium level increased in the
group receiving empagliflozin compared to the control
group. The trial report indicated that empagliflozin was
well-tolerated and didn’t cause any adverse events. The
most significant finding of the study was the improved

neurocognitive performance in the empagliflozin group

as evaluated by the Montreal Cognitive Assessment
[MoCA] before and after the 4-week intervention [61].

In some studies, including one on hemodialysis
patients, it was found that lower serum sodium levels
were significantly associated with depressive symptoms
and cognitive deficits in these patients [62]. Addition-
ally, Fujisawa et al. highlighted the link between mild
hyponatremia (often without associated clinical symp-
toms) and depressive mood in a group of elderly peo-
ple referred to the Memory Disorder Outpatient Center
[63]. On the other hand, there have been several reports
of hyponatremia related to the use of SSRIs medication
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Table 1 Background and demographic characteristics of patients
Number (percentage) / average (standard Chi? /t test Pvalue
deviation)
Group A Group B Total
N (%) N (%)
Gender Female 23(53.5) 20(46.5) 43(100.0) 0401 0.527
Male 22(46.8) 25(53.2) 47(100.0)
Job Housewife 12(414) 17(58.6) 29(100.0) 6.387 0.270
Tradesman 6 (60) 4 (40) 10(100.0)
Employee 3(42.9 4(57.1) 7(100.0)
Worker 7(36.8) 12(63.2) 19(100.0)
Unemployed 16(66.7) 8(33.3) (100.0)
Retired 1(100.0) 0(0.0) 1(100.0)
Education Under-Diploma 19(52.77) 17(47.22) (100.0)36 1.035 0.793
High school Diploma 17(44.73) 21(55.26) 38(100.0)
Academic Degree 9(56.25) 7(43.75) 16(100.0)
Marital Single 14(50.0) 14(50.0) 28(100.0) 2.675 0445
Married 21(44.7) 26(57.3) 47(100.0)
Widow 6(75.0) 2(25.0) 8(100.0)
Divorce 4(57.1) 3(42.9) 7(100)
Smoking Positive 24(57.1) 18(42.9) 42(100.0) 1.607 0.205
Negative 21(43.8) 27(56.3) 48(100.0)
History of Substance Use Positive 13(54.2) 11(45.8) 24(100.0) 0227 0.634
Negative 32(48.5) 34(51.5) 66(100.0)
Family History of Depression Positive 21(55.3) 17(44.7) 38(100.0) 0.729 0.393
Negative 24(46.2) 28(53.8) 52(100.0)
History of Suicide Positive 12(52.17) 11(47.82) 23(100.0) 0.058 0.809
Negative 33(49.25) 34(50.74) 67(100.0)
History of Psychiatric Admission Positive 21(48.84) 22(51.16) 43(100.0) 0.045 0.833
Negative 24(51.06) 23(48.94) 47(100.0)
Age (years) 34.58(+8.29) 35.82(+7.45) 35.20(+7.87) (F=0.574) 0.451

*Group A: Empagliflozin + Citalopram, Group B: Placebo + Citalopram

[64]. According to a study by Mannheimer et al. on the
time course of SSRI-induced hyponatremia, there was a
significant increase in the risk of hyponatremia during
the first four weeks of SSRI use. This risk then gradually
decreased in severity, but even after 13 weeks of first use,
the risk remained lower than the control group [65].

It appears that one of the reasons why empagliflozin
is beneficial in improving depressive symptoms could
be due to its potential to increase serum sodium levels,
which could then have a positive effect on the mood and
cognitive function of patients. Although we didn’t meas-
ure sodium serum levels before and after the intervention
during the study, another factor that could have contrib-
uted to the improvement of depression in our study com-
pared to the control group is the possible correction of
hyponatremia caused by citalopram use. This is particu-
larly important because the risk of hyponatremia tends
to increase during the first few weeks of treatment with

SSRIs. However, the clinical effects of SSRIs usually take a
few weeks to manifest, according to various studies [66].

It has been observed that SSRIs are most effective after
a few weeks of continuous usage. However, one of the
possible complications that may arise within the first few
weeks of starting this medication is hyponatremia. The
prevalence of hyponatremia following the use of SSRIs
varies depending on study designs, populations, and
cutoff values, ranging from 0.06 to 40% in the general
population and over 10% among the elderly [67, 68].

It appears that using empagliflozin alongside SSRIs
as a starting treatment may have significant clinical
benefits, especially in regards to improving depression
symptoms. This could be one of the particular reasons
why our patients showed more significant progress in
comparison to the control group. Furthermore, given
that MDD is known to peak in middle age [69] and since
our study participants’ average age was 35.20 (+7.87), the
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Week 8

Placebo Group

Fig. 2 Results of two-factor repeated measure ANOVA for comparison of Hamilton depression rating scale scores (mean + SEM) over time

between the empagliflozin (Treatment) Group and placebo group

risk of hyponatremia associated with the use of SSRIs in
MDD patients is likely higher than in other psychiatric
disorders. It is important to note that individuals with
Major Depressive Disorder (MDD) often experience
a decrease in appetite, resulting in weight loss. This
symptom is included in the DSM-5 criteria for diagnosing
MDD [70]. Additionally, this group of patients may also
have insufficient sodium intake [71].

There are studies that suggest hyponatremia has an
effect on the release of glutamate from brain cells into
the extracellular space, which in turn contributes to the
occurrence of depression symptoms. Anti-glutamate
agents are mentioned as a way to reduce these symptoms
[63]. There is evidence to suggest that the dysfunction
of neuroreceptor systems, specifically glutamatergic
neurotransmission via N-methyl-d-aspartate (NMDA)
receptors, plays a role in the pathophysiology of
depression and suicide. As a result, NMDA receptor
antagonists and a group of metabotropic glutamate
receptor (mGIuR1 and mGIuR5) antagonists are being
considered as new treatment options for MDD [72-74].

Meanwhile, BDNF plays a significant role in regulat-
ing activity-dependent synaptic plasticity [75]. There is
a two-way relationship between depression and BDNF
expression in the hippocampus and prefrontal cor-
tex. Depression is associated with a decrease in BDNF
expression, while antidepressant treatment regulates
BDNF signaling and enhances its release [76, 77]. At
the neuroreceptor level, BDNF’s specific effect is on the
growth and development of glutamatergic and GABA
synapses, which affects serotonergic and dopaminergic

neurotransmission by modulating neural differentiation
[78].

BDNF is a crucial neurotrophic factor that not only
affects neuroplasticity but also plays a significant role
in the growth and proliferation of neurons and synaptic
neurotransmission. According to the neurotrophic
theory, a decrease in the level of BDNF in the brain can
cause depression [79]. Thus, treatments that increase
the level of BDNF can help reduce depressive behavior.
Additionally, abnormalities in the serum level of
neurotrophins can lead to mood disorders, especially
MDD, by causing neuronal atrophy and reducing
neurogenesis [2]. Empagliflozin is known for increasing
the serum level of BDNF [80], which has been an
effective factor in improving the psychiatric condition
of patients with MDD. In our study, the group receiving
empagliflozin showed a significant improvement in
their psychiatric condition compared to the placebo
group.

Empagliflozin is a medication that has been found
to reduce glutamate concentration. This effect is likely
due to its ability to increase serum sodium levels and
correct underlying hyponatremia [60]. Glutamate is an
excitatory neurotransmitter that interacts with the BDNF
system, which is involved in neural plasticity. The two
systems have multiple and bidirectional connections,
and they mutually regulate each other. Both systems are
related to the pathophysiology of depression. When the
connections between them are disrupted, it can lead to
adverse changes in neural plasticity and ultimately the
development of clinical depression [81].
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There is growing evidence that suggests a connection
between the patterns of gut microbiota and depression.
This link is believed to be mediated by the brain-gut
microbiome axis [82]. Several studies have found signifi-
cant differences in microbial taxa between patients with
MDD and those in the control group. However, the infor-
mation available on the microbial diversity, relative abun-
dance, or direction of differences in taxa associated with
MDD is limited [83].

Some studies have found that patients with MDD
have a higher frequency of pro-inflammatory bacteria
like Enterobacteriaceae and Desulfovibrio, and a
lower frequency of short-chain fatty acid-producing
bacteria like Facalibacterium, compared to control
groups [84]. In an animal model, fecal microbiota
from patients with MDD was transferred to mice,
resulting in depressive-like behavior, decreased levels of
hippocampal neurotransmitters, and increased levels of
Adrenocorticotropic hormone (ACTH), Corticotropin-
releasing hormone (CRH), and serum pro-inflammatory
cytokines [85].

Based on the available evidence, one of the
significant features of empagliflozin’s add-on treatment
is its simultaneous effect on various pathological
mechanisms. This includes its impact on BDNF levels,
the gut microbiota axis, and its modulatory role on the
glutamatergic neuroreceptor system. Our study suggests
that this add-on treatment may provide clinical benefits
to patients with MDD.

Based on the inflammatory theory of depression, it
has been observed that individuals with depression
symptoms have higher levels of inflammation,
particularly chronic inflammation, when compared to
healthy individuals [86]. As a result, the use of anti-
inflammatory agents has been reported to have anti-
depressant effects. Additionally, numerous reports
suggest that using these agents to alleviate symptoms of
depression is reasonably safe [17].

In certain cases, when there is an underlying
inflammation in the body (indicated by higher serum
levels of pro-inflammatory compounds such as CRP/
IL-6), patients with MDD may show weaker responses
to serotonergic factors. However, they may respond
better to antidepressants when these are combined
with noradrenergic, dopaminergic, or glutamatergic
modulatory agents or anti-inflammatory agents [87].
According to research, the better response of MDD
patients to the add-on treatment with empagliflozin
in our study could be due to its anti-inflammatory
capabilities and modulating effects on the glutamatergic
system.

Different results have been reported in human and
animal studies regarding the improvement of cognitive
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status through the use of empagliflozin. Mone et al.
reported that in a clinical study of frail older adults
with type 2 diabetes and heart failure with preserved
ejection fraction, empagliflozin not only improved
physical impairment but also cognitive defects.
Furthermore, several studies have suggested that
empagliflozin may also play a role in reducing brain
complications associated with Alzheimer’s disease and
type 2 diabetes. Improving endothelial function and
reducing mitochondrial oxidative stress have been
cited as other possible factors contributing to the
improvement of cognitive status in individuals treated
with empagliflozin [88-91].

Cognitive function impairment and information
processing deficit are common features of depression
and brain disorders, which are mediated by GABA
defects [92]. In contrast, agents that inhibit SGLT2 and
activate GABA are shown to increase BDNF production
[93]. Therefore, empagliflozin can potentially improve
depression symptoms by directly influencing the BDNF
system, and indirectly affecting cognitive functions
through GABA activation. This association is also
observed in other classes of antidepressants, such as
Selective Serotonin Reuptake Enhancers (SSREs)-
tianeptine, the Serotonin and Norepinephrine Reuptake
Inhibitors (SNRIs)-duloxetine, vortioxetine, as well as
other antidepressants like bupropion and moclobemide.
The association between cognitive dysfunction and MDD
is so strong that in some studies, they are referred to as a
state and a trait marker of depression [94].

Looking at it one way, there are certain functional
similarities between empagliflozin and certain types
of antidepressants. However, most antidepressant
treatments are not intended to target cognition
specifically [95]. Additionally, there is contradictory
evidence regarding their effectiveness and potential
negative impact on the cognitive wellbeing of patients
with MDD [96].

In a case report from Japan, a 55-year-old female
patient with type 2 diabetes from 3 years before the
recent admission and with a 5-year history of a depressive
state, suffered from exacerbation of underlying diabetes
symptoms. After the required evaluations, in addition
to the previous antidiabetic treatments (including
metformin and vildagliptin), one of the SGLT2
inhibitor drugs (ipragliflozin I-proline) was added to
the treatment regimen. This patient was being treated
with duloxetine hydrochloride and mirtazapine due to
depression and occasional suicidal thoughts. In the next
follow-up, although a quantitative evaluation of the
severity of the patient’s depression was not performed,
some depressive symptoms such as suicidal thoughts
gradually disappeared after starting the administration
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of ipragliflozin, and also, proper control of the patient’s
blood sugar status was achieved [97].

The results of this case report are in line with our
study’s findings on the effectiveness of empagliflozin
in reducing symptoms of depression in patients with
MDD. The patients involved in the 8-week trial did not
have diabetes as a comorbidity and were able to tolerate
the medication without experiencing any serious side
effects. This outcome suggests that empagliflozin could
be beneficial for treating depressive disorders in non-
diabetic patients.

In terms of the positive effect of empagliflozin on
depressive symptoms, the results of our study have
similarities with the results of the clinical trial conducted
by SAHIN et al., who reported an improvement in the
quality of life in patients with type 2 diabetes treated for
3 months with empagliflozin/dapagliflozin compared
to the control group. Such a positive effect has been
seen in an improvement in mental health, vitality, and
emotional role limitation in the treated group compared
to the control group [40]. Although in this study, the
effect of empagliflozin/dapagliflozin on depression was
not evaluated and no positive effect of this treatment on
anxiety was obtained.

In a recent study, it was found that administering
25 mg of empagliflozin daily for a period of 3 months,
along with triple drug therapy (metformin, teneligliptin,
and glimepiride), resulted in significant improvement
in the quality of life of patients suffering from type 2
diabetes mellitus with hypertension. The study reported
improvements in emotional/mental health and physical
health [98]. Not just diabetic patients, but non-diabetic
patients with heart failure with reduced ejection fraction
(HFrEF) also reported improvements in their quality of
life after being administered empagliflozin [99].

Limitations

There are several underlying mechanisms for the
possible effect of empagliflozin on reducing depression
symptoms. In this study, we evaluated the severity
of depression symptoms based on the HDRS, and
laboratory evaluations, including the measurement
of serum levels of sodium, inflammatory factors, and
some hormones, were not performed in this study. Such
evaluations can be part of the design of future studies to
explain more precisely the mechanisms involved in the
effect of empagliflozin on depression symptoms.

Also, investigating possible changes in the density and
diversity of gut microbiota following 8-week treatment
with empagliflozin can be considered in future studies in
order to evaluate the relationship between these changes
and improvement in depression symptoms. Paying
attention to cognitive changes along with changes in the
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severity of depression symptoms due to the possible two-
way relationship of these changes in patients with MDD,
can be one of the topics of interest in future studies in
this field and was not evaluated in this study.

In this study, we compared the severity of depression
between two groups. To compare the effectiveness of
treatment methods in addition to the analysis of reducing
the severity of depression, it is also possible to compare
the rate of therapeutic response and remission at the
end of the observation. Such a study design can be done
under the next studies in this regard.

The existing evidence of the correlation between
glucose metabolism and mechanisms of MDD is
insufficient. Therefore, it cannot be assumed that the
significant decrease in scale scores in this study is entirely
associated with the intervention of empagliflozin. The
eliminating knowledge gaps in this field in the future and
conducting similar studies with larger sample sizes may
be a way forward in this field.

In our study, we only considered moderate to severe
side effects that were rated as 4 or higher on a scale of 0
to 10. However, if the symptoms persisted for more than
a week, we also recorded cases with a symptom intensity
of less than 4. We closely monitored all cases of mild to
severe side effects and evaluated them on a daily basis in
terms of their severity, recovery process, and any need
for therapeutic intervention.

Conclusions

In this clinical trial, empagliflozin was used as an
add-on treatment to citalopram among patients with
MDD. It works as a highly selective and potent inhibitor
of sodium-glucose co-transporter 2 (SGLT2). The
study found that this medication was associated with
psychiatric usefulness and a reduction in the severity of
depression symptoms compared to the control group.
Considering the multitude of possible mechanisms
involved in the formation of this effect along with the
metabolic and vascular benefits of this medication, it
seems that evaluating the effect of empagliflozin as an
adjuvant treatment on MDD among different clinical
groups with a larger sample size and in multicenter
conditions with longer follow-ups may be accompanied
by more accurate clinical judgment in this field.
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