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Abstract
Metformin (MET) has been reported to have antidepressant effects in animal models and in diabetic patients with depression,
owing to its anti-inflammatory, antioxidant, and neuroprotective activity. Accordingly, we proposed that MET would show
antidepressant effects in patients with major depressive disorder (MDD) without other comorbidities. In this double-blind
placebo-controlled study, 80 adult outpatients with MDD (DSM-IV criteria) and a Hamilton Depression Rating Scale (HAM-
D) score >18 were randomized to receive fluoxetine 20 mg once daily plus placebo (n = 40) or fluoxetine 20 mg once daily plus
MET 1000 mg once daily for 12 weeks. Patients were assessed by HAM-D score (weeks 0, 4, 8, and 12). The serum levels of
TNF–α, IL-1β, IL-6, IGF-1, MDA, CRP, BDNF, and serotonin were measured before and after therapy. Mixed-effects model
repeated-measures analysis of covariance was used to compare the HAM-D scores and the biological markers between the two
groups. After 4, 8 and 12 weeks, patients in the MET group showed a statistically significant decline in HAM-D score relative to
the placebo group (least squares mean difference [LSMD] –2.347, p = 0.000, LSMD –3.369, p = 0.000, and LSMD –3.454, p =
0.000, respectively). Response and remission rates were significantly higher in theMET group (89% and 81%, respectively) than
in the placebo group (59% and 46%, respectively). Moreover, theMET group was superior in conserving the measured biological
markers compared with the placebo group. Our findings suggest MET as a promising, effective, and safe short-term adjunctive
approach in nondiabetic MDD patients. Trial registration ID: NCT04088448.
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Introduction

Major depressive disorder (MDD) remains largely refractive
to current therapeutic approaches, which are restricted to the
regulation of monoamine transmission modulation [1]. In re-
cent decades, various strategies for MDD treatment have been

developed to improve response and remission rates [2].
Recent evidence indicates a correlation between depression
and inflammatory factors within the innate and adaptive im-
mune systems [3]. Consequently, the implementation of safe,
new adjunctive treatment forMDD is urgently needed to over-
come resistance and boost the therapeutic response [4].

* Mahmoud S. Abdallah
Mahmoud.samy@fop.usc.edu.eg

1 Department of Clinical Pharmacy, Faculty of Pharmacy, University
of Sadat City (USC), Sadat City, Menoufia 32897, Egypt

2 Department of Biochemistry, Faculty of Pharmacy, Menoufia
University, Menoufia, Egypt

3 Zoology Department, Faculty of Science, Damanhour University,
Damanhour & Center of Excellence in Cancer Research (CECR),
Tanta University, Tanta, Egypt

4 Consultant of Psychiatry & Private Psychiatric Hospital Manager,
10th of Ramadan, Egypt

5 Department of Clinical Biochemistry and Molecular Diagnostics,
National Liver Institute, Menoufia University, Menoufia, Egypt

6 Department of Neuropsychiatry, Faculty of Medicine, Menoufia
University, Menoufia, Egypt

7 Department of Clinical Pharmacy, Faculty of Pharmacy, Delta
University for Science and Technology, Gamasaa, Egypt

https://doi.org/10.1007/s13311-020-00878-7

Published online: 4 June 2020

Neurotherapeutics (2020) 17:1897–1906

RETRACTED A
RTIC

LE

http://crossmark.crossref.org/dialog/?doi=10.1007/s13311-020-00878-7&domain=pdf
http://orcid.org/0000-0002-3237-1792
mailto:Mahmoud.samy@fop.usc.edu.eg


Expanding evidence shows that inflammation may
play a crucial role in MDD pathophysiology [5]; the re-
lease of pro-inflammatory cytokines regulates monoamine
metabolism [6]. Furthermore, inflammatory cytokines
may influence astrocytes, leading to a reduction in gluta-
mate reuptake and increase in its release, together with a
decrease in the synthesis of brain-derived neurotrophic
factor (BDNF), which has an impact on neuronal integrity
and neurogenesis [7]. Recent clinical studies have dem-
onstrated that patients with MDD have elevated serum
levels of pro-inflammatory cytokines, including tumor ne-
crosis factor alpha (TNF-α) and interleukins IL-1b and
IL-6 [8, 9]. The results of these studies showed an im-
provement in mood and enhanced antidepressant response
as a result of the suppression of cytokine signaling in
MDD patients [10].

Several clinical studies have suggested that anti-
inflammatory agents, administered either as monotherapy
or in addition to antidepressants, may exert antidepressant
effects in patients with depressive episodes [11–13]. Some
antidepressant drugs were also found to elicit anti-
inflammatory and neuroprotective effects, partly due to
their influence on cytokine production [14, 15].

Insulin-like growth factor 1 (IGF-1) is a neurotrophic/
growth factor that has also been found to be involved in anti-
depressant response [16]. IGF-1 develops in the brain, and has
an effect on mood control [17]. It was reported that IGF-1 was
significantly higher in depressed patients relative to healthy
controls [18].

Metformin (MET) is commonly used as a first-line ther-
apy for patients with type 2 diabetes mellitus to minimize
hepatic glucose output and improve the insulin-mediated
uptake of glucose [19]. MET has the ability to reduce the
adhesion of inflammatory cells to the endothelium; it also
has neuroprotective, anti-inflammatory, antiapoptotic, and
antioxidant properties [20, 21]. MET has been shown to
enhance antidepressant efficacy and improve cognition in
preclinical studies [22, 23]. It has also been reported that
MET may enhance the recovery of depression comorbid
with type 2 diabetes mellitus by improving cognitive per-
formance [24, 25]. These meaningful outcomes suggest it
to be an attractive candidate as an adjuvant therapy for
MDD.

In this trial, we hypothesized that MET would show an
antidepressant effect in depressed patients without other
comorbidities. In the present double-blind placebo-con-
trolled study, we aimed to evaluate the adjunctive effect
of MET with fluoxetine in the treatment of patients with
MDD who did not have other problems. We also assessed
the relationship between the Hamilton Depression Rating
Scale (HAM-D) score and several peripheral biomarkers
and their role in diagnosing MDD and its therapeutic
outcomes.

Materials and Methods

Study Design

This was a multicenter, prospective, randomized, double-
blinded, placebo-controlled study, which was conducted in
both Abou El Azayem Psychiatric Hospital in 10th of
Ramadan and Menoufia University Hospital, Egypt (January
2017 to December 2019).

Participants

Eligible patients were individuals aged 23–57 years with a
diagnosis of MDD based on the Diagnostic and Statistical
Manual of Mental Disorders-IV (DSM–IV) Mini-
International Neuropsychiatric Interview (MINI) [26, 27],
and HAM-D score >18, with item 1 (depressed mood) scored
2 or greater [28]. All patients and their legally authorized
representatives provided informed consent in accordance with
the procedures outlined by the local ethical committees, and
were informed that they could withdraw from the trial at any
time. The protocol was approved by the ethical committees of
both the Abou El Azayem Psychiatric Hospital and the
Faculty of Medicine, Menoufia University, Egypt. The study
was performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards.

Patients with bipolar disease, seasonal depression, person-
ality disorders, eating disorders, drug dependency or abuse,
concurrent active medical condition or history of seizures,
inflammatory disorders, or drug allergy or contraindications
were excluded from the study. In addition, all patients who
had taken other psychotropic agents, including antidepres-
sants, within the prior 4 weeks or had undergone electrocon-
vulsive therapy within the prior 2 months were excluded.
Pregnant or lactating women, patients with serious disease,
those who fulfilled the metabolic syndrome criteria, and pa-
tients with diabetes, liver disease, or heart failure were also not
eligible for the study. All the screened patients were thorough-
ly tested for the occurrence of diabetes, metabolic syndrome,
and liver or heart disease in a comprehensive clinical, electro-
cardiographic, and laboratory examination.

Demographic Data

Patients’ medical history was taken to ensure the absence of
any interacting or interfering drugs and diseases.
Demographic data were collected at baseline using a struc-
tured questionnaire. The questionnaire included age, gender,
weight, height, body mass index (BMI), marital status, epi-
sodes of depression, drugs used in last episode, and familial
history of MDD.
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Sample Size

Calculation of sample size based on a meta-analysis of antide-
pressant treatment trials showed that placebo treatment has an
average effect size of 1.69 compared with 2.50 for an antidepres-
sant treatment [29]. Using an 80% power and two-sided signif-
icance of 5% with an effect size of 0.81, the sample size was 26
subjects per group. A final sample size of 30 subjects was esti-
mated, assuming a 15% attrition rate. Therefore, our sample size,
40 per group, should have adequate power to test our hypothesis.

Randomization and Blinding

Using a computerized random number generator, we random-
ized study participants in a 1:1 ratio into blocks of four to
receive either MET or placebo in addition to their standard
treatment, according to the Consolidated Standards of
Reporting Trials (CONSORT) guidelines. Allocation conceal-
ment was achieved using numbered opaque envelopes which
were sequentially scanned and stapled. Randomization and al-
location, as well as interviews, were performed by different
individuals. The physician who referred the patient, the patients
themselves, the resident who administered the drugs and rated
the patients, and the statistician were all blinded to the alloca-
tion. The responsible psychiatrist was unblinded only if the
patient’s trial drug had an effect on immediate emergency ther-
apy. Once the blinding had been broken, the patient was man-
aged as off-trial. Participants were withdrawn from the study if
they missed seven consecutive days of the trial medication.

Intervention

Forty patients in the placebo group received fluoxetine 20 mg
once daily plus one placebo tablet, while the other 40 patients
in the MET group received fluoxetine 20 mg once daily plus
1000 mg XR MET tablet once daily with food for 12 weeks.
Placebo tablets were dispensed by Sigma Pharmaceutical
Industries, Menoufia, Egypt. The trial medications were dis-
pensed by the trial pharmacist, and the returned medications
were audited.

Outcomes

The main outcome of the study was the 17-item HAM-D score,
whichwasmeasured at baseline and after 4, 8, and 12weeks from
the start of therapy. Remission was defined as a HAM-D total
score ≤ 7 (primary outcome). Treatment response was defined as
≥ 50% drop in the HAM-D total score (secondary outcome).

The patients’ conditions were monitored to check adher-
ence to and possible side effects of the medications via
questioning using a checklist. The patients were followed up
weekly by phone for assessment of compliance with the study
medication, adverse events, and any signs of infection or

inflammation. The tablets remaining in each supply given to
the patients were counted to evaluate treatment compliance.

Serum levels of TNF–α, IL-1β, IL-6, IGF-1,malondialdehyde
(MDA), high-sensitivity C-reactive protein (hsCRP), BDNF, and
serotonin were measured at baseline and after therapy to evaluate
the biological effects of the study medications.

Measurements

Blood samples were collected for all patients at the same time
point for everyone, with a fasting morning sample, by veni-
puncture into plain vacutainers. The tubes were then centri-
fuged at 4500×g for 10 min. The separated samples were
transferred to Eppendorf tubes and kept in a freezer at −80
°C until analysis. The serum levels of TNF–α, IL-1β, IL-6,
IGF-1, MDA, CRP, BDNF, serotonin, and vitamin B12 were
measured with specific commercial enzyme-linked immuno-
sorbent assay (ELISA) kits, which were purchased from
MyBioSource, Inc. (USA). All measurements were performed
according to the manufacturer’s specifications using a Biotek
ELx800 UV-Vis microplate reader (USA).

Statistical Analysis

We report continuous variables as mean ± standard deviation
(SD) and categorical variables as number (percentage) unless
stated otherwise. All tests of treatment efficacy were conduct-
ed using a two-sided significance level of 0.05, and
Bonferroni adjustments were made for multiple comparisons.
Type III sums of squares were used to adjust unbalanced data
in the interactions of these models of variance. Mixed-effects
model repeated-measures (MMRM) analysis of covariance
(ANCOVA) was used for the primary analysis of any change
from baseline to endpoint in HAM-D total score.

In addition, two-way repeated-measures analysis of variance
(ANOVA) was performed for HAM-D scores (time–treatment
interaction). The two groups as a between-subject factor (group)
and the four interval measurements during treatment as the
within-subject factor (time) were considered. ANCOVA, con-
trolling for the baseline score, was used to compare the change
in biological markers at the 12th week between the two groups.
Fisher's exact test was used for the qualitative variables.
Pearson’s correlation was calculated to assess the relationship
among variables. The statistical analysis was performed using
IBM® SPSS® Statistics version 22 software (IBM Corp.,
Armonk, NY, USA). All graphs were created with GraphPad
Prism 6.01 software (GraphPad Software, La Jolla CA, USA).

Results

One hundred and twenty patients were screened for the study.
Forty patients were excluded from the study because they had
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other serious active medical illness, misuse of drugs, or de-
clined to engage in the trial. Ultimately, 80 patients were re-
cruited and randomized to the trial, as shown in Fig. 1.

There were no statistically significant differences between
patients assigned to the placebo and MET groups regarding
their demographic data (Table 1). Six patients dropped out 4
weeks after commencement of the trial: three from the placebo
group who experienced worsening of their clinical status, and
the other three from the MET group due to noncompliance
with study procedures. These six subjects were included in the
HAM-D analysis using MMRM ANCOVA, but they were
excluded from the biological marker analysis, as only the
baseline data were available.

Effect on HAM-D Score (Primary Outcome)

No statistically significant difference in HAM-D score was
found between the placebo and MET groups at baseline
(p > 0.05). The response rate was 89% for the MET group
vs. 59% for the placebo group (p = 0.000; number needed to
treat [NNT] = 4). The remission rate was 81% for the MET
group vs. 46% for the placebo group (p < 0.013; NNT = 3.33).

The MET group showed a statistically significant greater
improvement in the HAM-D total score than the placebo
group after 4, 8, and 12weeks from the start of treatment using
the primary MMRM analysis (least squares mean difference
[LSMD] −2.347, p = 0.000; LSMD −3.369, p = 0.000;
LSMD −3.454, p = 0.000, respectively), as shown in
Table 2 and Fig. 2.

Supporting the MMRM ANCOVA results, two-factor
ANOVA showed that the difference between the two treat-
ments was statistically significant, as indicated by the effect of
group, using the between-subject factor [F(1, 72) = 19.484,
p = 0.000, η2 = 0.213)]. The behavior of the two treatment
approaches was not similar across time [group × time interac-
tion, F(3, 216) = 15.281, p = 0.000, η2 = 0.175].

Effect on Biological Markers

The differences in serum levels of TNF-α, IL-1β, IL-6,
BDNF, serotonin, IGF-1, MDA, CRP, and vitamin B12 were
not statistically significant between the placebo and MET
groups at baseline (p > 0.05). The MET group showed a sta-
tistically significant decrease in the serum levels of TNF-α,

Fig. 1 Flow diagram of study
participants
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IL-1β, IL-6, IGF-1, MDA, and CRP in comparison with the
placebo group after 12 weeks of treatment as indicated by the
effect of group and between-subject factor [F(1, 71) = 2272.3,
p = 0.000, η2 = 0.970; F(1, 71) = 2281.8, p = 0.000, η2 =
0.970; F(1, 71) = 37.09, p = 0.000, η2 = 0.343; F(1, 71) =

619.86, p = 0.000, η2 = 0.896; F(1, 71) = 2294.8, p = 0.000,
η2 = 0.970; and F(1, 71) = 135.96, p = 0.000, η2 = 0.657; F(1,
71) = 4489.3, p = 0.000, η2 = 0.984, respectively].

In contrast, the MET group exhibited a statistically signif-
icant increase in the serum levels of BDNF and serotonin

Table 1 Demographic data of the
participants Placebo group

(n=40)

Metformin group

(n=40)

Statistical value

Age (years) 35.1 ± 8.02 34.05 ± 8.4 t = 0.572, df = 78, p = 0.569

Gender

Male 22 (55%) 23 (57.5%) χ2 = 0.051, df = 1, p = 0.822

Female 18 (45%) 17 (42.5%) χ2 = 0.051, df = 1, p = 0.822

Smoking 22 (55%) 23 (57.5%) χ2 = 0.051, df = 1, p = 0.822

Weight (kg) 72.63 ± 4.67 70.88 ± 7.56 t = 1.246, df = 78, p = 0.216

Height (cm) 171.38 ± 6.96 170.68 ± 7.84 t = 0.422, df = 78, p = 0.674

BMI (kg/m2) 24.74 ± 1.67 24.18 ± 1.57 t = 1.822, df = 78, p = 0.072

Marital status

Single 7 (17.5%) 8 (20%) χ2 = 0.237, df = 1, p = 0.888

Married 15 (37.5%) 13 (32.5%) χ2 =0.237, df = 1, p = 0.888

Divorced 18 (45%) 19 (47.5%) χ2 = 0.237, df = 1, p = 0.888

HAM-D score 21 ± 1.29 21.24 ± 1.26 t = 1.057, df = 78, p = 0.294

Fasting blood glucose 93.33 ± 9.15 96.23 ± 9.39 t = 1.956, df = 78, p = 0.166

HbA1c 4.99 ± 0.7 4.73 ± 0.57 t = 3.416, df = 78, p = 0.068

Episodes of depression

First 35 (87.5%) 34 (85%) χ2 = 0.105, df = 1, p = 0.745

Second 5 (12.5%) 6 (15%) χ2 = 0.105, df = 1, p = 0.745

Drugs used in last episode

Fluoxetine 3 (7.5%) 3 (7.5%) χ2=0.158, df = 1, p = 0.924

Sertraline 2 (5%) 3 (7.5%) χ2 = 0.157, df = 1, p = 0.692

Data presented as mean ± SD. BMI, body mass index; HAM-D score, Hamilton Depression Rating Scale score;
HbA1c, hemoglobin A1c

Table 2 Hamilton Depression
Rating Scale score change from
baseline to week 12

Outcome Placebo group (n= 40) Metformin group (n= 40)

MMRM

Change at week 4, LSM (SE) −2.525 (0.203) −4.872 (0.227)

LSMD vs. placebo (95% CI) --- −2.347 (−2.816 to – 1.878)

p value --- 0.000

MMRM

Change at week 8, LSM (SE) −7.44 (0.417) −10.809 (0.257)

LSMD vs. placebo (95% CI) --- −3.369 (−4.043 to – 2.695)

p value --- 0.000

MMRM

Change at week 12, LSM (SE) −11.428 (0.488) −14.882 (0.309)

LSMD vs. placebo (95% CI) --- −3.454 (−4.145 to – 2.76)

p value --- 0.000

MMRM, mixed-effects model for repeated measures; SE, standard error; LSM, least squares mean; LSMD, least
squares mean difference; CI, confidence interval
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compared with the placebo group [(F(1, 71) = 81.78, p =
0.000, η2 = 0.535, and F(1, 71) = 54.54, p = 0.000, η2 =
0.434, respectively]. It is worth noting that TNF-α, IL-1β,
IL-6, IGF-1, MDA, and CRP serum levels showed a statisti-
cally significant decrease after 12 weeks of treatment relative
to their baseline values in both groups, as indicated by the
effect of group × time interaction [(F(1, 71) = 40.382, p =
0.000, η2 = 0.353; F(1, 71) = 30.725, p = 0.000, η2 = 0.302;
F(1, 71) = 35.971, p = 0.000, η2 = 0.336; F(1, 71) = 56.76,
p = 0.000, η2 = 0.444; F(1, 71) = 22.67, p = 0.000, η2 =
0.242; and F(1, 71) = 16.758, p = 0.011, η2 = 0.19, respective-
ly]. In contrast, a statistically significant increase was ob-
served in the serum levels of BDNF and serotonin after 12
weeks of the treatment in the two groups compared with their
baseline levels [(F(1, 71) = 28.78, p = 0.000, η2 = 0.288, and
F(1, 71) = 31.56, p = 0.000, η2 = 0.307, respectively], as
shown in Table 3.

The difference in serum levels of vitamin B12 between
baseline and after treatment was not statistically significant
in either group [F(1, 71) = 1.058, p = 0.307, η2 = 0.014 and
F(1, 71) = 2.056, p = 0.107, η2 = 0.028, respectively].

For further analysis of the data, the correlations between
HAM-D score and each of the serum levels of TNF-α, IL-1β,
IL-6, IGF-1, MDA, CRP, BDNF, and serotonin were calcu-
lated for both groups at baseline and after treatment. The se-
rum levels of TNF-α, IL-1β, IL-6, IGF-1, MDA, and CRP
were found to have a statistically significant positive correla-
tion with HAM-D score before treatment (r = 0.30, p = 0.025;
r = 0.552, p = 0.009; r = 0.545, p = 0.031; r = 0.431, p =
0.023; r = 0.545, p = 0.001; and r = 0.652, p = 0.002, respec-
tively) and after treatment (r = 0.774, p = 0.000; r = 0.719,
p = 0.000; r = 0.676, p = 0.000; r = 0.701, p = 0.000; r =
0.576, p = 0.000; and r = 0.632, p = 0.000, respectively).

In contrast, the serum levels of BDNF and serotonin
showed a statistically significant negative correlation with
HAM-D score before treatment (r = −0.574, p = 0.021; and
r = −0.548, p = 0.002, respectively) and after treatment (r =
−0.694, p = 0.000; and r = −0.681, p = 0.001, respectively).

Clinical Adverse Effects

The difference between the MET and placebo groups in the
frequency of side effects was not statistically significant.
Consequently, dropouts from therapy due to lack of efficacy
or adverse events appeared to be limited. The most commonly
reported adverse effects in both groups were nausea (13.5%
placebo, 16.2% MET), vomiting (2.7% placebo, 5.4% MET),
abdominal pain (8.1% placebo, 10.8% MET), heartburn
(10.8% placebo, 13.5% MET), bloating (16.2% placebo,
18.9 % MET), constipation (8.1% placebo, 10.8% MET), di-
arrhea (10.8% placebo, 8.1% MET), decreased appetite
(16.2% placebo, 10.8%MET), increased appetite (13.5% pla-
cebo, 18.9% MET), fatigue (10.8% placebo, 13.5% MET),
dry mouth (8.1% placebo, 10.8% MET), insomnia (16.2%
placebo, 18.9% MET), headache (21.6% placebo, 18.9%
MET), tremors (2.7% placebo, 5.4% MET), dizziness
(10.8% placebo, 13.5% MET), sexual dysfunction (10.8%
placebo, 13.5% MET), blurred vision (10.8% placebo,
13.5% MET), and sweating (10.8% placebo, 8.1% MET).
The other reported adverse effects were transient and resolved
spontaneously. Table 4 shows that the rate of adverse effects
was not statistically different between the two groups.

Discussion

All previously published human studies on the role of MET in
depression have been conducted in diabetic patients with con-
comitant MDD [24, 25]. Therefore, to the best of our knowl-
edge, our study is the first adequately powered randomized,
double-blind, placebo-controlled trial to evaluate the adjunc-
tive role of MET in the management of MDD in adult patients
without other comorbidities.

Despite the introduction of newer-generation antide-
pressants, approximately 50% of patients experience no
response to treatment with first-line antidepressants [30].
Thus, it was reported that using a combination of

Fig. 2 Change in Hamilton
Depression Rating Scale (HAM-
D) total score from baseline to
week 12. Data presented as mean
and 95% confidence interval (CI)
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medications at the start of treatment may provide addi-
tional therapeutic benefits in MDD patients [31].
Regarding patient response to fluoxetine monotherapy,
the response rate of 59% in our study is comparable to
previously reported response rates of 50–59% for mono-
therapy in two studies conducted over 6 weeks [11, 32].
The remission rate of 46% in the fluoxetine monotherapy

group in our study is also comparable to the 5–45% re-
mission rates in the above-mentioned studies [11, 32]. In
addition, the response rate in our combination therapy
group (89%) was comparable to the rate of 90% reported
in previous studies. The longer duration of therapy of 12
week in our study compared with those previous trials
may explain why the remission rate of 81% was higher

Table 3 Selected biological markers of the patients at baseline and after 12 weeks of treatment

Groups Placebo group (n=40) Metformin group (n=40) * P value after 12 weeks

Parameters Baseline 12 weeks **P value Baseline 12 weeks **P value

TNF-α (pg/mL) 10.22 ± 1.42 7.16 ± 0.99 p = 0.000 10.58 ± 1.28 5.27 ± 0.64 p = 0.000 p = 0.000

IL-1β (pg/mL) 1.995 ± 0.25 0.75 ± 0.104 p = 0.000 1.93 ± 0.18 0.59 ± 0.109 p = 0.000 p = 0.000

IL-6
(pg/mL)

9.2 ± 1.28 6.46 ± 0.89 p = 0.000 9.52 ± 1.15 4.75 ± 0.58 p = 0.000 p = 0.000

IGF-1 (ng/mL) 210.82 ± 28.96 148.28 ± 20.43 p = 0.000 213.74 ± 21.9 109.13 ± 13.25 p = 0.000 p = 0.000

MDA (ng/mL) 4.6 ± 0.64 3.22 ± 0.44 p = 0.000 4.76 ± 0.58 2.37 ± 0.288 p = 0.000 p = 0.000

CRP (mg/L) 5.08 ± 0.71 3.3 ± 0.56 p = 0.000 5.26 ± 0.64 2.47 ± 0.46 p = 0.000 p = 0.000

BDNF (ng/mL) 18.7 ± 4.26 41.9 ± 6.64 p = 0.000 19.67 ± 5.3 5977 ± 9.8 p = 0.000 p = 0.000

Serotonin (ng/mL) 74.83 ± 21.02 125.76 ± 19.91 p = 0.000 76.18 ± 18.54 161.64 ± 21.51 p = 0.000 p = 0.000

Vit B12 (pg/mL) 299.64 ± 41.75 301.72 ± 40.90 p = 0.307 295.06 ± 35.4 288.27 ± 34.66 p = 0.107 p = 0.092

Data presented as mean ± SD, Bonferroni adjusted (0.05 / 18)

TNF-α, tumor necrosis factor alpha; IL-1β, interleukin-1 beta; IL-6, interleukin-6; IGF-1, insulin-like growth factor-1; MDA, malondialdehyde; CRP,
C-reactive protein; BDNF, brain-derived neurotrophic factor; Vit B12, vitamin B12

*Between-group comparison after 12 weeks

**Within-group comparison

Table 4 Clinical complications
and side effects reported as
number per group

Side effects Placebo group

(n=40)

Metformin group

(n=40)

Statistical value

Nausea 5 6 χ2 = 0.105, df = 1, p = 0.745

Vomiting 1 2 χ2 = 0.346, df = 1, p = 0.556

Abdominal pain 3 4 χ2 = 0.157, df = 1, p = 0.692

Heartburn 4 5 χ2 = 0.125, df = 1, p = 0.723

Bloating 6 7 χ2 = 0.092, df = 1, p = 0.762

Constipation 3 4 χ2 = 0.157, df = 1, p = 0.692

Diarrhea 4 3 χ2 = 0.157, df = 1, p = 0.692

Decreased appetite 6 4 χ2 = 0.457, df = 1, p = 0.499

Increased appetite 5 7 χ2 = 0.392, df = 1, p = 0.531

Fatigue 4 5 χ2 = 0.125, df = 1, p = 0.723

Dry mouth 3 4 χ2 = 0.157, df = 1, p = 0.692

Insomnia 6 7 χ2 = 0.092, df = 1, p = 0.762

Headache 8 7 χ2 = 0.082, df = 1, p = 0.775

Tremors 1 2 χ2 = 0.346, df = 1, p = 0.556

Dizziness 4 5 χ2= 0.125, df = 1, p = 0.723

Sexual dysfunction 4 5 χ2 = 0.125, df = 1, p = 0.723

Blurred vision 4 5 χ2 = 0.125, df = 1, p = 0.723

Sweating 4 3 χ2 = 0.157, df = 1, p = 0.692
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than that of previous studies (35–59%). Moreover, it has
been reported that 31–41% of unimproved patients at the
sixth week may experience remission at the 12th week
[33]. In addition, the relatively high prevalence of patients
with first-episode depression (86%) with lower severity
based on HAM-D score in our study compared with the
previous studies might explain the higher remission rate
in our study [34, 35]. MET also caused a rapid reduction
in the HAM-D score in the first 4 weeks, and the differ-
ence between the two groups remained highly significant
until the end of the trial. These results are in line with
previous studies which reported that anti-inflammatory
agents may produce rapid onset of antidepressant effects
in MDD patients [11, 36].

This clinical improvement in the MET group can be attrib-
uted to its anti-inflammatory, antioxidant, and neuroprotective
effects, which led to the substantial reduction in the serum
levels of TNF–α, IL-1β, IL-6, IGF-1, MDA, and CRP togeth-
er with a significant increase in the serum levels of BDNF and
serotonin compared with their baseline values and with the
placebo group [37, 38]. Our findings are consistent with other
studies, which reported that MET decreased the expression of
IL-1β and IL-6 regardless of diabetes status [39, 40].
Moreover, MET decreases TNF-α-mediated gene expression
of pro-inflammatory and cell adhesion molecules to inhibit
endothelial cell inflammation [41, 42]. In fact, reduced levels
of pro-inflammatory cytokines lead to increased bioavailabil-
ity of serotonin through regulation of multiple metabolic path-
ways [43, 44].

MET affects brain plasticity by modulating the levels of
neurotrophic factors including BDNF through activation of
AMP-activated protein kinase (AMPK) and cAMP-response
element binding protein (CREB), as reported in preclinical
models [45]. More specifically, MET increases the expression
of BDNF by enhancing CREB phosphorylation and promot-
ing histone acetylation, while increasing the plasticity of the
synaptic structure [45]. MET has also been reported to reduce
IGF-1 levels, endogenously developed reactive oxygen spe-
cies (ROS), and DNA damage [46].

BDNF is a key neurotrophin found to be involved in syn-
aptic plasticity, and therefore plays a crucial role in depression
[47, 48]. Several studies have shown that BDNF may mediate
the therapeutic action of antidepressants [49, 50].

Regarding the placebo group, fluoxetine exerts an anti-
inflammatory effect, which is mediated by the reduction
in pro-inflammatory cytokines and the expression of free
radicals [51, 52]. Fluoxetine can induce immunomodula-
tory effects through its impact on serotonergic neurons in
the central nervous system [53] . These properties of flu-
oxetine are reflected in the significant decrease in the
serum levels of TNF–α, IL-1β, IL-6, IGF-1, MDA, and
CRP, alongside a significant increase in the serum levels
of BDNF and serotonin, relative to their baseline values.

Our results are in line with other studies reporting that
fluoxetine can reduce IGF-1 serum levels [17] and in-
crease the level of BDNF [54] in depressed patients. All
of these findings show that fluoxetine alone is successful
in reducing symptoms of depression in comparison with
placebo, as reported in several studies [55, 56].

It is worth mentioning that no pharmacokinetic interactions
betweenMET and fluoxetine were reported, as each is metab-
olized by different isoenzymes [57, 58]. Also, there were no
clinically significant side effects, due to the shorter treatment
period and small dosage of MET (1000 mg). The serum level
of vitamin B12 was assessed, as it was reported that MET
treatment may be associated with vitamin B12 deficiency in
some patients [59]; however, levels were in the normal range
in both groups before and after treatment.

The enhanced antidepressant effects in the combination
therapy group can be attributed to the addition of MET.
Therefore, our study showed that MET is an effective and
safe adjunct to fluoxetine in patients with MDD, and pro-
vided substantial proof for the efficacy of MET in patients
with MDD without additional comorbidities. This notion
is strengthened in particular by earlier studies which sug-
gested that MET could be used preferentially when con-
sidering the use of hypoglycemic agents for diabetic pa-
tients with depression-like symptoms [24, 25]. This is also
in agreement with the results of preclinical studies indi-
cating that MET produced antidepressant-like activity
when given either alone or in combination with fluoxetine
[23].

Recognizing biomarkers that are implicated in MDD path-
ophysiology is considered a clinical priority for physicians
and psychiatrists in order to determine an appropriate treat-
ment strategy [60]. Therefore, the serum levels of TNF–α, IL-
1β, IL-6, IGF-1, MDA, CRP, BDNF, and serotonin were
evaluated and correlated with the HAM-D score to assess
the biological effects of the trial medications. Serum levels
of TNF–α, IL-1β, IL-6, IGF-1, MDA, and CRP have been
reported to be elevated in patients with MDD [8, 17, 52, 61].
These biomarkers were similarly elevated at baseline and de-
creased after treatment in our patients.

Several studies have reported that in drug-free major de-
pressed subjects, the serum levels of BDNF and serotonin are
lower than in normal controls [62, 63]. Accordingly, we found
that the serum levels of BDNF and serotonin were lower at
baseline and increased after intervention.

Nevertheless, this trial had some limitations, including a
short follow-up period and the use of only a fixed dose of
MET. In addition, our study lacks an assessment of MET
metabolic activity in healthy MDD patients. Therefore, we
recommend study replication with further investigation for a
longer duration. In particular, it will be interesting to evaluate
MET antidepressant efficacy without additional psychotropic
drugs.
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Conclusion

The antidiabetic MET improved the antidepressant effects,
reflected clinically by better response and higher remission
rates. Therefore, it represents a promising candidate for
treating nondiabetic MDD patients. Moreover, detection of
inflammatory markers and BDNF may be clinically useful in
assessing antidepressant response. However, the limitations of
the study would encourage researchers to conduct further in-
vestigations with a larger sample size and longer follow-up
duration.
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