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Background: Depressive and anxiety symptoms could seriously affect the quality of life of
type 2 diabetes mellitus (T2DM) subjects. Currently, little is known about the efficacy and
acceptability of agomelatine versus fluoxetine in treating these symptoms in T2DM subjects.
Therefore, this study was performed to find out which one was better in treating these symptoms
in T2DM subjects.

Materials and methods: T2DM subjects with depressive and anxiety symptoms were ran-
domly assigned to receive either fluoxetine (30—40 mg/day) or agomelatine (25-50 mg/day).
The treatment was continued for 12 weeks. The data of the Hamilton Depression Rating Scale
(HDRS) and Hamilton Anxiety Rating Scale (HARS) were collected (at baseline and also at
weeks 4, 8 and 12) to assess the depressive and anxiety symptoms, respectively. The metabolic
parameters, including body mass index (BMI), fasting plasma glucose (FPG) and hemoglobin
Alc (HbAlc), were assessed at baseline and after 12 weeks of treatment. The treatment-related
adverse events during the scheduled treatment period were recorded to compare the accept-
ability of these two drugs.

Results: After 12 weeks of treatment, the average HDRS and HARS scores were significantly
decreased in both groups. The average HDRS scores were not significantly different between
the two groups, although the agomelatine group had a lower average HDRS score. The response
and remission rates were similar between the two groups, and these two drugs had no signifi-
cant effects on BMI and FPG. However, compared with the fluoxetine group, the agomelatine
group had the significantly lower average HARS score (p=0.0017) and lower average HbAlc
level (p<<0.00001). Moreover, the incidence of adverse events was significantly lower in the
agomelatine group than in the fluoxetine group (p=0.032).

Conclusion: Both fluoxetine and agomelatine could effectively reduce depressive and anxiety
symptoms in T2DM subjects, but agomelatine might be more effective and acceptable. Future
studies with more subjects are needed to support and validate our conclusion.
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Introduction

Diabetes mellitus (DM) is a common chronic disease with most notably abnormal
glucose metabolism.! It affects more than 300 million people worldwide, and about
9% of the United States population.? Currently, type 2 DM (T2DM) is the most com-
mon type of DM. T2DM is highly comorbid with depression, which is a debilitating
mental disorder with unclear pathogenesis.> Previous studies have shown that about
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15% of T2DM subjects were comorbid with depression,’ and
the rate of life-long prevalence of depression in DM patients
was more than 20%.” Meanwhile, the available data show
that anxiety frequently coexists with depression.® Researchers
found that, compared with T2DM subjects without depressive
and anxiety symptoms, T2DM subjects with these symptoms
were at greater risk of complications over 5 years.’ These two
symptoms are commonly associated with a series of adverse
diabetes-related outcomes, such as poor glycemic control
and problems in self-management. Therefore, it is important
to effectively treat the depressive and anxiety symptoms in
T2DM subjects.

Up to now, many treatment modalities have been devel-
oped to treat the depressive and anxiety symptoms, but
pharmacotherapy is still the preferred treatment method.!?
However, clinicians should take good care in choosing the
antidepressants, because some antidepressants might be inap-
propriate for treating the depressive and anxiety symptoms
in DM subjects, such as monoamine oxidase inhibitors and
tricyclic antidepressants.'"'? The former has the possibility to
cause weight gain,'" and the latter might result in hyperglyce-
mia, carbohydrate intake increase, and memory impairment. '
Therefore, when using antidepressants to treat the depressive
and anxiety symptoms in DM subjects, clinicians should evalu-
ate the effects of antidepressants on glycemic control.'!?

A previous study showed that the selective serotonin
reuptake inhibitors (SSRIs) were well tolerated and seemed
to have some advantages in treating depressive and anxiety
symptoms in DM patients."* The available evidence seems to
support the use of fluoxetine in treating the depressive symp-
toms in T2DM subjects.'*'® Moreover, Potter van Loon et al
reported that fluoxetine could improve peripheral and hepatic
insulin action in obese insulin-resistant patients.'” In addition,
agomelatine, as a new antidepressant, was reported to offer
some advantages over sertraline in treating depressive and
anxiety symptoms in T2DM subjects, as well as improving
their health-related behaviors.'* However, few studies have
attempted to investigate which one, fluoxetine or agomela-
tine, could produce better efficacy for T2DM subjects with
depressive and anxiety symptoms. Therefore, this study
was conducted to compare the efficacy and acceptability of
agomelatine and fluoxetine in treating the depressive and
anxiety symptoms in T2DM subjects, as well as their efficacy
on glycemic control.

Materials and methods

Subject selection
This study was approved by the Ethical Committee of
Chongqing Public Health Medical Center, and the methods

were carried out according to the approved guidelines and
regulations. This study was conducted between January 2015
and June 2017 in Chongqing Public Health Medical Center.
T2DM subjects meeting the following criteria were recruited
by two experienced clinicians: 1) a value of hemoglobin Alc
(HbAlc) >7.0%; 2) a 17-item Hamilton Depression Rating
Scale (HDRS-17) score =17 and Hamilton Anxiety Rating
Scale (HARS) score >7;92° 3) 18-80 years of age; 4) in order
to exclude T2DM subjects with cognitive impairment, the
Mini Mental State Examination score of each subject should
be more than 24; and 5) without active suicidal ideation, a
history of any other psychiatric disorders, and serious mental
illness or physical health problems. Meanwhile, T2DM sub-
jects were excluded if they previously or currently received
psychoactive medications. All T2DM subjects provided the
written informed consent before randomization.

Study design

This study was a two-arm, single-blind randomized controlled
trial. The included T2DM subjects were randomly assigned
into two groups using a separate computer-generated random
number sequence. T2DM subjects in the fluoxetine group
received fluoxetine 3040 mg/day, and T2DM subjects in the
agomelatine group received agomelatine 25-50 mg/day. The
treatment was continued for 12 weeks. The HDRS score and
HARS score were assessed at baseline and also at weeks 4,
8, and 12. The HbAlc, body mass index (BMI) and fasting
plasma glucose (FPG) were assessed at baseline and after
12 weeks of treatment. The BMI was calculated as body
weight (kg) divided by the square of the height (m?) (kg/m?).
Although T2DM subjects were not blind to the drugs being
given (fluoxetine/agomelatine), the raters were blind to the
drug regimen of T2DM subjects to reduce the potential bias.
At the end of the trial, T2DM subjects that did not respond
to these two drugs would continually receive psychological
treatment or medications.

Main outcome measures

The HDRS and HARS scores were viewed as the primary
outcomes, which were used to assess the efficacy of these
two drugs in treating the depressive and anxiety symptoms,
respectively. The response and remission rates were viewed
as the secondary outcomes. The response was defined
as a >50% reduction from the baseline HDRS-17 score, and
the remission was defined as an absolute HDRS-17 score =7
at the end of the trial.>! The HbA 1c, BMI, and FPG were also
viewed as the secondary outcomes, which were used to assess
the efficacy of agomelatine and fluoxetine on glycemic con-
trol. Meanwhile, the treatment-related adverse events during
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the scheduled treatment period were recorded to assess the
acceptability of agomelatine and fluoxetine.

Statistical analyses

Statistical analysis was conducted with SPSS version 19.0 for
Windows (IBM Corporation, Armonk, NY, USA). The Chi-
square and Student’s #-test were used to investigate the group
differences on demographic data. The repeated measures
analysis of variance (ANOVA) was conducted to investigate
the group differences on HDRS and HARS scores at four
time points. The analysis of covariance (ANCOVA) was
conducted to investigate the group differences on HbAlc,
BMI, and FPG at weeks 12, with their scores at baseline as a
covariate.?>? All statistical tests were two-sided and a p-value
less than 0.05 was considered statistically significant.

Results

Baseline characteristics

A total of 95 T2DM subjects met the above-mentioned inclu-
sion criteria. After excluding eight T2DM subjects refusing
randomization and three T2DM subjects refusing any treat-
ments, the remaining 84 T2DM subjects were included in this
study and randomly assigned to receive fluoxetine (n=40) or
agomelatine (n=44). During the scheduled treatment period,
four T2DM subjects in the fluoxetine group failed to complete
the trial: one subject withdrew from the study because of eco-
nomic reasons; one subject was excluded because of receiving
psychological therapy at week 8; and we lost contact with two
subjects after 8 weeks of treatment. Meanwhile, three T2DM
subjects in the agomelatine group failed to complete the trial:
two subjects withdrew from the study because of economic
reasons; one subject refused to continue to receive treatment
after 10 weeks of treatment. The differences of demographic
and clinical variables between the two groups, such as average
age, sex ratio, education level, BMI, and duration of T2DM,
were not statistically significant. The detailed informa-
tion of the included T2DM subjects is described in Table 1.

Primary outcomes

As shown in Figure 1, the mean changes in HDRS scores from
baseline to the end of the trial were —12.53 and —13.87 in the
fluoxetine group and agomelatine group, respectively. The
results of repeated measures ANOVA showed a significant
effect of time (»p<<0.00001), which indicated that both fluox-
etine and agomelatine could significantly reduce the HDRS
scores in T2DM subjects. Meanwhile, the results of repeated
measures ANOVA showed no significant treatment group
main effect (p=0.095), which indicated that the reductions
of HDRS scores were not significantly different between

Table | Demographic profile of the recruited subjects

Variables Fluoxetine Agomelatine p-value
n 40 44 -
Age (years) 52.65+10.77 51.66+10.30 0.67
Female/Male, n 25/15 23721 0.34
Education (years) 9.18+3.12 9.36%3.10 0.78
BMI (kg/m?) 25.7243.27  25.37+3.68 0.64
FPG (mmolL/L) 8.10+0.77 8.13£0.79 0.89
HbAlc (%) 7.99+0.44 7.90+0.40 0.35
Duration of diabetes (years) 8.02+4.38 8.30+4.52 0.77
Smoking (Y/N), n 8/32 10/34 0.76
Dose (mg/day) 34.50+5.04  39.3218.18 -
HDRS scores 23.88+2.93  23.66+2.96 0.73
HARS scores 15.80£2.77  15.57+3.62 0.74

Note: Data shown as mean = standard deviation unless indicated otherwise.
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbAlc,
hemoglobin Alc; HDRS, Hamilton Depression Rating Scale; HARS, Hamilton Anxiety
Rating Scale; Y, yes; N, no.

the two groups. These results showed that agomelatine
25-50 mg/day was equivalent to fluoxetine 30—40 mg/day
in treating depressive symptoms in T2DM subjects, although
the subjects receiving agomelatine had a lower average
HDRS score after 8 and 12 weeks of treatment.

As shown in Figure 2, the mean changes in HARS scores
from baseline to the end of the trial were —5.60 and —7.11
in the fluoxetine group and agomelatine group, respectively.
The results of repeated measures ANOVA showed a signifi-
cant effect of time (p<<0.00001), which indicated that both
fluoxetine and agomelatine could significantly reduce the
HARS scores in T2DM subjects. Meanwhile, the results of
repeated measures ANOVA showed a significant treatment
group main effect (p=0.005), which indicated that the reduc-
tions of HARS scores were significantly different between
the two groups. These results showed that, compared with
fluoxetine, agomelatine was significantly more effective in
treating the anxiety symptoms in T2DM subjects.

Secondary outcomes

After 12 weeks of treatment, there were 17 T2DM subjects
meeting the response criteria and nine T2DM subjects meet-
ing the remission criteria in the fluoxetine group. Meanwhile,
there were 22 T2DM subjects meeting the response criteria
and 11 T2DM subjects meeting the remission criteria in the
agomelatine group. Both the response rates and remission
rates were similar between the two groups (response rate,
p=0.491; remission rate, p=0.788), although the agomelatine
group had the higher response rate and remission rate.

As shown in Figure 3, at baseline, the BMI was similar
between the two groups (p=0.645). After 12 weeks of treat-
ment, the BMI was not significantly changed in both the flu-
oxetine group (p=0.761) and agomelatine group (p=0.576).
Meanwhile, the results of ANCOVA showed that the BMI
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Figure | Average HDRS scores at four time points.
Note: Error bars represent standard deviation.
Abbreviation: HDRS, Hamilton Depression Rating Scale.

was still similar between the two groups after 12 weeks of
treatment (p=0.105). Similar results were observed on FPG.
These results indicated that these two drugs had no significant
effects on the weight and FPG of T2DM subjects.

At baseline, the HbAlc level was similar between the
two groups (p=0.352). After 12 weeks of treatment, the
HbA1c level was significantly decreased in both the fluox-
etine group (p=0.005) and agomelatine group (p<<0.00001)
compared with their initial scores. However, as shown in
Figure 3, the results of ANCOVA showed that the average
HbAlc level after 12 weeks of treatment was significantly
lower in the agomelatine group than in the fluoxetine group
(p<<0.00001). These results showed that, compared with
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fluoxetine, agomelatine was significantly more effective in
reducing the HbAlc level of T2DM subjects.

Adverse events

During the scheduled treatment period, two T2DM subjects
in the fluoxetine group developed acute suicidal intent at
week 10; however, there were no suicides. Meanwhile, no
T2DM subject in the agomelatine group developed acute
suicidal intent. The treatment-related adverse events in the
two groups during the scheduled treatment period were
described as follows: fluoxetine/agomelatine (n, %): hyper-
hidrosis 0 (0%)/2 (4.6%), nausea 4 (10%)/2 (4.6%), headache
2 (5%)/1 (2.3%), vomiting 1 (2.5%)/1 (2.3%), sexual side

—@— Fluoxetine —4— Agomelatine

p=0.00002
p=0.0017
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Figure 2 Average HARS scores at four time points.
Note: Error bars represent standard deviation.
Abbreviation: HARS, Hamilton Anxiety Rating Scale.
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Figure 3 Average BMI (A), FPG (B), and HbAIc (C) at baseline and at week 12.
Note: Error bars represent standard deviation.

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA ¢, hemoglobin Alc.

effects 2 (5%)/0 (0%), acute suicidal intent 2 (5%)/0 (0%),
dizziness 2 (5%)/1 (2.3%), anorexia 2 (5%)/0 (0%), diarrhea
2 (5%)/2 (4.6%), and insomnia 3 (7.5%)/1 (2.3%). The liver
function was monitored at baseline and also at weeks 4, 8, and
12. The incidence of treatment-related adverse events was
significantly different between the two groups (p=0.032).

Discussion

In this study, we found that both fluoxetine and agomelatine
could effectively treat depressive and anxiety symptoms
in T2DM subjects. However, compared with fluoxetine,
agomelatine could yield a non-significantly lower average
HDRS score and a significantly lower average HARS score
after 12 weeks of treatment. The response rates and remission
rates were similar between the two groups. The BMI and FPG
were not significantly changed after 12 weeks of treatment,
which indicated that the two drugs had no significant effects
on these variables. In addition, the average HbA lc level in the
agomelatine group was significantly lower when compared
with the fluoxetine group (p<<0.00001). Meanwhile, we
found that agomelatine might be more acceptable in treating
T2DM subjects. Therefore, these results suggested that both
fluoxetine and agomelatine could effectively treat depressive
and anxiety symptoms in T2DM subjects, but agomelatine
might be more effective and acceptable.

The anorectic effect of fluoxetine is independent from
its antidepressant effect, which makes it very often used in
T2DM patients with depressive and anxiety symptoms.'>!¢ In
addition to leading to the decrease of HDRS score and loss of
weight, the positive effect of fluoxetine on glycemic control
has also been reported by previous studies.?*? Consistent
with these findings, our study found that fluoxetine-treated

T2DM subjects had a good glycemic control with a sig-
nificant reduction of HbAlc levels. Meanwhile, our results
showed that agomelatine could produce a trend toward better
glycemic control than fluoxetine after 12 weeks of treatment.
The reduction of HbA 1c level in the agomelatine group was
significantly more when compared with the fluoxetine group.
Therefore, agomelatine might be superior to fluoxetine in
terms of its effect on HbAlc levels. However, due to the
relatively small sample size, future large-scale studies are
needed to support and validate our conclusion.

A recent study reported that agomelatine, as a mela-
tonergic antidepressant, could significantly decrease the
final HbAlc levels of depressed patients with T2DM after
a 4-month treatment.'®* Compared with SSRIs, agomelatine
would not produce discontinuation syndrome or sexual side
effects. Moreover, it might also have positive effects on sleep.
Previous studies also showed that agomelatine was at least
as effective as SSRIs, such as escitalopram and fluoxetine, in
patients with depression.?*?” A large meta-analysis including
7,460 participants found that agomelatine was as effective as
standard antidepressants.?® Aydin and colleagues found that
both agomelatine and fluoxetine were efficacious in the treat-
ment of depression, and agomelatine could be an appropriate
choice for patients with depression.?’ Our study found that
agomelatine was more effective and acceptable than fluox-
etine. Meanwhile, body weight gain was not observed in the
agomelatine group, which might be helpful in maintaining
better glycemic control.*® Therefore, agomelatine might be
a promising agent for treating the depressive and anxiety
symptoms in T2DM subjects.

Limitations of this study should be addressed here.
Firstly, the sample size was relatively small, which might
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have limited available power and ability to detect the subtler
changes. Secondly, the treatment was only continued for
12 weeks; thus, future studies are needed to measure these
outcomes over longer periods. Thirdly, we only investigated
the efficacy and acceptability of these two drugs here, addi-
tional studies that compare agomelatine with other treatment
methods could help to find out which treatment methods are
likely to benefit particular subjects. Fourthly, the impact of
changes in diabetes medications (insulin and oral medica-
tions) on the health outcomes during the scheduled treatment
period was not assessed in this study. Fifthly, the compliance
was not assessed in this study. Finally, T2DM subjects were
not blind to the drugs being given (fluoxetine/agomelatine),
which might cause potential bias in our conclusion. There-
fore, future studies (double-blind design) are needed to verify
and support our conclusion.

In conclusion, both fluoxetine and agomelatine were
effective in treating the depressive and anxiety symptoms in
T2DM subjects. But, compared with fluoxetine, agomelatine
might be more effective and acceptable in treating T2DM
subjects with depressive and anxiety symptoms, and should
be further explored.
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The authors report no conflicts of interest in this work.
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