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Objectives: The effect of metformin on weight changes and some metabolic parameters in
patients with schizophrenia and schizoaffective disorder was investigated in this study.
Methods: As a randomized double-blind controlled clinical trial, this study was performed from
2018 to 2019. A total of 66 obese patients (BMI≥27) with schizophrenia and schizoaffective
disorder, hospitalized in the departments of Razi Psychiatric Hospital, entered the study;
then, they were randomly divided into intervention and control groups after completing the
informed consent form. The patients received metformin or placebo for 12 weeks. The dose
of metformin was gradually increased and in case of a patient’s tolerance, was prescribed up
to 500 mg twice daily. During the study, all patients received their previous therapies. The
variables included BMI, weight, waist circumference, lipid profile, and fasting blood glucose,
which were studied at the beginning of the study and at weeks 4, 8, and, 12. The data were
analyzed, using a post hoc test by SPSS software.
Results: The results showed a significant decrease in weight (3.5 kg) and BMI (1.30) at the
end of the week 12, and there was a significant reduction in waist circumference (5.9 cm) at
the end of the week 8 compared to the placebo group (P<0.05). Moreover, metformin had no
significant effect on fasting blood glucose and lipid profile in comparison with the placebo
group.
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Discussion: Based on the findings of this study, by reducing the weight, waist circumference,
and BMI, metformin can have a significant role in decreasing the complications of obesity
and metabolic disorders in patients with schizophrenia and schizoaffective disorder. Therefore,
given that the complications of metformin are low and transient, it can be recommended as a
safe and tolerable drug in obese patients with schizophrenia and schizoaffective disorder.
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Highlights
● Obesity and overweight are distressing to psychiatric patients, which may have consequences for adherence to
treatment, and affect the outcomes of rehabilitation programs.
● The administration of metformin 1000 mg/day for 12 weeks for obese patients with schizophrenia and schizoaffective disorder can reduce the weight and BMI of patients in week 12 and decrease waist circumference in week 8.
● Metformin had no significant effect on the reduction of serum fasting blood glucose and lipid profiles compared
with the placebo group.

Plain Language Summary
Obesity and the risk of cardiovascular disease are high in patients with schizophrenia and significantly cause premature death in these patients, but the use of metformin prevents adverse outcomes.

P

1. Introduction

atients with schizophrenia and schizoaffective disorder are at the risk of metabolic complications of antipsychotics, including weight gain, hyperlipidemia, and
glucose metabolic disorders. These drugs
can increase the risk of heart disease and the risk of death
from obesity in these patients. Cardiovascular diseases
cause at least 50% of deaths in patients with schizophrenia. Studies have shown that the side effects of antipsychotics can increase the risk of heart disease and death in
the next 10 years of patients’ lives [1].
In psychiatric patients, obesity is associated with a severe decline in daily activities, sex life, work, energy,
mobility, self-esteem, social/individual life, and physical
function, leading to a decreased general quality of life
and life satisfaction living. Moreover, obesity can affect
the outcomes of rehabilitation programs in psychiatric
patients [2].
The treatment of obesity is more challenging for patients receiving antipsychotic medications [3]. According to Centorrino et al., eating less food and exercising
more is extremely difficult for mentally-ill patients because their treatment increases appetite, causing sedation
and fatigue; on the other hand, their illnesses reduce motivation and cause limited social activities and interactions [3].
Despite the importance of this issue, few studies are
available to control weight gain and metabolic problems
caused by antipsychotics [4]. Among the Food and Drug
Administration (FAD)-approved weight-reducing drugs,
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there are few drugs for patients with schizophrenia [5].
Sympathomimetic drugs such as phentermine, as well
as a combination of topiramate and phentermine, are
relatively contraindicated because of the possible risk
of psychosis aggravation [6]. Orlistat, a pancreatic lipase inhibitor, did not show any significant weight loss
in overweight patients with schizophrenia in a 16-week
study [7]. The safety and efficacy of other weight-reducing drugs, such as lorcaserin (a drug affecting serotonin
receptors), as well as a combination of naltrexone and
bupropion, are currently under study and evaluation for
patients with schizophrenia [6].
Among the weight-reducing non-FDA-approved drugs,
several meta-analyses have shown the moderate efficacy
of metformin, topiramate, fenfluramine, and reboxetine
for the treatment of weight gain caused by antipsychotics
[5, 7]. Metformin, belonging to biguanides, is a blood
glucose-reducing agent that is approved by the FDA for
the treatment of type 2 diabetes. The blood glucose is
influenced by metformin through inhibiting liver gluconeogenesis and increasing peripheral insulin sensitivity.
Metformin has no effect on insulin production and, thus,
does not usually lead to hypoglycemia in patients.
In pre-diabetes and type 2 diabetic patients, metformin
has a relative effect on patients’ weight changes [6]. Various mechanisms, such as changes in gastric emptying
speed with effect on glucagon-like receptors and appetite changes, are reported for metformin [8, 9]. Although
the effect of metformin on weight loss is proven, various
studies conducted on the effect of metformin on weight
changes in patients with obesity caused by antipsychotic
drugs show controversial results.
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Metformin is reported to be a suitable drug for weight
decrease in some studies, while some studies advise further investigation and others have considered it ineffective [10-17]. Winsberg et al. studied the effect of metformin on 35 patients with schizophrenia. Their results
showed that weight loss in the metformin group was
significantly different for the 8-week follow-up period
compared with the control group. In case of positive results, the use of metformin could be recommended as
a supportive treatment in psychiatric patients treated
with antipsychotics to minimize the positive changes in
weight and avoid complications from obesity.
The main aim of the current study was to evaluate the
effect of metformin on weight changes and some metabolic parameters in patients with schizophrenia and
schizoaffective disorder.

2. Methods
As a randomized double-blinded controlled clinical
trial, this study was conducted in the Razi Psychiatric
Hospital from 2018 to 2019. A total of 66 obese patients
with schizophrenia and schizoaffective disorder were
selected based on the Diagnostic and Statistical Manual
of Mental Disorders, fifth edition criteria. The inclusion
criteria included age between 18 and 65 years, BMI≥27,
duration of illness for more than 1 year, receiving 1 or
2 FDA-approved atypical antipsychotic drugs, and no
change in the type and dose of medications used during
the past 1 month. No significant difference was found
between the two groups in receiving other drugs and the
dose of antipsychotics. These patients received the same
diet at the Razi Hospital, and their basic physical activity
was the same based on the program of the department of
psychiatry. The exclusion criteria were determined based
on the study of Dmitri et al. [8].
This study was approved by the Ethics Committee of
the hospital (IR.USWR.REC.1397.124). The identifier
code of the Iranian Registry of Clinical Trials (IRCT)
is IRCT20180502039508N1. After obtaining informed
consent in accordance with the guidelines of the National Health and Medical Research Council, the participants were randomly divided into placebo and metformin groups (n=33). The sample size of the study was
calculated based on the following formula:
In this study, the individuals were randomly allocated
to the two groups, using web-based software (https://
www.Randomization.com), and a random sequence of
numbers was generated.Also, the statistician who generated the random sequence, the investigator who exam-
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ined the participants in terms of the inclusion and exclusion criteria and enrolled them in the study, and the
researcher who assigned the participants to the groups
were separated and independent of each other.
The patients received metformin or placebo for 12
weeks. The dose of metformin was gradually increased
and in case of a patient’s tolerance, it was prescribed up
to 500 mg twice daily. During the study, all patients received their previous therapies. In the metformin group,
capsules containing metformin (500 mg) and in the control group, placebo capsules containing 500 mg of inert
substance (starch powder) were given. In the first week,
a capsule was given daily in the evening and after 1
week, a capsule was added in the morning (up to a maximum dose of 1 g per day) if tolerated by patients. During
this period, the patients were scheduled for a physician
visit, and their vital signs and side effects were studied.
The patients would be excluded from the study if
drug complications or intolerance to dose increasing
happened. Weight loss and the improvement of some
metabolic indices in patients with schizophrenia and
schizoaffective disorder were the primary and secondary
outcome measures, respectively. The variables, including BMI, weight, waist circumference, lipid profile, and
fasting blood glucose were studied at the beginning of
the study and at weeks 4, 8, and 12 for each patient. In
order to maintain blindness, the study medication was
prepared by a nurse not involved in patient care. The patients were not aware of the type of treatment received.
During the research period, no patient had any problem related to drug complications (based on the drug
complications checklist) and was not excluded from the
research; however, only one of the patients treated with
metformin had gastrointestinal symptoms (nausea) in the
first week, after which symptoms improved at the end of
the first week. Mean and Standard Deviation (SD) were
used for quantitative variables, and frequency tables
were used for classification variables. The data were
analyzed by SPSS V. 22, using an independent t test. The
significance level for all tests was considered to be 5%.

3. Results
Patients’ Characteristics
In the present study, patients with schizophrenia and
schizoaffective disorder hospitalized in the departments
of Razi Psychiatric Hospital were investigated. Totally,
66 individuals, who agreed to be present in the study,
were randomly selected to receive metformin or place-
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bo. Of them, 33 received metformin and 33 received a
placebo. Table 1 presents the demographic and clinical
characteristics of the patients.
Comparison of the mean of variables at different
times in the two groups
Table 2 presents the mean weight, BMI, waist circumference, fasting blood glucose, total cholesterol, LowDensity Lipoprotein (LDL), high-density lipoproteins
(HDL), and triglyceride serum levels at different times
of study.
Based on the results (Table 2), before starting the treatment and in the week 4 and week 8 of study, the mean
weight and BMI (SD) in the metformin group did not
significantly differ with the placebo group (P>0.05);
however, the mean weight and BMI in the week 12 of
study showed a significant difference between the two
groups (P<0.05). Before the treatment and in the week
4, the mean waist circumference (SD) in the metformin

group showed no significant difference with the placebo group (P>0.05); however, significant differences
were observed for the mean waist circumference in the
weeks 8 and 12 between the two groups (P<0.05). No
significant difference (P>0.05) was found for the mean
serum level of fasting blood glucose and lipid profiles
(total cholesterol, LDL cholesterol, HDL cholesterol,
and triglyceride) between the metformin and placebo
groups during the study (before treatment, week 4, week
8, and week 12). Figure 1 shows the comparison of mean
weight, BMI, and waist circumference at 4-time points.
Mean changes in the variables studied before the beginning of the study and in the week 12 and Table 3 presents the mean changes in the variables between weeks 0
and 12 in the metformin and placebo groups. The mean
weight changes during 12 weeks of treatment was -3.50
kg (confidence interval 95% = 2.66-4.34) for the intervention group (metformin) and 4 kg (confidence interval

Table 1. Demographic and clinical characteristics of the study patients (overweight with schizophrenia or schizoaffective disorder) treated with metformin or placebo

Variable

P

Metformin (n=33)

Placebo (n=33)

Male

24 (72.7%)

20 (60.6%)

Female

9 (27.3%)

13 (39.4%)

Higher-risk agents causing weight gain (Clozapine-Olanzaoine)

11 (33.3%)

10 (30.3%)

-

Lower-risk agents causing weight gain (Risperidone-Quetiapine)

18 (54.5%)

20 (60.6%)

-

Both higher- and lower-risk agents

4 (12.1%)

3 (9.0%)

-

Sex
Antipsychotic
use
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N (%)

0.340

Variable

Mean±SD

Mean±SD

P

Age (Years)

47±8.50

48.1±12.34

0.782

Weight (kg)

87.03±12.54

89.30±30.60

0.848

BMI (kg/m2)

31.66±3.79

32.79±3.18

0.325

Waist Circumference (cm)

112.97±8.52

115.40±8.01

0.442

FBS mg/dL

97.06±17.96

95.50±11.75

0.943

Total Cholesterol mg/dL

189.94±42.57

184.40±37.01

0.829

LDL (mg/dL)

109.39±29.34

116.30±29.06

0.516

HDL (mg/dL)

41.72±9.59

41.50±12.08

0.885

Triglyceride

140.50±75.84

109.20±40.95

0.362
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Table 2. Comparison of the mean of variables studied at different times in the two groups

Mean±SD
Variables

Week 0

Week 4

Week 8

Week 12

Metformin

Placebo

P

Metformin

Placebo

P

Metformin

Placebo

P

Metformin

Placebo

P

Weight (kg)

87.03
(12.54)

89.30
(30.60)

0.848

85.33
(13.28)

90.00
(13.27)

0.348

84.56
(13.01)

91.20
(13.41)

0.156

83.53
(12.97)

93.00
(71.13)

0.039

BMI (kg/m2)

31.66
(3.79)

32.79
(3.18)

0.325

33.09
(3.07)

0.150

30.74
(3.80)

33.36
(3.07)

0.076

30.36
(3.82)

34.27
(3.24)

0.010

Waist circumference
(cm)

112.97
(8.52)

115.40
(8.01)

0.442

110.28
(8.67)

115.80
(8.02)

0.093

108.03
(8.96)

116.35
(8.29)

0.035

107.00
(8.92)

117.30
(8.09)

0.007

Fasting
blood
glucose (mg/
dL)

97.06
(17.96)

95.50
(11.75)

0.943

95.84
(17.79)

94.70
(12.11)

0.597

94.39
(16.54)

94.20
(11.83)

0.471

96.56
(19.33)

94.30
(11.50)

0.665

Total cholesterol

189.94
(42.57)

184.40
(37.01)

0.829

186.00
(44.80)

175.40
(33.06)

0.388

182.72
(42.27)

176.40
(33.21)

0.773

183.06
(43.98)

184.90
(38.21)

0.719

LDL

10939
(29.34)

116.30
(29.06)

0.516

109.58
(29.17)

105.95
(22.55)

0.718

111.89
(30.84)

106.30
(23.19)

0.647

107.56
(31.35)

112.60
(29.19)

0.427

HDL

41.72
(9.59)

41.50
(12.08)

0.885

43.31
(8.17)

43.95
(8.39)

0.866

42.61
(8.13)

42.80
(8.79)

0.791

43.61
(7.92)

43.90
(8.84)

0.669

Triglyceride

140.50
(75.84)

109.20
(40.95)

0.362

151.78
(80.30)

117.80
(42.46)

0.230

149.89
(73.32)

121.70
(42.78)

0.374

150.44
(79.07)

119.70
(43.46)

0.259

31.02
(3.83)

95% = 5.12-2.88) for the control group (placebo) with a
between-group difference of -7.5 kg (P=0.000).
The mean BMI changes across 12 weeks of treatment was -1.30 (confidence interval 95%=-0.98--1.61)
for the metformin group and 1.48 (confidence interval
95%=1.92-1.04) for the placebo group with a betweengroup difference of -2.78 (P=0.007).
The mean waist circumference changes across 12 weeks
of treatment was -5.97 (confidence interval 95%=-5.12-6.82) for the metformin group and 1.90 (confidence
interval 95%=2.40-1.40) for the placebo group with a
between-group difference of -7.87 (P=0.006).

The mean fasting blood sugar level changes across
12 weeks of treatment was -0.50 (confidence interval
95%=4.66--5.66) for the metformin group and -1.20
(confidence interval 95%=4.18--6.58) for the placebo
group with a between-group difference of 0.7 (P=0.763).
The mean total cholesterol changes across 12 weeks
of treatment was -1.89 (confidence interval 95%=3.21-6.99) for the metformin group and 0.50 (confidence interval 95%=23.20--22.20) for the placebo group with a
between-group difference of -2.39 (P=0.968).
The mean LDL cholesterol changes across 12 weeks
of treatment was -1.83 (confidence interval 95%=3.21-

Figure 1. The comparison of mean weight, BMI, and waist circumference at 4-time points
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Table 3. The mean changes of variables between week 0 and week 12

Variable

Metformin (n=33)

Placebo (n=33)

Comparison of
Metformin with Placebo

Mean

95% CI

Mean

95% CI

Mean

95% CI

T

P

Weight (kg)

-3.50

-2.66 to
-4.34

4.00

5.12 to
2.88

-7.5

4.56 to
-16.60

-1.369

0.000

BMI (kg/m2)

-1.30

-0.98 to
-1.61

1.48

1.92 to
1.04

-2.78

0.397 to
-5.437

-3.153

0.007

Waist circumference (cm)

-5.97

-5.12 to
-6.82

1.90

2.40 to
1.40

-7.78

0.502 to
-13.230

-3.630

0.006

Fasting blood glucose
(mg/dL)

-0.50

4.66 to
-5.66

-1.20

4.18 to
-6.58

0.7

14.775 to
-10.964

0.093

0.763

Total cholesterol

-1.89

3.21 to
-6.99

0.50

23.20 to
-22.20

-2.39

31.880 to
-33.180

-0.002

0.968

LDL

-1.83

3.16 to
-6.82

-3.70

15.36 to
-22.76

1.87

17.215 to
-29.171

0.281

0.601

HDL

1.89

5.29 to
-1.51

2.40

6.02 to
-1.22

-0.51

7.194 to
-7.260

-0.014

0.993

Triglyceride

9.94

23.34 to
-3.45

10.50

35.34 to
-14.34

-0.56

84.298 to
-22.254

-1.433

0.242

-6.99) for the metformin group and -3.70 (confidence
interval 95% = 15.36--22.76) for the placebo group with
a between-group difference of 1.87 (P = 0.601).
The mean HDL cholesterol changes across 12 weeks
of treatment was 1.89 (confidence interval 95% = 5.29-1.51) for the metformin group and 2.40 (confidence interval 95% = 6.02--1.22) for the placebo group with a
between-group difference of -0.51 (P = 0.993).
The mean triglyceride changes across 12 weeks of
treatment was 9.94 (confidence interval 95% = 23.34-3.45) for the metformin group and 10.50 (confidence
interval 95% = 35.34--14.34) for the placebo group with
a between-group difference of -0.56 (P = 0.993).

4. Discussion
Obesity and overweight are distressing to psychiatric
patients, which may have consequences for adherence
to treatment by these individuals. Because of the negative quality of life outcomes of obesity, as well as health
risks, preventing weight gain and effective weight management are of particular importance in the treatment of
people having a psychiatric illness [18].
The aim of this study was to investigate the effect of
metformin on weight loss and metabolic control in obese
patients having schizophrenia and schizoaffective disorder. For this purpose, 66 patients, who suffered from
schizophrenia and schizoaffective disorder according to
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Between-group
Difference

the Diagnostic and Statistical Manual of Mental Disorders, fifth edition criteria, were studied in two groups
receiving metformin and placebo for 12 weeks. The patients could use any of the atypical antipsychotics and
stable doses of other drugs. Diabetes and conditions increasing the risk of metformin-induced lactic acidosis
were the limitations of medication to enter the study.
Therefore, the results of this study can be generalized
and applicable to a wide range of patients. At the end of
the 12th week, the results showed a significant decrease
in weight (3.5 kg), BMI (1.30), and waist circumference
(5.9 cm) compared to the control group. This result is
consistent with the findings of Wang et al., Jarskog et al.,
and Wu et al.; however, the weight loss rate was different
in these studies. No significant weight loss was reported
in the study conducted by Baptista et al.
The rate of weight loss may be affected by ethnicity.
For instance, the most weight loss is reported in East
Asian patients (Chinese). In two studies, a weight loss
of 4.9% and 4.1% were reported in the metformin group
for Chinese patients [11]. Also, the weight loss will be
higher (7.3%), when metformin is combined with diet
and exercise regimens [12]. Treatment with metformin
has had a lesser impact on Hispanic patients. In two
studies, Hispanic patients showed a weight loss of 1.4
kg and 1.87 kg [15, 16]. The results of a study in the
United States for patients with BMI>27 showed that
after receiving metformin, the mean weight of patients
decreased by 3 kg (2.8%) [6]. Based on the results of
previous studies, a one-unit increase in BMI in patients
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receiving antipsychotic drugs is an important indication
for initiating a therapeutic intervention to control weight
gain in these patients [19].
In the present study, it was found that metformin reduced BMI by more than 1 unit within 12 weeks; however, given that achieving the desired weight loss in
these patients requires continued treatment with metformin beyond 12 weeks, it is necessary to determine
whether continued treatment with metformin beyond
12 weeks can cause decreased BMI or not. In this regard, the results of a study on 84 non-obese women
with schizophrenia, who were in the first episode of
amenorrhea and received metformin for 6 months, indicated a significant weight reduction in these patients
compared to placebo [14]. Also, evidence of weight loss
is reported in pre-diabetes and type 2 diabetic patients
receiving metformin for 12 months [9, 20]. Weight loss
methods in patients with schizophrenia are limited. In
the United States, in addition to metformin, topiramate
is the only marketed drug, and the results of a metaanalysis showed that this drug can lead to a significant
weight loss (about 2.5 kg) [5].
Another pharmacological approach to weight loss in
this population is to change the type of antipsychotic
drug with less weight gain. Studies show significant
weight loss, using this method [21, 22].
Although in these studies changing the type of antipsychotics is generally safe and does not lead to relapses, the change of antipsychotics should be done
with considerable clinical care and supervision. Overall, based on the results of studies, where metformin
is prescribed with antipsychotics, metformin is one of
the few safe and effective methods for overweight patients, who use antipsychotics. The focus of previous
studies was on the effect of metformin on antipsychotics weight gain in the first attack of schizophrenia. For
example, the results of a study on 128 Chinese adults
with schizophrenia, whose baseline weight increased
by 10% because of receiving antipsychotics, showed
that metformin with a behavioral intervention can result in an average weight loss of 4.7 kg after 12 weeks
of treatment, while behavioral intervention alone resulted in an average loss of 1.4 kg in weight [12].
A comparison of these findings with the data of the current study reveals the higher efficiency of metformin to
reduce weight in patients with the first attack of psychosis. In adults with chronic psychosis, two studies showed
no significant changes in the weight loss between metformin and placebo. In the first study, there were 40
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hospitalized patients (mean BMI of 23), who started receiving Olanzapine [16]; however, in the second study,
80 patients were already receiving Olanzapine [23]. In
a study, in which 61 chronic patients received clozapine (mean BMI of 28), a small difference was observed
between placebo and metformin after 14 weeks [15]. In
the previous studies, the effects of metformin on lipid
profiles in schizophrenic patients are not measured [11].
The results of the present study showed that metformin had no significant effect on serum triglyceride, HDL
cholesterol, and LDL cholesterol. Also, in a study on
patients receiving clozapine, no different effect of metformin on serum lipids was reported, which is consistent
with our results [15]. Although, in the study performed
by Jarskog et al. not all patients, who were included in
the study, had abnormal serum lipid levels and the average serum lipid level was abnormal or nearer to it [24].
The results of this study showed that metformin caused a
significant reduction in serum triglyceride levels (-2 mg/
mL), which did not match our results [6].
The reason for this discrepancy is the difference in average serum lipid levels in patients entering the study.
The fasting glucose levels showed no changes between
metformin and placebo groups during the study. This
can be because of the short duration of the study so that
more duration is likely needed to reveal the effects of
metformin on reducing blood glucose levels in people
with normal blood glucose levels. This finding is consistent with the results of a study by Man Wang et al., in
which the level of fasting insulin in the two groups was
significantly different, but the fasting blood glucose level
did not change [10].
In contrast, the result of this study is inconsistent with
the findings of Wang et al. in patients with schizophrenia, in which metformin was associated with a decrease
in fasting glucose compared with placebo. This discrepancy can be as a result of differences in diet, pathophysiology, and pharmacokinetics between the two studied
populations. In general, although in this study the mean
serum glucose level did not show significant differences
between the two groups, metformin has benefits in preventing diabetes in pre-diabetes patients; it indicates the
fact that diabetes prevention can be another potential
benefit of metformin for obese patients with schizophrenia and schizoaffective disorder in long term [21].
The length of the study period (12 weeks) was one of
the limitations of this study. Therefore, it should be determined whether losing weight will be sustained in these
patients by stopping treatment with metformin. The sec-
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ond limitation, not addressed in this study, was whether
nutritional or behavioral interventions along with metformin therapy could be more effective in controlling
the weight of patients. The results of a study, in which
the patients receiving antipsychotics had more than 10%
weight gain, showed that metformin along with lifestyle
modification had an additive effect on weight loss [12].

5. Conclusion
Based on the results of this study, the administration
of metformin 1000 mg/day for 12 weeks for obese patients with schizophrenia and schizoaffective disorder
can reduce the weight and BMI of patients in week 12
and decrease waist circumference in week 8. Moreover,
metformin had no significant effect on the reduction of
serum fasting blood glucose and lipid profiles compared
with the placebo group. The results of this study clearly
showed that because of the low and transient side effects
of metformin, this drug can be regarded as safe and tolerable for weight reduction in obese patients with schizophrenia and schizoaffective disorder.
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