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Metformin Attenuates Liver Fat Content: Finding from
Schizophrenia Patients with Olanzapine-induced Weight Gain
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Objective: This study was performed to evaluate the efficacy of metformin on liver fat content (LFC) in first episode
schizophrenia patients with olanzapine-induced weight gain, and the relationship between the change of LFC and the
other metabolic indices.

Methods: In a double-blind study, the clinically stable inpatients with first-episode schizophrenia under olanzapine mon-
otherapy who gained more than 7% of their baseline weight were randomly assigned to two groups; one with olanza-
pine plus metformin (1,000 mg/day) (metformin group) and the other with olanzapine plus placebo (placebo group)
for 16 weeks. All patients continued to maintain the original olanzapine dosage. LFC was measured by magnetic reso-
nance imaging at baseline and at the end of 16 weeks, respectively. At the same time, glucose and lipid metabolism,
homeostasis model assessment of insulin resistance index (HOMA-IR) were measured respectively, analyzing the correla-
tion between the change value of LFC and other indicators.

Results: Over the 16-week study period, LFC value in metformin group decreased compared with baseline. LFC change
across the 16-week treatment period was —2.91% for the metformin group and 0.59% for the placebo group, with
a between-group difference of —3.5% (95% confidence interval, —6.08 to —0.93; p = 0.009). Compared to baseline,
in the metformin group, triglyceride and HOMA-IR reduced significantly, while high density lipoprotein cholesterol
increased significantly at weeks 16. There was positive correlation between LFC changes and triglycerides, HOMA-IR
changes significantly.

Conclusion: Metformin can significantly attenuate LFC in schizophrenia patients with olanzapine-induced weight gain.
It may be related to the improvement of the part of the glucolipid metabolic indices.
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INTRODUCTION

Currently, with the dramatic improvement achieved in
clinical psychiatry by the use of atypical antipsychotic
(AAP) agents, prevention and treatment of metabolic de-
rangement induced by the AAP has gradually been a main
concern in current clinical practice [1]. These AAP-asso-
ciated adverse effects include weight gain, glucose dysre-
gulation, insulin resistance, hyperlipidemia and hyper-
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tension, which can increase the risk of cardiovascular dis-
ease [2] and mortality from cardiovascular disease [3].
Olanzapine, along with clozapine, has the greatest pro-
pensity of all available AAPs to induce weight gain and
metabolic dysregulation. The underlying pathophysio-
logical mechanisms of these metabolic disturbances have
not been fully elucidated. It seems to be largely attribut-
able to insulin resistance [4].

Metformin, as a hepatic-selective insulin sensitizer, has
the potential effect of prevention or controlling the meta-
bolic disturbance. In general population patients, metfor-
min has widely been used to control blood glucose levels,
weight gain, dyslipidemia and other metabolic dysregula-
tion. It shows obvious effects for diabetes prevention in
high-risk patients and non-diabetic obesity [5]. Accumulating
evidences in the schizophrenic population have demon-
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strated that metformin is effective and safe in improving
weight gain and insulin resistance induced by olanzapine
[6-10]. What's more, metformin can continue to accrue
with longer treatment [11]. On the other hand, metformin
can improve lipid metabolic disturbances associated with
the treatment of antipsychotic. A recent animal model ex-
periment suggested that metformin could lower plasma
triglycerides [12]. However, there are few literatures con-
cerning the effect of metformin on liver fat content (LFC)
during AAP therapy.

Ectopic fat storage, the storage of triglyceride droplets
in nonadipose tissues (such as liver or skeletal muscle), is
one of the important pathophysiological basis of insulin
resistance [13], which can exacerbate hepatic insulin re-
sistance and increase risk of developing both type 2 dia-
betes mellitus and cardiovascular disease [14]. The liver is
a key visceral organ that is affected by ectopic fat accumu-
lation [15,16]. Intrahepatic fat is associated with insulin
resistance in healthy [17] and diabetic [18]. The study in
overweight or obese subjects found that insulin sensitivity
and cardiorespiratory fitness may be linked through intra-
hepatic lipid content [19]. In addition, clinical study in
adults and adolescents showed that LFC, rather than total
body- or visceral fat mass, can independently determine
insulin resistance [20].

So far, although LFC is intimately related to insulin re-
sistance, there have been few reports on the effect of met-
formin for metabolic disturbance induced by antipsychotics
from the change of LFC in schizophrenia patients. In this
article, we report a 16-week randomized, double-blind,
placebo-controlled trial that observed the change of LFC
during metformin addition for olanzapine-induced weight
gain in first episode schizophrenia patients.

METHODS

Design

The study was conducted between September 2013
and September 2014. Participants were randomly as-
signed to treatment condition on the basis of a computer-
generated sequence of numbers. Allocation was con-
cealed using sealed opaque envelopes. The participants
were randomly assigned to 16 weeks of adjunctive olan-
zapine with either metformin or placebo. With reference
to former studies, we determined that the dose of metfor-
min was 1,000 mg/day, which was a safe and effective

dosage. For the first seven days, participants took 250 mg
of metformin or placebo three times a day. Afterwards,
500 mg of metformin or placebo was given twice a day for
rest of the trial, one before lunch and one before dinner.
The olanzapine doses remained at a fixed dose as base-
line levels throughout the course of treatment. After a
complete description of the study to the subjects, the trial
was approved by the local ethics committee and written
informed consent was obtained from the subjects. The pri-
mary outcome measure was between-group change in LFC
over 16 weeks. It was hypothesized that metformin would
produce greater LFC reduction compared with placebo.

Participants

The participants were recruited from the No. 102
Hospital of Chinese People’s Liberation Army. Eligible
participants were 18 to 50 years old; met criteria for schiz-
ophrenia, as determined by the Diagnostic and Statistical
Manual of Mental Disorders 4th edition (DSM-IV). All par-
ticipants remained hospitalized and had the same diets
throughout the trial. The same inclusion criteria were 1)
under olanzapine monotherapy with a stable dose of
olanzapine (= 5 mg/day and < 30 mg/day) for at least 2
months; 2) had been maintained on the same daily doses
of olanzapine for at least 4 weeks prior to study entry; 3)
were willing to lose weight or prevent excessive body
weight gain; 4) had to have relatively stable improvement
(the total score of Positive and Negative Symptom Scale
[PANSS] < 60); 5) daily alcohol consumption < 20 g/day
(men) or 10 g/day (women). Other enrollment criteria in-
cluded that participants gained more than 7% of their pre-
drug body weight. Participants were recruited from the
first episode schizophrenia patients. All participants were
asked to fill in a questionnaire about previous history and
physical activities.

The following participants were excluded from the
study if during the screening they had evidence of liver or
renal dysfunction, cardiovascular disease, diabetes melli-
tus, pulmonary or neurological disease; were pregnant or
lactating. Patients were also excluded if they had received
a psychiatric diagnosis other than schizophrenia, or treat-
ment with either glucose- or lipid-lowering medications,
use of drugs, or any contraindication for magnetic reso-
nance imaging (MRI).

Participants began a controlled-energy diet (near 600
kcal daily deficit) based on the American Heart Associa-
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tion recommendations that included 50% of calories from
carbohydrates, 30% from fat (6% saturated), and 20%
from proteins, with a maximum cholesterol content of
300 mg/day and 35 g/day of fiber. Participants were not
treated with vitamins or mineral preparations during the
study [21]. Participants performed light to moderate ex-
ercises for at least 30 minutes per days. The results of
physical examinations and laboratory and electrocardio-
gram tests were normal.

All participants were informed of the study and pro-
vided written informed consent. This study was approved
by the Research Ethics Review Board of No.102 Hospital
of Chinese People’s Liberation Army (No. 2013-015).

Measures

The baseline assessments included demographics,
physical examination, including anthropometric meas-
urements and MRI assessments. All anthropometric meas-
ures were taken by trained healthcare professionals with
standardized equipment at baseline, and weeks 4, 8, 12,
and 16. Anthropometric measures included weight, height,
body mass index (BMI), waist circumference (WC), and
waist-height ratio (WHR). WHR is thought as a better pa-
rameter of central obesity and could be applicable univer-
sally regardless of race, perhaps even gender [22]. Weight
and height were measured on calibrated scales. WC was
measured at the umbilicus level while the participant was
standing erect. BMI was calculated as the weight (kg) div-
ided by the square of the height (m”). WHR was calculated
as the WC divided by the height. All body measurements
were conducted after fasting for 12 hours or more.

A 1.5-T MR imager (Siemens Magnetom Essenza,
Shenzhen, China) was used for MRI. Patients were asked
to have breathing training before scanning in order to
minimize respiration artifacts. Subjects were instructed to
hold their breath for about 30 seconds each time during
the scanning. Patients were examined in a supine
position. Liver fat was imaged by using dual gradient echo
(DGI) MRI method, according to the modified Dixon
method. The entire liver was scanned twice with
breath-hold (approximately for 20 seconds per scan). DCI
sequence parameters were as follows: repetition time mil-
lisecond/echo time millisecond, 130/2.4 (opposed
phase), 4.8 (in phase); flip angle, 70°; section thickness,
5.5 mm; breath hold. MRI were visually chosen as accu-
rately as possible on the same position in the liver. The

mean signal intensity values of all regions of interest
(ROIs) were determined at the same locations for in-phase
and opposed-phase MRI. LFC was calculated by using the
following equation [23]: (Slip—Slop/2 Ship) x 100%, where
Slip and Slop are the mean liver signal intensity of all ROls
on in-phase and opposed-phase images, respectively.
Data were processed with Imager software by an experi-
enced magnetic resonance physicist (5 years of experi-
ence), blinded to the study results.

The primary outcomes are the changes of LFC. The sec-
ondary outcome include body weight, BMI, WC, and
WHR.

Statistical Methods

Baseline characteristics of the metformin and placebo
groups were compared using ¢ test for independent
samples. Student’s ¢ test were used as appropriate to eval-
uate between-group differences in changes of LFC from
baseline to endpoint, and changes of body weight, BMI,
WC, and WHR from baseline to each time point. The
main strategy involved analysis of covariance (ANCOVA)
with repeated measurements, with corresponding base-
line values as covariates. Relationships between LFC and
metabolic variables were assessed with Pearson or Spearman
correlations. All analyses were run in SPSS, version 17.0
for Windows (SPSS Inc., Chicago, IL, USA). A p value < 0.05
was considered statistically significant. All tests were
based on a two-sided level of significance.

RESULTS

Demographic and Basic Descriptive Data

Thirty-six patients entered the study. Of these, five with-
drew from the study within the first 4 weeks because of ex-
acerbation of psychosis (two placebo patient) and nausea
(two metformin patients and one placebo patient). This re-
sulted in 31 patients who were included in the study.
Demographic data collected at the beginning of the study
showed there was no difference between the metformin
group (n = 16) and the placebo group (n = 15) in terms of
age (t= —0.28, p=0.78), height (= —1.11, p=0.28),
weight (= —1.22, p=0.23), WC (¢= —0.58, p=0.56),
BMI (1= —0.28, p=0.78), WHR (= 0.09, p=0.78), and
LFC (¢=0.37, p=0.72). The two treatment groups did not
differ significantly in demographic or LFC at the baseline
(Table 1).



70 L.Wang, eral.

Table 1. Baseline characteristics of participants

Variable Metformin group (n = 16) Placebo group (n = 15) t p value
Age (yr) 28.44 +8.92 29.27 +7.44 —0.28 0.78
Height (m) 1.61 +0.09 1.65 = 0.07 —1.11 0.28
Weight (kg) 72.53 £9.26 76.47 + 8.65 —1.22 0.23
Waist circumference (m) 0.95+0.11 0.97 £ 0.08 —0.58 0.56
Body mass index (kg/m?) 27.93 +3.76 28.28 +3.33 —0.28 0.78
Waist-to-height 0.59 £ 0.07 0.59 = 0.06 0.09 0.78
Liver fat content (%) 19.47 £ 8.99 18.20 = 10.16 0.37 0.72
Values are presented as mean =+ standard deviation.
Table 2. Liver fat content (LFC) change across the 16-week treatment 20.0 - Group .
. : —&— Metformine
between metformin group and placebo group
19.5 4 - - Placebo

Variable Metformin group Placebo group

LFC (%) 16.55 £ 7.51
Difference from baseline (%)° —2.91 £4.01

18.79 £ 10.87
0.59 +2.87

Values are presented as mean = standard deviation.
?95% confidence interval, —6.08 to —0.93; p=0.009.

Changes in LFC

Table 2 shows descriptive data for changes in LFC over
time. A two-way repeated ANOVA (drug x time) of LFC
showed a significant interaction between the two factors
(F=8.437, p < 0.01), but not time (F=3.956, p=0.056)
(Fig. 1). LFC change across the 16-week treatment period
was —2.91% for the metformin group and 0.59 for the
placebo group, with a between-group difference of —3.5%
(95% confidence interval, —6.08 to —0.93; p = 0.009)
(Table 2). The between-group difference demonstrated a
significant time-by-treatment interaction (p=0.009). Table
3 shows the change from baseline to 16 weeks for primary
outcome variables among weight gain inpatients with
schizophrenia treated with metformin.

Correlation Analysis

The change of LFC was positively correlated with se-
rum triglyceride level (r=0.505, p < 0.05) and homeo-
stasis model assessment of insulin resistance index
(HOMA-IR) level (r=0.578, p < 0.05) before and after
metformin intervention (Table 4).

DISCUSSION

LFC is a measure of liver fat deposition. The study
shows that more than 95% of liver fat exists in the form of
triglycerides, and the level depends on the dynamic bal-

LFC (%)

16.0
Baseline 4 8 12 16

Time (wk)

Fig. 1. Effects of 16 weeks of treatment with metformin or placebo
on liver fat content (LFC). Each point represents mean =+ standard
deviation based on mixed model repeated measures analysis. Time
(week) effect: F = 3.956, degree of freedom (df) = 1, p = 0.056
(non-significant); drug x time effect from mixed model analysis of
variance: F=8.437,df =1, p < 0.01.

Table 3. Change from baseline to 16 weeks for primary outcome
variables among weight gain inpatients with schizophrenia treated
with metformin

. Before After
Variable . L . t p value
intervention intervention

FPG (mmol/L) 5.3+0.2 5.5+0.2 0.616 0.543
HbAlc (%) 5.0+0.6 49+0.5 0.309 0.762
TG (mmol/L) 24 +0.7 2.1+0.6 2.242 0.041
TC (mmol/L) 53+0.6 5107 1.009 0.329
HDL-C (mmol/L) 1.1+0.4 1.6 +0.5 3.226 0.046
LDL-C (mmol/L) 3.1+0.4 29+0.6 1.258 0.228
HOMA-IR 3.5+0.6 3.1+£04 2.166 0.047

Values are presented as mean =+ standard deviation.

FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; TG,
triglycerides; TC, total cholesterol; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR,
homeostasis model assessment insulin resistance index.
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Table 4. Pearson correlation analysis of changes of LFC and glycolipid metabolism indexes before and after metformin intervention

FPG (mmol/L) HbAlc (%) TG (mmol/L)  TC (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) HOMA-IR
LFC (%) 0.441 0.378 0.505 0.450 —0.399 0.286 0.578
p value > 0.05 > 0.05 < 0.05 > 0.05 > 0.05 > 0.05 < 0.05

LFC, liver fat content; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; TG, triglycerides; TC, total cholesterol; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment insulin resistance index.

ance between lipid intake, synthesis, output, and oxida-
tion. Our previous studies showed that olanzapine treated
patients had increased LFC, and fatty liver could occur
during acute treatment. The increase of liver fat has an ini-
tiating effect on metabolic disorders of patients, and can
increase the risk of diabetes and cardiovascular diseases.

Metformin was used in weight control in 1965, but the
related research focused on type 2 diabetes, polycystic
ovary syndrome, simple obesity and other specific groups.
The effectiveness of the body weight control depends on
the medium and long term treatment effect of the drug.
Most of the studies have been observed for at least 12
weeks, partly for up to 4 years. In this study, the changes
of LFC in patients with metformin during weight reduction
were observed. The results showed that metformin inter-
vention group could significantly reduce the LFC in the
schizophrenia patients with weight gain caused by
olanzapine. In the previous study of non-alcoholic fatty
liver disease patients without diabetes, 24 weeks of met-
formin intervention could reduce the level of LFC and
reach 50% [24]. The trend of LFC in this study was con-
sistent with this, and the mechanism may be with two
metformin on adenylate activated protein kinase (AMP-
activated protein kinase, AMPK) has activation effect on
[25]. AMPK is regarded as the “total switch” of the body’s
energy. Activation of AMPK can increase the effect of glu-
cose transporter 4, thereby increasing the insulin sensi-
tivity of the peripheral and liver at the receptor level; at the
cell level, it can reduce the synthesis of liver fat, increase
the oxidation of fatty acids, reduce the accumulation of fat
in the liver, and eventually reduce the fat content of the
liver [26].

This study showed that the change trend of glycolipid
metabolism index and insulin resistance in metformin
was basically consistent with the previous research
results. All of these were supported by the studies which
showed metformin could significantly improve olanza-
pine induced metabolic disorder in schizophrenic pa-

tients [7,27,28]. Among these indicators, there is more
positive and more affirmative effect. Metformin can re-
duce the body weight, BMI, WC, and triglyceride level; it
also has some improvement on insulin resistance [10,29],
but it is not sure that the effect of metformin on the fasting
blood sugar of the patient. Studies on the effects of hemo-
globin are less reported.

Metformin, as a kind of guanidine oral hypoglycemic
agent, has complex pharmacological effects, which can
inhibit the active rotation of glucose in small intestine
cells, improve the insulin sensitivity of peripheral tissue
and increase the use of glucose, and improve liver insulin
resistance to inhibit the liver glycogen isogenesis and re-
duce the liver sugar output. However, it is generally be-
lieved that metformin does not reduce the level of blood
glucose in non-diabetic patients, which explains to some
extent that the changes in fasting blood glucose and gly-
cated hemoglobin are not significant in this study. In addi-
tion to hypoglycemic effect, the pharmacological action
of metformin in recent years is a hot spot, which is a varie-
ty of effects of metformin and hypoglycemic effect, such
as lowering serum triglyceride level and cholesterol level
and increasing the level of high density lipoprotein; in
some patients, the effect of reducing weight is also ob-
served [30].

Hyperglycemia and hyperlipidemia are both the com-
ponents of metabolic syndrome and the high risk factors
of metabolic syndrome. Metformin has a regulatory effect
on the 2. Metformin has a significant effect on blood lipids
besides the well-known hypoglycemic effect. It can re-
duce the blood lipid level of hypertriglyceridemia to 50%.
Metformin is involved in the process of lipid metabolism
by activating AMPK, regulating the process of fatty acid
synthesis, oxidation and lipid lipidization, reducing the
level of triglyceride [31,32], and also affecting the biosyn-
thesis and storage of cholesterol, and reducing low den-
sity lipoprotein cholesterol and increasing the level of
high density lipoprotein cholesterol.
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The results of this study showed that triglyceride levels
in blood lipids were correlated with changes in LFC be-
fore and after intervention. There was a correlation be-
tween the increase of LFC and hyperlipidemia. A sum-
mary analysis of the results of a number of cross-sectional
studies showed that the incidence of hyperlipidemia in-
creased significantly with the increase of LFC and the in-
cidence of hyperlipidemia [33]. The level of lipoprotein
cholesterol, in the large sample study of two Chinese peo-
ple, the LFC and serum triglyceride level (r=0.260 and
0.263), high density lipoprotein cholesterol level (r= —0.320
and —0.147, respectively) were related. The result of this
study is close to that of it. The results of one study in the
animal model of fatty liver provide more direct evidence
for the results of this study. The study showed that metfor-
min can effectively reduce the LFC and the expression of
liver fatty acid synthetase. Meanwhile the decrease rate of
LFC was positively correlated with the decrease rate of tri-
glyceride, total abdominal fat and insulin level [32].

No correlation was found between LFC and fasting
blood glucose and glycosylated hemoglobin. We consider
a variety of factors that may affect the results of correlation
analysis: 1) no significant changes in glycometabolism be-
fore and after metformin intervention were observed in
this study; 2) previous studies have not been clear about
the relationship between glycometabolism and LFC. One
study reported that there was a significant correlation be-
tween them (r=0.599), but a later study found that the cor-
relation between the two groups was not significant (r =
0.18). We further analyzed the two results and found that
the previous study included a considerable proportion
(62/109) of patients with abnormal glucose metabolism.
The relationship between blood glucose and LFC was dif-
ferent in the latter study. It is not difficult to understand that
the blood glucose level of this group is in the normal range
and is closer to the later subjects.

It should be pointed out that this result does not explain
the causal relationship between the changes of LFC and
the changes of insulin resistance after metformin treat-
ment, but can only reflect the both of them are coex-
istence and interrelated components of metformin inter-
vention. Which one is first, LFC or insulin resistance?
Some researchers argued that liver fat deposition is the
consequence of insulin resistance [34], and other re-
searchers believed that liver fat deposition has a starting
effect on insulin resistance. However, more viewpoints

hold that the two factors are mutual cause and effect,
forming a vicious circle, forming the common foundation
of the pathogenesis of metabolic syndrome. In explaining
the correlation between LFC and insulin resistance after
metformin intervention, we also have a compromise view
due to lack of sufficient evidence.

The main shortcomings of this study are as follows.
First, the small sample size can affect the efficiency of sta-
tistics; because of the existence of gender bias, it has an
impact on some of the research indicators. Second, many
indicators of this study, including LFC, are affected by
many factors such as age, sex and so on. It is difficult to
correct them effectively because of the small sample size.
In addition, the determination of LFC by MRI is techni-
cally demanding and expensive, and is not suitable for
clinical application. In the follow-up study, ultrasound
LFC quantification technology can be considered as a
substitute for clinical application.

Despite these limitations, the results from this study
have provided preliminary evidence that metformin is ef-
fective in promoting reducing LFC and weight gain in-
duced by olanzapine in patients with first episode schizo-
phrenia. In the process of metformin intervention in the
schizophrenic patients with olanzapine induced weight
gain, LFC decreased, accompanied by significant changes
in glycolipid metabolism index and insulin resistance,
and correlated with the changes of LFC to varying
degrees. This study has provided some insight in this area,
but much additional work remains, and important ad-
vances are anticipated in the coming years.
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