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Results: Weight was stabilized in subjects
receiving metformin, while those receiving
placebo continued to gain weight (0.31 kg/
week). Because the study was conducted
with growing children, metformin treat-
ment resulted in reduction in z scores for

Objective: Second-generation, or atypi-
cal, antipsychotics effectively treat psychi-
atric illness in children and adolescents.
However, weight gain and abnormalities
in insulin sensitivity, including diabetes,
complicate this therapy.

Method: A 16-week double-blind, pla-
cebo-controlled trial was conducted to eval-
uate the effectiveness of metformin in man-
aging weight gain in 39 subjects, ages 10—
17, whose weight had increased by more
than 10% during less than 1 year of olanza-
pine, risperidone, or quetiapine therapy.
Body weight, body mass index (kilograms
per square meter of height), and waist cir-
cumference were measured regularly, as
were fasting insulin and glucose levels.

both weight and body mass index. The ho-
meostasis model assessment, a surrogate
indicator of insulin sensitivity, decreased in
treated subjects. Overt diabetes was diag-
nosed in two subjects before treatment (el-
evated baseline fasting glucose and insulin
values) and in two placebo-treated sub-
jects (one at week 12 and the other after
study completion). One subject taking pla-
cebo developed impaired fasting glucose.
Placebo treatment was associated with the
need to perform oral glucose tolerance
testing upon study completion, by which
three additional subjects were identified
with impaired glucose tolerance. No seri-
ous adverse events resulted from met-
formin treatment.

Conclusions: Metformin therapy is safe
and effective in abrogating weight gain,
decreased insulin sensitivity, and abnor-
mal glucose metabolism resulting from
treatment of children and adolescents
with atypicals.

(Am J Psychiatry 2006; 163:2072-2079)

S econd-generation, or atypical, antipsychotic medica-
tions have been used to treat psychiatric illness in children
and adolescents with increasing frequency over the last de-
cade (1-4). This is due in part to their ability to effectively
control many symptoms associated with cognitive deficits,
mood disorders, and difficulties with impulse control and
excitability, with resultant functional recovery (5). These
effects may be achieved with lower rates of extrapyramidal
side effects and tardive dyskinesia than has been observed
with use of “typical” antipsychotic agents. However, thera-
peutic success is associated with substantial weight gain,
with resultant increased risk of developing insulin resis-
tance syndromes, cardiovascular disease, and other com-
plications of obesity in a population already prone to these
comorbidities (6-9). Weight gain may itself negatively im-
pact patient compliance, being a major reason for drug
discontinuation in one recent drug comparison (10).
Understanding the mechanism of weight gain during
treatment with atypicals may help in the design of effec-
tive treatments and preventive measures to address these

changes. Hyperglycemic hyperinsulinemic clamp studies
in normal subjects showed that acute treatment with
olanzapine had no effect on insulin secretion (11). Subse-
quently, Henderson et al. showed that long-term treat-
ment with atypical antipsychotics caused insulin resis-
tance and decreased glucose effectiveness in lean patients
with schizophrenia (7). Studies in dogs showed that 3-cell
compensation for atypical-induced hepatic insulin resis-
tance was impaired when compared with that in animals
with obesity induced by a high-fat diet, suggesting that
neural input may influence the insulin response to these
agents (8). Thus, atypicals may have direct effects on hy-
pothalamic appetite centers, alter satiety signals emanat-
ing from adipose tissue or gut, or create hormonal resis-
tance to satiety control.

Studies to determine safe and effective means of weight
control for patients taking atypicals have been short term
and involved small numbers of subjects, leading one re-
viewer to conclude that lifestyle change is the sole treat-
ment currently available for these patients (12). While life-
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style change has been the most effective means of weight
loss in obese adults (13-16), it is particularly difficult to suc-
cessfully institute behavior and dietary modifications in
subjects with neuropsychiatric disorders (17). Metformin
treatment has been utilized to treat obese adolescents with
a family history of type 2 diabetes (18). The drug, which in-
hibits hepatic glucose production, was well tolerated and
prevented continued weight gain while it decreased mea-
sures of insulin resistance (18). We found that metformin
therapy also resulted in weight loss in a 12-week study of 19
subjects ages 10-18 who had gained weight during atypical
antipsychotic therapy (19). Herein we confirm these results
in a double-blind, placebo-controlled fashion at higher
metformin doses over a longer treatment period.

Method

Subjects

Children ages 10-17 years who had gained more than 10% of
their predrug weight during less than 12 months of treatment with a
targeted atypical antipsychotic agent—olanzapine, risperidone, or
quetiapine—were recruited for the metformin trial. Subjects could
be taking other psychotropic agents, but only one atypical, whose
dose had not changed by more than 25% over the past 3 months.
Those prescribed other agents that may affect body weight (lithium,
valproate, carbamazepine, topiramate, and other antidepressants)
were required to have been on stable regimens of these drugs for at
least 30 days prior to starting the study and to remain on these regi-
mens, with stable doses, throughout the duration of the study. Sub-
jects with previously diagnosed diabetes mellitus, seizure disorders,
a history of neuroleptic malignant syndrome, mental retardation
(IQ <50), or pregnancy were excluded. Baseline anthropometric
measures and laboratory studies were performed only after signed
parental informed consent was obtained, with signed child assent
where possible. The successful collection of anthropometric mea-
sures constituted a complete study visit.

Subjects with consent who were found to have exclusion crite-
ria either after baseline testing or during the study were classified
as dropouts. Subjects were dropped from the study if the study
drug was discontinued but not if another medication was added.
They were also considered dropouts if they did not attend the fi-
nal study visit but not if they failed to attend an interval visit. No
subject who completed the study failed to attend more than one
interval visit. The study protocol and informed consent docu-
ment were found to follow the guidelines of the Health Insurance
Portability and Accountability Act of 1996 and were approved by
the Scientific Advisory Committee and the Institutional Review
Board of the Clinical Research Center of the University of Cincin-
nati and Children’s Hospital Medical Center.

Study Protocol

A randomized, double-blind, placebo-controlled design was
used; the study drug was metformin. Subjects were given one 500-
mg capsule containing either metformin or an identical-appear-
ing placebo at their evening meal for 1 week, after which a second
dose was added before breakfast. After the second week, the dose
was increased to 850 mg given with these meals for an additional
14 weeks. Subjects visited the Clinical Research Center at baseline
and weeks 4, 8, 12, and 16 for anthropometric measurements and
were interviewed for side effects or adverse events. Safety and
study laboratory determinations were obtained as will be de-
scribed in a following section. Anthropometric measures, which
included height, weight, and waist circumferences, as well as lab-
oratory evaluations, were performed in the fasting state in accor-
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dance with the National Growth and Health Study protocol of the
National Heart, Lung, and Blood Institute (20).

The same registered dietician, blinded to treatment group, gave
nutritional counseling at baseline and weeks 4, 8, and 12. No specific
diet was assigned, but after initial assessment of the subjects’ usual
eating patterns and exercise habits, the dietician helped determine
individualized areas for improvement and set goals for small
changes. Each subject was given the “Healthy Food Choices” fold-
out meal-planning tool (American Dietetic Association, Chicago).

The principal investigator (D.J.K.) and study coordinator were
blinded to group assignment and to the study data after their col-
lection at each visit. The study statistician (B.A.B.) supervised
data entry, interim analysis, and results of safety laboratory tests
and regularly communicated interim findings to a data safety
monitoring board. The principal investigator was given access to
data in a blinded fashion if necessary for patient safety. Care was
taken to have the study investigators remain blinded during sub-
ject hospitalizations by having the subjects receive “study drug.”
The Clinical Research Center was one floor below the inpatient
service, facilitating study visits.

After completion of the study, the principal investigator, still
blinded to treatment group, reviewed patient data to determine
whether oral glucose tolerance testing (GTT) was warranted. The
criteria included obesity (body mass index >95th percentile for age)
or excessive weight gain during the study (gain >10% of baseline
weight) associated with a fasting insulin value over 20 pU/ml and/
or a glucose level over 95 mg/dl. Body mass index was calculated as
weight (in kilograms) divided by height (in meters) squared.

Power calculations were performed by using data from our ear-
lier patient series of 19 subjects, who had a mean weight loss of 2.9
kg (SD=3.1 kg) (19), and from pilot data on 16-week weight gain af-
ter initiation of treatment with atypicals (mean=4.0 kg, SD=4.1). If
an alpha of 0.05 in a two-sided test and power of 0.90 are assumed,
nine children per treatment group would be needed. With such a
low number, however, a single unexpected extreme value would
have a major effect on the results of the study, so we elected to dou-
ble the number of subjects to 20 in each group.

Laboratory Studies

At each visit, blood samples were obtained for “safety” deter-
minations of serum lactic acid, sodium, potassium, BUN, creati-
nine, bicarbonate, and liver enzymes and for serum pregnancy
testing. Fasting serum insulin and glucose levels were measured
at baseline and at weeks 8 and 16, as previously described (21).
Homeostasis model assessment (HOMA-IR), which correlates
with estimates of insulin resistance measured by the euglycemic
clamp technique, was used as an index of insulin resistance (22).
The guidelines of the American Diabetes Association define a
fasting glucose level of 100 mg/dl or higher as impaired fasting
glucose and a level of 126 mg/dl or higher as diabetes (23).

Statistical Analysis

Descriptive statistics were calculated in the standard way. To
compare race and other baseline categorical variables in the two
treatment groups, a chi-square test was used with 1 degree of free-
dom. To compare continuous variables at baseline for the two
treatments, we used an analysis of variance with least squares
means. Student’s t tests were employed to compare the changes
from baseline to week 4, week 8, week 12, and week 16 in anthro-
pometric measures. If the variances were unequal, we used the
Satterthwaite adjustment. We used general linear models to assess
the treatment effect on the change in anthropometric measure,
adjusting for other factors such as race, sex, or baseline measure.
Because the study was conducted in growing children, age-ad-
justed z scores for weight and body mass index were calculated by
using the program gc-calculate-BIV.sas (available from the
Centers for Disease Control and Prevention [CDC]; http://

ajp.psychiatryonline.org 2073



METFORMIN

TABLE 1. Baseline Characteristics of Children and Adolescents Taking Atypical Antipsychotics Who Were Given Additional

Placebo or Metformin

Characteristic

Patients Receiving Placebo (N=20)

Patients Receiving Metformin (N=18)

N
Gender
Male 12
Female 8
Race
Caucasian 12
African American 8
Mean
Age (years) 13.3
Dose of atypical antipsychotic (mg/day)
Olanzapine 8.5
Risperidone 1.25
Quetiapine 387.5

N

9

9

14

4
SD Mean SD
2.4 12.9 2.4
3.4 10.0 4.1

0.42 1.33 0.98

218.4 400.0 255.0

www.cdc.gov/nccdphp/dnpa/growthcharts/sas.htm). This pro-
gram uses the 2000 CDC Growth Charts, which are based on data
from the National Health Examination Surveys and the National
Health and Nutrition Examination Surveys (24). A longitudinal
model was fit by using a mixed model to adjust for the inherent
correlation among measures for the same patient. The mixed
model was fit by using Proc Mixed in SAS version 9 (SAS Institute,
Cary, N.C.) with an unstructured correlation structure and ran-
dom intercepts for each patient. The model was also fit by assum-
ing a common intercept for each subject, and the two results were
compared. Goodness of fit was established by using Akaike’s infor-
mation criterion and Bayesian information criterion. The signifi-
cance of the parameter estimates was calculated by dividing the
parameter estimate by the standard error of the estimate, resulting
in a t statistic, which was compared to the standard t distribution
with degrees of freedom determined by the Kenward-Roger
method. All analyses were performed by using SAS version 9.

One can analyze clinical trial data on dropouts by carrying for-
ward data to analyses of later or final visits or by using data on
only the subjects who attend the later visits. Excluding data from
subjects who dropped out because of diabetes or weight gain
might have selectively eliminated the very subjects who failed to
respond to the intervention by developing insulin resistance. To
control for this possible bias, we analyzed the data by both meth-
ods. Because of the small number of subjects, the analyses re-
ported herein were based on the assumption that dropouts were
noninformative (see Results) and that the use of modeling proce-
dures such as pattern mixture models or even a simple logistic
model (with the binary outcome of dropout) would have little
power to detect a pattern.

Results

Baseline Characteristics of Study Participants

Thirty-nine subjects enrolled in the trial. One subject
completed the informed consent process but developed
acute psychosis before the baseline measurements were
obtained and was therefore excluded from the analysis. Of
the remaining 38, 18 were randomly assigned to active
drug and 20 were assigned to placebo (Table 1, Figure 1).
The subjects’ ages ranged from 10 to 17 years. There was no
significant difference in the age or gender distribution of
the subjects assigned to placebo and metformin treatment
(Table 1). Twelve African American subjects were enrolled
in the trial: eight were randomly assigned to placebo treat-
ment, while four were treated with metformin (p=0.28).

2074 ajp.psychiatryonline.org

Eleven participants were receiving olanzapine, 14 risperi-
done, and 14 quetiapine. Neither the atypical nor the length
of treatment with that agent before study entry differed be-
tween treatment groups; the mean duration of treatment
was 8.0 months (SD=5.8) for the metformin group and 5.7
months (SD=4.2) for the placebo group. In addition, there
were no group differences in the atypical dose (Table 1).

Although all subjects were treated with a single atypical,
each subject was receiving multiple psychotropic agents.
There was no difference in number of drugs between treat-
ment groups; the mean number for metformin was 2.9
drugs/subject (SD=1.6), and for placebo it was 3.3 drugs/
subject (SD=1.1). The referring physicians frequently listed
multiple psychiatric diagnoses, with the most common be-
ing bipolar disorder (N=20) and attentional disorders (N=
17). Others were schizophrenia (N=4), oppositional defiant
disorder (N=7), autism and Asperger’s syndrome (N=5),
Tourette’s syndrome (N=2), schizoaffective disorder (N=1),
and depression (N=4).

The mean weight gain after initiation of atypical therapy
and prior to study entry was 9.4 kg (SD=7.5) in the metformin
group and 10.8 kg (SD=6.8) in the placebo group (p>0.20).
There was no difference in the mean age-specific percentile
for body mass index at baseline, which was 88.3% (SD=16.2)
for the placebo group and 87.8% (SD=12.8) for the met-
formin group. Nine placebo-treated and eight metformin-
treated subjects had baseline body mass indexes above the
95th percentile for their age (categorized as obese).

Study Discontinuation

Study subject retention and dropouts are illustrated in
Figure 1: eight randomly assigned subjects were consid-
ered dropouts because they discontinued the study before
the week 16 visit. In the metformin group, three subjects
dropped out: one was diagnosed with diabetes at baseline
(elevated fasting glucose and insulin values), and two
dropped out after the week 12 visit (one was hospitalized
for a medication change; the other dropped out because
of continued weight gain and was found from pill counts
to be noncompliant). In the placebo group, five subjects
dropped out: two because of diabetes (one case was diag-
nosed at baseline and included elevated fasting glucose
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and insulin values, and the other case was diagnosed after
the week 12 study visit) and three because their psychia-
trists elected to change the atypical antipsychotic (after
data collection at baseline, week 4, and week 8, respec-
tively). Thus, 15 subjects from each group completed the
study by attending the final (week 16) visit. There was no
statistically significant difference between the numbers of
dropouts in the two treatment groups (p=0.70).

Six subjects required hospitalization for psychiatric ill-
ness, two from each atypical therapy group. Five hospital-
ized subjects were from the placebo group, and one was
taking metformin (p=0.13). Only one subject missed a study
visit as a result of hospitalization (Figure 1). No serious ad-
verse events resulted from metformin treatment, and there
were no abnormal results from the safety laboratory deter-
minations throughout the study (see Method section). The
percentage of subjects reporting adverse events did not dif-
fer significantly between the placebo group (14 of 20) and
metformin group (12 of 18) (p>0.90). Moreover, the num-
bers of events reported by the metformin subjects (32 ad-
verse events) and the placebo subjects (34 adverse events)
were similar. No significant difference was found in the re-
ported occurrences of diarrhea, often cited as being associ-
ated with metformin.

Anthropometric Changes During Treatment

There were no statistically significant group differences
in baseline anthropometric measures (Table 2). The major
study objective was to determine whether or not met-
formin treatment was more effective than placebo in pre-
venting further weight accretion with atypicals. Drug
treatment had a significant effect on weight gain as well as
measures of obesity (body mass index) and weight distri-
bution (waist circumference) over the course of the study
(Table 3, Figure 2).

While the subjects given dietary instruction and placebo
continued to gain weight (mean=4.01 kg, SD=6.23) over 16
weeks, the weight of the subjects treated with metformin
showed little change over the treatment period (mean=
-0.13 kg, SD=2.88), as shown at the top of Figure 2. Differ-
ences between the mean values were significant for all time
periods and remained significant when baseline weight,
body mass index, sex, and race were included in the statis-
tical model. The rate of weight gain with placebo was con-
tinuous during all time intervals, with weights increasing at
a mean rate of 0.31 kg (SD=0.44) per week (approximately
11 oz per week), while showing little change (mean change
of -0.03 kg/week, SD=0.33) in the metformin-treated sub-
jects. Similarly, the mean body mass index decreased by
0.43 (SD=1.07) in the metformin group at the same time it
increased by a mean of 1.12 (SD=2.02) in the subjects tak-
ing placebo, a difference that was statistically significantly
different at all time points (Figure 2, third graph).

Because the study was conducted in growing children,
the age-corrected changes in the standard deviations for
both weight and body mass index (z scores) were deter-
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FIGURE 1. Study Participation of Children and Adolescents
Taking Atypical Antipsychotics Who Were Given Additional
Placebo or Metformin?

Informed consent given (N=39)

psychosis (N=1)

l | Dropped out, acute

Randomly assigned
to metformin,
baseline test (N=18)

Randomly assigned
to placebo,
baseline test (N=20)

Dropped out, -— Dropped out (N=2):
diabetes (N=1) Diabetes (N=1)
Medication change (N=1)
Week 4 test (N=15) _
Absent (N=2) '] Week 4 test (N=18)

Dropped out,
medication change (N=2)

Week 12 test (N=14)
Absent (N=3)

Week 12 test (N=15)
Absent (N=1)

Dropped out,
diabetes (N=1)

Dropped out (N=2): g1
Weight gainb (N=1)
Hospitalization (N=1)

Week 16 test (N=15) Week 16 test (N=15)

aSubjects attending the final study visit whose heights and weights
were measured were considered to have completed the study, while
those who did not have data entered for this visit were considered
dropouts. Some subjects failed to attend interim visits or have fast-
ing blood samples drawn but were not dropped from the study.

b This subject was noncompliant according to the pill count.

mined. The z score for weight increased by 0.10 (SD=0.29) in
the placebo group, and the final z score for mean weight
was 1.72 (SD=0.99) above the mean for their age (Figure 2,
second graph). In contrast, the metformin group had a z
score for mean weight that decreased by 0.14 (SD=0.21).
The difference between treatment groups in the z score for
mean weight increased gradually during the study, with the
metformin group’s z score being 0.08 lower at 4 weeks (t=
2.24, df=35, p=0.03), 0.14 lower at 8 weeks (t=2.48, df=30, p=
0.02), and 0.24 lower at 16 weeks (t=2.58, df=28, p=0.02). The
z score for the body mass index of the metformin-treated
subjects decreased by 0.14 (SD=0.20) during the study (Fig-
ure 2, bottom graph). In contrast, it increased by 0.09 (SD=
0.25) in the subjects taking placebo (t=2.63, df=28, p=0.02).
That metformin treatment also affected weight distribution
was evident from measurements of waist circumference:
that of subjects taking placebo increased by 3.64 cm (SD=
6.91) over the course of the study while it decreased by 2.51
cm (SD=5.46) in subjects taking metformin. These changes
were significant according to t tests at week 8 (t=2.67, df=28,
p=0.02), week 12 (t=2.52, df=24, p=0.02), and week 16 (t=
2.57, df=25, p=0.02) but not at week 4 (p=0.20).
Longitudinal analysis was used to verify the effects of
treatment group and determine the importance of visit (or
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TABLE 2. Baseline Anthropometric Measures of 38 Children and Adolescents Taking Atypical Antipsychotics Who Were

Given Additional Placebo or Metformin

Placebo Metformin

Measure Mean SD Mean SD
Weight (kg) 743 28.1 67.7 22,6
Body mass index

Absolute (kg/m?) 28.7 7.0 26.7 5.4

Percentile 88.3 16.2 87.8 12.8
Waist circumference (cm) 88.0 18.2 89.4 14.7
Insulin level (uWU/ml) 211 14.6 20.4 19.7
Glucose level (mg/dl) 88.0 12.9 87.8 14.2
Insulin resistance measured by homeostasis model 4.81 3.79 5.08 6.92

assessment (HOMA-IR)

TABLE 3. Longitudinal Effects of Metformin Treatment on Anthropometric Measures of Children and Adolescents Taking

Atypical Antipsychotics Who Were Given Additional Placebo or Metformin

Difference Between Metformin and Placebo Groups in Change From Baseline

Weight Body Mass Index Waist Circumference
Metformin Minus Metformin Minus Metformin Minus
Placebo (kg) Placebo (kg/m?) Placebo (cm)

Visit Mean SD p? Mean SD p? Mean SD p?
Week 4 (N=33) -1.25 3.99 0.08 -0.46 1.40 0.07 -0.31 8.16 0.83
Week 8 (N=32) -2.37 4.19 0.002 -0.76 1.47 0.005 -3.29 8.22 0.03
Week 12 (N=29) —3.42 4.00 <0.0001 -1.02 1.44 0.0002 -5.55 7.87 0.0002
Week 16 (N=30) —4.08 4.06 <0.0001 -1.12 1.43 <0.0001 —4.65 8.17 0.003

a Determined from coefficient of longitudinal mixed model.

length of treatment) on weight accretion, body mass in-
dex, and waist circumference (Table 3). Results of these
analyses, carried out by using either raw patient data (not
shown) or the change in the anthropometric measures
(Table 3), were not significant at the week 4 visit but be-
came increasingly statistically significant over time, indi-
cating a progressive effect of treatment group on anthro-
pometric measures. The global test for significance was
highly significant for each of the measures analyzed.

There were no differences in significance when the an-
thropometry data were analyzed by using the last value
carried forward for analysis. When the longitudinal model
generated with the raw patient data was fit by using a com-
mon intercept, the fit was substantially worse than with a
random intercept owing to the varying anthropometric
measures at baseline. Thus, only the results from the ran-
dom-intercepts fit are reported here.

Changes in Measures of Insulin Sensitivity

The baseline HOMA-IR values did not differ between
treatment groups (Table 2). During the first 8 weeks of fol-
low-up, the mean value increased by 1.52 (SD=3.07) in the
placebo group while it decreased by 0.71 (SD=1.20) in met-
formin-treated subjects (Figure 3). Differences remained
at the week 16 visit but were no longer statistically signifi-
cant (p=0.17). As with the anthropometric data, there were
only minor changes in the significance of the HOMA-IR
data when analyzed by using the last value carried forward
(p=0.16 for difference between treatment groups at week
16), and the model with a common intercept yielded a
worse fit than that prepared by using random intercepts.

In addition to its effects on insulin sensitivity, metformin
treatment was associated with a decrease in indications for
2076
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performing a GTT at the end of the study. Testing, based on
the criteria outlined in Method, was recommended for 12
subjects, 10 taking placebo and two treated with met-
formin (x%=6.63, df=1, p<0.01). Of the metformin-treated
subjects recommended for GTT, one was independently
judged to be noncompliant on the basis of the pill count.
The other refused testing because she had lost weight dur-
ing treatment and had fasting insulin and glucose levels
that had decreased from baseline to week 16 and were only
borderline abnormal (insulin decreased from 22.9 to 16.9
uU/ml, and glucose decreased from 96 to 90 mg/dl). The
GTT revealed impaired glucose tolerance in three placebo-
treated subjects (two taking quetiapine and one taking
olanzapine). In addition, two subjects who refused GTT
had evidence of glucose intolerance (one with impaired
fasting glucose at the final study visit and the other a previ-
ously mentioned placebo subject who developed diabetes
after study completion). Both were receiving olanzapine
therapy. Thus, in addition to the four study subjects identi-
fied with overt diabetes, four had early signs of glucose in-
tolerance, and another eight participants showed evidence
of insulin resistance. Metformin not only significantly ab-
rogated the need for a GTT but also had an impact on the
development of abnormal glucose tolerance.

Discussion

Weight gain has been a barrier to compliance with the
administration of atypical antipsychotics, medications
that effectively allay many of the symptoms of psychiatric
illness in both adults and children. This side effect has
been associated with increased risk for future cardiovas-
cular disease and other complications of obesity, includ-
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FIGURE 2. Change in Weight and Body Mass Index in Chil-
dren and Adolescents Taking Atypical Antipsychotics Who
Were Given Additional Placebo or Metformin?
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a Qver the study period there were significant drug effects on weight
(F=4.82, df=4, 116, p=0.002), z score for weight (F=5.13, df=4, 116,
p=0.0008), body mass index (F=5.31, df=4, 115, p=0.0006), and z
score for body mass index (F=5.30, df=4, 115, p=0.0006). The met-
formin group showed decreases in the z scores for weight and body
mass index because the study was conducted in growing adoles-
cents and children.
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FIGURE 3. Change in Insulin Sensitivity in Children and Ad-
olescents Taking Atypical Antipsychotics Who Were Given
Additional Placebo or Metformin?
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a There were significant or borderline significant differences between
groups at week 4 (t=—1.83, df=24, p=0.08) and week 8 (t=-2.45,
df=25, p=0.03). This difference fell short of significance at the final
visit (t=—1.43, df=27, p=0.17).

ing the development of insulin resistance and overt diabe-
tes. Therefore, clinical trials of medications that may affect
weight gain have been conducted. One 12-week double-
blind, placebo-controlled trial of sibutramine (which, like
atypicals, interacts with serotonin 2c receptors) resulted in
greater weight loss than dietary counseling and placebo
treatment alone (25). Study subjects included patients tak-
ing atypicals for schizophrenia or schizoaffective disorder
who were obese or overweight with cardiovascular risk
factors. Despite modest weight loss with sibutramine,
there was no improvement in insulin sensitivity or blood
pressure, two important determinants of cardiovascular
risk (16). In addition, anticholinergic and other side effects
could limit the use of sibutramine in the psychiatric popu-
lation. Similarly, amantadine induced weight stabilization
in a 12-week study performed in 21 adults, without im-
provement in insulin values (26). However, its dopaminer-
gic properties may result in worsening psychosis. Topira-
mate treatment has been reported to have some success in
small, uncontrolled trials, but serious side effects also ac-
companied its use (27). In contrast, metformin treatment
has been employed safely and effectively in the treatment
of otherwise healthy obese adolescents (18) and in a small
open-label trial of obese adolescents and youth who had
gained weight while taking atypicals (19).

In this study a randomized, double-blind, placebo-con-
trolled design was used to determine whether or not met-
formin treatment could effectively prevent further weight
accretion or cause weight loss in 10-17-year-old subjects
who had experienced substantial weight gain in the first
year of treatment with atypicals. Psychiatric subjects re-
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cruited for the trial were being treated with one of three
atypicals (risperidone, quetiapine, and olanzapine) for
varied diagnoses, including bipolar disorder, attentional
and oppositional disorders, and schizophrenia. All sub-
jects were taking other psychotropic medications (approx-
imately three per subject).

Children treated with placebo continued to gain weight
at a rate of 0.31 kg (approximately 11 oz) per week, despite
three family sessions of dietary counseling. Weight stabili-
zation was associated with metformin treatment and oc-
curred in the context of an increase in height in growing
children. Therefore, those receiving active drug experi-
enced decreases in z scores for weight and body mass index.
In addition, waist circumference decreased in metformin-
treated subjects, indicating a decrease in visceral fat con-
tent and risk for diabetes and cardiovascular disease.

The relevance of metformin therapy as a treatment for
weight gain induced by atypical antipsychotics was evi-
dent from the high incidence of insulin resistance and its
consequences identified in study subjects. Diabetes was
diagnosed in two study subjects as a result of baseline lab-
oratory studies (both subjects had high fasting insulin and
glucose values). Two placebo-treated subjects developed
diabetes during the study or shortly after completion.
Metformin treatment decreased insulin resistance, as in-
dicated by HOMA-IR, which reflects insulin sensitivity.
This drug effect reached its maximum at week 8 of the
study, after which two subjects taking metformin who had
high baseline insulin values and body mass indexes be-
came noncompliant with treatment and one placebo-
treated subject was diagnosed with diabetes. The impact
of metformin on insulin sensitivity was also apparent from
its significant effect on the need for follow-up GTT at the
end of the study. Nearly all of the subjects recommended
for this procedure (10 of 12) were from the placebo group.
Three subjects who had GTT showed impaired glucose
tolerance, and two who were not tested had evidence of
glucose intolerance (one was later diagnosed with diabe-
tes, and the other had impaired fasting glucose at the last
study visit). The psychiatric drug taken by the subject had
no apparent impact on the need for GTT (the 12 subjects
were evenly distributed among the three atypicals) or the
development of abnormalities of glucose tolerance,
including overt diabetes (two subjects diagnosed with
diabetes were taking olanzapine and two were taking
quetiapine). However, the study was not powered to deter-
mine the significance of each atypical for any of the study
outcome measures. These studies show that metformin
therapy abrogates abnormalities in glucose tolerance re-
sulting from atypical treatment by decreasing insulin re-
sistance. While the statistical analyses presented herein
for both anthropometric measures and HOMA-IR were
performed by using data collected at each visit, there was
no change in their significance in separate analyses per-
formed when the data were carried forward to subsequent
visits (not shown).
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Lifestyle modifications have been applied successfully
for weight control in several population-based studies in
which predominantly self-referred, highly motivated sub-
jects at risk for disease progression were assisted in weight
reduction programs by frequent contact with investigators
(13). The present study was not designed to determine
whether or not addition of a significant lifestyle interven-
tion to metformin treatment would improve drug re-
sponse. Subjects were enrolled because of percentage
weight gain and not because of obesity or overweight with
cardiovascular risk (85% were obese at baseline). Nor can
it be stated that subjects enrolled because of a strong per-
sonal motivation to lose weight, since they were referred
by their physicians and enrolled by parents. Diet instruc-
tion was given and reinforced on two other occasions dur-
ing the study, but no protocol for lifestyle change was of-
fered and only small changes in diet and exercise were
recommended. It has been stated that subjects with neu-
ropsychiatric disorders (including subjects enrolled in this
study) are less likely to succeed with lifestyle interventions
alone than are those without mental illness (17). Indeed, it
is not known whether or not addition of lifestyle modifica-
tions is a feasible approach to obesity in this population.
Therefore, it can be stated that medication therapy alone
results in decreased weight accretion and insulin resis-
tance in patients receiving atypicals.

This study verifies that metformin treatment is well tol-
erated in children and adolescents. No adverse events
could be attributed to the study drug in this short-term
trial. There were no significant differences in side effects
or dropout rate attributable to metformin treatment. In-
deed, the dropout rate was higher in the placebo-treated
subjects (but without statistical significance). While par-
ticipants in this study did not all have the same psychiatric
diagnosis and did not all take the same atypical agent, the
study group was representative of the patients served in
most outpatient psychiatric settings.

In conclusion, this placebo-controlled, double-blind
study indicates that metformin is safe and effective in
treating the weight gain and insulin resistance that de-
velop in a substantial number of children and adolescents
treated with atypical antipsychotics. Future investigations
must focus on the use of metformin to treat weight gain
occurring at the outset of atypical treatment. In these in-
vestigations, it will be important to determine risk factors
associated with weight gain with atypicals and whether or
not risk for weight gain and treatment success is linked to
the psychiatric diagnosis. Another shortcoming of the
present study was that a single dose of metformin was
used in a group having varied body composition. In addi-
tion, it was difficult for the study subjects to remain com-
pliant with their assigned treatment plan, despite the
short duration of the study and the positive effects of
treatment. Frequent problems in compliance with medi-
cation administration have been reported in other studies
of psychiatric subjects (10). Lifestyle interventions coinci-
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dent with optimization of psychiatric care and medication
management may have an impact on this factor. While it is
likely that compliance difficulties will always be present in
this patient population, even with increased supervision,
alterations in drug delivery with the addition of agents
that allay significant side effects may improve patient ad-
herence to treatment and treatment outcome.
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