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Metabolic Disturbances, Side Effect Profile and 
Effectiveness of Clozapine in Adolescents

Sandeep Grover, Nandita Hazari, Subho Chakrabarti, Ajit Avasthi

ABSTRACT

of metabolic side effects associated with various 
antipsychotics. Taking this into consideration various 
associations have come up with guidelines with regard 
to monitoring of metabolic side effects while a patient 
is on antipsychotics.[9,10] Clozapine is considered to 
have the highest risk for the development of metabolic 
syndrome. Studies in adult population have reported 
the prevalence rate of metabolic syndrome to vary from 
11% to 64% in patients receiving clozapine.[11] However, 

Introduction: Data on effect of clozapine on metabolic syndrome in adolescent patients with psychosis are limited. This study 
aimed to evaluate the prevalence and incidence of metabolic syndrome in children and adolescents with psychotic disorders 
prior to clozapine and while receiving clozapine. Secondary aims were to study the effectiveness and side effect profile of 
clozapine. Materials and Methods: Thirteen child and adolescent patients were evaluated at baseline, 3 months, and a follow-
up beyond 6 months. Assessments were made for metabolic profile, effectiveness by positive and negative syndrome scale 
(PANSS), and side effects. Results: Prior to starting of clozapine, the prevalence of metabolic syndrome was 23%. After 3 months 
on clozapine, 38.5% (5/13) patients fulfilled criteria of metabolic syndrome and further on follow-up beyond 6 months (with 
last observation carried forward) 46.2% (6/13) had developed metabolic syndrome. There was a significant reduction in PANSS 
scores at 3 months and follow-up more so in those who developed metabolic syndrome at 3 months. Among the other side 
effects, hypersalivation was the most common side effect (100%) followed by sedation (69%). Conclusion: Half the prevalence 
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INTRODUCTION

Clozapine, an effective antipsychotic for management of 
psychosis particularly treatment-resistant schizophrenia 
in adults[1] is often indicated in early onset schizophrenia 
after the failure of two antipsychotic trials.[2-4] Long-
term studies of 12 weeks to 9 years have shown 
significant clinical improvement with clozapine in 
children and adolescents.[5-8]
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some of the studies have shown that all the metabolic 
syndromes in patients receiving clozapine must not be 
attributed to clozapine, as many patients, in fact, have 
metabolic syndrome prior to starting of clozapine.[12,13]

Despite the availability of several studies in adults, no study 
in children and adolescent has evaluated the prevalence of 
metabolic syndrome while receiving clozapine. However, 
several studies in children and adolescents report 
significant weight gain,[5,14] hypertriglyceridemia (defined 
at triglycerides >125 mg/dl), and prediabetes (fasting blood 
sugar >100) status in children and adolescent treated 
with clozapine.[15] Another study which reported US Food 
and Drug Administration data over 8 years, showed that 
11 adolescents on clozapine (dose range 100-1000 mg) 
developed hyperglycemia, all within 6 months of clozapine 
initiation.[16] It has suggested that initial signs such as weight 
gain manifest in the first 3 months on clozapine, but lipid 
abnormalities may develop at a later stage. Hence longer 
duration studies are required in children and adolescents.[17]

Besides the metabolic side effects, the side effect profile of 
clozapine remains understudied in children and adolescent 
population. A recent review of literature on efficacy and 
tolerability of clozapine in children and adolescents 
reported high incidence rates of hypersalivation 
(80-90%), sedation (56-90%), constipation (13-50%), 
enuresis (15-61%), akathisia (15-31%), seizures (3%), 
neutropenia (6-15%), tachycardia (35%), hypotension 
(12.5%), and hypertension (6%).[18]

It is suggested that because of the scare of side effects 
of clozapine, it is generally underused, especially 
in children and adolescents.[18,19] As there is limited 
literature on metabolic disturbances with clozapine in 
children and adolescents and there are no studies on 
the prevalence of metabolic syndrome, there is a need 
to study this association of clozapine and metabolic 
syndrome further. Accordingly, the aim of this paper is 
to evaluate the data of adolescent patients initiated on 
clozapine and followed up prospectively and to assess 
their metabolic profile at baseline (preclozapine), 3 
months after clozapine therapy, and further at follow-
up beyond 6 months duration. Our secondary aim was 
to study the effectiveness and other adverse events 
associated with the use of clozapine in adolescents.

MATERIALS AND METHODS

This study was done in a Multi-Specialty Tertiary Care 
Hospital in North India after obtaining approval from 
the Institute Ethics Committee. This study included 
patients of all age groups started on clozapine during 
the study period. However, in this paper we present 
the data pertaining to adolescents aged ≤19 years only.

This study followed a naturalistic prospective design. 
No interference was done with respect to the decision 
to start clozapine. However, those patients who were 
considered for clozapine by their treating psychiatrists 
were monitored for side effects and effectiveness. No 
treatment decisions were altered as part of the study. 
All the patients considered for clozapine were informed 
about the study, and informed consent was obtained 
from the patients and/or the parents.

In our setting clozapine is usually considered for 
children and adolescents who have treatment-resistant 
schizophrenia. Clozapine is usually started in the 
inpatient setting after detailed evaluation. Patients 
who are started on clozapine usually remain in the 
inpatient setting for the duration of 1-3 months. All 
the patients started on clozapine undergo baseline 
assessment in the form of recording of anthropometry 
and psychopathology on positive and negative symptom 
scale (PANSS). Patients and also undergo investigations 
in the form of assessment of heamogram, liver 
function test, renal function test, serum electrolytes, 
electrocardiogram, fasting blood sugar levels, lipid 
profile, electroencephalogram, and other investigations 
as per the requirement.

For this study children and adolescents who were 
started on clozapine in inpatient or outpatient setting 
between the periods of March 2010 and July 2013 were 
assessed at the baseline and followed up prospectively. 
The metabolic parameters were repeated at 3 months 
period and whenever possible after this period. Other 
side effects encountered during the continuation of 
clozapine were documented.

Metabolic syndrome was diagnosed as per the modified 
National Cholesterol Education Program-Adult 
Treatment Panel-III criteria.[20] Statistical Package for 
the Social Science Version 14 (SPSS for Windows, 
Version 14.0. Chicago, SPSS Inc.) was used for analysis. 
Frequencies with percentages were calculated for the 
categorical variables. Mean and standard deviation 
(SD) were computed for the continuous variables. 
Comparisons were done by using Pearson’s Chi-square 
test (with and without Yate’s correction), Fischer exact 
test, paired t-test, and repeat measure ANOVA test. Last 
observation carried forward (LOCF) analysis was used 
to study the prevalence of metabolic syndrome in case 
the patients dropped out of follow-up after 3 months.

RESULTS

A total of 13 adolescents were started on clozapine 
during the study and females slightly outnumbered 
males (53.7% vs. 46.3%). The mean age of the study 
sample was 17 (SD = 1.22) years with an age range of 
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16-19 years. Majority of the patients were Hindu by 
religion (69.23%) and were studying (61.5%). Majority 
of them were from nuclear families (84.61%), of urban 
background (61.53%) and had a family income of more 
than 6000 rupees per month (69.23%).

The mean age of onset of psychiatric illness was 
15.38 (SD = 1.71) years, and the mean duration of 
illness was 1.61 (SD = 1.19) years. Majority (n = 10; 
76.9%) were diagnosed to have schizophrenia, two 
patients were diagnosed to have psychosis NOS 
(15.4%), and one patient was diagnosed to have 
schizoaffective disorder (7.7%). In term of subtypes 
of schizophrenia, most common subtype was that 
of undifferentiated schizophrenia (n = 7; 53.8%), 
followed by paranoid schizophrenia (n = 2; 15.4%), and 
catatonic schizophrenia (n = 1; 7.7%). Three patients 
(23%) had a history of comorbid mental retardation 
and one among them had a diagnosis of attention deficit 
hyperactive disorder as well. In terms of severe adverse 
effects with antipsychotic, 1 (7.7%) patient had past 
history of neuroleptic malignant syndrome.

Irrespective of the primary diagnosis, all patients had 
received two or more adequate antipsychotic trials, each 
of at least 8-12 weeks duration with the therapeutic 
dose of specified antipsychotic medication. Family 
history of hypertension was present in 15.4% (n = 2) 
of cases. Few patients had family history of diabetes 
mellitus (n = 1; 7.7%) and cerebrovascular accident 
(n = 1; 7.7%).

Baseline metabolic profile
As shown in Table 1, 3 (23%) patients fulfilled the 
diagnosis of metabolic syndrome at the baseline, with 
46.2% (n = 6) having abnormal triglyceride and high-
density lipoprotein (HDL) levels. None of the patients 
had abnormal fasting blood sugar level at the baseline.

The mean dose of clozapine used in the patients was 
256.7 (SD = 99.3) mg/day with a range of 75-400 
mg, with the majority (n = 8; 61.5%) of the patients 
receiving a dose between 200 and 350 mg/day at 
3 months assessment.

Table 1: Metabolic profile of adolescents on clozapine at baseline, after 3 months, follow-up beyond 6 months 
(n = 13)
Variable Mean (SD) n (%) n (%) Chi-square test

Before 
clozapine

After 
clozapine 
3 months

6 months 
or beyond 
follow-up

Comparison of 
baseline and 

3 months data using

Comparison of 
baseline and 

6 months data using
Abnormal waist circumference 3 (23.1) 7 (53.8) 7 (53.8) 1.46# 1.46#

Abnormal systolic BP ≥130 mm Hg 0 2 (15.4) 0 FE=0.48 FE=1
Abnormal diastolic BP ≥85 mm Hg 1 (7.7) 1 (7.7) 0 FE=1 FE=1
Abnormal BP (systolic ≥130/
diastolic ≥80 mm Hg)

1 (7.7) 2 (15.4) 0 FE=1 FE=1

TG >150 mg/dl 6 (46.2) 6 (46.2) 8 (61.5) 0.00 0.619 (0.431)
Low HDL (<40 - male; <50 - female) 6 (46.2) 9 (69.2) 8 (61.5) 0.630# 0.619 (0.431)
FBS >100 mg/dl 0 3 (23.1) 4 (30.7) FE=0.22 FE=0.096
MS criteria fulfilled 3 (23.1) 5 (38.46) 6 (46.2) FE=0.67 0.680#

MS criteria fulfilled
0 5 (38.5) 1 (7.7)
1 4 (30.8) 4 (30.8)
2 1 (7.7) 3 (23.1)
3 2 (15.4) 3 (23.1)
4 1 (7.7) 2 (15.4)

Variable Mean (SD) Comparison of 
baseline and 

3 months data using 
paired t-test

Comparison of 
baseline and data at 
6 months or beyond 
using paired t-test

Repeat measure 
ANOVA F (P)Before 

clozapine
After 

clozapine 
3 months

6 months 
or beyond 
follow-up

Height 161.15 (6.73) 161.15 (6.73) 162.12 (7.76) 1 (0.337) −1.218 (0.247) 1.483 (0.247)
Weight 56.92 (15.90) 60.57 (14.31) 62.77 (12.13) −3.011 (0.011*) −2.874 (0.014*) 6.217 (0.013*)
BMI 21.88 (5.68) 23.37 (5.32) 23.99 (4.80) −2.904 (0.013*) −2.571 (0.024*) 5.298 (0.021*)
Waist circumference 80.88 (11.40) 85.0 (9.30) 86.08 (10.50) −2.658 (0.021*) −3.147 (0.008**) 6.135 (0.007**)
Systolic BP 110.92 (9.54) 115.0 (10.17) 109.23 (6.41) −2.109 (0.057) 5.845 (0.392) 1733.2 (<0.001**)
Diastolic BP 74.92 (7.64) 75.38 (6.60) 73.08 (6.30) −0.229 (0.823) 5.714 (0.319) 0.714 (0.489)
TG 150.38 (86.95) 161.05 (82.41) 175.58 (63.32) 0.930 (0.371) −1.155 (0.271) 0.875 (0.413)
HDL 43.43 (10.01) 40.37 (10.53) 42.29 (9.67) −0.751 (0.467) 0.307 (0.764) 0.495 (0.565)
FBS 80.92 (9.95) 88.08 (11.60) 93.69 (9.67) −2.131 (0.054) −3.229 (0.007**) 6.692 (0.006**)

*Significant at 0.05 level, **Significant at 0.01 level, #Chi-square value with Yates correction, BP – Blood pressure; TG – Triglyceride, HDL – High-density 
lipoprotein, FBS – Fasting blood sugar levels, MS – Metabolic syndrome, SD – Standard deviation; BMI – Body mass index; FE – Fisher exact test
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Follow-up data at 3 months after starting clozapine were 
available for all the patients (n = 13), and follow-up 
data at or beyond 6 months were available for nine 
patients (69.2%) with longest follow-up data available 
for 30 months and mean duration of follow-up of 15.3 
(SD = 7.4) months.

As is evident from Table 1, by 3 months, 9 (69.2%) 
patients had abnormal HDL levels, and 7 (53.8%) 
had abnormal waist circumference. When compared 
to the baseline data, at 3 months, there was an 
increase in the number of patients fulfilling the 
various criteria of metabolic syndrome, but none of 
the difference was statistically significant. In terms 
of absolute value, there was significant increase 
in the body weight, body mass index, and waist 
circumference. The trend for an increase in systolic 
blood pressure and fasting blood glucose levels were 
also seen. However, the significant values for these 
were 0.057 and 0.054, respectively.

The prevalence of metabolic syndrome increased to 
38.5% (n = 5) at 3 months follow-up, but the difference 

between baseline and 3 months assessment was not 
significant. When we looked at the data further, it was 
evident that none of the patients who had metabolic 
syndrome at the baseline had a reversal of the same 
and 2 (15.4%) new cases of metabolic syndrome were 
noticed while the patients were on clozapine during the 
first 3 months. Accordingly the incidence of metabolic 
syndrome with clozapine at 3 months was 15.4%.

Out of the 13 patients, 4 patients dropped out of 
treatment after 6 months. Unfortunately, the metabolic 
profile of these patients was not available after the 
3 month assessment. The metabolic profile of remaining 
nine patients was repeated after a mean duration of 
15.3 months with a range of 6-30 months. Of the four 
patients who dropped out of treatment 3 were positive 
for metabolic syndrome at 3 months assessment.

As shown in Table 2, there was a secular trend of 
an increase in the weight, body mass index, waist 
circumference, fasting blood glucose, and triglyceride 
levels from baseline to follow-up duration. However, 
there was a reduction in the blood pressure levels after 

Table 2: Metabolic profile at 3 months and follow-up beyond 6 months (n = 9)
Variable Mean (SD)/n (%) n (%) Comparison 

of baseline 
and 3 months 

values

Comparison of 
baseline and 
6 months or 

beyond follow-up 
values

Comparison of 
3 months and 
6 months or 

beyond follow-up 
values

Baseline 3 months 6 months 
or beyond 
follow-up

Abnormal waist circumference 1 (11.1) 4 (44.44) 4 (44.44) FE=0.294 FE=0.294 FE=1
Abnormal systolic BP ≥130 mm Hg 0 2 (22.22) 0 FE=0.471 Constant FE=0.471
Abnormal diastolic BP ≥85 mm Hg 0 1 (11.11) 0 FE=1 Constant FE=1
Abnormal BP (systolic ≥130/diastolic ≥80 mm Hg) 0 2 (22.22) 0 FE=0.471 Constant FE=0.471
TG >150 mg/dl 4 (44.44) 3 (33.33) 5 (55.55) FE=1 FE=1 FE=0.637
Low HDL (<40 - male; <50 - female) 2 (22.22) 6 (66.67) 1 (11.11) FE=0.153 FE=1 FE=0.05*
FBS >100 mg/dl 0 1 (11.11) 2 (22.22) FE=1 FE=0.471 FE=1
MS criteria fulfilled 1 (11.11) 2 (22.22) 3 (33.3) FE=1 FE=0.576 FE=1
MS criteria fulfilled

0 5 (55.5) 1 (11.11) 1 (11.11) — — —
1 2 (22.2) 3 (33.33) 2 (22.22)
2 1 (11.11) 3 (33.33) 3 (33.33)
3 1 (11.11) 1 (11.11) 3 (33.33)
4 0 1 (11.11) 0

Variable Mean (SD) Repeat 
measure 

ANOVA F (P)
Baseline 3 months 6 months 

or beyond 
follow-up

Height 162.33 (6.98) 162.33 (6.98) 163.72 (8.17) 1.511 (0.254)
Weight 55.33 (14.45) 58.50 (13.13) 61.67 (9.87) 3.97 (0.062)
BMI 20.93 (4.94) 22.19 (4.51) 23.09 (3.81) 3.024 (0.102)
Waist circumference 78.72 (10.29) 83.33 (8.56) 84.89 (10.67) 4.46 (0.029*)
Systolic BP 110.22 (10.02) 115.78 (11.94) 106.67 (5) 5.732 (0.016*)
Diastolic BP 74.44 (7.26) 75.56 (7.26) 72.22 (6.67) 0.757 (0.463)
TGs 154 (96.41) 157.33 (93.65) 178.33 (67.97) 0.480 (0.582)
HDL 46.88 (9.65) 40.78 (7.21) 43.56 (4.53) 2.264 (0.154)
FBS 76.22 (7.22) 85.22 (11.22) 93.33 (14.12) 8.141 (0.004**)

*Significant at 0.05 level, **Significant at 0.01 level, BP – Blood pressure, TG – Triglyceride, HDL – High-density lipoprotein, FBS – Fasting blood sugar 
levels, MS – Metabolic syndrome, FE – Fisher exact test, SD – Standard deviation, BMI – Body mass index
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the 3 months follow-up. Similarly, there was an increase 
in the levels of HDL after the 3 months follow-up. In 
terms of statistical difference, there was a significant 
increase in the waist circumference, and fasting blood 
glucose level over the period and there was a significant 
reduction in the systolic blood pressure.

Out of the nine patients, available at all the three 
assessments, only 11.1 % (n = 1) patients met the 
criteria of metabolic syndrome at the baseline which 
increased to 22.2% (n = 2) at 3 months follow-up and 
33.3% (n = 3) at 6 months or beyond follow-up. It was 
further seen that those patients who fulfilled one or 
more criteria of metabolic syndrome at baseline went 
on to develop metabolic syndrome later on.

Further analysis of data revealed that out of the two 
patients who fulfilled metabolic syndrome at 3 months 
follow-up, 1 had a reversal of metabolic syndrome and 
actually there were 2 new cases of metabolic syndrome 
during the follow-up period of 6 months and beyond.

Overall it was seen that in total 7 (53.84%) patients 
fulfilled metabolic syndrome while on clozapine. Of 
this 4 (30.76%) were new cases of metabolic syndrome 
while on clozapine. Of this, one patient had a reversal 
of metabolic syndrome while on continued use of 
clozapine.

Overall we compared all the three assessments by 
using the absolute number of patients available at a 
particular assessment and also by using the LOCF 
method for all the 13 patients. As is evident from 
the Tables 1 and 2, there was no significant increase 
in the presence or absence of each component of 
metabolic syndrome at the follow-up assessments, 
nor was there a significant increase in the prevalence 
of metabolic syndrome. However, there was a secular 
trend of increase in body weight, body mass index, waist 
circumference, and fasting blood sugar during follow-up. 
There was a significant variance in the systolic blood 
pressure too; however, there was no secular trend for 
this change. When the data of nine patients for all the 
three assessments was analyzed, a significant reduction 
in number of patients with abnormal HDL was seen 
between the 3 months assessment and assessment at 
6 months or beyond.

Effectiveness of clozapine
As is evident from Table 3, there was a significant 
reduction in the PANSS positive, negative, and general 
psychopathology scores at 3 months and further 
follow-up. When further comparisons were made by 
using paired t-test it was seen that compared to baseline, 
there was a significant reduction in all subscales and 
total PANSS score at 3 months and at further follow-up. Ta
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Other adverse events with clozapine
As is evident from Table 4, the incidence of 
hypersalivation was 100%, and that of sedation 
was 69%. One patient each experienced transient 
thrombocytopenia (platelet count <100,000), 
postural hypotension, urinary incontinence, fever with 
tachycardia, and tremor. None of these side effects 
required discontinuation of clozapine. As is evident 
from the Table 4, most of the side effects started at the 
dose of 75 mg/day or at a higher dose.

Relationship of metabolic syndrome with demographic 
and clinical variables
There was no difference in the age, gender, locality, age 
at onset, duration of illness between those who did not 
have metabolic syndrome and those who had metabolic 
syndrome at 3 months, at follow-up at a later date.

Relationship of metabolic syndrome and dose of 
clozapine
When the mean dose of clozapine received by those 
who had metabolic syndrome (295.0 [SD = 99.05] mg/
day) at 3 months and those did not have metabolic 
syndrome (232.8 [SD = 97.95] mg/day) was compared, 
no significant difference was found (t = 1.1; P = 0.29). 
There was no difference in the dose of clozapine between 
those found to have metabolic syndrome and not found 
to have metabolic syndrome at 6 months and beyond 
(191.67 [SD = 141.15] vs. 285.42 [SD = 83.07] mg/day; 
t = −1.28; P = 0.24). Similarly, there was no difference 
in the dose of clozapine in those who ever had and who 
never had metabolic syndrome while receiving clozapine.

Relationship of metabolic syndrome with duration 
of clozapine use
When the relationship of metabolic syndrome was 
evaluated with total duration of clozapine use there 
was no significant difference between total duration 

of clozapine use between those who did not have 
metabolic syndrome (n = 6; mean = 18.16 [7.27] 
months) and those who had metabolic syndrome 
(n = 3; mean = 9.66 [4.04] months).

Relationship of metabolic syndrome with treatment 
response
No significant difference in the PANSS score was seen at 
baseline and at 3 months among those who had and who 
did not have metabolic syndrome at 3 months. However, 
it was seen that those patients who had lower scores in the 
subscale of general psychopathology (18.66 [1.52] vs. 25.5 
[1.87]; t = 5.43; P = 0.001) and total PANSS (37.66 [5.50] 
vs. 56.33 [6.12]; t = 4.43; P = 0.003) at 3 months were 
more likely to have metabolic syndrome beyond 3 months.

DISCUSSION

To be the best our knowledge, this is the first study 
which has prospectively followed up adolescent patients 
receiving clozapine for the prevalence of metabolic 
syndrome in adolescents.

Findings of this study can be interpreted from various 
perspectives such as:
•	 Do adolescent patients with psychotic disorders 

have a higher rate of metabolic syndrome?
•	 Do the adolescents receiving clozapine have a higher 

rate of metabolic syndrome compared to those 
receiving other antipsychotic?

•	 Can all the metabolic disturbances in adolescents 
receiving clozapine be attributed to clozapine itself? 

We attempt to compare the findings of this study 
with existing literature on children and adolescents 
on metabolic syndrome and also in adults, and try to 
interpret the findings of this study.

Table 4: Side effects with clozapine (n = 13)
Variable Frequency 

(n = 13) (%)
Dose of clozapine at which the side 

effect was noted Mean (range)
Management Additional comments

Hypersalivation 13 (100) 137.5 (75-400) Amitryptiline added in 10 cases
Trihexyphenidyl added in one case, and one 
patient was treated with glycopyrrolate 3 mg

Sedation 9 (69.2) 108.33 (75-150)
Constipation 4 (30.8) 181.25 (75-300) Dietary management

Laxatives
Postural 
hypotension

1 (7.7) 150 Clozapine later increased to 200 mg 
without further complication

Blood dyscrasia - 
thrombocytopenia

1 (7.7) 275 Resolved spontaneously

Urinary 
incontinence

1 (7.7) 75 Dose reduced to 62.5 mg initially Clozapine later increased to 75 mg 
without complication

Tachycardia + 
fever

1 (7.7) 250 Resolved spontaneously Clozapine was further increased to 
400 mg with further complication

Tremor 1 (7.7) 400 Reduction of clozapine to 300 mg, 
fluoxetine from 80 to 60 mg

? Drug interaction with clozapine
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In terms of prevalence of metabolic syndrome seen in 
this study at the baseline, the prevalence rate of 23% is 
significantly higher than that reported for the general 
population in our catchment area. Two studies have 
evaluated prevalence rate of metabolic syndrome in 
children and adolescents aged 10-18 years among the 
school-attending adolescents and those taken from 
general population, and these suggest that prevalence 
rate of metabolic syndrome in this age group is 2.7-
4.2%,[21,22] with higher prevalence rate of 4.8% in those 
aged 16-18 years.[23] Accordingly, it can be concluded 
that adolescents with severe mental illness, who are on 
treatment with psychotropics have a higher prevalence 
rate of metabolic syndrome.

Few studies from various parts of the world have 
evaluated the prevalence of metabolic syndrome in 
children and adolescents receiving antipsychotics. Small 
sample studies (n = 8-26) in patients of schizophrenia 
have reported a lack of metabolic syndrome in children 
and adolescents at the baseline and emergence of 
metabolic syndrome in none or very few patients treated 
with risperidone.[24,25] When we compare the finding of 
this study with this, it appears that the incidence rate of 
metabolic syndrome with clozapine is probably higher 
than that seen with other antipsychotics. However, it 
must be understood that total prevalence of metabolic 
syndrome in adolescent patients receiving clozapine 
cannot be attributed totally to clozapine.

In terms of prevalence of metabolic syndrome, if we 
consider all the seven patients who had metabolic 
syndrome “ever” while receiving clozapine, the 
prevalence rate of metabolic syndrome in adolescents 
receiving clozapine in this  study is 53.84%. In terms 
of incidence, i.e., new-onset metabolic syndrome, four 
patients “ever” had metabolic syndrome while receiving 
clozapine, with an incidence rate of 30.76%. These 
prevalence and incidence rate are comparable to those 
noted in studies done in the adult population.[11-13] 
These findings suggest that adolescents are as prone 
to develop metabolic syndrome as adults, and there is 
a need to monitor the metabolic profile and institute 
preventive measures to reduce the risk of development 
of metabolic syndrome.

Studies suggest that compared to adult onset 
schizophrenia, childhood, and adolescent onset 
schizophrenia has a relatively poor prognosis and delay 
in institution of treatment and starting of clozapine are 
associated with poor prognosis.[26] If one attempts to 
look at the increase in the rate of metabolic syndrome 
with clozapine, findings of this study, suggest a 
nonsignificant increase in the prevalence of metabolic 
syndrome in adolescents receiving clozapine. In term 
of absolute number, over the mean follow-up period 

of 15.3 months, compared to the baseline, twice the 
number of the patient had metabolic syndrome, but 
the difference was not significant. This finding suggests 
that clinicians should not withhold clozapine for long in 
patients who are not responding to clozapine, because 
of the scare of metabolic disturbances.

In terms of the type of metabolic disturbances, findings 
of this study suggest that overall lipid abnormalities 
(i.e., high triglyceride levels and low HDL levels) 
followed by an increase in the waist circumference 
are the most common abnormalities in adolescents 
receiving clozapine. This profile is slightly different 
than that seen in adult patients receiving clozapine in 
our setting.[11,13]

Many previous studies have evaluated the components of 
metabolic syndrome in children and adolescents receiving 
clozapine or other antipsychotics. These studies suggest that 
patients receiving clozapine on an average gain 2.5-3.6 kg 
during the initial 6-8 weeks and gain about 9.5 kg weight 
by 1 year.[5,14,26,27] In our study, mean increase in weight 
was 3.65 (SD = 4.37) kg at 3 months and 6.33 (SD = 
8.28) kg at the mean follow-up duration of 15.33 months. 
Accordingly findings of this study support the observation 
of previous studies. Further findings of this study suggest 
a secular trend of weight gain with the passage of time in 
patients receiving clozapine. This suggests that measures 
must be taken right from the beginning of clozapine to 
manage the body weight, and these must be continued 
throughout the period of clozapine use.

Previous studies suggest that about two-third (63.6%) of 
children and adolescents with early onset schizophrenia 
develop hypertension.[5] Findings of this study suggest 
that very few adolescent patients develop hypertension 
while receiving clozapine and when it develops, it is 
possibly temporary. Previous studies have reported an 
incidence rate of hypertriglyceridemia to be in the range 
of 8.3-22.2%.[5,15] Withstanding the differences in the 
cut-offs used for defining hypertriglyceridemia in this  
and earlier studies, findings of this study suggest that 
there is no increase in the rate of hyperglyceridemia 
with clozapine in short-term (3 months) and in the 
long-term the incidence rate is about 15%. These 
differences could be due to small sample size of this 
study as well as the previous studies. In addition, the 
difference could be due to different cut-offs used and 
possibly due to ethnic and dietary differences, which 
have been reported to influence the various components 
of metabolic syndrome.[28]

Another finding which is important to note is that most 
of the patients who developed metabolic syndrome 
while receiving clozapine had one or more metabolic 
abnormality to start with. This finding is similar to that 
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reported in the adult population.[13] Accordingly, it is 
important to identify this high-risk population at the 
beginning itself, and measures must be taken to reduce 
the risk of development of metabolic syndrome since 
the beginning of clozapine therapy.

In this  study, there was no relationship between the 
sociodemographic variables, clinical variables, dose 
of clozapine, and duration of clozapine use with the 
development of metabolic syndrome. Certain studies in 
adult population also suggest a lack of such relationship 
with most of these variables.[11]

The clinical effectiveness of clozapine was clearly 
demonstrated in our study with significant improvement 
in all the subscales of PANSS. Previous open-
label and randomized controlled trials have also 
proven the efficacy and effectiveness of clozapine in 
childhood-onset schizophrenia and in adolescents 
with schizophrenia.[4-6,8,15,18] This finding suggests that 
clozapine is a useful choice in adolescent patients 
with treatment-resistant psychotic disorders, and 
must be considered as and when indicated. The risk 
and benefit of clozapine must be weighed in before 
reaching a decision, and clinicians should not be scared 
of using clozapine in this age group. Another important 
observation in this study is a continued improvement 
with clozapine in the long run. Previous studies in 
adults, children, and adolescents also suggest that 
improvement with clozapine is not only seen during 
the initial period, but it also continues over the initial 
6  months or more.[5,6,8] Accordingly, clozapine trial 
should not be suspended at 3 months in patients who 
initially showed some response to clozapine.

However, an interesting finding which was noted in 
this study was a higher risk of developing metabolic 
syndrome in long-term follow-up in patients who 
have a higher reduction in PANSS at 3 months. This 
finding provides credence to the hypothesis proposed 
by some of the researchers, who suggest that risk of 
metabolic syndrome is related to treatment response.[29] 
Accordingly there is a need to further evaluate this 
relationship.

In this study besides metabolic side effect, significantly 
high proportion of patients had hypersalivation (100%) 
and sedation (69.2%). Previous studies have also 
reported high prevalence rate for these side effects, 
and our findings are comparable.[18] Similarly, the rates 
of constipation are also comparable to the reported 
literature.[19] However, the rate of enuresis, tachycardia, 
postural fall, and urinary incontinence seen in this study 
are slightly less than that reported in literature.[18] These 
differences could be due to doses used. In contrast to 
some of the studies from the West, in general, lower 

doses were used in our patients. In this  study, one 
patient developed transient thrombocytopenia, which 
is similar to some of the observations in the adult 
population.[30]

Conclusions this study adds to the growing literature 
describing metabolic disturbances with clozapine and 
is the first of its kind in studying metabolic syndrome 
as an entity in child and adolescent population. The 
strengths of our study are its prospective design which 
enabled optimal monitoring of metabolic disturbances, 
side effects, and effectiveness of clozapine. Most 
previous studies especially related to metabolic 
disturbances and side effects were retrospective[16] 
or reported individual metabolic abnormalities only.
[5,14,15] To conclude, this study suggests 23.1%, 38.46%, 
and 46.2% of adolescents receiving clozapine have 
metabolic syndrome at baseline, 3 months, and at long-
term follow-up of 15.33 months, respectively. However, 
these differences are statistically not significant. There 
is a significant increase in the weight, body mass index, 
waist circumference, and fasting blood glucose level with 
continued use of clozapine. Clozapine is effective in the 
management of treatment-resistant schizophrenia in 
adolescents and a higher level of response at 3 months is 
associated with the development of metabolic syndrome 
later on. Among other side effects, hypersalivation and 
sedation are the most common side effects of clozapine 
in adolescents.

Considering the risk of various metabolic disturbances 
and metabolic syndrome with clozapine, it is important 
to monitor the patients regularly. Further, there is a 
need to encourage healthy habits such as diet changes 
(lower fat/cholesterol, smaller portions, increased 
fiber, increased water) and increased aerobic exercise 
(30-60 min/day), which helps prevent weight gain, 
constipation, blood pressure changes, and glucose 
abnormalities.[31] Parents and guardians must be 
advised to increase adherence with these habits in 
adolescents.

This study was limited by the small sample size. Despite 
the best efforts, 4 out of the 13 patients dropped out 
of treatment. There was no control group. No attempt 
was made to collect the information about the dietary 
pattern and lifestyle modifications followed by the 
patients. Further studies with larger sample size and 
with similar prospective design are needed in future 
considering the increased use of clozapine for the 
management of treatment-resistant schizophrenia in 
children and adolescent population.
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