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Abstract

Objectives: To assess the impact of psychopharmacotherapy on BMI among bipolar
children and adolescents with bipolar disorders, and to assesses the change of BMI after
the treatment discontinuation.

Methods: This retrospective cohort study used General Electric electronic medical
records to identify children and adolescents with bipolar diagnosis (18 years or younger)
and prescribed atypical antipsychotics (AT), mood stabilizers (MS) or antidepressants
(AD). A minimum of 6 months of baseline period was applied prior to the first bipolar
diagnosis defined as the index diagnosis date. After excluding individuals who had
bipolar diagnosis or psychotropic prescription during the baseline period, and without
body mass index (BMI) measures in the pre-index or follow-up period; the individuals in
the study cohort were followed up to 3, 6, 9 and 12 months to determine the effect of
treatment regimens on Body Mass Index (BMI). Those who discontinued the treatment
within the 12 month post index period were continuously followed for an additional 3, 6,
9, and 12 months to observe whether the BMI patients gained during the treatment could
return to the baseline. The repeated measures mixed models were applied to account for
the nesting effect of multiple BMI measures available to each individual, and estimate the
effect of treatment and subsequent discontinuation on BMI after adjusting for the baseline

BMI, socio-demographics, comorbidities and psychotherapy.

Results: The cohort consisted of 2,299 individuals in the treatment and 1,265 individuals
in the discontinuation phase of the study. MS monotherapy regimen was associated with
a steady increase in BMI over time (3 months: 0.11 kg/m?, 6 months: 0.09 kg/m?, 9

months: 0.09 kg/m? and 12 months: 0.089 kg/m?. As compared to children and



adolescents who were on MS monotherapy, those who were on AD monotherapy,
AT+MS, AT+AD or MS+AD had similar pattern of change of BMI. AT monotherapy
was the only regimen associated with more BMI gain (3 months: 0.244 kg/m?, 6 months:
0.10 kg/m?, 9 months: 0.07 kg/m?, 12 months: 0.05 kg/m?) at all time points than MS
monotherapy. After the treatment discontinuation, most patients’ BMI stayed on the level
during the treatment and did not return to the baseline level. The proportion of children
and adolescents who were overweight/obese (>85 percentile), 12 months after treatment
discontinuation, was significantly higher (53.49%) than that at the start of the treatment
(51.03%). The change in BMI after the treatment discontinuation was neither associated
with the type of treatment the individuals received in the treatment phase nor was it
associated with time elapsed from the treatment discontinuation. Being older and having
lower BMI at the end of the treatment was associated with relative more reduction of

BMI after the treatment discontinuation at all follow-up periods.

Conclusion: Significant increase in BMI among children was observed in all children
and adolescent who were on all psychotropic regimens. The magnitude of BMI increase
was positively associated with the duration of the exposure. Atypical antipsychotics was
the treatment associated with the most significantly increase in BMI. BMI gained during
treatment is, on average, not reversible after discontinuation of treatment. Extra effort is
needed to minimize the weight gain during the treatment to prevent the long term

cardiovascular consequence of being overweight and obese.
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Abstract
Objective: To assess the differential impact of all treatment options for bipolar disorders

on BMI and explore factors protecting patient from the increase in BMI.

Methods: A retrospective cohort study was conducted using the General Electric
electronic medical records (GE-EMR) database from 1995 to 2010 to identify bipolar
children and adolescents (18 years or younger) who were prescribed atypical
antipsychotics (AT), mood stabilizers (MS) and antidepressants (AD). The first bipolar
diagnosis was defined as the index diagnosis date. After excluding patients with bipolar
diagnosis or medication prescription within 6 months pre-index date and without at least
one BMI measure pre-index and post-index, the individuals were followed for up to 3, 6,
9 and 12 months to estimate the effect of treatment regimens on BMI. Primary
independent variable was treatment regimens, classified as AT monotherapy, MS
monotherapy, AD monotherapy, AT+MS, AT+AD and MS+AD. The repeated measures
mixed models were applied to account for the nesting effect of multiple BMI measures
available to each individual, and estimate the effect of treatment on BMI after adjusting
for the baseline BMI, socio-demographics, comorbidities and psychotherapy. Logistic
regression model was employed to further explore the factors associated with worsening
of adverse events among those children and adolescents who increase BMI.

Results: Cohort consisted of 2,299 individuals (mean age: 13.51+3.87 years). MS
monotherapy regimen was associated with a steady increase in BMI over time (3 months:
0.11 kg/m?, 6 months: 0.09 kg/m?, 9 months: 0.09 kg/m? and 12 months: 0.089 kg/m?. As
compared to children and adolescents who were on MS monotherapy, those who were on
AD monotherapy, AT+MS, AT+AD or MS+AD had similar pattern of change of BMI.

AT monotherapy was the only regimen associated with more BMI gain (3 months: 0.244
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kg/m?, 6 months: 0.10 kg/m? 9 months: 0.07 kg/m?, 12 months: 0.05 kg/m?) at all time
points than MS monotherapy. Overweight/Obese children at baseline or younger
individuals were associated with less increase in BMI at all time points.

Conclusion: Atypical antipsychotics are significantly associated with increase in BMI as
compared to mood stabilizers with baseline BMI and time of atypical antipsychotic as
significant determinants of BMI increase among bipolar atypical antipsychotic using

children and adolescents.
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Introduction

Affecting about 1% of all adolescence (Pfeifer et al. 2010), bipolar disorder is a
severe recurrent mood disorder defined by a pattern of mania, hypomania or mixed
episodes of mania or hypomania and depression (Bebbington, Ramana 1995). It is a
chronic mental disease related to relapse of symptoms (Lin, et al. 2006) that leads to
abnormal shifts in mood, energy and activity level and is characterized by the experience
of unusually intense emotional states that occur in distinct periods called “mood
episodes”. The first line medications commonly used in youth with bipolar disorder are
mood stabilizing medications such as lithium, divalproex and carbamazepine as well as
atypical antipsychotics such as aripiprazole, olanzapine, quetiapine, risperidone and
ziprasidone (Kowatch, et al. 2005).

Both categories of drugs, atypical antipsychotics and mood stabilizers have been
associated with weight gain in children and adolescents (Corell, Carlson 2006,
Fedorowicz, Fombonne 2005). Previous studies report 40.8% of “at-risk for overweight”
and 22.1% of “overweight” bipolar children and adolescents (Goldstein, et al. 2008) as
compared to about 35.5% and 18% among United States youth (Ogden, et al. 2006). In
2013 alone, 42 million children under the age of 5 were overweight or obese (World
Health Organization, 2014). Childhood obesity has both immediate as well as long-term
health effects (CDC, Accessed 2015). Moreover obese children and adolescents are at a
greater risk of having prediabetes (Li C, et.al. 2009, CDC 2011) bone and joint problems,
sleep apnea, and social and psychological problems including low self-esteem and
stigmatization (Daniels SR, et.al. 2005, DHHS 2010, Dietz, et.al. 2004). Long-term

effects include likelihood of future adult obesity ( Guo SS, et.al. 1999, Freedman DS,
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et.al. 2009, Freedman DS, et.al. 2005, Freedman DS, et.al. 2001) increasing the risks for
heart diseases, diabetes, stroke, several types of cancer and osteoarthritis (DHHS 2010).
A systematic review of nineteen studies, involving data collected from 24
individual medication trials (open label or randomized controlled trials) by Correll et.al
on 684 children and adolescents (mean age: 12.3 years) with bipolar disorder showed
significant increase in weight associated with the use of mood stabilizers and atypical
antipsychotic. The polytherapy of mood stabilizers and atypical antipsychotics caused
more weight gain as compared to mood stabilizer monotherapy but not different from
atypical antipsychotic monotherapy users (Correll 2007). There are also limited
observational studies comparing the differential risk of weight gain associated with SGAs
and mood stabilizers in the adolescent population (Ghate et.al. 2012, Patel et. al, 2007,
Kompoliti et.al 2010, Castro-Fornieles et.al. 2008, Macmillan et.al. 2008, Chengappa
et.al 2002). The findings are generally consistent with the conclusion of the systematic
review, although most of these studies are not limited to bipolar children and adolescents.
Despite the existing evidence, there are still unanswered questions regarding the
risk of weight gain associated with the treatment for bipolar disorders in children. Bipolar
disorder is a chronic disorder that often requires lifelong treatment. The existing studies,
regarding trials or observational studies, all have short duration of follow-up (with mean
duration of 15.4+12.7 (ranging from 4 to 48) weeks for clinical trials (Correll 2007) and 4
to 12 weeks for observational studies) which is not enough to inform the longer term
impact of the mood stabilizing medications, especially the long term impact of
psychotropic polytherapy. Also, medication utilization and management for bipolar

disorder is complex in real world practice. Many patients went through a process for
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which drugs are titrated, augmented or switched. These patients are often censored in
clinical trials and excluded in most observational studies. The findings of these studies
may not fully reflect the risk faced by patients who are undergoing treatment for bipolar
disorder. Moreover, medications used in the treatment of bipolar disorder include not
only atypical antipsychotics and mood stabilizers, but also antidepressants (American
Psychiatric 2002, Ng, et al. 2009). Some antidepressants have also been associated with
weight gain in adults, the existing literature that examined the medication associated
weigh change in pediatric bipolar disorder, however, has focused solely on atypical
antipsychotics and mood stabilizers. The head-to-head comparison of potential weight
modification effect of all available treatment regimens in children and adolescents in real
world setting has not yet been explored. Lastly, despite weight gain is a common side
effect among treated bipolar cases, it is known that at least a fraction of patients are not
affected (Torrent, et al. 2008). It remains unexplored whether patients with certain
characteristics or non-pharmacotherapy concurrently used with psychotropic medication
could prevent or attenuate the adverse effect of psychotropic medications.

Therefore, the objectives of our study were to assess the differential impact of all
treatment options for bipolar disorders on BMI and explore factors protecting patient

from the increase in BMI.

Methods
Data Source:
This study was conducted using the General Electric (GE) Centricity electronic

medical record (EMR) research database. The data includes longitudinal ambulatory
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health records from 1995 through 2010 for around 10 million patients and is represented
by more than 70 consortium member institutions across 40 states of United States. The
database records patient information such as detailed patient demographics, payment
types, patient diagnosis and procedural information, vital signs, and laboratory test
results. Medication list entries (both prescription and over the counter drug use) include
the start and stop dates along with the reason for stopping the medication. For each
patient visit, the specialty of physician who attended patient and the practice type is also
documented. The database is de-identified in accordance with the Health Insurance
Portability and Accountability Act and has been used widely in published literature
(Ghate, et al. 2013, LaFleur, et al. 2011, McAdam-Marx, et al. 2011).

Sample Population:

The individuals eligible for inclusion were - (i) under 18 years of age; (ii)
receiving a diagnosis of bipolar disorder (ICD-9-CM code: 296.0, 296.1, 296.4, 296.5,
296.6, 296.7, 296.8) after a minimum of 180-day period (also known as the
baseline/washout period) free of either bipolar diagnosis or prescription (defined as index
bipolar diagnosis); (iii) receiving at least 3 months of prescription medication for bipolar
disorder after the index bipolar diagnosis; and (iv) with BMI measures taken at the
baseline and during the follow-up. Index prescription date was defined as the date on
which the patient received first bipolar related medication, namely atypical antipsychotics
(AT) or mood stabilizers (MS) or antidepressants (AD), after the Index Bipolar diagnosis.
The baseline BMI was defined as a BMI measure taken within 30 days prior to or on the
index prescription date, while the follow-up BMI was defined as the ones that were

reported during the 12 months post the index prescription period.
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Study Design:

This study used a retrospective cohort design for which every patient was
followed for one year from the first medication prescription, defined as index prescription
date, to compare the impact of different medication regimens for the treatment of bipolar
disorders on BMI.

Exposure: This study includes 5 mutually exclusive drug regimens. These
regimens were AT monotherapy, MS monotherapy, AD monotherapy, AT+MS
polytherapy, AT+AD polytherapy and MS+AD polytherapy. Although AD monotherapy
has been associated with manic switch, we still observed that some patients in our cohort
received the regimen briefly during the follow-up period. The drug exposure of each
individual during the 12 month follow-up period was ascertained by the prescriptions
written by physicians. As GE data does not have days of supply of medication, it was
assumed that each prescription was for 30 days after consulting with psychiatrists.

Outcome: Outcome measured in this study is ‘change in BMI’ during the
treatment calculated as the difference between the measures taken during follow-up and
the baseline measure. The BMI was measured monthly and the months without a BMI
measure were coded as missing. If there were multiple BMI measures available for a
particular month, an average of all BMI measures was considered for that monthly
observation. Similarly, treatment regimens were mapped out for each month for each
patient based on their prescriptions and number of refills prescribed by the physician.
Considering the likelihood of patients switching treatment regimens, BMI measures for
each month was attributed to the treatment regimen prescribed to the patient for that

particular month. Figure 1 shows a schematic of patient’s BMI measures and treatment
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regimens as measured over the follow-up period. In order to examine both short term and
long term treatment effects on BMI, individuals were followed up to 3, 6, 9, and 12
months according to their availability of BMI measure in each quarter of the year. For
instance, a patient with BMI measures in month 4, 6 and 8 will be included in the 6
month and 9 month follow-up cohorts, but will not be eligible to the 3 month and 12
month follow-up cohort. In contrast, a patient with BMI measures only within 3 months
of treatment initiation will be included only in the 3 month follow-up cohort.
Statistical Analysis:

Repeated measure mixed model was used to model treatment effect on change in
BMI due to the presence of repeated medication exposure and outcome (BMI) measures
for each individual. These observations nesting under each individual are correlated.
Mixed models are a flexible approach to model correlated data. In addition, as likelihood
of having measured BMI at all months for each individual is not possible, there were
missing BMI measures. Given that vast majority of the pediatric bipolar patients
received weight and BMI measures during each of the their follow-up visit, there is no
reason to believe that the chance of having a BMI measure in a particular month is
associated with the treatment regimen the patient received in the month. Therefore, we
assume that the BMI measures were missing at random and it was non-differential across
the treatment groups. To determine the nature of autocorrelation between the
observations nested under a patient, we compared the Akaike Information Criterion
(AIC) value of the models assuming different covariance matrixes. Autoregressive

heterogeneous (ARH) variance-covariance structure was found to be the best fit.
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The dependent variable was monthly change in BMI from baseline modeled at 3,
6, 9 and 12 months. The primary independent variable was type of treatment regimens
patients received in each month. The treatment exposure was treated as time-varying
which could change from month to month. The association between treatment regimen
patients exposed at each month and the BMI measured in the same month was assessed in
the model to compare the relative risk of increase in BMI across treatment regimens
during various observation periods.

Covariates controlled in this study were demographics (age, gender, race,
insurance type and region), clinical characteristics (baseline and concurrent psychosocial
and behavioral intervention, baseline BMI and psychiatric comorbidities (anxiety
disorder, attention deficit hyperactivity disorder, depression, learning disability,
oppositional/conduct disorder and substance use disorder).

To further explore whether patients with certain characteristics or the utilization
of medication concurrent psychosocial or behavioral interventions could prevent or
attenuate the adverse effect of psychotropic medications, a logistic regression model was
employed to explore the differences in demographic, clinical, baseline BMI and
psychiatric comorbidities between children and adolescents whose BMI had increased
during the treatment versus whose BMI stayed stable.

All analysis was carried out using Statistical Analysis Software 9.3 (SAS, Cary,
NC, USA). This study was approved by the Institutional Review Board at the University

of Houston.
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Results
Cohort Characteristics

As presented in figure 2, a total of 17,779 children and adolescents were
identified with bipolar disorder diagnosis. After excluding patients without any kind of
medication treatment by the providers who were using the GE EMR system (N=10,419);
those who were not prescribed any guideline recommended first line treatment for bipolar
disorders (atypical antipsychotics or mood stabilizers) (N=897); those without a
minimum of one BMI measures at baseline and one during the follow-up visits
(N=1,793); those without 180days of treatment free period before the index date
(N=2,371), the final cohort consisted of 2,299 treated children and adolescents with a
new bipolar episode.

As presented in table 1, the majority of the cohort was whites (N=1,067; 46.41%)
residing in the Midwest (N=870; 37.84%) region of US, and had commercial insurance
(N=806; 35.06%). The mean age of the cohort was 13.51 (+3.87) years and had roughly
equal proportions of males (48.42%) and females (51.28%).

Treatment Utilization Patterns

Table 1 also presents the treatments prescribed to the study cohort. 76.81%
(N=1,766) of individuals in the cohort initiated treatment with monotherapies and
23.19% (N=533) with polytherapy. The most commonly prescribed psychotropic
monotherapy was AT monotherapy (N=846), followed by MS monotherapy (N=715) and
AD monotherapy (N=205). Of the 1,766 patients who were initially prescribed
monotherapy, 966 (54.70%) received treatment augmentation during the one year follow

up, and of those 533 patients who initiated treatment with polytherapy, 293 (55% )
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switched to monotherapy regimen during the follow-up. In total, 54.76% (N=1,259) of all
individuals were ever prescribed polytherapy during the one year follow-up period. The
commonly prescribed combination regimens were AT and MS (ATMS) polytherapy
(N=444), AT and AD (ATAD) polytherapy (N=440), and MS and AD (MSAD)
polytherapy (N=375).

Absolute Change in BMI Associated with the Initial Psychotropic Regimens:

The unadjusted analysis found the maximum increase in BMI was observed among
individuals who initiated their treatment with atypical antipsychotic monotherapy
(1.20£2.26 kg/m2), followed by those initiated with ATMS combination (1.04+2.71
kg/m2) and ATMS combination (1.01+3.24 kg/m2), with mood stabilizers monotherapy
(0.62+2.37 kg/m2), and those initiated with mood stabilizer-antidepressant combination
(0.61£3.01 kg/m2).

Multivariate Analysis on the Association between Treatment Regimens and the
correspondent change of BMI

Table 2 presents the estimated change in BMI associated with each treatment
regimen during the 3, 6, 9 and 12 months follow up periods using repeated measure
mixed model. In all comparison, MS monotherapy was used as the reference group and
the effects of the treatments, the time and the interaction effect between the two were
observed.
Treatment and Time Effect:

The time effect estimated in the model indicated that the longer the use of mood
stabilizers (the reference group), the higher the increase of BMI. Each additional month

exposure to mood stabilizer was associated 0.11 kg/m? increases in BMI within the 3
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month follow-up cohort (p-value: 0.0436), 0.09 kg/m? increase within the 6 month
follow-up cohort (p-value: 0.0004), 0.09 kg/m? within the 9 month follow-up cohort(p-
value: <0.0001) and 0.089 kg/m? within the 12 months follow-up cohort (P <0.0001). The
magnitude of the estimates suggested that the increase had been steady overtime.

As compared to MS monotherapy, the change in BMI associated with AT
monotherapy was 0.244 kg/m? (3 months follow-up, P= 0.0006), 0.10 kg/m? (6 months
follow-up, P= 0.0019), 0.07 kg/m? (9 months follow-up, P= 0.0021) and 0.05 kg/m? (12
months follow-up, p-value: P=0.0034) higher, indicating a steeper slope over time
especially during the short term exposure. None of the regimen other than AT
monotherapy showed any difference in change in BMI as compared to the MS
monotherapy.

Baseline BMI:

Children and adolescents who were overweight or obese at baseline were less likely
to have increased BMI during the psychotropic treatment. Every one unit higher BMI at
baseline led to 0.038 kg/m?, (p-value: <0.0001), 0.036 kg/m?, (p-value: <0.0001), 0.029
kg/m?, (p-value: <0.0001) and 0.028 kg/m?, (p-value: <0.0001) less increase in BMI at 3,
6, 9 and 12 months of follow-up cohorts respectively.

Age:

Older age children and adolescents were subjected to more increase in BMI. Every
one year older of age led to 0.38 kg/m?, (p-value: <0.0001), 0.036 kg/m?, (p-value:
<0.0001), 0.031 kg/m?, (p-value: <0.0001), 0.030 kg/m?, (p-value: <0.0001) increase in
BMI at 3, 6, 9 and 12 months of follow-up respectively.

Other covariates:
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Gender, race, geographical region, type of insurance and comorbid conditions
were not associated with change in BMI during the follow-up.
Predictors of ‘Increase in BMI’ among Atypical Antipsychotic Users

Given that atypical antipsychotics was found to be the regimen that associated
with the most BMI gain and these drugs are also the most commonly used therapeutic
category used among bipolar patients (N=1,385, 60% ). An ad hoc analysis was
conducted to explore, within the atypical antipsychotic users, the factors that protected
patients from getting excessive BMI gain. Of the 1,385 atypical antipsychotic users, 65%
(N=896) showed ‘increase in BMI” at the end of follow-up. Baseline BMI, number of
months on AT and region were found to be significant predictors for increase in BMI
(Table 3.). With each kg/m?increase in baseline BMI, it is 4% less likely to increase BMI
at the end of follow-up (OR: 0.963; C.1.: 0.946-0.980), while with each additional month
exposure to AT, a patient is 1.095 (CI: 1.055-1.136) times more likely to have increased
BMI. For region, those residing in the South region are 1.32 (C.1.: 1.199-1.401) times
more likely to have increased BMI as compared to those that reside in the mid-west

region.

Discussion

Consistent with the existing short term pediatric studies that examined the relative
risks of weight gain associated with various psychotropic regimens (Almandil et.al. 2013,
Fiedorowicz et. al. 2012, Maayan 2011, Correll, et al. 2010, Citrome& Vreeland, 2009,
Correll 2007, Fleischhaker 2007, Martin 2000, ), our analysis found that children treated

with atypical antipsychotics are at the highest risk for weight gain. As compared to
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patients on mood stabilizer monotherapy, those on atypical antipsychotic monotherapy
had a greater increase in BMI in the 3, 6, 9 and 12 month follow up period, while the
statistically significant differences were not observed in children on all other
psychotropic regimens (AD monotherapy, AT+MS polytherapy, AT+AD polytherapy
and MS+AD polytherapy).

More importantly, our analysis provided data that help clarify the association
between the duration of exposure to psychotropic medications and the change in BMI.
Our findings suggested that the longer the exposure to psychotropic medications, the
more increase in BMI in children and adolescents with bipolar diagnosis. Within one year
follow up period, the duration of exposure to psychotropic medications was associated
with steady and continuous increase in BMI and the time effect was observed in patients
on all psychotropic treatment regimens. The repeated measure mixed model showed that
each additional month exposure to mood stabilizer monotherapy (the reference group)
was associated with 0.09-0.11 kg/m? increases in BMI during the 3, 6, 9 and 12 month
follow up periods. Similar (statistically indifferent) trends were observed in children on
all other psychotropic regimens (AD monotherapy, AT+MS polytherapy, AT+AD
polytherapy and MS+AD polytherapy) with the only exception observed in those on
antipsychotic monotherapies.

Limited studies that have examined the association between duration of
psychotropic treatment and weight gain were conducted in adults who were on atypical
antipsychotics. In a retrospective analysis on long-term effect of olanzapine treatment on
weight change among patients with schizophrenia, Kinon et al. (2001) reported a mean

weight gain of 6.26 kgs which plateaued at 39 weeks of treatment. Another retrospective

23



report from the Pittsburg Study of maintenance Therapies in Bipolar Disorder that
evaluated weight change during acute psychotropic treatment and the first year of
maintenance psychotropic treatment among individuals age 18 or over, report that most
of the weight gain occurs during the acute treatment phase rather than the maintenance
treatment phase, which further indicates a leveling effect over longer periods of treatment
time (Fagiolini 2002). In our study, a similar levering effect was observed in children and
adolescents on antipsychotic monotherapy. However, the change of BMI was not reduced
to O at the end of the one year follow-up; rather, it is leveling closer to the BMI trends
associated with other psychotropic regimens.

Atypical antipsychotic and other psychotropic medications are known to alter
resting metabolic rate, energy expenditure and activity levels along with increasing
appetite and food intake and decreasing satiety (Maayan, Correll 2010). Lithium is
known to directly stimulate appetite at the hypothalamus, causing fluid retention, and
increase thirsty that might lead to consumption of high-calorie beverages (Torrent et.al.
2008; McKnight ey.al. 2012, Elmslie et.al. 2001). Valproic acid also increases appetite,
but may also increase insulin secretion from pancreatic beta cells and reduce insulin
clearance which leads to hyperinsulinemia and associated weight gain (Verrotti et.al.
2011). The exact mechanism of antipsychotic weight gain is still undetermined, but
evidence points to the receptor affinities for histamine H1, serotonin 5-HT2 and
dopamine D2 receptors (Wetterling et.al. 2001). These receptor activities, coupled with
their influence on hypothalamic peptides and hormones, may affect energy homeostatsis
causing increase in appetite and reducing satiety (Correll, Malhotra 2004).Additionally,

increase in the level of ghrelin, a peptide hormone also known as “hunger hormone”,
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which increases weight was observed in patients with long-term atypical antipsychotics
(Jin et.al, 2008). Some psychotropics have also shown to increase carbohydrate cravings
(Garland et.al., 1988). Based on animal studies, Hoebel et.al. (2009) has developed a
behavioral circuit model, known as the sugar addiction model, that explains the long-term
effect of carbohydrate craving. As per the model, sugar bingeing causes repeated release
of excessive dopamine (DA) and opioid stimulation during abstinence from sugar,
causing a feeling similar to opioid withdrawal, causing greater risks of relapsing. No
matter what is the mechanism of action, mood stabilizers and antipsychotics are both
known to increase appetite and reduce satiety, which may lead to long-term changes in
diet which may be attributed to sugar bingeing. This may also explain our findings that
older individuals are more likely to gain BMI, considering parent’s role in controlling
diet among younger individuals.

One surprising finding of our study was that, the effect of any combination
regimen on BMI did not differ from MS monotherapy. Bipolar being a chronic condition
is frequently treated by complex combination regimens. Our study, reflecting the real
world clinical practices in treating bipolar children and adolescents, takes into account all
types of treatment regimens prescribed by physicians and shows that these combination
regimens do not cause and significant additional weight gain over mood stabilizer
monotherapy. Although we excluded all patients who were prescribed psychotropic
medications within 6 months prior to the index bipolar disorder; individuals, especially
those who initiated treatment with complex combination regimens, may have been
exposed to simpler treatment regimens much before the controlled 6 months. Even

though our study did not compare baseline BMI measures between different treatment

25



regimens, considering the long term eating habits and lifestyle changes as explained by
the sugar addiction model, it may be possible that these individuals having been affected
by their historical use of psychotropic medications are overweight or obese to begin with.
With clear evidence of weight gaining properties of atypical antipsychotics, physicians
may be inclined to treat overweight or obese individuals with other safer options, namely
mood stabilizers, either alone or in combination with atypical antipsychotics to better
manage the disorder and control high doses of atypical antipsychotics. Combination
regimens may not significantly worsen the existing lifestyle changes and eating habits
and so increase in BMI may not significantly differ from mood stabilizer regimens.
Furthermore our findings also show that children and adolescents with greater BMI at
baseline, are less likely to increase their BMI at follow-up further supporting our theory
that physicians are more likely to be careful with their choice of treatment regimen and
monitor their effects on an individuals’ BMI and weight especially for those who have a
greater BMI to begin with.

Our study focuses on bipolar children and adolescents on psychopharmacotherapy
followed for a period of 12 months. Although, evidence from clinical trials are
considered gold standard, they are bound by the controlled nature of the study do not
represent the real world clinical practice. Additionally, systematic reviews of these
clinical trials have short duration of follow-up (with mean duration of 15.4+12.7 weeks
and a median duration of 8 weeks) and small sample sizes (less than 100 individuals),
with some studies as small as 9 individuals (Correll 2010). These short follow-up periods
are inadequate to inform the long term impact of the medications, especially psychotropic

polytherapy on children’s weight and BMI.
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The result implicates that children and adolescent patients on long-term
psychotropic drugs, especially atypical antipsychotics, are associated with significant
cardiometabolic adverse effects. The effect could aggregate overtime, and has more
threat to adolescents than children. At present obesity is a serious health concern among
all adolescents Children and adolescents who are obese are more likely to become obese
adults. A study published by Whitaker et al. found that approximately 80% of children
who were overweight at age 10-15 years were obese adults at age 25 years (Whitaker
et.al, 1977). In addition, childhood obesity is associated with adult cardiovascular adverse
outcomes and impaired glucose tolerance (Baker et al. 2007, Bhargava et. al. 2004,
Sinaiko et.al. 1999, Srinivasan et.al. 2002). It is also associated with long term health
risks of obesity, type 2 diabetes, hyperlipidemia, and hypertension (Stigler et. al, 2004).
Our results not only indicate that antipsychotic medications were associated with weight
gain but that it is just associated with more weight gain than other therapeutic categories.
If weight gain among adolescents on antipsychotics is not controlled, it may result in high
burden and increased use limited health resources to treat obesity-related diseases in
addition to mental health issues when these adolescents become adults. Also, obesity and
mental illness may result in serious consequences on the quality of life of children and
adolescents. The potential mechanism of change in lifestyle and eating habits associated
with psychotropic medication use implies a need for appropriate monitoring of BMI in
children and adolescents on psychotropic treatment along with providing nutritional and
weight management counseling.

The primary strength of this study is that actual clinical measures such as BMI

values in the GE EMR database were used to assess change in weight among children
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and adolescents on pharmacotherapy. Previous observational studies have used current
ICD-9 codes and not actual clinical measures to assess obesity/weight gain in adolescents
on antipsychotics (Mclintyre et. al. 2008) which may have resulted in reporting
conservative estimates. ICD-9 codes for obesity are not frequently used, and patients who
became obese after antipsychotic treatment may have been missed. Also, ICD-9 codes
define obesity as BMI above 30kg/m? which may not apply to adolescents where
overweight and obesity is defined based on BMI percentiles compiled on growth charts
from the Centers for Disease Control and Prevention (Kuczmarski et. al, 2002). Another
strength of the study is that it looks at the main treatment effect, effect of time and the
interaction effect of treatment with time (slope). The slope shows the trajectory of change
in BMI for different treatment regimens overtime within different follow-up periods,
making the results more intuitive. Lastly, unlike previous studies, in this study, switching
between the treatment regimens has been accounted for. Most of the previous studies
classify children and adolescents based on treatment initiation regimen, while bipolar
children and adolescents experience constant changes in medication until they reach
symptomatic stability.

As with any research study there are several limitations. One of the most
important limitations of this study is that prescriptions in an EMR database are tracked by
prescription orders and medication lists and not by actual prescriptions filled at the
pharmacy. We cannot be entirely sure if patients are filling and taking medications
prescribed to them. However, as the study includes only those eligible individuals with at
least 3 months of treatment, patients with multiple prescriptions are more likely to have

filled their prescriptions. Additionally, as all individuals in the study have been diagnosed
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with bipolar and have bipolar related follow-up visits, it is less likely to have
prescriptions unfilled. Secondly, we have no evidence to suggest that the missing BMI
measures are not missing at random. Nevertheless, these missing observations fail to give
us a complete picture of changes in BMI at each time point in association with the
treatment regimens. Finally, the database lacks information on socioeconomic status, diet,
physical activity, or overall health of patient’s parents. Although these unmeasured
variables may play a significant role in impacting the weight of adolescents in the data,

controlling baseline BMI partially addresses the effect of these missing variables.

Conclusion

Atypical antipsychotics are significantly associated with increase in BMI as
compared to mood stabilizers. Augmenting mood stabilizer monotherapy regimen with
an atypical antipsychotic does not affect BMI differently. Moreover, baseline BMI and
time of atypical antipsychotic use are significant determinants of BMI increase among
bipolar atypical antipsychotic using children and adolescents. Bipolar children and
adolescents need to be monitored aggressively for height, weight and BMI during and
after treatment and should be provided with nutritional and weight management

counseling especially after treatment.
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Figures and Tables

Figure 1. Schematic of a Patient’s BMI and Treatment measure.
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Figure 2. Schematic Representation of Cohort Selection
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Table 1. Demographic Characteristics

Characteristics Treatment
(N=2,299 (100%))
Mean (SD) 13.51 (3.87)
Age (years) -
Median (IQR) 14 (11-17)
White 1,067 (46.41%)
Black 64 (2.78%)
Race - -
Hispanic 14 (0.61%)
Other 1,154 (50.20%)
Male 1,120 (48.72%)
Gender
Female 1,179 (51.28%)
Commercial 806 (35.06%)
Medicaid 558 (24.27%)
Insurance
Self-pay 65 (2.83%)
Unknown 870 (37.84%)
Midwest 870 (37.84%)
) Northeast 458 (19.92%)
Region
South 559 (24.31%)
West 412 (17.92%)
Primary Care 1,534 (66.72%)
Physician Type Specialist 210 (9.13%)
Unknown 555 (24.14%)
Psychosocial and Baseline 46 (2.00%)
Behavioral Interventions | Concurrent 59 (2.57%)
ODCD 235 (10.22%)
Depression 327 (14.22%)
ADHD 614 (26.71%)
Comorbidities Anxiety Disorder 225 (9.79%)
Substance Use 0
Disorder 145 (6.31%)
Learning Disability 41 (1.78%)
Atypical Antipsychotics
1,067 (46.41 9
Monotherapy (AT) /067 (46.41 %)
Mood Stabilizers o
] Monotherapy (MS) 862 (37.49%)
Treatment Ever Received Antidepressants
. 0,
During Follow-Up Monotherapy (AD) 290 (12.61%)
AT+MS 444 (19.31%)
AT+AD 440 (19.14%)
MS+AD 375 (16.31%)
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Table 2. Effect on Change in BMI (Reference: Mood Stabilizers)

Characteristics

Up to 3 months

Up to 6 months

Up to 9 months

Up to 12 months

Estimate (95% C.1.) V:;;le Estimate (95% C.1.) Vapl'ue Estimate (95% C.1.) Vapl'ue Estimate (95% C.1.) Vapl'ue
Treatment (Ref: MS)
AT -0.24 (-0.424 - -0.057) | 0.0106 | -0.164 (-0.301--0.028) | 0.0181 | -0.155(-0.272--0.039) | 0.0091 | -0.145 (-0.257--0.034) | 0.0106
AD -0.26 (-0.343 - 0.174) 0.476 -0.271 (-0.321-0.112) 0.164 -0.326 (-0.473 - 0.0101) | 0.0943 | -0.0224 (-0.354 - 0.290) | 0.1551
ATMS -0.16 (-0.417 - 0.096) 0.2195 -0.096 (-0.283 - 0.092) 0.3175 -0.106 (-0.265 - 0.053) 0.1909 -0.098 (-0.248 - 0.053) 0.2028
ATAD -0.05 (-0.316 - 0.217) 0.7131 -0.051 (-0.249 - 0.148) 0.6156 -0.056 (-0.226 - 0.114) 0.5207 -0.04 (-0.202 - 0.122) 0.6253
MSAD -0.102 (-0.385-0.182) | 0.4797 -0.167 (-0.376 - 0.043) 0.119 -0.124 (-0.3 - 0.052) 0.1662 -0.095 (-0.26 - 0.07) 0.2598
Time (continuous) 0.108 (0.003 - 0.214) | 0.0436 | 0.093(0.042-0.145) | 0.0004 | 0.094(0.058-0.131) | <.0001 | 0.089(0.06-0.118) | <.0001
Time*Treatment (Ref: MS)
AT 0.244 (0.105 - 0.382) 0.0006 0.103 (0.038 - 0.169) 0.0019 0.071 (0.026 - 0.117) 0.0021 0.053 (0.017 - 0.088) 0.0034
AD -0.054 (-0.2 - 0.092) 0.4668 0.04 (-0.03-0.11) 0.2614 0.016 (-0.032 - 0.064) 0.5127 0.002 (-0.036 - 0.04) 0.9139
ATMS 0.172 (-0.004 - 0.347) 0.0549 0.06 (-0.02 - 0.141) 0.1408 0.049 (-0.004 - 0.102) 0.0716 0.042 (-0.001 - 0.083) 0.0538
ATAD 0.085 (-0.094 - 0.263) 0.3516 0.06 (-0.023 - 0.144) 0.1558 0.049 (-0.009 - 0.107) 0.1006 0.028 (-0.019 - 0.074) 0.2444
MSAD -0.017 (-0.2 - 0.166) 0.8581 0.05 (-0.038 - 0.138) 0.2678 0.027 (-0.033 - 0.086) 0.3771 0.003 (-0.043 - 0.049) 0.889
Baseline BMI -0.038 (-0.044 - -0.031) | <.0001 | -0.036(-0.042--0.029) | <.0001 | -0.029 (-0.035--0.023) | <.0001 | -0.028(-0.034 --0.022) | <.0001
Age 0.038 (0.025 - 0.052) <.0001 0.036 (0.022 - 0.049) <.0001 0.031 (0.018 - 0.043) <.0001 0.03 (0.018 - 0.043) <.0001
Gender (Ref: Male)
Female -0.014 (-0.133 - 0.105) | 0.7788 -0.032 (-0.15 - 0.087) 0.521 -0.045 (-0.159 - 0.068) 0.3497 -0.045 (-0.156 - 0.067) 0.3513
Race (Ref: White)
Black 0.001 (-1.764 - 1.765) 0.9958 -0.014 (-0.611 - 0.583) 0.9275 -0.061 (-0.486 - 0.364) 0.6785 -0.081 (-0.502 - 0.34) 0.5839
Hispanic 0.052 (-3.361-3.465) | 0.8789 | -0.001(-1.147-1.145) | 0.9974 | -0.082(-0.887-0.723) | 0.7675 | -0.113(-0.91-0.683) | 0.6815
Others -0.062 (-0.643 - 0.52) 0.4067 -0.056 (-0.252 - 0.14) 0.3425 -0.053 (-0.192 - 0.085) 0.3069 -0.053 (-0.19 - 0.083) 0.3013
Region (Ref: Midwest)
Northeast 0.054 (-0.12-0.229) | 0.4366 | 0.077(-0.083-0.237) | 0.2729 | 0.093 (-0.047-0.234) | 0.1596 | 0.099 (-0.04-0.237) | 0.1357
South 0.013 (-0.152 - 0.178) 0.8395 0.021 (-0.132-0.173) 0.7404 0.053 (-0.081 - 0.187) 0.3768 0.06 (-0.073 - 0.192) 0.3204
West -0.106 (-0.294 - 0.081) | 0.1896 -0.111 (-0.284 - 0.061) 0.1586 -0.086 (-0.238 - 0.066) 0.2237 -0.07 (-0.221 - 0.08) 0.3044
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Insurance (Ref: Commercial)

Medicaid 0.02 (-0.248 - 0.288) 0.7754 0.019 (-0.179 - 0.216) 0.7809 | -0.002(-0.166 - 0.162) | 0.9758 0.003 (-0.16 - 0.165) 0.9669
Self-pay -0.556 (-1.157 - 0.045) | 0.0576 | -0.476 (-0.915 - -0.037) 0.041 -0.383 (-0.75 - -0.016) 0.0443 | -0.366 (-0.728 - -0.003) | 0.0488
Unknown 0.02 (-0.203 - 0.244) 0.7319 0.003 (-0.162 - 0.168) 0.955 -0.013 (-0.15 - 0.125) 0.8077 | -0.018(-0.154-0.118) | 0.7327
Baseline Psychosocial and
Behavioral Intervention (Ref: No)
Yes -0.225 (-0.585 - 0.135) | 0.2206 -0.341 (-0.7 - 0.018) 0.0628 | -0.396 (-0.74 - -0.052) 0.024 | -0.407 (-0.746 - -0.067) | 0.019
Current Psychosocial and
Behavioral Intervention (Ref: No)
Yes 0.236 (-0.07 - 0.542) 0.1311 0.308 (0.004 - 0.613) 0.0473 0.382 (0.093 - 0.672) 0.0097 0.398 (0.113 - 0.683) 0.0062
Oppositional/Conduct Disorder
(Ref: No)
Yes 0.029 (-0.949 - 1.007) | 0.7718 0.006 (-0.966 - 0.977) 0.9539 0.021 (-0.905 - 0.947) 0.8212 0.03 (-0.884 - 0.944) 0.7461
Depression (Ref: No)
Yes 0.006 (-0.767 - 0.778) | 0.9422 0.019 (-0.174 - 0.211) 0.7784 0.011 (-0.148 - 0.171) 0.852 0.004 (-0.153 - 0.162) 0.9425
ADHD (Ref :No)
Yes -0.052 (-0.227-0.122) | 0.4115 | -0.042(-0.216-0.131) | 0.4946 -0.056 (-0.2 - 0.088) 0.3388 | -0.059(-0.201-0.084) | 0.3164
Learning Disability (Ref: No)
Yes -0.009 (-2.109 - 2.091) | 0.9651 | -0.015(-2.082-2.053) | 0.9426 0.011 (-1.951 - 1.972) 0.9564 0.024 (-1.91 - 1.958) 0.9009
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Table 3:. Predictors of ‘Increase in BMI’ among Atypical Antipsychotic Users

Effect OddsRatioEst | LowerCL | UpperCL | p-Value
Baseline BMI 0.963 0.946 0.98 <.0001
Months on AT 1.095 1.055 1.136 <.0001
Age 1.015 0.98 1.052 0.4019
Gender (Ref: Male)
Female 1.02 0.804 1.293 0.8723
Race (Ref: White)
Black 1.479 0.722 3.031 0.2847
Hispanic 5.896 0.716 48.551 | 0.0991
Others 1.086 0.858 1.374 0.4909
Region (Ref: Midwest)
Northeast 0.751 0.552 1.022 0.0683
South 1.321 1.199 1.401 0.033
West 0.851 0.589 1.229 0.3898
Insurance (Ref: Commercial)
Medicaid 0.873 0.638 1.195 0.3969
Self-pay 1.366 0.576 3.237 0.4788
Unknown 0.953 0.724 1.256 0.7339
Baseline I?sychosocial and Behavioral 1.335 0.513 3.474 0.5539
Intervention (Ref: No)
Current Psychosocial and Behavioral 1.314 0.548 3.146 0.5405
Intervention (Ref: No)
(|\)l(|:)))p05|t|onaI/Conduct Disorder (Ref: 1993 0.89 1878 0.1769
Depression (Ref: No) 0.864 0.611 1.223 0.4102
ADHD (Ref :No) 0.93 0.719 1.203 0.5819
Substance Use Disorder (Ref: No) 0.758 0.449 1.279 0.2992
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Abstract

Objective: To conduct a one year comparative effectiveness study that assesses the effect
of psychotropic medication discontinuation on BMI among bipolar children and
adolescents.

Methods: A retrospective cohort study was conducted using the General Electric
electronic medical records (GE-EMR) database from 1995 to 2010 to identify bipolar
children and adolescents (18 years or younger) treated with atypical antipsychotics (AT),
mood stabilizers (MS) or antidepressants (AD) and further discontinued the treatment.
Date of treatment discontinuation was defined as index discontinuation date. After
excluding those without at least one body mass index (BMI) measure; pre-treatment, at
treatment discontinuation and post-discontinuation, patients were followed for up to 3, 6,
9 and 12 months after treatment discontinuation to observe whether the BMI patients
gained during the treatment could return to the baseline. The repeated measures mixed
models were applied to account for the nesting effect of multiple BMI measures available
to each individual, and estimate the effect of treatment discontinuation on BMI after

adjusting for the baseline BMI, socio-demographics, comorbidities and psychotherapy.

Results: Cohort consisted of 1,265 individuals (mean age: 13.67+£3.83 years). After the
treatment discontinuation, most patients’ BMI stayed on the level during the treatment
and did not return to the baseline level. The proportion of children and adolescents who
were overweight/obese (>85 percentile), 12 months after treatment discontinuation, was
significantly higher (53.49%) than that at the start of the treatment (51.03%). The change
in BMI after the treatment discontinuation was neither associated with the type of

treatment the individuals received in the treatment phase nor was it associated with time
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elapsed from the treatment discontinuation. Being older and having lower BMI at the end
of the treatment was associated with relative more reduction of BMI after the treatment

discontinuation at all follow-up periods.

Conclusion: There is no significant difference between effects of treatment regimen on
BMI after treatment discontinuation. BMI gained during treatment is not completely
reversible after discontinuation of treatment. Bipolar children and adolescents need to be
monitored aggressively for height, weight and BMI during and after treatment and should
be provided with nutritional and weight management counseling especially after

treatment.
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Introduction

Bipolar is a severe recurrent and chronic mood disorder affecting 1-1.5% of the
pediatric population (Pfeifer, Kowatch et.al, 2010, Bebbington and Ramana 1995,
Kleinman et.sl, 2003). It is associated with frequent recurrences that require long term
medication management (Lin et.al, 2006). Medications commonly used in youth as the
first line treatment are mood stabilizing medications such as lithium, divalproex and
carbamazepine as well as atypical antipsychotics such as risperidone, quetiapine,
olanzapine and aripiprazole. Published clinical trials and observational studies in both
adults and pediatrics have reported weight and BMI gain among children and adolescents
with psychiatric disorders on mood stabilizers and atypical antipsychotic medications
(Ghate et.al. 2012, De Hert. et.al, 2011, Kompoliti et.al 2010, Castro-Fornieles et.al.
2008, Macmillan et.al. 2008, Correll 2007, Patel et. al 2007, Corell and Carlson 2006,
Fedorowicz and Fombonne 2005, Mclintyre and Konarski 2005; Newcomer 2005, Martin
et. al 2004, Sikich et.al 2004, Chengappa et.al 2002, Shaw et.al. 2001, Allison, Mentore
et al. 1999). Other psychotropic medications often used in the treatments for bipolar
disorders, such as antidepressant, had controversial reports regarding its effect on weight,
with tricyclics and monoamine oxidase inhibitors cause weight gain by increasing
appetite and selective serotonin reuptake inhibitors (SSRIs) reduce weight by decreasing
appetite and increasing basal metabolic rate (Torrent et.al. 2008).

Moreover, polypharmacy are frequently used in bipolar treatment. With increase
in number of concurrent psychotropic medications, there increases risks of weight gain.

Significantly greater weight gain associated with both short term as well as long term
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psychotropic polypharmacy compared to monotherapies were observed in both children
and adults (Centorrino et.al. 2008, Jerrell et.al. 2008) .

Despite the strong evidence that associates psychopharamcotherapy to weigh
gain, the reversibility of the side effect remains uncertain. There is scarcity of data on the
change of weight or BMI after treatment discontinuation. The largest study that examined
the weight change after discontinuation of antipsychotics was conducted by Kuijper et.al,
among 99 adults with intellectual disability. The study reported an average of 3.5 kgs
absolute weight decrease and about 1.4 kg/m? of reduction in BMI 12 weeks after
discontinuing antipsychotic medications. One of the drawbacks of this study was missing
the baseline weight and BMI measures before the treatment initiation. The study fail to
inform the change of weight and BMI during the treatment and answer whether the
weight gain associated with antipsychotics was completely reversible because more than
80% of the participants used antipsychotics for more than 10 years and had incomplete
records at the baseline. (Kuijper et al. 2013). Another study using an adult patient
sample treated with atypical antipsychotics found that only 25% of 35 patients (who
gained 20 or more pounds during the medication treatment) were able to lose more than
10 pounds after the treatment discontinuation (Lindsay et.al. 2004, o’ Keefe et.al, 2001).

Not much literature is present on the effect of pharmacotherapy discontinuation
on weight gain in adults, with even bigger gap in literature for children. The only relevant
pediatric study was conducted by Lindsay et al. (2004) which assessed the weight
changes due to risperidone and further effect due to discontinuation in 14 children
diagnosed with disruptive behavior disorders (oppositional defiant disorder and conduct

disorder) . The authors conclude that for 11 children, the weight gain was reversible at 9
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to 12 months after discontinuation, but further admitted the need of more data from larger
cohorts to make a definitive conclusion (Lindsay et.al, 2004).

The objective of our study was to conduct a one year comparative effectiveness
study that assesses the effect of psychotropic medication discontinuation on BMI among

bipolar children and adolescents.

Methods
Data Source:

This study was conducted using the General Electric (GE) Centricity electronic
medical record (EMR) research database. The GE EMR database includes longitudinal
ambulatory health records from 1995 through 2010 for around 10 million patients and is
represented by more than 70 consortium member institutions across 40 states of United
States. The database records patient information such as detailed patient demographics,
payment types, patient diagnosis and procedural information, vital signs, and laboratory
test results. Medication list entries (both prescription and over the counter drug use)
include the start and stop dates along with the reason for stopping the medication. For
each patient visit, the specialty of physician who attended patient and the practice type is
also documented. The database is de-identified in accordance with the Health Insurance
Portability and Accountability Act and has been used widely in published literature.
(Ghate et. al. 2013, LaFleur et.al. 2011, McAdam-Marx et.al. 2011, Brixner at.al. 2006,).
Study Population:

Bipolar disorder is a neuropsychiatric disorder with childhood onset. The

individuals eligible for inclusion in this phase of the study if they were (i) under 18 years
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of age; (ii) ever received a diagnosed with Bipolar (ICD-9-CM code: 296.0, 296.1, 296.4,
296.5, 296.6, 296.7, 296.8) after a minimum of 180-day period (also known as the
baseline/washout period) free of bipolar diagnosis or prescription to increase the
likelihood that the treatment identified represents a new treatment episode; (iii) received
atypical antipsychotics or mood stabilizers; (iv) discontinue treatment within 12 months
of treatment initiation; (v) and had at least three BMI measures, that were taken within 3
month prior to the treatment initiation, during the treatment and within 12 months after
the treatment discontinuation.

Study Design:

This study used a retrospective cohort design for which every treated bipolar case
was followed for up to one year since the date of treatment discontinuation. Treatment
discontinuation date was defined as date on which all medications were stopped indicated
as a noted removal by the physician in the data or the date of last prescription of bipolar
medication plus 30 days. Individuals were followed quarterly, that is, up to 3 months, 6
months, 9 months and 12 months, from the date of treatment discontinuation.

Outcome: All weight and BMI measures taken between 3 month prior to the
treatment initiation and 12 month post the treatment discontinuation were identified. As
illustrated in the Figure 1, the weight and BMI measures taken during 3 month prior to or
on the date of the treatment initiation was defined as “baseline weight” and “baseline
BMI”; The BMI measure taken within 3 months before treatment discontinuation, was
defined a “BMI at discontinuation”; The measures taken after the treatment
discontinuation were defined as “weight after discontinuation” and “BMI after

discontinuation”.
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The primary outcome measure of our study was change in BMI after
discontinuation calculated as: BMI after discontinuation — BMI at discontinuation. The
difference was taken to see the change in BMI after treatment discontinuation. According
to the availability of the BMI measure, these outcomes measured quarterly after the
treatment discontinuation (up to 3, 6, 9 and 12 months) so as to examine short term and
long term treatment discontinuation effects.

Statistical Analysis

Descriptive statistics (Means £SD) were computed for BMI measures at different
time points. T-test was used to compare the difference between weight and BMI
measures at 3, 6, 9 after treatment discontinuation and the measures at the baseline
(before the treatment initiation) to determine if the weight/BMI change is reversible.

Repeated measure mixed model was used to model the factors that affect the
change of BMI during 3, 6, 9 and 12 months after treatment discontinuation. Due to the
presence of multiple BMI measured for each individual (BMI measures at multiple time
points), these observations nesting under each individual are correlated, and hence cannot
be considered independent from each other. In addition, as no individuals have BMI
measured at all follow-up months, the presence of missing BMI measures limits analysis
techniques that can be used to model the data. Mixed models are a flexible approach to
model correlated data, by taking into consideration the type of correlation, and
observations with missing BMI values by excluding those observations from the analysis.

Independent Variables: To explore the factors associated with change in BMI
after treatment discontinuation, the independent variables included in the repeated

measure mix models were prior treatment regimen ( categorized as (i) Those who ever
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received AT plus MS combination, (ii) Those who never received MS but ever received
AT monotherapy, (iii) Those who never received AT but received MS monotherapy),
duration of prior treatment, BMI at treatment discontinuation, demographic
characteristics (age, gender, race, region and type of insurance), baseline and concurrent
psychosocial and behavioral intervention and comorbid conditions (attention-deficit
hyperactive disorder, depression, anxiety disorder, substance use disorder, oppositional or
conduct disorder and learning disability).

On comparing the Akaike Information Criterion (AIC) value of models with
different covariance matrixes, Autoregressive heterogeneous (ARH) variance-covariance
structure was found to be the best fit and was considered for this study.

All analysis was carried out using Statistical Analysis Software 9.3 (SAS, Cary,
NC, USA). This study was approved by the Institutional Review Board at the University

of Houston.

Results
Cohort Characteristics

Figure 2 shows a schematic flow chart depicting cohort formation. 17,779
children and adolescents (age 18 years or younger) were identified with bipolar disorder
diagnosis (ICD-9-CM code: 296.0, 296.1, 296.4, 296.5, 296.6, 296.7, 296.8). Of which,
23.02% (N=4,092) were observed prescribed atypical antipsychotics, mood stabilizers
following the index diagnosis in the database. After excluding those without baseline
BMI or BMI during the treatment (N=1,793), and those who did not discontinue

treatment within 12 months of treatment initiation and without post discontinuation BMI
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measures (N=1,034), the final cohort consisted of 1,265 treated children and adolescent
with bipolar diagnosis.
Clinical Characteristics

As presented in table 1, the mean age of the cohort was 13.67 (£3.83) years. A half
of individuals in the cohort were whites (N=626, 49.49%), females (N=658, 52.02%)
approximate one third resided in the Midwest region of US (N=493; 38.97%) and had
commercial insurance (N=434; 34.31%). ADHD was found to be the most commonly
diagnosed comorbid condition (N=292, 23.48%).

Vast majority of the study cohort received one of the follow three treatment regimens:
49% (N=614) were ever prescribed atypical antipsychotics but never received mood
stabilizers; 33% (N=422) were ever prescribed mood stabilizers but never received
atypical antipsychotics; 18% (N=229) were ever prescribed combination treatments of
atypical antipsychotics plus mood stabilizer. Median (IQR) time to discontinuation of
treatment was 7 (4-9) months with mean (xSD) of about 6.74(+2.82) months. Only about
3% (N=37) and 1.9% (N=24) of the individuals ever received treatment concurrent or
prior treatment psychosocial and behavioral intervention respectively.

Descriptive statistics of change in BMI:

The average number of BMI measures within a 12 months period after the treatment
discontinuation was 3.3(x2.27) with the median (IQR) of 3(1-4). Mean weight and BMI
of the study cohort was 139.19 (£56.45) Ibs and 24.03 (+8.58) kg/m2 at the baseline,
144.68 (£58.45) Ibs and 25.53 (£8.32) kg/m2 at the treatment discontinuation and 152.41
(£59.55) Ibs and 25.87 (£8.02) kg/m2 12 months after the treatment discontinuation.

Mean BMI of the study cohort at the end of 12 month follow-up period was significantly
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higher (p= <0.001) than BMI measured at the baseline. As shown in figure 3, there had
been an upward trend of BMI during the treatment and after the treatment
discontinuation. The proportion of children and adolescents who were overweight/obese
(>85 percentile) one year after the treatment discontinuations (53.49 %) were higher that
at the start of the treatments (51.03%).

Table 2 presents the BMI measures of all individuals at baseline, at treatment
discontinuation and within 3, 6, 9 and 12 months after treatment discontinuation by
treatment groups. Children who initiated their treatment with atypical antipsychotics had
significantly lower baseline BMIs (23.56+7.28) than patients initiated with mood
stabilizer monotherapy (25.08+6.87) or ATMS combination (25.27+7.11). During the
treatment, the BMIs of children on all psychotropic regimens had increased significantly.
After the treatment discontinuation, the BMIs remained higher than the baseline BMI at
all time points for those atypical antipsychotic monotherapy users; higher at 3, 6 and 9
months after treatment discontinuation for those mood stabilizer users; and higher at 3
and 6 months for those ATMS combination recipients. When compared with the last BMI
taken during the treatment (at the treatment discontinuation), the previous atypical
antipsychotic users’ BMIs were still higher at 9 and 12 months after the treatment
discontinuation indicating continuous increase of BMI after the treatment
discontinuation. Children and adolescents who had been on mood stabilizer monotherapy
or ATMS combination also showed a positive trend of increase in BMI as compared to
the last BMI taken during the treatment. However, the differences were not statistically
significant.

Factors associated with change of BMI after treatment discontinuation
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Table3 presents the mixed effect model results which show factors associated
with change in BMI after the treatment discontinuation. The change of BMI after
treatment discontinuation was neither associated with the treatment regimens patients
previously received, nor associated with time from the treatment discontinuation. The
only two statistically significant predictors for the BMI change after treatment
discontinuations were age and BMI lastly measured during the treatment (at treatment
discontinuation). The increase in age was associated with more reduction of BMI after
the treatment discontinuation, while the BMI at discontinuation had an opposite effect.
Every one year older in age was associated with less increase of BMI by 0.083 kg/m2,
0.12 kg/m2, 0.14 kg/m2 and 0.15 kg/m2 at 3, 6, 9 and 12 months after the treatment
discontinuation respectively. In contrast, for every one kg/m2 higher BMI lastly taken
during the treatment, the BMI after treatment discontinuation was 0.10 kg/m2, 0.11
kg/m2, 0.12 kg/m2 and 0.119 kg/m2 higher at 3, 6, 9 and 12 months follow-ups

respectively.

Discussion

Our findings suggest that, for most children who were on atypical antipsychotics,
mood stabilizers (lithium, anticonvulsants), and the combination of these medications
with atypical antipsychotics, their BMI stayed on the level at the end of the treatment and
did not return to the baseline (prior treatment) level 12 months after the treatment
discontinuation.

Limited research has examined the mechanisms of weight gain associated with

the use of psychotropic medications and even less has explored the weight change and its
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potential mechanisms after the treatment discontinuation Psychotropic medications could
induce weight gain by increasing appetite for sweet and fatty food, known as “Food
Craving” and by decreasing the resting metabolic rate (Fernstrom et.al, 1985). The
continuous increase in BMI even after treatment discontinuation observed in our study
could be explained by the behavioral circuit model, also known as sugar addiction
model; developed by Hoebel et.al. (2009) from laboratory rat studies. As per the theory,
sugar bingeing causes repeated release of excessive dopamine (DA) and opioid
stimulation during abstinence from sugar. This causes a feeling similar to opioid
withdrawal and leads to “sugar craving” leading to likelihood to have more sugary foods.
This may indicate that the change in lifestyle and eating habits that persists for a long
period of time, even after discontinuation of the treatment.

Multivariate analysis showed that the younger the age, the less likely the BMI will
return to the level before the initiation of the psychotropic treatments. Children are
constantly growing and developing resulting in increase in BMI and weight over time.
This may explain our findings that younger aged children are less likely to reverse their
BMI as compared to older children and adolescents, considering their growth and BMI
starts to stabilize as they age. Interestingly, our findings show no difference between
children and adolescents on psychotropic treatment discontinuation across different
treatment regimens, implying the effect of treatment discontinuation is equal on all
children and adolescents across different treatment regimens.

Another finding of the multivariate analysis was that the higher the BMI at
treatment discontinuation, the less likely is the BMI to return to the level before treatment

initiation. This finding is consistent with what has been reported in the previous research
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conducted in adult population. O’ Keefe et. al.’s clinician survey (2001) reported only
23% (12 out of 53) of all antipsychotics treated patients, who gained more than 20
pounds of weight, were able to lose 10 or more pounds of weight after discontinuation.
Moreover, intellectual disability diagnosed adults who discontinued antipsychotic
treatment was able to lose 3.5kg weight and 1.4 kg/m2 BMI among those who
discontinued treatment. This study is limited by lack of original weight and BMI
measures before treatment initiation making it impossible to establish complete
reversibility of weight and BMI gain (Kuijper, 2013).

These results imply a need for strict BMI and weight monitoring during the
treatment period and additional aggressive nutritional and weight counseling during and
after discontinuation of the treatment. Furthermore there is need for development of
effective interventions for children and adolescents to lose weight, especially after
treatment discontinuation. The American Diabetes Association (ADA )/ American
Psychiatric Association (APA) guidelines, published in February 2004, recommend
monitoring of metabolic parameters such as weight and body mass index (BMI), blood
pressure, fasting plasma glucose, and fasting lipid profile for all patients receiving
antipsychotic treatment. Physicians treating adolescents with antipsychotics need to be
familiar with treatment guidelines and review the weight gain potential associated with
antipsychotic agents and regularly monitor children and adolescents to avoid the long
term risks (Clark et. al. 2004).

The primary strength of this study is that actual clinical measures such as BMI
values in the GE EMR database were used to assess change in weight among children

and adolescents on pharmacotherapy. Previous studies have used current ICD-9 codes
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and not actual clinical measures to assess obesity/weight gain in adolescents on
antipsychotics (Mclintyre et. al. 2008) which may have resulted in reporting conservative
estimates. ICD-9 codes for obesity are not frequently used, and patients who became
obese after antipsychotic treatment may have been missed. Also, ICD-9 codes define
obesity as BMI above 30kg/m2 which may not apply to adolescents where overweight
and obesity is defined based on BMI percentiles compiled on growth charts from the
Centers for Disease Control and Prevention (Kuczmarski et. al. 2002). Another strength
of the study is that to our knowledge, this is the first observational study that studies the
impact of pharmacotherapy (atypical antipsychotics, mood stabilizers and antidepressant)
in bipolar children and adolescents on BMI increase and further impact of treatment after
discontinuation making the results unique.

As with any research study there are several limitations. One of the most
important limitations of this study is that prescriptions in an EMR database are tracked by
prescription orders and medication lists and not by actual prescriptions filled at the
pharmacy. We cannot be entirely sure if patients are filling and taking medications
prescribed to them. Secondly, the data has lot of missing BMI values but we have no
evidence that inclusion of BMI values are associated with SGA prescription and assume
that the bias is non-differential, and that the BMI measures are missing at random.
Finally, the database lacks information on socioeconomic status, diet, physical activity, or
overall health of patient’s parents. These unmeasured variables, among other variables,

play a significant role in impacting the weight of adolescents in the data.
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The goal of the current study is to answer these questions and thereby assisting clinicians,
psychiatrists and parents to make an informed decision on bipolar treatment in children

and adolescents and thereby prevent premature discontinuation of treatment. Specifically,

Conclusion

In long-term, there is no significant difference between effects of treatment
regimen on BMI after treatment discontinuation. BMI does not return back to baseline
after discontinuation of treatment. Bipolar children and adolescents need to be monitored
aggressively for height, weight and BMI during and after treatment and should be

provided with nutritional and weight management counseling especially after treatment.
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Tables and Figures

Figurel. Schematic of Patients’ BMI Measures
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Figure 2. Schematic Representation of Cohort Selection
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Table 1. Demographics and Clinical Characteristics

Characteristics

Treatment

Discontinuation
(N=1,265 (100%0))

Mean (SD) 13.67 (3.83)
Age (years) Median (IQR) 15 (11-17)
White 626 (49.49%)
Black 38 (3.00%)
Race - -
Hispanic 11 (0.87%)
Other 590 (46.64%)
Male 607 (47.98%)
Gender Female 658 (52.02%)
Commercial 434 (34.31%)
Insurance Medicaid 327 (25.85%)
Self-pay 36 (2.85%)
Unknown 468 (37.00%)
Midwest 493 (38.97%)
. Northeast 286 (22.61%)
Region
South 275 (21.74%)
West 211 (16.68%)
Psychosocial and Baseline 24 (1.90%)
Behavioral Interventions | Concurrent 37 (2.92%)
ODCD 128 (10.12%)
Depression 172 (13.60%)
ADHD 297 (23.48%)
Comorbidities Anxiety Disorder 137 (10.83%)
S U 72 569
Learning Disability 23 (1.82%)
Atypical
Antipsychotics plus 229 (18.10%)
Treatment Groups thc;?cifablhzers
Antipsychotics (AT) 614 (48.54%)
Mood Stabilizers (MS) 422 (33.36%)
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Figure 3: Mean BMI prior, during and after the psychotropic treatment
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Table 2: BMI Measures
Atypical
Antipsychotics Atypical Mood
Measure plus Mood Antipsychotics Stabilizers
Stabilizers Mean(SD) Mean(SD)
Mean(SD)
Baseline BMI 25.274 (7.114) 23.559 (7.277) | 25.075 (6.867)

BMI at Discontinuation 26.107 (7.126)

24.637 (7.35)

25.878 (7.155)

Month 3 after

* * *
Discontinuation 26.41 (7.439) 24.64 (7.628) 26.361 (7.695)
M_onth 6 afte_r 26.531 (7.898)* 24.901 (7.563)* | 26.014 (7.712)*
Discontinuation
Month 9 after 25.785 (7.248) 25.368 (7.502)*$ | 26.344 (7.811)*

Discontinuation

Month 12 after

Discontinuation 26.331 (7.004)

25.779 (7.554)*$

25.926 (8.191)

* - Statistical significant difference from baseline BMI (p<0.05)
$ - Statistical significant difference from BMI at Discontinuation (p<0.05)
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Table 3. Effect on Change in BMI after Treatment Discontinuation

Up to 3 Months

Up to 6 Months

Up to 9 Months

Up to 12 Months

Characteristics p- p- P- P-
i [0) i 0, 1 [0) i 0,
Estimate (95% C.1.) value Estimate (95% C.1.) value Estimate (95% C.1.) value Estimate (95% C.1.) value
Treatment (Ref: MS)
ATMS -0.102 (-0.641 - 0.437) | 0.7104 | -0.268 (-0.736-0.2) | 0.2619 | -0.384 (-0.823 - 0.055) | 0.0865 | -0.378 (-0.795 - 0.039) | 0.0752
AT 0.074 (-0.354 - 0.501) | 0.7354 | 0.216 (-0.157 - 0.589) | 0.2555 | 0.232(-0.114-0.579) | 0.1878 | 0.225(-0.102-0.553) | 0.1777
Time (continuous) 0.017 (-0.059 - 0.093) | 0.6628 | 0.017 (-0.052-0.085) | 0.6336 | 0.001(-0.063-0.065) | 0.981 | 0.004 (-0.057 - 0.065) | 0.9069
Months on Treatment 0.067 (-0.007 - 0.141) | 0.0746 | 0.071(-0.004 -0.138) | 0.0568 0.047 (-0.017 - 0.11) 0.1476 | 0.042(-0.018 - 0.103) | 0.1673
B at Discontinuation 0.103(0076-0129) | <9 | 0114(0001-0138) | <3 | 0121(0009-0143) | 9| o0119(0007-014) | <9
Age 0,083 (-0138--0.028) | 0.0033 | -0.12 (:0.168--0071) | 3% | 0130 (0.185--0.003) | 9% | -0.145 (0.188 - 0.200) | <%
Gender (Ref: Male)
Female 0.26 (-0.126 - 0.646) 0.1857 | 0.214(-0.121-0.548) | 0.2101 | 0.155 (-0.156 - 0.467) 0.327 0.21 (-0.085 - 0.505) 0.1623
Race (Ref: White)
Black 0.39 (-0.747 - 1.526) 0.5009 0.361 (-0.6 - 1.321) 0.4613 0.448 (-0.45 - 1.346) 0.3277 | 0.446 (-0.405-1.297) | 0.3042
Hispanic 2.369 (0.044 - 4.693) | 0.0458 | 1.322(-0.406-3.05) | 0.1336 | 0.972(-0.732-2.677) | 0.2634 | 1.099 (-0.518-2.716) | 0.1825
Others 0.137 (-0.235 - 0.509) 0.4697 0.235 (-0.09 - 0.56) 0.1556 0.34 (0.036 - 0.643) 0.0283 0.308 (0.02 - 0.596) 0.0364
Region (Ref: Midwest)
Northeast 0.023 (-0.485 - 0.532) 0.928 | -0.04(-0.482-0.401) | 0.8587 | -0.033(-0.445-0.38) | 0.8761 | -0.063 (-0.456 - 0.329) | 0.751
South 0.042 (-0.457 - 0.54) 0.8696 | -0.155 (-0.591 - 0.281) | 0.4859 -0.081 (-0.49 - 0.329) 0.6985 | -0.126 (-0.515-0.262) | 0.5229
West -0.345 (-0.938 - 0.249) 0.255 | -0.277 (-0.795 - 0.241) | 0.2944 -0.04 (-0.516 - 0.437) 0.8705 | -0.179 (-0.628 - 0.269) | 0.4332
Insurance (Ref: Commercial)
Medicaid 0.037 (-0.463 - 0.537) 0.884 | -0.047 (-0.481-0.387) | 0.8313 0.038 (-0.37 - 0.447) 0.8537 0.025 (-0.362 - 0.413) 0.8981
Self-pay -1.087 (-2.247 - 0.073) | 0.0662 | -0.547 (-1.585-0.491) | 0.3013 | -0.253 (-1.201 - 0.695) | 0.6008 | -0.08 (-0.981-0.821) | 0.8616
Unknown -0.019 (-0.463 - 0.426) | 0.9344 | 0.089 (-0.297 - 0.475) | 0.6498 0.15 (-0.206 - 0.507) 0.408 0.208 (-0.13 - 0.547) 0.2277
Baseline Psychosocial and
Behavioral Intervention (Ref:
No)
-1.372 (-2.8 - 0.055) 0.0595 | -0.829 (-2.19-0.532) | 0.2322 | -0.686 (-1.974 - 0.603) | 0.2968 | -0.362(-1.581 -0.857) | 0.5604

Yes

Current Psychosocial and
Behavioral Intervention (Ref:
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No)

Yes -0.589 (-1.87 - 0.691) | 0.3665 | -0.536 (-1.697 - 0.625) | 0.365 | -0.202 (-1.297 - 0.893) | 0.7177 | -0.825(-1.852-0.201) | 0.115
Oppositional/Conduct
Disorder (Ref: No)

Yes -0.064 (-0.682 - 0.554) | 0.8392 | 0.049 (-0.487 - 0.584) | 0.8586 | 0.073(-0.417 - 0.563) 0.77 0.075 (-0.394 - 0.543) | 0.7543
Depression (Ref: No)

Yes 0.35 (-0.207 - 0.908) 0.2179 | 0.431(-0.053 - 0.915) | 0.0806 0.517 (0.081 - 0.953) 0.0202 0.443 (0.028 - 0.859) 0.0367
ADHD (Ref :No)

Yes -0.093 (-0.54 - 0.354) | 0.6835 | 0.007 (-0.381-0.395) | 0.9721 | 0.087 (-0.276 - 0.449) | 0.6386 0.1 (-0.245 - 0.445) 0.5691
Learning Disability (Ref:
No)

-0.056 (-1.328 - 1.217) | 0.9315 | 0.595 (-0.507 - 1.696) | 0.2897 | 0.745(-0.323-1.813) | 0.1714 | 0.753 (-0.258 - 1.765) | 0.1442

Yes
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