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Abstract

Background: Antipsychotic-related weight gain is a common clinically relevant side effect when treating psychotic disorders

in pediatric populations, yet few predictors and no moderators of antipsychotic-related weight gain are known.

Methods: The Treatment of Early-Onset Schizophrenia Spectrum Disorders (TEOSS) study randomized 119 youths (age

8–19 years) with schizophrenia or schizoaffective disorder to 8 weeks of antipsychotic treatment with molindone, risperidone,

or olanzapine and assessed treatment response and side effects. In this secondary analysis, we used multivariable linear

regression and receiver operating characteristic analysis to investigate predictors and moderators of weight change and

percent weight change from baseline to week 8.

Results: Treatment assignment was the most discriminant predictor of weight change [F(2, 66) = 17.00, p < 0.001] and

percent weight change [F(2, 66) = 16.85, p < 0.001]. Mean weight gain was 0.74 (standard deviation –3.51) kg for molindone,

4.13 – 3.79 kg for risperidone, and 7.29 – 3.44 kg for olanzapine. After adjusting for treatment assignment, lower pretreatment

hemoglobin A1C (HgbA1C) predicted more weight gain [F(1, 55) = 4.71, p = 0.03]. Diagnosis (schizoaffective vs. schizo-

phrenia) moderated weight change [F(2, 63) = 6.02, p = 0.004] and percent weight change [F(2, 63) = 5.26, p = 0.008] such

that schizoaffective diagnosis predicted larger weight gain for youths in the risperidone treatment arm. Age, sex, family

income, baseline weight, and symptoms neither predicted nor moderated weight change or percent weight change.

Conclusion: We identified prognostic subgroups and novel risk factors for antipsychotic-related weight gain. We confirmed

that antipsychotic choice is extremely important for predicting future weight gain. We also found that younger age did not

predict greater weight gain, in contrast to prior studies. Our findings require replication in an independent sample because we

did not adjust for multiple comparisons to minimize false negatives. ClinicalTrials.gov Identifier: NCT00053703
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Introduction

Early-onset schizophrenia spectrum disorders are psy-

chotic disorders with onset before the age of 18 years and are

characterized by positive symptoms (e.g., hallucinations and de-

lusions) and negative symptoms (e.g., avolition and reduced emo-

tional expression). Antipsychotics are the first-line medications for

treating psychotic symptoms in schizophrenia and schizoaffective

disorder, and over half of youth prescribed antipsychotics will gain

significant weight within a few months of treatment initiation

(Correll et al. 2006). The Treatment of Early-Onset Schizophrenia

Spectrum Disorders (TEOSS) study randomized 119 youths (age

8–19 years) with schizophrenia or schizoaffective disorder to 8

weeks of antipsychotic treatment with molindone, risperidone, or

olanzapine and monitored treatment response and side effects.

Antipsychotic randomization did not significantly affect response

rates (50% response with molindone, 46% with risperidone, and

34% with olanzapine) (Sikich et al. 2008). However, there were

significant differences in absolute weight gain. Weight gain in

children and adolescents (referred to as ‘‘youths’’ henceforth)

treated with olanzapine was so severe that randomization to olan-

zapine was stopped prematurely.

Weight gain is an important cardiovascular risk factor and par-

ticularly relevant to psychosis because the leading cause of mor-

tality in adult patients with psychotic disorders is cardiovascular

disease (e.g., strokes and myocardial infarctions) (Hennekens et al.
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2005). Furthermore, childhood obesity is associated with type 2

diabetes mellitus, colorectal cancer, degenerative joint disease, sleep

apnea, fatty liver disease, and higher healthcare costs in adulthood

(Freedman et al. 1999; Park et al. 2012; Manu et al. 2015). In addition

to the long-term medical implications, obesity is associated with low

self-esteem and poor psychosocial functioning in adult patients with

schizophrenia (De Hert et al. 2006; Manu et al. 2015). Reducing

medication-induced weight gain would improve treatment satisfac-

tion, quality of life, and medical outcomes in youth with psychotic

disorders (Allison et al. 2003).

Predictors are pretreatment factors that affect outcome for all

treatments in the same way, while moderators are treatment-specific

predictors. Few studies have identified predictors of antipsychotic-

related weight gain in youths with schizophrenia spectrum disorders,

and no moderators have been identified. In terms of predictors of

weight gain in adults and youth, the only definitive predictor is which

particular antipsychotic is prescribed, with most studies finding that

atypical antipsychotics (e.g., risperidone and olanzapine) cause more

weight gain than first-generation antipsychotics (e.g., molindone)

and that olanzapine is particularly obesogenic (Fraguas et al. 2011;

Mostafavi et al. 2017; Patel et al. 2017).

Beyond antipsychotic choice, previous studies in youths with

schizophrenia spectrum disorders have identified the following

variables as potential predictors of greater antipsychotic-related

weight gain: male sex (Ratzoni et al. 2002; Quintana et al. 2007;

Schimmelmann et al. 2007), less concern about weight gain in

females (Ratzoni et al. 2002), low baseline body mass index (BMI)

(Ratzoni et al. 2002; Schimmelmann et al. 2007), and high paternal

BMI (Ratzoni et al. 2002). To our knowledge, the largest study to

identify potential predictors of weight gain in pediatric psychotic

populations (beyond medication choice) was a naturalistic open-

label study of 56 adolescents with schizophrenia spectrum disor-

ders treated with quetiapine for 12 weeks, which found low baseline

BMI (hazard ratio, HR 0.88, 95% confidence interval, CI 0.78–1.01,

p = 0.06) and male sex (HR 1.95, 95% CI 0.92–4.15, p = 0.08) had a

trend association with likelihood of gaining ‡7% baseline weight

(Schimmelmann et al. 2007). The dearth of evidence regarding

predictors and lack of identified moderators of antipsychotic-related

weight gain in youth with schizophrenia spectrum disorders makes

research investigating risk factors especially important.

Knowing which youths are likely to have the most severe weight

gain may help clinicians identify youth who need especially rig-

orous monitoring and aggressive treatment of metabolic abnor-

malities (Klein et al. 2006). Preventing obesity and metabolic

changes is important because treating these conditions after onset is

often ineffective (Maayan and Correll 2010; Mitchell et al. 2013;

Taylor et al. 2017). Furthermore, being able to identify patients

unlikely to gain weight with particular antipsychotics would assist

clinicians in potentially prescribing particular antipsychotics like

olanzapine (which has clear data supporting increased efficacy and

short-term tolerability in adult patients) and clozapine, despite the

particularly high risk of weight gain and metabolic complications

(Lieberman et al. 2005; Fraguas et al. 2011). Moreover, discovering

predictors and moderators of weight gain may yield insights into

potential mechanisms of antipsychotic-related metabolic changes,

which are poorly understood (Teff et al. 2013; Manu et al. 2015).

We conducted a secondary analysis of the TEOSS acute trial data

to identify risk factors for antipsychotic-related weight gain and

identify prognostic subgroups. Using the TEOSS dataset was par-

ticularly advantageous because of its extensive baseline examination

of metabolic, demographic, and psychiatric domains (McClellan

et al. 2007). Moreover, given that molindone, risperidone, and

olanzapine were chosen as random treatment arms in TEOSS due to

putative differences in weight gain and possible differences in

mechanisms for weight gain, TEOSS is an ideal study to examine

whether risk factors for weight gain are drug-specific (i.e., moderator

analyses). Furthermore, prior studies in youth looking at weight gain

associated with antipsychotics have been limited by diagnostic het-

erogeneity (e.g., including disruptive disorders, mood disorders, and

unspecified psychotic disorders) (Almandil et al. 2013; Martı́nez-

Ortega et al. 2013). Antipsychotic-related weight gain findings in

diagnostically heterogeneous youth may not be generalizable to

youth with schizophrenia spectrum disorders because patients

without schizophrenia spectrum disorders may differ in terms of

weight gain and metabolism compared to patients with schizophre-

nia, even in the absence of antipsychotic exposure (Czobor et al.

2002; Stahl et al. 2009; Yarlagadda et al. 2011; Wu et al. 2013; Manu

et al. 2015; Vancampfort et al. 2015).

In this study, we investigated demographics, treatment assignment

(molindone, risperidone, or olanzapine), and baseline clinical, met-

abolic, and anthropometric characteristics as potential predictors and

moderators of antipsychotic-related weight change in TEOSS. The

variables identified as potential predictors or moderators of increased

antipsychotic-related weight gain are based on (1) risk factors

identified in naturalistic studies of schizophrenia spectrum youths—

male sex and lower baseline BMI (Ratzoni et al. 2002; Schimmel-

mann et al. 2007), (2) a risk factor identified in diagnostically

heterogeneous samples of youths treated with antipsychotics—

younger age (Safer 2004; Fraguas et al. 2008; Martı́nez-Ortega et al.

2013), (3) risk factors identified in adults with first episode schizo-

phrenia—lower BMI and undifferentiated schizophrenia subtype

(Saddichha et al. 2008); therefore, we investigated BMI and schizo-

phrenia vs. schizoaffective diagnosis. We investigated diagnosis in-

stead of schizophrenia subtype because the Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition (DSM-5; American Psy-

chiatric Association, 2013) no longer utilizes schizophrenia subtypes

due to limited diagnostic stability, (4) putative mechanisms of

antipsychotic-related weight gain—specifically that poor diet and

reduced physical activity due to negative symptoms (e.g., amotivation)

play roles in antipsychotic-related weight gain. We therefore examined

markers of diet and physical activity (cholesterol and blood glucose)

and psychotic symptoms (both positive and negative) as potential

predictors and moderators of antipsychotic-related weight gain

(Zimmermann et al. 2003; Deng et al. 2010; Manu et al. 2015; Van-

campfort et al. 2015), (5) studies identifying low socioeconomic status

and African American race as risk factors for obesity in the general

population (Paeratakul et al. 2002; Wang and Zhang 2006; Taylor et al.

2012; Taylor et al. 2017), and (6) data demonstrating that age, sex, and

baseline weight affect weight gain during typical childhood devel-

opment (Kuczmarski et al. 2000). We analyzed TEOSS data using

multivariable regression to test our hypotheses. To complement re-

gression analyses, we used receiver operating characteristics (ROC)

to investigate predictors and moderators and identify prognostic

subgroups for antipsychotic-related weight gain. To our knowl-

edge, our study is the largest to investigate predictors and moderators

of antipsychotic-related weight gain in youth with schizophrenia

spectrum disorders.

Methods

TEOSS overview

Intervention. A brief overview of TEOSS is provided in this

article as more detailed descriptions of the TEOSS intervention,

participants, and assessments have been published previously (Frazier
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et al. 2007; McClellan et al. 2007; Sikich et al. 2008). TEOSS data are

available through limited-access datasets of the National Institutes of

Health. TEOSS was conducted at four academic sites in the United

States—University of North Carolina at Chapel Hill, Harvard Uni-

versity, University of Washington, and Case Western Reserve Uni-

versity, and the study was reviewed and approved by the institutional

review board at each site. TEOSS was a double-blind study that

randomized 119 youths with schizophrenia or schizoaffective disor-

der to 8 weeks of treatment with molindone, risperidone, or olanza-

pine during the acute trial. If participants were on antipsychotic agents

or medications to manage antipsychotic side effects like benztropine,

those medications were cross-tapered to the TEOSS medications over

2 weeks: typically, antipsychotics were reduced to 67% of the initial

dose on entry into the study on days 1–3, then 33% of the initial dose

on days 4–6, and discontinued on day 7; for anticholinergic agents

(e.g., benztropine), the dose was reduced to 67% on days 3–5, 33% of

the initial dose on days 6–8, and then discontinued. A flexible dosing

strategy (McClellan et al. 2007) was used to titrate antipsychotic dose,

and endpoint mean doses at week 8 were molindone 59.9 – 33.5 mg/

day, risperidone 2.8 – 1.4 mg/day, and olanzapine 11.4 – 5.0 mg/day.

Participants randomized to the molindone arm also received pro-

phylactic oral benztropine 0.5 mg twice daily to minimize extrapy-

ramidal symptoms and help protect the blind; participants in the

risperidone and olanzapine arms received matching placebos.

TEOSS inclusion and exclusion criteria. All participants

were aged 8–19 years and in good physical health, and had a Diag-

nostic and Statistical Manual of Mental Disorders, Fourth Edition

(DSM-IV; American Psychiatric Association, 2000) diagnosis of

schizophrenia (n = 79) or schizoaffective (n = 40) disorder with

symptom onset before the age of 18 years. At the time of enrollment,

five youths were diagnosed with schizophreniform disorder (i.e.,

symptoms had lasted less than the 6-month duration required for

schizophrenia or schizoaffective diagnosis), and by the end of the

study, the ultimate diagnoses were schizoaffective for two of the

youths and schizophrenia for the other three youths. Exclusion

criteria were (1) history of an adequate trial of or intolerance to study

medications, (2) medication changes within the month before en-

rollment, (3) a diagnosis of bipolar disorder, primary posttraumatic

stress disorder, primary personality disorder, psychosis not otherwise

specified, current major depressive episode, mental retardation, ac-

tive substance abuse or dependence, and (4) pregnancy. Participants

with pervasive developmental disorders were allowed to participate if

they had pronounced hallucinations or delusions. Baseline mood

stabilizer and antidepressant medications were continued during the

trial if the doses were stable for at least 4 weeks before enrollment.

Baseline demographic characteristics. Sixty-six percent of

participants were male, 62% were white and 31% were black, mean

age was 13.8 – 2.4 years, 66% were diagnosed with schizophrenia

(34% schizoaffective), and mean Positive and Negative Syndrome

Scale (PANSS) total score at baseline was 100.8 – 19.9, correspond-

ing to a severity between ‘‘markedly ill’’ and ‘‘severely ill’’ on the

Clinical Global Impression Scale (Leucht et al. 2005; Frazier et al.

2007). At the time of randomization, 41% of youths with schizo-

phrenia and 43% of youths with schizoaffective disorder were on an

antipsychotic and required a 2-week cross-taper to the study drug.

Current secondary analysis of TEOSS data

Seventy youths completed 8 weeks of treatment with the first

antipsychotic they were randomized to (these youths are referred to

as ‘‘treatment completers’’ henceforth) (Sikich et al. 2008), and

dropouts (n = 22) and re-randomized (n = 27) youths (youths who

were randomized to another treatment arm due to side effects or

lack of efficacy of the initial antipsychotic) were more likely to be

African American and had higher parental reports of baseline youth

aggression (Gabriel et al. 2017). Of the 70 treatment completers, 69

(98.5%) had baseline and week-8 weight assessments and were

analyzed in this secondary analysis.

Outcome variables. For these regression analyses, the two

outcomes were baseline to week 8 change in (1) weight measured in

kilograms and (2) weight measured as percent of baseline weight,

which is used by the United States Food and Drug Administration

(FDA) (FDA, 2017) and has been used in previous studies (Rey-

nolds et al. 2002; Maayan and Correll 2011) to quantify weight gain

side effects of antipsychotics. ROC analyses require dichotomous

outcomes, and for our 8-week dichotomous outcomes, we used the

cutoffs: (1) >4 kg weight increase (i.e., averaging a weight increase

of >0.5 kg/week) and (2) >7% increase from baseline weight, like

the Food and Drug Administration (FDA, 2017) and previous

studies (Reynolds et al. 2002; Saddichha et al. 2008; Correll et al.

2009; Maayan and Correll 2011).

Independent variables. We examined 16 baseline (i.e., pre-

treatment) variables as potential predictors and moderators in the

following domains: (1) Demographic: age (years), sex, race (white vs.

not white, black vs. not black), and total household income as a

continuous variable (1 = <$20k, 2 = $20k–$40k, 3 = $40k–$60k, 4 =
$60k–$80k, 5 = $80k–$100k, 6 = >$100k); (2) Psychopathology:

schizophrenia versus schizoaffective diagnosis, PANSS Positive

Scale, Negative Scale, and General Scale scores (Kay et al. 1987);

(3) Physical health: baseline weight, BMI, hemoglobin A1C (a measure

of average blood glucose level), and fasting lipid profile—low-density

lipoprotein (LDL) cholesterol (‘‘bad cholesterol’’), high-density lipo-

protein cholesterol (‘‘good cholesterol’’), and triglycerides (fat);

and (4) Treatment group: molindone, risperidone, or olanzapine

(reference group).

Statistical analysis

We verified the normal distribution of the baseline weight data

by visually inspecting the data and quantile-quantile plot and using

the Shapiro–Wilk Test (W = 0.98, p = 0.29), all of which suggested

normally distributed data. Mean and frequency of baseline patient

characteristics of the analytic sample (69 treatment completers with

weight assessments) were compared to youths who did not com-

plete 8 weeks of treatment (49 dropouts and re-randomized youths)

and treatment completers without weight assessments (1 treatment

completer lacked weight assessment). In addition, analysis of

variance (ANOVA) and the Tukey test were employed to compare

mean weight change by treatment assignment. Next, generalized

linear models were used for multivariable regression and analysis

of covariance (ANCOVA) to investigate predictors and moderators

of weight gain.

Specifically, multivariable linear regression and ANCOVA were

applied to investigate the association between each potential pre-

dictor and weight change and percent weight change after adjusting

for treatment assignment. Moderators were identified by investi-

gating the interaction between the independent variable and treat-

ment assignment. For each outcome variable, the regression model

included treatment assignment, the independent variable, and the

independent variable interaction with treatment assignment. If

the interaction was not significant at the p < 0.05 threshold in
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ANCOVA analysis, the interaction term was removed from the

ANCOVA and regression model. The significance threshold was

two-tailed p < 0.05 for all analyses, and we did not correct for

multiple comparisons to minimize Type II Error (false negatives),

similar to prior studies (Taylor et al. 2015, 2018). We prioritized

minimizing Type II Error so that if previously identified predictors

were not significant in this analysis, our negative findings would

have increased validity. Regression analysis was conducted using

Statistical Analysis System (SAS version 9.4).

In addition, we used ROC analyses to identify prognostic sub-

groups based on likelihood of gaining >4 kg weight and having a

>7% weight increase from baseline to week 8. The ROC analysis

was performed using free software available online from Ruth

O’Hara at Stanford University (www.stanford.edu/*yesavage/

ROC.html). ROC analysis (Yesavage et al. 2003) operates by re-

cursive partitioning and was used as a nonparametric analytic

method to complement regression analyses. ROC divides a popu-

lation into subgroups based on probability of achieving a particular

binary outcome (Kiernan et al. 2001; Yesavage et al. 2003). Across

all potential predictor variables, ROC identifies the variable cutoff

point that yields the best prediction, and the cutoff is then used to

divide the total sample into two subsamples. The same procedure is

repeated systematically in each subsample. Like other investiga-

tions using ROC, our methods were determined a priori (Taylor

et al. 2015, 2018; Gabriel et al. 2017).

Results

Baseline demographic characteristics
of analytic sample

Table 1 displays a list of pretreatment participant clinical vari-

ables and demographics for the 69 treatment completers with weight

assessments. Sixty-eight percent of youths in the analytic sample

were male, 68% were white and 23% were black, 65% were diag-

nosed with schizophrenia (35% schizoaffective), mean age was

14.15 – 2.4 years, mean weight was 63.71 – 18.08 kg, mean BMI was

23.53 – 5.21 kg/m2, mean BMI Z-score was 0.84 – 0.99, mean he-

moglobin A1C was 5.20% – 0.54%, and mean PANSS total score

was 102.80 – 20.84 at baseline, corresponding to a severity between

‘‘markedly ill’’ and ‘‘severely ill’’ on the Clinical Global Impression

Scale (Leucht et al. 2005). Table 1 also compares the analytic

sample (N = 69) to patients who were re-randomized, dropped out,

or had insufficient weight data (N = 50), and the two samples

significantly differed in that the analytic sample had higher

baseline fasting triglycerides ( p = 0.004) and were less likely to be

black ( p = 0.03).

Weight change by treatment assignment

On average, weight increased by 3.68 – 4.38 kg and 5.97% –
7.91%. ANOVA found that randomized treatment assignment

significantly affected weight change [F(2, 66) = 17.00, p < 0.001]

and percent weight change [F(2, 66) = 16.85, p < 0.001]. Mean

weight increase was 0.74 – 3.51 kg for molindone, 4.13 – 3.79 kg

for risperidone, and 7.29 – 3.44 kg for olanzapine. Mean percent

weight increase was 0.71% – 5.67% for molindone, 6.70% – 6.81%

for risperidone, and 12.54% – 7.25% for olanzapine. Tukey’s stu-

dentized range test found that the weight and percent weight

gained on olanzapine were significantly more than the gain on

risperidone ( p < 0.05), the gain on risperidone was more than

on molindone ( p < 0.01), and the gain on olanzapine was more

than on molindone ( p < 0.0001). Figure 1 depicts weight gain and

Supplementary Figure S1 (Supplementary Data are available

online at www.liebertpub.com/cap) depicts percent weight gain

for each antipsychotic.

Weight change (kilograms) regression results

When treatment assignment was the only variable in regres-

sion analyses, molindone (parameter estimate [PE] = -6.55,

standard error [SE] = 1.13, t = -5.77, p < 0.001) and risperidone

(PE = -3.16, SE = 1.12, t = -2.83, p = 0.006) predicted lower

weight increase relative to olanzapine, and treatment assignment

accounted for 34% of the variance in weight change (r-

squared = 0.34). Table 2 displays individual predictors and mod-

erators of weight change after adjusting for treatment assignment.

Lower pretreatment hemoglobin A1C predicted more weight gain

(PE = -1.91, SE = 0.88, t = -2.17, p = 0.03) (Figure 2A), and the

regression model with treatment assignment and hemoglobin

A1C explained 38% of the variance in weight change. Second,

pretreatment LDL moderated weight change [F(2, 41) = 4.68,

p = 0.01] such that youths with lower LDL tended to gain more

weight if assigned to risperidone or olanzapine, but the reverse

was true for molindone (Figure 2B). The regression model with

treatment assignment, LDL, and the interaction explained 44% of

the variance in weight change. Third, diagnosis moderated weight

change [F(2, 63) = 6.02, p = 0.004] such that relative to schizo-

phrenia, schizoaffective diagnosis predicted more weight gain

for youths randomized to risperidone (mean for schizoaffective

8.73 – 2.51 kg, schizophrenia 2.52 – 2.67 kg; t(25) = 5.36, p < 0.0001),

but not molindone (mean for schizoaffective 1.02 – 3.78 kg, schizo-

phrenia 0.52 – 3.41 kg; t(23) = 0.35, p = 0.73), or olanzapine (mean

for schizoaffective 7.09 – 4.88 kg, schizophrenia 7.39 – 2.65 kg;

t(15) = -0.17, p = 0.89) (Figure 2C). The regression model with

treatment assignment, diagnosis, and the interaction explained

50% of the variance in weight change. Schizoaffective diagnosis

moderated weight change in the same way, whether we used final

diagnosis (schizophrenia or schizoaffective) or entering diagnosis

(schizophrenia, schizoaffective, or schizophreniform). Other in-

dependent variables investigated neither predicted nor moderated

weight change. As a sensitivity analysis, we conducted predictor

and moderator regression analyses after adjusting for treatment

assignment, age, sex, baseline weight, concurrent antipsychotic

prescription at the time of randomization (coded as continuous

variable: 0 = none, 1 = aripiprazole, 2 = risperidone, 3 = quetiapine,

4 = olanzapine), and study antipsychotic dose at week 8 (antipsychotic

milligrams per kilogram of youth weight), and these additional

adjustments did not significantly alter results.

Weight change (kilograms) ROC results

Overall, 47% of youths gained >4 kg of weight. The most dis-

criminative predictor of weight gain was being prescribed olanza-

pine (88% gained >4 kg) versus risperidone (48% gained >4 kg) or

molindone (20% gained >4 kg) (v2 = 14.76, p < 0.001). Among

youths who received risperidone or molindone, the most discrim-

inative predictor of >4 kg weight gain was diagnosis of schi-

zoaffective (56% gained >4 kg) instead of schizophrenia (24%

gained >4 kg) (v2 = 5.33, p < 0.05). Figure 3 depicts hierarchical

prognostic subgroups based on likelihood of >4 kg weight gain.

Percent weight change regression results

When treatment assignment was the only variable in regression

analyses, molindone (PE = -11.83, SE = 2.05, t = -5.76, p < 0.001)
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and risperidone (PE = -5.84, SE = 2.02, t = -2.88, p = 0.005) pre-

dicted lower percent weight increase relative to olanzapine, and

treatment assignment accounted for 34% of the variance. Table 2

displays predictor and moderator results for percent weight change.

After adjusting for randomized antipsychotic assignment, there

were no significant predictors. Pretreatment BMI [F(2, 63) = 3.20,

p = 0.04], LDL [F(2, 41) = 3.88, p = 0.03], and diagnosis [F(2,

63) = 5.26, p = 0.008] moderated percent weight change such that

youths with lower BMI tended to have greater increases in percent

weight gain with olanzapine but not risperidone or molindone

(Supplementary Figure 2A), youths with lower LDL tended to

gain more weight if assigned to olanzapine or risperidone, but the

reverse was true for molindone (Supplementary Figure 2B), and

schizoaffective diagnosis predicted greater weight gain if ran-

domized to risperidone (mean for schizoaffective 14.28 – 6.25%,

schizophrenia 4.05 – 4.75%; t(25) = 4.52, p = 0.0001), but not

molindone (mean for schizoaffective 0.75 – 6.31%, schizophrenia

0.68 – 5.36%; t(23) = 0.03, p = 0.98) or olanzapine (mean for schi-

zoaffective 12.00 – 8.77%, schizophrenia 12.83 – 6.74%, t(15) =
-0.22, p = 0.83) (Supplementary Figure 2C). The regression models

with treatment assignment and interaction in addition to BMI, LDL,

or diagnosis explained 40%, 44%, and 47% of the variation in per-

cent weight change, respectively. In sensitivity analyses, adjusting for

Table 1. Baseline Patient Characteristics

Variable

Analytic sample
Dropouts, re-randomized,

and insufficient weight data

pN Mean Std. dev. N Mean Std. dev.

Age (years) 69 14.15 2.47 50 14.41 2.36 0.58
Weight (kg) 69 63.71 18.08 47 64.74 22.4 0.79
Height (cm) 69 163.4 14.62 47 163.2 12.71 0.92
Body mass index (kg/m2) 69 23.53 5.21 47 23.8 5.59 0.79
Body mass index Z-score 69 0.84 0.99 47 0.89 1 0.76
PANSS positive subscale 69 26.28 5.80 49 26.24 5.82 0.98
PANSS negative subscale 69 25.90 8.13 49 23.9 7.57 0.18
PANSS general subscale 69 50.59 11.24 49 48.22 9.97 0.24
PANSS total score 69 102.80 20.84 49 98.37 18.21 0.24
Hemoglobin A1C (%) 59 5.20 0.54 45 5.27 0.51 0.49
Fasting low-density lipoprotein cholesterol (mg/dL) 47 100.30 37.68 42 98.12 30.45 0.77
Fasting high-denisty lipoprotein (mg/dL) 48 49.86 13.83 42 54.78 13.55 0.09
Fasting Triglycerides (mg/dL) 49 112.80 58.84 42 81.95 39.58 0.004

N n % N n % p

Female 69 22 31.88 50 19 38 0.49
Random assignment 69 49 0.23
Molindone 25 36.23 16 32.65
Risperidone 27 39.13 19 38.78
Olanzapine 17 24.64 14 28.57
Schizophrenia diagnosis 69 45 65.22 49 33 67.35 0.81
Race 69 50
Black 16 23.19 21 42 0.03
White 47 68.12 27 54 0.12
Ethnicity 69 50 0.4
Hispanic 4 5.80 1 2
Not Hispanic 65 94.20 49 98
Household income 64 48 0.85
<$20,000 14 21.88 13 27.08
$20,000–$40,000 15 23.44 12 25
$40,000–$60,000 17 26.56 11 22.92
$60,000–$80,000 8 12.50 6 12.5
$80,000–$100,000 4 6.25 3 6.25
>$100,000 6 9.38 3 6.25

Bold values in Table 1 correspond to significant (p < 0.05) differences between the analytic sample and trial participants excluded from analyses due to
dropout, re-randomization, or insufficient weight data.

PANSS, Positive and Negative Syndrome Scale.

FIG. 1. Weight gain (kilograms). Error bars are standard error.
*p < 0.05, **p < 0.01, ***p < 0.001.
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treatment assignment, sex, age, baseline weight, concurrent anti-

psychotic prescription at randomization (coded as continuous variable:

0 = none, 1 = aripiprazole, 2 = risperidone, 3 = quetiapine, 4 = olan-

zapine), and study antipsychotic dose at week 8 (milligrams anti-

psychotic per kilogram youth weight), findings did not significantly

change. Schizoaffective diagnosis moderated percent weight change

in the same way, whether we used final diagnosis (schizophrenia or

schizoaffective) or entering diagnosis (schizophrenia, schizoaffec-

tive, or schizophreniform).

Percent weight change ROC results

Overall, 42% of youth increased >7% from baseline weight. The

most discriminative predictor of >7% weight gain was randomi-

zation to olanzapine (88% increased >7%) versus risperidone (37%

increased >7%) or molindone (16% increased >7%) (v2 = 19.77,

p < 0.001). Among youths who received risperidone or molindone,

the most discriminative predictor of >7% weight increase was

diagnosis of schizoaffective (44% increased >7%) instead of

Table 2. Regression Results: Predictors and Moderators of Weight Change and Percent Weight Change

Weight gain Percent weight gain

Baseline variables
Parameter
estimate

Standard
error T p Baseline variables

Parameter
estimate Standard error T p

Age (years) 0.18 0.18 1.03 0.31 Age (years) 0.07 0.33 0.23 0.82
R-squared 0.35 R-squared 0.34
Male -0.06 1.00 -0.06 0.96 Male 0.36 1.81 0.20 0.85
R-squared 0.34 R-squared 0.34
White 0.27 0.94 0.29 0.77 White 0.99 1.70 0.58 0.56
R-squared 0.34 R-squared 0.34
Black -1.05 1.05 -1.00 0.32 Black -2.35 1.90 -1.23 0.22
R-squared 0.35 R-squared 0.35
Income 0.22 0.29 0.74 0.46 Income 0.35 0.54 0.65 0.52
R-squared 0.39 R-squared 0.37
Weight 0.03 0.02 1.12 0.27 Weight -0.03 0.04 -0.58 0.56
R-squared 0.35 R-squared 0.34
Body mass index 0.05 0.09 0.53 0.60 Body mass index -0.75 0.38 -1.96 0.05
R-squared 0.34 X MOLINDONE 1.09 0.46 2.38 0.02

X RISPERIDONE 0.51 0.44 1.16 0.25
X OLANZAPINE reference
R-squared 0.40

Hemoglobin A1C (%) -1.91 0.88 -2.17 0.03 Hemoglobin A1C (%) -2.76 1.55 -1.79 0.08
R-squared 0.38 R-squared 0.35
Fasting low-density

lipoprotein (mg/dL)
-0.04 0.03 -1.31 0.20 Fasting low-density

lipoprotein (mg/dL)
-0.09 0.05 -1.59 0.12

X MOLINDONE 0.12 0.04 2.76 0.009 X MOLINDONE 0.20 0.08 2.61 0.01
X RISPERIDONE 0.02 0.03 0.58 0.56 X RISPERIDONE 0.05 0.06 0.77 0.45
X OLANZAPINE Reference X OLANZAPINE reference
R-squared 0.44 R-squared 0.44
Fasting high-density

lipoprotein (mg/dL)
-0.05 0.04 -1.38 0.18 Fasting high-density

lipoprotein (mg/dL)
-0.06 0.07 -0.85 0.40

R-squared 0.33 R-squared 0.33

Fasting triglycerides
(mg/dL)

-0.01 0.01 -0.66 0.51 Fasting triglycerides
(mg/dL)

-0.01 0.02 -0.39 0.70

R-squared 0.30 R-squared 0.32
Schizoaffective

diagnosis
-0.30 1.64 -0.19 0.85 Schizoaffective diagnosis -0.83 3.05 -0.27 0.79

X MOLINDONE 0.80 2.09 0.38 0.70 X MOLINDONE 0.90 3.89 0.23 0.82
X RISPERIDONE 6.52 2.17 3.01 0.004 X RISPERIDONE 11.06 4.03 2.74 0.008
X OLANZAPINE Reference X OLANZAPINE reference
R-squared 0.50 R-squared 0.47
PANSS positive

subscale
0.08 0.08 0.97 0.33 PANSS positive subscale 0.15 0.14 1.08 0.28

R-squared 0.35 R-squared 0.35
PANSS negative

subscale
0.01 0.06 0.16 0.87 PANSS negative subscale 0.01 0.10 0.09 0.93

R-squared 0.34 R-squared 0.34
PANSS general

subscale
0.01 0.04 0.20 0.85 PANSS general subscale -0.02 0.07 -0.30 0.76

R-squared 0.34 R-squared 0.34

Bold values in Table 2 correspond to variables that significantly (p < 0.05) predicted or moderated weight change or percent weight change.
PANSS, Positive and Negative Syndrome Scale; ‘‘X,’’ denotes interaction.
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schizophrenia (18% increased >7%) (v2 = 4.30, p < 0.05). Supple-

mentary Figure S3 depicts hierarchical prognostic subgroups based

on likelihood of >7% increase from baseline weight.

Discussion

In this study, we investigated predictors and moderators of

antipsychotic-related weight gain during the 8 weeks of random-

ized antipsychotic treatment in TEOSS and identified prognostic

subgroups based on weight gain. We found olanzapine was asso-

ciated with severe weight gain, risperidone with moderate weight

gain, and molindone with minimal weight gain, consistent with

prior findings (Sikich et al. 2008; Fraguas et al. 2011). Furthermore,

we extend previous TEOSS reports by finding that 88% of youths

randomized to olanzapine, 37% of youths randomized to risper-

idone, and 16% of youths randomized to molindone had severe

weight gain as defined by >7% weight gain, a cutoff used by the

FDA (FDA) and previous studies (Reynolds et al. 2002; Saddichha

et al. 2008; Correll et al. 2009; Maayan and Correll 2011). In addi-

tion, our study identified two novel risk factors for antipsychotic-

related weight gain: low pretreatment hemoglobin A1C when treated

FIG. 2. (A) Relationship between weight change and hemoglobin A1C. (B) Relationship between weight change and fasting low-
density lipoprotein cholesterol. (C) Weight change by diagnosis. Error bars are standard error. SA, schizoaffective; SP, schizophrenia.
***p < 0.001.

FIG. 3. Prognostic subgroups for weight gain (kg). Gray: p < 0.001, white: p < 0.05.
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with molindone, risperidone, or olanzapine, and schizoaffective di-

agnosis when treated with risperidone. Moreover, while previous

studies have suggested younger age is associated with antipsychotic-

related weight gain when prescribed for youths with heterogeneous

diagnoses (e.g., mood disorders, psychotic disorders, or various be-

havioral disturbances) (Safer 2004; Fraguas et al. 2008; Martı́nez-

Ortega et al. 2013), we did not find an association or even a trend

between younger age and greater weight gain in this sample of youths

with schizophrenia spectrum disorders. To our knowledge, our study

is the largest to identify a predictor beyond antipsychotic choice and

the first to identify moderators of antipsychotic-related weight gain in

youths with schizophrenia spectrum disorders.

Mean weight gain was 0.74 – 3.51 kg for molindone, 4.13 – 3.79 kg

for risperidone, and 7.29 – 3.44 kg for olanzapine. Our estimates for

antipsychotic-related weight gain in TEOSS were larger than findings

described previously: 0.3 – 2.9 kg for molindone, 3.6 – 4.0 kg for ris-

peridone, and 6.1 – 3.6 kg for olanzapine (Sikich et al. 2008). The

difference is likely due to our analytic exclusion of youths who

dropped out or were re-randomized to another antipsychotic, whom

we excluded because these youths did not receive the full 8-week

regimen of the initial antipsychotic (Sikich et al. 2008). In contrast,

previously reported estimates of weight gain in TEOSS used the

intent-to-treat approach using the last observation carried forward and

included youths who were exposed to fewer than 8 weeks of the initial

antipsychotic.

Despite knowledge that antipsychotics frequently cause weight

gain, the mechanisms are poorly understood (Manu et al. 2015).

There are several theories regarding the mechanisms of

antipsychotic-related weight gain. The simplest mechanism is that

antipsychotics result in an increase in caloric intake (Deng et al.

2010), which may be related to activation of orexigenic hypotha-

lamic structures, particularly for olanzapine (Manu et al. 2015).

Reduced energy expenditure due to negative symptoms is also

thought to contribute to antipsychotic-related weight gain (Van-

campfort et al. 2015). Moreover, resting energy expenditure seems

to decrease with exposure to antipsychotics. Specifically, a study

examining a diagnostically heterogeneous group of 46 adolescents

found atypical antipsychotics resulted in a hypometabolic state—

that is, reduced resting energy expenditure per kilogram of body

mass (Cuerda et al. 2011).

Furthermore, a possible explanation for the severe weight gain

associated with olanzapine (even relative to other atypical antipsy-

chotics) is that olanzapine has an especially high affinity for and

antagonism of the H1 histaminergic receptors, and antipsychotic H1

receptor antagonism correlates with weight gain (Kroeze et al. 2003;

Deng et al. 2010). Finally, a 2016 pharmacogenetic meta-analysis

of 72 studies with various sample ages and diagnoses found that

Adrenoceptor Alpha-2A, Dopamine Receptor D2, 5HT2C Receptor,

and Melanocortin-4 Receptor genes associated with increased

weight gain; however, only 3 of the 72 studies were in youths and

none was in youths with schizophrenia spectrum disorders (Zhang

et al. 2016). While the precise mechanisms of antipsychotic-related

weight gain remain elusive, our predictor and moderator findings can

be explained by some of the hypothesized mechanisms.

For instance, we found that lower hemoglobin A1C predicted

greater weight gain in TEOSS. Similarly, LDL and BMI moderated

weight change such that lower LDL youths had greater weight gain

and percent weight gain in the olanzapine and risperidone arms and

lower BMI youths had greater percent weight gain in the olanzapine

arm. Previous studies have found a relationship between lower

BMI and clinically significant antipsychotic-related weight gain in

adults and youths with psychotic disorders (Schimmelmann et al.

2007; Saddichha et al. 2008). A possible explanation for the ten-

dency for lower BMI, LDL, and hemoglobin A1C youths to have

greater weight gain or percent weight gain with some antipsychotics

is that lower BMI, LDL, and hemoglobin A1C may be indicative

of healthier diet, higher levels of physical activity, and/or higher

metabolic rates pretreatment. Youth with healthier baseline hab-

its or higher metabolisms may in turn be particularly vulnerable to

antipsychotic-induced appetite increases, reduced physical activ-

ity due to sedation and antipsychotic-induced worsening of negative

symptoms (Vancampfort et al. 2015), and hypometabolic changes

related to antipsychotics (Cuerda et al. 2011). In contrast, if a youth

already has a poor diet, low level of physical activity, and low resting

metabolic rate at baseline, antipsychotic-related increases in appetite

and decreases in physical activity level and metabolism may have

muted effects on weight because there may be a floor for how low

resting metabolism and how poor diets and physical activity levels

can be. Interrogating this hypothesis would require future studies to

rigorously collect data on food intake, physical activity, and me-

tabolism at baseline and change over time. Furthermore, findings

of distinct relationships between BMI and LDL and weight change

based on the particular antipsychotic highlights the complexity of

identifying risk factors for antipsychotic-related weight gain.

In addition, we found that diagnosis moderated antipsychotic-

related weight change in that schizoaffective diagnosis predicted

increased weight gain relative to schizophrenia for youths in the

risperidone treatment arm. In fact, in ROC analyses, diagnosis was

the most discriminative predictor of weight gain after accounting

for randomization to olanzapine. Affective symptoms are associ-

ated with changes in appetite and weight (e.g., depression is clas-

sically associated with reduced appetite and weight loss). In

schizoaffective disorder, it may be that risperidone and olanzapine

improve mood regulation and thereby increase appetite and weight

(Sachs et al. 2002); however, the relative increase in appetite and

weight due to mood stabilization may only be apparent in risper-

idone because the severe increase in weight due to potential

olanzapine-specific mechanisms (Kroeze et al. 2003; Deng et al.

2010) may overshadow any change due to mood stabilization. The

lack of significant difference in weight gain by diagnosis in the

molindone arm may be due to the fact that atypical antipsychotics

are generally more effective at treating mood disorders relative to

first-generation antipsychotics like molindone (Sachs et al. 2002).

Our study also had several pertinent negative findings, and we

did not adjust for multiple comparisons to maximize the validity of

our negative findings. First, we did not find an association between

younger age and increased weight gain in contrast to prior studies

(Safer 2004; Martı́nez-Ortega et al. 2013). The evidence regard-

ing younger age increasing antipsychotic-related weight gain is

primarily extrapolated from analyses that have pooled data from

multiple studies and compared results in youth studies (most of

which have diagnostically heterogeneous samples) to adults stud-

ies (most of which have samples predominated by patients with

schizophrenia spectrum disorders) (Safer 2004; Martı́nez-Ortega

et al. 2013). Given our findings of no association and the limitations

of previous studies suggesting younger age is associated with

greater antipsychotic-related weight gain, further research regard-

ing the relationship between antipsychotic-related weight gain and

age in youth with schizophrenia spectrum disorders is warranted.

Another pertinent negative finding was the lack of relationship

between male sex and increased weight gain, in contrast to a pre-

vious study (Schimmelmann et al. 2007). A possible explanation

for our lack of sex findings is that this 8-week study was shorter in

duration than the Schimmelmann et al. (2007) 12-week study,
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which found a trend association between male sex and >7% weight

gain. The differences based on length of study may be due to the

fact that during typical childhood development, adolescent boys

gain weight at a faster rate than girls (Kuczmarski et al. 2000), and

thus the longer a study on adolescent weight gain is, antipsychotic-

related or not, the larger the difference between weight gain in boys

and girls should become. Finally, we found that family income,

baseline weight, and PANSS symptoms did not predict or moderate

antipsychotic-related weight gain.

Our study should be interpreted in the context of its limitations.

First, while we did not find associations between race and weight

gain or baseline triglycerides and weight gain, because we found

that dropouts, re-randomized youths, and those without weight

assessments were more likely to be black and have lower base-

line triglycerides relative to our analytic sample, we cannot draw

decisive conclusions about how race and triglycerides predict

or moderate antipsychotic-related weight gain. Second, only eight

youths were concurrently taking antidepressants and only four were

taking mood stabilizers, and so due to small sample size, we were

unable to investigate whether these medications with demon-

strated effects on weight gain (Zimmermann et al. 2003) affected

antipsychotic-related weight gain. Third, we did not adjust for

multiple comparisons, which strengthen the validity of our negative

findings, but it also makes our study more vulnerable to false

positives (Type I Error). Therefore, our findings regarding hemo-

globin A1C, LDL, BMI, and schizoaffective diagnosis require

replication in an independent sample. Fourth, data regarding family

history of obesity were unavailable in TEOSS, and previous research

suggests that high paternal BMI may predict antipsychotic-related

weight gain (Ratzoni et al. 2002). Still, the strengths of our study stem

from TEOSS’s randomized design with three antipsychotics enabling

moderator analyses and our sample consisting exclusively of youths

with schizophrenia spectrum disorders, addressing limitations of the

extant literature on antipsychotic-related weight gain in youth: diag-

nostic heterogeneity and confounding by indication (Martı́nez-Ortega

et al. 2013).

Conclusions

Previous analyses of TEOSS data found that while antipsychotic

choice did not affect response rate, it profoundly affected weight

gain. We confirmed that antipsychotic choice is extremely im-

portant for predicting weight gain. Additionally, our study is the

largest to identify a predictor of weight gain beyond antipsychotic

choice (lower hemoglobin A1C predicted increased weight gain)

and the first to identify moderators of antipsychotic-related weight

gain (LDL and schizoaffective diagnosis) and percent weight gain

(BMI, LDL, and schizoaffective diagnosis) in youth with schizo-

phrenia spectrum disorders.

Clinical Significance

Our finding that schizoaffective diagnosis (relative to schizo-

phrenia) was a risk factor for antipsychotic-related weight gain in

the risperidone treatment arm highlights the importance of diag-

nostic specificity in studies investigating antipsychotic-related

weight gain (Martı́nez-Ortega et al. 2013). Furthermore, our

finding that lower hemoglobin A1C is a potential risk factor for

antipsychotic-related weight gain underscores the importance

of rigorous monitoring of weight gain for all youth prescribed

atypical antipsychotics, even when the youth does not have pre-

treatment clinical characteristics typically associated with meta-

bolic dysfunction.
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