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Abstract

Objective—This study examined the effects of adjunctive aripiprazole therapy on metabolism in 

clozapine-treated patients with schizophrenia.

Method—In an 8-week randomized, double-blind, placebo-controlled study, subjects received 

either aripiprazole (15mg/day) or placebo. At baseline and week 8, metabolic parameters were 

assessed by the frequently sampled intravenous glucose tolerance test, nuclear magnetic resonance 

spectroscopy and whole-body dual-energy X-ray absorptiometry (DXA).

Results—Thirty subjects completed the study (16 in the aripiprazole group and 14 in the placebo 

group). Glucose effectiveness measured by the frequently sampled intravenous glucose tolerance 

test improved significantly in the aripiprazole group (0.003 ± 0.006 versus −0.005 ± 0.007/min, P 

= 0.010). The aripiprazole group showed significant reductions in both plasma low-density 

lipoprotein (LDL) levels (−15.1 ± 19.8 vs. 4.4 ± 22.5 mg/dl, P = 0.019) and LDL particle numbers 

(−376 ± 632 vs. −36 ± 301 nM, P= 0.035). Further, there was a significant reduction in lean mass 

(−1125 ± 1620 vs. 607 ± 1578 g, P= 0.011) measured by whole-body DXA scan in the 

aripiprazole group. All values were expressed as mean ± standard deviation, aripiprazole vs. 

placebo.
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Conclusion—Adjunctive therapy with aripiprazole may have some metabolic benefits in 

clozapine-treated patients with schizophrenia.

Introduction

Cardiometabolic diseases remain the leading cause for medical morbidity and mortality 

among people with schizophrenia (1), and the rates of these diseases are much higher than in 

the general population (2). Because of its superior efficacy for psychosis (3) and suicidality 

(4), clozapine may reduce overall mortality but its elevation of cardiovascular risk is of great 

concern (5). Clinically significant weight gain has been well established with clozapine, 

mostly during the first 6–12 months of its use (6). Similarly, clozapine has been associated 

with dyslipidemia (7), hypertension (8), type 2 diabetes mellitus (9) and myocardial 

infarction (10).

The mechanism of clozapine’s metabolic risk is believed to be associated with its strong 

blockade effects on H1-histamine and 5HT2C receptors (11). Kroeze et al. (12) found that 

histamine receptor antagonism closely correlated with antipsychotic-induced weight gain. 

More recently, Kim et al. (13) reported that clozapine stimulates hypothalamic adenosine 

monophosphate-activated protein kinase (AMPK) – an enzyme that reverses the action of 

leptin – an anorexigenic hormone; this effect was abolished in H1 knockout mice. Other 

studies found 5-HT2C antagonism to be associated with antipsychotic-induced weight gain 

and diabetes (14); further, 5-HT2C knockout mice developed insulin resistance and impaired 

glucose tolerance and experienced severe weight gain (15). In contrast to clozapine, 

aripiprazole has no anti-histaminergic activity and is an agonist at 5-HT2C receptors (16, 

17). In addition, aripiprazole has a unique 5-HT1A partial agonist property (18). It is 

generally believed that agonists at 5-HT1A receptors lower blood glucose levels, while 

antagonists decrease blood insulin levels, thereby leading to hyperglycemia. Decreased 

insulin levels associated with 5-HT1A antagonism are probably due to a decrease in 

pancreatic β-cell responsiveness to blood glucose levels (19, 20). Treatment with 

aripiprazole has been associated with minimal impact on metabolic parameters, including 

weight, glucose metabolism, and lipids in patients with schizophrenia (21). Given its agonist 

effects on both 5-HT2C receptors and 5-HT1A receptors, aripiprazole might be protective 

against weight gain, diabetes and other metabolic disturbances in clozapine treated patients 

with schizophrenia.

Our group conducted a 6-week, open-label trial to examine the effects of adjunctive 

aripiprazole in clozapine-treated patients with schizophrenia (22). The combination 

treatment was associated with a significant decrease in body weight, body mass index 

(BMI), fasting serum total cholesterol and triglycerides. In a randomized, double-blind, 

placebo-controlled 8-week study, Chang et al. (23) reported that aripiprazole augmentation 

of clozapine significantly reduced fasting serum triglycerides. A more recent 16-week, 

randomized, double-blind, placebo-controlled trial reported that adding aripiprazole to 

clozapine resulted in significant reductions in weight, BMI, waist circumference, and fasting 

serum total and low-density lipoprotein (LDL) cholesterol (24). Despite these encouraging 

findings, important questions remain with regard to the potential metabolic benefits of 

adjunctive aripiprazole in clozapine-treated patients: i) It is unclear how the combination 
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treatment might affect specific aspects of glucose metabolism; ii) The LDL abnormality 

found in an insulin-resistant state may not appear on a standard lipoprotein profile. Insulin 

resistance results in cholesterol-depleted and therefore smaller and denser LDL particles 

(25). It is unclear whether the combination treatment might affect atherogenic LDL particle 

size and iii) the impact of the combination treatment on body composition, especially fat and 

lean body mass distribution, remains unknown.

The frequently sampled intravenous glucose tolerance test (FSIVGTT) is a gold standard 

procedure to assess insulin sensitivity and the effectiveness of glucose metabolism (26). 

Nuclear magnetic resonance (NMR) spectroscopy has been used to measure lipoprotein 

subclass concentration and size (27). NMR capitalizes on the fact that each lipoprotein 

subclass particle of a given size emits its own characteristic signal. Conversion factors 

relating signal amplitudes to subclass concentrations expressed in particle concentration 

units are then applied. In recent years, whole-body dual-energy X-ray absorptiometry 

(DXA) has been increasingly used to measure body composition including bone mineral 

content (BMC), fat mass and lean mass (28).

Aims of the study

We now present the results of an 8-week, randomized, placebo-controlled, double-blinded 

study to examine aripiprazole’s effects on glucose metabolism in clozapine-treated patients 

with schizophrenia using the frequently sampled intravenous glucose tolerance test. In 

addition, the study examined how adjunctive aripiprazole therapy affects lipid particle size 

and body composition using nuclear magnetic resonance (NMR) spectroscopy and whole-

body dual-energy X-ray absorptiometry (DXA), respectively.

Material and methods

Patients

The study was approved by the institutional review boards of the Massachusetts General 

Hospital (MGH) and the Massachusetts Department of Mental Health. Subjects were 

recruited from the Freedom Trial Clinic at the Erich Lindemann Mental Health Center and 

were studied at the Clinical Research Center (CRC) at MGH, Boston. The inclusion criteria 

were: i) age 18–65 years; ii) diagnosis of schizophrenia or schizoaffective disorder; iii) 

treatment with clozapine for at least 1 year; iv) stable dose of clozapine for at least 1 month; 

v) female subjects were eligible to participate in the study if they were of non-childbearing 

potential or of child-bearing potential and willing to practice appropriate birth control 

methods during the study. The exclusion criteria included: i) inability to provide informed 

consent; ii) current substance abuse; iii) significant medical illness including severe 

cardiovascular, hepatic, renal disease; iv) history of immunosuppression; v) current or recent 

radiation or chemotherapy treatment for cancer; vi) being pregnant or breastfeeding. Patients 

treated with the following medications known to affect glucose tolerance were also 

excluded: birth control pills containing norgestrel, steroids, beta-blockers, anti-inflammatory 

drugs (including aspirin and ibuprofen), thiazide diuretics and valproate sodium. Subjects 

with diabetes mellitus were not excluded from the study; however, insulin-dependent 

subjects, for safety reasons, did not have a FSIVGTT performed.
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After providing written informed consent, subjects underwent a diagnostic evaluation by a 

research psychiatrist using the Structured Clinical Interview for DSM-IV (SCID) (29). 

Female patients were given instructions to practice appropriate birth control methods during 

the study period. Additionally, as insulin sensitivity has been found to decrease during the 

luteal phase (30), menstruating women underwent the FSIVGTT during the early follicular 

phase of their menstrual cycle (days 1–7) as identified by interview and menstrual log.

Baseline procedures

Eligible subjects completed a baseline assessment which included the Positive and Negative 

Syndrome Scale (PANSS) (31) and the Systematic Assessment for Treatment Emergent 

Events (SAFTEE) (32). In addition, extrapyramidal symptoms were evaluated at each visit 

using the Simpson-Angus Scale (33) and the Abnormal Involuntary Movement Scale 

(AIMS) (34).

Because dietary carbohydrate affects insulin sensitivity (35), subjects were given a diet plan 

calculated to maintain body weight and to provide a minimum of 250mg of carbohydrate for 

each of the 3 days prior to the FSIVGTT. Subjects were also instructed to fast for 12 hours 

preceding the FSIVGTT and to hold their morning medications the day of the test. Family, 

residential program staff and outreach workers assisted subjects to maintain a high-

carbohydrate intake and to guarantee fasting. Subjects were admitted to the MGH CRC at 

6:45 AM on the morning of the test. The nutrition assessment was conducted prior to the 

initiation of the FSIVGTT. Following the FSIVGTT, subjects were randomized, stratified by 

the presence or absence of diabetes, in a double-blind fashion to receive either 15mg 

aripiprazole per day or matching placebo.

Nutritional assessment

Height was measured using a Harpenden stadiometer, which was calibrated on a weekly 

basis. Subjects were weighed on a digital electronic scale, and weight was recorded to the 

nearest 0.1kg. Waist circumference was measured at the umbilicus waist. Body composition 

was determined using the DXA (Hologic QDR-4500; Hologic Inc, Waltham, MA, USA). 

DXA has been validated for body composition measurement (28). Body composition data 

were presented as BMC (in grams), fat mass (in grams), lean mass (in grams), and total body 

mass (BMC + fat mass + lean mass, in grams); in addition, fat percentage was calculated as 

fat mass (in grams) divided by total mass (in grams). Data were calculated separately for the 

trunk and total values.

FSIVGTT and Minimal Model Calculation

Two intravenous catheters were placed in antecubital veins (one in each arm). Baseline 

blood samples were drawn for fasting plasma glucose and serum insulin levels, HbA1c and 

lipids 10 min prior to the glucose infusion (time, 10 min). Glucose 0.3 g/kg in normal saline 

was administered intravenously for 30 s at time 0. Approximately 2-ml blood samples were 

withdrawn at −10, −5, 0, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 21, 22, 23, 24, 25, 27, 30, 35, 

40, 45, 50, 55, 60, 65, 70, 80, 90, 100, 110, 120, 140, 160, and 180 min for measurement of 

plasma glucose and serum insulin concentrations. Twenty minutes after the glucose infusion, 

500 mg of tolbutamide (Upjohn Co, Kalamazoo, MI, USA) was administered intravenously 
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for 45 s. Vital signs and plasma glucose concentrations were monitored throughout the 

procedure. By using the MINMOD Millennium computer program developed by Richard 

Bergman, PhD (36), insulin sensitivity index (SI), glucose effectiveness (SG), acute insulin 

response to glucose (AIRG), and disposition index (DI) were calculated based on plasma 

glucose and serum insulin values obtained from the FSIVGTT procedure. The SI represents 

the increase in net fractional glucose clearance rate per unit change in serum insulin 

concentration after the intravenous glucose load. The SG represents the net fractional 

glucose clearance rate attributable to the increase in glucose independent of any increase in 

circulating insulin concentrations above baseline. The AIRG measures the acute (0–10 min) 

beta-cell response to a glucose load calculated by the areas under the curve higher than basal 

insulin values. The DI, which equals SI x AIRG), is an index of beta-cell function that takes 

account of prevailing insulin sensitivity and exploits the hyperbolic relationship between SI 

and AIRG (37). The HOMA-IR was calculated by the following formula: fasting serum 

insulin concentration x fasting plasma glucose concentration/22.5 (38).

Laboratory Assays

Laboratory assays were performed by the Chemistry Lab and the CRC Core Lab of the 

Massachusetts General Hospital. Laboratory assays were performed by the chemistry 

laboratory and the Mallinckrodt General Clinical Research Center Core Laboratory of 

Massachusetts General Hospital. Insulin immunometric assays were performed using an 

Immulite Analyzer (Diagnostic Product Corp; Los Angeles, CA, USA) with an intra-assay 

coefficient of variation of 4.2%–7.6%. Fasting plasma glucose level was measured with a 

hexokinase reagent kit (A-gent glucose test; Abbott, South Pasadena, CA, USA). Glucose 

assays were run in duplicate, and the intra-assay coefficient of variation ranged from 2% to 

3%. Fasting total plasma cholesterol and triglyceride levels were measured enzymatically 

with an intra-assay coefficient of variation of 1.7%–2.7% and 0.9%–1.2%, respectively. The 

high-density lipoprotein (HDL) cholesterol fraction was measured after precipitation of low-

density and very low–density lipoproteins (VLDLs) with dextran sulfate magnesium with an 

intra-assay coefficient of variation of 0.89%–1.82%. LDL cholesterol values were 

determined by the Direct LDL reagents (Roche Diagnostics, Indianapolis, IN, USA). 

Hemoglobin A1c (HbA1c) was measured with high performance liquid chromatography 

using an automated analyzer (normal range 4.5–6.5%) (SmithKline, Van Nuys, CA, USA). 

Lipoprotein subclass concentrations and the LDL particle size were determined using the 

NMR spectroscopy (LipoScience, Raleigh, NC, USA) (27). In the present study, the 

following lipoprotein subclasses were assessed: LDL particle, small LDL particle, large 

HDL particle, and large VLDL particle. Serum levels of C-reactive protein (CRP) were 

measured via a high-sensitivity latex-enhanced immunonephelometric assay on a BN II 

analyzer (Dade Behring, Newark, DE, USA).

Follow up assessment

Subjects met with a research assistant at weeks 2, 4 and 6. Visits varied from 1 to 2 h in 

length and consisted of the assessment of vital signs and side effects. Study medication was 

dispensed every 2 weeks. Subjects were asked to return their bottle of medication during 

each follow-up visit; extra pills in the bottle were counted to assess adherence. At week 8, 
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all baseline assessments were repeated, including the rating scales, nutritional measures, the 

FSIVGTT, and laboratory assays.

Statistical analysis

Statistical analysis was performed using SAS (version 9.2, SAS Institute, Cary, NC, USA). 

Descriptive statistics were performed to describe demographic and clinical characteristics of 

the study sample. Group comparisons were performed using the independent t test for 

continuous variables, and the Fisher’s exact test or chi-square test for categorical variables. 

Analysis of covariance (ANCOVA) was used to compare change scores from baseline to 

week 8 between the two groups controlling for baseline scores. For all analyses, a P value 

<0.05 (two-tailed) was used for statistical significance. For those continuous variables with 

findings at a trend level, Cohen’s d effect sizes were calculated.

Results

Forty-eight subjects were screened. Among them, 44 were enrolled and 38 were randomized 

to aripiprazole or placebo treatment. A total of 30 subjects completed the study (16 in the 

aripiprazole group and 14 in the placebo group) (Fig. 1). For the entire sample, 22 were men 

and eight women; 24 were Caucasians, 4 African Americans, and 2 in ‘other’ category; 9 

were diabetic and 21 non-diabetic. The two groups differed in race at a trend level (P = 

0.084); all four African Americans were in the aripiprazole group. There were no significant 

differences between the two groups in age, gender, education level, diagnosis (schizophrenia 

or schizoaffective disorder), tobacco use, diabetes status, and the daily clozapine dosage (P 

values > 0.1) (Table 1).

Glucose metabolism

The two groups differed significantly in week 8 change for SG [F(1,21) = 7.9, P = 0.010], 

demonstrating that the aripiprazole group had significant improvement in the effectiveness 

of glucose clearance compared to with the placebo group. There were between group 

differences at a trend level in week 8 changes for HOMA-IR [F(1,24) = 3.8, P = 0.065, 

effect size 0.75] and SI [F(1,21) = 3.3, P = 0.082, effect size 0.70], suggesting that the 

aripiprazole group might have some improvement in insulin sensitivity compared with the 

placebo group. There were no significant differences between the two groups in week 8 

changes for plasma glucose, serum insulin, HbA1c, AIRG, or DI (P values > 0.1) (Table 2).

Lipids and other metabolic parameters

There were significant differences between the two groups in week 8 changes for both 

plasma LDL levels [F(1,23) = 6.4, P = 0.019] and LDL particle numbers [F(1,17) = 5.2, P = 

0.035], suggesting that the aripiprazole group had significant reduction in plasma LDL 

levels compared with the placebo group. There were no significant differences between the 

two groups in week 8 changes for plasma total cholesterol, HDL, triglycerides, LDL particle 

size, small LDL particle number concentration, large HDL particle number concentration 

and large VLDL particle number concentration (P values > 0.1) (Table 2).
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Anthropometric measures

There were no significant differences between the two groups in week 8 changes for body 

weight, BMI, or waist circumference (P values > 0.1). The DXA assessment demonstrated 

significant differences between the two groups in week 8 changes for lean mass [trunk, 

F(1,24)=7.9, P=0.010; total body, F(1,24)=7.6, P=0.011) and total mass [trunk, F(1,24)=4.9, 

P=0.037; total body, F(1,24)=6.7, P=0.016], suggesting that aripiprazole treatment 

significantly reduced lean mass and total mass in clozapine-treated patients with 

schizophrenia. However, there were no significant differences between the two groups in 

week 8 changes for BMC, fat mass, or fat percentage in either trunk or total body (P values 

> 0.1) (Table 3).

Psychopathology and side effect assessment

There were no significant differences between the two groups in week 8 changes for the 

PANSS total score (mean±SD, −5.6±8.8 in the aripiprazole group and −2.6±6.3 in the 

placebo group, P=0.660). There were no serious adverse events during the study. The side 

effects reported in more than 5% of the subjects in the aripiprazole group and that occurred 

at least twice as commonly as in the placebo group were over-arousal, drowsiness, itching, 

headache, chest pain, back pain, nasal congestion, hypersalivation, nausea, vomiting and 

stomach discomfort (Table 4). There were no significant differences between the two groups 

for listed side effects (P values > 0.1). No subject in the aripiprazole group withdrew from 

the study because of these side effects.

Repeated data analysis with Caucasian subjects only

As there was a between group difference at a trend level in race (four African Americans in 

the aripiprazole group and none in the placebo group; one in ‘other’ category in each group), 

group comparisons were repeated with Caucasians only (11 subjects in the aripiprazole 

group and 13 in the placebo group). The results were similar as reported previously (data not 

shown).

Discussion

Our results demonstrated that adjunctive aripiprazole treatment in clozapine-treated patients 

with schizophrenia improved certain aspects of glucose metabolism including insulin 

sensitivity and especially the effectiveness of insulin-independent glucose clearance rate 

(SG). In a previous study, we found that rosiglitazone, a thiazolidinedione used for diabetes 

treatment, also improved SG in clozapine-treated patients with schizophrenia (39). Although 

insulin resistance is the main determinant of impaired glucose tolerance, the contribution of 

SG to total glucose disposal becomes critical in the presence of insulin resistance; small 

changes in SG are likely to produce significant effects (40). In previous studies, SG has been 

shown to independently predict the development of diabetes (41–43). Increased SG might 

reflect not only an enhanced activity of the insulin-independent glucose transporters GLUT1 

and GLUT2, but also an accelerated glucose-induced recruitment of the insulin-dependent 

GLLUT4 transporters (44, 45). Studies have shown that clozapine blocks glucose 

transporters in rat pheochromocytoma (PC12) cells (46). Our study suggests that perhaps 

this blocking effect could be counteracted by adjunctive aripiprazole therapy.
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Aripiprazole treatment reduced plasma LDL levels and LDL particle numbers but there was 

no change in LDL particle size and no changes in other lipid measures. Dyslipidemia 

associated with insulin resistance includes hypertriglyceridemia, an increase in VLDL 

secretion from the liver, an increase in the atherogenic LDL and a decrease in HDL 

cholesterol (47–49). As patients become more insulin resistant, the LDL phenotype is 

characterized by smaller, denser LDL particles as opposed to the larger, more buoyant LDL 

particles. Small, dense LDL particles are associated with a significant increase in risk for 

coronary heart disease (50). LDL particle number has been suggested as a more reliable 

measure of atherogenicity than plasma LDL level, and an independent predictor of 

cardiovascular disease (51, 52). Because the cholesterol content per LDL particle exhibits 

large inter-individual variation, the information provided by plasma LDL level and the 

information from LDL particle number are not equivalent. Individuals with the same level of 

plasma LDL may have higher or lower numbers of LDL particles and, as a result, may differ 

in terms of absolute cardiovascular disease risk. Adjunctive aripiprazole therapy may reduce 

cardiovascular risk in clozapine treated patients with schizophrenia by reducing both LDL 

levels and LDL particle numbers.

Our findings suggested that the adjunctive aripiprazole treatment significantly reduced lean 

body mass and total body mass as measured by DXA. Even though the link between 

abdominal body fat and insulin resistance has been well established, studies have also 

suggested that lean body mass might contribute to the development of insulin resistance and 

metabolic disturbances. You et al. (53) reported that a higher lean body mass was associated 

with an increased risk for metabolic syndrome in postmenopausal women with visceral 

obesity. In another study, Brochu et al. (54) found that, also in postmenopausal women with 

visceral obesity, a higher lean body mass was associated with elevated levels of serum 

insulin and CRP, and decreased glucose disposal as measured by the euglycemic 

hyperinsulinemic clamp technique. Lean body mass reduction may decrease ectopic fat 

accumulation, which is associated with insulin resistance (55). Lean body mass reduction 

with adjunctive aripiprazole therapy might contribute to the metabolic improvement in 

clozapine-treated patients with schizophrenia.

The present study showed that the adjunctive aripiprazole treatment was well tolerated; no 

subjects who received aripiprazole withdrew from the study because of side effects. 

However, no definitive conclusions should be drawn with regard to tolerability and safety of 

using aripiprazole as an adjunct to clozapine treatment given the small sample size in the 

present study.

The strengths of this study include the rigorous study design and the use of state of the art, 

sensitive techniques including FSIVGTT, DXA and NMR spectroscopy to assess insulin 

sensitivity and glucose metabolism, body composition and lipid particle sizes, respectively. 

There were several limitations of this study: i) the sample size was relatively small and 

therefore the study might be underpowered; ii) the intervention time period (8 weeks) was 

relatively short; and iii) there might be a lack of generalizability of our findings to patients 

with schizophrenia treated by antipsychotic agents other than clozapine.
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In summary, our study is the first to suggest that adjunctive aripiprazole therapy can 

improve glucose metabolism, decrease LDL particle numbers and reduce lean and total body 

mass in clozapine-treated patients with schizophrenia. The results from our study are 

generally consistent with findings from previous studies combining aripiprazole and 

clozapine with regard to potential metabolic benefits, but our results shed new light on how 

this combination strategy affects various specific metabolic parameters. The metabolic 

benefits of the combination therapy, if sustained, may reduce the risk of cardiovascular 

morbidity and mortality. Future studies to examine long-term effects of adjunctive 

aripiprazole therapy on metabolism and safety profile in a large sample of clozapine-treated 

patients with schizophrenia are needed.
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Significant outcomes

• Our results demonstrated that adjunctive aripiprazole treatment in clozapine-

treated patients with schizophrenia improved certain aspects of glucose 

metabolism including insulin sensitivity and especially the effectiveness of 

insulin-independent glucose clearance rate.

• Aripiprazole treatment reduced plasma low-density lipoprotein levels and low-

density lipoprotein particle numbers, but there was no change in low-density 

lipoprotein particle size and no changes in other lipid measures.

• Our findings suggested that the adjunctive aripiprazole treatment significantly 

reduced lean body mass and total body mass as measured by whole-body dual-

energy X-ray absorptiometry scan.
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Limitations

• The sample size was relatively small; therefore, the study might be 

underpowered.

• The intervention time period (8 weeks) of the study was relatively short.

• There might be a lack of generalizability of our findings to patients with 

schizophrenia treated by antipsychotic agents other than clozapine.
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Figure 1. 
Patients who entered and completed the study
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