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Abstract

Patients with psychotic disorders are at high risk for type 2 diabetes mellitus, and there is 

increasing evidence that patients display glucose metabolism abnormalities before significant 

antipsychotic medication exposure. In the present study, we examined insulin action by 

quantifying insulin sensitivity in first episode psychosis (FEP) patients and unaffected siblings, 

compared to healthy individuals, using a physiological-based model and comprehensive 

assessment battery. Twenty-two unaffected siblings, 18 FEP patients and 15 healthy unrelated 

controls were evaluated using a 2-hour oral glucose tolerance test (OGTT), with 7 samples of 

plasma glucose and serum insulin concentration measurements. Insulin sensitivity was quantified 

using the oral minimal model method. Lipid, leptin, free fatty acids and inflammatory marker 

levels were also measured. Anthropometric, nutrient and activity assessments were conducted; 

total body composition and fat distribution were determined using whole-body dual energy x-ray 
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absorptiometry. Insulin sensitivity significantly differed among groups (F=6.01, P=0.004), with 

patients and siblings showing lower insulin sensitivity, compared to controls (P=0.006, and 

P=0.002, respectively). Body mass index, visceral adipose tissue area (cm2), lipids, leptin, free 

fatty acids, inflammatory markers and activity ratings were not significantly different among 

groups. There was a significant difference in nutrient intake with lower total kilocalories/kilogram 

body weight in patients, compared to siblings and controls. Overall, the findings suggest that 

familial abnormal glucose metabolism or a primary insulin signaling pathway abnormality is 

related to risk for psychosis, independent of disease expression and treatment effects. Future 

studies should examine underlying biological mechanisms of insulin signaling abnormalities in 

psychotic disorders.

1. Introduction

Patients with psychotic disorders have up to 20% shorter life expectancy compared to the 

general population, with increased mortality from cardiovascular disease and type 2 diabetes 

mellitus (T2DM)1–3. The disproportionately high rate of T2DM in patients with psychotic 

disorders is two to three-fold that found in the general population4, 5, with studies indicating 

a prevalence of 10–15% in schizophrenia and bipolar disorder. Increasing evidence suggests 

that glucose metabolism abnormalities are present at psychotic illness onset and in drug-

naïve patients6–8. A recent large population-based cohort study showed a high risk for 

diabetes in antipsychotic-naïve patients with schizophrenia9.

There is likely a complex interplay of factors underlying risk for T2DM in patients with 

psychotic disorders10. Antipsychotic medications, the mainstay of treatment, induce weight 

gain, insulin resistance and T2DM11–13. Patients with psychotic disorders have high rates of 

conventional risk factors for T2DM, including obesity, sedentary lifestyle, poor diet, 

smoking and alcohol abuse, often accompanied by inadequate access to health services14–16. 

Several lines of evidence also suggest that patients with psychotic disorders have an 

endogenous risk for developing T2DM. Prevalence of diabetes is elevated in unaffected 

family members17, 18, and genetic association and pathway analysis studies point to shared 

genetic risk factors between psychotic disorders and T2DM19, 20, including the association 

of well-established T2DM gene variants with schizophrenia21. In this convergence of genetic 

and environmental risk factors for T2DM, the underlying physiology of impaired glucose 

metabolism in patients with psychosis remains to be elucidated.

Insulin action and secretion maintain glucose homeostasis, and insulin resistance may 

precede the development of T2DM by one to two decades22. Insulin resistance occurs when 

the effects of insulin do not effectively induce glucose disposal in skeletal muscle, inhibit 

glucose production in the liver nor suppress the release of lipids in adipose tissue, leading to 

loss of metabolic fuel homeostasis. Several measures of insulin resistance have been 

developed23, 24, including the homeostatic model assessment of insulin resistance (HOMA-

IR), minimal model assessments and clamp tests. HOMA-IR25 is easy to perform and based 

on basal fasting measures of insulin and glucose concentrations. However, HOMA-IR does 

not measure postprandial glucose metabolism, and basal concentrations of insulin and 

glucose only represent one point in the complex glucose-insulin dose-response curve24. 
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While euglycemic clamp26 or intravenous glucose tolerance tests measure insulin action, 

these techniques are labor intensive and invasive. The oral minimal model method uses 

physiological-based models24, 27, is less invasive, and quantifies insulin action during an 

oral, physiological perturbation, such as an oral glucose tolerance test (OGTT). This method 

specifically measures insulin sensitivity, quantifying effects of insulin in tissues to activate 

insulin signaling and phosphorylation pathways28.

Recent meta-analyses6, 7 showed that HOMA-IR is elevated in patients with first episode 

schizophrenia who are drug-naïve or have received less than two weeks of antipsychotic 

medication, compared to controls. A study by Spelman et al.29 in adult relatives of patients 

with psychosis and first-episode drug-naïve patients suggests that an increase in HOMA-IR 

is also found in at-risk individuals, compared to controls. However, in another study of 

unaffected relatives and drug-naïve schizophrenia patients30, relatives did not show 

differences in HOMA-IR compared to controls. These study results using HOMA-IR have 

limited interpretability for studying insulin action23. While HOMA-IR may be useful for 

large epidemiological studies23, it is unclear exactly what it measures and it provides limited 

information on insulin signaling. There is a lack of studies specifically studying insulin 

action in individuals at risk for developing psychosis and patients early in psychotic illness.

As psychotic disorders are highly heritable31, studies in unaffected relatives provide valuable 

information regarding heritable determinants of disease risk32, and contribute to 

understanding pathophysiologic factors in psychosis. Particularly relevant to studying 

glucose metabolism, unaffected relatives may share predisposing traits for developing 

psychotic illness, without confounds of illness progression and treatment. In the present 

study, we examined insulin sensitivity measured by the oral minimal model in unaffected 

siblings and patients with first episode psychosis (FEP), compared to healthy controls, in a 

well-characterized sample with comprehensive anthropometric and nutrition measures. We 

hypothesized that both unaffected siblings and FEP patients would show a reduction in 

insulin sensitivity compared to controls, but that the reduction observed in siblings would be 

of lesser magnitude than that observed in patients.

2. Methods

2.1. Participants

We assessed 22 unaffected siblings, 18 FEP patients, and 15 healthy controls. Siblings were 

recruited through patients in McLean OnTrack, an outpatient FEP program at McLean 

Hospital33, a support group for family members in McLean OnTrack and flyers posted at 

McLean Hospital. Proband diagnoses for siblings were ascertained by diagnostic interview 

and review of medical records, and included 4 with schizophrenia, 5 schizoaffective 

disorder, 11 bipolar disorder with psychotic features, and 2 psychosis not otherwise 

specified (NOS). Unaffected siblings had no history of psychotic or bipolar disorders, and 

were not taking psychotropic medications. Patients were recruited from McLean OnTrack, 

and enrolled in the study within one year of psychosis onset. Of the 18 patients, 2 were 

diagnosed with schizophrenia, 1 schizoaffective disorder, 11 bipolar disorder with psychotic 

features, 1 major depressive disorder with psychotic features, and 3 psychosis NOS. Patients 

were excluded if they had a diagnosis of current substance use disorder, or symptoms could 
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be attributed to general medical condition or substance use. Five unaffected sibling-patient 

pairs were related, whereas other siblings and patients were unrelated. Healthy controls were 

recruited with flyers on local college campuses, and had no psychiatric diagnoses nor history 

of same in first-degree relatives. Exclusion criteria for all participants included history of 

significant medical or neurologic illness, including diabetes, head trauma, or pregnancy. 

Participants were excluded if they were taking non-psychotropic medications known to 

influence glucose metabolism (including steroids, antidiabetics, weight loss agents). This 

study was conducted as part of an effort to collect multimodal data in FEP, including MRI, 

thus MR scan contraindication was an exclusion criterion. There was 1 patient-sibling pair 

with a first-degree relative with type 1 diabetes, 1 patient-sibling pair with first-degree 

relative with diabetes (type unknown), and 1 sibling with first-degree relative with T2DM. 

The study was approved by McLean Hospital Institutional Review Board, and participants 

provided written informed consent.

The Structured Clinical Interview for DSM-IV-TR (SCID)34 was used for ascertaining 

diagnosis in participants. The following rating scales and cognitive assessments were 

administered as appropriate: MATRICS Consensus Cognitive Battery35, Wisconsin 

Schizotypy Scales-short form36, Symptom Checklist-90-Revised (SCL-90-R)37, Positive and 

Negative Syndrome Scale (PANSS)38, Beck Depression Inventory-II (BDI-II) 39, and State-

Trait Anxiety Inventory (STAI)40. Hollingshead Four-Factor Index of Social Status was used 

to evaluate parental socioeconomic status. SCID Post-Traumatic Stress Disorder module and 

medical records were used to assess for history of trauma. Chlorpromazine equivalents were 

calculated based on daily dose of antipsychotic medication prescribed at the time of 

study41–43.

2.2. Oral glucose tolerance test and oral minimal model

Participants were instructed to follow a three-day diet plan with minimum of 250g 

carbohydrate/day and fast for 12 hours prior to the OGTT. Participants were admitted to the 

Massachusetts General Hospital Clinical Research Center for study procedures. One 

intravenous catheter was placed in an antecubital vein. Baseline blood samples were 

obtained 10 minutes prior to administration of 75g of glucose at time 0: plasma glucose and 

serum insulin, basic chemistry profiles, lipid profile, complete blood count, serum leptin, c-

reactive protein, interleukin-6, tumor necrosis factor-alpha and free fatty acids levels. Blood 

samples were drawn at times 0, 10, 20, 30, 60, 90, and 120 minutes for measurement of 

plasma glucose and serum insulin concentrations. Plasma glucose and serum insulin samples 

were collected in a gray-top (sodium fluoride) and gold-top tube, respectively. Laboratory 

Corporation of America performed laboratory assays. HOMA-IR was calculated using 

baseline glucose and insulin concentrations: serum insulin × plasma glucose/22.525.

The oral minimal model has been previously described24, 27, and validated by tracer and 

euglycemic/hyperinsulinemic clamp studies44, 45. Based on plasma glucose and serum 

insulin concentrations measured during OGTT, the oral minimal model estimates insulin 

sensitivity by modeling glucose and insulin subsystems. An assumption of the model is that 

insulin action on glucose production and disposal takes place remotely from plasma, in the 

interstitium. Since the model uses OGTT data, the rate of glucose absorption is a variable, 
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which is necessarily modeled. We used a reduced sample minimal model with 2-hour 

protocol and 7-sample schedule46. Analyses of insulin sensitivity were conducted blinded to 

group status.

2.3. Nutritional Assessments

Weight(kg) and height(cm) were measured, and body mass index (BMI) was 

calculated(kg/m2). Ideal body weight was obtained from Metropolitan Life Insurance 

Tables47. Iliac waist and broadest hip circumferences(cm) were measured and used to 

calculate waist-hip ratio. Bicep, tricep, suprailiac and subscapular skinfold measurements 

were performed using a Lange skinfold caliper (Beta-Technology, Santa Cruz, CA). Nutrient 

intake was collected using a four-day food diary, reviewed by a research dietician by direct 

interview. Nutrient analysis was calculated using Nutrition Data Systems for Research 

(version 2014, Nutrition Coordinating Center, University of Minnesota, Minneapolis, 

MN)48. Resting energy expenditure (REE) was assessed by indirect calorimetry using a 

dilution canopy placed over the participant’s head to measure oxygen consumption and 

carbon dioxide production in a resting state (Vmax Encore 29; CareFusion, Yorba Linda, 

CA)49. Body composition and abdominal visceral adipose tissue area were determined by 

whole-body dual energy x-ray absorptiometry (DXA) (Hologic QDR Discovery A; Hologic 

Inc, Waltham, MA). The International Physical Activity Questionnaire (IPAQ)50 was 

administered to obtain estimates of physical activity.

2.4. Statistical analyses

We performed statistical analyses using SPSS (PASW) version 23 and STATA version 14. 

Our primary outcome measure was insulin sensitivity, and we used ANOVA analyses with 

contrasts to examine insulin sensitivity with diagnosis as a between-subjects factor. We used 

chi-square tests and ANOVAs as appropriate to compare demographic and clinical 

characteristics, glucose metabolism, lipid, and inflammatory measures, and anthropometric 

and nutrition measures among patient, sibling and control groups. For all analyses, we 

checked modeling assumptions, including normality of the measures, non-constant variance, 

and influential points. Insulin sensitivity values were log–transformed to approximate 

normal distribution. Our primary a priori analysis was to compare insulin sensitivity between 

patient, sibling and control groups. Other factors related to insulin signaling and metabolism 

were examined in exploratory analyses. For such other analyses, we did not correct for 

multiple comparisons because they were exploratory in nature. For primary insulin 

sensitivity analyses, we had 83% power to detect the reported effects. All hypothesis tests 

were two-sided and conducted with a confidence level of alpha=0.05.

As BMI and body mass composition are associated with insulin sensitivity51, we conducted 

an exploratory mediation analysis to examine the role of BMI in the pathway between 

patient/siblings/control status and insulin sensitivity. Using methods previously described by 

Valeri and VanderWeele52, 53, we implemented a mediation analysis to decompose the 

relationship between group status and insulin sensitivity and provide insight into the role of 

BMI as mediator as well as moderator of this relationship. As waist circumference was 

found to be different across groups, we also examined waist circumference’s role as a 

mediator/moderator in a separate mediation analysis. We used a counterfactual approach to 
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examine direct and indirect effects of group status on insulin sensitivity through BMI (and 

waist circumference). This approach allowed us to take into account interactions between 

group status (exposure) and body composition (mediator). Age, sex and race were included 

in mediation models, given their well-known associations to glucose metabolism54, 55. 

Further details on mediation analyses are provided in Supplementary material.

3. Results

3.1. Demographic and Clinical Characteristics

Demographic and clinical characteristics of participants are shown in Table 1. Hollingshead 

scores (mean±SD) did not differ among patients (53.3±8.2), siblings (49.8±10.2) and 

controls (53.5±9.2) (F=0.91, P=0.41). There were 5 patients (27.8%) who were taking both 

antipsychotic and mood stabilizer medications, and 4 patients (22.2%) who were not taking 

psychotropic medications. Among 5 patients who smoked, a mean 3 cigarettes/day were 

used. SCL-90-R positive symptom distress index was increased in siblings, compared to 

controls (t=2.2, P=0.03). There were no other significant differences between siblings and 

controls on measures of psychological distress or psychosis-proneness, including SCL-90-R 

global severity index, Wisconsin schizotypy positive and negative factor scores, BDI-II or 

STAI total scores. There were no significant differences among groups for presence of 

history of traumatic events (χ2=0.22, P=0.90).

3.2. Glucose Metabolism, Inflammatory and Lipid Measurements

Insulin sensitivity index differed significantly among groups (F=6.01, P=0.004), with 

patients and siblings showing lower insulin sensitivity, compared to controls (P=0.006, and 

P=0.002, respectively), while there was no significant difference between patients and 

siblings (Table 2, Figure 1). Baseline plasma glucose and serum insulin concentrations and 

HOMA-IR did not differ among groups. There were also no significant differences among 

groups on measures of lipids, leptin, nor inflammatory markers (Table 2).

3.3. Anthropometric, DXA, Physical Activity and Nutrient Intake Measurements

BMI did not significantly differ (F=2.61, P=0.08) between patients, siblings, and controls 

(Table 3). Waist-hip ratio and waist circumference significantly differed between groups 

(F=5.80, P=0.005), with patients showing greater waist circumference compared to siblings 

(P=0.04) and controls (P=0.002) and higher waist-hip ratio compared to siblings (P=0.03) 

and controls (P=0.001). Suprailiac skinfold was also greater in patients (F=4.05, P=0.02), 

compared to siblings (P=0.02) and controls (P=0.02). Other anthropometric measures, IPAQ 

high activity rating, REE, and DXA visceral adipose tissue area did not differ among groups.

There was a significant difference in total kilocalories per kilogram of body weight among 

groups (F=3.55, P=0.04), with patients showing lower intake compared to siblings (P=0.03) 

and controls (P=0.02), while there were no differences between siblings and controls 

(Supplementary Table 1).
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3.4. Mediation analyses with BMI and waist circumference

There was evidence of significant direct effects of patient or sibling status on insulin 

sensitivity, independent of BMI, with effects of −0.60 (confidence interval (CI)= −1.09, 

−0.08) in patients and −0.72 (−1.24,0.21) in siblings. In the analysis for waist circumference, 

direct effects of patient or sibling status on insulin sensitivity were −0.50 (−0.99, −0.0001) in 

patients and −0.64 (−1.17, −0.11) in siblings. In patients, there was evidence of a significant 

effect of BMI on insulin sensitivity (beta = −0.10, P = 0.02) and an exposure-mediator 

(patient group-BMI) interaction (beta = 0.12, P = 0.04). In siblings, there was no evidence of 

exposure-mediator (sibling group-BMI) interaction (beta = −0.05, P = 0.43). Similarly, in 

patients, there was evidence of a significant effect of waist circumference on insulin 

sensitivity (beta = −0.06, P = 0.003) and an exposure-mediator (patient group-waist 

circumference) interaction (beta = 0.06, P = 0.02). In siblings, there was no evidence of 

exposure-mediator (sibling group-waist circumference) interaction (beta = −0.01, P = 0.77). 

Results of the mediation and interaction analyses for BMI explaining the effect of patient 

status on insulin sensitivity are shown in Table 4. Results were similar for waist 

circumference (Supplementary Table 2). Both BMI and waist circumference analyses 

yielded suggestive evidence of interactive mechanisms in patients.

3.5. Additional analyses

To examine effects of atypical antipsychotic medication on insulin sensitivity, we conducted 

a posteriori analysis of insulin sensitivity among groups, excluding patients taking atypical 

antipsychotics (n=8/18). Differences in insulin sensitivity among groups remained (F=5.56, 

P=0.007), with patients showing reduced insulin sensitivity (P=0.013) compared to controls, 

while there was no significant difference between patients and siblings. Among patients, 

there was no significant correlation between chlorpromazine equivalents and insulin 

sensitivity.

Mean (SD) insulin sensitivity was not significantly different (P=0.62) between 6 patients 

with non-affective psychosis (19.83(11.59)) and 12 patients with affective psychosis 

(18.66(12.29)). In addition, insulin sensitivity was not significantly different (P=0.25) 

between 9 siblings with non-affective psychosis proband (26.20(18.84)) and 11 patients with 

affective psychosis proband (20.12(22.55)).

4. Discussion

Our findings suggest that abnormalities in glucose metabolism and insulin signaling are 

related both to risk and expression of psychotic disorders and not solely to treatment effects 

or lifestyle factors in these conditions. Using a novel approach in psychosis to quantify 

insulin action with the oral minimal model, we found decreased insulin sensitivity in 

normoglycemic non-obese individuals at familial high risk for psychosis and stable FEP 

patients, compared to controls. Previous studies have not provided clear evidence for a 

primary insulin signaling abnormality in individuals at high risk for psychosis. Here, we 

provide such evidence for a decrease in insulin’s biological effects in both early psychosis 

and risk. As performed in this study, using an oral perturbation of the system takes 

advantage of a physiological model to measure the effects of insulin in the presence of 
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glucose, amino acids, incretin hormone and neural signaling. Our findings strongly suggest a 

role for insulin signaling in the pathophysiology of psychotic disorders. With a decrease in 

insulin sensitivity, insulin pathways with important effects on metabolism and cell growth 

and differentiation may not be effectively activated28. It is notable that insulin in brain may 

play an important role in activating pathways that regulate neuronal growth and 

remodeling56.

There may be genetic, environment, or gene-environment risk factors shared between 

psychotic disorders and T2DM, with shared underlying biological mechanisms. 

Dysfunctional energy metabolism and oxidative stress are key pathophysiologic mechanisms 

in T2DM51, and we now also have converging evidence in psychotic disorders for energy 

metabolism impairment in the brain57–59. 31P magnetic resonance spectroscopy studies have 

revealed specific bioenergetic abnormalities and redox imbalance in FEP patients and 

unaffected siblings60, 61. In psychotic and bipolar disorders, recent evidence suggests that 

obesity and abnormal glucose metabolism are associated with severity of illness, greater 

number of hospitalizations, suicide attempts, and neurochemical-structural 

abnormalities62–65. In addition, activation of inflammatory pathways has been found in early 

and chronic stages of schizophrenia66 and is intricately related to energy metabolism in 

T2DM67. With growing interest in the field of immunometabolism68, the immune system 

may be a target for study and treatment of metabolic abnormalities in psychosis. Leveraging 

advances in treatment for metabolic disorders may prove beneficial in psychosis.

Insulin resistance is often associated with obesity, hypertension and dyslipidemia51, but 

these factors may not necessarily be present in the development of insulin resistance. Of 

known potentiating or additive factors related to insulin sensitivity, most were not 

significantly different among groups in our sample, including BMI, DXA visceral adipose 

tissue area, activity, blood pressure, lipids, leptin, and inflammatory markers. Although waist 

circumference was higher in patients, compared to siblings and controls, it is an indirect 

measure of body mass composition compared to DXA, which measures the distribution of 

adipose tissue among fat depots. There were few significant differences in nutrient intake 

between groups, and total kcal/kg body weight, which was lower in patients, compared to 

siblings and controls, would not appear to explain the observed differences in insulin 

sensitivity. Furthermore, patients were in an early stage of psychotic illness with minimal 

antipsychotic exposure (50% of patients), and low chlorpromazine equivalents. Interestingly, 

exploratory mediation analyses revealed a strong direct effect, independent of BMI, of 

patient and sibling status on insulin sensitivity. However, in patients, results showed the 

presence of exposure-mediation interactions for both BMI and waist circumference in the 

relationship between patients and insulin sensitivity, while this was not the case in siblings. 

As expected, taking into account this exposure-mediation interaction in patients, the effect of 

BMI and waist circumference on insulin sensitivity was significant, suggesting that body 

composition factors may have had a different role in mediating and moderating this 

relationship in patients and siblings.

It is important to consider that patients and siblings may share environmental risk factors for 

T2DM. In our sample, patients and siblings did not differ in terms of socioeconomic status 

compared to controls. Early life stress and adverse childhood experiences may affect 
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activation of the hypothalamic–pituitary–adrenal(HPA) axis leading to dysregulation of 

metabolism, possibly lasting into adulthood71. While we did not find differences on presence 

of history of traumatic events between groups, future work could further explore the role of 

adverse childhood experiences on glucose metabolism in psychosis; effects which may vary 

based on individual exposure/vulnerability.

Of note, we used a dimensional approach to psychosis, including non-affective and affective 

psychotic disorders. We have found a high switch rate of psychotic diagnoses in McLean 

OnTrack33, consistent with findings in a large longitudinal study of first-admission patients 

with psychotic disorders72. In support of our sample, studies have observed abnormalities of 

glucose metabolism across psychotic disorders10, and these abnormalities may be shared 

determinants, with other factors influencing specific syndromic outcome. Also of note, 

unaffected siblings in our sample were at high genetic risk for psychosis, however, not 

necessarily at high clinical risk. Siblings showed high global functioning, and were similar 

to controls on psychosis-proneness, psychological distress, global cognitive functioning, and 

depression and anxiety measures.

This study has limitations to consider. First, our sample size was modest and larger studies 

are needed to further characterize the contribution of insulin signaling to risk and expression 

of psychosis. Second, as we did not include chronic patients, we cannot specifically compare 

how insulin sensitivity may evolve in chronic illness with greater antipsychotic exposure and 

lifestyle changes. Third, our cross-sectional data do not allow us to make inferences about 

causality, and future studies should use longitudinal designs to follow both at-risk 

individuals and FEP patients over time. Fourth, among patients, we did not have adequate-

sized groups of patients to examine the potential effects of different antipsychotics on insulin 

sensitivity.

Overall, our study provides new findings of impaired insulin action in individuals at high 

genetic risk for psychosis and FEP patients. Our results highlight the need for intervention in 

early psychotic illness to improve body-wide metabolic status. Future studies should 

examine shared underlying biological mechanisms between psychosis and T2DM, and 

investigate the relationship between insulin signaling and brain energy metabolism 

dysfunction in both early psychosis and at-risk states.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors would like to gratefully acknowledge patients and their families who participated in this study. This 
research was supported by NIMH to Dost Öngür (R01MH094594 and K24MH104449) and Virginie-Anne 
Chouinard (5T32MH016259), and the Dupont-Warren and Livingston Fellowships and Maria Lorenz Pope 
Fellowship to Virginie-Anne Chouinard. This work was conducted with support from Harvard Catalyst | The 
Harvard Clinical and Translational Science Center (National Center for Research Resources and the National 
Center for Advancing Translational Sciences, National Institutes of Health Award UL1 TR001102), financial 
contributions from Harvard University and its affiliated academic healthcare centers and the Intramural Research 
Program of the NIH, The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) and 
DK-075116. The content is solely the responsibility of the authors and does not necessarily represent the official 

Chouinard et al. Page 9

Mol Psychiatry. Author manuscript; available in PMC 2019 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



views of Harvard Catalyst, Harvard University and its affiliated academic healthcare centers, or the National 
Institutes of Health.

References

1. Newman SC, Bland RC. Mortality in a cohort of patients with schizophrenia: a record linkage study. 
Can J Psychiatry. 1991; 36(4):239–245. [PubMed: 1868416] 

2. Laursen TM, Munk-Olsen T, Vestergaard M. Life expectancy and cardiovascular mortality in 
persons with schizophrenia. Current opinion in psychiatry. 2012; 25(2):83–88. [PubMed: 22249081] 

3. Olfson M, Gerhard T, Huang C, Crystal S, Stroup TS. Premature Mortality Among Adults With 
Schizophrenia in the United States. JAMA Psychiatry. 2015; 72(12):1172–1181. [PubMed: 
26509694] 

4. De Hert M, Correll CU, Bobes J, Cetkovich-Bakmas M, Cohen D, Asai I, et al. Physical illness in 
patients with severe mental disorders. I. Prevalence, impact of medications and disparities in health 
care. World Psychiatry. 2011; 10(1):52–77. [PubMed: 21379357] 

5. Crump C, Sundquist K, Winkleby MA, Sundquist J. Comorbidities and mortality in bipolar disorder: 
a Swedish national cohort study. JAMA Psychiatry. 2013; 70(9):931–939. [PubMed: 23863861] 

6. Perry BI, McIntosh G, Weich S, Singh S, Rees K. The association between first-episode psychosis 
and abnormal glycaemic control: systematic review and meta-analysis. Lancet Psychiatry. 2016; 
3(11):1049–1058. [PubMed: 27720402] 

7. Pillinger T, Beck K, Gobjila C, Donocik JG, Jauhar S, Howes OD. Impaired Glucose Homeostasis 
in First-Episode Schizophrenia: A Systematic Review and Meta-analysis. JAMA Psychiatry. 2017; 
74(3):261–269. [PubMed: 28097367] 

8. Correll CU, Robinson DG, Schooler NR, Brunette MF, Mueser KT, Rosenheck RA, et al. 
Cardiometabolic Risk in Patients With First-Episode Schizophrenia Spectrum Disorders: Baseline 
Results From the RAISE-ETP Study. JAMA Psychiatry. 2014; 71(12):1350–63. [PubMed: 
25321337] 

9. Rajkumar AP, Horsdal HT, Wimberley T, Cohen D, Mors O, Borglum AD, et al. Endogenous and 
Antipsychotic-Related Risks for Diabetes Mellitus in Young People With Schizophrenia: A Danish 
Population-Based Cohort Study. Am J Psychiatry. 2017; 174(7):686–694. [PubMed: 28103712] 

10. Henderson DC, Vincenzi B, Andrea NV, Ulloa M, Copeland PM. Pathophysiological mechanisms 
of increased cardiometabolic risk in people with schizophrenia and other severe mental illnesses. 
Lancet Psychiatry. 2015; 2(5):452–464. [PubMed: 26360288] 

11. Henderson DC. Weight gain with atypical antipsychotics: evidence and insights. J Clin Psychiatry. 
2007; 68(Suppl 12):18–26.

12. Henderson DC, Cagliero E, Copeland PM, Borba CP, Evins E, Hayden D, et al. Glucose 
metabolism in patients with schizophrenia treated with atypical antipsychotic agents: a frequently 
sampled intravenous glucose tolerance test and minimal model analysis. Arch Gen Psychiatry. 
2005; 62(1):19–28. [PubMed: 15630069] 

13. Leucht S, Tardy M, Komossa K, Heres S, Kissling W, Davis JM. Maintenance treatment with 
antipsychotic drugs for schizophrenia. Cochrane Database Syst Rev. 2012; (5):CD008016. 
[PubMed: 22592725] 

14. Dipasquale S, Pariante CM, Dazzan P, Aguglia E, McGuire P, Mondelli V. The dietary pattern of 
patients with schizophrenia: a systematic review. J Psychiatr Res. 2013; 47(2):197–207. [PubMed: 
23153955] 

15. Vancampfort D, Probst M, Knapen J, Carraro A, De Hert M. Associations between sedentary 
behaviour and metabolic parameters in patients with schizophrenia. Psychiatry Res. 2012; 200(2–
3):73–78. [PubMed: 22497956] 

16. Crawford MJ, Jayakumar S, Lemmey SJ, Zalewska K, Patel MX, Cooper SJ, et al. Assessment and 
treatment of physical health problems among people with schizophrenia: national cross-sectional 
study. Br J Psychiatry. 2014; 205(6):473–477. [PubMed: 25323141] 

17. Mothi SS, Tandon N, Padmanabhan J, Mathew IT, Clementz B, Tamminga C, et al. Increased 
cardiometabolic dysfunction in first-degree relatives of patients with psychotic disorders. 
Schizophr Res. 2015; 165(1):103–107. [PubMed: 25900543] 

Chouinard et al. Page 10

Mol Psychiatry. Author manuscript; available in PMC 2019 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



18. van Welie H, Derks EM, Verweij KH, de Valk HW, Kahn RS, Cahn W. The prevalence of diabetes 
mellitus is increased in relatives of patients with a non-affective psychotic disorder. Schizophr Res. 
2013; 143(2–3):354–357. [PubMed: 23245702] 

19. Liu Y, Li Z, Zhang M, Deng Y, Yi Z, Shi T. Exploring the pathogenetic association between 
schizophrenia and type 2 diabetes mellitus diseases based on pathway analysis. BMC Med 
Genomics. 2013; 6(Suppl 1):S17. [PubMed: 23369358] 

20. Lin PI, Shuldiner AR. Rethinking the genetic basis for comorbidity of schizophrenia and type 2 
diabetes. Schizophr Res. 2010; 123(2–3):234–243. [PubMed: 20832248] 

21. Hansen T, Ingason A, Djurovic S, Melle I, Fenger M, Gustafsson O, et al. At-risk variant in 
TCF7L2 for type II diabetes increases risk of schizophrenia. Biol Psychiatry. 2011; 70(1):59–63. 
[PubMed: 21414605] 

22. Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of pathogenesis and 
therapy. Lancet. 2005; 365(9467):1333–1346. [PubMed: 15823385] 

23. Wallace TM, Matthews DR. The assessment of insulin resistance in man. Diabet Med. 2002; 19(7):
527–534. [PubMed: 12099954] 

24. Cobelli C, Toffolo GM, Dalla Man C, Campioni M, Denti P, Caumo A, et al. Assessment of beta-
cell function in humans, simultaneously with insulin sensitivity and hepatic extraction, from 
intravenous and oral glucose tests. Am J Physiol Endocrinol Metab. 2007; 293(1):E1–E15. 
[PubMed: 17341552] 

25. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model 
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985; 28(7):412–419. [PubMed: 3899825] 

26. Morris AD, Ueda S, Petrie JR, Connell JM, Elliott HL, Donnelly R. The euglycaemic 
hyperinsulinaemic clamp: an evaluation of current methodology. Clin Exp Pharmacol Physiol. 
1997; 24(7):513–518. [PubMed: 9248670] 

27. Cobelli C, Dalla Man C, Toffolo G, Basu R, Vella A, Rizza R. The oral minimal model method. 
Diabetes. 2014; 63(4):1203–1213. [PubMed: 24651807] 

28. Taniguchi CM, Emanuelli B, Kahn CR. Critical nodes in signalling pathways: insights into insulin 
action. Nat Rev Mol Cell Biol. 2006; 7(2):85–96. [PubMed: 16493415] 

29. Spelman LM, Walsh PI, Sharifi N, Collins P, Thakore JH. Impaired glucose tolerance in first-
episode drug-naive patients with schizophrenia. Diabet Med. 2007; 24(5):481–485. [PubMed: 
17381506] 

30. Enez Darcin A, Yalcin Cavus S, Dilbaz N, Kaya H, Dogan E. Metabolic syndrome in drug-naive 
and drug-free patients with schizophrenia and in their siblings. Schizophr Res. 2015; 166(1–3):
201–206. [PubMed: 26004686] 

31. Sullivan PF, Kendler KS, Neale MC. Schizophrenia as a complex trait: evidence from a meta-
analysis of twin studies. Arch Gen Psychiatry. 2003; 60(12):1187–1192. [PubMed: 14662550] 

32. Gottesman II, Gould TD. The endophenotype concept in psychiatry: etymology and strategic 
intentions. Am J Psychiatry. 2003; 160(4):636–645. [PubMed: 12668349] 

33. Shinn AK, Bolton KW, Karmacharya R, Lewandowski KE, Yuksel C, Baker JT, et al. McLean 
OnTrack: a transdiagnostic program for early intervention in first-episode psychosis. Early Interv 
Psychiatry. 2017; 11(1):83–90. [PubMed: 26616380] 

34. First, MB, Sptizer, RL, Gibbon, M, Williams, JBW, editors. Structured clinical interview or DSM-
IV Axis I Disorders. New York State Pscyhiatric Institute, Biometrics Research; New York: 1995. 

35. Marder SR, Fenton W. Measurement and Treatment Research to Improve Cognition in 
Schizophrenia: NIMH MATRICS initiative to support the development of agents for improving 
cognition in schizophrenia. Schizophr Res. 2004; 72(1):5–9. [PubMed: 15531402] 

36. Gross GM, Silvia PJ, Barrantes-Vidal N, Kwapil TR. The dimensional structure of short forms of 
the Wisconsin Schizotypy Scales. Schizophr Res. 2015; 166(1–3):80–85. [PubMed: 26036815] 

37. Derogatis LR, Lipman RS, Covi L. SCL-90: an outpatient psychiatric rating scale--preliminary 
report. Psychopharmacol Bull. 1973; 9(1):13–28. [PubMed: 4682398] 

38. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale (PANSS) for 
schizophrenia. Schizophr Bull. 1987; 13(2):261–276. [PubMed: 3616518] 

Chouinard et al. Page 11

Mol Psychiatry. Author manuscript; available in PMC 2019 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



39. Beck, AT, Steer, RA, Brown, GK, editors. Manual for the Beck Depression Inventory second 
edition (BDI-II). The Psychological Corporation; 1996. 

40. Spielberger, CD, Gorsuch, RL, Lushene, R, Vagg, PR, Jacobs, GA, editors. Manual for the state-
trait anxiety inventory. Consulting Psychologists Press; Palo Alto: 1983. 

41. Lehman AF, Steinwachs DM. Translating research into practice: the Schizophrenia Patient 
Outcomes Research Team (PORT) treatment recommendations. Schizophr Bull. 1998; 24(1):1–10. 
[PubMed: 9502542] 

42. Woods SW. Chlorpromazine equivalent doses for the newer atypical antipsychotics. J Clin 
Psychiatry. 2003; 64(6):663–667. [PubMed: 12823080] 

43. Gardner DM, Murphy AL, O’Donnell H, Centorrino F, Baldessarini RJ. International consensus 
study of antipsychotic dosing. Am J Psychiatry. 2010; 167(6):686–693. [PubMed: 20360319] 

44. Basu R, Di Camillo B, Toffolo G, Basu A, Shah P, Vella A, et al. Use of a novel triple-tracer 
approach to assess postprandial glucose metabolism. Am J Physiol Endocrinol Metab. 2003; 
284(1):E55–69. [PubMed: 12485809] 

45. Dalla Man C, Caumo A, Basu R, Rizza R, Toffolo G, Cobelli C. Minimal model estimation of 
glucose absorption and insulin sensitivity from oral test: validation with a tracer method. Am J 
Physiol Endocrinol Metab. 2004; 287(4):E637–643. [PubMed: 15138152] 

46. Dalla Man C, Campioni M, Polonsky KS, Basu R, Rizza RA, Toffolo G, et al. Two-hour seven-
sample oral glucose tolerance test and meal protocol: minimal model assessment of beta-cell 
responsivity and insulin sensitivity in nondiabetic individuals. Diabetes. 2005; 54(11):3265–3273. 
[PubMed: 16249454] 

47. 1983 metropolitan height and weight tables. Stat Bull Metrop Life Found. 1983; 64(1):3–9. 
[PubMed: 6623350] 

48. Schakel SF, Sievert YA, Buzzard IM. Sources of data for developing and maintaining a nutrient 
database. J Am Diet Assoc. 1988; 88(10):1268–1271. [PubMed: 3171020] 

49. Weir JB. New methods for calculating metabolic rate with special reference to protein metabolism. 
J Physiol. 1949; 109(1–2):1–9. [PubMed: 15394301] 

50. Hallal PC, Victora CG. Reliability and validity of the International Physical Activity Questionnaire 
(IPAQ). Med Sci Sports Exerc. 2004; 36(3):556. [PubMed: 15076800] 

51. Muoio DM, Newgard CB. Mechanisms of disease:Molecular and metabolic mechanisms of insulin 
resistance and beta-cell failure in type 2 diabetes. Nat Rev Mol Cell Biol. 2008; 9(3):193–205. 
[PubMed: 18200017] 

52. Valeri L, Vanderweele TJ. Mediation analysis allowing for exposure-mediator interactions and 
causal interpretation: theoretical assumptions and implementation with SAS and SPSS macros. 
Psychol Methods. 2013; 18(2):137–150. [PubMed: 23379553] 

53. VanderWeele TJ. A unification of mediation and interaction: a 4-way decomposition. 
Epidemiology. 2014; 25(5):749–761. [PubMed: 25000145] 

54. Basu R, Dalla Man C, Campioni M, Basu A, Klee G, Toffolo G, et al. Effects of age and sex on 
postprandial glucose metabolism: differences in glucose turnover, insulin secretion, insulin action, 
and hepatic insulin extraction. Diabetes. 2006; 55(7):2001–2014. [PubMed: 16804069] 

55. Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Koplan JP. The continuing epidemics of 
obesity and diabetes in the United States. JAMA. 2001; 286(10):1195–1200. [PubMed: 11559264] 

56. Schulingkamp RJ, Pagano TC, Hung D, Raffa RB. Insulin receptors and insulin action in the brain: 
review and clinical implications. Neuroscience and biobehavioral reviews. 2000; 24(8):855–872. 
[PubMed: 11118610] 

57. Du F, Cooper AJ, Thida T, Sehovic S, Lukas SE, Cohen BM, et al. In vivo evidence for cerebral 
bioenergetic abnormalities in schizophrenia measured using 31P magnetization transfer 
spectroscopy. JAMA Psychiatry. 2014; 71(1):19–27. [PubMed: 24196348] 

58. Ben-Shachar D, Laifenfeld D. Mitochondria, synaptic plasticity, and schizophrenia. International 
review of neurobiology. 2004; 59:273–296. [PubMed: 15006492] 

59. Yuksel C, Du F, Ravichandran C, Goldbach JR, Thida T, Lin P, et al. Abnormal high-energy 
phosphate molecule metabolism during regional brain activation in patients with bipolar disorder. 
Mol Psychiatry. 2015; 20(9):1079–1084. [PubMed: 25754079] 

Chouinard et al. Page 12

Mol Psychiatry. Author manuscript; available in PMC 2019 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



60. Chouinard VA, Kim SY, Valeri L, Yuksel C, Ryan KP, Chouinard G, et al. Brain bioenergetics and 
redox state measured by 31P magnetic resonance spectroscopy in unaffected siblings of patients 
with psychotic disorders. Schizophr Res. 2017; doi: 10.1016/j.schres.2017.02.024

61. Kim SY, Cohen BM, Chen X, Lukas SE, Shinn AK, Yuksel AC, et al. Redox Dysregulation in 
Schizophrenia Revealed by in vivo NAD+/NADH Measurement. Schizophr Bull. 2017; 43(1):
197–204. [PubMed: 27665001] 

62. Bond DJ, Ha TH, Lang DJ, Su W, Torres IJ, Honer WG, et al. Body mass index-related regional 
gray and white matter volume reductions in first-episode mania patients. Biol Psychiatry. 2014; 
76(2):138–145. [PubMed: 24120119] 

63. Chouinard VA, Pingali SM, Chouinard G, Henderson DC, Mallya SG, Cypess AM, et al. Factors 
associated with overweight and obesity in schizophrenia, schizoaffective and bipolar disorders. 
Psychiatry Res. 2016; 237:304–310. [PubMed: 26805561] 

64. Hajek T, Calkin C, Blagdon R, Slaney C, Alda M. Type 2 diabetes mellitus: a potentially 
modifiable risk factor for neurochemical brain changes in bipolar disorders. Biol Psychiatry. 2015; 
77(3):295–303. [PubMed: 24331546] 

65. Calkin CV, Ruzickova M, Uher R, Hajek T, Slaney CM, Garnham JS, et al. Insulin resistance and 
outcome in bipolar disorder. Br J Psychiatry. 2015; 206(1):52–57. [PubMed: 25323142] 

66. Muller N, Weidinger E, Leitner B, Schwarz MJ. The role of inflammation in schizophrenia. Front 
Neurosci. 2015; 9:372. [PubMed: 26539073] 

67. Mathis D. Immunological goings-on in visceral adipose tissue. Cell Metab. 2013; 17(6):851–859. 
[PubMed: 23747244] 

68. Kohlgruber AC, LaMarche NM, Lynch L. Adipose tissue at the nexus of systemic and cellular 
immunometabolism. Semin Immunol. 2016; 28(5):431–440. [PubMed: 27789087] 

69. Perkins DO, Jeffries CD, Addington J, Bearden CE, Cadenhead KS, Cannon TD, et al. Towards a 
psychosis risk blood diagnostic for persons experiencing high-risk symptoms: preliminary results 
from the NAPLS project. Schizophr Bull. 2015; 41(2):419–428. [PubMed: 25103207] 

70. Miller BJ, Buckley P, Seabolt W, Mellor A, Kirkpatrick B. Meta-analysis of cytokine alterations in 
schizophrenia: clinical status and antipsychotic effects. Biol Psychiatry. 2011; 70(7):663–671. 
[PubMed: 21641581] 

71. Danese A, McEwen BS. Adverse childhood experiences, allostasis, allostatic load, and age-related 
disease. Physiol Behav. 2012; 106(1):29–39. [PubMed: 21888923] 

72. Bromet EJ, Kotov R, Fochtmann LJ, Carlson GA, Tanenberg-Karant M, Ruggero C, et al. 
Diagnostic shifts during the decade following first admission for psychosis. Am J Psychiatry. 
2011; 168(11):1186–1194. [PubMed: 21676994] 

Chouinard et al. Page 13

Mol Psychiatry. Author manuscript; available in PMC 2019 September 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Mean insulin sensitivity index in first episode psychosis patients, unaffected siblings and 

healthy controls. Error bars represent standard error of the mean. Significant differences 

between groups are noted.

*10-4 dl/kg/min per uU/ml.
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Table 1

Demographic and Clinical Characteristics of Participants

Characteristic Patients (n=18) Siblings (n=22) Controls (n=15)

Age, mean (SD) 23.6 (13.4) 24.2 (5.6) 22.5 (3.5)

Male gender, No.(%) 13 (72.2) 8 (36.4) 7 (41.2)

Race and Ethnicity, No. (%)

 Caucasian 15 (83.3) 19 (86.4) 10 (58.8)

 African American 0 0 0

 Hispanic 1 (5.6) 1 (4.5) 3 (17.6)

 Asian 2 (11.1) 2 (9.1) 4 (23.5)

Left-handed, No.(%) 2 (11.1) 3 (13.6) 1 (5.9)

Education, mean (SD) 1 5.0 (1.5) 5.4 (1.6) 5.4 (1.3)

Current smoking, No.(%)* 5 (27.8) 0 (0.0) 0 (0.0)

Lifetime Hospitalizations, No.(%) 1.8 (2.0)

Prior suicide attempt, No.(%) 2 (11.1)

PANSS total score, mean (SD) 43.1 (10.5)

GAF score, mean (SD)* 63.5 (16.9) 87.2 (6.9)

MCCB composite total score, mean (SD)2 43.4 (13.2) 47.6 (12.3) 52.6 (12.4)

Medications, No.(%)

 Atypical antipsychotic 8 (44.4)

 Clozapine 1 (5.6)

 Typical antipsychotic 1 (5.6)

 Lithium 7 (38.9)

 Mood stabilizer 10 (55.6)

 CPZ equivalent, mean (SD), mg/d 77 (104.92)

Systolic blood pressure, mean (SD) 117.9 (12.9) 114.6 (11.7) 109.8 (9.0)

Diastolic blood pressure, mean (SD) 71.9 (6.8) 70.6 (7.9) 69.1 (11.4)

Abbreviations: MCCB, MATRICS Consenus Cognitive Battery; CPZ, Chlorpromazine; PANSS, Positive and Negative Syndrome Scale; GAF, 
Global Assessment of Functioning.

1
Education range: 3= high school, 4= some college, 5=2-year college, 6= 4-year college graduate, 7= some graduate or professional school, and 8= 

completed graduate or professional school.

2
MCCB data available for subset of patients (16), siblings (11) and controls (8).

*
P<0.001
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Table 2

Glucose Metabolism, Lipid and Inflammatory Measurements of Participants

Patients (n=18) Siblings (n=22) Controls (n=15) P

Fasting plasma glucose, mg/dL 82.1 (6.3) 82.4 (8.3) 81.3 (5.5) 0.89

Fasting serum insulin, μIU/L 6.75 (3.77) 7.9 (4.2) 6.5 (3.2) 0.50

Insulin sensitivity index1 19.1 (11.7) 21.6 (20.1) 43.5 (30.6) 0.004*

HOMA-IR 1.4 (0.8) 1.6 (0.9) 1.3 (0.7) 0.54

Total cholesterol, mg/dL 168.8 (21.1) 167.5 (31.6) 153.3 (20.1) 0.17

HDL cholesterol, mg/dL 52.1 (15.2) 56.3 (15.8) 53.5 (8.8) 0.62

LDL cholesterol, mg/dL 96.3 (25.1) 91.0 (26.3) 83.9 (21.8) 0.37

Triglycerides, mg/dL 102.6 (41.4) 101.3 (48.9) 82.5 (25.1) 0.31

Leptin, ng/mL 6.0 (4.1) 8.3 (5.7) 9.9 (14.6) 0.42

Free fatty acids, mEq/L 0.5 (0.2) 0.8 (1.4) 0.5 (0.3) 0.47

CRP, mg/L 1.7 (2.5) 1.7 (1.6) 0.7 (0.6) 0.22

IL-6, pg/mL 1.3 (0.8) 1.7 (2.7) 1.1 (0.8) 0.47

TNF-a, pg/mL 1.9 (2.6) 1.2 (0.6) 1.03 (0.3) 0.24

Prolactin, ng/ml 14.6 (13.4) 10.9 (4.2) 9.8 (2.3) 0.20

Abbreviations: HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; HDL, high-density lipoprotein; LDL, low density lipoprotein; 
CRP, c-reactive protein; IL-6, interleukin-6, TNF-a, tumor necrosis factor-alpha.

Values are expressed as mean (SD).

1
10-4 dl/kg/min per uU/ml

*
Statistically significant results.
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Table 3

Anthropometric Measurements of Participants

Patients (n=18) Siblings (n=22) Controls (n=15) P

Body mass index, kg/m2 26.5 (4.1) 24.6 (3.4) 23.5 (4.3) 0.08

Bicep skinfold, mm 8.9 (4.2) 8.9 (4.0) 8.7 (6.2) 0.98

Triceps skinfold, mm 17.7 (5.4) 18.1 (6.1) 16.8 (6.7) 0.83

Subscapular skinfold, mm 17.2 (5.6) 14.1 (4.9) 15.9 (7.0) 0.24

Suprailiac skinfold, mm 24.1 (5.6) 19.5 (5.4) 19.6 (7.2) 0.02

Waist-hip ratio 0.9 (0.1) 0.8 (0.1) 0.8 (0.1) 0.005

Waist circumference (iliac crest), cm 90.6 (9.9) 84.1 (9.1) 79.8 (9.7) 0.007

Widest hip circumference, cm 104.0 (7.2) 101.2 (7.7) 99.1 (9.2) 0.22

Ideal body weight, % 117.9 (16.6) 114.1 (16.5) 107.7 (21.0) 0.26

IPAQ High Activity, No. (%) 12 (66.7) 14 (66.7) 13 (76.5) 0.76

Resting energy expenditure, kcal/d 1533.8 (204.5) 1460.7 (363.1) 1315.13 (189.5) 0.08

VAT area (DXA), cm2 77.2 (29.8) 61.8 (34.8) 56.2 (29.0) 0.14

Abbreviations: IPAQ, International Physical Activity Questionnaire; VAT, visceral adipose tissue area; DXA, dual-energy x-ray absorptiometry.

Values are expressed as mean (SD), except as indicated.

Mol Psychiatry. Author manuscript; available in PMC 2019 September 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chouinard et al. Page 18

Table 4

Mediation analyses of insulin sensitivity with body mass index as mediator/moderator in patients with first 

episode psychosis.

Coeff S.E. 95% CI P-value

Reference Interaction (INTref) −0.17 0.15 −0.45, 0.11 0.25

Mediated Interaction (INTmed) 0.31 0.22 −0.13,0.75 0.17

Controlled Direct Effect (CDE) −0.58 0.26 −1.09, −0.08 0.02

Pure Indirect Effect (PIE) −0.27 0.19 −0.64,0.09 0.14

Total Effect (TE) −0.72 0.27 −1.24, −0.20 0.01

Exposure-mediator interactions between group status and BMI were present in patients with first episode psychosis, and the effect of patient status 
on insulin sensitivity was analyzed into: 1) the effect neither due to mediation nor interaction (controlled direct effect (CDE)), 2) the effect only due 
to interaction between patient status and BMI (reference interaction (INTref)), 3) the effect only due to mediation through BMI (pure indirect effect 
(PIE)), and 4) the effect due both to mediation and interaction (mediated interaction (INTmed)).
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