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Abstract

Context—Schizophrenia is associated with an increased risk of type 2 diabetes mellitus. 

However, it is not clear if schizophrenia confers an inherent risk for glucose dysregulation in the 

absence of the effects of chronic illness and long-term treatment.

Objective—To conduct a meta-analysis examining if individuals with first-episode schizophrenia 

already exhibit alterations in glucose homeostasis compared with controls.

Data sources—The Embase, Medline and PsycINFO databases were systematically searched 

for studies examining measures of glucose homeostasis in drug-naïve individuals with first episode 

schizophrenia compared with controls.

Study Selection—Of 3660 citations retrieved, 16 case control studies comprising 15 samples 

met inclusion criteria. The overall sample included 731 patients and 614 controls.

Data Extraction—Standardised mean differences in fasting plasma glucose, plasma glucose 

post-OGTT, fasting plasma insulin, insulin resistance, and HbA1c were calculated.

Data Synthesis—Fasting plasma glucose (g = 0.20 (95% CI 0.02 – 0.38, p = 0.027)), plasma 

glucose post-OGTT (g = 0.61 (95% CI 0.16 – 1.05, p = 0.007)), fasting plasma insulin (g = 0.41 

(95% CI 0.09 – 0.72, p = 0.011)) and insulin resistance (HOMA-IR) (g = 0.34 (95% CI 0.14 – 

0.54, p = 0.001)) were all significantly elevated in patients compared with controls. However, 

HbA1c levels (g = -0.08 (CI -0.34 – 0.18, p = 0.547) were not altered in patients compared with 

controls.
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Conclusions—These findings show glucose homeostasis is altered from illness onset in 

schizophrenia, indicating patients are at increased risk of diabetes mellitus as a result. This has 

implications for the monitoring and treatment choice for patients with schizophrenia.

Introduction

Large scale epidemiological studies have established that people with schizophrenia die 

15-30 years earlier than the general population, and that 60% or more of this premature 

mortality is due to non-CNS causes 1–5, predominantly cardiovascular6. Rates of type 2 

diabetes (T2DM) are estimated to be 2-3 times higher in schizophrenia than in the general 

population, with a prevalence of 10-15% 7,8. Whilst antipsychotic use may contribute to this 

association, a link between schizophrenia and diabetes was already observed in the 19th 

century, long before the introduction of antipsychotics and in an era when diets did not have 

such a propensity to induce metabolic derangements 9,10. For over a decade there has been a 

drive to identify whether or not schizophrenia confers an inherent risk for the development 

of T2DM by investigating patients at illness onset, before the potentially confounding effects 

of chronic illness and long-term antipsychotic treatment. A number of studies have focussed 

on the presence or absence of T2DM in patient cohorts compared with controls. The results 

from meta-analyses of these studies examining the prevalence of T2DM in individuals with 

first episode psychosis and controls have found no significant differences between the two 

groups 11,12. However, there are two limitations with restricting analyses to an established 

diagnosis of T2DM. The first is that patients may be less likely to seek medical attention and 

so there is the risk of under-reporting. The second is that the development of T2DM takes 

time, with peak onset in middle age, and so may not have had time to develop in first 

episode patients. T2DM shows a progression through a period of insulin resistance, elevated 

insulin levels, and impaired glucose tolerance (‘pre-diabetes’) before the development of 

symptoms and a patient eventually receiving a diagnosis of T2DM. If a study’s outcome is 

whether or not criteria are met for a diagnosis of T2DM, significant alterations in glucose 

homeostasis between patient and control groups may be missed. In view of this we 

performed a meta-analysis of studies that focussed on measures of glucose control in 

individuals either at-risk for psychosis or in their first episode of psychosis. The aim of our 

meta-analysis was to test the hypothesis that individuals with first-episode schizophrenia 

exhibit alterations in glucose homeostasis compared with matched controls.

Methods

Selection Procedures

A systematic review was performed according to Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) 13 and Meta-Analysis of Observational Studies in 

Epidemiology (MOOSE) 14 guidelines. Two reviewers (TEP and KB) independently 

searched Medline (from 1946 to April (Week 2) 2016), Embase (from 1947 to April 25 

2016) and PsycINFO (from 1806 to April (Week 2) 2016). The following keywords were 

used: ('schizophrenia' OR 'schizoaffective' OR 'psychosis' OR 'psychotic') AND ('early onset' 

OR 'first episode' OR 'at risk' OR 'ultra high risk' OR 'prodrome') AND 'medication' OR 

'drug' OR 'antipsychotic' AND ('glucose' OR 'diabetes' OR 'type 2' OR 'prediabetes' OR 
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'intolerance' OR 'oral glucose tolerance test' OR 'OGTT' OR 'fasting' OR 'random' OR 

'insulin' OR 'insulin resistance' OR 'HbA1c' OR 'homeosta*' OR 'HOMA-IR'). Studies in any 

language were considered, although all the included papers were in English. The search was 

complemented by hand searching of meta-analyses and review articles. Abstracts were 

screened and the full texts of relevant studies retrieved. Where full texts or abstracts were 

not available, authors were contacted and articles requested. TEP and KB selected the final 

studies for review and meta-analysis.

Selection Criteria

Inclusion criteria were: 1) a Diagnostic and Statistical Manual of Mental Disorders (DSM) 

or International Statistical Classification of Diseases and Related Health Problems (ICD) 

diagnosis of schizophrenia, schizoaffective disorder, schizophreniform disorder, 

schizophrenia spectrum or psychotic disorder not otherwise specified OR an at-risk mental 

state for psychosis according to research criteria15,16; 2) first episode of illness (defined 

either as first treatment contact (inpatient or outpatient) or duration of illness up to 5 years 

following illness onset17); 3) antipsychotic naïve or minimal exposure (≤2 weeks 

antipsychotic treatment); 4) a healthy control group; 5) glucose homeostasis assessment 

including one or more of: fasting plasma glucose concentration, random plasma glucose 

concentration, the oral glucose tolerance test, percentage of haemoglobin A1 that is glycated 

(HbA1c), or insulin resistance as measured using the Homeostatic Model Assessment 

(HOMA). The oral glucose tolerance test (OGTT) was required to meet the American 

Diabetic Association (ADA)18 and World Health Organisation (WHO) criteria19, namely 

serum glucose concentration measured 2-hours after a 75g oral glucose load following an 

overnight fast. Fasting serum glucose and insulin concentrations were defined as 

concentrations of either measure taken after an overnight fast in accordance with the ADA 

and WHO criteria. HOMA measurements of insulin resistance were required to follow either 

the original HOMA-IR formula20 (fasting plasma insulin (mU/L) x fasting plasma glucose 

(mmol/L)/22.5), or the updated HOMA2 formula21 via the University of Oxford Diabetic 

Trials Unit HOMA2 calculator v2.2 (www.dtu.ox.ac.uk).

Exclusion criteria were: 1) studies only assessing diagnosis of type I or type II diabetes 

mellitus; 2) patients with multiple episodes of schizophrenia; 3) chronic antipsychotic 

treatment (>2-weeks lifetime exposure); 4) substance or medication induced psychotic 

disorder; 5) physical co-morbidity that may impact on glucose homeostasis (e.g. prior 

diagnoses of type 1 or type 2 diabetes mellitus; other endocrine disorders (e.g. Cushing’s 

syndrome or acromegaly); pancreatitis; congenital disorders known to increase risk of 

T2DM (e.g. Klinefelter’s or Turner syndrome); and other systemic illnesses which may 

impact pancreatic function (e.g. cystic fibrosis, haemochromatosis or any chronic systemic 

inflammatory illness); 6) absence of measures in a healthy control group.

A small proportion of papers included patients with a limited duration of anti-psychotic use 

(2-weeks maximum). In these cases, authors were contacted to obtain access to data 

concerning those patients who were totally drug naïve. Where these data were not available, 

sensitivity analyses were performed examining only studies of patients who had absolutely 

no anti-psychotic exposure.
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The World Health Organisation (WHO) identifies obesity as the strongest risk factor for 

T2DM from evidence based on studies across 188 countries22. In view of this, sensitivity 

analyses were performed examining studies where patients and controls were BMI matched 

to determine if failure to BMI match influenced results. BMI matching was either confirmed 

by review of study methodology, or by confirmation of no significant difference between 

mean BMI levels of patient and control groups (a two tailed p value less than 0·05 was 

deemed significant). The WHO recognises a number of other risk factors for T2DM relating 

to BMI, including unhealthy diet and physical inactivity22. Individuals with schizophrenia 

engage in significantly less physical exercise than controls, with even lower levels of 

physical activity observed in early stages of the illness23. In addition, the prodrome is 

associated with decreased physical activity and poor eating habits24,25. To address whether 

or not differences in diet and exercise between patient and control groups influenced results, 

sensitivity analyses examining groups matched for diet and exercise were performed. Diet 

and exercise matching was either confirmed by review of study methodology, or by 

confirmation of no significant difference between mean diet and exercise parameters of 

patient and control groups (a two tailed p value less than 0.05 was deemed significant). Non-

modifiable risk factors for T2DM such as ethnicity are also recognised22, and in this context 

sensitivity analyses were also performed examining studies where participants were matched 

for ethnic background.

Recorded Variables

For every study, data was extracted according to the following model: author, year of 

publication, country, type of publication (i.e. prospective, cross-sectional, case-control, 

retrospective), matching criteria for patients and controls (confirmed by review of study 

methodology, or by confirmation of non-significance between mean parameter levels of 

patient and control groups (a two tailed p value less than 0·05 deemed significant)), whether 

or not patient groups were totally antipsychotic naïve (and if not, duration of treatment), and 

mean (with standard deviation) measure of glucose homeostasis in patient/control groups. 

Where there were multiple publications for the same data set, data was extracted from the 

study with the largest data set. Table 1 demonstrates this data extraction, with the exception 

of raw glucose homeostasis measurements (mean and standard deviations), which are 

documented in Supplementary Information. Also documented in Supplementary Information 

are those parameters of glucose homeostasis available in the studies described in table 1 but 

not included in meta-analysis along with the rationale behind exclusion.

Statistical analysis

Comprehensive Meta-Analysis Software version 3.0 (CMA, Bornstein, USA) was employed 

in all analyses. A two-tailed p value less than 0.05 was deemed significant. A random-effects 

model was used in all analyses owing to an expectation of heterogeneity of data across 

studies. Standardised mean differences in glucose homeostasis measurements between 

patient and control cohorts were used as the effect size (ES), using Hedges’ adjusted g. The 

95% confidence interval (95% CI) of the ES was also calculated. The direction of the ES 

was positive if subjects with schizophrenia demonstrated higher values of glucose 

homeostatic measurements compared with controls. Heterogeneity across studies was 

assessed using Cochran’s Q 26. Inconsistency across studies was assessed with the I2 
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statistic27, with an I2 of less than 25% deemed to have low heterogeneity, 25-75% medium 

heterogeneity, and greater than 75% high heterogeneity. Publication bias and selective 

reporting was assessed using Egger’s test of the intercept 28 (although this was not 

calculated when fewer than 10 studies were analysed as recommended by the Cochrane 

Collaboration 29), and represented diagrammatically with funnel plots, again as 

recommended by the Cochrane Collaboration 29 (plots documented in Supplementary 

Information).

Results

Retrieved Studies

After exclusion of studies reporting on overlapping data sets, 16 case control studies30–45 

comprising 15 samples met inclusion criteria and were analysed. The search process is 

demonstrated in figure 1, and the final studies selected summarised in table 1. The overall 

sample included 731 patients and 614 controls.

Fasting plasma glucose concentration

Fasting plasma glucose concentration in patients and controls was analysed using data from 

15 studies, comprising 718 patients and 599 controls 30–43. Fasting plasma glucose 

concentration was significantly elevated in patients compared with controls (g = 0.20 (95% 

CI 0.02 – 0.38, p = 0.027) (figure 2.1). There was significant between-sample heterogeneity 

with an I2 of 58.29% (Q = 31.17, p = 0.003). Findings of Egger’s test (p = 0.068) suggested 

that publication bias was not significant. Restricting the analyses to purely antipsychotic 

naïve patients by excluding the 3 studies that included patients with up to 2-weeks of 

antipsychotic treatment 41–43 demonstrated that fasting plasma glucose concentration 

remained significantly elevated in patients compared with controls, g = 0.30 (95% CI 0.11 – 

0.48, p = 0.002). A sensitivity analysis examining studies where patients and controls were 

matched for diet and exercise parameters33,35–37,39,40 demonstrated that fasting plasma 

glucose concentration remained significantly elevated in patients compared with controls, g 

= 0.25 (95% CI 0.07 – 0.43, p = 0.007) (Supplementary Information figure 1). However, 

after restricting the analyses to BMI matched studies30–37,41–43, there was no longer a 

significant difference in fasting plasma glucose concentration in patients compared with 

controls, g = 0.20 (95% CI -0.03 – 0.44, p = 0.083). A sensitivity analysis examining studies 

where patients and controls were matched for ethnicity30,35,38,40,41,43 demonstrated that 

fasting plasma glucose concentration remained significantly elevated in patients compared 

with controls, g = 0.19 (95% CI 0.03 – 0.35 p = 0.017).

Plasma glucose concentration post OGTT

Plasma glucose concentration post OGTT was analysed using data from 4 studies, 

comprising 271 patients and 237 controls 38–41. Plasma glucose concentration was 

significantly elevated in patients compared with controls, g = 0.61 (95% CI 0.16 – 1.05, p = 

0.007) (figure 2.2). Between-sample heterogeneity was significant with an I2 of 82.40% (Q 

= 17.05, p = 0.001). A sensitivity analysis examining studies where patients and controls 

were matched for ethnicity38,40,41 demonstrated that fasting plasma glucose concentration 

post OGTT remained significantly elevated in patients compared with controls, g = 0.78 

Pillinger et al. Page 5

JAMA Psychiatry. Author manuscript; available in PMC 2019 January 30.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



(95% CI 0.40 –1.17 p < 0.0001). In the context of low study numbers, sensitivity analyses to 

assess the impact of BMI, antipsychotics or diet/exercise were not performed.

Fasting Plasma Insulin Concentration

Fasting plasma insulin concentration in patients and controls was analysed using data from 

11 studies30,32,34–38,41–44, comprising 490 patients and 448 controls. Fasting plasma 

insulin concentration was significantly raised in patients compared with controls, g = 0.41 

(95% CI 0.09 – 0.72, p = 0.011) (figure 3.1). Between-sample heterogeneity was significant 

with an I2 of 80.80% (Q = 52.09, p <0.0001). Findings of Egger’s test (p = 0.12) suggested 

that publication bias was not significant. Excluding the 3 studies that included patients with 

up to 2-weeks of antipsychotic treatment41–43, to restrict the analyses to purely 

antipsychotic naïve patients, demonstrated that fasting plasma insulin concentration 

remained significantly elevated in patients compared with controls, g = 0.47 (95% CI 0.03 – 

0.91, p = 0.035). Exclusion of 1 study that examined non-BMI matched patients and 

controls38 demonstrated that fasting plasma insulin concentration remained significantly 

elevated in patients compared with controls, g = 0.38 (95% CI 0.04 – 0.72, p = 0.027). A 

sensitivity analysis examining studies where patients and controls were matched for 

ethnicity30,35,38,41,46 demonstrated that fasting insulin remained significantly elevated in 

patients compared with controls, g = 0.49 (95% CI 0.30 – 0.68, p < 0.0001). In the context 

of low study numbers, a sensitivity analysis to assess the impact of diet/exercise was not 

performed.

Insulin Resistance

Insulin resistance as measured using the Homeostatic Model Assessment (HOMA-IR) in 

patients and controls was analysed using data from 10 studies30,32–36,38,42,43,45, 

comprising 485 patients and 400 controls. HOMA-IR was significantly raised in patients 

compared with controls, g = 0.35 (95% CI 0.14 – 0.55, p = 0.001) (figure 3.2). Between-

sample heterogeneity was moderate but significant with an I2 of 55.40% (Q = 20.18, p = 

0.017). Findings of Egger’s test (p = 0.10) suggested that publication bias was not 

significant. Excluding the 2 studies that included patients with up to 2-weeks of 

antipsychotic treatment42,45, to restrict the analyses to purely antipsychotic naïve patients, 

demonstrated that HOMA-IR remained significantly elevated in patients compared with 

controls, g = 0.440 (95% CI 0.23 – 0.65, p < 0.0001). Exclusion of 1 study that examined 

non-BMI matched patients and controls38 demonstrated that HOMA-IR remained 

significantly elevated in patients compared with controls, g = 0.31 (95% CI 0.09 – 0.53, p = 

0.005). A sensitivity analysis examining studies where patients and controls were matched 

for ethnicity30,35,38,43 demonstrated that HOMA-IR remained significantly elevated in 

patients compared with controls, g = 0.66 (95% CI 0.43 – 0.88, p < 0.0001). In the context 

of low study numbers, a sensitivity analysis to assess the impact of diet/exercise was not 

performed.

Glycated Haemoglobin

HbA1c levels were analysed using data from 4 studies31,38,42,45, comprising 166 patients 

and 164 controls. HbA1c levels were not altered in patients compared with controls g = 

-0.08 (CI -0.34 – 0.18, p = 0.547) (Supplementary Information figure 2). Between-sample 
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heterogeneity was moderate as indicated by an I2 of 31.50%, but a Q value of 4.38 (p = 

0.223) suggested nonsignificant heterogeneity. Of these 4 studies, 2 studies examined 

patients with up to 2-weeks of antipsychotic use42,45, and 1 study examined non-BMI 

matched patients and controls38, and in the context of low study numbers sensitivity 

analyses were not performed.

Discussion

Our main findings are that patients with schizophrenia show raised fasting plasma glucose, 

reduced glucose tolerance, raised fasting plasma insulin, and raised insulin resistance at 

illness onset. With the exception of fasting glucose, these alterations were also seen when 

analyses were restricted to purely antipsychotic naïve and BMI matched samples. When 

analysis was restricted to diet/exercise matched samples, significance was maintained for 

raised fasting glucose in patients. All results remained significant when analyses were 

restricted to samples matched for ethnicity. No differences were demonstrated in HbA1c 

levels, although this result should be interpreted with caution owing to the small sample size 

used in this analysis. The results of our meta-analysis extend recent studies showing high 

rates of diabetes mellitus in patients with chronic schizophrenia by showing that altered 

glucose homeostasis is present from illness onset.

By focussing our analysis on patients with first episode schizophrenia, an attempt was made 

to limit the duration of secondary illness related factors known to impact glucose 

homeostasis. However, individuals in the prodrome and those with first episode 

schizophrenia already have poorer dietary habits, decreased physical activity, and an 

increased likelihood of smoking compared with age-matched controls23–25,47. Our search 

did not find any studies that examined glucose homeostasis in individuals at risk for 

developing psychosis that matched our inclusion criteria, and the duration of untreated 

psychosis was only documented in 5 out of the 16 studies analysed31,32,36,40,42. Since our 

definition of first episode schizophrenia was broad, ranging from first clinical contact to 

duration of illness up to 5 years following illness onset17, quantification of the duration of 

poor lifestyle habits for the overall sample was not possible, and the small number of studies 

that specifically documented duration of untreated illness prevented a meta-regression 

examining the influence of chronicity of illness on glucose homeostasis. This inability to 

fully control for lifestyle is a recognised limitation of the study. Although a sensitivity 

analysis examining studies where participants were matched for diet and exercise remained 

significant for raised fasting glucose in the patient cohort, there was no significant elevation 

in the BMI-matched sensitivity analysis. However, the sensitivity analyses of fasting insulin 

and insulin resistance showed significant dysregulation for these in the patient cohort BMI-

matched to controls. Thus, differences in BMI, diet and exercise do not account for our 

findings, with the exception of BMI for fasting glucose.

Although all participants used in the meta-analysis were described as physically healthy 

with no illnesses that would impact glucose homeostasis, only 8 studies defined use of over-

the-counter and prescription medication as a specific exclusion criterion32–35,38,40,41,45, 

and only 4 studies defined neuroleptic use (other than anti-psychotics) as an exclusion 

criterion33,34,36,37 (full details in Supplementary Information table 8). The potential use of 
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medication other than antipsychotics that might disturb glucose homeostasis is a limitation 

of the meta-analysis. We also acknowledge that 4 of the 16 studies used in this meta-analysis 

analysed patients with schizophrenia as well as individuals with schizophreniform disorder, 

brief psychotic disorder and psychosis not otherwise specified31,41,42,45, which may 

contribute to heterogeneity in the sample. There was also variability in matching criteria for 

patients and controls, which is significant when one considers the effect of demographic 

variables such as gender, age and ethnicity on risk for T2DM22. Only 8 studies documented 

that participants were matched for ethnicity30,35,38,40–43,45, although our sensitivity 

analyses suggest that differences in ethnicities between groups were not responsible for the 

overarching findings of the meta-analysis. 1 study failed to match for gender32, and only 8 

studies documented that participants were matched for smoking status30–32,35,37,38,43,45 

(full details in Supplementary Information table 8). Other limitations of our study include 

between-sample heterogeneity in glucose homeostasis parameters tested, including the use 

of either the original HOMA equation20, or the HOMA2 equation21. Nevertheless, the 

random effects model we used is robust to heterogeneity.

In view of the findings of our meta-analysis, prospective studies investigating the impact of 

lifestyle factors on the glucose dysregulation seen in first episode patients would help 

determine the degree to which alterations are intrinsic to schizophrenia or the consequence 

of emerging symptoms. Longitudinal studies examining the efficacy of early interventions 

targeting a reduction in diabetic risk (both lifestyle based and pharmacological) in those 

individuals with schizophrenia who exhibit subtle early aberrances in glucose homeostasis 

would be useful.

Although the findings of this meta-analysis may in part reflect poorer lifestyle habits in 

patients compared with controls, other mechanisms may also contribute to the link between 

schizophrenia and altered glucose regulation. Both schizophrenia and T2DM are associated 

with early developmental risk factors such as low birth-weight, preterm birth, gestational 

diabetes and maternal malnutrition or obesity. The increased risk of impaired glucose 

homeostasis and schizophrenia in the context of early developmental insults is demonstrated 

by studies examining survivors from the 1944-45 Dutch famine and the 1959-61 Chinese 

famine. These studies demonstrate a relative risk of approximately 2 for developing 

schizophrenia in those conceived or in early gestation during a period of famine48–50, as 

well as an increased risk of impaired glucose tolerance later in life51. Stress and 

hypercortisolaemia may also contribute to this association between the two conditions, with 

antipsychotic naïve individuals with first episode psychosis exhibiting higher baseline 

cortisol levels and blunted cortisol wakening response compared with controls52. There is 

also evidence for a shared genetic vulnerability. Relatives of individuals with schizophrenia 

suffer higher rates of T2DM53–55, and genome wide association studies have revealed 

shared susceptibility genes between schizophrenia and T2DM56,57. Evidence to support the 

existence of pleiotropy between these genes has been demonstrated by a network analysis 

examining common signalling pathways involved in both schizophrenia and T2DM, with 

identification of proteins that play a role in calcium signalling, adipocytokine signalling, Akt 

signalling, and gamma-secretase mediated ErbB4 signalling57. Thus, dysfunction in 

common signalling pathways may drive central neurological dysfunction as well as 

peripheral metabolic dysfunction.
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Regardless of the mechanism, this meta-analysis has demonstrated an association between 

schizophrenia and early derangements in glucose homeostasis. The OGTT is a more 

sensitive measure of abnormalities in glucose metabolism than fasting plasma glucose58,59, 

and is recognised by the WHO as the only means of identifying individuals with impaired 

glucose tolerance. The use of fasting plasma glucose measurement alone as a screen for 

T2DM results in approximately 30% of T2DM cases being missed60. Indeed, the OGTT has 

been recommended for screening and monitoring of patients with schizophrenia spectrum 

disorders owing to its increased sensitivity61. This lends further significance to the large 

effect size for raised glucose concentrations post-OGTT seen in patients with schizophrenia 

compared with controls. Although predominantly used in research, the HOMA-IR is well 

validated as a surrogate marker of insulin resistance, with its results correlating well with 

gold standard tests of insulin resistance such as the hyperinsulinaemic-euglycaemic 

clamp62. Therefore, the results from this analysis have major clinical implications. They 

indicate that individuals with schizophrenia present at the onset of illness with an already 

vulnerable phenotype for the development of T2DM. Given that a number of antipsychotic 

drugs may worsen glucose regulation63,64, there is thus a responsibility on the treating 

clinician to select an appropriate antipsychotic at an appropriate dose so as to limit the 

metabolic impact of treatment. Furthermore, it suggests that patients should be given 

education regarding diet and physical exercise, monitoring, and, where appropriate, early 

lifestyle and pharmacological interventions to combat the risk of progression to T2DM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Search process. OGTT: Oral Glucose Tolerance Test; HOMA-IR: Homeostatic Model 

Assessment (Insulin Resistance); HbA1c: glycated haemoglobin.
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Figure 2. 
Forest plots showing fasting glucose concentrations in patients with first episode 

schizophrenia and controls (figure 2.1: significant elevation in patients, ES: 0.20 p = 0.028); 

and glucose concentrations post-OGTT in patients with first episode schizophrenia and 

controls (figure 2.2: significant elevation in patients, ES: 0.61 p = 0.007).
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Figure 3. 
Forest plots showing fasting insulin concentrations in patients with first episode 

schizophrenia and controls (figure 3.1: significant elevation in patients, ES: 0.41 p = 0.011); 

and insulin resistance (HOMA-IR) in patients with first episode schizophrenia and controls 

(figure 3.2: significant elevation in patients, ES: 0.35 p = 0.001).
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Table 1

Studies examining glucose homeostasis in first episode schizophrenia and related disorders meeting inclusion 

criteria. All studies used case-control designs. FG: fasting glucose; FI: fasting insulin; OGTT: oral glucose 

tolerance test; HOMA-IR: homeostatic model assessment of insulin resistance; HbA1c: glycated haemoglobin.

Setting Patient 
N

DSM diagnoses Patient 
age, 
mean 
(SD)

Control 
N

Glucose 
Homeostasis 
Parameter

Anti-
psychotic 
Status

Matching

Zhang et al. 201530 China 120 Schizophrenia 26.5 
(6.3)

31 FG, FI, 
HOMA-IR

All drug naive BMI, age, 
ethnicity, 
sex, 
smoking

Petrikis et al., 201531 Greece 40 Schizophrenia, 
shizophreniform, 
brief psychotic 
episode

32.5 
(9.8)

40 FG, HbA1c All drug naïve BMI, age, 
sex, 
smoking

Enez Darcin et al., 
201532

Turkey 40 Schizophrenia 34.6 
(1.1)

70 FG, FI, 
HOMA-IR

All drug naïve BMI, age, 
smoking

Dasgupta et al., 
201033

India 30 Schizophrenia 32.5 
(10.5)

25 FG, HOMA-
IR

All drug naïve BMI, age, 
ethnicity, 
sex

Arranz et al., 200434 Spain 50 Schizophrenia 25.2 
(0.6)

50 FG, FI, 
HOMA-IR

All drug naive BMI, sex

Ryan et al., 200435 UK/
Ireland

26 Schizophrenia 33.6 
(13.5)

26 FG, FI, 
HOMA-IR

All drug naïve BMI, age, 
sex, 
smoking, 
diet, 
exercise

Venkatasubramanian 
et al., 200736

India 44 Schizophrenia 33.0 
(7.7)

44 FG, FI, 
HOMA-IR

All drug naive BMI, age, 
sex

Cohn et al., 200637 Canada 10 Schizophrenia, 
schizoaffective 
disorder

26.6 
(8.7)

10 FG, FI All drug naïve BMI, age, 
smoking

Spelman et al., 
200738

Ireland 38 Schizophrenia 25.2 
(5.6)

38 FG, FI, 
OGTT, 
HOMA-IR, 
HbA1c

All drug naïve Age, sex, 
smoking, 
ethnicity

Wani et al., 201539 India 50 Schizophrenia 25.4 
(4.9)

50 FG, OGTT All drug naïve Age, sex

Saddichha et al., 
200840

India 99 Schizophrenia 26.0 
(5.5)

51 FG, OGTT All drug naïve Age, sex, 
diet, 
exercise

Garcia-Rizo et al., 
201641

Spain 84 Schizophrenia, 
brief psychotic 
disorder, 
psychosis not 
otherwise 
specified

27.3 
(5.5)

98 FG, FI, OGTT Under 1 week 
of total 
antipsychotic 
use

BMI, age, 
sex

Sengupta et al., 
200842

Canada 38 Schizophrenia 
spectrum disorder

25.4 
(5.6)

36 FG, FI, 
HOMA-IR, 
HbA1c

Under 10 days 
total 
antipsychotic 
use

BMI, age, 
sex, 
ethnicity

Chen et al., 201343 China 49 Schizophrenia 26.8 
(8.1)

30 FG, FI, 
HOMA-IR

Under 2 
weeks of total 
antipsychotic 
use

BMI, age, 
sex, 
smoking
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Setting Patient 
N

DSM diagnoses Patient 
age, 
mean 
(SD)

Control 
N

Glucose 
Homeostasis 
Parameter

Anti-
psychotic 
Status

Matching

Sun et al., 201644 China 13 Schizophrenia 22.5 
(3.8)

15 FI All drug naïve Age, sex

Fernandez-Egea et al., 
200945

Spain 50 Schizophrenia, 
brief psychotic 
disorder, 
delusional 
disorder, 
psychosis not 
otherwise 
specified

29.4 
(8.8)

50 HOMA-IR, 
HbA1c

Under 1 week 
of total 
antipsychotic 
use

BMI, age, 
sex, 
smoking
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