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SUMMARY 
Background: Patients with schizophrenia exhibit a higher mortality rate compared with the general population. This mortality 

has been attributed predominantly by the high risk of type 2 diabetes mellitus in the patients. We aimed to assess the inherent risk of 

glucose metabolism abnormalities in first-episode drug-naïve schizophrenia. 

Subjects and methods: We searched English database (PubMed, EMBASE, MEDLINE, Cochrane Library databases) and Chi-

nese database (Wan Fang Data, CBM disc, VIP, and CNKI) from their inception until Jul 2018 for case-control studies examining 

glucose metabolism abnormalities. Measurements, such as fasting plasma glucose levels, fasting plasma insulin levels, insulin 

resistance and HbA1c levels in first-episode antipsychotic-naive patients were used to test for prediabetes. Standardized/weighted 

mean differences and 95% confidence intervals were calculated and analyzed.  

Results: 19 studies (13 in English and 6 in Chinese) consisting of 1065 patients and 873 controls were included. Fasting plasma 

glucose levels (95% CI; 0.02 to 0.29; P=0.03), 2 h plasma glucose levels after an OGTT (95% CI; 0.63 to 1.2; P<0.00001), fasting

plasma insulin levels (95% CI; 0.33 to 0.73; P<0.00001), insulin resistance (95% CI; 0.29 to 0.6; P<0.00001) in patients with first-

episode schizophrenia were significant elevated. There was no significant difference in HbA1c level (95% CI; -0.34 to 0.18; P=0.54)

in patients with first-episode schizophrenia compared with controls. 

Conclusions: This meta-analysis showed that glucose metabolism was impaired in patients with first-episode schizophrenia. 

Higher quality studies with larger samples are warranted to confirm these findings. 
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*  *  *  *  *  

INTRODUCTION

It is now widely acknowledged that schizophrenia 

characterized by emotional, cognitive, and behavioral 

dysfunctions, which is a severe neurodevelopmental 

disorder. About 1% of the population worldwide suf-

fering from schizophrenia (Zheng et al. 2018). Study 

demonstrate that schizophrenia contributes 13.4 million 

years of life lived with disability (YLDs) to burden of 

disease globally, equivalent to 1.7% of total YLDs 

globally in 2016 (Charlson et al. 2018). Furthermore, 

schizophrenia is the most costly mental disorders of all 

mental illnesses, for instance, societal economic burden 

of schizophrenia in US was $62.7 billion in 2002. 

Recently, prevalence-based approach estimated that the 

costs amounted to $155.7 billion in 2013 (Cloutier et al. 

2016, Wu et al. 2005).  

Schizophrenia is associated with elevated suicide 

rates and premature death. Numerous studies have iden-

tified that patient with schizophrenia have two-fold to 

three-fold higher mortality rates compared with general 

population (Brown et al. 2010, Chesney et al. 2014, 

Reininghaus et al. 2015). This mortality gap which trans-

lates to a life expectancy is around 15 to 21 years shorter 

in patients with schizophrenia (Hjorthøj et al. 2017). The 

leading cause of premature death was not only somatic 

diseases but also cardiovascular diseases (CVD). More-

over, several recent lines of evidence demonstrate that 

morbidity of CVD was increased among patients with 

schizophrenia (Capasso et al. 2008, Laursen 2011, Saha 

et al. 2007). As a major risk factor for CVD, type 2 

diabetes mellitus (T2DM) confers an approximately two-

fold excess risk (Vancampfort et al. 2016). Recent studies 

demonstrated that diabetes was the most commonly diag-

nosed specific chronic disease among patients with schi-

zophrenia. They also showed that women with schizo-

phrenia have higher risk than man (Crump et al. 2013). 

Numerous studies also revealed that antipsychotics used 

in clinic may contribute to diabetes (Cohen & Correll 

2009, Henderson et al. 2006), especially olanzapine and 

clozapine (Cohen & Correll 2009) (Meyer & Stahl 2009, 

Yood et al. 2009). However, the latest epidemiological 

study revealed that diabetes risk in patients who exposed 

to first- and second-generation antipsychotic drugs were 

similar, ranging from 1.94 (olanzapine) and 2.19 (aripi-

prazole) to 3.25 (clozapine) (Rajkumar et al. 2017). Re-

cent reviews identified that schizophrenia confers an 

endogenous risk for the development of T2DM. Studies 

have showed that patient with first-episode schizophrenia 

exhibit alterations in glucose homeostasis compared with 

matched control (Greenhalgh et al. 2017, Kucukgoncu et 

al. 2019, Perry et al. 2016, Pillinger et al. 2017).  

However, previous meta-analyses did not include 

non-English databases. Thus, we performed a systema-

tic review and a meta-analysis to assess glucose homeo-

stasis in individuals with schizophrenia.  
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SUBJECTS AND METHODS 

Search strategy 

This meta-analysis was performed according to 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) (Moher et al. 2009). The 

studies in our review were searched from English 

database (PubMed, EMBASE, MEDLINE, Cochrane 

Library databases) and Chinese databases (Wan Fang 

Data, CBM disc, VIP, and CNKI) from their inception 

until 15 July 2018. The key words included “schizo-

phrenia”, “psychotic disorders”, “Schizophrenic disor-

ders”, “schizophrenia”, “psychosis”, “psychotic”, “schi-

zoaffective” and “diabetes mellitus”, “diabetes”, “glu-

cose”, “insulin resistance”, “fasting glucose”, “glycated 

hemoglobin”, “insulin”, “homeostatic model assessment 

index”, “oral glucose tolerance test”, “impaired glucose 

tolerance”, “prediabetes”, “type 2”, “postprandial 2 hour 

glucose” and “first episode”, “early onset”, “at risk”, 

“ultra-high risk”, “prodrome” and “drug-naïve”, “anti-

psychotic-naïve”, “medication”, “drug”, “antipsychotic”. 

There no language restrictions in search.  

Inclusion and Exclusion Criteria

Inclusion criteria were (1) patients were diagnosed 

as schizophrenia according to the DSM-IV; (2) patients 

were 16 years of age; (3) patients were antipsychotic 

naive or 2 weeks of antipsychotic treatment; (3) con-

trol group were healthy population; (4) fasting plasma 

glucose concentration (FG) or two hour values in the 

oral glucose tolerance test (OGTT) or hemoglobin A1 

(HbA1c) or insulin resistance or fasting insulin (FI) 

were assessed.  

Exclusion criteria were (1) patients were not 

diagnosed as schizophrenia; (2) antipsychotic exposure 

>2 weeks; (3) patients were children or elder or 

pregnant; (4) absence of measures in control group; (5) 

the review and conference report; (6) preclinical 

research; (6) study which unable to provide raw data; 

(7) only prevalence in study. 

Statistical Analysis 

Quality appraisal was done using the Newcastle 

Ottawa Scale (NOS) for case-control studies. Conti-

nuous data were analyzed in our analysis. Standardized 

mean differences (SMDs) or mean difference (MD) 

and 95% CI between cases and controls were cal-

culated and displayed in forest plots. Heterogeneity 

across studies was assessed with the I2 statistic. 

Publication bias was assessed using Egger test. All 

meta-analyzable data were analyzed with the RevMan 

(Version 5.3) software. A sensitivity analysis and 

publication bias was assessed using Stata SE 12.0. 

Abbreviations: HbA1c - hemoglobin A1c;   HOMA-IR - homeostatic model assessment–insulin resistance;    
OGTT - oral glucose tolerance test 

Figure 1. Study selection for meta-analysis 
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RESULT

Search results and included participants  

We screened 2012 potential, non-duplicate articles. 

The search process is demonstrated in Figure 1. 19 stu-

dies met the inclusion criteria and were included in the 

quantitative synthesis (Table 1). There were 19 studies 

with data on FG, 5 for HbA1c, 14 for HOMA-IR, 15 for 

FI and 6 for two-hour OGTT. Study qualities were rated 

based on Newcastle-Ottawa Scale (NOS) (Table 2). 

Fasting glucose concentration  

19 studies involving 1065 patients and 873 controls 

were included in our analysis. Pooling this data showed 

that FG was significantly elevated in patients compared 

with controls (95% CI; 0.05 to 0.41; I2=73%; P=0.01). 

Findings of the Egger test (P=0.106) suggested that 

publication bias was not significant. Sensitivity analyses 

revealed that estimate of one study was stray from the 

effect size (Quan 2015). After excluding the divergent 

study, heterogeneity was decreased (95% CI; 0.02 to 

0.29; I2=51%; P=0.03) (Figure 2).  

Two-hour glucose concentration after OGTT  

6 studies measured the level of two-hour OGTT. 

Compared to healthy controls, a significant elevation 

was observed in two-hour OGTT (95% CI; 0.63 to 1.2; 

I2=0%; P<0.00001) (Figure 2). In the context of low 

study numbers, publication bias was not performed. 

Fasting plasma level of insulin 

15 studies measured insulin concentration. Pooling 

the data suggested increased insulin concentration in 

patients (95% CI; 0.22 to 0.7; I2=80%; P=0.0002). Fin-

dings of the Egger test (P=0.583) suggested that publi-

cation bias was not significant. There was a high level 

of heterogeneity in this analysis led by one outlier. 

Removing this study (Arranz 2004) in a sensitivity 

analysis reduced heterogeneity to 69% (95% CI; 0.33 

to 0.73) (Figure 3). 

Figure 2. Fasting Glucose Concentrations and 2h OGTT in Patients with First-Episode Schizophrenia and Control 
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Figure 3. Fasting Insulin Concentrations and HOMA-IR in Patients with First-Episode Schizophrenia and Control 

Figure 4. HbA1c level in patients and control 
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Insulin resistance  

HOMA-IR tool was used in patients and controls to 

analyze insulin resistance. 14 studies containing 757 

patients and 582 controls were included in our analysis. 

Compared to healthy controls, HOMA-IR in patients 

was significant increased (95% CI; 0.29 to 0.6; I2=49%; 

P<0.00001) (Figure 3). Findings of the Egger test 

(P=0.599) suggested that publication bias was not 

significant. 

HbA1c level  

5 studies involving 208 patients and 194 controls 

were used for evaluate HbA1c level. Pooling this data 

showed that no significant difference in HbA1c level 

between patients and controls (95% CI; -0.34 to 0.75; 

I2=86%; P=0.47). Furthermore, sensitivity analysis sho-

wed that estimate of one studies were stray from the 

merger effect amount. After removal of the most diver-

gent study (Qin 2007), heterogeneity was no longer 

significant (95% CI; -0.34 to 0.18; I2=30%; P=0.54) 

(Figure 4). In the context of low study numbers, 

publication bias was not performed. 

There did not appear to be a significant publication 

bias on funnel plots (Figure 5, 6 and 7). 

Figure 5. Publication bias of studies about fasting 
glucose on funnel plots 

Figure 6. Publication bias of studies about fasting 
insulin on funnel plots 

Figure 7. Publication bias of studies about insulin 
resistance on funnel plots 

DISCUSSION  

Our analysis revealed that patients with first-episode 

schizophrenia did significantly differ from healthy 

controls in their measurements of FG concentration, 

two-hour OGTT concentration, insulin concentration 

and insulin resistance. Compared with healthy controls, 

drug-naïve patients have higher FG, two-hour OGTT, 

and insulin levels. Insulin resistance results were also 

found to be higher. However, HbA1c levels were not 

significantly changed in patients when compared with 

controls. These data thus lend support to glycemic 

abnormality in patients with first-episode psychosis.  

Our meta-analysis highlights the inherent risk of 

patients with first-episode schizophrenia for developing 

abnormal glucose metabolism. However, the exactly 

mechanisms of abnormal glucose metabolism in patients 

with first-episode psychosis are unknown. Studies 

suggested that inflammation, genetic polymorphisms, 

and chronic stress can lead to glucose metabolism 

abnormalities in patients with first episode psychosis 

(Amare et al. 2017, Belvederi Murri et al. 2016, 

Kucukgoncu et al. 2019). Recent study showed that 

familial abnormal glucose metabolism or primary 

insulin signaling pathway abnormality is related to risk 

for psychosis (Chouinard et al. 2018). Progression of 

insulin resistance can lead to metabolic syndrome and 

T2DM. Moreover, insulin resistance may precede the 

development of T2DM by 10 to 15 years (Freeman & 

Pennings 2018). 8 studies involving Chinese Han in our 

analysis, our pooled analysis indicated that insulin 

resistance is more common in patients with first-episode 

psychosis than in controls.  

Several limitations arise from our analysis. Firstly, 

there was considerable heterogeneity (I2=81%) in the 

result of the meta-analysis of fasting plasma glucose 

concentration. One study (Quan 2015) reported on 

results of the impaired fasting glucose (IFG). Hetero-

geneity was decreased from 81% to 48% after removing 

the study in a sensitivity analysis. 8 patients were 

reported with IFG in this study. IFG is defined by an 

elevated FG concentration ( 100 and <126 mg/dl). It is 
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well known that IFG and IGT are intermediate states in 

glucose metabolism. Studies showed that up to 16% of 

patients with first-episode drug-naïve schizophrenia 

have IFG. Secondly, the number of studies for HbA1c 

and two-hour OGTT levels was small. After excluding 

one outliner (Qin 2007), the heterogeneity was de-

creased from 86% to 30%. Then, we found that the 

number of patients and controls were not matched in the 

study. Another limitation was that studies included in 

our analysis varied in their definition of antipsychotic 

naive. 5 of 19 studies prescribed that cases could have 

taken antipsychotics in different period (maximum of 2 

weeks). However, the results of FG and two-hour 

OGTT in these studies were in line with studies in 

which case are drug naïve. These findings support the 

assertion that exposure to antipsychotic medication in 

short term is unlikely to confound the results of this 

meta-analysis. Additionally, several studies have limited 

matching data. 5 of 19 studies have not matched with 

BMI. Several studies also have not matched with 

lifestyle, such as diet and smoking.  

CONCLUSION 

Despite the limitations of our study, our results 

highlight the glycemic abnormalities in patients with 

first-episode drug-naïve schizophrenia. Thus, we should 

heighten the alteration of glycemic indices in patients 

with first-episode schizophrenia, which is essential to 

decrease the risk of 2TDM.  
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