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Objectives: The metabolic syndrome in patients with schizophrenia has

consistently been a challenge for clinicians. Previous studies indicate that

individuals with schizophrenia are highly prone to developing type 2 diabetes

mellitus (T2DM). In recent years, a continuous stream of new observational

studies has been reported, emphasizing the pressing need for clinicians to gain a

more precise understanding of the association between schizophrenia and

T2DM. The objective of this meta-analysis is to integrate new observational

studies and further explore the potential link between schizophrenia and the risk

of T2DM.

Methods:We conducted a comprehensive search of PubMed, Cochrane Library,

Embase, andWeb of Science usingmedical subject headings (MeSH) and relevant

keywords. The risk of bias in cohort studies and case-control studies was

assessed using the Newcastle-Ottawa Scale (NOS), while cross-sectional

studies were evaluated using the Agency for Healthcare Research and Quality

scale (AHRQ), scoring was based on the content of the original studies. A fixed-

effects model was employed if P > 0.1 and I2 ≤ 50%, indicating low heterogeneity.

Conversely, a random-effects model was utilized if I2 > 50%, indicating

substantial heterogeneity. Publication bias was assessed using funnel plots and

Egger’s test. Statistical analyses were carried out using Stata statistical software

version 14.0.

Results: This meta-analysis comprised 32 observational studies, involving a total

of 2,007,168 patients with schizophrenia and 35,883,980 without schizophrenia,

published from 2004 to 2023. The pooled analysis revealed a significant

association between a history of schizophrenia and an increased risk of T2DM

(Odds Ratio [OR] = 2.15; 95% Confidence Interval [CI]: 1.83–2.52; I2 = 98.9%, P <

0.001). Stratified by gender, females with schizophrenia (OR = 2.12; 95% CI: 1.70-

2.64; I2 = 90.7%, P < 0.001) had a significantly higher risk of T2DM thanmales (OR

= 1.68; 95% CI: 1.39-2.04; I2 = 91.3%, P < 0.001). Regarding WHO regions, EURO

(OR = 2.73; 95% CI: 2.23-3.35; I2 = 97.5%, P < 0.001) exhibited a significantly

higher risk of T2DM compared to WPRO (OR = 1.72; 95% CI: 1.32-2.23; I2 =

95.2%, P < 0.001) and AMRO (OR = 1.82; 95% CI: 1.40-2.37; I2 = 99.1%, P < 0.001).

In terms of follow-up years, the >20 years subgroup (OR = 3.17; 95% CI: 1.24-

8.11; I2 = 99.4%, P < 0.001) showed a significantly higher risk of T2DM than the

10-20 years group (OR = 2.26; 95% CI: 1.76-2.90; I2 = 98.6%, P < 0.001) and <10

years group (OR = 1.68; 95% CI: 1.30-2.19; I2 = 95.4%, P < 0.001).
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Conclusions: This meta-analysis indicates a strong association between

schizophrenia and an elevated risk of developing diabetes, suggesting that

schizophrenia may function as an independent risk factor for T2DM.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,

identifier CRD42023465826.
KEYWORDS

schizophrenia, type 2 diabetes mellitus, T2DM, systematic review, meta-analysis,
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1 Backgrounds

Schizophrenia stands as a severe and debilitating mental illness

characterized by its high prevalence, significant disability rate, and

considerable overall disease burden (1). Individuals grappling with

schizophrenia face a dramatically elevated all-cause mortality rate

when compared to those without the condition, resulting in a

substantial life expectancy gap of approximately 15 to 20 years (2,

3). In addition to factors such as suicide, accidents, and risky

behaviors, cardiovascular disease emerges as a major contributor to

the premature death often seen in individuals with schizophrenia (4,

5). Among the various risk factors contributing to cardiovascular

disease, metabolic syndrome is an unavoidable topic, with T2DM

being a significant component (6). On a global scale, T2DM represents

a major health challenge. As of 2021, estimates indicate that around

537 million individuals worldwide grapple with T2DM, with a

projected increase of 46% anticipated to reach 783 million by 2045 (7).

Prior investigations indicate that individuals with schizophrenia

exhibit more severe blood sugar levels and insulin status than their

healthy counterparts (8–11). Previous studies have attempted to

explain the above phenomenon from different perspectives. From a

genetic perspective, schizophrenia and T2DM have a significant

genetic correlation (12), one compelling piece of evidence is the

transcription factor 7-like 2 (TCF7L2) gene, which is identified as one

of the most significant risk genes for T2DM (13), also has a significant

contribution to schizophrenia (14). In terms of lifestyle habits,

sedentary behavior and poor dietary habits are considered

traditional factors leading to diabetes in patients with schizophrenia

(15). For the treatment of schizophrenia, antipsychotics (AP),

particularly second-generation antipsychotics (SGAs), are a

standard approach, but while improving psychotic symptoms, they

significantly impact metabolic levels, leading to T2DM (16–20), and

studies on gut microbiota (GMB) have found that these medications

alter GMB distribution, disrupt glucose tolerance, and exacerbate the

trend of comorbid schizophrenia and T2DM (21), beyond the effects

of medication, schizophrenia and T2DM themselves share a high

degree similarities in GBM (22). The protracted course of T2DM can

lead to complications such as cardiovascular disease and chronic

kidney disease (23), and when combined with schizophrenia, it
02
results in greater cognitive impairment (24), which contributes to a

more severe prognosis for these individuals (25, 26). Notably, the

Canadian Diabetes Association has identified schizophrenia as a risk

factor for T2DM (27).

Despite extensive investigations into the various mechanisms

linking schizophrenia and T2DM, a conclusive understanding

remains elusive. While previous meta-analyses have reinforced

the association between schizophrenia and T2DM (28, 29), they

have not delved into additional subgroup analyses, such as those

stratified by gender, WHO region, study type, or study period.

Concurrently, a multitude of new observational studies has

emerged. Consequently, we undertook a thorough review of these

recent observational studies and existing meta-analyses to elucidate

pertinent findings and offer the most up-to-date evidence on the

correlation between schizophrenia and T2DM. Our objective is to

enable clinicians to promptly refine treatment strategies, thereby

enhancing the quality of life and extending the life expectancy of

individuals contending with schizophrenia.
2 Methods

This meta-analysis adhered to the guidelines outlined in the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) (30). The research protocol was pre-registered

on the International Prospective Register of Systematic Reviews

(PROSPERO) platform, with the approval number CRD42023465826.
2.1 Data sources and searches

We conducted searches on PubMed, Cochrane Library, Embase,

and Web of Science to identify observational studies published from

the inception of the databases to September 19, 2023. The language

was restricted to English, and our search strategy incorporated a

combination of medical subject headings (MeSH) and keywords. The

search terms encompassed a range of topics, including schizophrenia,

schizophreni*, Dementia Praecox, Diabetes Mellitus, Diabetes

Insipidus, Diet, Diabetic, Prediabetic State, Scleredema Adultorum,
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Glucose Intolerance, and Gastroparesis. Additionally, we scrutinized

the reference lists of included cohort studies, case-control studies,

cross-sectional studies, and other published meta-analyses to identify

relevant trials.
2.2 Eligibility criteria

The inclusion criteria for trials were as follows (1): observational

studies were considered, with the exception of intervention studies

(2); the observation group comprised patients diagnosed with

schizophrenia, while the control group consisted of individuals

without schizophrenia or comparisons were made with large

datasets containing prevalence data on T2DM (3); the original

study should accurately diagnose both schizophrenia and T2DM

(4); trials that did not recruit a control group but utilized previously

published general population data were considered (5); preference

was given to trials that included both baseline and follow-up data,

with prioritization given to the latter. Trials with low NOS or AHRQ

scores were excluded. In cases where multiple studies reported data

from the same cohort, priority was given to the study with the longest

follow-up or the largest number of participants. Trials presenting

excessively wide 95% confidence intervals (CI) were excluded.

Additionally, the following types of articles were excluded:

conference abstracts, study protocols, duplicate publications, and

studies lacking outcomes of interest. In instances of mixed samples,

efforts were made to extract data specifically related to individuals

with schizophrenia. If such data extraction was not feasible, attempts

were made to contact the authors up to two times within a one-

month period to obtain data specifically for individuals with

schizophrenia. Trials where contact was unsuccessful were excluded.
2.3 Study selection

Two reviewers (KD and PS) independently screened the

literature based on the eligibility and exclusion criteria. Initially,

duplicate and irrelevant articles were excluded by assessing their

titles and abstracts. Subsequently, the full texts of potentially eligible

articles were retrieved and thoroughly reviewed to identify all

suitable studies. Any discrepancies were resolved through

discussion with a third reviewer (PS), serving as an arbiter.
2.4 Data extraction

The process of data extraction was meticulously carried out by

the two aforementioned reviewers (DK, SHW,CHQ, KWZ), who

referred to established guidelines for systematic reviews and meta-

analysis (31). Utilizing predefined forms, they systematically

extracted key information such as the first author, year of

publication, country, WHO region, study type, sample size,

follow-up years, year of data collection, percentage of males, age,

diagnosis of schizophrenia/T2DM, and adjustments made for

confounders. In instances where discrepancies arose, the
Frontiers in Endocrinology 03
reviewers engaged in thorough discussions with PS, serving as a

mediator, to achieve a consensus and ensure the accuracy and

reliability of the extracted data.
2.5 Risk of bias assessment

To gauge the methodological quality of cohort and case-control

studies, the NOS was employed (32). The scoring system allocated

stars on a scale of 0 to 9 for both cohort and case-control studies, with

four stars designated for the selection of participants and

measurement of exposure, two stars for comparability, and three

stars for the assessment of outcomes and adequacy of follow-up. A

higher number of stars signified a higher quality of the study. Scores

falling within the ranges of 0–3, 4–6, and 7–9 were categorized as

indicating low, moderate, and high quality, respectively. For the

evaluation of cross-sectional studies, the AHRQ was employed (33).

This scale comprises 11 items, with each item assessed using “yes”,

“no”, or “unclear”. The scoring method involves assigning points for

each “yes” response, resulting in a total score ranging from 0 to 11

points. Scores within the ranges of 0–3, 4–7, and 8–11 were interpreted

as indicative of low, moderate, and high quality, respectively.
2.6 Statistical analysis

To assess the association between schizophrenia and the risk of

diabetes, the adjusted odds ratios (OR) and their corresponding

95% confidence intervals (CI) from each trial were utilized.

Heterogeneity was evaluated using the c2-test and I2-values. In

cases where P > 0.1 and I2 ≤ 50%, indicating minimal heterogeneity,

a fixed-effects model was employed. However, if I2 > 50%,

suggesting significant heterogeneity, a random-effects model was

applied. To ensure the robustness of the overall effects, a sensitivity

analysis was conducted by systematically excluding one study at a

time and re-running the analysis. Publication bias was visually

inspected through a funnel plot, and Egger’s regression test was

employed for a statistical assessment of publication bias. Subgroup

analyses were performed based on gender, study type, WHO region,

year of data collection, and follow-up time to provide a more

nuanced understanding of the results. All statistical analyses were

executed using Stata statistical software version 14.0 (Stata Corp,

College Station, Texas).
3 Results

3.1 Literature search

A systematic search of observational studies published up to

September 19, 2023, generated a total of 2,419 results. Upon the

removal of duplicate entries, the screening process involved the

assessment of 1,810 abstracts and titles (Figure 1). Following this

initial screening, 55 articles were identified as potentially relevant, of

which 23 were subsequently excluded with detailed reasons
frontiersin.org
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provided. Ultimately, after a comprehensive full-text review, 32

studies (34–65) were included in the analysis. Figure 1 provides a

concise summary of the search results, elucidating the rationale

behind the exclusion of specific articles.
3.2 Study characteristics

This meta-analysis aggregates findings from 32 observational

studies, encompassing a substantial cohort of 2,007,168 individuals

diagnosed with schizophrenia, alongside a comparison group

comprising 35,883,980 individuals without schizophrenia. These

studies were conducted and published between 2004 and 2023,

showcasing a broad spectrum of research methodologies. Among

them, 14 were cohort studies, two were case-control studies, and the

remainder consisted of fifteen cross-sectional studies. The majority

of participants in these investigations commenced follow-up at the

age of 16 or older, with only one study focusing on individuals aged

0 to 36 years. Across all studies, diagnostic criteria for schizophrenia

were consistently applied, ensuring a uniform standard across the

analysis. The duration of follow-up varied across studies, ranging

from 1 to 36 years, with one study exclusively focusing on a male

cohort. Notably, adjusted estimates were available for nearly all

studies, although adjustments for confounding variables may have
Frontiers in Endocrinology 04
differed slightly between studies. Detailed characteristics of the

included trials are provided in Table 1 for reference and clarity.
3.3 Quality assessment

Following the assessment based on the NOS for cohort and

case-control studies and the AHRQ criteria for cross-sectional

studies, the average NOS score for all included cohort and case-

control studies was 7.12. Similarly, the average AHRQ score for

cross-sectional studies was 6.73. These scores collectively affirm the

high quality of all observational studies incorporated in this meta-

analysis. Table 1 presents the individual scores of each included

study, providing a comprehensive overview of the meticulous

quality assessment conducted according to the specified criteria.

The consistently high scores across these studies underscore the

robustness and reliability of the evidence synthesized in this

meta-analysis.
3.4 Schizophrenia and risk of T2DM

A comprehensive analysis of thirty-one observational studies

(34–43, 45–65) investigated the relationship between a history of
FIGURE 1

Studies screening process.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1395771
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


TABLE 1 Basic characteristics of the included studies.

nosis criteria Confounders adjusted
Quality
scores

hizophrenia:
-10 Diabetes:
ICD-10

Age, gender, income, alcohol
consumption, smoking status, physical

activity, and metabolic syndrome

NOS
scores 8

hizophrenia:
D-9 Diabetes:
ICD-9

NR
AHRQ
scores 8

zophrenia: Self-
t (Based on the
DSM-5)

uestionnaire
etes: Self-report

Age, gender
AHRQ
scores 7

hizophrenia:
ICD-10

iabetes: ADA
NR

AHRQ
Scores 7

ophrenia: ICD-
D-10 Diabetes:
D-9, ICD-10

Age, year, and exposure main effects
NOS
scores5

ophrenia: ICD-
9, 10 Diabetes:
D-7, 8, 9, 10

Gender, gestational age, birth weight in
relation

to gestational age, maternal smoking
during pregnancy

(only data from early pregnancy was
available), parity,

heredity for schizophrenia or
schizoaffective disorder,

and heredity for T1DM or T2DM.

NOS
scores 8

hizophrenia:
-10 Diabetes:
ICD-10

Gender, age, ethnic origin, marital status,
payment, and hospital level

NOS
scores 7

hizophrenia:
-4 Diabetes: NR

NR
AHRQ
scores 5

(Continued)
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IC

Sc
ICD
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Author Year Country
WHO
region

Study
type

Sample size
and prevalence

Follow-up
years

or median

Year of
data

collection
Male, %

Age, mean,
median or range

Lee et al. (36) 2023
South
Korea

WPRO
Cohort
study

Schizophrenia: 313/
7,408 No

Schizophrenia:
122,290/6,450,583

7.59 2018 Total 59.2 Total 30.8

Shamsutdinova
et al. (34)

2023 UK EURO
Cross-
sectional
study

Schizophrenia:
1,160/7,392 No
Schizophrenia:
36,862/666,885

NR 2013 Total 51.5 Total 38.0

Matsunaga
et al. (35)

2023 Japan WPRO
Cross-
sectional
study

Schizophrenia: 23/
223 No

Schizophrenia:
56/1,776

NR 2022

Schizophrenia:
51.6 No

schizophrenia:
45.1

Male:
schizophrenia 48.0
No schizophrenia:

48.0 Female:
Schizophrenia: 44.0

No
schizophrenia: 42.0

Lambert
et al. (37)

2023 Australia WPRO
Cross-
sectional
study

Schizophrenia: 212/
888 No

Schizophrenia:
110/514

5 2019 Total 63.1 Total 43.9

Gao et al. (38) 2022 USA AMRO
Cohort
study

Schizophrenia: 266,
012/1,785,314 No
Schizophrenia:

2,602,
551/14,458,616

25 2018

Schizophrenia:
60.8 No

Schizophrenia:
41.4

Schizophrenia: 43.9
No

schizophrenia: 56.9

Melkersson
et al. (40)

2020 Sweden EURO
Cohort
study

Schizophrenia: 18/
1,465 No

Schizophrenia:
2,002/1,734,816

median 10.6 2018

Schizophrenia:
68.2 No

Schizophrenia:
51.4

Schizophrenia with
T2DM:23.9
(median)

Yang et al. (39) 2020 China WPRO
Cohort
study

Schizophrenia:
7,270/62,533 No
Schizophrenia:
9,669/95,037

14 Averages 2018 Total 49.7 Total 43.5

Alonso
et al. (41)

2020 Spain EURO
Cross-
sectional
study

Schizophrenia: 12/
164 No

NR NR
Schizophrenia:

59.8 No

Schizophrenia: 42.8
Population
control: 43.3
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TABLE 1 Continued

nosis criteria Confounders adjusted
Quality
scores

hizophrenia:
ICD-10

abetes: WHO

Age, sex, deprivation quintile
and diagnosis

AHRQ
scores
10

hizophrenia:
10 Diabetes: NR

Age
NOS

scores 6

hizophrenia:
D-8, ICD-10
betes: ICD-8,
ICD-10

Mother’s age, father’s occupational status,
education, IQ, BMI at conscription,Birth
Weight (and also includes adjustment for

birth length), and Ponderal Index

NOS
scores 8

hizophrenia:
-10 Diabetes:
ICD-10

Age, gender
NOS

scores 8

ophrenia: CCHS
y data Diabetes:
self-report

Age, gender
AHRQ
scores 5

hizophrenia:
-10 Diabetes:
ICD-10

Age, gender
AHRQ
scores 5

hizophrenia:
-10 Diabetes:
ICD-10

Age, gender
NOS

scores 7

hizophrenia:
D-8, ICD-10
betes: ICD-8,
ICD-10

Gender, family history of diabetes,
urbanicity, exposure to valproate, and

exposure to tricyclic or
tetracyclic antidepressants

NOS
scores 8

hizophrenia:
M-4 Diabetes:
Self-report

Age, sex(male), race(non-white), obesity
and schizophrenia

NOS
scores 7

(Continued)
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Sc
DS
Author Year Country
WHO
region

Study
type

Sample size
and prevalence

Follow-up
years

or median

Year of
data

collection
Male, %

Age, mean,
median or range

Schizophrenia:
14/156

Schizophrenia:
60.3

Pearsall
et al. (42)

2019
UK

(Scotland)
EURO

Cross-
sectional
study

Schizophrenia:364/
3,154 No

Schizophrenia:
207/2,696

NR 2015
Schizophrenia:

41.0 All
samples: 56.1

>16

Jackson
et al. (43)

2019
UK

(Scotland)
EURO

Cohort
study

Schizophrenia: 271/
2,315 No

Schizophrenia: 15,
320/246,046

15 Averages 2015

Schizophrenia:
58.8 No

Schizophrenia:
55.6

Schizophrenia: 51.4
No

Schizophrenia: 60.8

Garriga
et al. (44)

2019 Denmark EURO
Cohort
study

Schizophrenia: 56/
387 No

Schizophrenia:
1,264/10,476

47.1
Averages

2018 100 18-65

Bent-Ennakhil
et al. (46)

2018 Sweden EURO
Cohort
study

Schizophrenia: 219/
2,530 No

Schizophrenia:
6822/200,644

32 Averages 2012

Schizophrenia:
51.7 No

Schizophrenia:
47.5

Schizophrenia: 42.7
No

Schizophrenia: 43.8

Chiu et al. (45) 2018 Canada AMRO
Cross-
sectional
study

Schizophrenia: 133/
1,103 No

Schizophrenia:
8914/156,376

NR 2010

Schizophrenia:
52.1 No

Schizophrenia:
48.9

Schizophrenia: 46.4
No

Schizophrenia: 44.6

Brostedt
et al. (50)

2017 Sweden EURO
Cross-
sectional
study

Schizophrenia: 911/
7,284 No

Schizophrenia:
908/11,485

NR 2012

Schizophrenia:
57.0 No

Schizophrenia:
49.0

Schizophrenia: 52.7
No

Schizophrenia: 49.5

Jahrami
et al. (48)

2017 Bahrain EMRO
Case-
control
study

Schizophrenia: 37/
120 No

Schizophrenia:
12/120

NR 2016

Schizophrenia:
55.0 No

Schizophrenia:
45.0

Schizophrenia: 41.7
No

Schizophrenia: 41.7

Rajkumar
et al. (47)

2017 Denmark EURO
Cohort
study

Schizophrenia: 25/
1,154 No

Schizophrenia:7,217/
2,673,114

36 2013

Schizophrenia:
59.7 No

Schizophrenia:
50.8

0-36

Annamalai
et al. (51)

2017 USA AMRO
Cohort
Study

Schizophrenia: NR/
326 No

Schizophrenia:
NR/1,899

1 NR

Schizophrenia:
58.3 No

Schizophrenia:
40.7

Schizophrenia: 47.5
No

Schizophrenia: 55.1
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TABLE 1 Continued

gnosis criteria Confounders adjusted
Quality
scores

chizophrenia:
D-10 Diabetes:
ett’s list and the
CG Technical
ference Guide

Age, sex and deprivation index
AHRQ
scores 7

chizophrenia:
D-10 Diabetes:
ICD-10

Age, gender,
ethnicity, time of follow-up duration

(days), and the various comorbid diseases

NOS
scores 7

chizophrenia:
D-10 Diabetes:
ICD-10

Age, Other Sociodemographic Variables
(included marital status, education,

employment status, and income), and
Substance Use Disorders (included any
outpatient or inpatient diagnosis of a

substance use disorder)

NOS
scores 7

chizophrenia:
D-9 Diabetes:
ICD-9

Age, gender, parent VA medical center
and visit date

AHRQ
scores 7

chizophrenia:
D-9 Diabetes:
ICD-9

Five-year age group, sex, Indigenous
status, level of social disadvantage, level

of residential remoteness, physical
comorbidities, calendar year and whether
diabetes was identified before T0 and

type of diabetic treatment

NOS
scores 6

chizophrenia:
M IV Diabetes:
HO criteria

Age, gender, education, and
body mass index (BMI)

AHRQ
scores 4

chizophrenia:
M IV Diabetes:
elf-report or
ADA criteria

Age, sex
AHRQ
scores 6

chizophrenia:
D-9 Diabetes:
ICD-9

Age, gender, insurance amount, region,
and urbanicity

NOS
scores 8

chizophrenia:
report Diabetes:
ealth professor

Age, sex, income, education, physical
activity, smoking status, cardiovascular
disease, and total number of chronic

medical conditions

AHRQ
scores 9

(Continued)
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Author Year Country
WHO
region

Study
type

Sample size
and prevalence

Follow-up
years

or median

Year of
data

collection
Male, %

Age, mean,
median or range

Dia

Gabilondo
et al. (49)

2017 Spain EURO
Cross-
sectional
study

Schizophrenia: 845/
7,331 No

Schizophrenia: 139,
892/2,248,075

NR 2011

Schizophrenia:
57.69 No

Schizophrenia:
49.04

Schizophrenia: 48.6
No

Schizophrenia: 43.9

S
IC

Bar
A
R

Schoepf
et al. (52)

2014 UK EURO
Case-
control
study

Schizophrenia: 247/
1,418 No

Schizophrenia:
1211/14,180

11.5 2012

Schizophrenia:
60.60 No

Schizophrenia:
60.6

Schizophrenia: 49.8
No

Schizophrenia: 50.1

S
IC

Crump
et al. (53)

2013 Sweden EURO
Cohort
Study

Schizophrenia: 963/
8,277 No

Schizophrenia:
348,736/6,089,577

7 2009

Schizophrenia:
57.8 No

Schizophrenia:
48.7

>25
S

IC

Morden
et al. (54)

2012 USA AMRO
Cross-
sectional
study

Schizophrenia:
17,518/65,362 No
Schizophrenia:
17,321/65,362

NR 2007

Schizophrenia:
87.9 No

Schizophrenia:
87.9

Schizophrenia: 53.4
No

Schizophrenia: 53.8

S
I

Mai et al (57) 2011 Australia WPRO
Cohort
Study

Schizophrenia: 109/
818 No

Schizophrenia:
1625/26,626

16 2006

Schizophrenia:
NR No

Schizophrenia:
47.8

>20
S
I

Zhang
et al. (55)

2011 China WPRO
Cross-
sectional
study

Schizophrenia: 46/
206 No

Schizophrenia:
38/615

NR NR NR 25~70
S

DS

Subashini
et al (56)

2011 India SEARO
Cross-
sectional
study

Schizophrenia: 20/
131 No

Schizophrenia:
38/524

NR NR

Schizophrenia:
51.9 No

Schizophrenia:
51.9

Schizophrenia: 44.0
No

Schizophrenia: 44.0

S
DS

Hsu et al. (58) 2011
China

(Taiwan)
WPRO

Cohort
study

Schizophrenia: 46/
3,150 No

Schizophrenia:
6,876/613,918

6 2005 NR >18
S
I

Bresee
et al. (59)

2011 Canada AMRO
Cross-
sectional
study

Schizophrenia: 48/
399 No

Schizophrenia:
6,363/120,044

NR 2005

Schizophrenia:
62.1 No

Schizophrenia:
49.0

>18
S

Self
A

n

e

C

C

W

S

C

-
h
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TABLE 1 Continued

Male, %
Age, mean,

median or range
Diagnosis criteria Confounders adjusted

Quality
scores

Schizophrenia:
49.5 No

Schizophrenia:
40.6

Schizophrenia: 45.3
Population
control: 44.5

Schizophrenia:
DSM IV Diabetes:
Discharge diagnosis,

hypoglycemic
prescription, general

practitioner’s
diagnosis

and treatment

Age, gender
NOS

scores 7

Schizophrenia:
50.8 No

Schizophrenia:
49.5

Schizophrenia: 47.6
No

schizophrenia: 45.3

Schizophrenia: ICD-
9, ICD-10 Diabetes:
the National Diabetes

Surveillan
System (NDSS)

Age, gender, socioeconomic status, and
GP visits

NOS
scores 7

Schizophrenia:
73.9 No

Schizophrenia:
73.9

Schizophrenia: 40.4
No

schizophrenia: 40.4

Schizophrenia:
SCID Diabetes:
ADA criteria

Age, race and gender
AHRQ
scores 8

Schizophrenia:
55.3 No

Schizophrenia:
73.9

Schizophrenia: 37.3
No

schizophrenia: NR

Schizophrenia:
DSM IV Diabetes:

ADA criteria
NR

AHRQ
scores 7

Schizophrenia:
63.0 No

Schizophrenia:
NR

Schizophrenia: 42.4
No

schizophrenia: NR

Schizophrenia:
NR Diabetes: NR

BMI
AHRQ
scores 6

Schizophrenia:
49.5 No

Schizophrenia:
49.5

Schizophrenia: 49.6
No

schizophrenia: 49.6

Schizophrenia:
ICD-9 Diabetes:

ICD-9
Gender, age and medical risk factors

NOS
scores 7
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Author Year Country
WHO
region

Study
type

Sample size
and prevalence

Follow-up
years

or median

Year of
data

collection

Okumura
et al. (60)

2010 Japan WPRO
Cohort
study

Schizophrenia: 333/
3,894 No

Schizophrenia:
424/4,296

1 Average 2005

Bresee
et al. (61)

2010 Canada AMRO
Cohort
study

Schizophrenia:
2,952/28,755 No
Schizophrenia:

126,817/2,281,636

10 2006

Goff et al. (63) 2005 USA AMRO
Cross-
sectional
study

Schizophrenia: 87/
689 No

Schizophrenia:
20/687

NR 2004

Hung et al. (62) 2005
China

(Taiwan)
WPRO

Cross-
sectional
study

Schizophrenia: 24/
246 No

Schizophrenia:
120/1534

NR NR

Sokal et al. (64) 2004 USA AMRO
Cross-
sectional
study

Schizophrenia: 10/
97 No

Schizophrenia:
167/2,861

NR NR

Curkendall
et al. (65)

2004 Canada AMRO
Cohort
study

Schizophrenia: 277/
3,022 No

Schizophrenia:
610/12,088

3 1995

NR, Not Reported.
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schizophrenia and the risk of T2DM. The pooled results revealed a

significant association, indicating that individuals with a history of

schizophrenia face a heightened risk of developing T2DM (OR =

2.15; 95% CI: 1.83–2.52; I2 = 98.9%, P < 0.001; Figure 2). The

substantial heterogeneity, reflected in the I2 statistic, underscores

the variability among the included studies, while the low p-value

highlights the statistical significance of the observed association. To

ensure the robustness of these findings, a sensitivity analysis was

conducted. Encouragingly, none of the individual studies within the

pool reversed the overall effect size, confirming the stability and

reliability of the results (Figure 3). These insights contribute

valuable knowledge to understanding the link between

schizophrenia and the increased risk of T2DM, offering potential

implications for clinical practice and avenues for further research.
3.5 Subgroup analysis

In the examination of the included studies, a thorough

subgroup analysis was conducted based on gender, study type,

WHO region, and follow-up time, with detailed results presented in

Table 2. For gender (Figure 4), an in-depth subgroup analysis was

performed on eleven studies (35, 41, 43, 44, 46, 51, 53, 58, 60, 61, 63)
Frontiers in Endocrinology 09
within the trial comparisons. The findings indicated that females

(OR=2.12; 95% CI: 1.70-2.64; I2 = 90.7%, P < 0.001) with a history

of schizophrenia face a significantly higher risk of T2DM compared

to males (OR=1.68; 95% CI: 1.39-2.04; I2 = 91.3%, P < 0.001). In

terms of WHO region (Figure 5), a detailed subgroup analysis was

conducted on twenty-nine studies (34–43, 45–47, 49–55, 57–65)

within the trial comparisons. The studies were categorized into

three subgroups: WPRO (35–37, 39, 55, 57, 58, 60, 62), EURO (34,

40–43, 46, 47, 49, 50, 52, 53), and AMRO (38, 45, 51, 54, 59, 61, 63–

65). The within-trial comparisons revealed that EURO (OR=2.73;

95% CI: 2.23-3.35; I2 = 97.5%, P < 0.001) had a significantly higher

risk of T2DM than WPRO (OR=1.72; 95% CI: 1.32-2.23; I2 =

95.2%, P < 0.001) and AMRO (OR=1.82; 95% CI: 1.40-2.37; I2 =

99.1%, P < 0.001). In the analysis of study types (Figure 6), we

conducted a subgroup analysis involving thirty-one studies (34–43,

45–65) within the trial comparisons. Among these, fifteen studies

(34, 35, 37, 41, 42, 45, 49, 50, 54–56, 59, 62–64) belonged to cross-

sectional studies, while two studies (48, 52) were categorized as

case-control studies. The remaining fourteen studies fell under the

cohort studies category. Across all study types in within-trial

comparisons (Figure 7), it was consistently observed that

schizophrenia poses a significant risk for T2DM. The results for

each study type were as follows: cohort study (OR=2.11; 95% CI:

1.83-2.67; I2 = 98.4%, P < 0.001), case-control study (OR=2.58; 95%
FIGURE 2

Meta-analysis of the risk of T2DM caused by schizophrenia.
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CI: 1.34-4.97; I2 = 72.6%, P = 0.056), and cross-sectional study

(OR=2.04; 95% CI: 1.47-2.83; I2 = 99.1%, P < 0.001). Regarding

follow-up years, we conducted a subgroup analysis involving sixteen

studies (36–40, 43, 46, 47, 51–53, 57, 58, 60, 61, 65) within the trial

comparisons. These studies were further divided into three
Frontiers in Endocrinology 10
subgroups based on follow-up duration: <10 years (36, 37, 51, 53,

58, 60, 65), 10-20 years (38, 46, 47), and >20 years (39, 40, 43, 52, 57,

61). The risk of developing T2DM in patients with schizophrenia

was found to be associated with the duration of the disease. Notably,

the >20 years subgroup showed a significantly higher risk of T2DM
FIGURE 3

Sensitivity analysis.
TABLE 2 Subgroup analysis for the risk of T2DM in patients with schizophrenia.

Subgroup Included studies OR (95% CI)
Heterogeneity

I2 (%) P-values

Gender

Male 11 1.68(1.39-2.04) 91.3% 0.000

Female 9 2.12(1.70-2.64) 90.7% 0.000

WHO region

WPRO 9 1.72(1.32-2.23) 95.2 0.000

EURO 11 2.73(2.23-3.35) 97.5 0.000

AMRO 9 1.82(1.40-2.37) 99.1 0.000

Study type

Cohort study 14 2.11(1.83-2.67) 98.4% 0.000

Cross-sectional study 15 2.04(1.47-2.83) 99.1% 0.000

Case-control study 2 2.58(1.34-4.97) 72.6% 0.056

Follow-up years

<10 7 1.68(1.30-2.19) 95.4% 0.000

10-20 6 2.26(1.76-2.90) 98.6% 0.000

>20 3 3.17(1.24-8.11) 99.4% 0.000
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(OR=3.17; 95% CI: 1.24-8.11; I2 = 99.4%, P < 0.001) compared to

the 10-20 years group (OR=2.26; 95% CI: 1.76-2.90; I2 = 98.6%, P <

0.001) and the <10 years group (OR=1.68; 95% CI: 1.30-2.19; I2 =

95.4%, P < 0.001).
3.6 Publication bias

Upon visually examining the funnel plot, there was no

discernible evidence suggesting a significant publication bias in

the analysis of schizophrenia disorders and their association with

the risk of T2DM (Figure 8). However, the Egger’s regression test (P

= 0.010) indicated a noteworthy presence of publication bias within

the scope of our meta-analysis.
4 Discussion

4.1 Main findings

This meta-analysis encompasses 32 observational studies,

involving 2,007,168 individuals with schizophrenia and

35,883,980 without schizophrenia. It offers a thorough assessment

of the correlation between schizophrenia and T2DM. Our findings
Frontiers in Endocrinology 11
reveal a notable escalation in the risk of T2DM among individuals

with schizophrenia, demonstrating an overall 2.15-fold increase in

risk compared to controls without schizophrenia. When

considering recent observational studies, these results further

substantiate schizophrenia as a significant risk factor for the

development of T2DM.
4.2 Interpretation of finding

Previous meta-analysis investigated the association between

schizophrenia and T2DM (28, 29). The results showed that

schizophrenia increased the risk of T2DM. However, they did not

analyze subgroups for WHO region, gender, study type and follow-

up time. We added more recent studies and analyzed the data

according to the above subgroups, so as to provide strong evidence

for the association between schizophrenia and T2DM, the previous

meta-analysis did not show these meaningful conclusions.

To date, there have been limited studies investigating the

association between schizophrenia and T2DM. While various

mechanisms underlie the comorbidities between schizophrenia

and T2DM, a consensus statement is yet to be established. In

terms of genetics, schizophrenia and T2DM share numerous

overlapping risk loci (12, 66), including but not limited to
FIGURE 4

Subgroup for gender.
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chromosomes 1p13, 1p36, 1q21–24, 1q25, 2q14, 2q33, and 2q36.

Certain gene regions within these loci may play a role in the

pathogenesis of T2DM in individuals with schizophrenia. Prior

research has identified a reduction in dendritic spine density in the

brains of individuals with schizophrenia (67, 68). This reduction is

influenced by both Rho GTPase and the Wnt/b-Catenin pathway

through distinct mechanisms (69). These pathways contribute to

disruptions in insulin biosynthesis, thereby increasing susceptibility

to T2DM in individuals with schizophrenia compared to the general

population. Regarding inflammatory factors, a meta-analysis

reported elevated levels of IL-6, IL-1b, and TNF-a in the blood

and cerebrospinal fluid of individuals with schizophrenia (70). The

heightened levels of these cytokines may potentially accelerate the

progression of insulin resistance (71). The alterations in the

immune system and inflammatory components induced by

chronic stress are associated with the molecular mechanisms of

T2DM in individuals with schizophrenia (72). Concerning

oxidative stress, PON1 emerges as a candidate gene implicated in

both schizophrenia and T2DM. The enzyme PON1 plays a crucial

role in mitigating oxidative stress and exhibits an inverse

relationship with cytokine levels (73). In individuals diagnosed
Frontiers in Endocrinology 12
with schizophrenia, there is a notable reduction in PON1 enzyme

activity, and this diminishing trend adversely impacts the normal

functioning of b-cells. Patients with schizophrenia often require

prolonged use of antipsychotic medications, including olanzapine,

clozapine, haloperidol, sertindole, and other commonly prescribed

antipsychotics. These medications are associated with an increased

susceptibility to metabolic disorders, particularly disruptions in

glucose homeostasis leading to the progression from insulin

resistance to T2DM (74, 75). Furthermore, the detrimental

lifestyle habits, such as smoking, and cognitive dysfunction

exhibited by individuals with schizophrenia can directly or

indirectly influence the daily blood sugar levels of these patients

(75, 76). This, in turn, contributes to a heightened risk of

T2DM incidence.

In the subgroup analysis, several noteworthy results emerged

that could provide valuable insights for clinicians. Notably, females

with a history of schizophrenia exhibit a significantly elevated risk

of developing T2DM when compared to their male counterparts.

This finding underscores a significant susceptibility of females to

T2DM, aligning with prior research that indicated women taking

antipsychotics faced a higher likelihood of T2DM development
FIGURE 5

Subgroup for WHO region.
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compared to men (77). This heightened risk in females may be

attributed to factors such as weight gain and the emergence of

insulin resistance mediated by sex-related genes. Notably, women

are more prone to developing T2DM following antipsychotic

intervention, a phenomenon associated with increased body

weight (78). Furthermore, the expression of specific sex-related

genes appears to render women more susceptible to insulin

resistance than men (79). A comprehensive meta-analysis of

cross-sectional studies revealed intriguing differences between

genders in the context of T2DM. In men with T2DM,

significantly lower testosterone levels were observed compared to

controls, while women exhibited higher testosterone levels.

Prospective studies complement these findings, indicating that

men with elevated testosterone levels experience a 42 percent

reduction in the risk of developing T2DM compared to controls.

Conversely, heightened testosterone levels in women seem to

correlate with an increased risk of T2DM development (80). In

the context of follow-up times subgroup analysis, our calculations

align with prior research, supporting the conclusion that the

prevalence of T2DM in patients with schizophrenia increases with

the duration of the disease (81). This underscores the importance of
Frontiers in Endocrinology 13
considering the longitudinal aspect when evaluating the association

between schizophrenia and T2DM.
4.3 Implications and limitations

Our meta-analysis examining the relationship between a

history of schizophrenia and the risk of T2DM reinforces the

idea that schizophrenia constitutes a risk factor for the

development of T2DM. This underscores the importance of

heightened awareness regarding the risk of T2DM in individuals

with schizophrenia, potentially aiding early clinicians in the

identification of patients at risk for T2DM. Nonetheless, it is

essential to acknowledge certain limitations inherent in our study.

The data included in our analysis exhibited high heterogeneity,

and despite a thorough examination, the source of this

heterogeneity remained unidentified. Nevertheless, a majority of

the studies incorporated in our analysis meticulously controlled

for numerous confounding factors, enhancing the reliability of our

conclusions. To further advance the field, future research

endeavors should consider incorporating additional subgroups
FIGURE 6

Subgroup for study type.
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to diversify and enrich the scope of investigation. It is worth

noting that our meta-analysis did not include covariate analysis.

However, the studies included in our analysis implemented

control measures for adjusted confounding factors, contributing

to robust confounding bias control. This strengthens the

credibility of our study’s findings and facilitates seamless

translation into clinical practice.
Frontiers in Endocrinology 14
5 Conclusions

This meta-analysis suggests that schizophrenia heightens the

risk of developing T2DM. However, a more precise explanation for

this phenomenon necessitates further research. The findings from

our meta-analysis can prove invaluable in shaping new strategies for

the prevention and treatment of schizophrenia.
FIGURE 7

Subgroup for follow-up years.
FIGURE 8

Publication bias of the risk of T2DM caused by schizophrenia.
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