
ARTICLE

Familial aggregation and shared genetic loading for major
psychiatric disorders and type 2 diabetes

Mei-Hsin Su1
& Ying-Hsiu Shih2

& Yen-Feng Lin3
& Pei-Chun Chen2

& Chia-Yen Chen4,5
& Po-Chang Hsiao6

&

Yi-Jiun Pan7
& Yu-Li Liu3

& Shih-Jen Tsai8 & Po-Hsiu Kuo6
& Chi-Shin Wu9

& Yen-Tsung Huang10
&

Shi-Heng Wang1,2

Received: 5 July 2021 /Accepted: 13 December 2021
# The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Aims/hypothesis Psychiatric disorders, such as schizophrenia (SCZ), major depressive disorder (MDD) and bipolar disorder (BPD),
are highly comorbid with type 2 diabetes. However, the mechanisms underlying such comorbidity are understudied. This study
explored the familial aggregation of common psychiatric disorders and type 2 diabetes by testing family history association, and
investigated the shared genetic loading between them by testing the polygenic risk score (PRS) association.
Methods A total of 105,184 participants were recruited from the Taiwan Biobank, and genome-wide genotyping data were available
for 95,238 participants. The Psychiatric Genomics Consortium-derived PRS for SCZ, MDD and BPD was calculated. Logistic
regression was used to estimate the ORwith CIs between a family history of SCZ/MDD/BPD and a family history of type 2 diabetes,
and between the PRS and the risk of type 2 diabetes.
Results A family history of type 2 diabetes was associated with a family history of SCZ (OR 1.23, 95% CI 1.08, 1.40), MDD (OR
1.19, 95%CI 1.13, 1.26) and BPD (OR 1.26, 95%CI 1.15, 1.39). Compared with paternal type 2 diabetes, maternal type 2 diabetes
was associated with a higher risk of a family history of SCZ. SCZ PRS was negatively associated with type 2 diabetes in women
(OR 0.92, 95% CI 0.88, 0.97), but not in men; the effect of SCZ PRS reduced after adjusting for BMI. MDD PRS was positively
associated with type 2 diabetes (OR 1.04, 95% CI 1.00, 1.07); the effect of MDD PRS reduced after adjusting for BMI or smoking.
BPD PRS was not associated with type 2 diabetes.
Conclusions/interpretation The comorbidity of type 2 diabetes with psychiatric disorders may be explained by shared familial
factors. The shared polygenic loading between MDD and type 2 diabetes implies not only pleiotropy but also a shared genetic
aetiology for the mechanism behind the comorbidity. The negative correlation between polygenic loading for SCZ and type 2
diabetes implies the role of environmental factors.
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aOR Adjusted odds ratio
BPD Bipolar disorder
EAS East Asian population

EUR European population
GWAS Genome-wide association study
LD Linkage disequilibrium
MDD Major depressive disorder
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PC Principal component
PGC Psychiatric Genomics Consortium
PRS Polygenic risk score
SCZ Schizophrenia
TWB Taiwan Biobank

Introduction

Psychiatric disorders have been found to be comorbid with
type 2 diabetes [1, 2], and such comorbidities affect disability
[3, 4] and increase all-cause mortality [5, 6]. Hence, detecting
possible underlying mechanisms contributing to such comor-
bidities is a crucial issue. Beyond the bi-directional effect, the
comorbidity between psychiatric disorders and type 2 diabetes
suggests a shared pathophysiological mechanism.

Familial aggregation of type 2 diabetes and common
psychiatric disorders has been observed. The risk of type 2
diabetes is higher in relatives of those with schizophrenia
(SCZ) than in relatives of healthy participants [7]. In addition,
first-degree relatives of patients with SCZ or bipolar disorder
(BPD) have an increased risk of metabolic dysfunction
compared with healthy control participants [8]. Population-
based data from sibling registries also revealed that unaffected
siblings of patients with SCZ are more likely to develop type 2
diabetes later in life than control participants [9]. Evidence for

familial aggregation implies an influence of shared environ-
mental factors or genetic background.

To clarify the effect of environmental and genetic effects
on familial aggregation, a structural equation model using
twin registration data indicated that the association between
type 2 diabetes and psychiatric disorders was primarily
attributable to genetic background, especially in female
participants [10]. A genome-wide association study
(GWAS) for BPD further identified a susceptibility SNP
rs12772424, in an intron of TCF7L2, one of the strongest
genetic risk variants for type 2 diabetes, and the BPD
susceptibility risk of this SNP is dependent on BMI [11].
Several pleiotropic variants in the IGF2BP2, CDKAL1,
CDKN2B-AS1 and PLEKHA1 genes were identified
between type 2 diabetes and major depressive disorder
(MDD) based on a bivariate GWAS approach [12].
However, the identified susceptibility variants from the
GWAS account for little of the heritability of diseases;
applying polygenic architecture profiling [13] by calculat-
ing the polygenic risk score (PRS), which refers to the
cumulative additive effect of disease-associated variants
across the genome, would improve the prediction and may
then be used to explore the polygenic overlap between traits.

Previous PRS analyses showed no association between
MDD PRS and type 2 diabetes (n = 19,858) [14], and between
SCZ PRS and type 2 diabetes in both people of European origin
(n = 1812) and African-Americans (n = 964) [15]; this may
have resulted from the relatively small target sample sizes and
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the PRSbeing derived from aGWASwith insufficient discovery
sample sizes. Furthermore, sex differences in PRS analyses were
not considered. Sex differences have been found in the associa-
tion of family history of psychiatric disorders and family history
of diabetes [16], and the prevalence of type 2 diabetes in the
mothers and fathers of those with psychosis is different
[17]. Paternal and maternal history should be considered
separately while investigating familial aggregation, and
sex differences in genetic overlap should be considered in
molecular studies.

Using a large collection of community samples (~100,000)
from the Taiwan Biobank (TWB), this study aimed to inves-
tigate the association between a family history of common
psychiatric disorders (SCZ, MDD and BPD) and a family
history of type 2 diabetes, and a stratification analysis for
maternal/paternal type 2 diabetes was performed. We further
applied polygenic profiling to calculate PRS, examined the
association of PRS for common psychiatric disorders with
type 2 diabetes, explored the possible modified effect of sex
on the PRS association, and explored the possible mediating
effect of environmental factors on the PRS influence.

Methods

Study participants and measurements The study participants
were recruited from the TWB, which collects information on
lifestyle, health survey information, biochemical tests, physi-
cal examinations and genomic data. More details about
sample recruitment have been described elsewhere [18, 19].
This study was approved by the Central Regional Research
Ethics Committee of China Medical University, Taichung,
Taiwan (CRREC-108-30).

Participants were interviewed face-to-face to obtain
demographic information and self-reported disease diag-
noses, including physical illness and diabetes (type 1
diabetes, type 2 diabetes or gestational diabetes). Family
history of first-degree relatives, including biological
parents and full siblings, was also collected. A total of
105,385 participants were recruited. After removing
participants with insufficient information and those with
self-reported type 1 diabetes and gestational diabetes,
105,184 individuals remained.

Genotyping and quality control Genotyping in 95,238 partic-
ipants were performed using custom TWB chips, and proc-
essed on the Axiom genome-wide array plate system
(Affymetrix, Santa Clara, CA, USA); 26,274 participants
were genotyped using the TWBv1 chip, and 68,964 partici-
pants were genotyped using the TWBv2 chip. We refer to
samples genotyped using the TWBv1 chip as ‘batch 1’ and
those genotyped using the TWBv2 chip as ‘batch 2.’ We
performed quality control for the two batches separately

before imputation. Quality control processes included the
exclusion of variants with a call rate <5%, minor allele
frequency <0.001, and deviation fromHardy–Weinberg equi-
librium with p<1 × 10−6. Participants with a missing rate of
more than 5%were also removed.We used the 504 EAS panel
from the 1000 Genomes Project [20] and the 973 TWB panel
from whole-genome sequencing in TWB participants as the
reference panels to impute genotypes using IMPUTE2 for the
two batches separately (16,537,709 variants for batch 1 and
16,222,535 variants for batch 2), and then retained variants
with imputation info score >0.7 (13,803,712 variants for
batch 1 and 13,586,691 variants for batch 2). A total of
12,605,051 variants were available in both batches and kept
for subsequent PRS calculation. The batch version was adjust-
ed for in the PRS association analyses.

We analysed population stratification using principal
components (PCs) analysis. No population structure
outliers or heterozygosity outliers were found. To remove
cryptic relatedness, we estimated the identity using descent
sharing coefficients (PI-HAT) between any two partici-
pants. For pairwise participants with PI-HAT >0.1875,
one of the study participants was removed [21]. In total,
80,161 unrelated participants were included in the subse-
quent PRS analysis. In the PRS analyses, we excluded
participants with the corresponding diagnosis while calcu-
lating SCZ, MDD, and BPD PRS.

PRS calculation Data from the Psychiatric Genomics
Consortium (PGC) meta-analysis were used as discovery
samples to calculate PRS for SCZ, MDD and BPD. The
SCZ PRS was derived from the Asia PGC of East Asian
descent, which included 22,778 cases and 35,362 control
participants [22]. The MDD PRS was derived from MDD
GWAS of European ancestry (EUR), a meta-analysis of
246,363 cases and 561,190 control participants of European
descent [23], and MDD GWAS of East Asia population
(EAS), a meta-analysis of 13,042 cases and 88,467 control
participants of East Asian descent [24], separately. Summary
statistics for BPD were obtained from a meta-analysis of
20,352 cases and 31,358 control participants of mostly
European descent [25]. For the supplementary analysis, we
calculated PRS for type 2 diabetes based on a GWAS of
East Asian descent, which comprised 77,418 cases and
356,122 control participants [26].

To exclude variants in linkage disequilibrium (LD), all
SNPs (the intersection of kept post-imputation variants and
summary from discovery samples) were subjected to LD
clumping with a pairwise R2 threshold of 0.5, and a sliding
window size of 250 kb. The extracted independent variants
were the same between the two batches. Different p value
thresholds for retrieving variants into sets were defined at 1,
0.5, 0.1, 0.05 and 0.005, which are the thresholds that maxi-
mally capture the heritability of diseases [22, 23, 25]. The PRS
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at non-conservative thresholds have been suggested enriched
to capture the variance of a disease. The PRS was calculated
using PLINK version 1.90 (https://www.cog-genomics.org/
plink2) [27] and normalised to the Z score. The PRS for
SCZ, MDD (EUR), MDD (EAS), BPD and type 2 diabetes
explained 1.0–1.7%, 0.2–0.4%, 0.0%, 0.1–0.2% and 1.5–2.
3%, respectively, of the corresponding disease status in the
TWB (electronic supplementary material [ESM] Table 1).
The PRS derived fromMDD (EUR) explained more variance
for MDD in the TWB than that fromMDD (EAS), thus it was
used in the subsequent PRS association analysis.

Genetic correlation LD score regression [28] was used to
quantify the separated contributions of polygenic influence
and other factors, and to estimate genetic correlation between
type 2 diabetes and psychiatric disorders within the matched
ancestry. In the European population, genetic correlations
between type 2 diabetes [29] and SCZ (PGC2) [30], MDD
(EUR) [23] and BPD [25] were calculated. As the available
large-scale GWAS summary in the Asian population is limit-
ed, we only estimated the genetic correlation between type 2
diabetes [26] and SCZ (Asia PGC) [22] andMDD (EAS) [24].

Statistical analysis The distribution of demographic and clin-
ical characteristics of participants with and without type 2
diabetes is described using numbers and percentages. The χ2

test and unpaired Student’s t test were used to compare the
difference in the distribution between type 2 diabetes and non-
type 2 diabetes patients based on data properties. The temporal
relationship between the initial development of each psychi-
atric disorder and type 2 diabetes among those who had both
disorders was tested.

To investigate the familial aggregation between type 2
diabetes and three common psychiatric disorders, we first
examined the distribution of family history of SCZ, MDD
and BPD by family history of type 2 diabetes. Logistic regres-
sion models adjusted for age, sex, the number of first-degree
relatives, educational attainment, marital status, and self-
reported psychiatric disorders were then used to estimate the
strength of association between the two family histories. For
family history of type 2 diabetes, paternal type 2 diabetes and
maternal type 2 diabetes were also analysed separately to
explore differential parental influence, and the Z test was used
to compare the difference in parental influence. For sensitivity
analyses, familial aggregation analyses were limited to
patients without self-reported type 2 diabetes and without
psychiatric disorders (n = 95,894).

To explore the polygenic overlap between type 2 diabetes
and three common psychiatric disorders, a logistic regression
model with adjustment for age, sex, batch effect and 20 PCs
was used to estimate the association of the PRS for a psychi-
atric disorder with the risk of type 2 diabetes. To detect wheth-
er sex is a moderator, we tested the interaction term between

sex and PRS.When a significant interaction effect was detected,
we reported the strength of the association between PRS and
type 2 diabetes in men and women separately. To explore the
potential mediating effect of obesity, drinking and smoking on
the association of PRS, we further included BMI, regular alcohol
use (>150 ml weekly for >6 months), and regular tobacco use
(>6 months), respectively, in the model to evaluate the corre-
sponding change in the estimates of the PRS.

For the supplementary analysis for polygenic overlap
between type 2 diabetes and common psychiatric disorders,
we tested the association of PRS for type 2 diabetes with the
risk of three psychiatric disorders.

We set the overall significance level at 0.05. Because the
comparisons were carried out between type 2 diabetes and
three psychiatric disorders, the Bonferroni-corrected signifi-
cance level was set at 0.05/3 = 0.017. All statistical analyses
were performed using the SAS statistical package (version 9.4
for Windows; SAS Institute, Cary, NC, USA).

Results

Of the 105,184 participants, 5251 (4.99%) reported that they
had type 2 diabetes. The distribution of demographic and clin-
ical characteristics of participants with type 2 diabetes and
without type 2 diabetes is shown in Table 1. Compared with
those without type 2 diabetes, patients with type 2 diabetes had
a higher mean age (58.35 vs 49.53), a higher proportion of men
(48.70% vs 35.26%),MDD (5.39% vs 3.47%), BPD (1.20% vs
0.64%), regular alcohol use (6.76% vs 5.77%) and tobacco use
(29.12% vs 19.21%), and higher mean BMI (26.20 vs 24.10).
In terms of the temporal relationship, the onset of type 2 diabe-
tes was more frequent after the three psychiatric disorders, but
significance was only found in BPD (ESM Table 2).

The distribution of family history of SCZ, MDD and BPD
by family history of type 2 diabetes, and the adjusted odds
ratios (aORs), adjusted for age, sex, the number of first-
degree relatives, educational attainment, marital status, and
self-reported SCZ, MDD and BPD, and 95% CIs are shown
in Table 2. A family history of type 2 diabetes was associated
with a family history of SCZ (aOR 1.23, 95% CI 1.08, 1.40),
MDD (aOR 1.19, 95% CI 1.13, 1.26) and BPD (aOR 1.26,
95% CI 1.15, 1.39). Compared with paternal type 2 diabetes,
maternal type 2 diabetes was associated with a higher risk for a
family history of SCZ (aOR 1.27, 95% CI 1.11, 1.46 vs aOR
1.04, 95% CI 0.90, 1.22), but the parental difference did not
reach significance (p=0.06). After limiting the study samples to
participants without self-reported type 2 diabetes and psychiat-
ric disorders, the results of the sensitivity analyses remained
similar (ESM Table 3).

The distribution of demographic and clinical characteristics
of 80,161 unrelated participants with GWAS data is shown in
ESMTable 4. The results of the logistic regression analyses of

803Diabetologia  (2022) 65:800–810

https://www.cog-genomics.org/plink2
https://www.cog-genomics.org/plink2


PRS for a psychiatric disorder on type 2 diabetes are shown in
Table 3. A higher PRS for SCZ was associated with a lower
risk of type 2 diabetes, and the signal was most enriched
(explaining the most variance) at a threshold of 0.005 (aOR
0.96, 95% CI 0.93, 0.99, variance explained = 0.03%,
p=0.01). A higher PRS for MDDwas associated with a higher
risk of type 2 diabetes at a threshold of 0.005 (aOR 1.04, 95%
CI 1.00, 1.07, variance explained = 0.02%, p=0.04), although
it did not reach Bonferroni-corrected significance. PRS for
BPD was not associated with type 2 diabetes.

Among the three psychiatric disorders, a modified effect by
sex was only detected for PRS for SCZ. The sex-stratified
results are presented in Table 4. The interaction between sex
and PRS was most enriched at a threshold of 0.05 (p=0.008
for the interaction term); a higher PRS for SCZ was associated
with a lower risk of type 2 diabetes in women (aOR 0.92, 95%
CI 0.88, 0.97, variance explained = 0.08%, p=0.0008) but not

in men (aOR 1.01, 95% CI 0.96, 1.06, variance explained =
0.00%, p=0.75).

After adjusting for BMI (but neither smoking nor drink-
ing), the strength of association of PRS for SCZ with type 2
diabetes reduced toward the null in the total sample and
female sample (ESM Table 5); the results indicate the poten-
tial mediation role of obesity. After adjusting for BMI or
smoking, the strength of association of PRS for MDD with
type 2 diabetes was reduced (ESM Table 6).

For the supplementary analysis, the PRS for type 2 diabetes
was not associated with any psychiatric disorder (ESM
Table 7). There was a positive genetic correlation between
MDD and type 2 diabetes in the European population (rg =
0.13, p=0.00002) and the Asian population (rg = 0.14,
p=0.048) (ESM Table 8). There was a negative genetic corre-
lation between BPD and type 2 diabetes (rg = −0.07, p=0.01)
in the European population. There were small negative genetic
correlations between SCZ and type 2 diabetes in the Asian and
European populations (rg = −0.04 and −0.06, respectively)
but these were not significant (p=0.08 and 0.06, respectively).

Discussion

Using a large collection of community samples from the
TWB, this study explored the underlying mechanisms of the
comorbidity between psychiatric disorders and type 2 diabetes
by investigating familial aggregation and testing for polygenic
overlap using a molecular approach. To the best of our knowl-
edge, this is the first study using PRS for common psychiatric
disorders to predict type 2 diabetes in Asia, and with the larg-
est sample size among community samples to date. We found
that a family history of type 2 diabetes is associated with
family history of all three common psychiatric disorders,
and maternal type 2 diabetes demonstrated a higher strength
of association with SCZ family history than paternal type 2
diabetes did. PRS analyses provided evidence for a signifi-
cantly negative polygenic overlap between SCZ and type 2
diabetes, a suggestive positive polygenic overlap between
MDD and type 2 diabetes, and no polygenic overlap between
BPD and type 2 diabetes. We also provided evidence for the
sex differences in polygenic overlap, with SCZ PRS being
negatively associated with type 2 diabetes in women but not
in men. The mediation analyses showed that the polygenic
effect of SCZ on type 2 diabetes may be partly mediated by
obesity, and the polygenic effect of MDD on type 2 diabetes
may be partly mediated by obesity or smoking.

Our findings of familial aggregation between type 2 diabetes
and common psychiatric disorders are consistent with those of
previous studies [7, 9]. We further showed a stronger maternal
influence in the association of family history of type 2 diabetes
with SCZ, in line with previous research, suggesting that women
demonstrate a more predominant effect of family history of type

Table 1 Distribution of demographic and clinical characteristics
according to presence of type 2 diabetes in 105,184 participants from
the TWB

Characteristic No T2D
(n=99,933)

Self-reported T2D
(n=5251)

p value

n (%) n (%)

Age (years) 49.53 (10.87) 58.35 (7.90) <0.0001

Age <0.0001

<40 23,302 (23.32) 157 (2.99)

40–50 24,415 (24.43) 546 (10.40)

50–60 30,092 (30.11) 1862 (35.46)

≥60 22,124 (22.14) 2686 (51.15)

Male 35,236 (35.26) 2557 (48.70) <0.0001

Self-reported psychiatric disorder

SCZ 190 (0.19) 14 (0.27) 0.2195

MDD 3463 (3.47) 283 (5.39) <0.0001

BPD 635 (0.64) 63 (1.20) <0.0001

Education <0.0001

College or above 56,978 (57.02) 2140 (40.75)

Below college 42,955 (42.98) 3111 (59.25)

Marital statusa <0.0001

Unmarried 13,395 (13.41) 306 (5.83)

Married 73,857 (73.95) 4012 (76.46)

Divorced/separated 8255 (8.27) 465 (8.86)

Death of spouse 4370 (4.38) 464 (8.84)

Regular alcohol use 5769 (5.77) 355 (6.76) 0.0029

Regular tobacco use 19,200 (19.21) 1529 (29.12) <0.0001

BMI (kg/m2) 24.10 (3.72) 26.20 (4.19) <0.0001

Values for age and BMI are means (SD)
a There are 60 missing marital status where 56 are no T2D and four are
self-reported T2D

T2D, type 2 diabetes
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2 diabetes on SCZ and non-affective psychosis than men [16].
The larger maternal influence may represent the role of muta-
tions in mitochondrial DNA, which were inherited from the
mothers. Mitochondrial DNA mutations were identified as high
penetrance risk for type 2 diabetes and were maternally inherited
[31, 32]. In addition,mitochondrial DNAmutations also contrib-
uted to psychiatric disorders [33], which have been linked to
maternal inheritance [34].

To examine PRS association, some previous studies test-
ed the association of PRS for type 2 diabetes with psychi-
atric disorders [35, 36], while our main analyses tested the
association of PRS for psychiatric disorders with type 2
diabetes, and supplementary analyses tested the association
of PRS for type 2 diabetes with psychiatric disorders. As
the prevalence of type 2 diabetes is higher than that of
psychiatric disorders in the TWB, we analysed type 2
diabetes as the outcome to achieve a better power for PRS
association.

This study showed that higher genetic loading for SCZwas
associated with a lower risk of type 2 diabetes, in line with a
previous study using transcriptome-wide expression data and
a machine learning approach to derive SCZ PRS, which found
a negative correlation with HbA1c, an index for diabetes [37].
However, a study with approximately 3000 samples found no
association between SCZ PRS and type 2 diabetes [15], and
another study found that type 2 diabetes PRS was positively
associated with psychotic experiences, including positive
psychotic symptoms and symptoms of thought interference
and psychotic disorder [35].

We observed positive familial aggregation between type 2
diabetes and SCZ, but, in contrast, a negative polygenic over-
lap and negative genetic correlation between them. This
discordant finding implies the importance of environmental
factors in the mechanisms underlying the comorbidity of type
2 diabetes and SCZ. Antipsychotic medication has been
shown to increase the risk of type 2 diabetes [38, 39], hence

Table 4 Sex differences in the association of PRS for schizophrenia with type 2 diabetes

Threshold Male Female p value for sex×PRS for SCZ

aOR (95% CI)a Increased R2 (%)b p value aOR (95% CI)a Increased R2 (%)b p value

p=1 1.03 (0.98, 1.08) 0.01 0.2981 0.95 (0.90, 0.99) 0.04 0.0169 0.0127

p=0.5 1.02 (0.98, 1.07) 0.00 0.3266 0.94 (0.90, 0.99) 0.05 0.0126 0.0115

p=0.1 1.02 (0.97, 1.07) 0.00 0.4897 0.93 (0.89, 0.98) 0.06 0.0028 0.0078

p=0.05 1.01 (0.96, 1.06) 0.00 0.7533 0.92 (0.88, 0.97) 0.08 0.0008 0.0077

p=0.005 0.97 (0.93, 1.02) 0.01 0.2320 0.95 (0.90, 0.99) 0.04 0.0199 0.3866

a Estimated from logistic regression model with adjustment for age, batch effect and 20 PCs
b Increase in Nagelkerke pseudo R2 when adding the PRS into the model including age, sex, batch effect and 20 PCs

Table 3 Association of PRS for common psychiatric disorders with type 2 diabetes

Threshold SCZ PRSa MDD PRSb BPD PRSc

aOR
(95% CI)d

Increased R2

(%)e
p value aOR

(95% CI)d
Increased R2

(%)e
p value aOR

(95% CI)d
Increased R2

(%)e
p value

p=1 0.98 (0.95, 1.02) 0.01 0.3192 1.03 (1.00, 1.07) 0.01 0.0899 0.99 (0.95, 1.02) 0.01 0.4195

p=0.5 0.98 (0.95, 1.01) 0.01 0.2656 1.03 (1.00, 1.07) 0.01 0.0853 0.99 (0.95, 1.02) 0.01 0.4133

p=0.1 0.97 (0.94, 1.01) 0.02 0.0940 1.03 (1.00, 1.07) 0.01 0.0786 0.99 (0.96, 1.02) 0.01 0.4892

p=0.05 0.96 (0.93, 1.00) 0.02 0.0287* 1.03 (1.00, 1.07) 0.01 0.0871 0.99 (0.96, 1.02) 0.01 0.5836

p=0.005 0.96 (0.93, 0.99) 0.03 0.0121† 1.04 (1.00, 1.07) 0.02 0.0439* 0.98 (0.95, 1.01) 0.01 0.2113

a Sample size = 80,020
b Sample size = 77,291
c Sample size = 79,652
d Estimated from logistic regression model with adjustment for age, sex, batch effect and 20 PCs
e Increase in Nagelkerke pseudo R2 when adding the PRS into the model including age, sex, batch effect and 20 PCs
* p value <0.05; † p value <0.017 (Bonferroni-corrected significance level, 0.05/3)
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the association of co-occurrence of SCZ and type 2 diabetes
may be stronger than the genetic correlation between them.

The findings indicate familial aggregation between type 2
diabetes and BPD, but the lack of a polygenic association
between them implies a role of environmental factors in the
mechanisms underlying the comorbidity between type 2
diabetes and BPD. Previous studies have shown that BPD
patients are less active and more sedentary than healthy partic-
ipants [40], which may subsequently increase the risk of
diabetes [41, 42], However, the lack of association for BPD
PRS may be due to the relatively limited statistical power for
analyses of BPD PRS, which was derived from a GWASwith
an insufficient discovery sample size of unmatched ancestry.

In addition to familial aggregation between type 2 diabetes
and MDD, this study provides further evidence for polygenic
overlap and genetic correlation between them. In a recent
study using the UK Biobank, PRS for cardiometabolic traits,
including type 2 diabetes, BMI, coronary artery disease, isch-
aemic and small vessel disease, was associated with an
increased risk of MDD [36]. Twin studies also support the
genetic correlation between MDD and type 2 diabetes [10,
43]. Taken together, these findings suggest a shared genetic
aetiology for the mechanism underlying comorbidity between
type 2 diabetes and MDD. Depressive symptoms have been
shown to have a low fractional anisotropy [44], which is also
linked to more negative self-referential thinking [45]. A brain
imaging study showed that type 2 diabetes PRS was associat-
ed with low fractional anisotropy, which mediates the associ-
ation of type 2 diabetes PRS with cognitive impairments [46].

Sex differences in genetic influence are an important issue.
The genetic correlation between type 2 diabetes and depression
was observed only in women in twin studies [10, 43]. A
Mendelian randomisation study identified sex-specific genetic
variants as instrumental variables for testosterone, and found that
female-specific testosterone levels showed a positive causal rela-
tionship with BMI and waist circumference, whereas male-
specific testosterone level showed positive causality with hip
circumference but negative causality with type 2 diabetes [47].
The present study added evidence for sex differences in PRS
association, with the SCZ PRS being negatively associated with
type 2 diabetes in women only. These findings suggest that the
genetic effect on human diseases, especially metabolic-related
traits, may be modified by sex. A recent population-based health
outcome study showed that SCZ was associated with mortality
risk in patients with type 2 diabetes, particularly in men, and an
adverse effect of SCZ on post-complication mortality risk was
observed in men only [48].

Evidence has shown that obesity, smoking and alcohol
consumption are risk factors for type 2 diabetes [49], and the
present study further suggests that the polygenic effect of psychi-
atric disorders on type 2 diabetes may be partly mediated by
these risk factors, e.g. the polygenic effect of SCZ is mediated
by obesity, and the polygenic effect of MDD is mediated by

obesity or smoking. This implied that prevention in terms of
these modifiable risk factors is crucial for intervention for type
2 diabetes.

This study has some limitations. First, the phenotypes of
type 2 diabetes and common psychiatric disorders were
obtained by retrospective self-reporting, which may have led
to recall bias and resulted in misclassification and underesti-
mation of the prevalence of diseases. We evaluated the accu-
racy of the self-reported disease status with the ICD diagnosis,
including ICD-9 (http://www.icd9data.com/2007/Volume1/
default.htm) and ICD-10 (http://apps.who.int/classifications/
icd10/browse/2016/en), in the Taiwan National Health
Insurance Research Database, and the tetrachoric
correlations for SCZ, MDD, BPD and type 2 diabetes were
0.95, 0.82, 0.72 and 0.91, respectively. We assume that this
misclassification did not vary among individuals with
different genetic loadings. Hence, the reported strength of
association for PRS would be underestimated given non-
differential misclassification. Second, our measures of covar-
iates were limited by the cross-sectional nature of the study.
Longitudinal measures for BMI, smoking and alcohol
consumption were lacking, and there was not enough infor-
mation for these covariates before and after type 2 diabetes
onset. Although we attempted to explore the possible mediat-
ing effect of these environmental covariates on the polygenic
influence on type 2 diabetes, the causative pathway could not
be clearly distinguished. Also, the psychiatric medications
used were unknown, and their role in the aetiology of type 2
diabetes warrants further investigations. Third, in the analysis
of family history association, we did not control for the condi-
tion that one of the parents has type 2 diabetes and the other
has any psychiatric disorder. Assortative mating, e.g., paternal
type 2 diabetes with maternal psychiatric disorders or vice
versa, may contribute to observed familial aggregation;
however, spousal correlation between type 2 diabetes and
psychiatric disorders has been shown to be limited [50].
Fourth, our study participants were limited to individuals of
Taiwanese ancestry, and our results may not be generalisable
to other ancestries. Fifth, the SNP-based PRS did not capture
the total heritability from the family studies. Using cross-
ancestry GWAS results to derive PRS may lead to a low
prediction [51] as genetic architecture may differ across popu-
lations. When using European ancestry as discovery samples,
the prediction performance in target samples of Asian or
African ancestry was reduced by 37–78% compared with that
in target samples of European ancestry [52]. In this study, the
PRS for MDD (EUR), in which the variance of MDD
explained by the PRS was 3.2% [23], explained only 0.4%
of MDD in the TWB samples; the BPD PRS derived from
European ancestry, in which the variance of BPD explained
by the PRS was 8% [25], explained only 0.2% of BPD in the
TWB samples. For comparison, the SCZ PRS derived from
matched ancestry (Asia PGC), in which the variance of SCZ
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explained by the PRS was approximately 3% [22], explained
approximately 2% of SCZ in the TWB samples. Hence, the
power of the PRS analysis is higher for SCZ in this study.
Most large-scale GWAS have been performed in individuals
of European ancestry, with only a few reported in individuals
of Asian ancestry (such as SCZ). Some modest-scale GWAS
of BPD have been performed in Asian populations, e.g. a
study with a sample size of 1822 cases and 4650 control
participants among a Han Chinese population [53] and a study
with 2964 cases and 61,887 control participants among a
Japanese population [54]. A moderate-scale GWAS of
MDD (EAS) in an Asian population has recently been
published [24]; however, the PRS derived from matched
ancestry (EAS) did not lead to a better prediction of MDD
in the TWB samples than the PRS derived from non-
matched ancestry (EUR) with a much larger sample size. In
addition to the issue of cross-ancestry prediction, the sample
size for the discovery sample is crucial for PRS prediction.
Further large-scale genetic research in individuals of diverse
ancestries is needed to mitigate the health disparities that exist
across the populations [55].

Conclusion These findings of familial aggregation between
type 2 diabetes and common psychiatric disorders indicate
that the comorbidity of type 2 diabetes with psychiatric disor-
ders may be explained by shared familial factors, including
not only shared environmental factors but also genetic back-
ground. The findings of shared polygenic loading between
type 2 diabetes and MDD implies not only pleiotropy but also
a shared genetic aetiology for the mechanism behind the
comorbidity. The negative correlation between polygenic
loading for SCZ and type 2 diabetes implies a role for envi-
ronmental factors, such as a mediating effect of obesity.
Further studies are necessary to develop suitable preventive
interventions and treatment plans in the initial development of
type 2 diabetes and its comorbidity with psychiatric disorders.

Supplementary Information The online version contains peer-reviewed
but unedited supplementary material available at https://doi.org/10.1007/
s00125-022-05665-x.

Authors’ relationships and activities CYC is an employee of Biogen.
The remaining authors declare that there are no relationships or activities
that might bias, or be perceived to bias, their work.

Contribution statement SHW conceptualised and designed the study.
MHS and YHS drafted the manuscript and performed the data analysis.
YFL, PCC, CYC, PCH, YJP, YLL, SJT, PHK, CSW and YTH
interpreted the results and critically revised the draft. All authors reviewed
and approved the final manuscript. SHW is responsible for the integrity of
the work as a whole.

Supplementary Information The online version contains peer-reviewed
but unedited supplementary material available at https://doi.org/10.1007/
s00125-022-05665-x.

References

1. Das-Munshi J, Ashworth M, Dewey ME et al (2017) Type 2 diabe-
tes mellitus in people with severe mental illness: inequalities by
ethnicity and age. Cross-sectional analysis of 588 408 records from
the UK. Diabet Med 34(7):916–924. https://doi.org/10.1111/dme.
13298

2. Ward M, Druss B (2015) The epidemiology of diabetes in
psychotic disorders. Lancet Psychiatry 2(5):431–451. https://doi.
org/10.1016/S2215-0366(15)00007-3

3. Calkin C, Gardner D, Ransom T, Alda M (2013) The relationship
between bipolar disorder and type 2 diabetes: more than just co-
morbid disorders. Ann Med 45(2):171–181

4. Lustman P, Clouse R (2005) Depression in diabetic patients: the
relationship between mood and glycemic control. J Diabetes
Complicat 19(2):113–122

5. Wu C, Hsu L,Wang S (2020) Association of depression and diabe-
tes complications and mortality: a population-based cohort study.
Epidemiol Psychiatr Sci 29:e96

6. Toender A, Vestergaard M, Munk-Olsen T, Larsen J, Kristensen J,
Laursen T (2020) Risk of diabetic complications and subsequent
mortality among individuals with schizophrenia and diabetes – a
population-based register study. Schizophr Res 218:99–106.
https://doi.org/10.1016/j.schres.2020.01.024

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

8. Mothi SS, Tandon N, Padmanabhan J et al (2015) Increased cardio-
metabolic dysfunction in first-degree relatives of patients with
psychotic disorders. Schizophr Res 165(1):103–107. https://doi.
org/10.1016/j.schres.2015.03.034

9. Huang MH, Chen MH, Huang KL et al (2019) Increased risk of
type 2 diabetes among the siblings of patients with schizophrenia.
CNS Spectrums 24(4):453–459. https://doi.org/10.1017/
S1092852918001396

10. Kan C, Pedersen NL, Christensen K et al (2016) Genetic overlap
between type 2 diabetes and depression in Swedish andDanish twin
registries. Mol Psychiatry 21(7):903–909. https://doi.org/10.1038/
mp.2016.28

11. Winham SJ, Cuellar-Barboza AB, Oliveros A et al (2014) Genome-
wide association study of bipolar disorder accounting for effect of
body mass index identifies a new risk allele in TCF7L2. Mol
Psychiatry 19(9):1010–1016. https://doi.org/10.1038/mp.2013.159

12. Haljas K, Amare AT, Alizadeh BZ et al (2018) Bivariate genome-
wide association study of depressive symptoms with type 2 diabetes
and quantitative glycemic traits. Psychosom Med 80(3):242–251.
https://doi.org/10.1097/PSY.0000000000000555

13. International Schizophrenia Consortium, Purcell SM, Wray NR
et al (2009) Common polygenic variation contributes to risk of
schizophrenia and bipolar disorder. Nature 460(7256):748–752.
https://doi.org/10.1038/nature08185

14. Clarke TK, Obsteter J, Hall LS et al (2017) Investigating shared
aetiology between type 2 diabetes and major depressive disorder in
a population based cohort. Am J Med Genet B Neuropsychiatr
Genet 174(3):227–234. https://doi.org/10.1002/ajmg.b.32478

15. Padmanabhan JL, Nanda P, Tandon N et al (2016) Polygenic risk
for type 2 diabetes mellitus among individuals with psychosis and
their relatives. J Psychiatr Res 77:52–58. https://doi.org/10.1016/j.
jpsychires.2016.02.015

16. Foley DL, Mackinnon A, Morgan VA et al (2016) Common famil-
ial risk factors for schizophrenia and diabetes mellitus. Aust N Z J
Psychia t ry 50(5 ) :488–494. h t tps : / /do i .o rg /10 .1177/
0004867415595715

808 Diabetologia  (2022) 65:800–810

https://doi.org/10.1007/s00125-022-05665-x
https://doi.org/10.1007/s00125-022-05665-x
https://doi.org/10.1007/s00125-022-05665-x
https://doi.org/10.1007/s00125-022-05665-x
https://doi.org/10.1111/dme.13298
https://doi.org/10.1111/dme.13298
https://doi.org/10.1016/S2215-0366(15)00007-3
https://doi.org/10.1016/S2215-0366(15)00007-3
https://doi.org/10.1016/j.schres.2020.01.024
https://doi.org/10.1016/j.schres.2015.03.034
https://doi.org/10.1016/j.schres.2015.03.034
https://doi.org/10.1017/S1092852918001396
https://doi.org/10.1017/S1092852918001396
https://doi.org/10.1038/mp.2016.28
https://doi.org/10.1038/mp.2016.28
https://doi.org/10.1038/mp.2013.159
https://doi.org/10.1097/PSY.0000000000000555
https://doi.org/10.1038/nature08185
https://doi.org/10.1002/ajmg.b.32478
https://doi.org/10.1016/j.jpsychires.2016.02.015
https://doi.org/10.1016/j.jpsychires.2016.02.015
https://doi.org/10.1177/0004867415595715
https://doi.org/10.1177/0004867415595715


17. Fernandez-Egea E, Miller B, BernardoM, Donner T, Kirkpatrick B
(2008) Parental history of type 2 diabetes in patients with
nonaffective psychosis. Schizophr Res 98(1–3):302–306

18. Chen CH, Yang JH, Chiang CWK et al (2016) Population structure
of Han Chinese in the modern Taiwanese population based on 10,
000 participants in the Taiwan biobank project. Hum Mol Genet
25(24):5321–5331. https://doi.org/10.1093/hmg/ddw346

19. Fan C-T, Lin J-C, Lee C-H (2008) Taiwan biobank: a project
aiming to aid Taiwan’s transition into a biomedical island.
Pharmacogenomics 9:235–246. https://doi.org/10.2217/14622416.
9.2.235

20. 1000Genomes Project Consortium, AutonA, Brooks L et al (2015)
A global reference for human genetic variation. Nature 526(7571):
68–74. https://doi.org/10.1038/nature15393

21. Lancaster F. Genetic and Quantitative Aspects of Genealogy 2005
[updated 2015. Available from: http://www.genetic-genealogy.co.
uk/Toc115570135.html

22. Lam M, Chen CY, Li Z et al (2019) Comparative genetic architec-
tures of schizophrenia in east Asian and European populations. Nat
Genet 51(12):1670–1678. https://doi.org/10.1038/s41588-019-
0512-x

23. Howard DM, Adams MJ, Clarke TK et al (2019) Genome-wide
meta-analysis of depression identifies 102 independent variants
and highlights the importance of the prefrontal brain regions. Nat
Neurosci 22(3):343–352. https://doi.org/10.1038/s41593-018-
0326-7

24. Giannakopoulou O, Lin K, Meng X et al (2021) The genetic archi-
tecture of depression in individuals of east Asian ancestry: a
genome-wide association study. JAMA Psychiatry 78(11):1258–
1269. https://doi.org/10.1001/jamapsychiatry.2021.2099

25. Stahl EA, Breen G, Forstner AJ et al (2019) Genome-wide associ-
ation study identifies 30 loci associated with bipolar disorder. Nat
Genet 51(5):793–803. https://doi.org/10.1038/s41588-019-0397-8

26. Spracklen C, HorikoshiM, KimY et al (2020) Identification of type
2 diabetes loci in 433,540 east Asian individuals. Nature
582(7811):240–245. https://doi.org/10.1038/s41586-020-2263-3

27. Chang C, Chow C, Tellier L, Vattikuti S, Purcell S, Lee J (2015)
Second-generation PLINK: rising to the challenge of larger and
richer datasets. Gigascience 4:7

28. Bulik-Sullivan B, Finucane HK, Anttila V et al (2015) An atlas of
genetic correlations across human diseases and traits. Nat Genet
47(11):1236–1241. https://doi.org/10.1038/ng.3406

29. Mahajan A, Taliun D, Thurner M et al (2018) Fine-mapping type 2
diabetes loci to single-variant resolution using high-density impu-
tation and islet-specific epigenome maps. Nat Genet 50(11):1505–
1513. https://doi.org/10.1038/s41588-018-0241-6

30. Schizophrenia Psychiatric Genome-Wide Association Study
Consortium (2014) Biological insights from 108 schizophrenia-
associated genetic loci. Nature 511(7510):421–427. https://doi.
org/10.1038/nature13595

31. Maassen J, 'T Hart L, Van Essen E et al (2004) Mitochondrial
diabetes: molecular mechanisms and clinical presentation.
Diabetes Care 53(Suppl 1):S103-S109.

32. van den Ouweland J, Lemkes H, Ruitenbeek W et al (1992)
Mutation in mitochondrial tRNA(Leu)(UUR) gene in a large pedi-
gree with maternally transmitted type II diabetes mellitus and deaf-
ness. Nat Genet 1(5):368–371. https://doi.org/10.1038/ng0892-368

33. Machado A, Pan A, da Silva T, Duong A, Andreazza A (2016)
Upstream pathways controlling mitochondrial function in major
psychosis: a focus on bipolar disorder. Can J Psychiatr 61(8):
446–456. https://doi.org/10.1177/0706743716648297

34. Lichtenstein P, Yip B, Björk C et al (2009) Common genetic deter-
minants of schizophrenia and bipolar disorder in Swedish families:
a population-based study. Lancet 373(9659):234–239. https://doi.
org/10.1016/S0140-6736(09)60072-6

35. Perry B, Jones H, Richardson T et al (2020) Common mechanisms
for type 2 diabetes and psychosis: findings from a prospective birth
cohort. Schizophr Res 223:227–235. https://doi.org/10.1016/j.
schres.2020.08.006

36. Hagenaars S, Coleman J, Choi S et al (2020) Genetic comorbidity
between major depression and cardio-metabolic traits, stratified by
age at onset of major depression. Am J Med Genet B
Neuropsychiatr Genet 183(6):309–330. https://doi.org/10.1002/
ajmg.b.32807

37. Cao H, Chen J, Meyer-Lindenberg A, Schwarz E (2017) A poly-
genic score for schizophrenia predicts glycemic control. Transl
Psychiatry 7(12):1295

38. Rajkumar AP, Horsdal HT, Wimberley T et al (2017) Endogenous
and antipsychotic-related risks for diabetes mellitus in young
people with schizophrenia: a Danish population-based cohort study.
Am J Psychiatry 174(7):686–694. https://doi.org/10.1176/appi.ajp.
2016.16040442

39. Vancampfort D, Correll CU, Galling B et al (2016) Diabetes
mellitus in people with schizophrenia, bipolar disorder and major
depressive disorder: a systematic review and large scale meta-anal-
ysis. World Psychiatry 15(2):166–174. https://doi.org/10.1002/
wps.20309

40. Janney C, Fagiolii A, Swartz H, Jakicic J, Holleman R, Richardson
C (2014) Are adults with bipolar disorder active? Objectively
measured physical activity and sedentary behavior using acceler-
ometry. J Affect Disord 152-154:498–504. https://doi.org/10.1016/
j.jad.2013.09.009

41. ZhengY, Ley S, Hu F (2018)Global aetiology and epidemiology of
type 2 diabetes mellitus and its complications. Nat Rev Endocrinol
14(2):88–98. https://doi.org/10.1038/nrendo.2017.151

42. Pandey A, Chawla S, Guchhait P (2015) Type 2 diabetes: current
understanding and future perspectives. IUBMB Life 67(7):506–
513. https://doi.org/10.1002/iub.1396

43. Kan C, Jayaweera K, Adikari A et al (2020) Genetic overlap
between type 2 diabetes and depression in a Sri Lankan population
twin sample. Psychosom Med 82(2):247–253. https://doi.org/10.
1097/PSY.0000000000000771

44. Smagula S, Stahl S, Santini T et al (2020) White matter integrity
underlying depressive symptoms in dementia caregivers. Am J
Geriatr Psychiatry 28(5):578–582. https://doi.org/10.1016/j.jagp.
2019.11.010

45. Victoria L, Alexopoulos G, Ilieva I et al (2019)White matter abnor-
malities predict residual negative self-referential thinking following
treatment of late-life depression with escitalopram: a preliminary
study. J Affect Disord 243:62–69. https://doi.org/10.1016/j.jad.
2018.09.013

46. Repple J, König A, de Lange S et al (2021) Association between
genetic risk for type 2 diabetes and structural brain connectivity in
major depressive disorder. Biol Psychiatry Cogn Neurosci
Neuroimaging. https://doi.org/10.1016/j.bpsc.2021.02.010

47. Flynn E, Tanigawa Y, Rodriguez F, Altman R, Sinnott-Armstrong
N, Rivas M (2021) Sex-specific genetic effects across biomarkers.
Eur J Hum Genet 29(1):154–163. https://doi.org/10.1038/s41431-
020-00712-w

48. Chan J, Wong C, Or P, Chen E, Chang W (2021) Risk of mortality
and complications in patients with schizophrenia and diabetes
mellitus: population-based cohort study. Br J Psychiatry 219(1):
375–382. https://doi.org/10.1192/bjp.2020.248

49. Yuan S, Larsson S (2020) An atlas on risk factors for type 2 diabe-
tes: a wide-angled Mendelian randomisation study. Diabetologia
63(11):2359–2371. https://doi.org/10.1007/s00125-020-05253-x

50. Nordsletten A, Larsson H, Crowley J, Almqvist C, Lichtenstein P,
Mataix-Cols D (2016) Patterns of nonrandom mating within and
across 11 major psychiatric disorders. JAMA Psychiatry 73(4):
354–361. https://doi.org/10.1001/jamapsychiatry.2015.3192

809Diabetologia  (2022) 65:800–810

https://doi.org/10.1093/hmg/ddw346
https://doi.org/10.2217/14622416.9.2.235
https://doi.org/10.2217/14622416.9.2.235
https://doi.org/10.1038/nature15393
http://www.genetic-genealogy.co.uk/Toc115570135.html
http://www.genetic-genealogy.co.uk/Toc115570135.html
https://doi.org/10.1038/s41588-019-0512-x
https://doi.org/10.1038/s41588-019-0512-x
https://doi.org/10.1038/s41593-018-0326-7
https://doi.org/10.1038/s41593-018-0326-7
https://doi.org/10.1001/jamapsychiatry.2021.2099
https://doi.org/10.1038/s41588-019-0397-8
https://doi.org/10.1038/s41586-020-2263-3
https://doi.org/10.1038/ng.3406
https://doi.org/10.1038/s41588-018-0241-6
https://doi.org/10.1038/nature13595
https://doi.org/10.1038/nature13595
https://doi.org/10.1038/ng0892-368
https://doi.org/10.1177/0706743716648297
https://doi.org/10.1016/S0140-6736(09)60072-6
https://doi.org/10.1016/S0140-6736(09)60072-6
https://doi.org/10.1016/j.schres.2020.08.006
https://doi.org/10.1016/j.schres.2020.08.006
https://doi.org/10.1002/ajmg.b.32807
https://doi.org/10.1002/ajmg.b.32807
https://doi.org/10.1176/appi.ajp.2016.16040442
https://doi.org/10.1176/appi.ajp.2016.16040442
https://doi.org/10.1002/wps.20309
https://doi.org/10.1002/wps.20309
https://doi.org/10.1016/j.jad.2013.09.009
https://doi.org/10.1016/j.jad.2013.09.009
https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1002/iub.1396
https://doi.org/10.1097/PSY.0000000000000771
https://doi.org/10.1097/PSY.0000000000000771
https://doi.org/10.1016/j.jagp.2019.11.010
https://doi.org/10.1016/j.jagp.2019.11.010
https://doi.org/10.1016/j.jad.2018.09.013
https://doi.org/10.1016/j.jad.2018.09.013
https://doi.org/10.1016/j.bpsc.2021.02.010
https://doi.org/10.1038/s41431-020-00712-w
https://doi.org/10.1038/s41431-020-00712-w
https://doi.org/10.1192/bjp.2020.248
https://doi.org/10.1007/s00125-020-05253-x
https://doi.org/10.1001/jamapsychiatry.2015.3192


51. Martin AR, Gignoux CR, Walters RK et al (2017) Human demo-
graphic history impacts genetic risk prediction across diverse popu-
lations. Am J Hum Genet 100:635–649. https://doi.org/10.1016/j.
ajhg.2017.03.004

52. Duncan L, Shen H, Gelaye B et al (2019) Analysis of polygenic risk
score usage and performance in diverse human populations. Nat
Commun 10(1):3328

53. Li H, Zhang C, Hui L et al (2021) Novel risk loci associated with
genetic risk for bipolar disorder among Han Chinese individuals: a
genome-wide association study and Meta-analysis. JAMA
Psychiatry 78(3):320–330. https://doi.org/10.1001/jamapsychiatry.
2020.3738

54. Ikeda M, Takahashi A, Kamatani Y et al (2018) A genome-wide
association study identifies two novel susceptibility loci and trans
population polygenicity associated with bipolar disorder. Mol
Psychiatry 23(3):639–647. https://doi.org/10.1038/mp.2016.259

55. Martin A, Kanai M, Kamatani Y, Okada Y, Neale B, Daly M
(2019) Clinical use of current polygenic risk scores may exacerbate
health disparities. Nat Genet 51(4):584–591. https://doi.org/10.
1038/s41588-019-0379-x

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

810 Diabetologia  (2022) 65:800–810

https://doi.org/10.1016/j.ajhg.2017.03.004
https://doi.org/10.1016/j.ajhg.2017.03.004
https://doi.org/10.1001/jamapsychiatry.2020.3738
https://doi.org/10.1001/jamapsychiatry.2020.3738
https://doi.org/10.1038/mp.2016.259
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1038/s41588-019-0379-x

	Familial aggregation and shared genetic loading for major psychiatric disorders and type 2 diabetes
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References




