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OBJECTIVE

Previous studies have investigated the incidence of type 2 diabetes in individuals
with psychiatric disorders, but most studies have focused on a specific psychiatric
disorder or a selected sample. More population-based studies are needed to
determine these associations in representative samples. We therefore aimed to
determine these associations in a nationwide, register-based dynamic cohort
study.

RESEARCH DESIGN AND METHODS

We analyzed data from 5,005,612 adults living in Denmark between 1995 and
2018, without prior diabetes. We investigated 10 different categories of psychiat-
ric disorders and a composite group with any psychiatric disorder. Individuals
with a psychiatric disorder were compared with individuals without using multi-
variable-adjusted Poisson regression to estimate incidence rate ratios (IRR) of
type 2 diabetes.We modeled age-specific incidence rates (IR) for individuals with
and without the specific psychiatric disorder. All models were stratified by sex.

RESULTS

In total, 334,739 individuals developed type 2 diabetes during follow-up. For all
investigated categories of psychiatric disorders, we found increased IR of type 2
diabetes for individuals with versus those without a psychiatric disorder (IRR:
men, 1.47 [95% CI 1.45–1.50]; women, 1.65 [95% CI 1.62–1.68]). When we exam-
ined age-specific IR, the largest differences were found in the younger population
(<50 years).

CONCLUSIONS

We found that the IR of type 2 diabetes was higher in individuals with a psychiat-
ric disorder compared with individuals without a psychiatric disorder and particu-
larly high in the younger people with a psychiatric disorder. New studies into the
prevention and early detection of type 2 diabetes in these groups are warranted.

Psychiatric disorders are common: the lifetime prevalence of any psychiatric disor-
der is estimated to be 29% for the world’s population (1). Individuals with a psychi-
atric disorder often not only have impaired quality of life (2), but are also at
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increased risk for multimorbid medical
conditions (3,4) and have higher mortal-
ity rates equal to a reduced life expec-
tancy of up to 15 years (5,6).
Several systematic reviews based on

longitudinal studies have concluded that
individuals with a psychiatric disorder,
such as depression, insomnia, or an anxi-
ety disorder, are at increased risk of
developing type 2 diabetes (7). However,
most often, the studies focus on a single
psychiatric disorder or investigate a sel-
ected sample. New population-based lon-
gitudinal studies with a focus on different
psychiatric disorders are needed to fur-
ther increase the understanding of the
risk of developing type 2 diabetes in indi-
viduals with a psychiatric disorder (7). In a
recent nationwide, register-based cohort,
Momen et al. (3) studied the associations
between a broad range of psychiatric dis-
orders and multiple medical conditions,
including diabetes. Across all investigated
psychiatric disorders, Momen et al. (3)
detected increased incidence of diabetes
in individuals with a psychiatric disorder
compared with individuals without the
psychiatric disorder of interest. However,
the reported analyses did not differ bet-
ween type 1 and type 2 diabetes, and
the analyses were not adjusted for socio-
economic status or addressed potential
age-specific differences.
In addition to focusing on incident

type 2 diabetes in a broad range of psy-
chiatric disorders, attention for sex- and
age-specific differences is warranted.
Sex differences in the prevalence of psy-
chiatric disorders have been a stable
finding in research (8). Internalizing psy-
chiatric disorders, such as depression
and anxiety disorders, are more com-
mon among women, whereas externaliz-
ing disorders, such as substance use
disorders and behavioral disorders, are
more common among men (9). These dif-
ferences emphasize the need to take sex
into account as a potential effect modifier
when exploring the incidence of type 2
diabetes in individuals with a psychiatric
disorder. Furthermore, age at onset of dif-
ferent psychiatric disorders as well as age
at onset of type 2 diabetes differs (10,
11). In a review from 2015, it is high-
lighted that individuals with a psychiatric
disorder have earlier onset of type 2
compared with individuals without a psy-
chiatric disorder (12), but the finding is
based solely on studies focusing on indi-
viduals with schizophrenia. Therefore,

more knowledge on the age-specific
incidence of type 2 diabetes in people
with different psychiatric disorders is
required to ensure optimal timed pre-
ventative approaches as well as early
detection. To the best of our knowl-
edge, more detailed information from
large, population-based studies focus-
ing on a broad range of psychiatric
disorders and incident type 2 diabetes
is currently lacking.

Therefore, the aim of this study is to
fill this gap in the scientific literature by
investigating the risk of incident type 2
diabetes with respect to different psychi-
atric disorders in the entire adult Danish
population. Specifically, we aim to deter-
mine the overall, sex-specific incidence
rate ratios (IRR) and sex- and age-specific
incidence rates (IR) for individuals with a
diagnosed psychiatric disorder compared
with individuals without a diagnosed psy-
chiatric disorder of interest.

RESEARCH DESIGN AND METHODS

Denmark has population-wide registers
covering many aspects of life, including
socioeconomic conditions, migration, and
health care–related aspects (13). All
Danish residents are assigned a personal
registration number (CPR-number) at
birth or immigration (14); this number is
used to link data from different Danish
national registers at an individual level. In
this nationwide, register-based dynamic
cohort study, we included all individuals
($18 years old) living in Denmark during
the study period (1 January 1995 to 31
December 2018). The study used a
dynamic cohort design, which means that
new adults were continuously included in
the study cohort. Thus, for all individuals,
study entry was defined at 1 January
1995 or at the date when they turned
18 years old, whichever came later.

Ethical Considerations
The study was approved by the Danish
Data Protection Agency. According to
Danish law, informed consent is not req-
uired for register-based studies. Auth-
orization to data access is given by the
Danish National Health Data Authority
and requires permission from the Danish
Data Protection Agency.

Definition of Type 2 Diabetes
Information on type 2 diabetes was
obtained from a nationwide diabetes

register (11) constructed using data
from all available Danish health care
registers containing diabetes-related infor-
mation (the National Patient Register [15],
the National Health Services Register [16],
the National Prescription Register [17], the
Danish Adult Diabetes Database [18], and
the Danish Registry of Diabetic Retinopa-
thy [19]). The date of incident type 2 dia-
betes was defined as the first record of
type 2 diabetes in the nationwide diabe-
tes register during the study period.
As the focus of the study was on incident
type 2 diabetes, we excluded all individu-
als with type 2 diabetes registered before
entry to study or within the first year of
the study period (n = 65,638).

Definition of Psychiatric Disorders
Psychiatric disorders were defined based
on information from the Danish Psychiat-
ric Central Research Register (PCRR) dur-
ing the study period (20). The PCRR
contains information on all admissions to
psychiatric hospitals since 1969 and all
outpatients and emergency contacts since
1 January 1995 (20). Psychiatric disorders
were defined based on subcategories
from ICD-10, the Diagnostic Research Cri-
teria subchapter F (see Table 1 for a full
overview of definitions for each psychiat-
ric disorder) (21). These definitions have
previously been used in several nation-
wide register-based studies (3,5,10,22). In
total, 10 categories of psychiatric disor-
ders were defined. Additionally, we inc-
luded a composite category comprising
any psychiatric disorder. The date of diag-
nosis for each psychiatric disorder of
interest was defined as the earliest date
of diagnosis for the specific disorder in
the PCRR during the study period.

Definition of Covariables
Sociodemographic characteristics of the
study population included sex, age, mig-
ration status, and highest level of edu-
cation. Migration status and level of
education were included as covariables
due to their association with both psy-
chiatric disorders and type 2 diabetes
(23–26). All covariables were measured
at entry to study: sex, age, and migra-
tion status were extracted from The
Danish Civil Registration System (14).
Age and calendar time were counted in
years. Migration status was defined
based on country of origin, and all indi-
viduals born outside Denmark were
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classified as immigrants. Data on high-
est level of education were extracted
from the Educational Attainment Regis-
ter (27,28) and divided into three cate-
gories (lower secondary or below, upper
secondary, and tertiary or above) acc-
ording to the International Standard
Classification of Education (29). Individ-
uals with missing data regarding educa-
tion level were excluded from the
analyses (n = 504,914).

Study Design
We followed individuals from study
entry until: 1) date of a diagnosis with
type 2 diabetes (outcome), 2) date of
emigration, 3) date of death, or 4) end
of study period (31 December 2018),
whichever came first. For each psychiat-
ric disorder, we estimated incidence of
type 2 diabetes during the follow-up
period for individuals with and without
the psychiatric disorder, respectively.
Psychiatric disorders were considered as

time-varying factors (i.e., during the
study period, individuals were consid-
ered as unexposed to the specific psy-
chiatric disorder until the first diagnosis
of the specific disorder and then consid-
ered as exposed to the psychiatric disor-
der afterward). If an individual had
several psychiatric disorders at the
same time, the individual contributed
with risk time for each of the psychiatric
disorders simultaneously.

Statistical Analyses
We calculated mean and SD for continu-
ous variables and frequencies and per-
centages for categorial and binary
variables. x2 tests for categorical and
binary covariables and independent t
tests for continuous covariables were
performed to assess differences in the
distribution between individuals with
and without a psychiatric disorder. Fur-
thermore, we calculated median (inter-
quartile range) of age of type 2 diabetes

for individuals with and without a psychi-
atric disorder.

We applied different multistate mod-
els (one for each category of psychiatric
disorders) stratified by sex to provide
overview of the individuals and their
transitions during the study period (see
examples in Supplementary Appendix 1).
IRR for the occurrence of type 2 diabetes
were estimated with multivariable adjusted
Poisson regression models using log-per-
son-time as the offset variable. Risk time
(follow-up time) was split into 1-year
band intervals by the timescale age. The
Poisson regression models were strati-
fied by sex. We conducted two versions
of Poisson regression models: a model
adjusted for age and calendar year
(model A) and a model adjusted for age,
calendar year, migration status, and level
of education (model B). The continuous
covariables (age and calendar year) were
considered as time-varying factors, the
effects of which were modeled with

Table 1—Diagnostic classification of psychiatric disorders investigated in this study according to the ICD-10

Psychiatric disorder Abbreviated name used in this study ICD-10 codes

Any psychiatric disorder; includes all
psychiatric disorders in ICD-10

Any psychiatric disorder F00–F99

Organic, including symptomatic, psychiatric
disorders; includes dementia in Alzheimer
disease, vascular dementia, etc.

Organic disorders F00–F09

Mental and behavioral disorders due to
psychoactive substance use; includes use
of alcohol, cannabis, cocaine, nicotine,
opioids, sedatives, hypnotics, anxiolytics,
etc.

Substance use disorders F10–F19

Schizophrenia and related disorders;
includes schizophrenia, schizotypal
disorders, schizoaffective disorders, and
other psychotic disorders

Schizophrenia F20–F29

Mood disorders; includes bipolar disorder,
depressive disorders, etc.

Mood disorders F30–F39

Neurotic, stress-related, and somatoform
disorders; includes anxiety disorders,
phobias, obsessive-compulsive disorders,
etc.

Neurotic disorders F40–F48

Eating disorders; includes anorexia nervosa,
bulimia nervosa, etc.

Eating disorders F50

Specific personality disorders Personality disorders F60

Intellectual disabilities Intellectual disabilities F70–F79

Pervasive developmental disorders; includes
autism spectrum disorder

Developmental disorders F84

Behavioral and emotional disorders with
onset usually occurring in childhood and
adolescence; includes attention-deficit/
hyperactivity disorder, conduct disorders,
childhood emotional disorders, etc.

Behavioral disorders F90–F98
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natural splines with five knots. Knots
were placed so that the type 2 diabetes
events were evenly distributed between
the knots.
We modeled the age-specific IR of

type 2 diabetes for individuals with and
without each psychiatric disorder strati-
fied by sex. The age-specific IRs were
adjusted for calendar year, migration
status, and highest level of education.
In all statistical analyses, the level of sig-
nificance was set at 0.05. All statistical
analyses were performed using R ver-
sion 4.0.2 (30). The Epi package, version
2.44, was used to handle the multistate
models (31–33).

RESULTS

We followed 5,005,612 individuals for
89,732,494 person-years. As shown in
Table 2, 50% of the individuals were
men. At entry to the study, the mean
age was 36 years (SD 17.18), 5% were
immigrants, and 57% had a lower sec-
ondary education or below. During the
study period, 334,739 individuals (7%)
developed type 2 diabetes.
During the study period, 512,466 indi-

viduals (10%) were in- or outpatients at a
public psychiatric hospital. In Supplemen-
tary Appendix 2, a descriptive overview

of individuals with and without the differ-
ent psychiatric disorders is presented. Of
all individuals with a psychiatric disorder,
43,953 individuals (9%) developed type 2
diabetes during the study period. Overall,
individuals with psychiatric disorders were
most often women compared with indi-
viduals without psychiatric disorders (56%
vs. 49%). However, individuals with sub-
stance use disorders, schizophrenia,
intellectual disabilities, developmen-
tal disorders, and behavioral disor-
ders were more often men compared
with individuals without the specific
psychiatric disorder. Individuals with
a psychiatric disorder, except individuals
with organic disorders, were younger at
study entry compared with individuals
without the specific psychiatric disorder.
Individuals with any psychiatric disorder,
schizophrenia, mood disorders, and neu-
rotic disorders were more often immi-
grants compared with individuals without
the specific psychiatric disorder (for any
psychiatric disorder: 6% vs. 5%). Regard-
less of the specific psychiatric disorder,
individuals with a psychiatric disorder
more often had a low level of education
at study entry compared with individuals
without a psychiatric disorder (for any
psychiatric disorder: 64% vs. 56%).

IRR and Age-Specific IR
Table 3 shows the IRR for type 2 diabe-
tes when individuals with a psychiatric
disorder were compared with individu-
als without the specific psychiatric disor-
der. Across all psychiatric disorders, IR
were higher in individuals with a psychi-
atric disorder for both men and women,
when adjusted for age, calendar year,
migration status, and highest level of
education. Men and women with any
psychiatric disorder had, respectively,
47% and 65% increased IR when com-
pared with individuals without any psy-
chiatric disorder (IRR: men, 1.47 [95%
CI 1.45–1.50]; women, 1.65 [95% CI
1.62–1.68]). The highest IRRs for men
were found in individuals with schizo-
phrenia, eating disorders, or behavioral
disorders, whereas the highest IRR for
women were found in individuals with
schizophrenia, personality disorders, intel-
lectual disorders, or behavioral disorders.

Figure 1 shows the age-specific IR of
type 2 diabetes for individuals with ver-
sus without a psychiatric disorder for
men and women adjusted for calendar
time, migration status, and level of edu-
cation. Overall, we found that the IR of
type 2 diabetes increased exponentially
with higher age for both men and

Table 2—Descriptive characteristics of the study population (N = 5,005,612)

Total population (n = 5,005,612)
No psychiatric disorder

(n = 4,493,146)
Any psychiatric disorder

(n = 512,466)

Women 2,490,273 (49.75) 2,205,788 (49.09) 284,485 (55.51)

Age, years, mean (SD)* 35.96 (17.18) 35.92 (17.10) 36.29 (17.81)

Migration status

Danish born 4,768,201 (95.26) 4,284,264 (95.35) 483,837 (94.41)
Immigrant 237,411 (4.74) 208,782 (4.65) 28,629 (5.59)

Highest level of education*

Lower secondary and below 2,830,928 (56.56) 2,505,406 (55.76) 325,522 (63.52)
Upper secondary 1,525,672 (30.48) 1,390,148 (30.94) 135,524 (26.45)
Tertiary and above 649,012 (12.97) 597,592 (13.30) 51,420 (10.03)

Type of psychiatric disorder

Organic disorder 87,516 (17.08)
Substance use disorder 107,448 (20.97)
Schizophrenia 67,557 (13.18)
Mood disorder 192,686 (37.60)
Neurotic disorder 236,817 (46.21)
Eating disorder 14,440 (2.82)
Personality disorder 73,019 (14.25)
Intellectual disabilities 10,659 (2.08)
Developmental disorder 6,260 (1.22)
Behavioral disorder 22,528 (4.40)

Incident type 2 diabetes 334,739 (6.69) 290,786 (6.47) 43,953 (8.58)

Data are n (%) unless otherwise indicated. *Age and highest level of education was measured at entry to study.
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women with and without a psychiatric
disorder. For the oldest ages, the IR sta-
bilized and, in some occasions, showed
a tendency to decrease. Furthermore,
when observing the IR of type 2 diabe-
tes in Fig. 1 for individuals with a psy-
chiatric disorder compared with
individuals without a psychiatric disor-
der, we observed that the difference
was particularly high in the younger
age-groups (<50 years), after which the
difference attenuated. This pattern was
found for the majority of the psychiatric
disorders. In four psychiatric disorders
(eating disorders, intellectual disabilities,
developmental disorders, and behavioral
disorders), we found wide CIs when trying
to estimate the IR of type 2 diabetes in

the older population (Fig. 1), leading to
inconclusive results for this age group in
these psychiatric disorders. When we cal-
culated median (interquartile range) of
age of type 2 diabetes onset for individu-
als with and without a psychiatric disor-
der, we found similar results supporting
the findings that individuals with a psychi-
atric disorder develop type 2 diabetes
earlier compared with individuals without
a psychiatric disorder (see Supplementary
Appendix 3 for an overview).

CONCLUSIONS

In this nationwide longitudinal study, we
have investigated the sex- and age-spe-
cific incidence of type 2 diabetes in indi-
viduals with a psychiatric disorder. Across

all categories of psychiatric disorders that
were studied, individuals with a psychiat-
ric disorder had increased risk of incident
type 2 diabetes compared with individu-
als without a psychiatric disorder. These
findings were comparable for men and
women.

In line with previous studies, we
found that individuals with internaliz-
ing psychiatric disorders were more
often women, whereas externalizing
psychiatric disorders were more com-
mon among men. Across all psychiat-
ric disorders, except eating disorders,
we found higher IRR of type 2 diabe-
tes in women than in men. The num-
ber of men diagnosed with an eating
disorder was very low, and only cau-
tious interpretation of these findings
should be made.

Our findings were in line with previous
findings from Momen et al. (3), although
we in general detected higher estimates
of type 2 diabetes incidence in individu-
als with a psychiatric disorder compared
with individuals without a psychiatric dis-
order. These differences could probably
be explained by a more nuanced mea-
surement of diabetes, while we solely
focused on type 2 diabetes, and a more
comprehensive adjustment for socioeco-
nomic status in our study. As migration
status and level of education are associ-
ated with psychiatric disorders as well as
type 2 diabetes (23–26), we expect
that our comprehensive adjustment
has also slightly affected the inci-
dence estimates.

Overall, the risk to develop type 2
diabetes was particularly elevated in
the younger people with a psychiatric
disorder (<50 years old). This finding
was in line with previous studies report-
ing earlier onset of type 2 diabetes in
individuals with psychiatric disorders
compared with individuals without psy-
chiatric disorders (12). An unhealthy life-
style, such as unhealthy dietary pattern
(increased consumption of processed
meat and sugar-sweetened beverages,
decreased intake of whole grains, coffee,
and heme iron), physical inactivity, and
smoking (34,35), as well as the use of
psychotropic medication (36,37) are
well-known risk factors for the develop-
ment of type 2 diabetes It might be the
case that an unhealthy lifestyle is more
common in younger individuals with a
psychiatric disorder or that an unhealthy
lifestyle in young adulthood increases

Table 3—IRR in individuals with a psychiatric disorder compared with individuals
without a psychiatric disorder (N = 5,005,612)

Psychiatric disorder Model A IRR (95% CI) Model B IRR (95% CI)

Any psychiatric disorder
Men 1.55 (1.53–1.58) 1.47 (1.45–1.50)
Women 1.74 (1.71–1.77) 1.65 (1.62–1.68)

Organic disorders

Men 1.30 (1.24–1.36) 1.25 (1.19–1.31)
Women 1.34 (1.28–1.40) 1.29 (1.23–1.35)

Substance use disorders

Men 1.51 (1.47–1.56) 1.43 (1.39–1.47)
Women 1.86 (1.76–1.93) 1.77 (1.70–1.84)

Schizophrenia

Men 2.17 (2.09–2.25) 1.95 (1.88–2.02)
Women 2.56 (2.47–2.65) 2.35 (2.26–2.43)

Mood disorders

Men 1.60 (1.56–1.64) 1.55 (1.51–1.60)
Women 1.80 (1.76–1.85) 1.74 (1.70–1.78)

Neurotic disorders

Men 1.72 (1.68–1.77) 1.61 (1.57–1.66)
Women 1.83 (1.79–1.88) 1.71 (1.67–1.76)

Eating disorders

Men 3.33 (2.32–4.80) 3.08 (2.14–4.44)
Women 2.00 (1.79–2.24) 1.87 (1.67–2.10)

Personality disorders

Men 1.87 (1.78–1.96) 1.76 (1.68–1.85)
Women 2.44 (2.35–2.54) 2.28 (2.20–2.37)

Intellectual disabilities

Men 1.72 (1.55–1.90) 1.43 (1.30–1.58)
Women 2.88 (2.62–3.17) 2.30 (2.09–2.53)

Developmental disorders

Men 1.87 (1.54–2.27) 1.67 (1.37–2.02)
Women 2.25 (1.64–3.08) 1.88 (1.37–2.57)

Behavioral disorders

Men 2.31 (2.04–2.61) 2.07 (1.84–2.34)
Women 2.64 (2.28–3.06) 2.30 (1.99–2.67)

Model A: Poisson regression model adjusted for age and calendar year; model B: Poisson
regression model adjusted for age, calendar year, migration status, and highest level of
education.
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the risk of negative consequences in the
future compared with individuals in
other age groups. Furthermore, as the

onset of a psychiatric disorder and there-
fore the use of psychotropic medication
often are initiated in early adulthood

(38), and many psychotropic medications
cause substantial weight gain (39), it is
plausible that this may increase the risk

Figure 1—Continued
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of type 2 diabetes in the younger popu-
lations. Finally, competing risk of death
might have influenced the findings, as
older individuals with a psychiatric dis-

order were selected by having survived.
Therefore, only the healthiest individuals
from the older population were left, and
their risk of developing type 2 diabetes

was not higher than older individuals with-
out a psychiatric disorder. This assumption
was supported by the fact that IR of type
2 diabetes for individuals with and without

Figure 1—Continued
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a psychiatric disorder did not differ as
much in the older populations compared
with the younger populations. However,
more research is needed to understand
potential mediating mechanisms and to
illuminate the age-specific differences in
the onset of type 2 diabetes.
In individuals with an eating disorder,

intellectual disability, developmental dis-
order, or a behavioral disorder, we found
wide CIs when estimating the IR of type
2 diabetes in the older population. These
wide CIs may partially be explained by

competing risk of death potentially intro-
ducing bias. However, the wide CIs could
probably also be explained by the fact
that these psychiatric disorders mainly
have their onset in childhood and ado-
lescence, and therefore, only a limited
number of older individuals received
these diagnoses in a psychiatric hospital
setting. Therefore, we should be careful
when interpreting findings from the
older population for these psychiatric
disorders. In case of a more specific
interest into these psychiatric disorders,

a focus only on the younger population
and information on psychiatric diagnoses
from the childhood could probably give
more accurate information of the risk of
type 2 diabetes.

The increased risk of type 2 diabetes
detected across all investigated psychi-
atric disorders might indicate that com-
mon denominators play a role, such as
genetic factors or chronic stress (12,40).
Future research might benefit by a
focus on factors such as level of distress
caused by the psychiatric disorder rather

Figure 1—Age-specific IR of type 2 diabetes per 1,000 person-years in individuals with (blue) and without (orange) psychiatric disorders, separately
for men (left) and women (right). The vertical axis is on a log scale. A: Any psychiatric disorder. B: Organic disorders. C: Substance use disorders.
D: Schizophrenia. E: Mood disorders. F: Neurotic disorders. G: Eating disorders. H: Personality disorders. I: Intellectual disabilities. J: Developmental
disorders. K: Behavioral disorders. PY, person-year; T2DM, type 2 diabetes mellitus.
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than a focus on a specific type of psychi-
atric disorder. In a cross-sectional study
from 2014, de Jonge et al. (41) found
associations between 16 types of psychi-
atric disorders and diabetes. When de
Jonge et al. (41) adjusted for psychiatric
multimorbidity, only depression and
impulse control disorder remained asso-
ciated with diabetes, which highlights
that future studies should also focus on
psychiatric multimorbidities.

The findings from this cohort study
highlight the importance to investigate
whether we can find better ways to
prevent type 2 diabetes in individuals
with a psychiatric disorder. While most
research has focused on the association
between depression and incident type 2
diabetes (7), this nationwide study dem-
onstrates that the increased risk of type
2 diabetes is not limited to individuals
with depression. In contrary, we observed
an increased risk of incident type 2 diabe-
tes in individuals with any psychiatric dis-
order. Thus, a broader perspective on
individuals with any psychiatric disorder
as being at increased risk might be mean-
ingful. We acknowledge the heterogene-
ity within each of the categories of
psychiatric disorders and expect that dif-
ferent mechanisms may explain the
increased risk of incident type 2 diabetes
in individuals with a psychiatric disorder.
Despite this, our findings highlight the
importance to not simply focus on a spe-
cific psychiatric disorder when assessing
type 2 diabetes in vulnerable populations.

Optimal treatment of type 2 diabetes
requires early detection to minimize dia-
betes complications and increase life
expectancy (42). The findings from the
current study clearly emphasize the need
to prioritize prevention initiatives and
early detection of type 2 diabetes among
individuals with a psychiatric disorder to
improve their prognoses. Previous inter-
vention studies have shown that pharma-
cological and behavioral interventions
have a positive impact on individuals with
severe psychiatric disorders (43). How-
ever, little is known regarding prevention
of type 2 diabetes in individuals with a
psychiatric disorder (44), which is partially
due to the fact that individuals with psy-
chiatric disorders are often excluded from
traditional intervention studies, and our
knowledge regarding the effect of inter-
vention and preventions studies in this
population is limited (45). Our findings
also highlight the importance of focusing

on prevention of type 2 diabetes in the
population of individuals with a psychiat-
ric disorder.

Strengths and Limitations
This register-based dynamic cohort study
is based on a nationwide, largely unbi-
ased data set with limited reporting bias
and includes long-term follow-up. A
major strength of our study design is
that it allows us to analyze data from
the entire adult Danish population from
1995 to 2018, giving us the opportunity
to investigate the association between a
broad range of diagnosed psychiatric dis-
orders and incident type 2 diabetes.
When using data from the Danish regis-
tries, the risk of selection bias is very
low. However, there are important limi-
tations to this study that should be
acknowledged. Initially, we recognize
the that our missing data might have
impacted the findings. We excluded
>500,000 individuals from the analyses
as they lacked information regarding
highest level of education. Despite a
high validity and coverage of the Educa-
tional Attainment Register (28), it is
likely that the exclusion has introduced
selection bias, as individuals without
information on education are more
often migrants or from the older part of
the population (28). This selection bias
might have led to an underestimation
of the results. We only investigated psy-
chiatric disorders that were diagnosed
and treated in hospitals, leading to
records of only the most severe cases.
So, the impact of undiagnosed psychiat-
ric disorders and diagnoses from the
general practitioner and general psy-
chologist could not be investigated,
which may have led to an underestima-
tion of the associations if these individ-
uals had type 2 diabetes to the same
extent as individuals diagnosed with a
psychiatric disorder from the hospital.
Our reason for not including children is
the duration of our follow-up period
(maximum 23 years); given the typical
age of onset of type 2 diabetes is 45–50
years, inclusion of individuals started at
18 years of age. Additionally, this study
is only based on data from 1 January
1995 and onward, and it was therefore
not possible for us to include diagnoses
of psychiatric disorders prior to this
date. Combined with the fact that we
only included adults, this means that

we have no information on psychiatric
disorders from childhood, which proba-
bly will result in underdetection of
individuals with onset of psychiatric dis-
orders in childhood and thus a potential
underdetection of exposed individuals. This
limitation was particularly relevant when
investigating the psychiatric disorders with
onset in childhood (e.g., intellectual disabil-
ities and development disorders). To pro-
vide a comprehensive overview of all
psychiatric disorders, we analyzed catego-
ries of psychiatric disorders rather than
specific psychiatric disorders. Furthermore,
we have not investigated the full spectrum
of coexisting psychiatric disorders nor did
we focus on the potential impact of psy-
chiatric multimorbidity, which falls beyond
the scope of our study and should be
addressed in future studies (22). We
expect that key drivers of the inc-
reased risk of incident type 2 diabetes
may be depression and impulse control
disorders, in line with the results of a pre-
vious cross-sectional study (41). In future
research, it will be meaningful to focus on
the impact of somatic and psychiatric mul-
timorbidity. As this study is based on regis-
ter-based data, it was also not possible to
identify individuals with undiagnosed type
2 diabetes. Previous research has sug-
gested a higher proportion of undiagnosed
type 2 diabetes in individuals with psychi-
atric disorders compared with the general
population (12), and it is possible that the
increased risk of incident type 2 diabetes
is even higher than reported in this study.

Conclusion
Across all investigated psychiatric disor-
ders, we found that the IR of type 2 dia-
betes was higher in individuals with a
psychiatric disorder compared with indi-
viduals without a psychiatric disorder.
When comparing the IR of type 2 diabe-
tes for individuals with and without a
psychiatric disorder, we found the big-
gest difference in the younger population,
highlighting the need for both prevention
and early detection of type 2 diabetes in
individuals with a psychiatric disorder.

Funding. This study was funded by an unre-
stricted PhD grant from the Faculty of Health
Sciences, University of Southern Denmark.
Duality of Interest. G.S.A. own shares in Novo
Nordisk A/S. No other potential conflicts of inter-
est relevant to this article were reported.
Author Contributions. N.L. contributed to
the design of the study and was responsible

732 Diabetes in People With a Psychiatric Disorder Diabetes Care Volume 45, March 2022

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/3/724/670435/dc211864.pdf by guest on 19 M
ay 2023



for data management, data analyses, interpre-
tation of the results, as well as writing the
first draft of the manuscript. S.H.S. contrib-
uted to the data management and the data
analyses, oversaw the interpretation of the
results, and reviewed and edited the manu-
script. L.J.D. contributed to data management
and data analyses, interpretation of the
results, and reviewed and edited the manu-
script. K.H.R., O.P.-R., J.E.H., M.L., G.S.A., and
F.P. have contributed to the design of the
study, interpretation of the results, and
reviewed and edited the manuscript. F.P. is
the guarantor of this work and, as such, had
full access to all of the data in the study and
takes responsibility for the integrity of the
data and the accuracy of the data analysis.

References
1. Steel Z, Marnane C, Iranpour C, et al. The
global prevalence of commonmental disorders: a
systematic review and meta-analysis 1980-2013.
Int J Epidemiol 2014;43:476–493
2. Connell J, Brazier J, O’Cathain A, Lloyd-Jones
M, Paisley S. Quality of life of people with mental
health problems: a synthesis of qualitative
research. Health Qual Life Outcomes 2012;
10:138
3. Momen NC, Plana-Ripoll O, Agerbo E, et al.
Association between mental disorders and
subsequent medical conditions. N Engl J Med
2020;382:1721–1731
4. Scott KM, Lim C, Al-Hamzawi A, et al.
Association of mental disorders with subsequent
chronic physical conditions: world mental health
surveys from 17 countries. JAMA Psychiatry
2016;73:150–158
5. Plana-Ripoll O, Pedersen CB, Agerbo E, et al. A
comprehensive analysis of mortality-related
health metrics associated with mental disorders:
a nationwide, register-based cohort study. Lancet
2019;394:1827–1835
6. Weye N, Momen NC, Christensen MK, et al.
Association of specific mental disorders with
premature mortality in the Danish population
using alternative measurement methods. JAMA
Netw Open 2020;3:e206646
7. Lindekilde N, Rutters F, Erik Henriksen J, et al.
Psychiatric disorders as risk factors for type 2
diabetes: an umbrella review of systematic
reviews with and without meta-analyses.
Diabetes Res Clin Prac 2021;176:108855
8. Riecher-R€ossler A. Sex and gender differences
inmental disorders. Lancet Psychiatry 2017;4:8–9
9. Boyd A, Van de Velde S, Vilagut G, et al.; EU-
WMH Investigators. Gender differences in
mental disorders and suicidality in Europe:
results from a large cross-sectional population-
based study. J Affect Disord 2015;173:245–254
10. Pedersen CB, Mors O, Bertelsen A, et al. A
comprehensive nationwide study of the inci-
dence rate and lifetime risk for treated mental
disorders. JAMA Psychiatry 2014;71:573–581
11. Carstensen B, Rønn PF, Jørgensen ME.
Prevalence, incidence andmortality of type 1 and
type 2 diabetes in Denmark 1996-2016. BMJ
Open Diabetes Res Care 2020;8:e001071
12. Holt RI, Mitchell AJ. Diabetes mellitus and
severe mental illness: mechanisms and clinical
implications. Nat Rev Endocrinol 2015;11:79–89
13. Thygesen LC, Daasnes C, Thaulow I, Brønnum-
Hansen H. Introduction to Danish (nationwide)

registers on health and social issues: structure,
access, legislation, and archiving. Scand J Public
Health 2011;39(Suppl.):12–16
14. Pedersen CB. The Danish Civil Registration
System. Scand J Public Health 2011;39(Suppl.):
22–25
15. Schmidt M, Schmidt SA, Sandegaard JL,
Ehrenstein V, Pedersen L, Sørensen HT. The
Danish National Patient Registry: a review of
content, data quality, and research potential. Clin
Epidemiol 2015;7:449–490
16. Andersen JS, Olivarius NdeF, Krasnik A. The
Danish National Health Service Register. Scand J
Public Health 2011;39(Suppl.):34–37
17. Pottegård A, Schmidt SAJ, Wallach-Kildemoes
H, Sørensen HT, Hallas J, Schmidt M. Data resource
profile: The Danish National Prescription Registry.
Int J Epidemiol 2017;46:798–798f
18. Jørgensen ME, Kristensen JK, Reventlov
Husted G, Cerqueira C, Rossing P. The Danish Adult
Diabetes Registry. Clin Epidemiol 2016;8:429–434
19. Andersen N, Hjortdal JØ, Schielke KC, et al.
The Danish Registry of Diabetic Retinopathy. Clin
Epidemiol 2016;8:613–619
20. Mors O, Perto GP, Mortensen PB.The Danish
Psychiatric Central Research Register. Scand J
Public Health 2011;39(Suppl.):54–57
21. World Health Organization. The ICD-10 Clas-
sification of Mental and Behavioural Disorders:
Clinical Descriptions and Diagnostic Guidelines.
Geneva,World Health Organization, 2009
22. Plana-Ripoll O, Pedersen CB, Holtz Y, et al.
Exploring comorbidity within mental disorders
among a Danish national population. JAMA
Psychiatry 2019;76:259–270
23. Erickson J, El-Gabalawy R, Palitsky D, et al.
Educational attainment as a protective factor for
psychiatric disorders: findings from a nationally
representative longitudinal study. Depress Anxiety
2016;33:1013–1022
24. Cantor-Graae E, Pedersen CB. Full spectrum
of psychiatric disorders related to foreign
migration: a Danish population-based cohort
study. JAMA Psychiatry 2013;70:427–435
25. Andersen GS, Kamper-Jørgensen Z, Car-
stensen B, Norredam M, Bygbjerg IC, Jørgensen
ME. Diabetes among migrants in Denmark:
incidence, mortality, and prevalence based on a
longitudinal register study of the entire Danish
population. Diabetes Res Clin Pract 2016;122:
9–16
26. Sacerdote C, Ricceri F, Rolandsson O, et al.
Lower educational level is a predictor of incident
type 2 diabetes in European countries: the
EPIC-InterAct study. Int J Epidemiol 2012;41:
1162–1173
27. Statistics Denmark. Highest Education
Attained, 2021. Accessed 16 April 2021.
Available from https://www.dst.dk/en/Statistik/
dokumentation/documentationofstatistics/
highest-education-attained
28. Jensen VM, Rasmussen AW. Danish edu-
cation registers. Scand J Public Health 2011;
39(Suppl.):91–94
29. UNESCO Institute for Statistics. International
Standard Classification of Education 2011, 2012.
Accessed 8 January 2021. Available from http://uis.
unesco.org/sites/default/files/documents/
international-standard-classification-of-education-
isced-2011-en.pdf

30. R Core Team. R: A Language and Environ-
ment for Statistical Computing.Vienna, Austria, R
Foundation for Statistical Computing, 2020
31. Plummer M, Carstensen B. Lexis: an R class
for epidemiological studies with long-term
follow-up. J Stat Softw 2011;38:12
32. Carstensen B, Plummer M. Using Lexis
objects for multi-state models in R. J Stat Softw
2011;38:18
33. Carstensen B, Plummer M, Laara E, Hills M.
Epi: A Package for Statistical Analysis on Epi-
demiology. R package version 244, 2021. Acc-
essed 8 January 2021. Available from https://
cran.r-project.org/web/packages/Epi/index.html
34. Bellou V, Belbasis L, Tzoulaki I, Evangelou E.
Risk factors for type 2 diabetes mellitus: an
exposure-wide umbrella review of meta-anal-
yses. PLoS One 2018;13:e0194127
35. Wu Y, Ding Y, Tanaka Y, Zhang W. Risk factors
contributing to type 2 diabetes and recent advances
in the treatment and prevention. Int J Med Sci
2014;11:1185–1200
36. Whicher CA, Price HC, Holt RIG. Mechanisms
in endocrinology: antipsychotic medication and
type 2 diabetes and impaired glucose regulation.
Eur J Endocrinol 2018;178:R245–R258
37. Barnard K, Peveler RC, Holt RI. Antidepressant
medication as a risk factor for type 2 diabetes and
impaired glucose regulation: systematic review.
Diabetes Care 2013;36:3337–3345
38. Kessler RC, Amminger GP, Aguilar-Gaxiola S,
Alonso J, Lee S, Ust€un TB. Age of onset of mental
disorders: a review of recent literature. Curr Opin
Psychiatry 2007;20:359–364
39. McCloughen A, Foster K. Weight gain asso-
ciated with taking psychotropic medication: an
integrative review. Int J Ment Health Nurs 2011;
20:202–222
40. Pouwer F, Kupper N, Adriaanse MC. Does
emotional stress cause type 2 diabetes mellitus?
A review from the European Depression in
Diabetes (EDID) Research Consortium. Discov
Med 2010;9:112–118
41. de Jonge P, Alonso J, Stein DJ, et al.
Associations between DSM-IV mental disorders
and diabetes mellitus: a role for impulse control
disorders and depression. Diabetologia 2014;57:
699–709
42. Herman WH, Ye W, Griffin SJ, et al. Early
detection and treatment of type 2 diabetes
reduce cardiovascular morbidity and mortality: a
simulation of the results of the Anglo-Danish-
Dutch Study of Intensive Treatment in People
With Screen-Detected Diabetes in Primary
Care (ADDITION-Europe). Diabetes Care 2015;38:
1449–1455
43. Taylor J, Stubbs B, Hewitt C, et al. The
effectiveness of pharmacological and non-phar-
macological interventions for improving glycae-
mic control in adults with severe mental illness: a
systematic review and meta-analysis. PLoS One
2017;12:e0168549
44. Mishu MP, Uphoff E, Aslam F, et al.
Interventions for preventing type 2 diabetes in
adults with mental disorders in low- and middle-
income countries. Cochrane Database Syst Rev
2021;2:CD013281
45. Coxon A, McBain H, Pavlova N, Rowlands H,
Mulligan K. Are diabetes self-management
programmes for the general diabetes population
effective for people with severe mental illness?: a
systematic review. BMC Psychiatry 2020;20:386

diabetesjournals.org/care Lindekilde and Associates 733

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/3/724/670435/dc211864.pdf by guest on 19 M
ay 2023

https://www.dst.dk/en/Statistik/dokumentation/documentationofstatistics/highest-education-attained
https://www.dst.dk/en/Statistik/dokumentation/documentationofstatistics/highest-education-attained
https://www.dst.dk/en/Statistik/dokumentation/documentationofstatistics/highest-education-attained
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
https://cran.r-project.org/web/packages/Epi/index.html
https://cran.r-project.org/web/packages/Epi/index.html

