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Objective: Depression is common in individuals with
endocrine-metabolic disorders and vice versa, and a better
understanding of the underlying factors contributing to the
comorbidity of these disorders is needed. This study investi-
gated the familialcoaggregationofdepressionandendocrine-
metabolic disorders and estimated the contributionof genetic
and environmental factors to their co-occurrence.

Methods: This population-based cohort study included 2.2
million individuals born in Sweden between 1973 and 1996,
with follow-up through2013. Participantswere linked to their
biological parents, allowing identification of full siblings,
maternal half siblings, and paternal half siblings. Diagnoses of
depression and endocrine-metabolic conditions were in-
vestigated, with the latter grouped into autoimmune disor-
ders (autoimmune hypothyroidism, Graves’ disease, and type
1 diabetes) and non-autoimmune disorders (type 2 diabetes,
obesity, and polycystic ovary syndrome). Logistic regression
and Cox regression were used to estimate the associations
between endocrine-metabolic disorders and depression

within the same individual and across siblings. Quantitative
genetic modeling was performed to investigate the relative
contribution of genetic and environmental influences.

Results: Individualswith endocrine-metabolic disorders had a
significantly higher risk of depression, with odds ratios ranging
from 1.43 (95% CI51.30, 1.57) for Graves’ disease to 3.48 (95%
CI53.25, 3.72) for type 2 diabetes. Increased risks extended to
full and half siblings. These correlationsweremainly explained
by sharedgenetic influences for non-autoimmuneconditions,
and by nonshared environmental factors for autoimmune
disorders, especially for type 1 diabetes.

Conclusions: These findings provide phenotypic and etio-
logical insights into the co-occurrence of depression and
various endocrine-metabolic conditions, which could guide
future research aiming at identifying pathophysiological
mechanisms and intervention targets.
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Depression and endocrine and metabolic disorders are major
causes of disability and mortality, representing a growing public
health concern at the global level (1–3). Several studies have
establishedelevatedco-occurrenceofdepressionandendocrine-
metabolic diseases, including thyroid gland disorders, type 1 di-
abetes (T1D), type2diabetes (T2D), obesity, andpolycystic ovary
syndrome (PCOS) (4–8). A bidirectional relationship has been
reported between depression and obesity, as well as between
depression and T2D, where one disorder increases the risk of
subsequent development of the other and vice versa. However,
other studies examining the bidirectional phenotypic causation
hypothesis have reported mixed results (6, 9, 10).

Several biological, psychological, and behavioral factors
have been proposed to influence the associations between
these conditions, acting as mediating mechanisms in the

causal relationships between depression and endocrine-
metabolic diseases, and/or as common underlying factors
affecting the risks of these conditions. Shared genetic in-
fluences could represent some of these common origins
contributing to the development of such co-occurring dis-
orders. This is known as genetic pleiotropy, when certain
conditions or traits share genetic risk variants conferring a
disposition for both disorders or traits in the same individual.
Studies of families and twins have shown that genetic factors
explain ;40% of the phenotypic variation in liability for
depression (11),;40% for obesity (12), 81% for T1D (13), 72%
for T2D (14), between 38% and 71% for PCOS (15), and;60%
for both Hashimoto’s thyroiditis and Graves’ disease (13).
Growing evidence suggests genetic overlap between de-
pression and some endocrine-metabolic disorders, in
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particular obesity (16), T2D (17), and
PCOS (4). This finding has been sup-
ported by a number of studies using
molecular genetic data (18–20), while
other investigations failed to replicate
some of these results (21, 22). The in-
consistency in evidence is likely due to
differences in disorder measurements,
depression heterogeneity, and method-
ological approaches.

A greater understanding of the pos-
sible risk factors shared between these
conditions is needed in order to eluci-
date potentially modifiable targets that
could lead to tailored treatment strategies
for individuals with co-occurring depres-
sion and different endocrine-metabolic
disorders. Longitudinal population-based
research using clinical diagnoses could
help enlighten the etiological underpin-
nings of these conditions.

We investigated the familial coag-
gregation of clinically diagnosed depres-
sion and endocrine-metabolic disorders
to test for thepresenceof shared familial
liability, and we estimated the genetic
and environmental contributions to the
co-occurrence of these conditions using
quantitative genetic modeling.

METHODS

Study Population
We conducted an observational cohort study using nation-
wide Swedish registers linked by unique personal identity
numbers (23). The cohort selection process is illustrated in
Figure 1. All individuals born in Sweden between 1973 and
1996 were identified from the Medical Birth Register (24).
Demographic information was obtained from the Total
Population Register (25), Cause of Death Register (26), and
Multi-Generation Register (27). We excluded children
with severe congenital malformations, stillbirths, and neo-
natal deaths. We further excluded individuals who emi-
grated or died before age 10, had missing information
regarding their biological parents, or were adopted. The final
cohort consisted of 2,263,311 individuals who were followed
up from birth until emigration, death, or December 31, 2013,
whichever occurred first. Each individual was linked to their
biological parents to create three cohorts of siblings: full
siblings, maternal half siblings, and paternal half siblings (see
Table S1 in the online supplement). Monozygotic twins
were excluded from the sibling analyses because their
genetic sharing is higher than that of other full siblings.
This study necessitated no informed consent and was
approved by the Regional Ethical Review Board in
Stockholm (2013/862-31/5).

Assessment of Endocrine-Metabolic Disorders
and Depression
Weused information from theNational Patient Register (28),
which reached full nationwide coverage for hospitalizations
in 1987 and 80% coverage for outpatient diagnoses in 2001,
coded according to ICD-8, ICD-9, and ICD-10. We investi-
gated endocrine-metabolic disorders diagnosed during the
follow-up period, grouping these into autoimmune disorders
(autoimmune hypothyroidism, Graves’ disease, andT1D) and
non-autoimmune disorders (T2D, obesity, and PCOS), in-
cluding the first-time diagnosis for each disease, irrespective
of prior endocrine-metabolic disorders. Because PCOS af-
fects onlywomen, only femaleswere included in the analyses
investigating this disorder. Depression cases were defined as
individuals who received a depression diagnosis during
the follow-up. A complete list of all ICD codes included in
this study is provided in Tables S2 and S3 in the online
supplement.

STATISTICAL ANALYSIS

Association and Familial Coaggregation Analyses
We used logistic regression and Cox proportional hazards
regression models to evaluate the association between
endocrine-metabolic disorders and depression, comparing
unadjusted (logistic regression) and adjusted (Cox regression)
estimates for follow-up time. For the logistic regression,
we coded exposures (endocrine-metabolic disorders) and

FIGURE 1. Flow diagram of the study population

All individuals born in Sweden between 

1973 and 1996 (N=2,487,373)

Eligible cohort (N=2,263,311)

Cohorts of siblings

Full sibling pairsa (N=1,207,943)
Maternal half sibling pairs (N=173,934)
Paternal half sibling pairs (N=186,374)

Cohorts of siblings

Full sibling pairsa (N=691,499)
Maternal half sibling pairs (N=86,948)

Excluded

Severe congenital malformation (N=105,665)

Stillborn (N=10,381)

Died during neonatal period (N=10,653)

Emigrated before age 10 (N=70,288)

Died before age 10 (N=7,089)

Missing family information (N=13,265)

Adoptees (N=6,721)

Association analyses

Familial coaggregation analyses

Quantitative genetic analyses

a Excluding monozygotic twin pairs.
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outcome (depression) as lifetimediagnoses (0 or 1 for absence
or presence, respectively), and estimated odds ratios with
95% confidence intervals. In the Cox models, we computed
hazard ratios and 95% confidence intervals, using attained
age as theunderlying timescale (i.e.,wecompared individuals
of the same age) and time-varying exposure—where an in-
dividual was considered unexposed until the first observed
diagnosis of the exposure condition, and exposed afterward.
Since Cox regression takes into account time at diagnosis, we
compared models in which the exposure was an endocrine-
metabolic disease with models in which the exposure was
depression, to explore whether the order of these diagnoses
influences the associations.

First, we compared the risk of depression in individuals
with and without endocrine-metabolic disorders in the full
cohort. Thenwe evaluated familial coaggregation patterns of
these disorders, analyzing full siblings,maternal half siblings,
and paternal half siblings separately, comparing the risk of the
outcome disorder in individuals with a sibling with and
without the exposure disorder. If an association between two
disorders is observed in the index person, and if the as-
sociation exists but is lower in the full-sibling sample, this
indicates that shared familial liability contributes to the
phenotypic association between these conditions. Further
comparison of different types of siblings can point to the
source of familial liability (genetic or environmental). Full
siblings share on average 50% of their segregating genes,
whereas half siblings share 25%. Full and maternal half
siblings tend to share environmental factors to a greater
extent than paternal half siblings, as they had a similar
prenatal environment and often reside predominantly with
theirmothers after parental separation (29). Thus, a greater
association among full siblings compared with maternal
half siblings suggests that genetic factors may be of impor-
tance, whereas a greater association in maternal compared
with paternal half siblings indicates shared environmental
contributions.

All possible combinations of sibling pairs were identified,
with each individual contributing at least once as an index
personandonceasasibling.Theanalyseswereadjustedforsex
and birth year to account for differences in disorder preva-
lence between sexes and over the study period. We used a
cluster robust (sandwich) estimator for standard error cal-
culation, clustered by family, to account for nonindependence
of familydata (30).Apvalue,0.05wasconsideredstatistically
significant. Additionally, to adjust for multiple testing, we
report a Bonferroni-corrected significance level of p,0.005,
accounting for the 11 main analyses. Data management
was performed using SAS, version 9.4.6 (SAS Institute,
Cary, N.C.), and analyses were performed using R, version
4.0.3 (R Foundation for Statistical Computing, Vienna).

Sensitivity Analyses
We conducted several sensitivity analyses. First, we re-
stricted the study population to individuals born between
1987 and 1996 (rather than 1973–1996) to minimize loss of

early diagnoses for the oldest individuals in the main cohort
due to the fact that inpatient information from the National
Patient Register reached nationwide coverage in 1987. Sec-
ond, because females have a twofold increased risk of de-
pression compared with males (31), we conducted analyses
stratified by sex of the outcome person to investigate dif-
ferences between sexes. Finally, we performed analyses
stratified by parental educational attainment as an indicator
of socioeconomic status, defined as low (primary school and
lower and upper secondary school) or high ($1 year of
university), using information from the Longitudinal Inte-
gration Database for Health Insurance and Labor Market
Studies (32).

Quantitative Genetic Analyses
Quantitative genetic modeling was used to estimate the
contribution of genetic, shared, and nonshared environ-
mental factors to the familial liability and to evaluate the
genetic andenvironmental correlations across disorders (33).
In these analyses, full and maternal half sibling pairs were
included. Within each family, we selected only one pair of
siblings (the oldest, for a longer follow-up time) to avoid
dependency between sibling pairs from the same family and
to increase the precision of the estimates, resulting in 691,499
full sibling pairs and 86,948 maternal half sibling pairs (for
PCOS, only female individuals were included: 211,178 full
sibling pairs and 29,418maternal half sibling pairs). Given the
low prevalence of Graves’ disease in the sibling cohorts, this
disorder was not included in the quantitative genetic ana-
lyses. Because diagnoses were treated as binary variables, we
used a liability threshold framework, where disease risks
were assumed to represent anunderlyingnormaldistribution
of liability and the risk was above an estimated threshold if
the disease was observed and below the threshold if no
disease was observed (33). Correlations between these as-
sumed normally distributed liabilities are referred to as tet-
rachoric correlations. We specified additive genetic (A),
shared environmental (C; nongenetic factors that make sib-
lings in a pair similar), and nonshared environmental (E;
uniqueenvironmental componentsmaking siblingsdissimilar)
factors as sources of variance and covariance between de-
pression and endocrine-metabolic disorders. The following
assumptions were made: A factors correlate at 0.50 for full
siblings and0.25 for half siblings, as they share 50%and25%of
their cosegregating genes, respectively; C factors correlate
at 1 for both full andmaternal half siblings; E factors correlate
at 0 across all siblings. For each combination of depression
and endocrine-metabolic disorders,wefitted bivariatemodels
that included A, C, and E components (ACE model). Because
the prevalence of disorders tends to differ in nuclear fam-
ilies andextended families, prevalence rateswere allowed to
vary across full and half siblings (34). Analyses were ad-
justed for sex and birth year of both the index person and the
sibling (except for PCOS analysis, where no sex adjustment
was made) and were performed in OpenMx (35) using
weighted least squares. More details on the model are
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provided in the supplementary methods section in the
online supplement.

RESULTS

The demographic and clinical characteristics of the study
population are summarized in Table 1. A total of 2,263,311
individuals (48.8% female) were followed up for a median of
27 years (IQR522, 34). The prevalence of depression was
5.2% during the observed period (N5118,051; 63.0% female),
and it was generally consistent across advancing birth years.
The mean age at first recorded inpatient or outpatient di-
agnosis of depression was 23 years for both sexes, with the
majority of individuals receiving theirfirst diagnosis between
ages 17 and 30, reflecting a lower risk of depression in
childhood as well as limited follow-up for the youngest
participants in the study cohort. Individuals with depression
appear to have a higher prevalence of endocrine-metabolic
disorders than individuals without depression (see Table S4
in the online supplement for sex-specific prevalence), par-
ticularly of autoimmune hypothyroidism and obesity. The
prevalences of all conditions among sibling cohorts are re-
ported in Tables S5–S7 in the online supplement.

Association and Familial Coaggregation Analyses
Associations between endocrine-metabolic disorders and
depression, and their familial coaggregation, are shown in
Figure 2. Compared to the general population, individuals
diagnosed with endocrine-metabolic disorders had statisti-
cally significantly increased risk of depression (for exposure
to any autoimmune disease, odds ratio52.05, 95% CI51.99,
2.12; for exposure to any non-autoimmune disease, odds
ratio52.33, 95% CI52.28, 2.39). The strongest associations
were observed for exposure to T2D (odds ratio53.48, 95%
CI53.25, 3.72), obesity (odds ratio52.44, 95%CI52.37, 2.50),
and autoimmune hypothyroidism (odds ratio52.34, 95%
CI52.25, 2.44). The risk of depression was considerably
lower but present in full siblings of individuals with
endocrine-metabolic disorders comparedwith full siblings of
individuals without endocrine-metabolic disorders (odds
ratios ranged from 1.15 [95% CI51.02, 1.29] for exposure to
Graves’ disease to 1.53 [95% CI51.37, 1.69] for exposure to
T2D). Associations between depression and T2D, obesity,
autoimmune hypothyroidism, and PCOS were higher in full
siblings compared to maternal half siblings, suggesting ge-
netic influencesoneachdisorder. In contrast, nodifference in
depression riskwas observed between full,maternal half, and
paternal half siblings of individuals with T1D, potentially
indicating that unique environmental factors may underlie
the association between the two disorders. Finally, the
magnitude of odds ratios observed between maternal and
paternal half siblings was overall comparable, suggesting a
weak role of shared environmental factors in explaining
these associations.

Overall, estimates were consistent when using Cox
models, regardless ofwhether depressionwasmodeled as the

outcome or the exposure disorder (see Figure S1 in the online
supplement).

Estimates, p values, and Bonferroni-corrected p values for
all analyses are listed in Tables S8–S10 in the online
supplement.

Sensitivity Analyses
When restricting the study population to individuals born
between 1987 and 1996 (rather than between 1973 and 1996),
patterns of association were comparable to those observed
when using the full cohort (see Figure S2 in the online
supplement). Statistically significant sex differences were
observed for exposure to autoimmune hypothyroidism (fe-
males: odds ratio52.27, 95% CI52.17, 2.37; males: odds

TABLE 1. Demographic and clinical characteristics of the study
cohort

Measure No Depression Depression

N % N %

Total cohort 2,145,260 94.8 118,051 5.2
Sex
Female 1,030,975 48.1 74,326 63.0
Male 1,114,285 51.9 43,725 37.0

Birth year
1973–1977 438,857 20.5 23,852 20.2
1978–1982 399,259 18.6 25,000 21.2
1983–1987 415,993 19.4 27,310 23.1
1988–1992 517,278 24.1 28,041 23.8
1993–1996 373,873 17.4 13,848 11.7

Mean SD Mean SD

Age (years) at first recorded
diagnosis of depression
Female 23.2 6.3
Male 23.8 6.3

N % N %

Age (years) at first recorded
diagnosis of depression, by
age group
4–12 1,027 0.9
13–16 14,123 12.0
17–20 30,114 25.5
21–25 30,889 26.2
26–30 22,823 19.3
31–40 15,422 13.1

Endocrine and metabolic
disorders
Any autoimmune condition 37,733 1.8 4,720 4.0

Autoimmune
hypothyroidism

17,993 0.8 2,892 2.4

Graves’ diseases 4,951 0.2 489 0.4
Type 1 diabetes 17,507 0.8 1,737 1.5

Any non-autoimmune
condition

55,925 2.6 8,080 6.8

Type 2 diabetes 5,431 0.3 1,049 0.9
Obesity 41,305 1.9 6,126 5.2
Polycystic ovary
syndromea

12,397 1.2 1,675 2.3

a When polycystic ovary syndrome was investigated, only female individuals
were included (N51,105,301, of whom 74,326 [6.7%] received a diagnosis of
depression).
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ratio53.45, 95% CI53.07, 3.88) and obesity (females: odds
ratio52.32, 95% CI52.25, 2.40; males: odds ratio53.02, 95%
CI52.85, 3.20) (seeFigureS3 in theonline supplement). Finally,
parental educational attainment did not appear to influence the
associations between endocrine-metabolic disorders and de-
pression (see Figure S4 in the online supplement).

Quantitative Genetic Analyses
Heritability was estimated to be 39% in depression; ap-
proximately 70% in obesity, T1D, and T2D; 57% in autoim-
mune hypothyroidism; and 28% in PCOS (seeTable S11 in the
online supplement).

In agreement with the observed pattern of odds ratios of
depression in individuals with and without endocrine-
metabolic disorders, stronger phenotypic correlations were
observed between depression and T2D (odds ratio50.22,

95% CI50.20, 0.23), obesity (odds ratio50.19, 95% CI50.18,
0.20), and autoimmune hypothyroidism (odds ratio50.17,
95%CI50.16,0.18),withgenetic factorsexplaining74%,56%,
and 34% of these correlations, respectively, and unique en-
vironmental factors explaining 33%, 32%, and 53%, respec-
tively (Figure 3). In contrast, we found little evidence of
genetic influences underlying the correlation between de-
pression and T1D, with nonshared environmental factors
explaining 84% of the phenotypic correlation (odds ra-
tio50.11, 95% CI50.10, 0.13). Finally, our results pointed
to a weak shared environmental contribution to the co-
occurrence of depression and all endocrine-metabolic dis-
orders. Estimates (with 95% confidence intervals) of the
phenotypic correlations and the bivariate heritability
explained byA, C, andE are listed inTables S12 and S13 in the
online supplement. It is important to note that the confidence

FIGURE 2. Association and familial coaggregation of depression and endocrine-metabolic disorders, grouped as autoimmune and non-
autoimmune diseasesa
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a Error bars indicate 95% confidence intervals.
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intervals for some of these estimates were particularly wide
due to model optimization issues.

DISCUSSION

In this nationwide register-based study of 2,263,311 indi-
viduals, we explored the associations between endocrine-
metabolic disorders anddepression using two complementary
designs: familial coaggregation analysis and quantitative ge-
netic modeling. To our knowledge, this is the largest sibling
study investigating these associations and the first study to
quantify and decompose the correlations between depression
and T1D into genetic and environmental etiologies.

In linewithprevious research,we showed that individuals
with endocrine-metabolic disorderswere at increased risk of
depression comparedwith the general population, especially
for exposure to T2D, obesity, and hyperthyroidism (2.3–3.5
times higher odds), with males displaying elevated rela-
tive risks for the latter two compared to females’ relative
risks. Full siblings of individuals with endocrine-metabolic

disorders were also at higher risk of depression, suggesting
that shared familial liability contributes to the co-occurrence
of these conditions.

For the non-autoimmune endocrine-metabolic disorders
(T2D, obesity, and PCOS), the shared familial liability was
primarily due to genetics, with very small contributions from
shared environmental factors, as suggested by the familial
coaggregation analysis (i.e., the strongest associations with
depression were found between full siblings, followed by
maternal and paternal half siblings), and these findings were
further supported by quantitative genetic modeling. Our
results are consistentwithprevious studies suggesting shared
genetic origins between depression and these conditions (4,
16, 17), which is also reflected in the shared mechanisms
linking these disorders (36). For example, a number of
common biological mechanisms have been proposed to ex-
plain the bidirectional depression-obesity link, including
hyperactivation of the hypothalamic-pituitary-adrenal axis,
immuno-inflammatory activation, and neuroendocrine sys-
tem dysregulation (6). These biological pathways may act as

FIGURE 3. Phenotypic correlations and bivariate heritability between depression and endocrine-metabolic disorders explained by
additive genetic, shared, and nonshared environmental factorsa
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a Because no constraints on direction (positive or negative) of contribution of genetic, shared environmental, and nonshared environmental factors to
covariance were imposed, some contributions may be in opposite directions compared to the others. However, the presented percentages add up to
100% when summing positive and negative contributions.
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common underlying mechanisms influencing the liability to
both depression and obesity, and/or as mediating factors in
the causal link between the two conditions. Similar shared
biological origins have been suggested to explain the bidi-
rectional relationship between depression and T2D (10).
Intuitively, associations between obesity, T2D, and PCOS
have also been established, all displaying common metabolic
abnormalities such as insulin resistance (37, 38). Overall, our
findings suggest that similar etiologies for depression and
comorbid obesity, T2D, and PCOS exist, and that family
history may help identify risk factors for these co-occurring
disorders. Furthermore, characterization andmodificationof
upstream biomarkers of both depression and these non-
autoimmune conditions could potentially prevent develop-
mentof suchchronic anddebilitating illnesses. It is important
to note that ;30% of the phenotypic correlation between
depression and non-autoimmune endocrine-metabolic dis-
orders was attributable to environmental influences not
shared between siblings. Behavioral and psychosocial factors
such as sedentary lifestyle, poor nutrition, and poor sleep
hygiene may represent some of these risk factors, which are
accessible and modifiable, and which should remain key
targets for prevention strategies and treatments of both de-
pression and these endocrine-metabolic disorders. Some
antidepressants have also been shown to influence the risk of
obesity and T2D, although inconsistency of the evidence
highlights the need for further investigation of the causal role
of antidepressants in the development of these conditions
(10, 39).

In contrast, the phenotypic correlations between de-
pression and autoimmune endocrine-metabolic disorders
(autoimmune hypothyroidism and T1D), while not high (0.17
and 0.11, respectively), were largely explained by nonshared
environmental factors. This was especially relevant in the
association between T1D and depression, for which no evi-
dence of shared genetic influences emerged. Our results are
in line with a previous study, which found a weak genetic
contribution to the co-occurrence of depression and auto-
immune disorders using cross-trait polygenic risk score
analyses and linkage disequilibrium score regression (40).

This may reflect the existence of a direct link between
these disorders via environmentalmechanisms and/or causal
environmental factors influencing the risk of both conditions.
In accordance with emerging evidence, our study showed
that although both T1D and T2D result in persistent hy-
perglycemia, their associationwithdepressionappeared tobe
driven by different underlying mechanisms. T1D usually has
an earlier onset than T2D, with the potential to disrupt de-
velopmental processes during childhood and adolescence.
Psychological mechanisms (e.g., parental stress and the
burden of a lifelong disorder requiring a complex manage-
ment regimen) as well as biological mechanisms (e.g., in-
flammation and cerebral damage) have been suggested to
mediate the link between T1D and depression (7).

From the quantitative genetic analyses, negative genetic
and environmental contributions were observed for some

phenotypes, for which there may be a number of possible
reasons. For example, it is possible for a parameter whose true
value is zero to be negative due to sampling error, which is
particularly likely in smaller samples (41). Another possibility
is that such negative estimates actually reflect the underlying
genetic or environmental mechanisms under investigation
(42, 43), for example, genes that have opposite effects on two
phenotypes, or full-sibling cross-disorder correlations that
are larger than the phenotypic correlations. Replication
studies with larger sample sizes are needed.

Parental education level did not appear to influence the
association and familial coaggregation of depression and
endocrine-metabolic disorders; moreover, these findings
were consistent in the quantitative genetic analyses, where
we observed only a weak contribution of environmental
factors shared between siblings (e.g., parental academic
performance) to the co-presentation of these disorders.

Findings from the familial coaggregation analyses were
consistent when comparing logistic and Cox regression
models, indicating that there was no major difference when
modeling the explored diagnoses as lifetime conditions or
when considering time to diagnosis. Furthermore, similar
results were obtained when depression was modeled as the
outcome condition or as the exposure condition, suggesting a
possible bidirectionality between the investigated disorders,
but also encouraging caution when using diagnosis ordering
to infer causality, since diagnostic records do not provide
definitive information about when health problems occurred.

This study enhances our understanding of co-occurring
depression and endocrine-metabolic disorders, and it un-
derscores the importance of screening for comorbid symp-
toms in individuals with these conditions, which may lead to
risk identification and early detection of concomitant con-
ditions, as well as promotion of appropriate prevention and
intervention strategies. Thus, collaboration between psy-
chiatrists and endocrinologists should be prioritized in an
effort to comprehensively manage both psychiatric and so-
matic conditions. Moreover, we present evidence of stronger
shared genetic influences between depression and T2D,
obesity, and PCOS compared with autoimmune disorders,
suggesting different etiologies for these comorbid conditions
and theneed for tailored treatment strategies for individuals
with depression and different comorbid endocrine-
metabolic conditions.

This studyhadseveral limitations.Depressionandendocrine-
metabolic disorders treated within primary care could not be
captured, possibly limiting the generalizability of thefindings
to the more severe clinical cases, as well as to treatment-
seeking individuals. Yet, diagnoses given to children and
adolescents are well captured in the National Patient Reg-
ister, as it is standard for these patients to be referred to
specialist health care for these conditions.

Exposure to T1D and T2D could have been misclassified,
since ICD-8 and ICD-9 did not distinguish between the two
types. Nevertheless, we were able to minimize this issue by
restricting T1D measures to individuals with a diagnosis of
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diabetes before age 19, given that the majority (98%–99%) of
Swedishchildrendiagnosedwithdiabetes at0–18years of age
have been shown tohaveT1D (44). Since themaximumage at
the end of follow-up was 40 years, we could investigate only
early-onset forms of T2D, autoimmune hypothyroidism, and
Graves’ disease, which could represent more heritable forms
of these disorders and thereforemay explainwhywe found
stronger genetic contributions to these disorders com-
pared to a previous study using linkage disequilibrium
score regression (45). Similarly, we defined obesity using
clinical diagnoses rather than BMI measures, potentially
capturing a more serious form of the disorder, which could
explain the increased heritability estimated in this study
compared with previous research (45, 46). Moreover,
depression heterogeneity could have hampered the results,
since the explored associations are likely to vary in dif-
ferent subgroups of patients. Further research is needed to
investigate the role of age at onset of depression, symptom
profiles, severity, depression history, and other psychiatric
comorbidities.

Given the low power in our quantitative genetic analyses,
caution in interpretation of the genetic and environmental
correlations is warranted, and replication studies with in-
creased sample sizes are encouraged. Furthermore, one key
assumption of quantitative genetic analyses is that there are
no correlations or interactions between genes and environ-
ment (47). As a consequence, estimatesmay be biased if this
assumption does not hold. Future research assessing gene-
environment interplay will be important to gain further
insights into the etiology of depression and endocrine-
metabolic disorders.

When investigating the possible role of socioeconomic
status, we performed our analyses across different parental
education levels; given that academic performance has been
shown to be moderately heritable and correlated with off-
spring education (48), there is a risk that adjusting for pa-
rental educational attainment could lead to biased estimates
(e.g., by conditioning on a collider). Finally, although we
foundnoevidenceof amajor effect of socioeconomic status in
the explored associations, it is important to note that parental
educational attainment may inadequately capture the com-
plexity of socioeconomic status.

In summary, we presented convergent evidence from two
methods, supporting knowledge from previous research on
the comorbidity between depression and various endocrine-
metabolic disorders and providing new insights into the
etiological sources of their co-occurrence. We reported
considerable shared genetic influences between depression
and non-autoimmune endocrine-metabolic disorders, and
limited common genetic factors between depression and
autoimmune disorders, particularly T1D. Our results en-
courage clinical vigilance for co-presentation of endocrine-
metabolic disorders and depression, providing a useful
foundation for future research aimed at characterizing and
targeting the underlying biological mechanisms and modi-
fiable risk factors.
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