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Objective: Major depressive disorder (MDD) is highly het-
erogeneous. Standard typology partly captures the disor-
der's symptomatic heterogeneity, although whether it
adequately captures etiological heterogeneity remains
elusive. The aim of this study was to investigate the genetic
characterization of MDD heterogeneity.

Methods: Using Swedish patient register data on 1.5 million
individuals, the authors identified 46,255 individuals with
specialist-diagnosed MDD. Eighteen subgroups were iden-
tified based on nine comparison groups defined by clinical
and psychosocial features, including severity, recurrence,
comorbidities, suicidality, impairment, disability, care unit, and
ageatdiagnosis. Asibling-based design and classic quantitative
genetic models were applied to estimate heritability of MDD
subgroups and genetic correlations between subgroups.

Results: Estimates of heritability ranged from 30.5% to
58.3% across subgroups. The disabled and youth-onset

Major depressive disorder (MDD) is a common psychiatric
syndrome with considerable disease burden. It is a leading
contributor to disability, suicidality, and productivity loss
in the global economy (1, 2). Individuals with MDD ex-
hibit varying symptom profiles (3), which are sometimes
opposing—for example, some show symptoms of insomnia
and weight loss while others experience hypersomnia or
weight gain. Standard typology partly captures this het-
erogeneity; however, it remains elusive whether it ade-
quately captures etiological heterogeneity. Given the
relatively low heritability of 30%-40% (4), it is imperative to
investigate the genetic characterization of MDD heteroge-
neity and to identify more homogeneous patient subgroups.

Recent studies using large-scale samples with standard-
ized phenotyping and genotyping have contributed to a
better understanding of genetic heterogeneity in MDD (5, 6).
For example, in our previous work, we used UK Biobank data
to systematically compare the genetic architecture of 16
MDD subtypes (6). We showed that clinical subtypes were
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subgroups showed significantly higher heritability (55.1%—
58.3%) than the overall MDD sample (45.3%, 95% Cl=43.0—
47.5), and the subgroups with single-episode MDD and
without psychiatric comorbidity showed significantly lower
estimates (30.5%—-34.4%). Estimates of genetic correla-
tions between the subgroups within comparison groups
ranged from 0.33 to 0.90. Seven of nine genetic corre-
lations were significantly smaller than 1, suggesting
differences in underlying genetic architecture. These
results were largely consistent with previous work using
genomic data.

Conclusions: The findings of differential heritability and
partially distinct genetic components in subgroups provide
important insights into the genetic heterogeneity of MDD
and a deeper etiological understanding of MDD clinical
subgroups.

AJP in Advance (doi: 10.1176/appi.ajp.20220906)

genetically more homogeneous than all MDD together.
However, that study relied mostly on self-report data and
retrospective recall of depressive symptoms. Also, given the
known “healthy volunteer” bias in the UK Biobank (7), a key
limitation was that individuals with more severe illness were
underrepresented. Earlier family-based studies on genetic
contributions to MDD subtypes were limited by small sample
size, few subgroups, and inconsistent phenotype definition
mainly based on self-report data. Findings on genetic het-
erogeneity in MDD remain inconclusive and debatable (4, 8,
9). Therefore, to untangle the genetic heterogeneity of MDD,
more evidence is needed, particularly for the patient sub-
groups with the greatest clinical severity and the highest
disease burden.

Using register data from the entire Swedish population,
we sought to strengthen the evidence on the genetic het-
erogeneity of MDD. Among individuals with specialist-
diagnosed MDD, we studied 18 subgroups based on nine
comparison groups defined by clinical and psychosocial
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features. Using the genealogical information available in the
Swedish registers, we applied a sibling-based design and
used classic quantitative genetic models to investigate the
genetic components of these subgroups. To clearly dem-
onstrate the synthesized evidence, we compared the resul-
tant pedigree-based estimates with the estimates based on
single-nucleotide polymorphisms (SNPs) from our previous
UK Biobank study.

METHODS

Data

We used data from several population-based registers in
Sweden. The data were updated until December 31, 2013.
The registers were linked via a personal identity number
assigned to all individuals in Sweden at birth or immigration.
Individuals with MDD were identified using the National
Patient Registers, which recorded psychiatric inpatient care
in Sweden from 1973 and outpatient care in both private and
public caregiving facilities from 2001 (10). Siblings were
identified using the Multi-Generation Register (11). Other
registers used included the Cause of Death Register to identify
people who died by suicide (12); the Longitudinal Integrated
Database for Health Insurance and Labor Market Studies (13)
to extract information about employment, sick leave, and
disability pension; and the Total Population Register (14) for
data on birth, death, and migration (see the Supplementary
Methods section in the online supplement).

Study Cohort and Siblingship

We extracted register data for individuals who were born in
Sweden between 1977 and 1993 with identifiable biological
parents (see Figure S1 in the online supplement), and fol-
lowed them for diagnoses of MDD between ages 4 and 36
during the study follow-up period between 1997 and 2013,
using ICD-10 codes that were introduced in Sweden in 1997
(see the Supplementary Methods section in the online
supplement). We excluded individuals born with congenital
malformations registered in the Medical Birth Register (15).
We also excluded people who died or had any migration
record (i.e., emigration or immigration) before age 10 (i.e.,
before 2004). Included individuals were thus followed for
over 7 years from the start of ICD-10.

We compared full sibling pairs and maternal half sibling
pairs in this study. These two types of sibling pairs were
chosen because the difference in their expected proportion
of shared additive genetic variance allows us to estimate
heritability (assuming the same environment), and they
account for the most sibling pairs in our data, hence maxi-
mizing statistical power for the analyses. Using the personal
identification numbers of parents, we identified full siblings
who were born in different months (to exclude twins), and
maternal half siblings with the same mother and different
fathers. To minimize the effect of changing diagnostic
practice over time, we included only sibling pairs who were
born =10 years apart. When a family had more than one
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sibling pair, we randomly selected one pair in each family to
ensure independence between sibling pairs.

MDD Phenotype and Subgroups

From the study cohort described above, we identified in-
dividuals with MDD as those who had any ICD-10 code of
F32 or F33 (detailed codes are provided in Table S1 in the
online supplement). Among those with MDD, we defined 18
subgroups based on nine clinical characteristics: 1) severity,
based on ICD codes; 2) recurrence, based on ICD codes and
number of episodes; comorbidities, specifically with 3)
anxiety disorder or 4) other psychiatric disorders; 5) suici-
dality, including both suicide attempt and suicide death; 6)
impairment and 7) disability based on information about
sickness compensation and early retirement, respectively, in
connection with MDD diagnoses; 8) care unit (i.e., inpatient-
or outpatient-treated MDD); and 9) age at first diagnosis, as a
proxy for age at onset (divided into youth-onset and adult-
onset MDD). The subgroups were chosen based on previous
analyses of MDD subtypes (16) and the feasibility of data
extraction using Swedish registers (17) (Table 1; see also
Table S2 in the online supplement). These 18 subgroups
formed nine comparison groups. Subgroups within a com-
parison group were mutually exclusive, while subgroups
across comparison groups were interdependent (e.g., one
individual could have both youth-onset and severe MDD; see
Figure S2 in the online supplement). The numbers of con-
cordant and discordant sibling pairs for each subgroup are
provided in Table S3 in the online supplement.

Statistical Analysis

To investigate and compare genetic components of MDD
subgroups, we estimated their heritabilities (h?) and the
genetic correlations (rg) between subgroups using structural
equation modeling (using the OpenMx package in R [18]).
The total phenotypic variance and covariance were parti-
tioned into additive genetic (A), shared environment (C), and
unique environment (E). We did not estimate dominance
deviation (D), and the model relied on the assumption of no
interaction between genetic and environmental effects. We
contrasted full siblings and maternal half siblings assuming
that, on average, 1) full siblings shared 50% of A and maternal
halfsiblings shared 25%, and 2) both sibling types share 100%
C because they are likely to be raised together in the same
household (19). Outcomes were analyzed as binary variables,
and we applied the liability-threshold model (20) to estimate
h? on the liability scale. For each analysis, the trait lifetime
prevalence, which was used to derive the threshold, was
allowed to be different between sibling types because in our
data, subgroup prevalence was higher among maternal half
siblings than among full siblings (see Table S4 in the online
supplement). We fitted both ACE and AE models and
compared the fit of the two models using the Akaike in-
formation criterion, the Bayesian information criterion, and
—2 log likelihood. We performed likelihood ratio tests to
assess whether the model fit of ACE was significantly better
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TABLE 1. Major depressive disorder subgroup comparisons®

NGUYEN ET AL

% (Among 46,255

Comparison (Subgroup) Definition N MDD Cases)
Severity
Severe Received at least one severe MDD diagnosis (F32.2, F32.3, F33.2, F33.3) 7,596 16.4
Mild/moderate Did not receive any severe MDD diagnosis 38,659 83.6
Recurrence
Recurrent Had more than one MDD episode or at least one recurrent MDD diagnostic 21,545 46.6
code (F33)
Single-episode Had only one episode and without any recurrent MDD diagnostic code 24,710 53.4
(F33)
Comorbid anxiety disorder
Anxiety Had both MDD and anxiety disorder (F40, F41) during time of follow-up, 21,264 46.0
disregarding which condition came first
Nonanxiety MDD without any anxiety diagnosis 24,991 54.0
Comorbid psychiatric
disorders
Psychiatric Had at least one diagnosis of other psychiatric disorders: eating disorder 25,766 55.7
(F50); disorders due to psychoactive substance use (F10-F19); ADHD
(F90); autism spectrum disorder (F84); bipolar disorder (F30, F31); OCD
(F42); PTSD (F43); schizophrenia and schizoaffective (F20, F21, F25)
Nonpsychiatric MDD without any of the above psychiatric disorders 20,489 443
Suicidality
Suicidal MDD with suicide attempt or suicide death (X60-X84, Y10-Y34, Y87.0, 9,451 20.4
Y87.2)
Nonsuicidal MDD without any registered suicide attempt or suicide death 36,804 79.6
Impairment
Impaired Received sickness, occupational, or injury compensation within the same 14,870 23.1
year of MDD diagnosis (17)
Nonimpaired Individuals with MDD who are not in the impaired subgroup 31,385 67.9
Disability (using early
retirement as proxy)
Disabled Received early retirement pension within 4 years after any MDD diagnosis 6,857 14.8
(17)
Nondisabled No early retirement within 4 years after any MDD diagnosis 39,398 85.2
Care unit®
Inpatient At least one hospitalization with MDD as the primary diagnosis 9,246 20.0
Outpatient MDD treated in outpatient settings, with no hospitalization for MDD 35,278 76.3
Age at onset (using age at
first diagnosis as proxy)©
Youth onset First three octiles of the age at first diagnosis (=7.8 to =21.3 years) 17,740 38.4
Adult onset Last three octiles of the age at first diagnosis (<24.8 to =36.9 years) 15,887 34.3

2 ADHD=attention deficit hyperactivity disorder; MDD=major depressive disorder; OCD=obsessive-compulsive disorder; PTSD=posttraumatic stress disorder.
® The two subgroups do not add up to 100% because secondary diagnoses of MDD in inpatient care were excluded. (For further explanation, see the footnote to

Table S2 in the online supplement).

€ The two subgroups do not add up to 100% because the two middle octiles were excluded.

than that of AE. All the results were based on the simpler AE
models because the difference in the —2 log likelihood was
not statistically significant (see Tables S6 and S8 in the online
supplement).

Univariate models were used to estimate h? for each
subgroup (details are provided in the Supplementary
Methods section in the online supplement), and bivariate
models were used to estimate r, between subgroups, both
within and across comparison groups. Typically, in an un-
adjusted standard bivariate model, rg is estimated from a
4X4 variance-covariance matrix including within-sibling-
within-trait, within-sibling-cross-trait, cross-sibling-within-
trait, and cross-sibling-cross-trait. However, because each
individual is allocated to only one MDD subgroup within
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each comparison group, the within-sibling-cross-trait co-
occurrence is defined to always be 0 and does not carry any
information; we therefore excluded the contribution of this
correlation to the likelihood (21) (details on model setup are
provided in the Supplementary Methods section in the
online supplement). By this setup of the data, we assumed
that data for the subgroups within each comparison group
come from two separate (but correlated) liability dimen-
sions (see the Supplementary Results section in the online
supplement for comparison with a model under a one-
dimensional severity scale).

All the models were adjusted for sex, as well as linear and
quadratic effects of birth year, except for the subgroups of
youth- and adult-onset MDD (adjusted only for sex, because
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age at diagnosis was highly correlated with birth year). By
adjusting for the linear and quadratic effects of birth year, we
attempted to account for biases due to changing diagnostic
practice between sibling pairs over time and for its possible
nonlinear effect. Since we could not adjust for birth year in
the analyses that involved age at diagnosis, the results for this
comparison group should be interpreted with caution. All
models were fitted using maximum likelihood. We present
estimates with standard errors and 95% Wald-type confi-
dence intervals (22).

To test whether two subgroups differed in heritability
(Ho: h12=h,?), we constructed nine models where we esti-
mated h? for the two subgroups simultaneously and used
Wald tests to evaluate whether the difference was statisti-
cally significant. To test whether two subgroups shared the
same genetic components, we performed hypothesis testing
in each model built to estimate ry (Ho: rg=1). We used
Bonferroni correction (23) to account for multiple testing,
with nine tests for h? and nine tests for rg separately, which
yielded a p threshold of 5.56X10 ™2 (p=0.05/9) (see Tables
S7 and S8 in the online supplement).

Comparing the Findings With Previous Findings From
Genotype Data

Finally, we attempted to determine whether this study’s
findings converged with our previous work using genomic
data in the UK population (6). The previous study included
126,506 (27.5% of the included population) individuals with
self-reported or diagnosed major depression, where we
defined 16 subgroups within eight comparison groups
(vegetative symptoms, symptom severity, comorbid anxiety
disorder, age at onset, recurrence, suicidality, impairment,
and postpartum depression; N~3,000-47,000). Six com-
parison groups were in common with the ones investigated
in this study. We present the estimates of h? and rg from the
present study alongside the SNP-based heritability (SNP h?)
and genetic correlation (SNP rg) from the previous study.

RESULTS

From1,500,713 individuals born in Sweden between 1977 and
1993, we randomly selected one pair of full or maternal half
siblings from each family, with the siblings born <10 years
apart. The final sample included 838,990 individuals who
formed 419,495 unique sibling pairs (395,531 full sibling
pairs; 23,964 maternal half sibling pairs) (see Figure S1in the
online supplement). Among these, we identified 46,255 in-
dividuals with MDD (5.5%). Age at first MDD diagnosis
ranged between 7.8 and 36.9 years (mean=23.2 years).
Compared with those without MDD, the MDD group had a
higher proportion of females (MDD group: 63.0%; non-MDD
group: 47.8%). The two groups did not differ in mean age at
end of follow-up (MDD group: mean=27.7 years, SE=4.3;
non-MDD group: mean=28.0 years, SE=4.2). The charac-
teristics of each subgroup are summarized in Table S5 in the
online supplement. The heritability estimated for MDD was
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45.3% (95% CI=43.0-47.5), similar to previous estimates
based on the same population (17).

The number of individuals in the 18 MDD subgroups
ranged between 6,857 (14.8% of the MDD sample) and 39,398
(85.2%) (Table 1). For the subgroups, the heritability esti-
mates ranged from 30.5% to 58.3% (Figure 1A; see also Table
S6 in the online supplement). The disabled and youth-onset
subgroups showed significantly higher h? than the overall
MDD sample, while the subgroups with single-episode MDD
and without comorbid anxiety disorder or other psychiatric
disorders showed significantly lower estimates (see Table S7
in the online supplement). The ry estimates within com-
parison groups ranged from 0.33 to 0.90 (Figure 1B). Seven of
nine rgy values were statistically significantly different from 1
(p<5.56X10">) (see Table S8 in the online supplement).

Among all the subgroups studied, the subgroup with
disability (based on early retirement) had the highest h?, at
58.3% (95% CI=51.4-65.2). This estimate was significantly
higher than that for the nondisabled subgroup (h?=40.8%,
95% CI=38.20-43.3; p=2.63X10"° for difference in esti-
mates) (see Table S7 in the online supplement). The rg be-
tween these two subgroups was significantly lower than 1
(rg=0.75,95% CI=0.67-0.84) (Figure 1B; see also Table S8 in
the online supplement). For the disabled subgroup, there was
suggestive evidence for the influence of a C component
(22.3%, 95% CI=2.3-42.3, p=0.03) (see Table S6 in the
online supplement).

For the comparison groups based on age at first diagnosis,
youth-onset MDD was more heritable than adult-onset, with
h? estimates of 55.1% (95% CI=51.2-59.0) and 43.8% (95%
CI=39.5-48.2), respectively. The rg between the two sub-
groups (rg=0.33, 95% CI=0.26-0.41) was the lowest among
the nine comparison groups (Figure 1; see also Tables S6-S8
in the online supplement).

The suicidal subgroup showed a significantly higher
h? than the nonsuicidal subgroup (51.8% vs. 40.6%,
p=8.05><10_4), and their rg was 0.77 (95% CI1=0.69-0.86).

The subgroups with comorbid anxiety disorder and with
other psychiatric disorders showed higher h? estimates than
the subgroups without these comorbidities (Figure 1A; see
also Table S7 in the online supplement). However, the rg
values within these two comparison groups were high,
at 0.90 (95% CI=0.81-0.99) between the subgroups with
or without comorbid anxiety disorder, and 0.87 (95%
CI=0.77-0.96) for the ones with or without other psychi-
atric disorders.

Similarly, recurrent MDD was more heritable than single-
episode MDD (47.4% and 34.4%, respectively; p=3.84X10 7).
The r, of these two subgroups was 0.87 (95% CI=0.78-0.95)
(Figure 1).

The inpatient subgroup (i.e., individuals who had been
hospitalized for MDD) showed a slightly higher h? than the
subgroup treated only in outpatient care (45.6% [95%
CI=39.4-51.8] compared with 41.8% [95% CI=39.1-44.5]),
but the difference was not statistically significant. The rg
within this comparison was significantly lower than 1
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FIGURE 1. Heritability and within-comparison genetic correlation of major depressive disorder (MDD) subgroups?
A. Heritability of MDD Subgroups
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dashed line shows all MDD phenotype heritability, and the 95% confidence interval is shaded in gray (h°=45.3%, 95% Cl=43.0-47.5). In panel B,
asterisks indicate values that are statistically significantly different from 1.

(rg=0.81, 95% CI=0.72-0.90) (Figure 1; see also Tables S7
and S8 in the online supplement). By including only a pri-
mary diagnosis of MDD in the inpatient subgroup, we may
have missed relevant MDD cases in which the patient was
hospitalized with suicide as the main diagnosis. We con-
ducted sensitivity analyses where 287 MDD cases with a
primary diagnosis of suicide were added to the inpatient
subgroup. The results were consistent with the primary
results (see Table S9 in the online supplement).

The two comparison groups based on severity and im-
pairment showed a high within-comparison ry of 0.85
(Figure 1B). The h? estimates for the severe and impaired
subgroups were slightly lower compared with those for their
counterparts, albeit with largely overlapping confidence
intervals (Figure 1A; see also Table S7 in the online
supplement).

Considerable sample overlap (mean overlap, 48.3%;
range, 6.4-93.6; see Figure S2 in the online supplement) and
phenotypic correlations (range, —0.55 to 0.55; see Figure S3
in the online supplement) contributed to the high r, estimates
between subgroups across comparison groups (mean=0.89;
see Figures S3 and S4 in the online supplement). Nonetheless,
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48% (69/144) of the r, values had confidence intervals that
did not include 1. Some comparison groups showed different
patterns of cross-comparison rg. For example, as expected,
the inpatient subgroup had a strong genetic correlation with
the severe MDD subgroup (rz=0.91), while the outpatient
subgroup had a strong genetic correlation with the mild/
moderate MDD subgroup (rg=0.99). Compared with the
adult-onset subgroup, the youth-onset subgroup had a
stronger genetic correlation with all but the impaired sub-
group (rg>0.7) (see Figure S4 in the online supplement).

Heterogeneity of MDD Subgroups Observed Using
Pedigree and Genomic Data

We compared the h? and within-comparison-group rgvalues
estimated using pedigree data (this study) with the estimates
from genomic data (our previous study, using the UK Bio-
bank cohort) (Figure 2). Among the six overlapping sub-
groups, SNP h? was about one-tenth to one-third of h? across
subgroups. In general, patterns of heritability estimates were
similar between the two studies (Figure 2; see also Table S10
in the online supplement). In both studies, the early/youth-
onset subgroup was significantly more heritable than the
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FIGURE 2. Heritability and genetic correlations estimated from Swedish pedigree data and UK Biobank genotype data®

%o 4.
3 o
OO\\S Pedigree h? %4, SNP h? Genetic Correlation
) Yo
60 50 % 40 30 20 10 0 0 <= 10 20 Lo fa SNPr
R :
Suicidal 1 I
- 0.8 —
] 4+—|
1
I
Nonsuicidal ™ 0.6
I
1.0
Recurrent

Single episode

F

1

o 1.0
1
Anxiety : = + |
1 08—
! |
1
1
Nonanxiety I 0.6
.
| 1.0

Youth/early onset

1

0.6
Adult/late onset — 0.4 ji
o2
L i o
1
Severe : - - |
: 0.8 —
. I
1
Mild/moderate e 0.6
1
' ' 10
Impaired/severe impaired : —'— : “ | | I
! \ \ \ H L
Nonimpaired/ :_ :_ 08 ' |
moderate impaired : : |
]
Mild impaired i j! 06
60 50 ' 40 30 20 10 0 0 ' 10 20 rg  Mild- Moderate- Severe-
Moderate  Severe Mild

@The Swedish pedigree data are in the same colors as those used in Figure 1, and the UK Biobank genotype data are in gray. Bars and dots
show point estimates; error bars indicate 95% confidence interval. Red dashed vertical lines show all MDD phenotype heritability (h?=45.3%,
SNP h“=6.2%). In pedigree data, youth onset is =21 years and adult onset is =25 years; in genotype data, early onset is =30 years and late onset is

=44 years.

late/adult-onset subgroup (Figure 2; see also Table S6 in the
supplement of reference 6). Using pedigree data, we ob-
served significant differences in h® based on more clinical
indices, including suicidality, recurrence, and comorbid
anxiety disorder, for which we did not find the same results in
the UK Biobank data. Contrary to the h? estimates, the SNP
h? values for the severe and impaired subgroups were higher
than their counterparts in the UK Biobank data.

The ry estimates were similar between the two studies,
with mean values of 0.76 and 0.79 for the pedigree and ge-
nomic data, respectively. In both studies, ry was significantly
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lower than 1 for subgroups within the comparisons of age at
diagnosis/onset, suicidality, recurrence, and impairment.
However, the ry between youth-onset and adult-onset MDD
from the present study was significantly different from that of
early-onset and late-onset MDD from the UK Biobank study
(0.33 and 0.76, respectively; p=3.97X10"13).

DISCUSSION

In this study, we used Swedish national registers to in-
vestigate and contrast genetic components of 18 MDD
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subgroups. The range of heritability of these MDD sub-
groups was 30.5%-58.3%, nearly a twofold difference. The
majority of genetic correlations within comparison groups
(range, 0.33-0.90) significantly deviated from 1, suggesting
differences in their underlying genetic risk factors. Fur-
thermore, we followed up on our previous work and com-
pared these pedigree-based estimates with the SNP-based
estimates from the UK Biobank. In both studies, we found
that, in general, subgroups with more severe manifestation
were more heritable than their counterparts, and genetic
correlations from the two studies were comparable (mean
correlations of 0.76 and 0.79 for pedigree- and SNP-based,
respectively). These findings strengthen the current evidence
that subgroups of MDD differ in their genetic components.

It has been challenging to characterize genetic contri-
bution to MDD heterogeneity. The large samples from
Sweden and the UK Biobank provide unique opportunities to
systematically compare genetic components of MDD sub-
groups. The present study, however, differs from our pre-
vious UK Biobank study in several important respects. First,
here we used a Swedish population-based cohort, as com-
pared to a more selected population in the UK Biobank (7).
With specialist-treated MDD extracted from patient regis-
ters, the samples used here represent a patient population
with more severe illness and greater functional impairment,
thereby addressing a key limitation of the previous study.
Second, in the previous study, which was primarily based on
retrospective self-reported symptoms, we focused on
symptom-based subtypes, whereas in this study we focused
on the subgroups with differential psychosocial function and
disease burden. Third, the previous findings based on ge-
nomic data were reexamined here using classic quantitative
genetic modeling. Across the six overlapping subgroups, the
SNP-based heritability accounted for only a small percentage
(10%-30%) of pedigree heritability. The difference is likely
due to two main factors. First, SNP-based heritability only
captures the genetic contribution explained by common
genetic variants that are tagged on genotyping arrays. Sec-
ond, the dissimilarities between the two studies, including
phenotype definitions and sample ascertainment (i.e.,
specialist-treated MDD versus self-reported major depres-
sion) may also contribute to the variation. Notwithstanding
the differences, the findings from the two studies were
largely consistent; together they provide the most compre-
hensive overview of genetic heterogeneity in MDD to date.
Identifying more heritable subgroups would increase GWAS
power. The present study found up to 1.5 times higher
heritability in subgroups than in all MDD; assuming the SNP
heritability of 9% for all MDD (24) and a similar fold increase
in subgroups’ SNP heritability, this would reduce sample size
by approximately one-third while maintaining power to
detect significant loci (25).

Notably, this study extends evidence for subgroups with
greater functional disability and disease burden. We used
medical and social benefit records to examine clinical
and psychosocial features as a means of defining MDD
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subgroups. We found that the disabled subgroup, as indexed
by early retirement, was the most heritable subgroup among
all those studied. Compared with their counterparts, heri-
tability was significantly higher for the MDD subgroups with
disability, youth onset, suicide attempt or death by suicide,
comorbidity with anxiety disorder or another psychiatric
disorder, and recurrence. These results were largely con-
sistent with previous analyses using polygenic risk scores,
which showed that subgroups with youth onset, recurrence,
and comorbid anxiety disorder had a higher genetic burden
of common risk alleles for MDD than the later-onset, single-
episode, and nonanxiety MDD subgroups, respectively (5,
26). On the other hand, severity and impairment within
MDD in this study appeared to be less useful differentiators.
This might be due to the limited variability in these two
indicators in specialist-treated MDD. Nevertheless, these
results underscore the importance of studying the patient
subgroups on the far end of the spectrum of functional
disability, especially using genetic approaches.

Despite the evidence supporting genetic heterogeneity in
MDD, the relatively high genetic correlations clearly dem-
onstrated that the genetic components of subgroups are only
partially distinct. Except for the age-at-diagnosis compari-
son, all pairwise genetic correlations were between 0.75 and
0.90. The subgroups of youth-onset MDD (defined as age
=21 at the first specialist MDD diagnosis) and adult-onset
(age =25) showed a much lower genetic correlation of 0.33.
This estimate was also substantially lower than our UK
Biobank estimate of 0.76 between early-onset depression
(defined as age at first experience of a =2-week episode of
cardinal symptoms at age =30 years) and late-onset de-
pression (=44 years). It should be noted that the two studies
had major differences in phenotype definitions (age at di-
agnosis vs. age at onset) and cutoffs (youth- or adult-onset vs.
early- or late-onset), especially given the fact that many
individuals with MDD do not seek treatment until well after
symptom onset (27). These differences are likely to have led
to discrepancies in the results. Both our own work based on
the UK Biobank (27) and the Australian Genetics Study of
Depression (5) showed that the polygenic risk scores of MDD
were the highest among individuals with an early onset age
and steadily declined until an onset age of around 30. Youth
depression has been associated with subsequent somatic
diseases and premature mortality (28). Thus, it might be
meaningful and clinically important to identify specific ge-
netic risk factors underlying this subgroup.

Interpretation of the study results is subject to several
limitations. Changes in clinical practice during the study
follow-up period constitute a possible limitation of using
register data. Changes in practice may have led to differences
in MDD diagnoses in individuals across different years. To
limit potential bias owing to this factor, we used a sibling
design (as opposed to familial relations across generations)
with sibling pairs born =10 years apart and adjusted for the
linear and quadratic effects of birth year in all models except
those for the subgroups based on age at diagnosis. We were
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not able to appropriately account for potential diagnostic
changes over calendar time in the comparison of youth-onset
versus adult-onset MDD. Second, although national register
data allowed us to study subgroups in large samples, we still
lacked sufficient sample sizes to study rare subtypes, such as
psychotic MDD (less than 4% of all MDD cases in the
Swedish register), and lacked fine-grained clinical infor-
mation on symptoms and treatment response to investigate
important subtypes such as atypical or treatment-resistant
MDD. These represent areas of interest for future studies.
Third, we do not have information to identify the specific
indication for receiving sickness benefits and early retire-
ment pensions. Fourth, we may have missed MDD cases or
misclassified subgroups beyond the end of follow-up.
However, our data covered the peak onset age of MDD for
the investigated cohort, and for the majority of MDD cases,
we have sufficient follow-up time to correctly assign sub-
groups (median=5.1 years since the first MDD diagnosis,
IQR=2.5-7.8 years). Moreover, the results from this study
were similar to our previous findings in the UK Biobank,
regardless of the differences in birth cohort and follow-up.
Finally, despite many advantages of register data, we cannot
rule out the potential impact of the differences in the phe-
notypic reliability between subgroups on the observed
findings.

For all subgroups, we did not find any statistically sig-
nificant contribution of the common environment (C) to the
liability of the disorders. Our simulation (see the Supple-
mentary Results section in the online supplement) showed
that with the sample size used here, we had sufficient power
(>80%) to detect a significant C component of ~10% and
above. However, the power might be limited if C is of a
smaller magnitude (e.g., we had less than 60% power to
detect a C component of <8%) (see the Supplementary
Results section in the online supplement). Our models relied
on the assumption of no gene-environment interplay, which,
if violated, could affect the estimates.

Treating MDD as a single form limits the potential for
personalized treatment. Progress will depend on patient
stratification based on clinical characteristics, or on the
omics features promised by advanced technologies. This
study has produced important insights into the genetic
heterogeneity of MDD and a deeper etiological under-
standing of MDD clinical subgroups. These insights will
encourage future studies to identify specific genetic factors
and biomarkers, and to map subgroups to outcomes, thereby
accelerating research on novel and optimized treatment
tailored to specific patient groups.
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