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Summary 9
Background Major depressive disorder (MDD) is a common psychiatric disorder associated with a high disease ';g:;‘h '1%:)'2'2’:

. . . . . . . HH
burden. This study gives a comprehensive overview of the prevalence, outcomes, treatment, and genetic epidemiology

of MDD within and across the Scandinavian countries. Published o_nli"e XXX
https://doi.org/10.

. . 1016/j.lanepe.2023.
Methods This study has aimed to assess and compare across Norway, Denmark, and Sweden 1) the prevalence and ;¢

trajectories of MDD and comorbidity, 2) outcomes and treatment, and 3) heritability (Denmark and Sweden only). The
analyses leveraged data on 272,944 MDD cases (and 6.2 million non-cases) from Norway, Sweden, and Denmark in
specialist care in national longitudinal health registers covering 1975-2013. Relying on harmonized public data global
comparisons of socioeconomic and health metrics were performed to assess to what extent findings are generalizable.

Findings MDD ranked among the most prevalent psychiatric disorders. For many cases, the disorder trajectory was
severe, with varying proportions experiencing recurrence, developing comorbid disorders, requiring inpatient
treatment, or dying of suicide. Important country differences in specialist care prevalence and treatment were
observed. Heritability estimates were moderate (35-48%). In terms of socioeconomic and health indices, the Scan-
dinavian nations were comparable to one another and grouped with other Western nations.

Interpretation The Scandinavian countries were similar with regards to MDD epidemiological measures, but we show
that differences in health care organization need to be taken into consideration when comparing countries. This study
demonstrates the utility of using comprehensive population-wide registry data, outlining possibilities for other
applications. The findings will be of use to policy makers for developing better prevention and intervention strategies.
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Research in context

Evidence before this study

Major depressive disorder (MDD) is a highly prevalent

and disabling disorder, persistent across nations, cultures, and
time. The understanding of epidemiological profiles and
heritability is important to inform clinical guidelines and
policy makers, and for future analyses of genetic architecture.
The uniform health care system and available registry data in
the Scandinavian countries provide a unique possibility to
identify a wide set of epidemiological outcomes in MDD such
as prevalence, comorbidity, clinical outcomes, treatment
trajectories and heritability, and to present cross-country
comparisons. We searched MEDLINE, Embase and APA
Psychinfo with no date or language restrictions (see

Table S0a, Fig. SO for the full search strategy) for reviews and
original studies mapping nationwide epidemiological
outcomes in MDD with the use of registries or health records.
The search retrieved 359 unique articles. Among the 324
original articles, 78 studies investigated epidemiological
outcomes in MDD and included nationwide cohort samples
(Table SOb). As expected, the main countries providing
nationwide data were Sweden and Denmark with 64 studies,
and 1 Norwegian study was identified. Beyond the
Scandinavian countries, a total of 13 studies used nationwide
samples from Finland, Iceland, Netherlands, Austria and South
Korea. Among the 78 original research articles investigating
MDD outcomes, 18 studies investigated >1 outcome, but
none provided a complete overview of prevalence,
comorbidity, clinical outcomes, treatment trajectories and
heritability of MDD. Moreover, no study compared MDD
outcomes with other nations.

Introduction

The Scandinavian countries Norway, Sweden, and
Denmark share a common history going back thou-
sands of years.' Due to their common ancestry, the
Scandinavian population shares a genetic background
and has remained partly genetically distinct from other
European populations.”” The Scandinavian countries
bear strong similarities in government, culture, and
economics. Common cultural characteristics include,
for example, individualism, high trust in the govern-
ment, and gender egalitarianism.** The languages show
resemblance to such an extent that speakers can often
understand each other. Norway, Sweden, and Denmark
share consistent positions among the top 10 of various
world-rankings on happiness and well-being® and they
are among the wealthiest in the world.”

Added value of this study

With comprehensive nationwide registry data, we aligned
definitions of study cohorts and statistical methods between
the three Scandinavian countries to provide cross-country
comparisons of a broad set of epidemiological outcomes in
MDD. We integrated global comparisons of socioeconomic
status, mortality and morbidity to demonstrate the
comparability of the Scandinavian countries with other high-
income countries. Combined, we found that the prevalence of
MDD is moderate in Scandinavia with a substantial sex-
imbalance. Based on the longitudinal registries, we found
high rates of severe clinical and socioeconomic outcomes
among individuals with experience of MDD. The high rate and
pattern of comorbid mental disorders was similar across
countries, and heritability estimates of 35-48% aligned with
estimates found in other cohorts. We describe important
differences in the national health services between countries
that could explain differences found in prevalence of MDD
and other mental disorders as well as clinical outcomes.

Implications of all the available evidence

Given the complex and heterogeneous nature of MDD, the
understanding of epidemiological outcomes and genetic
architecture rely on large sample sizes. Our comprehensive
epidemiological overview of MDD in Scandinavia add value to
this understanding and show the possibilities and limitations
of nationwide registry-based research. The cross-country
comparisons performed highlight that the knowledge of
health care services and paths to care are of great importance
to the evaluation of outcomes and should be considered in
future epidemiological research of MDD.

Healthcare is similarly organized across Scandinavia.
It is funded by the government via taxation and allows
near-universal access to medical care. Health care ex-
penditures currently constitute around 10.1-11.4% of
the gross domestic product in Norway, Denmark, and
Sweden.*® The health care system in Scandinavia is
organized into primary and specialist care. Basic psy-
chiatric health care is provided in primary care, while
specialist psychiatric care comprises inpatient hospitals
and outpatient clinics and requires a referral paper from
a general practitioner. Data on health care usage,
redeemed prescriptions, and population demographics
(e.g., birth, death, education) are collected in numerous
detailed registries."

Major depressive disorder (MDD) is characterized by
episodes of depressive mood and/or loss of interest and
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pleasure. The ability to concentrate, psychomotor activ-
ity, sleep and eating patterns can be impaired, and un-
reasonable feelings of guilt, low self-esteem and suicidal
thoughts may be present (International Statistical Clas-
sification of Diseases and Related Health Problems
[ICD]"). In 2019, the global age-standardized one-year
prevalence was estimated at 3.4% (Global Burden of
Disease [GBD] 2019"). Depressive disorders accounted
for the largest proportion (37%) of psychiatric disorder-
related disability-adjusted life years."? Outcomes for
those with MDD vary, with some developing life-long
maladies with significant functional impairment,
whereas others experience a single, mild episode that
spontaneously remits.

Given the burden that MDD places on individual
lives and society, it is paramount to increase insight into
the presentation, prevalence, and etiology of the disor-
der.” For genetic studies, it is generally assumed that
Scandinavian populations are similar to each other and
to other western countries, but outside of the reports
from governmental agencies, few studies have system-
atically compared population characteristics of MDD
within and across Scandinavian countries (see ‘Research
in Context’). Understanding differences and similarities
in what an MDD diagnosis constitutes in different
countries is important to judge the generalizability of
research findings.

The aims of the current study were three-fold: 1.
Provide an extensive overview of the prevalence and
comorbidity of MDD and compare them across the
Scandinavian countries; 2. Assess the association of
MDD with treatment and clinical and socioeconomic
outcomes; and 3. Estimate to what extent genetic lia-
bility contributes to MDD in Scandinavia. As an ancil-
lary aim, we evaluate how the Scandinavian countries
compare to the rest of the world in terms of socioeco-
nomic status and mortality/morbidity, to assess to what
extent results may be generalizable. Understanding the
occurrence, course, and consequences of MDD is
pivotal in informing clinical practice and policy.

Methods

A detailed overview of the included analyses and data
sources is given in Table S1 and the Supplementary
Notes (numbered Note S1-S7 below).

Global comparisons of socioeconomic indicators
and health

As a first step, we compared the Scandinavian countries
to each other and the rest of the world in terms of so-
cioeconomic status, mortality, and morbidity using
harmonized data from the GBD study and the Our
World in Data organization.” These efforts have
brought together data from numerous governmental
and scientific sources and harmonized them to enable
country comparisons. To evaluate socioeconomic status,
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we used eleven key metrics with complete data in 2019
in 168 countries from Our World in Data (Table S2). For
a few measures where 2019 data were missing, we
brought forward data from the nearest non-missing year
for that country. We reduced data complexity to two
dimensions using Uniform Manifold Approximation
and Projection (UMAP, https://cran.r-project.org/web/
packages/umap/vignettes/umap.html”) and investi-
gated how countries clustered together on these di-
mensions with Hierarchical Density-Based Spatial
Clustering of Applications with Noise (HDBSCAN;
Note S1) using the standardized key metrics.

Global data on mortality, morbidity, and prevalence
of MDD in 204 countries were retrieved from the 2019
GBD study (Note S1, Table S3). UMAP and
HDBSCAN were again used to cluster countries in
terms of their population’s health (Note S1). For MDD
as well as the most common other psychiatric disor-
ders we extracted estimates of one-year prevalence in
Scandinavia (Note S1).

Study population: data from the national registers
To capture data on diagnostic information, outcomes,
treatment, and genetic epidemiology we used the
respective national health registries.”” An overview of the
registers is given in Fig. 1 and more information can be
found in Note S2 and Table S4.

We selected a birth cohort of 1965-2000 for most
analyses in MDD cases, limiting ourselves to the de-
cades for which we had appropriate register coverage. In
several analyses we excluded cases with less than 5 years
follow-up data after their first MDD diagnosis due to
death, emigration, or end of register coverage. Note that
for the analysis focusing on clinical outcomes we did not
exclude individuals who died of suicide, given that this
was an outcome of interest. Again, to ensure sufficient
data coverage, we excluded individuals who were not
born in the respective country in the Danish and
Swedish data. Given that MDD diagnostic codes trans-
late poorly to individuals below age 10, we excluded
individuals that received a diagnosis before age 10 in
most analyses. Following these criteria, we selected a
cohort of MDD cases aged 10-49. The Norwegian
prevalence and comorbidity analyses relied on registry
data linked to the ‘Norwegian Mother, Father, and Child
Cohort Study’ (MoBa,'® Table S4, Note S3). A detailed
overview of cohort selection criteria used in the different
analyses can be found in Table S1.

Aim 1. Prevalence of MDD and comorbidity in
specialist care

To assess the prevalence of MDD in the specialist care
registries, we extracted individuals with MDD and their
age at first diagnosis in the period covered by the reg-
isters using ICD-10: F32/F33 codes (or equivalent in
ICD-9 and ICD-8; Table S5) with subcodes that clinical
features of MDD. We describe the raw prevalence, age
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Fig. 1: Aims and data sources. Panel A) Data sources per aim (1-3), with country flags indicating data availability in each country (blue-
yellow = Sweden; red-white = Denmark; red-white-blue = Norway). Panel B) Overview of population size (top panel) and register data availability
from 1950 onwards in the Scandinavian countries (bottom panel; in grey the registers that were not used for this study). *Register contains
information regarding cause of death down to 1875 and was computerized as of 1970. **Available for MoBa sub sample, refer to Note S3.

distribution and sex differences across the countries
(Note S4a—d). To put the prevalence of MDD in
perspective, we extracted the prevalence of other com-
mon psychiatric disorders from ICD-10 (Table S5). For
this overview we focused on individuals born after 1985,
after which the ICD-10 coverage became similar be-
tween the countries (Table S1). We reported the number
of diagnoses in 2013 of MDD, autism spectrum disorder
(ASD), attention-deficit/hyperactivity disorder (ADHD),
anxiety disorder, bipolar disorder, eating disorder,
schizophrenia/schizoaffective disorder, and substance
use disorder stratified by sex and age. Finally, we esti-
mated the cumulative incidence of MDD occurring after
onset of another disorder, and, vice versa, the cumula-
tive incidence of another disorder after MDD diagnosis
(Note S4e—g).

Aim 2. Outcomes and treatment
We used registry data from Denmark and Sweden to
investigate the occurrence of binary clinical outcomes
within MDD cases, focusing on recurrence, diagnostic
cross-ovet, self-harm, suicide, and mortality (Note S5a—
b). We tested country differences in rates of clinical
outcomes while controlling for age and sex. Using
Swedish data, we furthermore contrasted socioeco-
nomic outcomes for MDD cases versus non-cases,
focusing on benefit payments, sickness leave, income,
and educational attainment (Note S5c—d). We tested the
impact of MDD on sickness leave, income, and educa-
tional attainment using linear regression models and its
impact on benefit payments using logistic regressions
while controlling for birth year and sex in all models.
We assessed specialist treatment use in Denmark
and Sweden, and primary care treatment in Stockholm
County, Sweden (Note S6a). The Swedish and

Norwegian (aggregated) prescription drug registers
were used to present the prevalence of prescription drug
use for MDD (Note S6b—c). Furthermore, we reported
on common treatment intensification trajectories in
Sweden (Note S6d).

Aim 3. Genetic epidemiology (Denmark and
Sweden)

Using genealogical information” and specialist care
diagnoses we estimated the heritability of MDD in
Denmark and Sweden. For these analyses we compared
phenotypic similarity (MDD status) with genetic si-
milarity (comparing the general population with
full-siblings, 50% genetically similar, and maternal half-
siblings, 25% genetically similar; see Table S6 for
sample composition) using two distinct methods. First,
we estimated the heritability based on the cumulative
incidence of MDD as a function of pedigree relatedness
(Note S7a). For comparison, the heritability of MDD was
subsequently estimated using structural equation
modeling in full- and maternal-half sibling pairs.” We
fit an ACE model” using maximum likelihood to
calculate heritability in OpenMx,* assuming that full-
siblings share 50% of their genetic make-up and
maternal half-siblings share 25% (A), while both full-
and half-siblings fully share their common environment
(C) and share no unique environment (E). The models
were adjusted for sex, birth year, and birth year squared
(Note S7b, Table S6).

Role of funding source

The authors declare that the funding sources have had
no involvement in study design, data collection and
analysis, or writing and deciding to submit this
manuscript.
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Results

Global comparisons of socioeconomic indicators
and health

The clustering analyses of governmental health care
expenditure, GDP, and years of education suggested a
high comparability between the Scandinavian countries
and other Nordic countries (Estonia, Finland), western
Europe (Austria, Belgium, Czechia, France, Germany,
Ireland, Italy, Luxembourg, Malta, Netherlands,
Portugal, Slovenia, Spain, Switzerland, UK), a few Pa-
cific nations (Australia, Japan, South Korea), North
America (Canada, United States), and Israel (Fig. 2A,
Table S7, Fig. S1). There were similar clusters for
morbidity and mortality rates, with Scandinavia clus-
tering with Nordics (Finland, Iceland), much of Europe
(Andorra, Austria, Belgium, Cyprus, France, Germany,
Greece, Ireland, Italy, Luxembourg, Malta, Monaco,
Netherlands, Portugal, San Marino, Spain, Switzerland,
UK), a few Pacific nations (Australia, Japan, New Zea-
land), and North America (Bermuda, Canada, United

A Socioeconomic status clusters

States; Table S8, Fig. 2B, Fig. S2). Although highly
advantaged according to many metrics, the cluster
containing the Scandinavian countries was marked by
high morbidity and mortality for psychiatric disorders as
well as high mortality for specific other disorders,
including neoplasms and neurological disorders
(Table S8). Similar 1-year prevalence estimates of MDD
were found in this cluster of countries, with North
America 3.5%, western Europe 3.9%, and Scandinavia
2.6-3.6% (Fig. 2C). In Scandinavia, prevalence estimates
of common psychiatric disorders stratified on age and
sex showed similar patterns (Fig. 3A).

Aim 1. Prevalence of MDD and comorbidity in
specialist care

The proportion of the total population diagnosed with
MDD in specialist care was 3.1% in Sweden, 3.2% in
Denmark, and 4.4% in Norway-MoBa (after exclusions;
Table S4). These rates were significantly different,
X?* = 1474, p < 0.001). Across the countries females were

B Morbidity/ mortality clusters

MDD prevalence (GBD data)

Fig. 2: Empirical clustering of global countries. Panel A) depicts country clusters with similar key metrics for socioeconomic status. The
Scandinavian countries are all in the pink cluster. Panel B) shows clustering results on morbidity and mortality, the pink cluster including mostly
the same countries as the corresponding socioeconomic cluster from panel A. The bottom panel C) shows global prevalence estimates for MDD
in 2019, zoomed in on Scandinavia in the inset. NO = Norway; SE = Sweden; DK = Denmark.
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almost twice as likely as males to get a lifetime diagnosis
of MDD in specialist care (Relative Risk [RR] = 2.0 in
Denmark, RR = 1.3 in Norway, and RR = 1.7 in Swe-
den). The cumulative incidence by age 49 was 5.4% in
Sweden, 6.7% in Denmark, and 9.0% in Norway-MoBa
(Fig. S3). In Norway, the cumulative incidence before
age 40 was less steep than in Sweden and Denmark,
whereas after age 40 it accelerated, which is likely due to
the reliance on the MoBa sub sample in Norway (Note
S3). Of all ICD-10 MDD diagnoses, a moderate single
episode (F32.1) was diagnosed the most frequently in all
countries (Table S9). The average age at first specialist
diagnosis was slightly higher in Denmark (M = 28.1,
SD = 0.04) than in Sweden (M = 26.7, SD = 8.2; t = 56.0,
p < 1E-5, see Fig. S4). Men showed an evenly distributed
age of first specialist diagnosis with a median around
27-29 years, and females showed two peaks around 20
and 30-35 years.

To compare the prevalence of MDD to other com-
mon disorders, we extracted the most diagnosed psy-
chiatric disorders in the specialist care registers. Overall,
MDD, anxiety disorders, substance use disorders and
ADHD were the most diagnosed disorders across the
different countries (Fig. 3B, Fig. S5-S6). The prevalence
of psychiatric disorders was lower in the Danish
specialist care register, and the age distribution of MDD
appeared different than in Sweden, such that more
MDD diagnoses were made in older populations
(Fig. 3B).

Psychiatric comorbidity patterns were similar in
Denmark, Sweden, and Norway (MoBa), with up to
5-15% developing MDD following a disorder usually
developing during childhood (ADHD, ASD, or eating
disorders; Fig. 3C). Between 9 and 25% of individuals
diagnosed with other (adult-onset) psychiatric disorders
were later diagnosed with MDD (before age 50), with
anxiety and bipolar disorder being the most prevalent
comorbid disorders. In the other direction, the diag-
nosis of an anxiety disorder after an MDD diagnosis was
more than 2.5 times as common in Sweden than in the
other two countries (SE: 44.4%, DK: 16.5%, NO: 15.4%).
Due to the late start of the patient register in Norway,
age at onset of the adult-onset disorders is likely biased
upwards in our results (Note S3). We found high rates
of several comorbid psychiatric disorders also in a
younger cohort of MDD, with consistent patterns in all
three countries (Fig. S5, Fig. S6).

Aim 2. Outcomes and treatment

Clinical outcomes

About a third (31%) of MDD cases in specialist care in
Sweden and Denmark are diagnosed with recurrent
MDD. About 5% ‘cross-over’ to bipolar disorder or
schizophrenia/schizoaffective disorder, 7% present with
self-harm, 0.4% die of suicide, and 1% die of a different
cause (before age 50; see Fig. 4A). Rates for these out-
comes were lower for cases in primary care in Sweden
(Stockholm county), between 4.8% for recurrence and
0.1% for suicide death. Chi-squared tests for the dif-
ference in clinical outcome rates in Sweden and
Denmark were not significant (Table S10a). Based on
meta-regression results, patterns across age appeared
similar Dbetween countries (all Cochran’'s Q p-
values > 0.05, Table S10b). Most outcomes were more
prevalent in females in both countries, except for death
by suicide and other-cause mortality, which were more
common in men. Self-harm was disproportionately high
in young females in both countries. Cross-over was
more common in males in Denmark, but more com-
mon in females in Sweden. Although for the other
outcomes the direction of the sex difference was the
same, sex effects were significantly different (all Q p-
value < 0.005) between the countries for recurrence,
mortality, and self-harm, which is probably a result of
the large sample size (Table S10b).

Socioeconomic outcomes in Sweden

Individuals with a diagnosis of MDD had a significantly
higher number of sick leave days in the year after
receiving their first diagnosis (M = 53.6 [SD = 109.7])
compared to non-cases in any random year (M = 3.9
[SD = 23.3]; R* = 12.3%; Table S11). MDD cases were
more likely to have received government benefit pay-
ment for illness or unemployment (3.8%) than non-
cases (1.0%; R* = 0.44%). They had a higher yearly
income (across 1993-2013, the difference with yearly
average in Swedish kronor x1000: M = 28.4 [SD = 72.7]
in cases, and M = —45.8 [SD = 105.0] in non-cases;
R? = 0.12%). Cases had a lower educational attainment
(M =370 [SD = 118], on a scale from 100 to 640, falling
between upper- and post-secondary education) than
non-cases (M = 396 [SD = 114]; R? = 0.30%). For ease of
interpretation, we subsequently dichotomized the
continuous outcomes and visualized them in Fig. S7
(Note S5). Of note, for dichotomized income the

Fig. 3: Pyramid plots of the number of diagnoses per age stratum in 2013 and 2019. Panel A) represents the number of diagnoses in Denmark,
Norway, and Sweden according to the harmonized GBD data. Panel B) shows the prevalence in Denmark and Sweden, based on data from
specialist care registries. Note that these are counts of diagnoses rather than individuals: people could be counted several times for different
diagnoses. Panel C) shows the cumulative incidence of receiving an MDD diagnosis after a childhood-onset psychiatric disorder (left column),
MDD diagnosis after initial psychiatric disorder diagnosis (middle column) and receiving an additional diagnosis after being diagnosed with
MDD (right column). The top row panels show data from the Danish general population, the central row panels represent the MoBa subsample
from Norway, and the bottom row panels show results from the Swedish general population. ADHD = attention deficit hyperactivity disorder;

ASD = autism spectrum disorder.
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results were flipped, such that MDD cases were more
likely to have a low income (>1 SD below average) at
least once in the measurement years (25.4% of cases,
17.5% of non-cases; R” = 0.63%). From the figure it
appears that the impact of MDD on socioeconomic
outcomes was stronger for females; thus, we added
interaction terms for MDD and sex. For all outcomes,
the interactions were statistically significant, but
explained less than 0.1% of the variance. Full regression
results can be found in Table S11.

Treatment usage: primary and specialist care

In Sweden (Stockholm County), MDD cases had a me-
dian of 3 contacts in primary care for MDD (inter-
quartile range [IQR] =5, N = 39,186). Of those treated in
primary care, 33.9% were referred to specialist care.
When looking at all MDD cases in specialist care in
Sweden, 26.9% had only one outpatient treatment con-
tact, and the median was 3 contacts (IQR = 6). In
Demark, specialist treatment use was lower, with me-
dian = 1 (IQR = 1, N = 43,699) and 64.5% of patients
visiting specialist care only once. In Sweden, females
had more treatment contacts than males in primary care
(Maifference = 1.1 contacts, independent samples t-test
p = 5.43E-6) while there was no difference in specialist
care (Maifference = 0.1, p = 0.914). In Denmark, females
had slightly more treatment contacts than males in
specialist care (Maifference = 0.2, p = 1.1E-28; Fig. S8).
Regarding inpatient care in Sweden, 21.0% of cases in
specialist care were hospitalized with a main diagnosis
of MDD at least once (after the start of the outpatient
register in 2001). In Denmark, 31.4% in the specialist
care register had one or more inpatient contact (after the
start of the outpatient register in 1995). Here we could
furthermore derive length of stay, which had a median
of 43.4 days (non-consecutive; IQR: 49 days).

Pharmacological treatment

In Sweden, 58% of MDD cases used an antidepressant
if treated only in primary care, compared to 68% of
cases in specialist care (Fig. 4B). Frequently used anti-
depressants were SSRIs and SNRIs (55% and 22% of all
prescriptions, respectively). On average, antidepressants
were used for 12.5 months (SD = 9.6, median = 10.4
months, IQR = 9.4 months, N = 14,486), distributed
over an average of five treatment episodes (SD = 3.0,
median =4, IQR =5). They tried on average 2.5 different
medications (SD = 1.6, median = 2, IQR =2; Fig. S9). In

specialist care, 11% of cases used >2 antidepressants
concurrently or received an augmentation from a
different medication group. Progression to receiving
electro-convulsive therapy (ECT) was rare (<2%).

In Norway, aggregated data for the entire population
were available to provide an overview of pharmaco-
therapy (Note S6). Most antidepressant prescriptions for
mood disorders were made in primary care (Fig. S10).
On average, 5.4% of females in the general adult pop-
ulation and 3.0% of males were prescribed an antide-
pressant for mood disturbances in primary care each
year. Fewer used antidepressants prescribed in
specialist care with 0.54% of males and 0.78% of fe-
males in the adult population receiving a prescription
for the same indication each year. Overall, there were
few fluctuations in use rates, and the sex difference was
stable over time.

Aim 3. Genetic epidemiology

In order to assess the genetic contribution to MDD we
estimated and compared the cumulative incidence for
individuals with and without family members with
MDD in two different birth cohorts. The cumulative
incidence of MDD in the general population by age 49
(for the broad birth cohort 1965-2000) and 29 (for the
narrow birth cohort 1985-2000) was estimated at 4.8%
(CI = 4.7-4.9%) and 6.8% (CI = 6.7-6.9%) in Denmark,
which was significantly lower than the estimates
observed in Sweden (7.2%, CI = 7.2-7.3% and 9.8%,
CI = 9.7-9.9%; Fig. 5). Having a full-sibling diagnosed
with MDD increased the probability of an MDD diag-
nosis by about 2-fold compared to the risk of MDD in
the general population in both countries and birth co-
horts (Fig. S11; Table S12A).

We observed in the broad birth cohort that the cu-
mulative incidence of MDD for maternal half-siblings
was  significantly higher in  both  countries
(Ppr<5.15 x 107, pse<3.81 x 10"8) than for full-siblings.
This is surprising, given half-siblings are less genetically
similar than full-siblings (25% versus 50%) and we as-
sume that they generally share 100% of their family
environment (like full-siblings). However, our results
showed that in both cohorts, half-siblings had a higher
baseline MDD incidence (i.e., without diagnosed sib-
lings) than full-siblings and than the general population
(Fig. S12). This is likely due to environmental reasons
(e.g., parental divorce or year of birth effects) rather than
a Dbiological reason. The cumulative incidence in

Fig. 4: Panel A) Prevalence of clinical outcomes as a proportion of all (male and female) MDD cases, split out by specialist and primary care (in
Sweden, Stockholm county), cohort of first age at diagnosis, and sex. Panel B) lllustration of treatment trajectories in Sweden for primary care
(Stockholm County, top panel) and specialist care (bottom panel) with intensification steps as a percentage of the total number of MDD cases.
Note that the y-axis excludes the range from 20 to 70% due to the rareness of treatment intensification. Median time to each increasingly
intensive treatment step is given with the interquartile range (not scaled). Suicide = death by suicide; mortality = death by non-suicide cause
before age 50; recurrence = recurrent MDD as coded in ICD-10; cross-over = development of bipolar disorder, schizophrenia, or schizoaffective
disorder after MDD diagnosis; Antidep = antidepressant treatment; ECT = electro-convulsive therapy.
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Fig. 5: Cumulative incidence for MDD in Denmark and Sweden split out for individuals with and without a full-sibling diagnosed with MDD,
separately for the broad (left panel) and narrow birth cohort (right panel).

individuals who have no full-siblings diagnosed with
MDD was significantly lower in both countries
compared to the risk in the general population. All sta-
tistical comparison results within- and between country
cumulative incidences are listed in Table S12A-C. In
the broad birth cohort, the weighted mean heritability
based on cumulative incidences was 40% in Denmark
and 47.7% in Sweden. In the narrow birth cohort, the
estimates were more similar with 47.2% in Denmark
and 48.2% in Sweden.

Heritability estimates based on structural equation
modeling, which utilizes exclusively case-control data
and no time estimates drawn from a cumulative inci-
dence, were again similar (34.7% and 40.7%, respec-
tively) with lower estimates in the broad cohort than in
the narrow cohort (41.9% and 47.7%, Table S13).

Discussion

Globally, depressive disorders account for the largest
proportion of psychiatric disorder-related disability-
adjusted life years of all psychiatric disorders.'” Broad
epidemiological studies are crucial to provide the
groundwork for future studies, prevention, and inter-
vention policies. This study is the first effort to present a
complete overview of prevalence, outcomes, treatment,
and genetic epidemiology across Scandinavia.

The Scandinavian countries cluster together with
other western countries and are marked by a high
morbidity for psychiatric disorders as well as a high
socioeconomic status and healthcare expenditures. This
shows that our study results should be broadly gener-
alizable within and outside of Scandinavia. Healthcare is
organized in a similar fashion in Sweden, Norway, and
Denmark. The prevalence of MDD is accordingly com-
parable across Scandinavia and to other high-income

countries. It is moderately prevalent in Scandinavia,
second only to all anxiety disorders combined. Females
were affected almost twice as often as males. This sex
imbalance is widely known and may be rooted in both
biological and sociocultural differences.”’ We find
similar age at first specialist-diagnosis in Denmark and
Sweden, with an average of 31 years. The occurrence of
comorbid psychiatric disorders before and after first
MDD diagnosis was substantial and followed similar
patterns across the countries. This aligns with previous
findings from the Danish registries, showing enduring,
bidirectional comorbidity between mood disorders and
other disorders.” Regarding genetic epidemiology, we
found a substantial heritability of 35-48%, aligning with
previously reported estimates.”’

Besides these similarities there were also some
important differences. Most notably, the prevalence of
most psychiatric disorders, comorbidity patterns (with
anxiety disorder), occurrence of certain clinical out-
comes, and treatment density were lower in the
specialist care registry in Denmark than in Sweden.
This may reflect differences in diagnostic practice, paths
to care and differences in the register infrastructure. In
Norway and Denmark healthcare is more centralized,
whereas in Sweden counties are largely responsible for
providing health care. In Denmark, an individual typi-
cally visits their general practitioner (GP) 8 times per
year, compared to 3 in Norway and only 1.3 in Sweden.
Likewise, more people are treated for a psychiatric dis-
order in specialist care in Sweden (4.3% of the popula-
tion in 2013) and Norway (5%*) than in Denmark (3.1%
in 2013). Furthermore, while a referral from the GP to
specialist health care is the most common path in
Denmark and Norway, patients often contact specialist
care directly in Sweden. Finally, data from private
health care facilities that treat individuals referred by the
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national systems, have become available at different
dates in the countries, which might have contributed to
selective underreporting.”*® In particular, private prac-
titioners in Norway receiving tax funds and all private
psychiatrists in Sweden report to the registries, while no
private practitioners in Denmark do so. Such discrep-
ancies are reflected in the observed lower rates of
specialist care contacts for MDD and other psychiatric
disorders in Denmark. Additionally, the lifetime risk of
MDD differed in the overall population and by sibling
type between Denmark and Sweden. This suggests that
besides genetic and common environmental differ-
ences, other factors may contribute to the observed
difference between sibling types and between countries.
Future research should take these differences into
consideration when comparing results across Scandi-
navian countries and should ideally leverage data from
both primary and specialist care.

Overall, our results show that MDD is associated
with a substantial disease burden. For instance, we
observed increased chances of suicide, self-harm and
early mortality in both Sweden and Denmark. In Swe-
den, we showed that MDD was associated with less
favorable socioeconomic outcomes, and this was espe-
cially the case for females. Such inequalities might work
to exacerbate MDD disease burden and might be even
more pronounced in other countries.” It needs to be
pointed out that the majority of MDD cases live in
countries that are not comparable to Scandinavia in
terms of socioeconomics and morbidity/mortality ac-
cording to our clustering analysis. Future research
should expand to low/middle income countries to
identify targets for decreasing health inequities in
MDD." The occurrence of treatment combinations and
augmentation trajectories suggest that, for many pa-
tients, initial treatment fails to resolve MDD symp-
toms.* For instance, 1.6% of cases in specialist care in
Sweden go on to receive ECT-treatment. These findings
show that MDD can develop into a severe or treatment-
resistant condition, and confirm that the disease burden
of MDD is incessantly high."

It is important to note the strengths and limitations
of our analyses. This is the first study to provide a
comprehensive, in-depth overview and country com-
parison of the epidemiological trajectories of MDD. We
relied on high quality data from two broad sources:
public repositories and national registers capturing
real-world, clinically recorded MDD. The national
registers are goldmines for population studies, given
their nationwide coverage of multiple domains across
several decades. The timelines of the registers differ
but have been available for the greater part of the last
five decades. We showcased how to mine and compare
these registers across countries. The drawback of this
comprehensive approach was that we could not go into
detail on each of the different aspects, so that our re-
sults do not encompass topics such as symptom

www.thelancet.com Vol = m, 2023

severity, pharmacological treatment adherence or psy-
chological treatment procedures. As a more specific
limitation, the Norwegian register data were available
only for the MoBa cohort, which is consent-based and
thus has some selection bias.'* In addition, the Nor-
wegian patient register only covers the period from
2008 onwards (for this study 2008-2018), thereby
censoring the young adulthood for the majority of
MoBa participants. Still, we found the prevalence of
MDD to be comparable to the nationwide Swedish and
Danish register data. Another limitation is that data
from before the 2000s derives mostly from more severe
inpatient cases. In Sweden, ICD-codes of psychiatric
diagnoses in outpatient clinics were underreported
until around 2005, which could explain the difference
seen in prevalence of MDD in Sweden before and after
excluding individuals who received their diagnosis less
than S years before 2013. Also, in our comparisons we
did not address the potential within-country differ-
ences. This limits generalizability; geographical dif-
ferences in the use of health care services are well
known.**' We observed high rates of psychiatric co-
morbidity. Due to the heterogeneity in MDD, this
could reflect diagnostic uncertainty rather than actual
comorbidity. We aimed to account for this possibility
by looking at comorbidity patterns over time, and when
looking at diagnostic cross-over as a clinical outcome
we applied a wash-out period (Note S4g and S5a). A
final limitation was that our study population was
limited in diversity due to our exclusion of individuals
born outside of the country (in Sweden and Denmark).
Future research should expand to include such groups
and identify potentially group-specific targets for pre-
vention and intervention.

The current findings of key epidemiological charac-
teristics of MDD across Scandinavian countries provide
clues for venues to explore in future research. This study
maps the moderate heritability, high prevalence, debil-
itating clinical features, high comorbidity, poor out-
comes, and high treatment use associated with MDD in
the healthcare systems of Scandinavia. It provides key
information for researchers seeking to use these regis-
ters. Our findings emphasize the need for prevention
and intervention and can act as a starting point for
identifying targets for policy making regarding clinical
strategies.
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