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Editorial
IMPORTANCE Individuals with mental disorders often develop comorbidity over time. Author Audio Interview
Past studies of comorbidity have often restricted analyses to a subset of disorders and few
studies have provided absolute risks of later comorbidity. Supplemental content
OBJECTIVES To undertake a comprehensive study of comorbidity within mental disorders,
by providing temporally ordered age- and sex-specific pairwise estimates between the major
groups of mental disorders, and to develop an interactive website to visualize all results and
guide future research and clinical practice.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study included all
individuals born in Denmark between January 1, 1900, and December 31, 2015, and living
in the country between January 1, 2000, and December 31, 2016. The analyses were
conducted between June 2017 and May 2018.

MAIN OUTCOMES AND MEASURES Danish health registers were used to identify mental
disorders, which were examined within the broad 10-level International Statistical
Classification of Diseases and Related Health Problems, 10th Revision, subchapter groups
(eg, codes FOO-FQ9 and F10-F19). For each temporally ordered pair of disorders, overall and
lagged hazard ratios and 95% Cls were calculated using Cox proportional hazards regression
models. Absolute risks were estimated using competing risks survival analyses. Estimates
for each sex were generated.

RESULTS A total of 5940 778 persons were included in this study (2 958 293 men and

2 982 485 women; mean [SD] age at beginning of follow-up, 32.1[25.4] years). They were
followed up for 83.9 million person-years. All mental disorders were associated with an
increased risk of all other mental disorders when adjusting for sex, age, and calendar time
(hazard ratios ranging from 2.0 [95% Cl, 1.7-2.4] for prior intellectual disabilities and later
eating disorders to 48.6 [95% Cl, 46.6-50.7] for prior developmental disorders and later
intellectual disabilities). The hazard ratios were temporally patterned, with higher estimates
during the first year after the onset of the first disorder, but with persistently elevated rates
during the entire observation period. Some disorders were associated with substantial
absolute risks of developing specific later disorders (eg, 30.6% [95% Cl, 29.3%-32.0%] of
men and 38.4% [95% Cl, 37.5%-39.4%] of women with a diagnosis of mood disorders before
age 20 years developed neurotic disorders within the following 5 years).

CONCLUSIONS AND RELEVANCE Comorbidity within mental disorders is pervasive, and the risk Author Affiliations: Author _
. . . . . - . affiliations are listed at the end of this

persists over time. This study provides disorder-, sex-, and age-specific relative and absolute article.

risks of the comorl.Jl(_jlty of_ mental disorders. Web-based interactive data visualization tools Corresponding Author: John J.

are provided for clinical utility. McGrath, MD, PhD, National Centre
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omorbidity, defined as the presence of 1 or more disor-

ders in relation to an index disorder,! has been the fo-

cus of a substantial body of research during the 5 de-
cades since the term was introduced.? In the mental health
field, it is widely acknowledged that individuals treated for in-
cident mental disorders are at increased risk of subsequently
developing other mental disorders.® Based on a survey of men-
tal health among adolescents 13 to 17 years of age, Kessler et al*
reported that 27.9% of respondents met criteria for 2 or more
disorders. Several community surveys have reported that,
among respondents with at least 1 mental disorder, 45% to 54%
have 1 or more additional lifetime diagnoses.?>®

Patterns of concurrent or sequential (cumulative) comorbid-
ity can arise from different factors.” Diagnosing a mental disor-
der can be animprecise science, especially early in the course of
theillness. In recognition of the pluripotent nature of mental dis-
orders in young people, the use of clinical staging models has
been recommended.® More importantly, some factors that con-
tribute to comorbidity, such as changes to diagnoses during the
first weeks or months after the onset of an index disorder, may
reflect good clinical practice. Patterns of comorbidity within men-
tal disorders may also reflect a shared risk architecture under-
lying different types of disorders. There is a tradition of using
symptom-centered or disorder-centered analyses (eg, factor
analysis and principal component analysis®) or person-centered
analyses (eg, latent class analysis'®) to understand the structure
of mental disorders.

Estimates of the lifetime prevalence of mental disorders
based on cross-sectional surveys are known to underesti-
mate their true prevalence.! Studies based on national health
registers can complement population-based surveys by pro-
viding reliable date-stamped timing of the “administrative”
onset of treated mental disorders. To date, to our knowledge,
register-based studies of comorbidity have been restricted to
subsets of mental disorders.'>'* There is a need to examine the
comorbidity of mental disorders in a comprehensive fashion.

The main aim of this study was to undertake a compre-
hensive study of comorbidity within treated mental disor-
ders, by using high-quality Danish registers to provide tem-
porally ordered age- and sex-specific pairwise estimates
between the major groups of mental disorders. We also ex-
plored patterns of lagged hazard ratios (HRs) over time (ie, ex-
amining whether the association between pairs of disorders
persists over time).

From a clinical perspective, measures of relative risks should
be examined within the context of absolute risks; thus, we have
provided detailed age- and sex-specific measures of absolute risk
between mental disorders. In the spirit of pragmatic psychiat-
ric epidemiology,* we have made the findings of our study avail-
able on an interactive data visualization webpage (http://www.
nbepi.com).

Methods

Study Population and Assessment of Mental Disorders
This population-based cohort study encompassed all indi-
viduals born in Denmark between January 1, 1900, and
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Key Points

Question After an individual receives a diagnosis of a specific
mental disorder, does the risk of developing other mental
disorders increase?

Findings This population-based cohort study of 5940 778
individuals, followed up for 83.9 million person-years, found that
comorbidity within mental disorders was pervasive (there was an
increased risk of developing all other mental disorders after an
index mental disorder) and that the risk of developing comorbidity
was most prominent in the first year after the onset of a mental
disorder; however, the increased risk persisted over at least 15
years. For some disorders (eg, mood disorders) the absolute risks
of developing specific later disorders (eg, anxiety disorders) was
substantial (eg, 30%-40% over 5 years).

Meaning If clinicians and individuals with mental disorders had
ready access to diagnosis-, age-, and sex-specific absolute risks of
potential future comorbidity, this information could permit more
tailored interventions and better education about
self-management (ie, personalized medicine).

December 31, 2015, who resided in the country during the study
period (January 1, 2000-December 31, 2016) (5 940 778; a total
of 2958293 men and 2 982 485 women). The analyses were
conducted between June 2017 and May 2018. Since 1968,
the Danish Civil Registration System!® has maintained infor-
mation on all residents, including sex, date of birth, continu-
ously updated information on vital status, and a unique
personal identification number that can be used to link infor-
mation from various national registries. Information on men-
tal diseases was obtained from the Danish Psychiatric Central
Research Register,'® which contains information on all admis-
sions to psychiatric inpatient facilities since 1969 and visits to
outpatient psychiatric departments and emergency depart-
ments since 1995. The diagnostic system used was the Dan-
ish modification of the International Classification of Dis-
eases, Eighth Revision (ICD-8), from 1969 to 1993, and
International Statistical Classification of Diseases and Related
Health Problems, 10th Revision (ICD-10), from 1994 onward.
Register-based diagnoses have been validated in Denmark for
a range of disorders (eg, affective disorders, schizophrenia,
childhood-onset disorders, and dementia) and found to have
good validity compared with research criteria.'®22

To keep the number of analyses tractable, and to ensure
comparability with previous publications based on Danish
registers,?® we used the 10-level subchapter categories as de-
scribed in ICD-10 (eg, codes FOO-F09, F10-19, F20-29, etc) and
corresponding diagnoses in ICD-8. Details of the specific di-
agnosis included in each group of disorders are presented in
the Table. From this point onward, we use disorder to de-
scribe each group of specific diagnoses, using the short labels
provided in the Table. For each individual in the study, the date
of onset for each disorder was defined as the date of first con-
tact (inpatient, outpatient, or emergency department visit).

The Danish Data Protection Agency and the Danish Health
Data Authority approved this study. According to Danish law, in-
formed consent is not required for register-based studies. All data
were deidentified and not recognizable at an individual level.
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Table. Diagnostic Classification of Mental Disorders Considered in this Study According to the ICD-10 and Equivalent ICD-8 Diagnoses

Mental Disorder; Examples Earliest Prevalent Cases  Persons at Risk  New Cases
of Diagnoses Included Abbreviated Name  ICD-10 ICD-8 Equivalent  Possible Age Before at Start of During
in Each Group Used in This Study  Code(s) Code(s) at Onset, y Follow-up, No.  Follow-up, No.  Follow-up, No.
Organic, including symptomatic, Organic disorders FO0-FO9 290.09, 290.10, 35 23994 3818123 84813
mental disorders; includes dementia 290.11, 290.18,
in Alzheimer disease, vascular 290.19, 292.x9,
dementia, etc 293.x9, 294.x9,

309.x9
Mental and behavioral disorders due  Substance use F10-F19 291.x9,294.39, 10 66373 5319247 70673
to psychoactive substance use; 303.x9, 303.20,
includes use of alcohol, cannabis, 303.28, 303.90,
cocaine, nicotine, opioids, sedatives, 304.x9
hypnotics, anxiolytics, etc
Schizophrenia and related disorders; Schizophrenia F20-F29 295.x9,296.89, 10 45617 5340003 42015
includes schizophrenia, schizotypal 297.x9,
disorders, schizoaffective disorders, 298.29-298.99,
and other psychotic disorders 299.04, 299.05,

299.09, 301.83
Mood disorders; includes bipolar Mood disorders F30-F39 296.x9 10 73897 5311723 153621
disorder, depressive disorders, etc (Excluding

296.89), 298.09,

298.19, 300.49,

301.19
Neurotic, stress-related, and Neurotic disorders ~ F40-F48  300.x9 5 89348 5610596 205241
somatoform disorders; includes (Excluding
anxiety disorders, phobias, 300.49), 305.x9,
obsessive-compulsive disorders, etc 305.68, 307.99
Eating disorders; includes anorexia  Eating disorders F50 305.60, 306.50, 1 4962 5935816 18614
nervosa, bulimia nervosa, etc 306.58, 306.59
Specific personality disorders Personality F60 301.x9 10 71976 5313644 56779

disorders (Excluding

301.19), 301.80,

301.81,301.82,

301.84
Intellectual disabilities Intellectual F70-F79 311.xx,312.xx, 1 5564 5935214 17579

disabilities 313.xx, 314.xx,

315.xx
Pervasive developmental disorders;  Developmental F84 299.00,299.01, 1 3269 5937509 30423
includes autism spectrum disorder disorders 299.02, 299.03
Behavioral and emotional disorders  Behavioral F90-F98 306.x9, 308.0x 1 13800 5926978 73239
with onset usually occurring in disorders

childhood and adolescence; includes
attention-deficit/hyperactivity
disorder, conduct disorders,
childhood emotional disorders, etc

Abbreviations: ICD-8, International Classification of Diseases, Eighth Revision; ICD-10, International Statistical Classification of Diseases and Related Health Problems,

10th Revision.

Study Design

We examined the association between all 90 possible pairs
of disorders taking the temporal order into consideration
(ie, the association between 2 specific disorders was esti-
mated in both directions). Depending on whether individu-
als had a diagnosis of 1 of the specific disorders (henceforth
referred to as prior disorder), we estimated the risk of receiv-
ing a diagnosis of an additional disorder (henceforth referred
to as later disorder). For each specific pair of disorders,
follow-up started on January 1, 2000, or at the earliest age at
which a person might develop the later disorder?* (Table),
whichever came later. Follow-up was terminated at onset of
the later disorder, death, emigration from Denmark, or on
December 31, 2016, whichever came first. Our analyses were
based on incident cases of the later disorder, diagnosed dur-
ing the observation period (2000-2016), when disorders
were diagnosed according to ICD-10. Individuals with a par-
ticular later disorder of interest before the observation
period were considered prevalent cases and excluded from
the analyses (ie, prevalent cases were washed out). The

jamapsychiatry.com

sample sizes for each later disorder are specified in the
Table. For example, for mood disorders as a later disorder,
there were 73 897 persons excluded from the analysis
because they received a diagnosis before the observation
period. Taking into account age thresholds for each disorder,
the remaining 5 311723 individuals were at risk of developing
mood disorders and were included in the analysis. All disor-
ders had a sample size larger than 5.3 million persons except
organic disorders (3 818 123 persons) because the earliest age
at onset was 35 years. When estimating the risk of a later dis-
order, we considered all individuals to be exposed or unex-
posed to the each prior disorder depending on whether they
had a diagnosis between January 1, 1969, and the end of
follow-up. Persons with a prior disorder were considered to
be unexposed until the date of the first diagnosis of the prior
disorder, and considered to be exposed afterwards (see eAp-
pendix 1 in the Supplement for an overview of the study
population and observation period, as well as a simplified
“worked example”). We make no assumption that the later
disorder is causally related to the prior disorder.
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Statistical Analysis

We compared the rate of diagnosis with a specific later disor-
der between individuals who were exposed and unexposed to
each of the other 9 prior disorders using HRs and 95% CIs, ob-
tained via Cox proportional hazards regression models with
age as the underlying time scale. All estimates were adjusted
for sex and birth date which, in combination with underlying
age in the models, also adjusts for calendar time (model A). To
adjust for additional preceding comorbidity, we also exam-
ined models that adjusted for mental disorder comorbidity with
onset before the prior disorder, but not with onset after the prior
disorder (model B). This model adjusted for other mental dis-
orders (apart from the specific prior and later disorders) with
onset between January 1, 1969, and onset of the prior disor-
der. We further investigated if the association differed depend-
ing on the time since onset of the prior disorder (ie, lagged, or
time-dependent, HRs). Finally, we estimated the cumulative
incidence proportion of diagnosis with a later disorder after
receiving a diagnosis of a prior disorder. Cumulative inci-
dences are absolute risks that can be interpreted as the per-
centage of individuals among those who received a diagnosis
of a prior disorder who develop the later disorder after a spe-
cific time. Further details on the statistical analysis can be
found in eAppendix 1in the Supplement. All analyses were per-
formed on the secured platform of Statistics Denmark using
R, version 3.2.2 (R Foundation for Statistical Computing), and
Stata/MP, version 13.1 (StataCorp). The code used for data
management and statistical analysis can be found on https://
plana-ripoll.github.io/NB-COMO/ (the pair mood disorders-
neurotic disorders is used as example).

We developed an interactive webpage to visualize all re-
sults from this study (http://www.nbepi.com). To simplify the
presentation of the results, we discuss examples where mood
disorders were the prior disorder; however, complete results
for every mental disorder pair are available in the Supplement
and on the webpage.

|
Results

This cohort of 5.9 million Danish residents was followed for
83.9 million person-years (mean [SD] age at beginning of follow-
up, 32.1[25.4] years). The longest individual period used to
identify incident cases was 17 years (2000-2016). However, the
interval between prior disorders and later disorders could range
to up to 48 years (1969-2016) in our sampling frame. Overall,
882730 persons died and 85 356 persons emigrated from Den-
mark during the observation period. Baseline characteristics
of the study population are presented in the eTable in the
Supplement.

Pairwise Associations Between Mental Disorders

Estimates from the pairwise comparisons of all mental disorders
are presented in Figure 1. Overall, receiving a diagnosis of 1 of
the disorders increased the risk of a subsequent diagnosis with
each of the other disorders. When controlling for age, calendar
time, and sex (model A), HRs ranged from 2.0 (95% CI, 1.7-2.4)
(prior intellectual disabilities and later eating disorders) to 48.6
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(95% CI, 46.6-50.7) (prior developmental disorders and later
intellectual disabilities). When further adjusted for previous
disorders (model B), the general pattern of findings persisted,
but the HRs became smaller. For model A, all HRs were above
1(and had 95% CIs that excluded 1), indicating that the pairwise
patterns of comorbidity were bidirectional. Further details of the
bidirectional nature of comorbidity can be found in eFigures 1
to 20 in the Supplement and on the interactive data visualiza-
tion webpage, and details on the influence of sex on the estimated
associations can be found in eAppendix 2 and eFigures 21to 24
in the Supplement.

Time-Dependent Associations Between Mental Disorders
Figure 2 shows the HRs of receiving a diagnosis of each disor-
der depending on a previous diagnosis of mood disorders, and
on the amount of time since this diagnosis. For example, the
rate of receiving a diagnosis of neurotic disorders was almost
80 times higher in the first 6 months after receiving a diagno-
sis of mood disorders, compared with those without a diag-
nosis of mood disorders (HR, 77.8; 95% CI, 76.5-79.2). This is
consistent with these 2 disorders co-occurring at or soon af-
ter the index occasion of service. After the first 6 months, the
HR decreased considerably, but even after 15 years, affected
individuals had a higher rate of receiving a diagnosis of inci-
dent neurotic disorders compared with those who had not
received a diagnosis of mood disorders (HR, 4.3; 95% CI,
4.1-4.4). For other disorder pairs, we observed a similar pat-
tern, with stronger associations in the first 6 months after an
incident diagnosis of the prior disorder, which then dimin-
ished (eFigures 25-34 in the Supplement).

Bidirectional Patterns of Lagged HRs

The lagged HRs between certain groups of disorders were con-
gruent regardless of the order of occurrence. For example, for
pairs of disorders such as mood disorders and substance use,
mood disorders and neurotic disorders, or mood disorders and
eating disorders, the lagged estimates were nearly congruent re-
gardless of the temporal order of the disorders (Figure 2). In con-
trast, while the lagged HRs for mood disorders and schizophre-
nia are still bidirectional (significantly increased HRs regardless
of'the sequence of disorders), the estimates for prior mood dis-
orders and later schizophrenia are larger than the reciprocal pair
of disorders. Full details of bidirectional lagged associations are
shown in eFigures 35 to 54 in the Supplement.

Time-Dependent Absolute Risks Between Mental Disorders

Figure 3A shows the sex- and time-specific absolute risk of re-
ceiving a diagnosis of each disorder for individuals who had
previously received a diagnosis of a mood disorder. For ex-
ample, approximately 10% of individuals who received a di-
agnosis of mood disorders subsequently also received a diag-
nosis of neurotic disorders within the first month (men, 10.7%;
95% CI, 10.4%-11.0%; women, 10.4%; 95% CI, 10.2%-10.7%).
In the first 5 years after receiving a diagnosis of mood disor-
ders, 22.9% (95% CI, 22.5%-23.3%) of men and 24.1% (95% CI,
23.8%-24.5%) of women received a diagnosis of neurotic dis-
orders. These percentages were 27.2% (95% CI, 26.8%-27.7%)
for men and 28.9% (95% CI, 28.6%-29.3%) for women after 10
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Figure 1. Risk of Persons With and Without a Diagnosis of a Prior Disorder Receiving a Diagnosis of Another Disorder

@ Prior diagnosis of organic disorders ModelA A Model B Prior diagnosis of substance use
Organic Disorders Organic Disorders L
Substance Use al ol Substance Use
Schizophrenia al fof Schizophrenia LS ¢
Mood Disorders ) o Mood Disorders 4 ¢
Neurotic Disorders L ol Neurotic Disorders A ¢
Eating Disorders | f—— Eating Disorders ] Fof
Personality Disorders 1A Foq Personality Disorders A H
Intellectual Disabilities A Fo Intellectual Disabilities A fof
Developmental Disorders A —o—] Developmental Disorders FAq Fo
Behavioral Disorders A o Behavioral Disorders LS !
™ T T T ! ™ T T
07 1 10 30 50 07 1 10 30 50
HR (95% Cl) HR (95% Cl)
Prior diagnosis of schizophrenia @ Prior diagnosis of mood disorders
Organic Disorders LS. Organic Disorders A
Substance Use A g Substance Use A ¢
Schizophrenia Schizophrenia A &
Mood Disorders A ‘ Mood Disorders
Neurotic Disorders A ¢ Neurotic Disorders A
Eating Disorders A fof Eating Disorders W ol
Personality Disorders A o Personality Disorders A it
Intellectual Disabilities o ol Intellectual Disabilities o ol
Developmental Disorders A fof Developmental Disorders al Jol
Behavioral Disorders " ol Behavioral Disorders LS ¢
™ T T T ! ™ S T
0.7 1 10 30 50 07 1 10 30 50
HR (95% Cl) HR (95% Cl)
E Prior diagnosis of neurotic disorders E Prior diagnosis of eating disorders
Organic Disorders L Organic Disorders A o]
Substance Use A Substance Use 4 fof
Schizophrenia A " Schizophrenia Al ol
Mood Disorders A Mood Disorders L
Neurotic Disorders Neurotic Disorders A W
Eating Disorders A Eating Disorders
Personality Disorders A Personality Disorders o
Intellectual Disabilities W o Intellectual Disabilities A e
Developmental Disorders A . Developmental Disorders ] e
Behavioral Disorders A o Behavioral Disorders & fof
™ T T ! ™ T T
07 1 10 30 50 07 1 10 30 50
HR (95% Cl) HR (95% Cl)
@ Prior diagnosis of personality disorders E Prior diagnosis of intellectual disabilities
Organic Disorders A . Organic Disorders o Jof
Substance Use A ¢ Substance Use A fof
Schizophrenia A b Schizophrenia " ol
Mood Disorders A } Mood Disorders A ol
Neurotic Disorders A it Neurotic Disorders W o
Eating Disorders ] ol Eating Disorders | A o
Personality Disorders Personality Disorders ] tof
Intellectual Disabilities A fof Intellectual Disabilities
Developmental Disorders A ol Developmental Disorders A ol
Behavioral Disorders “ . Behavioral Disorders - ol
— — — : — T ——
0.7 1 10 30 50 07 1 10 30 50
HR (95% Cl) HR (95% Cl)
m Prior diagnosis of developmental disorders Prior diagnosis of behavioral disorders
Organic Disorders A o Organic Disorders Fad foq
Substance Use A fof Substance Use A o
Schizophrenia A fol Schizophrenia & .
Mood Disorders - ol Mood Disorders LS *
Neurotic Disorders L) . Neurotic Disorders A4 ¥
Eating Disorders e Eating Disorders A fof
Personality Disorders A fod Personality Disorders & o
Intellectual Disabilities " ol Intellectual Disabilities " o
Developmental Disorders Developmental Disorders &
Behavioral Disorders LI Behavioral Disorders
— T . : — T ——
0.7 1 10 30 50 07 1 10 30 50

HR (95% CI)

HR (95% CI)

Each panel shows the pairwise comorbidity between prior disorders and later
disorders. Some 95% Cls are obscured by the effect size symbol used to display
the hazard ratio (HR). Estimates were obtained via Cox proportional hazards
regression models with age as the underlying time scale, adjusting for sex and

calendar time (model A) and further adjustment for other mental disorders that
had onset before the prior disorder (model B). The line of unity is shown as a
dotted line in each panel.
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Figure 2. Lagged Associations Between Mood Disorders and All Other Disorders
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Hazard ratios (HRs) and 95% Cls are shown of receiving a diagnosis of each
disorder comparing those with and without a prior diagnosis of mood disorders,
and depending on time since the first diagnosis of mood disorders, and
receiving a diagnosis of mood disorders comparing those with and without a
prior diagnosis of each other disorder, and depending on time since the first

diagnosis of the prior disorder. Estimates were obtained via Cox proportional

hazards regression models with age as the underlying time scale, adjusting for
sex, calendar time, and all other mental disorders that had onset before the
prior disorder (model B). The reference category is persons without a diagnosis
of mood disorders or persons without a diagnosis of the specific prior disorder.
The line of unity is shown as a dotted line in each panel.
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Figure 3. Absolute Risks of Receiving a Diagnosis of Each Disorder After a Prior Diagnosis of Mood Disorders
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A, Cumulative incidence proportions estimated across all ages of receiving a
diagnosis of each later disorder after a prior diagnosis of mood disorders.

B, Specific details of prior mood disorders and later neurotic disorders, stratified
by age at diagnosis of mood disorders.
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years of a diagnosis of mood disorders. Absolute risks of neu-
rotic disorders depending on age at receiving a diagnosis of
mood disorders are presented in Figure 3B, showing higher
risks when the diagnosis was received at a younger age. For
example, for men and women with a diagnosis of mood dis-
orders before 20 years of age, the absolute risks of developing
neurotic disorders within 5 years were 30.6% (95% CI,
29.3%-32.0%) and 38.4% (95% CI, 37.5%-39.4%), respec-
tively. Similar estimates for the other pairs of disorders are
presented in eFigures 55 to 154 in the Supplement.

|
Discussion

In this population-based comprehensive study based on 5.9
million individuals and 83.9 million person-years, we pro-
vide a comprehensive map of pairwise comorbidity within
mental disorders. Four key points are noteworthy. First, co-
morbidity was pervasive. Second, the lagged HRs for the on-
set of each type of later disorder were temporally patterned.
Third, pairwise comorbidity was bidirectional. Fourth, some
disorder pairs had appreciable absolute risks.

Atthe population level, the increased risk of comorbidity was
pervasive across pairs of disorders. Our findings are broadly con-
sistent with those of other comprehensive studies of comorbid-
ity within mental disorders.*!%-12-13:24 Qur study also allows us
to contextualize the many previous register-based studies that
have described comorbidity within a subset of disorders of in-
terest: an increased risk of comorbidity between mental disor-
dersis therule, not the exception. All estimates were attenuated
when adjusting for other mental disorders, which suggests that
(additional) antecedent mental disorders may account for some
of the effect observed for each specific pair of disorders.

We found a consistent pattern when we examined the
lagged HRs between pairs of mental disorders. The rate of the
later disorder was substantially higher within the first 6 months
after the administrative onset of the prior disorder (com-
pared with longer intervals). This rate may reflect appropri-
ate diagnostic uncertainty during the early phase of a disor-
der, with more than 1 disorder being diagnosed within a short
period. Although the size of the HRs between pairs of disor-
ders decreased sharply during the first year after diagnosis, the
estimates generally stabilized and then remained persis-
tently elevated during the entire period of observation. Our
findings support the pluripotent nature of mental disorders,
especially in the early phases of disease progression.®

Significantly increased HRs were found for most pairs of
mental disorders regardless of temporal order. Despite varia-
tion in the distributions of age of onset by mental disorder
type,?®increased HRs were bidirectional. Within pairs of men-
tal disorders with comparable ages of onset (eg, mood disor-
ders and neurotic disorders), the lagged HRs were very simi-
lar regardless of the order of onset. This finding suggests that,
for some pairs of disorders, the temporal order may be sto-
chastic. The findings related to bidirectionality and persis-
tence of elevated HRs over time support hypotheses that cer-
tain mental disorders share risk architectures. There is robust
evidence that the structure of mental disorders is better de-
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scribed by underlying latent factors.2> This research has taken
on added importance in light of the growing body of evi-
dence from genetics indicating that different mental disor-
ders share common gene variants.2®

Because of the very large sample size available, we were able
to explore absolute risk of developing later disorders, stratified
by prior disorders, age, and sex. Certain pairs of disorders were
accompanied with substantial absolute risks. For example, among
individuals who develop amood disorder before 20 years of age,
40% of men and 50% of women will subsequently develop an
incident neurotic disorder within the next 15 years. To date, to
our knowledge, few studies of comorbidity within mental dis-
orders have provided absolute risks between disorders.!*!* To
our knowledge, this is the first study to provide a comprehen-
sive set of age- and sex-specific estimates of absolute risks asso-
ciated with comorbid mental disorders.

We hope that the provision of an easy-to-use interactive data
visualization tool may assist clinicians in monitoring potential
emerging comorbidity over time. The website allows data to be
interrogated by selecting a range of options related to statistical
models, linear or log scale, male and/or female sex, and options
related to the mental disorders of interest (Figure 4). For example,
the website can provide answers for specific questions such as:
for women aged 20 to 30 years who develop an anxiety disorder,
what are the absolute risks of developing depression in the next
5years? Where appropriate, the primary prevention of second-
ary disorders?” may be indicated (eg, the prevention of subse-
quent substance use disorders in persons with prior mood or
neurotic disorders). If clinicians and individuals with mental
disorders had ready access to diagnosis-, age-, and sex-specific
absolute risks of potential future comorbidity, this information
could permit more tailored interventions and better education
about self-management.

Strengths and Limitations
Our study has several strengths. Apart from its large sample
size, the use of population-based registers allows for the in-
clusion of the entire population. In addition, health care is free
in Denmark, further reducing the influence of selection bias.
In addition, data are collected prospectively, and the poten-
tial for immortal time bias is thus practically negligible.
However, there are 5important limitations of our study. First,
in this initial article, we concentrated on pairs of mental disor-
ders; however, the analyses adjusting for prior additional men-
tal disorders indicate the need to explore more complex types
of comorbidity. We will explore patterns of comorbidity in indi-
viduals with 3 or more types of disorders in future publications.
Second, to make the current analyses tractable, we analyzed
groups of disorders, rather than specific disorders. We will pro-
vide estimates for specific types of disorders in future publica-
tions. Third, we could investigate only mental disorders treated
in secondary care; that is, individuals with untreated mental dis-
orders, or those treated by a general practitioner, would not have
been recorded. This issue would bias case identification to the
more severe end of the clinical spectrum. With respect to under-
standing the consequence of this bias, access to a community-
based survey of mental disorders (as in the World Mental Health
Consortium) will allow us to explore these research questions in
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Figure 4. Screenshots of Sankey Diagram and Symmetry Plot Available in the Interactive Data Visualization

Website
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transnational data. Fourth, werelied on clinical diagnoses rather
than structured diagnostic instruments frequently used in re-
search settings. Not all register-based diagnoses have been vali-
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dated in Denmark, but, where available, they have had good va-
lidity compared with research criteria.'”2 Fifth, the lifetime
prevalence of mental disorders varies between countries®®; thus,
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patterns of comorbidity identified in the Danish population may
not generalize to other countries. We plan to undertake compa-
rable studies of comorbidity within mental disorders based on
cross-national community-based mental health surveys (which
use reliable structured diagnostic interviews) to explore the in-
fluences of some of these factors on our findings.

provide new insights into the complex nature of comorbidity
and the comprehensive nature of the analysis will provide an
important foundation for future research. Our findings indi-
cated that the risk of comorbidity was pervasive across all pairs
of disorders and that this risk was temporally patterned. The
risk of a later disorder was most prominent in the first year af-

ter the prior disorder, but the increased HRs persisted for at
least 15 years after the onset of prior disorder. The provision

Conclusions

To our knowledge, this is the largest and most detailed exami-
nation of comorbidity within mental disorders. Our findings
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