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BACKGROUND
Persons with mental disorders are at a higher risk than the general population for 
the subsequent development of certain medical conditions.

METHODS
We used a population-based cohort from Danish national registries that included 
data on more than 5.9 million persons born in Denmark from 1900 through 2015 
and followed them from 2000 through 2016, for a total of 83.9 million person-
years. We assessed 10 broad types of mental disorders and 9 broad categories of 
medical conditions (which encompassed 31 specific conditions). We used Cox re-
gression models to calculate overall hazard ratios and time-dependent hazard 
ratios for pairs of mental disorders and medical conditions, after adjustment for 
age, sex, calendar time, and previous mental disorders. Absolute risks were esti-
mated with the use of competing-risks survival analyses.

RESULTS
A total of 698,874 of 5,940,299 persons (11.8%) were identified as having a mental 
disorder. The median age of the total population was 32.1 years at entry into the 
cohort and 48.7 years at the time of the last follow-up. Persons with a mental disor-
der had a higher risk than those without such disorders with respect to 76 of 90 pairs 
of mental disorders and medical conditions. The median hazard ratio for an asso-
ciation between a mental disorder and a medical condition was 1.37. The lowest 
hazard ratio was 0.82 for organic mental disorders and the broad category of cancer 
(95% confidence interval [CI], 0.80 to 0.84), and the highest was 3.62 for eating dis-
orders and urogenital conditions (95% CI, 3.11 to 4.22). Several specific pairs showed 
a reduced risk (e.g., schizophrenia and musculoskeletal conditions). Risks varied 
according to the time since the diagnosis of a mental disorder. The absolute risk of 
a medical condition within 15 years after a mental disorder was diagnosed varied 
from 0.6% for a urogenital condition among persons with a developmental disorder 
to 54.1% for a circulatory disorder among those with an organic mental disorder.

CONCLUSIONS
Most mental disorders were associated with an increased risk of a subsequent 
medical condition; hazard ratios ranged from 0.82 to 3.62 and varied according to 
the time since the diagnosis of the mental disorder. (Funded by the Danish Na-
tional Research Foundation and others; COMO-GMC ClinicalTrials.gov number, 
NCT03847753.)
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Persons with mental disorders are 
at increased risk for other types of mental 
disorders1 and for a range of general medi-

cal conditions.2,3 These medical conditions con-
tribute to a decreased quality of life, increased 
health care utilization, and premature death in 
many persons with mental disorders.4-8

The study of the relationship between mental 
disorders and medical conditions has often been 
restricted to particular pairs or a small set of 
mental disorders and medical conditions. A com-
prehensive assessment could allow comparisons 
across a spectrum of coexisting mental disorders 
and medical conditions. Data regarding both rela-
tive and absolute risks of various medical condi-
tions after a diagnosis of a mental disorder over 
particular time periods — for example, the pro-
portion of persons with depression at the age of 
30 years in whom circulatory disorders may de-
velop during the subsequent 5, 10, or 15 years — 
could help clinicians and health care planners 
identify the primary-prevention needs of their pa-
tients. Because some medical conditions are com-
mon in the general population, data regarding 
persons with specific medical conditions that are 
categorized according to the presence or absence 
of specific mental disorders may also be helpful.

The aim of this study, called Exploring the 
Comorbidity Between Mental Disorders and 
General Medical Conditions (COMO-GMC), was 
to acquire a comprehensive compilation of asso-
ciations between mental disorders and subse-
quent medical conditions. We used Danish na-
tionwide registries to provide temporally ordered, 
age-specific, and sex-specific pairwise estimates 
of risks of a range of mental disorders and sub-
sequent medical conditions. We explored wheth-
er the associations between the pairs of mental 
disorders and medical conditions varied accord-
ing to the time since the diagnosis of the mental 
disorder and compared age-specific and sex-
specific measures of absolute risk of medical 
conditions with reference estimates in persons 
without mental disorders.

Me thods

Study Population and Ascertainment  
of Disorders

We adopted the analysis in the current study 
from one performed by our group on the coex-
istence of two or more types of mental disor-

ders.1 The population-based cohort study included 
all 5,940,299 persons born in Denmark from 
1900 through 2015 who were residing in the 
country at the start of the follow-up period 
(January 1, 2000, or their first birthday, which-
ever occurred later), as identified in the Danish 
Civil Registration System.9 Included in the data-
base were 2,958,035 males and 2,982,264 females.

We obtained information on mental disorders 
from the Danish Psychiatric Central Research 
Register,10 which contains details of diagnoses. 
Diagnosis dates were defined as the discharge 
date of first contact (inpatient, outpatient, or 
emergency visit). To keep the number of analyses 
tractable and aid comparability with previous 
Danish register-based studies,1,11 we focused on 
10 broad types of mental disorders, based on the 
International Classification of Diseases, 10th Revision 
(ICD-10), Diagnostic Research Criteria subchap-
ter F categories (F00–F09, F10–F19, etc.) and 
corresponding diagnoses in the ICD-8. Details 
of the specific diagnoses within each group of 
mental disorders and their short labels are pre-
sented in Table S1 in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org.

We obtained information about medical con-
ditions going back to 1995 (the year prescription 
data became complete) using criteria that were 
based on Danish research on coexisting condi-
tions.12 These criteria focus on 31 medical condi-
tions, within nine broad categories: circulatory, 
endocrine, pulmonary, gastrointestinal, urogeni-
tal, musculoskeletal, hematologic, and neuro-
logic conditions and cancer. Persons with medi-
cal conditions were identified by combining data 
from three sources: diagnoses made during 
inpatient admissions and outpatient and emer-
gency visits from the Danish National Patient 
Registry,13 prescriptions for disease-specific med-
ications in the Danish National Prescription 
Registry,14 and diagnoses recorded as causes 
of death in the Danish Register of Causes of 
Death.15 The diagnoses (ICD-10 codes) and drugs 
(Anatomical Therapeutic Chemical classification 
system codes) that were included in the defini-
tion of each medical condition are provided in 
Table S2. The diagnosis date of the medical con-
dition of interest was the date of first hospital 
diagnosis, the date of the relevant repeat pre-
scription, or the date of death from the medical 
condition, whichever occurred first.
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Study Design

We estimated associations between 90 pairs of 
mental disorders and broad categories of medi-
cal conditions, plus 310 pairs of mental disor-
ders and specific medical conditions. Among 
persons in whom a mental disorder had been 
diagnosed during the period from 1969 (when 
data on psychiatric health care contacts were 
first available) through 2016, we estimated the 
risk of a medical-condition category or a par-
ticular medical condition during follow-up. The 
frequency of each medical condition in the study 
is shown in Table S3. The Danish Data Protec-
tion Agency and the Danish Health Data Author-
ity approved this study.

Statistical Analysis

We compared the frequency of a diagnosis of a 
medical condition (in a broad or specific cate-
gory) according to the presence or absence of a 
diagnosed mental disorder using Cox propor-
tional-hazards models with age as the underly-
ing time scale. For these analyses, we used two 
models. Model A examined the association be-
tween the diagnosis of a mental disorder (the 
mental disorder of interest) and the subsequent 
development of a medical condition (the medical 
condition of interest), after adjustment for sex 
and birth date (with the latter also automatically 
providing an adjustment for calendar time), in 
combination with underlying age in the models. 
Model B included additional time-varying adjust-
ments for other mental disorders diagnosed be-
fore the mental disorder of interest. When the 
rates of a medical condition over time among 
persons with a mental disorder were not propor-
tional to those among persons without a mental 
disorder, we interpreted the estimates as an aver-
age hazard ratio over the entire follow-up period.16 
In addition, we investigated whether the asso-
ciation depended on the time since the mental 
disorder had been diagnosed (reported as time-
dependent hazard ratios) by analyzing seven 
periods after the diagnosis (0 to 6 months, >6 to 
12 months, >1 to 2 years, >2 to 5 years, >5 to 10 
years, >10 to 15 years, or >15 years).

Among persons with a mental disorder, we 
estimated the cumulative incidence of a diagnosis 
of a medical condition, using competing-risks 
survival analyses based on the risk of a medical 
condition, death, or emigration. To evaluate the 
cumulative incidence of a medical condition ac-

cording to the presence or absence of a mental 
disorder, a matched reference group was gener-
ated for each mental disorder. For every index 
person with the mental disorder, up to five age-
matched and sex-matched persons who had not 
received a diagnosis of the relevant mental dis-
order at or before the age at which the index di-
agnosis occurred were randomly selected from 
the entire Danish population, as described in the 
Methods section in the Supplementary Appendix.

To simplify the presentation of results, we 
report nine broad categories of medical condi-
tions; however, more detailed results for the 
nine broad categories of medical conditions and 
31 specific medical conditions are provided in 
the Supplementary Appendix. In addition, esti-
mates can be viewed at http://nbepi . com/  gmc.

R esult s

Population

Among the 5,940,299 persons who were includ-
ed in the database of Danish residents, 698,874 
persons (11.8%) had received a diagnosis of a 
mental disorder and 5,241,425 (88.2%) had not. 
The cohort was followed for 83.9 million person-
years; the median age was 32.1 years at the time 
of entry to the cohort and 48.7 years at the last 
follow-up. During this time, 882,728 persons 
died and 85,347 emigrated. Table S3 provides the 
numbers of prevalent cases identified from 1995 
through 1999, the population defined for the 
purposes of the study as being at risk at the start 
of follow-up, and the number of incident cases 
identified for each medical condition. Baseline 
characteristics of the two cohorts are provided 
in Table S4.

Pairwise associations and absolute risks for 
all pairs of mental disorders and medical condi-
tions are provided in Figures S1 through S142. 
The main findings are described below, with a 
focus on the associations between mental disor-
ders and the nine broad categories of medical 
conditions. Associations between three specific 
pairs of mental disorders and medical condi-
tions are presented as examples in the Results 
section in the Supplementary Appendix.

Relative Risk of Subsequent Medical 
Condition

Estimates of hazard ratios for the 9 categories of 
medical conditions among persons with each of 
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the 10 mental disorders for both model A and 
model B are shown in Figure 1. After adjustment 
for sex, age, calendar time, and previous coexist-
ing mental disorders (model B), the median 
hazard ratio for a subsequent medical condition 
in a person with a mental disorder was 1.37 
(mean, 1.44; range, 0.82 to 3.62; interquartile 
range, 1.20 to 1.55). The lowest hazard ratio of 
0.82 was for the diagnosis of an organic mental 
disorder and a subsequent cancer (95% confi-
dence interval [CI], 0.80 to 0.84), and the highest 
was 3.62 for the diagnosis of an eating disorder 
and a subsequent urogenital condition (95% CI, 
3.11 to 4.22). With this model, 76 of 90 pairs of 
mental disorders and medical conditions had 
hazard ratios greater than 1 and 95% confidence 
intervals that did not include 1. In 5 pairs, 
model B identified a reduced risk, including a 
hazard ratio of 0.87 (95% CI, 0.84 to 0.91) for 
schizophrenia and subsequent musculoskeletal 
conditions. Among persons with a mental disor-
der, the median hazard ratio for the 31 specific 
medical conditions was 1.35 (mean, 1.53; range, 
0.65 to 4.14; interquartile range, 1.12 to 1.66). 
Estimates from pairwise comparisons are shown 
in Figures S3 through S12.

Time-Dependent Relative Risks

Time-dependent hazard ratios for receiving a 
diagnosis within each category of medical con-
dition, depending on previous diagnosis and time 
since the first diagnosis of a mood disorder, are 
shown in Figure 2. Temporal patterns for other 
pairwise comparisons are shown in Figures S23 
through S42. For some pairwise comparisons, 
hazard ratios were high soon after the diagnosis 
of the mental disorder and declined over sub-
sequent years but still remained elevated (e.g., 
for mood disorders and neurologic conditions). 

A steeper decrease was observed for a number of 
pairs for which hazard ratios were higher in the 
first year after a diagnosis of a mental disorder 
but then decreased rapidly (e.g., mood disorders 
and cancers). Time-dependent hazard ratios for 
the 31 specific medical conditions are shown in 
Figures S43 through S62.

Absolute Risk of Subsequent Medical 
Condition

Among persons with a mood disorder, the abso-
lute risk of a subsequent medical condition ac-
cording to sex and the time since the mental 
disorder had been diagnosed is shown in Fig-
ure 3A. One of the highest cumulative incidences 
within 15 years after the diagnosis of a mental 
disorder was for mood disorders and circulatory 
conditions (40.9%; 95% CI, 40.5 to 41.3). For the 
matched reference group without a mood disor-
der, the cumulative incidence at 15 years was 
32.6% (95% CI, 32.4 to 32.8). The absolute risk 
of a circulatory condition according to the age at 
the time of diagnosis of a mood disorder is 
shown in Figure 3B.

The cumulative incidences according to age 
and sex for every pair of mental disorders and 
medical conditions are provided in Figures S63 
through S142. The temporal patterns were simi-
lar among almost all pairs. In competing-risk 
analyses, the cumulative incidences of diagnoses 
of medical conditions within 15 years were 
higher among persons who had received a diag-
nosis of a mental disorder at a younger age. In 
older persons, the cumulative incidence of selected 
medical conditions was often lower among 
those in whom a mental disorder had been first 
diagnosed after the age of 60 years than among 
those in the reference group.

Discussion

This population-based study of registry entries 
for more than 5.9 million persons provided de-
tailed estimates regarding the relationships be-
tween various mental disorders and subsequent 
medical conditions in Denmark. In general, the 
presence of a mental disorder was associated 
with an increased risk of subsequent medical 
conditions — a finding that is similar to the 
outcomes of previous studies2,3,17-25 and that ex-
tends our previous research related to coexisting 
types of mental disorders.1 Estimates of the risk 

Figure 1 (facing page). Risk of a Medical Condition after 
the Diagnosis of a Mental Disorder, According to Category.

Each panel shows the pairwise risk of a medical condi-
tion (listed at the left of the graphs) after the diagnosis 
of a mental disorder (indicated at the top of each panel). 
Estimates were calculated with the use of Cox propor-
tional-hazards models with age as the underlying time 
scale, after adjustment for sex and calendar time (model 
A) and after further adjustment for other mental disor-
ders that had an onset before the mental disorder under 
study (model B). The line of unity is shown as a dashed 
line in each plot. Hazard ratios are shown on a log scale. 
I bars indicate confidence intervals.
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of a subsequent medical condition among per-
sons with a diagnosed mental disorder were at-
tenuated after adjustment for additional previous 

mental disorders. Possible reasons for the tem-
poral patterns we observed are included in the 
Discussion section in the Supplementary Appen-

H
az

ar
d 

R
at

io
 (9

5%
 C

I)

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

2.0 2.0 2.0

0.5 0.5 0.5

0.5 0.5 0.5

0.5 0.5 0.5

1.0 1.0 1.0

Circulatory Endocrine Pulmonary

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

2.0 2.0 2.0

1.0 1.0 1.0

Gastrointestinal Urogenital Musculoskeletal

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

>0–6
Mo

>6–12
Mo

>1–2
Yr

>2–5
Yr

>5–10
Yr

>10–15
Yr

>15
Yr

2.0 2.0 2.0

3.0 3.0 3.0

3.0 3.0 3.0

3.0 3.0 3.0

3.5 3.5 3.5

3.5 3.5 3.5

3.5 3.5 3.5

1.0 1.0 1.0

Hematologic Cancers

Time since Diagnosis of Mood Disorder

Neurologic

Model A Model B

The New England Journal of Medicine 
Downloaded from nejm.org at University of Groningen on May 6, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 382;18 nejm.org April 30, 2020 1727

Mental Disorders and Subsequent Medical Conditions

dix. Some of our findings of a reduced risk of 
certain medical conditions after specific mental 
disorders are also consistent with previous re-
ports. For example, investigators have found 
that persons with schizophrenia have a reduced 
risk of connective-tissue disorders (e.g., rheuma-
toid arthritis).26,27 In addition, studies have 
shown the somewhat paradoxical finding that 
some patients with mental disorders apparently 
have a lower risk of cancers,28-30 even though risk 
factors for cancer (e.g., smoking, obesity, and 
reduced physical activity) tend to be prevalent in 
persons with mental disorders. We previously 
found that men with mental disorders had a 
higher risk of dying from cancer than men with-
out mental disorders but were less likely than 
the general population to die prematurely from 
cancer.31 This finding probably reflects the short-
ened survival of these men as the result of other 
medical conditions (e.g., circulatory diseases).

The absolute risks of most medical condi-
tions among persons who received a diagnosis 
of a mental disorder before the age of 40 years 
were lower than the risks among those with a 
later diagnosis. These medical conditions were 
also prevalent among older persons in the gen-
eral population, as we found in our population 
reference group. There were several pairs of 
mental disorders and medical conditions for 
which absolute risks for the reference group 
became greater with age than the risks in the 
group with mental disorders, particularly at 
older ages (e.g., circulatory conditions in per-
sons with schizophrenia). This finding may also 
be a reflection of earlier mortality in persons 
with mental disorders.5,31

Several factors may have influenced the de-
tection of medical conditions in persons with 
mental disorders. Studies have shown that per-
sons with mental disorders may be less likely to 
receive thorough testing for and timely diagno-
ses of coexisting conditions.32,33 Despite this fac-
tor, our findings suggest increased relative and 
absolute risks of many medical conditions. We 
do not propose a causal relationship between 
mental disorders and subsequent medical condi-
tions. The presence of both a mental disorder 
and a medical condition may be confounded by 
previous exposures (e.g., substance use, child-
hood abuse, socioeconomic factors, and shared 
environmental risk factors) or shared genetic 
factors.34 Mental disorders affect lifestyle, daily 
habits, and socioeconomic status, which in turn 
may mediate the risk of subsequent medical 
conditions.

Our registry-based study had a large sample 
size and limited susceptibility to problems caused 
by recall or self-reporting bias. Because data 
were available for the entire population, selec-
tion bias was minimized. Since Danish citizens 
have free and equal access to health care, any 
effect related to the ability to afford private insur-
ance or access to health care was reduced. It is 
mandatory in Denmark for all hospitals to re-
port discharge diagnoses and for all pharmacies 
to report redeemed drugs to central registries.

There are important limitations to this study. 
We restricted medical conditions to 31 specific 
types, which did not include accidents and inju-
ries or acute conditions. Furthermore, our analy-
ses considered individual pairs of mental disor-
ders and medical conditions, an approach that 
did not reflect the full spectrum of coexisting 
conditions because patients may have multiple 
mental disorders and multiple medical condi-
tions. In addition, there is uncertainty regarding 
complete ascertainment of mental disorders and 
medical conditions and precise dates of onset of 
these conditions. Although registry-based psychi-
atric diagnoses in Denmark have been found to 
be generally valid for a range of disorders,10,35-38 
validity varies across diagnoses. Underdetection 
of both mental disorders and medical conditions 
is likely because we do not have data for persons 
who did not seek help for their disorders, and no 
data on diagnoses made by general practitioners 
are recorded in the registries. These factors may 
be partially balanced by the recording of prescrip-

Figure 2 (facing page). Risk of a Medical Condition  
after the Diagnosis of a Mood Disorder, According to  
the Timing of the Diagnosis.

Each panel shows the time-dependent hazard ratios for 
a medical condition after the diagnosis of a mood dis-
order, according to two models. Estimates were obtained 
with the use of Cox proportional-hazards models with 
age as the underlying time scale, after adjustment for 
sex and calendar time (model A) and after further ad-
justment for other mental disorders that had an onset 
before the mental disorder under study (model B). The 
line of unity is shown as a dashed line in each plot. The 
horizontal axes show the time period since the first di-
agnosis of a mood disorder. All other pairwise compari-
sons between mental disorders and medical conditions 
are shown in Figures S23 through S62.
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A Risk of Medical Conditions in Persons with Mood Disorder

B Risk of Circulatory Condition, According to Age at Diagnosis of Mood Disorder
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tions for disease-specific medications made by 
general practitioners. Thus, cases were most 
likely biased to the more severe end of the clini-
cal spectrum for both mental disorders and 
medical conditions, and the washout period may 
not have completely removed all prevalent cases 
of medical conditions. The date of onset, as re-
corded in the registries, was likely to be later 
than the actual onset for mental disorders and 
for many medical conditions. In some cases, 
this factor may have led to incorrect temporal 
ordering of mental disorders and medical condi-
tions. Results that relied on the apparent first 
onset of mental disorders in the seventh to ninth 
decades of life (e.g., age-specific absolute risks) 
should be interpreted cautiously. Furthermore, 
the presence of a medical condition may also 
lead to an increased risk of subsequent mental 
disorders.39

Among these limitations, it should be noted 
that registries allow for a limited length of fol-
low-up. The incidence of mental disorders peaks 
in the second and third decades of life, whereas 
the peak for many medical conditions under 

study occurs later in life. For the calculation of 
absolute risks in our study, medical conditions 
had to be diagnosed within 15 years after the 
diagnosis of the mental disorder because of data 
availability. This time period may not have been 
long enough for persons to reach peak ages for 
the diagnosis of a medical condition and to cap-
ture all coexisting conditions. Finally, the gener-
alizability of our findings outside of Denmark is 
limited. Patterns of coexisting conditions may 
vary in other countries, especially in those with 
different health care and socioeconomic struc-
tures.

In a large Danish population study, we found 
that the presence of a mental disorder was as-
sociated with a higher risk of many types of sub-
sequent medical conditions. These risks varied 
according to the pairs of mental disorders and 
medical conditions and had different temporal 
patterns of occurrence.
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Shown is the risk (as measured by cumulative incidence 
per 100 persons) of a medical condition after the diag-
nosis of a mood disorder, according to sex and the cat-
egory of medical condition. Panel A shows the estimates 
among all the persons in the study, according to the 
time since the diagnosis of the mood disorder. Panel B 
shows the risk of a circulatory condition according to 
the age at the time of the diagnosis of a mood disorder, 
with the time since the diagnosis of the mood disorder 
shown on the horizontal axes. The 95% confidence inter-
vals (indicated by shaded gray areas around the curves) 
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