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Abstract
Background: The number of patients with multimorbidity challenges healthcare systems worldwide.
Objective: To explore the development of multimorbidity prevalence in the Danish population over the course of
18 years.
Design: National registers were used to form eighteen cohorts including all persons aged ≥18 years; one cohort for each
separate calendar year from 2000 to 2018. Multimorbidity was defined based on ten diagnosis groups (ICD-codes): lung,
musculoskeletal, endocrine, mental, cancer, neurological, gastrointestinal, cardiovascular, genitourinary, and sensory
organs. At least two diagnoses from different diagnosis groups had to be present to be considered multimorbidity. The
diagnoses were from hospital contacts in the Danish health registers. We report both ≥2 and ≥4 multimorbidity.
Results: From 2000-2018, the prevalence of multimorbidity increased from 7.1 % to 16.1 % with a relative increase of
126% and 314% for ≥2 and ≥ 4 diagnosis groups, respectively. The oldest age groups had the highest prevalence. In 2018, half
of the population aged ≥80 years had multimorbidity. Young women showed the relatively largest prevalence increase of ≥
4 multimorbidity. In absolute terms, the number of musculoskeletal diagnoses increased the most, whereas genitourinary,
endocrinological, and musculoskeletal diagnoses showed the highest relative increase.
Conclusions: In Denmark, the prevalence of patients with multimorbidity is increasing, and it has more than doubled from
2000-2018. The observed development in occurrence of multimorbidity over time may serve as relevant input for
governments when rethinking the health care.

Keywords
multimorbidity, chronic diagnoses, prevalence, time trend, register study, cohort study

Received: 29 October 2024; revised: 4 March 2025; accepted: 11 March 2025

Introduction

Continuous improvements in healthcare and better living
conditions have resulted in more people living longer with
multiple chronic diseases. When an individual has two or more
chronic diseases, it is referred to as multimorbidity.1 People
with multimorbidity experience a disproportionally low quality
of life,2 a high treatment burden,3 and increased mortality.4

From a societal perspective, the large number of patients
with multimorbidity represents a substantial challenge. The
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health care system is often organized around a single-
disease framework, leading to increased admissions and
hospital contacts as the number of diseases rises.5 This
increases the risk of disruptive and duplicate care.6 To
address these challenges for both patients and the health
care sector, it is of general interest for clinicians, health
planners, and decision makers to monitor multimorbidity
within the population.

The prevalence of multimorbidity has been estimated in
several studies, but the findings show considerable vari-
ability.7 The large variability may partly be explained by the
fact that studies have been conducted in different settings
(for instance hospitals or general practices, urban or rural
areas, and various countries). Another likely explanation for
the variability is that studies often define multimorbidity
differently, in terms of the number and types of diagnoses
included in the definition. These differences in settings and
definitions hamper comparison of prevalence across
samples,8,9 making such comparisons usually not
meaningful.7

However, rather than prevalence, by which we here mean
the absolute number of patients with multimorbidity in
Denmark, and possibly contrast this to other, external
populations, it is more meaningful to study the prevalence
over time, internally to the population. Longitudinal studies
indicate that the proportion of patients with multimorbidity
has increased over time,10–12 as has the number of person-
years lived with multimorbidity.10 The increasing average
age of the population is a key driver for the rise in prev-
alence,13 but developments in healthcare and society may
also contribute.14 The growing number of people living with
multimorbidity substantially impacts the capacity of the
healthcare system. To understand and potentially predict
future healthcare needs, it is of interest to monitor the
prevalence of multimorbidity over time in the general
population.

The present study set out to determine how the prev-
alence of multimorbidity developed over two decades in
the entire Danish population, and which age groups and
disease groups drove this development. This type of study
is possible in Denmark because nationwide registers
containing the entire population have been established for
more than 50 years. As in our earlier works,4,15,16 we
defined multimorbidity based on ten groups of diagnoses,
rather than counting single diagnoses. Thus, a diagnosis
from at least two of these ten groups was required to
classify as multimorbidity. By grouping diagnoses that
share similarities in management, treatment, and/or or-
ganization, and by counting affected groups, this defini-
tion identifies patients with a relatively severe and
complex multimorbidity.8 To our knowledge, no previous
studies have explored the prevalence of multimorbidity
over time in a full nationwide sample. The aim of the
present study was to explore prevalence of multimorbidity

among individuals aged 18 years or older in Denmark,
using samples that include the entire population from
2000-2018.

Material and methods

Study design and population

The present cohort study included the entire Danish
population aged 18 years and older. Data from Danish
national registers17–20 were used to form eighteen cohorts:
one for each calendar year from 2000 to 2018. For each
cohort, chronic diagnoses were recorded for each person
over the preceding ten years using diagnostic codes from
hospital contacts. Each year, new individuals aged
18 entered the cohort, while others left due to emigration
or death. Concurrently, socio-demographic data from
Statistics Denmark were collected for each year and in-
dividual. Persons who lived outside Denmark for more
than nine years during the ten-year period prior to the year
of interest were excluded from the analyses of that
particular year.

Multimorbidity definition

Multimorbidity was defined based on the following ten
diagnosis groups: lung, musculoskeletal, endocrine,
mental, cancer, neurological, gastrointestinal, cardiovas-
cular, genitourinary, and sensory organs.4 To meet the
definition of multimorbidity, at least two chronic diag-
noses from two different diagnosis groups had to be
present. For example, two diagnoses from the same group,
such as asthma and Chronic Obstructive Pulmonary
Disease (COPD) from the lung group, would not count as
multimorbidity according to this definition. Any regis-
tration of a contact, either as an inpatient or outpatient at
hospitals (secondary care), with a relevant (primary or
secondary) chronic diagnosis within a ten-year period
before the corresponding cohort baseline, resulted in a
positive count for the relevant diagnosis group. The
various diagnoses within each diagnosis group broadly
reflect a medical specialty and a hospital department
(Supplemental File 1). Hence, this definition of multi-
morbidity somewhat reflects the organizational burden of
multimorbidity in the secondary care. Still, it is also
relevant for primary care (all care outside public hospitals,
including private practicing specialists, physiotherapists,
and psychologists), particularly general practice. It mirrors
the growing complexity of the patients and highlights the
challenges for general practitioners who must both treat
and manage the patients’ various diseases while also
navigating as gatekeepers for the hospitals. We have de-
veloped and applied this definition in several earlier
studies.4,15,16
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Nationwide registers

In Denmark, all new residents and newborn children receive
a unique personal identification number, stored in the
Danish Civil Registration System (CRS). This personal
identification number allowed us to link all registered in-
formation on a personal level. Registration in CRS is re-
quired by law in Denmark, and the information is used for
administrative purposes.18 CRS provided information on
vital status, emigration, and family connections.18 The
following registers provided the study with information
about diagnoses: The Danish National Patient Register
(NPR),17 the Danish Psychiatric Central Research Register
(PCRR),19 and the Danish Cancer Registry (CR).20 How-
ever, in NPR, outpatient care and emergency admissions
were first included in 1995. From 2000, the codes in NPR
became the basis for economic reimbursement to hospitals,
and the registration can therefore be regarded as complete
after that year.17 In the NPR and PCRR, the diagnostic
information is coded as International Classification of
Diseases, 10th edition (ICD-10)21 (until 1994 the earlier
version 8th edition (ICD-8) was used). In CR, all incident
cancers were coded as ICD-10.20 Statistics Denmark pro-
vided information about socioeconomic status: income
(divided into quartiles),22 education (none, primary school,
secondary school, or long education),23 work status
(working, unemployed, or retired),24 economic assets (di-
vided into quartiles),22 and degree of urbanization (rural,
small city, or capital city).18 For a full definition of all
variables, see Table 1 or Supplemental File 2.

Statistical analyses

We present absolute and relative numbers for each year, and
each cohort was stratified by age (categorized into four
groups 18-39, 40-64, 65-79, and ≥ 80 years) and sex. The
results are displayed as (multi)morbidity time series
as ≥2 and ≥4 diagnosis groups of multimorbidity. If a person
migrated during the ten years before each baseline, they
were included in the analyses for the time spent in Denmark,
unless the migration exceeded 9 years. The yearly contri-
butions to the increase in numbers of persons with multi-
morbidity each year of each of the three factors: age, degree
of urbanization, and level of education, were visualized in
growth contribution plots. We performed the analyses using
SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA) and
the r software package, V.4.1.1. (The R Foundation for
Statistical Computing, https://www.r-project.org).

Results

From 2000 to 2018, the Danish population increased from
5,330,020 to 5,781,190 persons (an increase of 7.8%).
During the same period the study population grew from

4,154,728 to 4,551,502 (8.7%) (Table 1, Supplemental File
2). The number of people living with chronic disease also
rose (Figure 1(a)-(b)). In absolute terms, the number of
patients with musculoskeletal diagnoses increased the most:
from 303,513 persons (7.3% of the total population) in
2000 to 726,397 persons (16.0%) in 2018, a 119% increase.
Similarly, the prevalence of mental health diagnoses in-
creased from 4.7% to 9.1% (a relative increase of 95%), and
cardiovascular diagnoses increased from 5.4% to 9.0% (a
relative increase of 67%). The prevalence of patients with
other diagnoses also increased between 2000 and 2018, for
instance, the genitourinary diagnosis-group (167%), the
endocrine diagnosis-group (120%), the musculoskeletal
group (119%), the mental health group (95%), and the
gastrointestinal group (84%) (Figure 1(a)-(b)). For some
diagnosis groups such as the sensory group, an increase in
prevalence occurred until 2006, after which it leveled off.

The number of people with at least one morbidity (i.e.
one or more diagnoses within one diagnosis group) was
26.2% in 2000 and 41.9% in 2018 (Figure 1(c)-(d),
Supplemental File 2). In the same period, the prevalence of
multimorbidity increased from 7.1% to 16.1% with an
increase of 126% and 314% for ≥2 and ≥4 diagnosis groups,
respectively (Figure 1(c)-(d)). In 2018, approximately 2.0%
of the population had ≥4 diagnosis groups (Figure 1(c)-(d)).
Among participants aged ≥80 years, half of the population
met the criterion for multimorbidity (≥2 diagnosis groups)
and 10.5% for ≥ 4 multimorbidity. The numbers were
similar for men and women (Figure 2(a)-(d)). The largest
increase in the prevalence of ≥4 diagnosis groups was seen
among women aged 18-39 years with an almost eight-fold
increase over the years (Figure 2(d)).

Each year, the number of individuals living with mul-
timorbidity increased by approximately 20,000-30,000.
From 2008 to 2018, the yearly contribution of persons aged
60-69 years diminished, whereas the contribution of persons
70-79 years old increased. For individuals aged ≥80 years,
the increase in prevalence of multimorbidity remained
relatively stable over the years, with a slight decrease in the
middle of the study period (Figure 3(a)). The prevalence of
multimorbidity increased the most among people living in
rural areas and small towns, whereas those living in the
capital city contributed less to the growing prevalence of
multimorbidity (Figure 3(b)). Throughout the study period,
individuals with a short education contributed incrementally
less to the growth in multimorbidity (Figure 3(c)).

Discussion

Summary of main findings

Our study examined the prevalence of multimorbidity in the
entire Danish population over nearly two decades.We found
that the prevalence of multimorbidity more than doubled
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during the study period, with a relatively higher increase in
the older age groups. By 2018, half of the population
aged ≥80 years had multimorbidity. The prevalence of
patients with a musculoskeletal, a mental health, or a car-
diovascular diagnosis increased the most in absolute
numbers. However, the highest relative prevalence increase
was seen in the genitourinary, endocrine, musculoskeletal,

mental health, and gastrointestinal diagnosis groups. For
some diagnoses, such as sensory diagnoses, the prevalence
remained relatively stable. Over the years, individuals aged
70-79 years, those living in rural areas and small towns, and
those with secondary school education contributed the most
to the increase in multimorbidity prevalence. Contrary to
our expectations, the steepest relative increase in

Table 1. Baseline characteristics of the Danish population 2000, 2009, and 2018.

Year 2000*,#

Total 4.154.728
Year 2009*,#

Total 4.252.062
Year 2018*,#

Total 4.551.502

N % N % N %

Sex
Male 2.032.179 48.9 2.086.347 49.1 2.245.183 49.3

Age. years
18-39 1.636.745 39.4 1.483.505 34.9 1.549.619 34.0
40-64 1.728.615 41.6 1.894.893 44.6 1.889.342 41.5
65-79 580.741 14.0 647.070 15.2 856.292 18.8
80+ 208.627 5.0 226.594 5.3 256.249 5.6

Education
None 322.736 7.8 172.984 4.1 181.341 4.0
Primary school 1.440.326 34.7 1.334.840 31.4 1.209.980 26.6
Secondary school1 1.642.931 39.5 1.734.992 40.8 1.849.444 40.6
Longer educations2 748.735 18.0 1.009.246 23.7 1.310.737 28.8

Income3

Low income 841.793 20.3 337.643 7.9 277.128 6.1
Low-middle income 1.443.013 34.7 884.372 20.8 441.074 9.7
High-middle income 1.115.488 26.8 1.058.490 24.9 915.019 20.1
High income 754.434 18.2 1.971.557 46.4 2.918.281 64.1

Working status
Working 2.399.496 57.8 2.547.811 59.9 2.460.307 54.1
Out of workforce4 925.456 22.3 775.950 18.2 1.032.482 22.7
Pensioners 829.776 20.0 928.301 21.8 1.058.713 23.3

Asset5

Low assets 1.533.132 36.9 1.382.163 32.5 1.600.144 35.2
Middle assets 1.348.493 32.5 1.029.290 24.2 1.288.260 28.3
High assets 1.273.103 30.6 1.840.609 43.3 1.663.098 36.5

Urbanization degree6

Rural 1.425.971 34.3 1.458.434 34.3 1.502.905 33.0
Small town 1.482.848 35.7 1.527.104 35.9 1.626.044 35.7
Capital city 1.245.909 30.0 1.266.524 29.8 1.422.553 31.3

Cohabiting7

Yes 2.773.257 66.7 2.776.434 65.3 2.885.493 63.4

*1st January 2000, 2009, and 2018.
#Presented as dichotomous variables in numbers (N) and percentages (%).
1Secondary school: secondary school, high school, and higher-level vocational studies.
2Longer educations: college, university degree (bachelor or master), and doctoral degree.
3Household disposable income: divided in quartiles.
4Out of workforce: unemployed, student, apprentice or intern, or incapacity benefits.
5Assets: divided in tertiles.
6Rural: at least 50 % of the population in the municipality lives in a thinly populated area. Small town: intermediate density area. Less than 50 % of the
population lives in a densely populated area and less than 50 % of the population lives in a thinly populated area. Capital: at least 50 % of the population lives
in a densely populated area.
7Living together (does not include solely married persons).
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multimorbidity prevalence was seen in young adult women
(aged 18-39 years) although the absolute number was small.

Comparison with existing literature

During the study period, we observed an increase in the
prevalence of people with multimorbidity. Although the
heterogeneous nature of multimorbidity may hamper
comparisons8,9 our findings align with earlier11,14,25 and
recent12,26 prevalence studies on time-trends of multi-
morbidity. As life expectancy increased during this period,
the number of years spent with multimorbidity rose cor-
respondingly.10 In 2018, 41.9% of the Danish population
had at least one chronic condition, which is consistent with a
Flemish-Belgian study that found a prevalence of 38.5% in
the general population.25 In our study, we found the
prevalence of multimorbidity to be 16.1% in 2018, which
aligns with other studies,14 but is somehow lower than the
23.2% that was found in a primary care study in Scotland
and the 22.7% in the Flemish-Belgian study.25,27 We sug-
gest that the main reasons for differences between our
findings and earlier studies are our use of data from sec-
ondary care, our use of diagnosis groups rather than single
diagnoses, and our inclusion of the entire population
aged ≥18 years, rather than focusing on older age groups.7,8

The present study showed a 126% and 314% relative in-
crease in the multimorbidity prevalence of ≥2 and ≥ 4

diagnosis groups, respectively, between 2000 and 2018.
This finding aligns with Uijen et al.‘s observation, that the
highest relative increase in multimorbidity prevalence
occurred among patients with ≥4 morbidities in the Dutch
population between 1995-2005.11 In our study, the in-
crease was mainly driven by aging, with the highest
prevalence of multimorbidity among the oldest individ-
uals. It is well-established that multimorbidity prevalence
increases with age.27,28 We found that over the last ten
years, those aged 70-79 years contributed more to the
increasing prevalence of multimorbidity compared with
other age groups. Interestingly, the prevalence of patients
with multimorbidity diminished among individuals aged
60-69 years and remained stable among those older than
80 years. In contrast to our findings, a Swedish study found
an increase in diseases and symptoms among persons aged
77 years or older when comparing two cohorts from
1992 and 2002,29 suggesting that factors other than the
aging may also drive the increase in multimorbidity.

Like our study, a study from the Netherlands found
musculoskeletal diagnoses to be the most prevalent, both as
single-morbidity and in combination with other diseases.28

We found mental health diagnoses to have the second
highest absolute prevalence increase which is in line with
other studies pointing at increasing prevalence of mental
health diagnoses both internationally and in Denmark.30,31

In addition, it seems like mental health diagnoses are

Figure 1. (a) The number of people in different diagnosis groups in the Danish population from 2000 to 2018. Absolute terms. (b)
Prevalence of people in different diagnosis groups in the Danish population from 2000 to 2018. Percentage. (c) The number of people
with multimorbidity from 2000 to 2018 in Denmark. (d) Prevalence of multimorbidity from 2000 to 2018 in Denmark.
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strongly intervened in multimorbidity since depression, in
young adulthood, disposes increase in somatic multi-
morbidity later in life.32 In our study, genitourinary and
endocrinological diagnoses had the highest relative in-
crease, and type 2 diabetes is estimated to increase con-
siderably over the coming years.33

A rather unexpected finding was the almost eight-fold
increase in the prevalence of multimorbidity (≥4 diagnosis
groups) among young adult women (18-39 years). A similar
trend was observed in the Flemish- Belgian multimorbidity
study, which also demonstrated a large increase among
female participants from younger age groups.25 The reasons
for this finding are unclear, however, women are known to
be more prone to contact their general practitioner, not only
for conception and pregnancy matters but also for other
health issues.34,35

The time trend of increasing prevalence of multi-
morbidity is likely also explained by improved technology,
medical advancements, and better living conditions. Dis-
eases that were once fatal, such as heart diseases, can now be
managed for years or even cured. However, other potential

explanations of our findings should be mentioned: 1) The
health registers became the basis for the Danish state’s
reimbursement to the hospitals in 2000. This may have
incentivized doctors to register all diagnostic information
from that year onwards, to get a higher income for their
departments, potentially leading to an over-definition bias.36

Even though this bias may have affected the estimated
increase in prevalence in the first few years, the prevalence
of most diagnosis groups continued to rise throughout the
monitoring period. 2) The implementation of screening
programs during the period may have contributed to the
increase in multimorbidity prevalence.36 3) A person who
develops a disease and goes to the hospital is at risk of
getting additional diagnoses. Thus, a detection bias may
also explain some of the prevalence increase we observed.37

Strengths and limitations

Our study has several strengths.
The entire Danish population aged ≥18 years was in-

cluded, leading to low risk of selection bias. The registers

Figure 2. (a) Prevalence of multimorbidity (≥2 diagnosis groups) among men from 2000 to 2018, stratified on age groups. (b) Prevalence
of multimorbidity (≥2 diagnosis groups) among women from 2000 to 2018, stratified on age groups. (c) Prevalence of multimorbidity
(≥4 diagnosis groups) among men from 2000 to 2018, stratified on age groups. (d) Prevalence of multimorbidity (≥4 diagnosis groups)
among women from 2000 to 2018, stratified on age groups.
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Figure 3. (a) Yearly difference of multimorbidity in different age groups. (b) Yearly difference of multimorbidity dependent on degree of
urbanization. (c) Yearly difference of multimorbidity dependent on level of education. Purple line: total number of new patients with
multimorbidity each year.
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used are validated.17,20 Information about diagnoses was
collected in a ten-year period prior to each baseline. Thus, in
our design multimorbidity can be “rewound”, which we
believe accurately reflects multimorbidity. For instance, a
depression that remitted 10 years earlier should not count as
an active diagnosis.

Our study also has some limitations. We used data from
secondary care, which means the true prevalence of multi-
morbidity managed both in secondary and primary care is
underestimated. Another limitation is that, even though we
stratified our analyses on some important demographic and
socioeconomic aspects, we have no information on crucial
health factors such as lifestyle. Furthermore, the registers do
not contain information on the severity of the diagnoses
included. Finally, there is no consensus on how to define
multimorbidity. In this study, multimorbidity was defined by
counting groups of chronic diagnoses, mimicking manage-
ment and treatments in health care, rather than summing up
single diagnoses.8 Other definitions could theoretically be
employed, but there is no definitive answer of which one to
use.7–9,38,39 However, we believe the definition used in this
study reflects well some of the resource challenges health care
is facing (Supplemental File 1).

Implications

To the best of our knowledge, time trends of multimorbidity
have been studied before, but never in an entire nationwide
adult population. In Denmark, the prevalence of multi-
morbidity more than doubled from 2000 to 2018, and is
likely to continue rising. Our study provides insights for
healthcare planners and indicates future demands for care,
which may be useful for governments and public authorities
when preparing healthcare systems for future challenges.
Our estimate of the prevalence of multimorbidity in the
population is an underestimate as only diagnoses from the
public secondary care were included.

Although potential biases from modes of registration
may inflate the estimated rise in multimorbidity prevalence
in our study, other studies also support that the prevalence of
multimorbidity is on the rise.11,12,25,26,29 Thus, our findings
constitute a well-documented minimum of multimorbidity
in Denmark, potentially transferable to other countries with
similar health care systems.

There is a need for more research on how healthcare
professionals can provide proper care for the many patients
with multimorbidity. Additionally, research on interventions
outside the medical realm that promote all aspects of health
is essential.

Conclusions

In Denmark, the prevalence of multimorbidity increased for
all adult age groups over the past two decades. This implies

that complexity of care has increased for healthcare personnel
in both the primary and the secondary care. Our results may
be useful for decision makers and healthcare planners.
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