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Abstract

Background

Real-world data on multimorbidity represents an important but underutilised source of evi-
dence for the planning of healthcare services, including prevention, treatments, and health
economic modelling.

Aims

This study aimed to estimate means of multimorbidity and provide associated prevalence
rates and frequencies between 199 x 199 chronic conditions and disease groups based on
the total adult Danish population and sex, age, and educational attainment. Thus, this study
provides an off-the-shelf catalogue for use in treatments and planning by clinicians, deci-
sion-makers and researchers.

Methods

The study population contained all Danish residents above 16 years on 1 January 2013 (n =
4,555,439). The data was based on the linkage of six national registers covering hospital
contacts, services in general practice, filled-in out-of-hospital prescriptions, and educational
attainments. The health registers were used to identify the 199 chronic conditions based on
the ICD-10 classification system.

Results

The mean number of chronic conditions (NCC) was 2.2. The mean increased with age,
women had a higher mean than men, and there was a social gradient with the mean increas-
ing with lower educational attainment. The mean NCC varied from 3.3-9.8 among all condi-
tions. Across disease groups, the highest mean NCC were found within disease group N
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(chronic renal failure, mean = 8.8), D (in situ and benign neoplasms; mean = 6.5), K (dis-
eases of the digestive system; mean = 5.7), and H (diseases of the eye and the ear; mean =
5.6). The highest mean NCC among the 29 common diseases was heart failure, ischemic
heart diseases, angina pectoris, stroke, and dementia, with a mean above 6.5. Several prev-
alent conditions like hypertension, arthritis, chronic lower respiratory diseases, depression,
type 2 diabetes, and overweight transcended other conditions regarding the associated
prevalence rates. As one of the most frequent, hypertensive diseases were highly associ-
ated with arthritis (50.4%), depression (37.4%), type 2 diabetes (75.4%), cancers (49.7%),
and being overweight (39.7%)—meaning that 50.4% of people with arthritis, 37.4% of people
with depression and so on also had hypertensive diseases. The largest differences in
means between individuals with no educational attainment and individuals with high educa-
tional attainment were found within disease groups J (diseases of the respiratory system,
ratio = 1.8), Q (congenital malformations, deformations, and chromosomal abnormalities,
ratio = 1.7), and B (viral hepatitis and human immunodeficiency virus disease, ratio = 1.7).

Conclusions

The current study provides a nationwide off-the-shelf catalogue of multimorbidity means
and real-world associations estimates of 199+ chronic conditions for future clinical treat-
ments and health care systems planning. The findings described are just one example of
numerous results and underline that multimorbidity is highly prevalent in the adult Danish
population and that it is a vital condition transcending all future medical treatment. The data
offer essential information on the multimorbidity burden of disease in future differentiated
treatments, healthcare planning, and economic, aetiological, and other research.

Introduction

Patients with multimorbidity, frequently defined as the coexistence of two or more chronic
conditions within the same individual [1, 2], have a lower health-related quality of life [3, 4],
higher mortality rates [5], decreased functional competence [6], and make more use of health-
care resources [7, 8]. Numerous studies have identified the unequal distribution of diseases
across socioeconomic groups [7, 9, 10]. Moreover, a growing proportion of the worldwide
population lives with chronic disease and multimorbidity due to ageing populations, better liv-
ing conditions, and improved healthcare technology [11, 12]. For example, a recent study
identified that 54.3 per cent of the Danish adult population had at least two chronic conditions
and that 87.6 per cent of citizens above the age of 75 had multimorbidity with an average of 5.3
chronic conditions [12]. In addition, the disease-related—and increasing costs [13-23]-have
been estimated to account for up to 80 per cent of the total healthcare expenditures for chronic
conditions and multimorbidity [24-27]. Consequently, the challenges of multimorbidity are
already high; and are only expected to rise in the decades to come [7, 11, 12].

The high prevalence of multimorbidity is particularly challenging for governments world-
wide due to healthcare treatment structures. Healthcare systems worldwide are set up mainly
for treating patients with single diseases; thus, most disease guidelines in the health system
focus on single diseases [28]. This is contrary to an integrated approach and may amplify the
risk of jatrogenic harm, increased drug interaction effects, and undesirable deficiencies in
treatments and coordination for patients with multimorbidity [29]. Thus, any efforts to design
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future healthcare organisations to accommodate the growing number of patients with multi-
morbidity require detailed epidemiological data on multimorbidity and disease patterns.
Moreover, decision-makers need access to reliable, real-world evidence of treatment patterns
to handle the growing cost of healthcare [30, 31]. Hence, real-world evidence of disease bur-
den, prevalence, and correlational patterns are crucial for accurate estimates, cost of illness,
and budget-impact analysis on novel health care technologies [32, 33].

Multimorbidity is, however, a multifaceted, entangled, challenging subject to analyse. The
Charlson Comorbidity Index [34], or simply counting conditions, may not provide sufficient
details to understand complex disease patterns. Hence, much literature has investigated disease
patterns using complex statistical methods [35-42]. For example, one study by Larsen et al.
(2017) identified 6-7 disease groups from 15 conditions using latent class analysis [11]. None-
theless, this illustrates some statistical difficulties in sufficiently describing disease patterns, as
areduction from 15 conditions to 6-7 disease groups might be considered relatively small; and
researchers would most likely be able to find the same patterns by using simple prevalence esti-
mates. Statistical pattern reduction is also particularly problematic as different statistical meth-
ods provide different results, are challenging to interpret and use, and there is no consensus on
which statistical methods to use [11]. Thus, although statistical pattern recognition methods
are useful for broad pattern recognition, further methodological work is needed.

Furthermore, for health professionals, raw, real-life, non-statistically reduced estimates are
useful to obtain all details of the disease population of interest for either health care planning
or clinical treatment. Another related study has, however, reported the prevalence rates of dis-
ease combinations but used self-reported conditions and was limited to 17 conditions [42].
Including a limited number of chronic conditions or using self-reported conditions is a limita-
tion of many disease studies [7, 11, 27, 42-50]. This provides a boundary for real-world esti-
mates of the full disease burden experienced by patients. But also as, different study
methodologies limit the comparability of diseases prevalence estimates needed for decision-
makers and others; thus, researchers and authorities have recommended using a uniform
study methodology in disease burden studies across conditions for decades [14, 15, 51-56].

The current study aimed to estimate basic, descriptive, nationally representative means of
multimorbidity and associated prevalence rates and frequencies of 199 x 199 chronic condi-
tions of the total adult Danish population according to sex, age, and educational attainment.
As one measure of severity, the mean NCC will enable researchers, health professionals, health
economists, and decision-makers to identify, access, and compare the disease burden of the
199 chronic conditions. The correlational prevalence estimates between the 199 x 199 condi-
tions will give real-world, detailed, unbiased, self-report estimates of the concrete multimor-
bidity for each of the 199 chronic conditions used in treatments and health care planning.
Thus, the study provides an off-the-shelf catalogue and a comparative overview of multimor-
bidity across 199 chronic conditions. To the best of the authors’ knowledge, the current study
provides the most comprehensive descriptive estimates of multimorbidity means and correla-
tional prevalence of chronic conditions based on an entire country’s population, a uniform,
comparable methodology and an exceptionally high number of chronic conditions.

Methods
Study population

The nationwide study population included 4,555,439 Danish residents aged 16 years or older
alive on 1 January 2013. The study population consisted of 49.2% men, and the mean age was
46.7 years. Forty-five per cent were between 16-44 years old, 46% were between 45-74 years
old, and 9% were 75 years old or older.
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The registers

In Denmark, there is a long tradition of reporting diseases, treatments, medications, and contact
with the healthcare system, in national health registers. The registers were originally intended
for data collection by government officials in public administration at the individual level [57].
All registers have a unique civil registration number that enables individual linkage across regis-
ters by the distinct personal identification number assigned to every resident in Denmark [58].

In the current study, six registers were applied and linked from Statistics Denmark. The
National Patient Register (NPR) [59], the Danish Psychiatric Central Research Register
(PCRR) [60], the National Prescription Register (TNPR) [61], and the National Health Service
Register (NHSR) [62] held information on ICD-10 diagnoses, medicine prescriptions, and ser-
vices in general practice. Educational attainments were obtained from the Population’s Educa-
tion Register (PER) [63] based on the International Standard Classification of Education
(ISCED2011). Sex and age originated from the Danish Civil Registration System [64]. The uti-
lised registers and characteristics are described elsewhere [12, 65, 66].

Defining ‘chronic condition’

A “chronic condition’ was defined in line with former studies if the . . .condition had lasted or
was expected to last twelve or more months and resulted in functional limitations and/or the
need for functional limitations and/or the need for ongoing medical care’ [12, 67-69]. Using the
Delphi method, a medical expert panel decided which ICD-10 diagnosis out of around 22,000
ICD-10 codes to be considered ‘chronic’ from the above definition [65]. The experts grouped
the chosen chronic ICD-10 diagnosis into 199 conditions, of which some conditions encom-
passed subgroups of ICD-10 diagnosis. Hence, some identified conditions contained multiple
different conditions within interrelated disease groups. Consequently, all ICD-10 conditions
considered chronic based on the definition was contained in pursuit of including the full-pop-
ulation burden of chronic conditions [12]. A detailed description of the definitions, distinct
phases and methodology are provided elsewhere [15, 65, 66].

The data register algorithms used to identify the chronic conditions

Since numerous chronic conditions last longer than the 12 months used in the definition but
do not persist for a lifetime, the ‘severity of chronicity’ was categorised into four categories
depending on how long the conditions were expected to last [65]:

1. Category I: Stationary to progressive chronic conditions (no time limit equals inclusion
time going back from the time of interest for as long as valid data were available. In the cur-
rent study, this starting point was defined by the introduction of the ICD-10 diagnosis cod-
ing in Denmark in 1994);

2. Category II: Stationary to diminishing chronic conditions (10 years from register inclusion
time to the time of interest);

3. Category III: Diminishing chronic conditions (5 years from register inclusion time to the
time of interest); and

4. Category IV: Borderline chronic conditions (2 years from register inclusion time to the
time of interest).

Adapted with permission from Hvidberg et al. (2016, 2019) [12, 65].
This method was designed to handle a renowned challenge of register-research: if a disease
is only identified once, for instance, 5, 10, or 30 years back in time from a specific date, is it
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then expected that the patient still suffers from the condition? Hence, the expert panel assigned
all of the 199 chronic conditions into one of the four categories. The allocation into one of the
four categories was based on a medical judgement on how long time the various ICD-10 diag-
noses identified as ‘chronic’, with the best possible clinical conviction, would still have the dis-
ease from a time of interest. This systematic approach was employed as a proxy for disease
severity. An algorithm based on the medical experts’ definitions identified ICD-10 codes and
allocated each of the 199 chronic conditions into the four chronicity categories that were uti-
lised for data collection. However, for 35 of the 199 chronic conditions, the medical experts
did not expect the ICD-10 diagnosis to be representative alone. Thus, 35 algorithms were
developed based on multiple registers comprising medicine, hospital treatments, and services
in general practice [12, 65, 66]. Additional details of the 199 distinctive definitions, including
the 35 diagnostic algorithms, the medical experts and the panel process, and the four catego-
ries’ assignment, are described earlier [65, 66].

Statistical analysis

Means of chronic conditions and per cent prevalence were calculated for each of the 199
chronic conditions. Means were calculated as the sum of all subjects’ multimorbidity within
the disease of interest, divided by the number of subjects within the disease group and elabo-
rating variables of interest. We used the following elaborating variables: sex, age groups (16—
44, 45-74, and 75+) and educational attainment (no education vs higher education). Per cent
prevalence was calculated within diseases of elaborating variables as the number of subjects of
the elaborating variable of interest, divided by the total subjects of the disease, multiplied by a
hundred. Direct standardised means and prevalence estimates were presented and calculated
based on the national proportion of sex and age on 1 January 2013, as referenced [70, 71] were
applicable. Ratios as a measure of social disparity in multimorbidity were calculated by divid-
ing the mean number of chronic conditions (NCCs) of individuals with no education by the
means among individuals with high education attainment for all conditions. Standard devia-
tions (SD) of means were provided.

All conditions were given ranks according to their NCCs, with one indicating the highest
NCCs based on the unstandardised means. To provide the reader with an overview of the com-
prehensive material, 14 disease groups referring to the ICD-10 system and described in detail
elsewhere [12] and 29 common conditions plus overweight are presented and commented on
in the result section. The common conditions comprise the conditions measured in the
National Population Health Surveys every fourth year [72], among others. “Overweight” is
included due to its general importance, although not consistently considered a chronic condi-
tion in the literature.

Data management and analysis were done using SAS 9.4 from Statistics Denmark’s remote
research servers.

Compliance with ethical standards

Declaration and approval to conduct the study were obtained from the Danish Data Protection
Agency and the Secretariat for Research Processing Records, Data and Development Support,
Region Zealand (REG-142-2021). No informed consent was required. Statistics Denmark
anonymized all register-data before the data were made available on their secured server.

Results

The NCCs ranged from 0 to 32 conditions with a highly left-skewed distribution for the popu-
lation (Fig 1). Overall, 34.4% of the population had no chronic condition, and 65.6% had one
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Fig 1. NCC in the Danish population.
https://doi.org/10.1371/journal.pone.0273850.9001

or more chronic conditions-e.g. 6.6% had seven or more chronic conditions, and 1.9% had
ten or more chronic conditions (S1 Table).

Opverall, the mean NCCs in the population was 2.2 —with a mean of 2.4 among women and
2.0 among men. The mean NCCs increased by age, and women had a higher mean of chronic
conditions than men, although this gap narrowed with age (Fig 2). We found a social gradient
with the mean of chronic conditions increasing with lower educational attainment. Thus, indi-
viduals with no education had the highest mean of chronic conditions (mean = 3.1), and indi-
viduals with higher education had the smallest mean (mean = 1.6)-except for the student
category, where the mean was 0.5 (Fig 2).

The mean NCCs across the 199 chronic conditions and the disease groups range from
around 3 to 9, with the main proportion of conditions having a mean between 5 and 7 chronic
conditions (Fig 3).

Table 1 displays the mean NCC for the 14 disease groups and sex and age. Disease group N
(chronic renal failure) had the highest mean NCCs (mean = 8.8), followed by disease group D
(in situ and benign neoplasms; mean = 6.5), K (diseases of the digestive system; mean = 5.7),
and H (diseases of the eye and adnexa and diseases of the ear and mastoid process;
mean = 5.6). Disease group C (cancers), followed by disease group E (endocrine, nutritional
and metabolic diseases), G (diseases of the nervous system), I (diseases of the circulatory sys-
tem), and F (mental and behavioural disorders), had a mean of NCCs ranging from 4.8-5.4.
Finally, disease group L (diseases of the skin and subcutaneous tissue), M (diseases of the mus-
culoskeletal system and connective tissue), ] (diseases of the respiratory system), and Q (con-
genital malformations) had a mean of NCC ranging from 4.0-4.7. Of the 14 disease groups,
sex differences were among others found in disease group D (female = 6.2 vs male = 7.0), K
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Fig 2. Mean NCC and one +/- standard deviation (SD)-for the entire population, sex, age groups and educational
attainment.

https://doi.org/10.1371/journal.pone.0273850.9002

(female = 5.9 vs male = 5.4) and J (female = 4.4 vs male = 4.0). For more details about the over-
all mean NCCs of the 199 chronic conditions and means by sex and age, see S2 Table.

Among the 29 most common chronic conditions and overweight, heart disease, stroke, and
dementia had more than seven other chronic conditions (Fig 4). Further, chronic obstructive

»

Mean NCC

50 100 150 200
The 199 chronic conditions and disease groups

Fig 3. Mean NCC and one +/- SD within the 199 conditions and disease groups. The black dotted line is the
national population mean of 2.2, and the blue dotted line indicates the average of 3.4 among those with one or more
chronic conditions.

https://doi.org/10.1371/journal.pone.0273850.9003
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Table 1. Overview of mean NCCs and SD of disease groups and medicines: The number of patients, overall mean NCCs, and by age and sex in Denmark on 1 Janu-

ary 2013.
Name of condition ICD-10 code / Total Population Sex and Age
definition Female Male | Agel6- | Age45- @ Age75+
44 74
N| Mean Std.| SD| Rank| Raw| SD| Raw| SD| Raw| SD| Raw| SD| Raw| SD
B-Viral hepatitis and human B18, B20-B24 8,500 44| (4.7) 35 206 43/36| 45|35| 36|31 50|37 85|42
immunodeficiency virus [HIV] disease
C-Malignant neoplasms C00-C99; D32-D33; 229,331 54| (4.2) 3.6 5 5436 5536 32|24 5034 7.0/3.8
D35.2-D35.4; D42-D44
D-In situ and benign neoplasms, and D00-D09; D55-D59; 116,560 6.5 (55) 43 2| 62/43| 70/44| 36|28| 6542 89|42
neoplasms of uncertain or unknown D60-D67; D80-D89
behaviour and diseases of the blood and
blood-forming organs and certain
disorders involving the immune
mechanism
E-Endocrine, nutritional and metabolic | E00-E14; E20-E29; 877,433 53 (4.5) 3.3 6| 53 /34| 5233 35|26 50/[31| 68|36
diseases E31-35; E70-E78; E84-
E85; E88-E89
G-Diseases of the nervous system G00-G14; G20-G32; 561,054 51 (4.7) | 3.6 7| 51/36| 51[36 35|26, 52|35 79|39
G35-G37; G40-47;
G50-64; G70-73; G80-
G83; G90-G99
H-Diseases of the eye and adnexa and HO02-HO06; H17-H18; 448,176 56 (4.5) 3.6 4| 58|3.6| 54/36| 34|26 53|34, 68|37
diseases of the ear and mastoid process H25-H28; H31-H32;
H34-H36; H40-55;
H57; H80,H810; H93,
H90-H93
I-Diseases of the circulatory system 105-106; 110-28; 130-33; | 1,254,427 49 (43) 3.3 8| 49|33| 48|32 33/25| 46|31 6.2 |35
136-141; 144-152; 160-
188; 190-194; 196-199
J-Diseases of the respiratory system J30.1; J40-J47; ]60-]84; 1,210,598 42| (39) 33 13| 44 /33| 40|32 26|20 46|32| 73|37
195, J97-J99
K—Diseasesofthedigestivesystem K25-K27; K40, K43, 329,337 57 (5.0) 4.0 3| 59/40| 54|39 34 /27| 58|38| 83 41
K50-52; K58-K59;
K71-K77; K86-K87
L-Diseases of the skin and subcutaneous | L40 65,469 4.7 | (4.1) 3.5 10| 49 36| 44 /34| 28|22 48/|34| 7.6 4.0
tissue
M-Diseases of the musculoskeletal MO01-M25; M30-M36; 1,032,808 47| (41) 34 11| 49 34| 4434 29|22 47|32| 69 3.7
system and connective tissue M40-M54; M60.1-M99
N-Diseases of the genitourinary system | N18 20,162 8.8 (7.3) 45 1 90|45 87|45| 54|36 86|44/ 10.0|43
Q-Congenital malformations, Q00-Q56; Q60-Q99 124,898 40 (42)|3.3 14| 4.1 /33| 3832 28|22 50/|35| 82 42
deformations, and chromosomal
abnormalities
F-Mental and behavioral disorders F00-99 683,194 4.8 | (4.6) 3.5 9| 49 /35| 4535 32|24 53|35| 7.6/39
Having one or more chronic conditions 2,989,441 34 (3.1) 2.8 n/a| 35|28 32|27 22/18| 35|27| 56|35
Depression medicine © ** ATC: NO6A 529,918 48 (44) 37 5/ 4936 47|37| 31|26| 52|36| 76|39
Antipsychoticmedidnec** ATC: NO5A 138,625 55 (5.3) | 3.8 59139 50/36| 44|31 6.0 3.9 7.3 | 4.0
Indication prescribed anxiety medicine® | All prescrib. w. 102,568 49| (4.6) 3.8 50/ 38| 47|38 35|29| 53|39| 7.7|4.1
* indication codes 163
(for anxiety) or 371 (for
anxiety, addictive)
Heart failure medication © ** ATC: C01AA05, C03, 7,468 8.0 (6.4) 4.1 1 8343 79139 57136| 75|39 9.0 4.1
C07 or C09A with
indication code 430 (for
heart failure)
(Continued)
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Table 1. (Continued)

Name of condition ICD-10 code / Total Population Sex and Age

definition Female Male Age16- | Age45- | Age75+

44 74
N| Mean| Std. SD| Rank Raw| SD| Raw| SD| Raw| SD| Raw| SD| Raw| SD

Ischaemic heart medication © ** ATC: CO1A, CO1B, 129,484 7.4 (5.6) 4.1 2 76|41 72/40| 4738 69 40 80|40

CO01D, CO1E
All five types of the medicine above 688,006 51| (44) 37| n/a| 51/|3.7| 50|37 32[26/| 53|36 74|39
Total population 4,555,439 22 (2.2) 28 n/a, 2429 20(/26| 1.1|1.6| 27 |2.8| 53 3.6

Gender and age-standardised estimates (Std.) are in brackets.
ICD-10 International Statistical Classification of Diseases, 10" Revision

¢ = complex defined conditions; see reference for further details [65].

** 2-year prevalence. n/a: not available.

https://doi.org/10.1371/journal.pone.0273850.t001

pulmonary disease (COPD), cataracts, osteoporosis, type 2 diabetes, anxiety disorders, and
inflammatory polyarthropathy had relatively high NCCs, with a mean above six. The 29 com-
mon conditions and overweight had a mean of four chronic conditions or more. S2 and S3
Tables show the prevalence (N), overall mean NCCs, means by sex and age, of the total 199
chronic conditions and the 29 common conditions.

Table 2 shows the 30 x 30 cross-tabulated prevalence rates between the 29 most common
chronic conditions and overweight. The prevalence rates indicate how many per cent within
the row condition have the condition in the column. The following commentary is delimited
to selected, highly prevalent conditions: hypertensive diseases, arthritis, chronic lower respira-
tory diseases, depression, type 2 diabetes, cancers and overweight. Hypertensive diseases were
associated with respiratory allergy (25.3%), arthritis (24.0%) and ischemic heart diseases

Heart faiure 88

ischaemic heart diseases 120-125 F 579
Angina pectoris I 70— -
EL s——————— W F
Dements N
schaemic heart disezses 05-152 - I — ¢ :
e e —————————————
Cataracts 54
Osteoporosis 64
Dizbetes e 2 S 2
Other aniety dsorders IS
inflammazory poYanhropathies 60
Schizophrenia I e 55
Tinnitus 55
Rheymzzoid arthriis - N 56
Backconditors I ;.
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Fig 4. Mean NCCs and one +/- SD for the 29 common conditions and overweight.

https://doi.org/10.1371/journal.pone.0273850.9004
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(22.6%)-meaning that of the persons with hypertensive diseases, 25.3% also had a respiratory
allergy, 24.0% had arthritis, and 22.6 had heart disease. Type 2 diabetes (17.2%), arthrosis
(17.0%), depression (16.0%), and chronic lower respiratory diseases (15.2%) were also associ-
ated with hypertensive diseases. Arthritis was highly associated with hypertensive diseases
(50.4%), gonarthrosis (35.4%), and inflammatory polyarthropathies (32.1%). Moreover, the
prevalence of respiratory allergies was high among people with arthritis (26.2%). Chronic
lower respiratory diseases were highly associated with asthma (57.7%) and respiratory allergy
(43.1%). But high prevalence was also found among hypertensive diseases (38.5%), COPD
(29.0%), and arthritis (18.4%). Depression was associated with hypertensive diseases (37.4%),
respiratory allergy (27.0%), chronic lower respiratory diseases (15.7%), and arthritis (16.4%).
Type 2 diabetes was highly associated with hypertensive diseases (75.4%) as well as diseases
such as arthritis (26.3%), respiratory allergy (24.7%), and ischaemic heart diseases (23.4%).
Cancers were associated with hypertensive diseases (49.7%), respiratory allergy (23.9%), arthri-
tis (22.2%), and ischaemic heart diseases (17.9%). Moreover, diagnoses like arthrosis (15.8%),
depression (14.9%), and chronic lower respiratory diseases (14.8%) were common among
patients diagnosed with cancer. Being overweight was associated with hypertensive diseases
(39.7%), respiratory allergy (26.6%), depression (19.9%), and arthritis (19.3%). Finally, diagno-
ses such as type 2 diabetes (17.7%) and chronic lower respiratory diseases (17.0%) were com-
mon among people with a BMI higher than 35.

For further details, the S4 Table shows the frequencies and percentages of the 199 condi-
tions cross-tabulated with the 29 most common conditions. S5 Table (spreadsheet) shows the
frequencies and percentages of the 199 conditions cross-tabulated with all 199 chronic condi-
tions, disease groups, and common medicines.

Table 3 presents the overall mean NCCs, the mean NCCs for patients with no education and
patients with higher educational attainment, and the prevalence of having 1, 2, 3, 4, 5, 6, or 7+ con-
ditions within each disease across all 199 chronic conditions, disease groups, and overweight. S6
Table shows the means of the 199 conditions and all five levels of educational attainment.

In total, 47 conditions had a mean of 7 or more chronic conditions. Among the 50 chronic
conditions with the highest NCCs, 22 conditions were found within disease group I (diseases
of the circulatory system) and seven conditions within disease group M (diseases of the muscu-
loskeletal system and connective tissue). The twenty conditions with the highest mean NCCs
were: bronchitis (J40-J42, mean = 9.8), AMI complex (123-124, mean = 9.3), heart failure
(I11-I13, mean = 8.8), CRF (N18, mean = 8.8), chronic ischemic heart disease (125,
mean = 8.8), sequelae of cerebrovascular disease (169, mean = 8.8), atherosclerosis (170,
mean = 8.7), emphysema (J43, mean = 8.6), osteoporosis in diseases classified elsewhere (M82,
mean = 8.4), complications and ill-defined descriptions of heart disease (151-152, mean = 8.3),
AMI (I21-122, mean = 8.1), other anaemias (D64, mean = 8.1), aplastic and other anaemias
(D60-D63, mean = 8.1), other forms of heart disease (131-143, mean = 8.0), aortic (105-106,
mean = 8.0), organic, including symptomatic, mental disorders (F04-F09, mean = 8.0), other
diseases of the respiratory system (J60-J84, mean = 7.9), aortic aneurysm and aortic dissection
(I71, mean = 7.9), atrioventricular and left bundle branch block (144, mean = 7.9), and ische-
mic heart diseases (I20-125, mean = 7.9).

The largest differences in means between individuals with no educational attainment and
individuals with higher educational attainment were found within disease group J
(ratio = 1.8)-meaning that individuals with no education had a nearly two times higher mean
NCC than individuals with higher educational attainment. The remaining disease group ratios
were as follows: Q (ratio = 1.7), B (ratio = 1.7), D (ratio = 1.6), L (ratio = 1.6), K (ratio = 1.5),
M (ratio = 1.5), C (ratio = 1.4), H (ratio = 1.4), I (ratio = 1.4), F (ratio = 1.4), E (ratio = 1.3),
and N (ratio = 1.2).
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Among the 50 chronic conditions with the largest differences in means between individuals
with no educational attainment and individuals with higher educational attainment, 13 condi-
tions were found within disease group M, seven conditions within disease group H, six condi-
tions within disease group E, four within disease group I and Q, three within disease group C,
J and K, two within D and G, and one within F, L, and B. The twenty conditions with the larg-
est differences in means according to educational attainment were: other soft tissue disorders
(M792-M709, ratio = 2.0), cystic fibrosis (E84, ratio = 2.0), behavioural syndromes (F51-F59,
ratio = 1.8), disorders of ocular muscles (H49-H52, ratio = 1.8), haemorrhoids (184,
ratio = 1.8), ulcerative colitis (K51, ratio = 1.8), congenital malformations of the sexual organs
(Q50_Q56, ratio = 1.8), allergy (J30, ratio = 1.8), disorders of the choroid and retina
(H31-H32, ratio = 1.7), coagulation defects (D65-D69, ratio = 1.7), rheumatoid arthritis
(MO05-M09, ratio = 1.7), soft tissue arthritis (M70, ratio = 1.7), other congenital malformations
of the digestive system (Q38-Q45, ratio = 1.7), disorders of the vitreous body and globe
(H43-H45, ratio = 1.7), thyrotoxicosis (E05, ratio = 1.7), disorders of trigeminal nerve and
facial nerve disorders (G50-G51, ratio = 1.7), enthesopathies of lower limb (M76, ratio = 1.7),
in situ neoplasms (D00-D09, ratio = 1.7), other disorders of the musculoskeletal system
(M95-M99, ratio = 1.7), IBS (K58, ratio = 1.7), and hepatitis (B18, ratio = 1.7).

Finally, endometriosis (N80) and overweight (E66), which were not defined as chronic con-
ditions, had the highest- and third-highest ratios (2.1 and 2.0) among individuals with no edu-
cational attainment and individuals with higher educational attainment.

Discussion

To the best of the authors’ knowledge, the present study is the first and most comprehensive
register-based attempt to estimate the multimorbidity disease burden of chronic conditions
from a nationwide population using a comparable, uniform methodology across a larger num-
ber of chronic conditions. The result section only shows a small fraction of possible examples
for some multimorbid data that can be extracted from the catalogues or tables. For instance,
and in summary, we investigated the mean NCCs and associations of 14 disease groups, 29
common chronic conditions (to provide the reader with an overview), and 199 chronic condi-
tions for the entire Danish adult population, including differences in sex, age groups, and edu-
cational attainments. Our study showed that most people in the Danish population had one or
more chronic conditions and that multimorbidity is common. This is in line with previous
national and international research [7, 12, 73]. The overall mean of NCCs for the population
was 2.2 and 3.4 for patients with one or more chronic conditions. The mean NCCs increased
by age, and women had a higher mean of chronic conditions than men.

Furthermore, we found a social gradient in the mean of NCCs-with individuals with lower
educational attainments having a higher mean. For instance, the largest difference in means of
NCCs between individuals with no education and individuals with higher educational attain-
ment was found in disease group J (diseases of the respiratory system). This, increasing NCC
by age, higher rates in women and increasing rates of NCC with lower educational attainment
are also following earlier studies [7]. We found large variations in the mean of NCCs between
conditions ranging from a mean of 3.3 to a mean of 9.8 in chronic conditions. The diseases
with the highest NCC were overall found within disease groups N-diseases of the genitouri-
nary system (mean = 8.8), D-in situ and benign neoplasms (6.5), K-diseases in the digestive
system (5.7), and H-a disease of the eye and the ear (5.6). The most common chronic condi-
tions are also complicated by high mean rates of multimorbidity, including hypertensive dis-
eases, respiratory allergy, chronic lower respiratory diseases, type 2 diabetes, and depression.
Persons with heart failure, ischemic heart diseases, angina pectoris, and stroke had the highest
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NCQC, all with a mean above 6.5 chronic conditions but less hypertension. Furthermore, indi-
viduals with COPD, cataracts, osteoporosis, type 2 diabetes, anxiety disorders, and inflamma-
tory polyartropathies had high NCCs-above six chronic conditions. Most individuals with one
of the 29 common conditions had above five NCCs. Other conditions are characterised by little
multimorbidity rates, such as type 1 diabetes, tinnitus, and other headache syndromes, most
likely because the conditions are typically diagnosed in younger patients [74].

When looking into some examples of associations between the chronic conditions, we
found that conditions, not surprisingly, seem to be particularly associated with other diseases
within the same disease groups; for example, chronic lower respiratory diseases were highly
associated with asthma and respiratory allergy. However, conditions also often transcend dis-
ease groups. For instance, hypertensive diseases were also associated with type 2 diabetes and
depression, which might be explained by the high prevalence of the three conditions. We
found that prevalence rates of depression varied between 14.5% to 51.0% in the 29 conditions-
following other evidence showing that depression is a common comorbidity to several chronic
conditions [75, 76]. Further, type 2 diabetes is associated with ischaemic heart diseases-both
common conditions and also linked to the same underlying pathology. This is consistent with
common medical knowledge and another study by Breinholt et al. (2017) looking at correla-
tions of 15 chronic diseases. Six disease classes were identified here, and heart diseases, particu-
larly hypertension, were associated with at least four other conditions [11]. Other prevalent
conditions like arthritis, chronic lower respiratory diseases, depression, and overweight also
transcended to other disease groups.

The catalogue in summary—and future use

The above results, underlined, are not exhaustive but just a few of many possible data extrac-
tions. Hence, the main aim of this study was to provide a detailed off-the-shelf catalogue for
others to explore their specific interests and needs. In summary, we provided nine comprehen-
sive catalogues (Tables 1-3 and S2-S7 Tables) that can be used to explore how the severity and
associations of multimorbidity are distributed, including differences in age, sex, and educa-
tional attainment across the 199 chronic conditions as described below:

We measured disease burden severity in terms of the crude mean NCCs. Here, the following
tables provide overall mean NCCs, including differences in age groups and sex: Table 1 by dis-
ease groups and medicines, S2 Table for all the 199 conditions, S3 Table by the 29 common
conditions and overweight, and S7 Table show the raw mean NCCs of 199 conditions by age
and sex in 14 categories for further detailed analysis. Moreover, Table 3 provides an overview
of mean NCCs and prevalence for the 199 chronic conditions regarding the overall population
and means by social equality measured by high and low educational attainments. Finally, the
S6 Table shows the mean NCCs of the 199 chronic conditions by all five educational
attainments.

While the means provide a crude estimate of severity, the following tables provide the asso-
ciational prevalence of the chronic conditions. Table 2 shows the comorbidity prevalence
between the 29 common conditions and overweight, and the S4 Table shows the correlational
prevalence rates of the 199 chronic conditions, disease groups, medicines, and overweight by
the 29 common conditions and overweight. Finally, the S5 Table shows the correlational prev-
alence rates of all 53,361 combinations between the 199 chronic conditions, disease groups,
medicines, and overweight.

We see three main potential uses of the catalogue: First, it can support and inform on-the-
floor health care specialists of possible multimorbidity concerns to be considered within treat-
ments. Although knowledge about possible multimorbidity is not unknown within medical
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practice, healthcare systems worldwide are constructed to treat patients with single diseases
[28]. This is a fact even though multimorbidity is the norm for 69.7 per cent of patients with a
chronic disease or 45.7 per cent of the adult population within the present study (see S1

Table). In contrast, socioeconomic disparities within health behaviours like smoking, drinking,
and exercise routines have long been used to differentiate treatments [77] and, for example, to
a lesser extent, within the rehabilitation of cardiac diseases [78-80]. We propose that future
treatments are, to a greater extent, also differentiated a prior due to the multimorbidity sever-
ity, disease associations, and clusters of common comorbidities, using evidence like the current
catalogue. This will make future interventions more data-driven in real-world evidence and
multimorbidity directly embedded in medical practice.

Second, we propose that the catalogues are also used to identify and prioritise diseases for
treatment based on severity, related disease associations, and clusters of high severity condi-
tions. However, as multimorbidity is only one facet of disease burden, prioritisation should be
done in conjunction with other aspects of disease burden, including health-related quality of
life [15], overall disease prevalence, socioeconomic characteristics [12], and socioeconomic
disparities [9].

Third, we propose that knowledge of multimorbidity severity, chronic condition associa-
tions, and clusters of common comorbidities are also used by health care planners to model
the future health care systems. We suggest that diseases are seen in a more holistic view, com-
prising clusters of conditions and that interventions are set up systemically to threaten known
and firstly prevalent clusters of conditions; moreover, high severity, multimorbidity, and less
prevalent conditions known to be costly with low patient outcomes should be addressed in
specialised centres. We propose that the current catalogue is used further to identify relevant
clusters of diseases within medical specialities. For instance, the detailed spreadsheet in the S5
Table provides aggregated, detailed data of multimorbidity for all 199 x 199 chronic conditions
that can be used to identify clusters. As health care systems are currently mainly set up to treat
single diseases, future health care planning needs to address and incorporate the real-world
norm of multimorbidity.

Strengths and limitations

One of the main strengths of this study is the data, e.i. the application of data from six nation-
wide, high-quality registers and the use of the total nationwide population. A second strength
is the application of a uniform and comparable methodology as recommended by WHO and
researchers [20, 52, 53, 81, 82], e.i. the use of medical ratified definitions and algorithms
applied to the unique data and the high number of chronic conditions comprised within a sin-
gle study. This enables reliable comparisons across an extraordinary number of conditions. A
third strength is the identified variation in the means and types of comorbidities. For example,
the prevalence of overweight differs within the same disease groups and across individual
chronic conditions. Some conditions have a high prevalence of overweight within the same
disease group (Schizophrenia); others do not (Dementia). This and similar information could
prove crucial in planning future health care interventions across different diseases, targeting
different issues dependent on disease. This detailed variation might be lost using classical sta-
tistical methods like latent class analysis, factor analysis, or correspondence analysis. However,
as we provide detailed, raw descriptive data, the current study can be used to identify such
detailed differences useful in concrete interventions.

There are, however, also some methodological limitations in the present study. One limita-
tion concerns the methodological issue of defining ‘chronic’. Should ‘chronic’ be understood
literally as ‘forever’, and should only ‘severe’ (not in the sense of high mean NCC) diseases be
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included as suggested by critics [83, 84]? These choices impact the size of the disease burden
and include conditions. However, defining ‘severe’ possess some of the same issues as defining
‘chronic’. And defining chronic strictly as ‘forever’ would lead to the exclusion of many dis-
eases, such as type 2 diabetes, some heart diseases, and cancers, broadly accepted as chronic
diseases, as, in fact, many commonly perceived chronic conditions do not last forever. This
was why earlier studies suggested a differentiated approach based on the previously mentioned
four categorisations of chronicity or severity [15, 65, 66].

Moreover, labelling ICD-10 conditions as chronic or something else to not change the real-
world disease burden but merely how we conceptualise it. However, the debate and varying
severity highlight the complexity of chronic conditions. Notably, non-communicable diseases
or long-term illness may be a better term than ‘chronic condition’, as ‘chronic’ is often under-
stood ‘forever’ in everyday understanding, thus causing confusion or even reluctance.

Furthermore, our study showed a lower mean of NCCs for mental conditions like schizo-
phrenia and ADHD and a lower prevalence of cardiovascular diseases like hypertension.
There is, however, no clinical reason why mental conditions should have a mean and preva-
lence below the national averages for hypertension. This indicates that the comorbidities
regarding, for example, heart diseases are underreported, and comorbidity could be even
higher for conditions within disease group F. Other studies have already discussed similar lim-
itations in underreports of diseases in register data [12, 65].

Finally, we recognize that there are other ways to measure disease burden severity than in
terms of crude NCCs [15]. And that NCCs and associations are merely a proxy of severity
regarding health-related quality of life, death risks, and disabilities and should not stand alone
but be used with a range of different disease burden measures, including the earlier mentioned
and health behaviours. Nevertheless, it is a way to provide indications and an overview of pos-
sible disease severities quickly.

Implications for research

It is challenging to provide a broad overview of tendencies and clusters of conditions using
solely raw descriptive statistics, particularly for a large number of conditions as in the present
study. However, this study provides real-life, detailed estimates without statistical loss of data,
particularly for ground health professionals, health care planners and clinicians who need to
know their detailed disease population as a first step. Statistical methods, nonetheless, such as
latent cluster analysis, factor analysis, multiple pattern analysis and artificial intelligence (AI),
might provide a clearer overview as a second step. Although we recognize these statistical
methods might have trouble identifying detailed variations and thus identifying subtle tenden-
cies within data, they are still useful to supplement the current catalogue with broader, reduced
statistical estimates for overall planning and research purposes. Hence, there is a need for
future research to the use and develop consensus on more advanced methods and thereby
identify broader clusters of comorbidities, and subtle, possible non-statistical tendencies across
conditions and disease groups. Finally, future studies could also investigate how the classic sta-
tistical methods perform when identifying clusters and tendencies and comparing these.

Conclusions

The current study provides an off-the-shelf catalogue of multimorbidity means, correlational
disease prevalence showing the specific disease proportions for 199 different chronic condi-
tions and groups of conditions by gender, age, and educational attainments, based on a com-
plete nationwide population sample. The findings underline that multimorbidity is the rule
and not the exception and that multimorbidity is a fundamental condition transcending
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disease burden and impacting all future treatments. However, current disease guidelines only
include multimorbidity at a sporadic level. We argue that having reliable, real-world evidence
of multimorbid disease burden is crucial for on-the-floor interventions and health care plan-
ners as provided within current study in a raw, descriptive format for others to use. We further
suggest that future research identify multimorbidity clusters and investigate how these could
best be identified. To the best of the authors’ knowledge, the present study provides the most
comprehensive descriptive register study of the means of multimorbidity and correlational
prevalence of chronic conditions.
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