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Abstract

Multimorbidity is frequent and represents a significant burden for patients and healthcare systems. However, there are limited
data on the most common combinations of comorbidities in multimorbid patients. We aimed to describe and quantify the
most common combinations of comorbidities in multimorbid medical inpatients. We used a large retrospective cohort of
adults discharged from the medical department of 11 hospitals across 3 countries (USA, Switzerland, and Israel) between
2010 and 2011. Diseases were classified into acute versus chronic. Chronic diseases were grouped into clinically meaningful
categories of comorbidities. We identified the most prevalent combinations of comorbidities and compared the observed and
expected prevalence of the combinations. We assessed the distribution of acute and chronic diseases and the median number
of body systems in relationship to the total number of diseases. Eighty-six percent (n=126,828/147,806) of the patients
were multimorbid (> 2 chronic diseases), with a median of five chronic diseases; 13% of the patients had > 10 chronic dis-
eases. Among the most frequent combinations of comorbidities, the most prevalent comorbidity was chronic heart disease.
Other high prevalent comorbidities included mood disorders, arthropathy and arthritis, and esophageal disorders. The ratio
of chronic versus acute diseases was approximately 2:1. Multimorbidity affected almost 90% of patients, with a median of
five chronic diseases. Over 10% had > 10 chronic diseases. This identification and quantification of frequent combinations
of comorbidities among multimorbid medical inpatients may increase awareness of what should be taken into account when
treating such patients, a growth in the need for special care considerations.
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Abbreviations Introduction

CCI Chronic Condition Indicator

CCS Clinical Classification Software With increasing life expectancy and improved healthcare, a
CKD  Chronic kidney disease higher proportion of adults develop multimorbidity, which is
HCUP Healthcare Cost and Utilization Project associated with adverse health outcomes, higher healthcare
ICD International Classification of Diseases utilization, polypharmacy and worse quality of life [1-3].

Multimorbidity, most often defined as the presence of two
or more chronic diseases, therefore represents a significant
burden for healthcare systems and patients [4—7]. However,
despite the importance of multimorbidity, little is known
about the prevalence of the different chronic diseases and
Electronic supplementary material The online version of this of their combinations in multimorbid hospitalized patients.
article (https://doi.org/10.1007/s11739-020-02306-2) contains While interest has increased in studying non-random
supplementary material, which is available to authorized users. combinations of diseases [8]’ most data are derived from the
ambulatory care settings [9-20]. We found only two studies
assessing such combinations in inpatients [21, 22], but both
studies included all diseases without distinguishing between
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acute and chronic diseases, although multimorbidity refers
specifically to chronic diseases [1, 3].

Using standardized tools to classify and categorize the
diseases [23, 24], the primary aim was to identify and quan-
tify the most prevalent combinations of chronic diseases
groups (comorbidities) in multimorbid medical inpatients.
Our hypothesis was that besides well-known frequent com-
binations of comorbidities such as chronic heart disease and
chronic kidney disease (CKD), other frequent combinations
may be identified among medical multimorbid hospitalized
patients. The secondary aim was to describe the relative pro-
portions between acute and chronic diseases in multimorbid
patients. Our hypothesis was that the chronic diseases repre-
sent the majority of all patient diseases.

Methods
Study design, setting and participants

We used a multicenter international retrospective cohort
including all consecutive adults discharged alive from the
medical department of ten academic and one non-academic
(Christiana Care Health System) hospitals across three
countries (seven in the USA, three in Switzerland and one
in Israel) between 2010 and 2011 (Appendix A). Patients
admitted to a surgical ward were not included. The US sites
were part of a collaborative research on quality of care and
the other institutions joined the group by interest and through
networking. Only multimorbid patients were included in all
the analyses, i.e. those with two or more chronic diseases
based on the most common definition of multimorbidity [2,
25]. The presence of an acute disease in addition to the two
or more chronic diseases was not an exclusion criterium. To
limit inclusion of observation stays, we further restricted the
cohort to patients with a hospital length of stay of at least
1 day. Moreover, as the initial data were collected to study
hospital readmissions, only patients discharged home or to
a nursing home were included.

The Institutional Review Board of each participating
site reviewed the study and determined it to be non-human
subjects research, as it involved secondary analysis of
anonymized data.

Study variables and diseases categorization

All data were extracted from electronic medical records and
included demographic, admission, hospitalization and dis-
charge information, as well as International Classification
of Diseases (ICD) diagnosis codes available at discharge
(ICD-9 codes for the USA and Israel, ICD-10 codes for
Switzerland).
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We assessed multimorbidity according to the following
aspects, as detailed below: (1) acute and chronic diseases;
(2) categories of chronic diseases, defined as comorbidities;
(3) body systems affected; (4) comorbidity indices.

Acute and chronic diseases

To differentiate between ICD codes for acute and chronic
diseases, we used the Chronic Condition Indicator (CCI)
developed by the Healthcare Cost and Utilization Project
(HCUP), a Federal-State—Industry partnership sponsored
by the Agency for Healthcare Research and Quality [23].
This tool defines a chronic disease as a condition lasting at
least 12 months and meeting at least one of the following
criteria: (a) it places limitations on self-care, independent
living, and social interactions or (b) it results in the need for
ongoing intervention with medical products, services and
special equipment. The use of the CCI had the following
advantages: (1) standardized classification method that war-
ranties a homogeneous analysis through a large database; (2)
open source and ease of use that allow reproducibility; (3)
development based on several peer-reviewed journal articles
[26-28].

Comorbidities

Because more than 14,000 ICD codes would make the analy-
sis difficult to interpret in a clinically meaningful way, we
grouped the different ICD codes into comorbidities using the
Clinical Classification Software (CCS) from HCUP, which
collapses all ICD codes into 285 mutually exclusive catego-
ries [24]. Because we were interested in patterns of comor-
bidities related to multimorbidity, only chronic diseases were
categorized. For this purpose, we thus excluded ICD codes
for acute diseases as well as CCS categories for risk factors
for diseases, complications of diseases, screening strategies
and symptoms, as previously done, because they do not refer
to specific diseases [22]. For clinical relevance, we further
merged some comorbidities together (Appendix B). For
example, we grouped together all chronic heart diseases,
including cardiac dysrhythmias, coronary heart disease,
non-hypertensive congestive heart failure and heart valve
disorder. The different hospitals collected ICD codes which
were then categorized by the first author using the above-
mentioned tools.

Body systems affected

We further classified all diseases into 18 body system cat-
egories using the CCI: (1) infectious and parasitic dis-
eases; (2) neoplasms; (3) endocrine, nutritional and meta-
bolic diseases, and immunity disorders; (4) diseases of
blood and blood-forming organs; (5) mental disorders; (6)
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diseases of the nervous system and sense organs; (7) dis-
eases of the circulatory system; (8) diseases of the respira-
tory system; (9) diseases of the digestive system; (10) dis-
eases of the genitourinary system; (11) complications of
pregnancy, childbirth, and the puerperium; (12) diseases
of the skin and subcutaneous tissue; (13) diseases of the
musculoskeletal system; (14) congenital anomalies; (15)
certain conditions originating in the perinatal period; (16)
symptoms, signs, and ill-defined conditions; (17) injury
and poisoning; (18) factors influencing health status and
contact with health services.

Comorbidity indices

We calculated the Deyo—Charlson Comorbidity Index and
the Elixhauser-Van Walraven Comorbidity Index based on
enhanced ICD-9-CM and ICD-10 codes (Table A1) [26,
29-32].

Statistical analyses

We presented baseline characteristics as proportions for
categorical variables and median with interquartile range
(IQR) for continuous variables. We described the preva-
lence of multimorbidity, the number of patients with > 10
chronic diseases and the median number of body systems
affected. For our primary aim, we first selected the main
comorbidities showing a prevalence of more than 10% and
then identified the most prevalent comorbidities combined
with each of them. We presented the observed frequencies
for each combination and compared them with the frequency
that would have been expected if the two comorbidities
were independent, calculated by multiplying the respec-
tive frequencies of each of the two comorbidities in the
whole cohort. The resulting ratio of the observed/expected
frequencies thus gives an indication on how dependent the
two comorbidities are from each other. The combinations of
comorbidities were not exclusive, so that patients with more
than two comorbidities were counted in each combination
of comorbidities that they presented. For example, a patient
with chronic heart disease, CKD and thyroid disorders was
counted in the three following combinations: (1) chronic
heart disease + CKD, (2) chronic heart disease + thyroid dis-
orders, and (3) CKD + thyroid disorders.

For our secondary aim, we used a two y-axis bar/line plot
to display the distribution of acute and chronic diseases and
the median number of body systems affected in relationship
to the total number of diseases.

All analyses were performed using STATA 15.1 (Stata-
Corp LP, College Station, TX, USA) or R version 3.4.4 (R
Project for Statistical Computing).

Results
General description of multimorbidity

Overall, 126,828 (86%) of the 147,806 medical inpatients
were multimorbid and included for analysis. Median age was
64 years (IQR 52, 76) with 52% (n=65,631) men (Table 1).
The median number of total diseases (acute or chronic) was
ten (IQR 6, 14), with a median number of five (IQR 3, 8)
chronic diseases and four (IQR 2, 5) body systems affected.
We found that 16,024 (13%) of the patients had > 10
chronic diseases. We found ten comorbidities (groups of
chronic comorbidities) with a prevalence of more than 10%
(Table 1).

Most prevalent combinations of comorbidities

The most prevalent combinations of comorbidities are pre-
sented in Table 2. The overall most prevalent combination
was chronic heart disease with CKD (12%, n=15,050).
Among patients with chronic heart disease, 25% had CKD,
while among those with CKD, 68% had chronic heart dis-
ease. Chronic heart disease was the most frequent comor-
bidity found in all of these combinations, with a prevalence
ranging from 27% among patients with solid malignancy to
68% among those with CKD. Other frequent comorbidities
included mood disorders, arthropathy and arthritis, esopha-
geal disorders (including gastro-esophageal reflux), chronic
obstructive pulmonary diseases and bronchiectasis, and thy-
roid disorders.

Observed frequency was substantially higher than
expected frequency for the following combinations: chronic
heart disease with CKD; chronic heart disease with pulmo-
nary heart disease; CKD with peripheral and visceral ath-
erosclerosis; CKD with nephritis, nephrosis, renal sclerosis;
mood disorders with substance-related disorders; chronic
obstructive pulmonary disease and bronchiectasis with
pulmonary heart disease; substance-related disorders with
esophageal disorders; substance-related disorders with liver
disease. On the opposite, observed frequency was substan-
tially lower than expected frequency for the following com-
binations: chronic heart disease with solid malignancy; solid
malignancy with substance-related disorders.

Proportions of acute and chronic diseases

Chronic diseases represented 64% of all ICD diagnosis
codes in patients with multimorbidity. The percentage of
chronic versus acute diseases initially decreased as the total
number of diseases increased from 100% chronic diseases
in patients with two total diseases (by definition) to 71% in
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Table 1 Baseline characteristics

Characteristics Multimor-
bid cohort
(n=126,828)
Age, years, median (IQR) 64 (52,76)
Men, n (%) 65,631 (52)
Country
United States, 1 (%) 82,937 (65)
Switzerland, n (%) 33,871 (27)
Israel, n (%) 10,020 (8)
Description of multimorbidity
Number of acute and chronic diseases, median (IQR) 10 (6, 14)
Number of chronic diseases, median (IQR) 5(@3,8)
Number of body systems affected, median (IQR) 4(2,5)
Deyo—Charlson Comorbidity Index, median (IQR)* 2(1,3)
Elixhauser-Van Walraven Comorbidity Index, median (IQR)® 6(1,12)
Most prevalent comorbidities (prevalence > 10%)
Chronic heart disease, n (%) 60,298 (48)
Chronic kidney disease, n (%) 22,210 (18)
Mood disorders, n (%) 18,932 (15)
Arthropathy and arthritis, n (%) 18,348 (15)
Solid malignancy, n (%) 18,045 (14)
Esophageal disorders, n (%) 17,864 (14)
Other nervous system disorders, 1 (%) 16,349 (13)
Chronic obstructive pulmonary disease and bronchiectasis, n (%) 14,696 (12)
Thyroid disorders, n (%) 14,640 (12)
Substance-related disorders, n (%) 12,863 (10)
Hospitalization characteristics
Length of stay, days, median (IQR) 5(@3,8)
Number of admissions in the past year 0(0,2)

4Score range: 0 to 33 points

®Score range: — 19 to 89 points

those with five diseases (Fig. 1). The percentages of chronic
and acute diseases remained relatively stable as the number
of diseases further increased, with chronic diseases repre-
senting 64—73% of all diseases. The median number of body
systems affected increased proportionally with the number
of diseases and was about half the total number of diseases.

Discussion

In this large multinational study, we identified and quantified
the most common combinations of comorbidities in multi-
morbid medical inpatients. Multimorbidity affected the great
majority of patients, with a median of five chronic diseases
per patient. The most common combination of comorbidi-
ties was, as expected, chronic heart disease and CKD. Mood
disorders, arthropathy and arthritis, and esophageal disor-
ders appeared to be very frequent comorbidities in combi-
nation with the most prevalent main comorbidities. Many
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combinations were observed more frequently than expected.
In patients with more than five total diseases, chronic dis-
eases represented two-thirds of the diseases. This study
provides new insight on chronic comorbidities among mul-
timorbid medical inpatients, a group of patients so far not
well-studied.

General description of multimorbidity

The few previous studies in hospital settings reported a
prevalence of multimorbidity of 63-99% [22, 33, 34]. This
wide range can be mostly explained by different age distribu-
tions and/or the definition of multimorbidity, as only 23%
of the patients were > 65 years in the study with the lowest
prevalence [22], while the study with the highest prevalence
included only patients aged > 65 years [33]. The 86% preva-
lence in our population with a median age of 64 years is
consistent with those findings and provides a more precise
estimate among a general population of medical inpatients.
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Table 2 Observed and expected frequencies of the most prevalent combinations of comorbidities in multimorbid patients (n=126,828)
Combination of comorbidities Observed num- Observed overall Expected preva-  Observed/
ber, n (%)* prevalence, %° lence, %° expected
ratio
Chronic heart disease (n=60,298), combined with
Chronic kidney disease 15,050 (25) 11.8 8.3 1.4
Arthropathy and arthritis 9284 (15) 7.3 6.9 1.1
Chronic obstructive pulmonary diseases and bronchiectasis 9069 (15) 7.2 5.5 1.3
Esophageal disorders 8156 (14) 6.4 6.7 1.0
Thyroid disorders 7927 (13) 6.3 5.5 1.1
Mood disorders 7322 (12) 5.8 7.1 0.8
Other nervous system disorders 6926 (12) 5.5 6.1 0.9
Pulmonary heart disease 5863 (10) 4.6 2.8 1.6
Solid malignancy 4940 (8) 3.9 6.7 0.6
Peripheral and visceral atherosclerosis 4400 (7) 3.5 2.3 1.5
Chronic kidney disease (n=22,210), combined with
Chronic heart disease 15,050 (68) 11.8 8.3 14
Arthropathy and arthritis 4294 (19) 34 25 1.4
Other nervous system disorders 3332 (15) 2.6 2.3 1.1
Chronic obstructive pulmonary diseases and bronchiectasis 3212 (15) 2.5 2.0 1.3
Thyroid disorders 3125 (14) 2.5 2.0 1.1
Esophageal disorders 3039 (14) 24 2.5 1.0
Mood disorders 2754 (12) 2.2 2.6 0.8
Pulmonary heart disease 2373 (11) 1.9 1.0 1.9
Peripheral and visceral atherosclerosis 2155 (10) 1.7 0.8 2.1
Nephritis, nephrosis, renal sclerosis 2118 (10) 1.7 0.5 34
Mood disorders (n=18,932), combined with
Chronic heart disease 7322 (39) 5.8 7.1 0.8
Esophageal disorders 4058 (21) 32 2.1 1.5
Other nervous system disorders 3929 (21) 3.1 1.9 1.6
Substance-related disorders 3497 (19) 2.8 1.5 1.9
Arthropathy and arthritis 3147 (17) 25 22 1.1
Thyroid disorders 2909 (15) 2.3 1.7 1.4
Chronic kidney disease 2754 (15) 2.2 2.6 0.8
Chronic obstructive pulmonary diseases and bronchiectasis 2571 (14) 2.0 1.7 1.2
Solid malignancy 1888 (10) 1.5 2.1 0.7
Asthma 1861 (10) 1.5 1.0 1.5
Arthropathy and arthritis (n=18,348), combined with
Chronic heart disease 9284 (51) 7.3 6.9 1.1
Chronic kidney disease 4294 (23) 34 2.5 1.4
Esophageal disorders 3839 (21) 3.1 2.0 1.6
Mood disorders 3147 (17) 2.5 2.2 1.1
Other nervous system disorders 3122 (17) 2.5 1.9 1.3
Thyroid disorders 2798 (15) 2.2 1.7 1.3
Chronic obstructive pulmonary diseases and bronchiectasis 2288 (13) 1.8 1.7 1.0
Chronic ulcer of skin 1662 (9) 1.3 0.8 1.6
Asthma 1572 (9) 1.2 0.9 1.3
Osteoporosis 1290 (7) 1.1 0.6 1.8
Solid malignancy (n=18,045), combined with
Chronic heart disease 4940 (27) 3.9 6.7 0.6
Other nervous system disorders 2586 (16) 2.0 1.8 1.1
Esophageal disorders 2212 (12) 1.7 2.0 0.9
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Table 2 (continued)

Combination of comorbidities Observed num- Observed overall Expected preva-  Observed/
ber, n (%)* prevalence, %° lence, %° expected
ratio
Mood disorders 1888 (11) 1.5 2.1 0.7
Chronic obstructive pulmonary diseases and bronchiectasis 1864 (10) 1.3 1.6 0.9
Thyroid disorders 1651 (9) 1.3 1.6 0.8
Chronic kidney disease 1618 (9) 1.3 2.5 0.5
Arthropathy and arthritis 1415 (8) 1.1 2.1 0.5
Diseases of white blood cells 1328 (7) 1.0 0.8 1.3
Substance-related disorders 1050 (6) 0.8 1.4 0.6
Esophageal disorders (n=17,864), combined with
Chronic heart disease 8156 (46) 6.4 6.7 1.0
Mood disorders 4058 (23) 3.2 2.1 1.5
Arthropathy and arthritis 3829 (22) 3.1 2.0 1.6
Chronic kidney disease 3039 (17) 2.4 2.5 1.0
Other nervous system disorders 3004 (17) 2.4 1.8 1.3
Thyroid disorders 2768 (16) 2.2 1.6 1.4
Chronic obstructive pulmonary disease and bronchiectasis 2652 (15) 2.1 1.6 1.3
Solid malignancy 2212 (12) 1.7 2.0 0.9
Asthma 1941 (11) 1.5 0.9 1.7
Substance-related disorders 1916 (11) 1.5 1.4 1.1
Other nervous system disorders (n=16,349), combined with
Chronic heart disease 6926 (42) 5.5 6.1 0.9
Mood disorders 3929 (24) 3.1 1.9 1.6
Chronic kidney disease 3332 (21) 2.6 2.3 1.1
Arthropathy and arthritis 3122 (19) 2.5 1.9 1.3
Esophageal disorders 3004 (18) 24 1.8 1.3
Thyroid disorders 2059 (13) 1.6 1.5 1.1
Chronic obstructive pulmonary disease and bronchiectasis 2008 (12) 1.6 1.5 1.1
Substance-related disorders 1971 (12) 1.6 1.3 1.2
Chronic ulcer of skin 1622 (10) 1.3 0.7 1.9
Asthma 1243 (8) 1.0 0.7 14
Chronic obstructive pulmonary disease and bronchiectasis (n=14,696), combined with
Chronic heart disease 9069 (62) 7.2 5.5 1.3
Chronic kidney disease 3212 (22) 2.5 2.0 1.3
Esophageal disorders 2652 (18) 2.1 1.6 1.3
Mood disorders 2571 (18) 2.0 1.7 1.2
Arthropathy and arthritis 2288 (16) 1.8 1.7 1.1
Substance-related disorders 2089 (14) 1.7 1.2 14
Other nervous system disorders 2008 (14) 1.6 1.5 1.1
Thyroid disorders 1967 (13) 1.6 1.5 1.1
Solid malignancy 1864 (13) 1.5 1.6 0.9
Pulmonary heart disease 1833 (13) 1.5 0.7 2.1
Thyroid disorders (n=14,640), combined with
Chronic heart disease 7927 (54) 6.3 5.5 1.1
Chronic kidney disease 3125 (21) 2.5 2.0 1.3
Mood disorders 2909 (20) 2.3 1.7 1.4
Arthropathy and arthritis 2798 (19) 2.2 1.7 1.3
Esophageal disorders 2768 (19) 2.2 1.6 1.4
Other nervous system disorders 2059 (14) 1.6 1.5 1.1
Chronic obstructive pulmonary disease and bronchiectasis 1967 (13) 1.6 1.5 1.1
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Table 2 (continued)
Combination of comorbidities Observed num- Observed overall Expected preva-  Observed/
ber, n (%)* prevalence, %° lence, %° expected
ratio
Solid malignancy 1651 (11) 1.3 1.6 0.8
Dementia 1271 (9) 1.0 0.7 1.4
Pulmonary heart disease 1191 (8) 0.9 0.7 1.3
Substance-related disorders (n=12,863), combined with
Chronic heart disease 4367 (34) 34 4.8 0.7
Mood disorders 3497 (27) 2.8 1.5 1.9
Chronic obstructive pulmonary diseases and bronchiectasis 2089 (16) 1.7 1.2 1.2
Other nervous system disorders 1971 (15) 1.6 1.3 1.2
Esophageal disorders 1916 (15) 1.5 14 1.1
Liver disease 1668 (13) 1.3 0.5 2.6
Chronic ulcer of skin 1331 (10) 1.1 0.6 1.8
Chronic kidney disease 1299 (10) 1.0 1.8 0.6
Arthropathy and arthritis 1275 (10) 1.0 1.5 0.7
Solid malignancy 1050 (8) 0.8 1.4 0.6

The combinations of comorbidities were not exclusive, so that patients with more than two comorbidities were counted in each combination of

comorbidities that they presented.
2 Among the patients with the main comorbidity
bAmong the whole multimorbid cohort (n=126,828)

“Calculated by multiplying the observed frequencies of each of the two comorbidities among the whole multimorbid cohort (n=126,828)

Fig. 1 Proportions of acute S
versus chronic diseases in multi-
morbid patients (n=126,828).
Percentages displayed in the
grey bars are the percentages of
chronic diseases for each par- 2 7
ticular total number of diseases. o
The line represents the number 2
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Total number of diseases 2

Unlike previous studies that most often assessed mul-
timorbidity either as a simple count of diseases or as a
weighted index, we used both measures, allowing us to
compare them. Median Deyo—Charlson Comorbidity Index
and Elixhauser-Van Walraven Comorbidity Index were
rather low (two and six, respectively), despite the median
number of chronic diseases of five. Although these indices
are broadly used in research settings to assess and weight
multimorbidity or to adjust for it in analyses, they were

HEHI
o
3 4 D 6 7 8 9 210

Proportion of chronic diseases
M proportion of acute diseases

64%

T
3
Median number of body systems affected

initially developed to predict mortality and not to measure
multimorbidity. The low values we found for these indices in
our cohort underline their low sensitivity to detect multimor-
bidity [35], suggesting that they may not be very accurate
to define multimorbidity or weight its severity, most likely
because they only include a limited number of conditions.
However, further research should compare the ability of
these scores and of other measurements of multimorbidity
to predict health outcomes or costs.
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Most prevalent combinations of comorbidities

A novel approach of our study to assess combinations of
comorbidities was to group chronic diseases expected to
cluster together and to exclude acute diseases, risk factors,
complications, screening strategies and symptoms, with
the aim to focus on the chronic diseases contributing to
multimorbidity. This allowed us to identify combinations
of comorbidities in a more clinically meaningful way. For
example, CKD, mood disorders, arthropathy and arthritis,
esophageal disorders, chronic obstructive pulmonary disease
and bronchiectasis, and thyroid disorders were frequently
found in the combinations of comorbidities. Furthermore,
some combinations were found more frequently than
expected, which could be because one predisposes to the
other, the two have common risk factors, or treatment for
one causes the other. For example, some were more com-
mon for obvious pathophysiologic reasons like chronic heart
disease with CKD or because of a common precursor like
smoking for the combination of chronic heart disease with
chronic obstructive pulmonary disease and bronchiectasis.
But there were some unexpected combinations and some
cases where the combination was less common than would
have been expected, such as chronic heart disease with solid
malignancy, which highlights that these two comorbidities
are more independent from each other and therefore reflects
more a fortuitously combination due to the high prevalence
of both comorbidities.

Although we cannot make conclusions about causality
from this analysis, unmasking those combinations of comor-
bidities offers a better understanding of the patterns of mul-
timorbidity and could help to better target interventions to
improve outcomes of multimorbid patients. For example, the
fact that almost one-fourth of patients with arthropathy and
arthritis also had CKD outlines the importance of avoiding
NSAIDs as painkillers among patients with arthropathy and
arthritis. Similarly, as 12% of patients with chronic heart dis-
ease also have thyroid disorders, healthcare providers should
try to avoid prescribing amiodarone to patients with chronic
heart disease or monitor the thyroid function. Quantifying
the frequency of the most prevalent combination of comor-
bidities of chronic heart disease and CKD is also notewor-
thy, as they have been shown to be associated with worse
outcomes such as inhospital death [21, 36].

These findings are difficult to compare with the few previ-
ous studies conducted in inpatients because of differences
in data sources and multimorbidity assessment [21, 33, 34,
37]. Those studies indeed either used a different categoriza-
tion system or included acute and chronic diseases, as well
as symptoms and risk factors. They thus described a high
prevalence of cardiovascular risk factors, heart diseases and
particular symptoms, and of combinations between chronic
heart diseases and cardiovascular risk factors.
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Proportions of acute and chronic diseases

In patients with more than five total diseases, the propor-
tions of chronic versus acute diseases remained quite stable
with about two-thirds as chronic diseases. We could have
expected an exponential increase of the percentage of acute
diseases, as patients with more chronic diseases may be
more severely ill, which was not the case. This suggests that
the number of additional acute diseases is proportional to the
number of chronic diseases in patients with more than five
diseases, possibly corresponding to the number of chronic
diseases susceptible to decompensation. The number of body
systems affected was about half the number of diseases, sug-
gesting that some body systems include more diseases, with
a median of two diseases per body system affected. To our
knowledge, this is the first study that assessed the distri-
bution of acute and chronic diseases and of body systems
affected in multimorbid patients.

Clinical implications

This study highlights the high prevalence of different com-
binations of comorbidities and therefore the importance of
being able to gather all the necessary skills to treat patients
in their whole and not only one disease at a time. This may
contrast with the recent increase in medical ultra-speciali-
zation and the opening of competence centers (e.g. chronic
heart disease center). Although those centers frequently care
for multimorbid patients, they still often apply disease-spe-
cific guidelines that may not be appropriate for multimorbid
patients, as the latter are rarely included in trials used to
develop these guidelines [38]. Our description of the dif-
ferent patterns of multimorbidity may increase awareness
of what should be taken into account when treating such
patients. Furthermore, it outlines the necessity to develop
specific guidelines for multimorbid patients, and reveals
which most prevalent combinations of comorbidities they
should focus on in priority.

Limitations and strengths

Our study has several limitations. First, as for any study
using electronic medical records, diagnoses are subject to
coding quality and therefore we cannot exclude underreport-
ing of some diseases. However, on the other hand, using ICD
codes allowed us to assess a broad range of diseases, unlike
most previous studies [1, 5, 39-41]. Second, although we
used an objective tool to classify the diseases, we further
grouped some categories and excluded ICD codes refer-
ring to risk factors, complications, screening strategies and
symptoms; while it was performed to unmask less expected
associations, it may, however, have brought some subjectiv-
ity and prevented some comparison with previous studies.
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Third, we performed crude analyses, because we were
interested in multimorbidity independently of other fac-
tors, we thus cannot conclude on any subgroup difference,
e.g. according to gender or age. Fourth, we cannot exclude
differences in coding across the hospitals from different
countries and healthcare systems, which may have brought
some heterogeneity; however, such variability may turn out
to increase results generalizability, given that it makes them
applicable to a higher number of different settings. Fifth,
although we restricted the cohort to patients with a length
of stay of at least 1 day, we cannot completely exclude the
inclusion of some patients admitted for observation stay
only, and who may present different patterns of comorbidi-
ties than those admitted for inpatient care. Sixth, because the
cohort was initially built to study readmissions, we included
only patients discharged home, so that our results may not
be generalized to patients who were discharged to another
hospital or to a nursing home as well as to patients who
died during hospital stay. Finally, some combinations may
have been observed only because of the high frequency of
each comorbidity. However, this study did not have the pre-
tention to uncover causal associations, but only observed
frequencies.

Our study also has several strengths. First, we used sev-
eral methods to assess multimorbidity. In particular, we dif-
ferentiated acute from chronic diseases, since the number
of diseases in the definition of multimorbidity includes only
chronic diseases and not acute diseases. Second, we used
standardized tools to classify ICD codes, allowing a more
objective evaluation than self-reported diagnoses which
were used in up to 75% of previous reports [1]. Third, unlike
most studies on multimorbidity in hospital settings that
included only elderly patients [7, 21, 33], we included adults
aged 18 years or older, allowing us to study an unusually
young inpatient population, and to underline that multimor-
bidity prevalence is already high in such patients, probably
because multimorbidity often already develops before the
age of 65 years. Finally, the large and multinational sample
increases the generalizability of the results.

Conclusions

The great majority of medical inpatients were multimorbid
with a median number of five chronic diseases per multi-
morbid patient. In this study, we identified and quantified
several interesting common combinations of comorbidities
besides the frequent well-known combination of chronic
heart disease with chronic kidney disease. Furthermore,
we found that among patients with more than five diseases,
about two-thirds of the diseases were chronic. This large
multinational study offers an innovative insight into the pat-
terns of multimorbidity in medical inpatients. Our findings

may increase the awareness of healthcare providers on the
patterns of multimorbidity and highlight the importance
to develop appropriate guidelines for the high number of
patients who cumulate common comorbidities.
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