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Summary
IMPORTANCE: Multimorbidity poses a worldwide healthand socio-economic challenge, exacerbated by changing
demographics. The association of multimorbidity with
healthcare outcomes in hospitalised medical inpatients remains incompletely understood.
OBJECTIVE: To examine the prevalence and burden of
in-hospital multimorbidity over a 6-year time period and
its association with in-hospital mortality, intensive care unit
admission, length of hospital stay and readmission rates.
DESIGN: This cross-sectional study analysed Swiss hospital discharge records from 1 January 2012 to 31 December 2017.
SETTING: The study used population-based, administrative data from the Swiss Federal Statistical Office to investigate all adult medical cases in Switzerland.
PARTICIPANTS: 2,220,000 population-based medical discharge records from 1,463,781 anonymised patients were
included in the analysis. Multimorbidity was defined according to the World Health Organization as the presence
of at least two chronic conditions. We applied the “Chronic
Condition Indicator for the International Classification of
Diseases (ICD-10-CM)”, which divides all ICD-10 codes
into chronic and acute conditions, to define the number of
chronic conditions.
MAIN MEASURES: Time- and age-stratified prevalence of
multimorbidity and its association with in-hospital mortality, ICU admission rate, length of stay, 30-day and 1-year
all-cause readmission rates.
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RESULTS: Of the 2,220,000 cases, 51.3% were male with
a mean age of 68.0 years (standard deviation 17.4). A total of 1,769,530 (79.7%) were multimorbid with a median of 4 (interquartile range 2–6) chronic conditions. The
prevalence of multimorbidity increased by about 1.0% per
year over the 6-year study period from 76.1% (2012) to
82.2% (2017). Multimorbidity was associated with higher
odds of in-hospital mortality (odds ratio [OR] 1.31, 95%
confidence interval [CI] 1.28 to 1.34), ICU admission rate
(OR 3.29, 95% CI 3.23 to 3.34), length of stay (+2.7 days,
95% CI 2.6 to 2.7), 30-day- (OR 1.92, 95% CI 1.89 to 1.94)
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and 1-year all-cause readmission rates (OR 1.70, 95% CI
1.68 to 1.71). The associations with in-hospital mortality
and readmission were strongest in younger patients.
CONCLUSIONS: Multimorbidity is highly prevalent in
medical inpatients and has a relevant association with
poor healthcare outcomes. Further investigation is needed
to specify risk factors as well as to optimise the management of multimorbid patients to improve outcomes.
Keywords: multimorbidity prevalence, healthcare outcomes, in-hospital, administrative data

Introduction
Multimorbidity poses an increasing socioeconomic challenge to governments and healthcare providers worldwide
[1, 2]. Concomitant with the ageing population, multimorbidity puts a strain on available resources and traditional healthcare patterns [3, 4]. A population ageing and care
simulation model estimated that the proportion of patients
with more than four conditions will almost double by 2035
[5]. This prospect gives a presentiment of the upcoming
healthcare burden and is, albeit slowly, receiving attention
from healthcare providers and politicians.
Multimorbidity is defined as the co-occurrence of two or
more chronic health conditions [6, 7]. This definition was
intended for public health and study purposes, detached
from clinical relevance. Nevertheless, it is an important
prerequisite to conducting standardised research. As previous research on multimorbidity significantly varies in
methodology [3], current data on prevalence and burden of
multimorbidity is heterogeneous. Remaining inconsistencies in definition, terminology and research on multimorbidity impede integrative understanding of the topic.
From a clinician’s perspective, multimorbidity is an ill-defined phenomenon, yet seen daily. However, medical research, education and healthcare delivery are mostly dominated by single-disease concepts [8–10]. Risk of morbidity,
mortality, hospitalisation, disability, adverse drug events,
duplicative tests and conflicting medical advice was shown
to increase with every additional chronic condition
[11–13]. Consequently, the awareness of multimorbidity
and its impact on different healthcare outcomes in the inhospital setting is of growing importance. To correctly ad-
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dress the main challenges posed by multimorbidity, only
a comprehensive understanding of its consequences will
allow a solution-oriented approach, practicable for all involved stakeholders.
Thus, we first aimed to illustrate the overall and age-dependent prevalence of in-hospital multimorbidity in a medical population-based cohort. Our second aim was to investigate the age-stratified burden of multimorbidity and
number of chronic conditions in terms of in-hospital mortality, length of hospital stay (LOS), intensive care unit
(ICU) admission, 30-day, and 1-year readmission rates. We
hypothesised an increasing prevalence of multimorbidity
in medical cases over the 6-year study period. Moreover,
we expected multimorbidity, as well as an increasing number of chronic health conditions, to be associated with a
higher incidence of worse healthcare outcomes independent of age.

Methods
This study followed the statement of the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for cohort studies. Institutional review board approval, including waiver of the requirement
for participant informed consent, as the data were de-identified, was provided by the institutional review board of
Northwestern Switzerland (AG/SO 2009/074 and EKNZ
BASEC PB_2017-00449).
Study design and data source
This nationwide population-based cross-sectional study
analysed administrative data collected by the Federal Statistical Office of Switzerland from 1 January 2012 to 31
December 2017. The dataset included a total of 8,495,382
de-identified Swiss inpatient discharge records from acute
care, general and specialised clinics except for post-acute
care with information on hospitalisation, patients’ and hospital characteristics including ICD-10 (International Classification of Diseases, tenth revision, German Modification) codes of all diagnoses reported in the discharge letter.
The database reflects information captured for billing purposes at hospital level by trained medical coders according
to national guidelines, with the same underlying reimbursement system over the whole timeframe investigated,
and thus was a representative dataset for virtually all hospitalisations in private and public hospitals across Switzerland.
Study population
We selected all adult medical inpatient discharge records
from the full spectrum of secondary to tertiary care with
at least one reported diagnosis, resulting in a total of
2,220,000 index hospitalisations for further analysis (see
fig. 1 below). The Federal Statistical Office defined hospitals affiliated with a university and all hospitals serving
as primary representative to provide care for a canton (26
government-assigned regions of Switzerland) as tertiary
care hospitals and all smaller hospitals as secondary care.
An index hospitalisation was defined in accordance with
the SwissDRG as an admission including all consecutive
readmissions into the same hospital within 18 days after
the initial discharge. All admissions after 18 days from
initial discharge or admissions into another hospital were
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evaluated as another index hospitalisation and therefore
registered in the dataset as a new case. Consequently,
1,018,206 (69.6%) of the 1,463,781 patients were hospitalised once, 277,972 (19.0%) twice and 167,603 (11.4%)
three times or more. The readmission rate analysis for
every case was based on the information encoded as “days
to next hospitalisation”, which was available even if the
readmission did not generate a new case.
Medical cases were defined as encoded by the Federal
Statistical Office. Thus, gynaecology and obstetrics, paediatrics, ophthalmology, non-medical intensive care, otolaryngology, surgery, psychiatry, dermatology and venereology, radiology, rehabilitation and emergency centre
patient records were excluded.
Definition of “multimorbidity” and “chronic condition”
Multimorbidity was defined according to the World Health
Organization (WHO) as the presence of at least two chronic conditions [6]. We applied the “Chronic Condition Indicator (CCI) for the International Classification of Diseases
(ICD-10-CM)” to distinguish between chronic and acute
conditions, based on ICD-10 codes. The CCI was developed as part of the Healthcare Cost and Utilization Project (HCUP), a Federal-State-Industry partnership sponsored by the Agency for Healthcare Research and Quality
(AHRQ) in the United States of America [14]. It was designed to facilitate healthcare research using administrative data. It is publicly accessible and undergoes annual
updates. For this analysis, the 2019.1 version was used.
The CCI divides all ICD-10-CM codes into two categories:
chronic or acute. To qualify as “chronic”, a condition has
to last 12 months or longer and meet at least one of the following criteria: placing limitations on self-care, independent living and social interactions and/or need for ongoing intervention with medical products, services or special
equipment [14]. In the case of an inconsistency between
the ICD-10 codes of the CCI with American ICD-10 coding standard and the Swiss database records, we chose the
most representative code with the highest resemblance to
merge the ICD-10 codes of the CCI with the ICD-10 codes
of the database records.
Study outcomes
We analysed time- and age-dependent prevalence of inhospital multimorbidity, as well as the median number of
chronic conditions (MCC) on a continuous scale to illustrate the extent and time trend of inpatient multimorbidity
in medical cases in Switzerland.
To investigate the overall and age-dependent burden of
multimorbidity among hospitalised medical cases, we defined the following outcomes. The primary outcome was
all-cause in-hospital mortality. Secondary outcomes were
LOS, ICU admission (binary coded), and 30-day, and
1-year all-cause readmission rates. The definition of allcause readmission was based on the information “days
to the next hospitalisation”, which was recorded once for
every single case. From this, we created binary variables
for 30-day and 1-year readmission for every case. All outcome analyses were conducted on discharge record level.
Data for ICU admission was missing for 0.12% and for
readmission rates in 0.016% of the cases. Missing vari-
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ables were considered as no event. No data concerning
mortality and LOS were missing.
In terms of a better comparability with previous studies
[15], we formed four age categories (<40 years, ≥40–64,
≥65–79 and ≥80 years) to further stratify our descriptive
and outcome analysis.
Statistical analysis
We cross tabulated characteristics of all cases by age
group. Descriptive statistics gave an overview of the overall, time- and age-dependent prevalence of in-hospital multimorbidity, as well as of the median number of chronic
conditions. Associations of multimorbidity with in-hospital mortality, ICU admission, all-cause 30-day and 1-year
readmission rates were assessed using a multivariable logistic regression model adjusted for age, sex, nationality,
hospital size (number of hospital beds), hospital teaching
status (affiliation to university), type and date (month and
year) of admission, number of previous hospitalisations
within the dataset – as a marker of healthcare utilisation
– and insurance class (private, semiprivate or general sector). The association of multimorbidity with LOS was assessed using a linear regression model, adjusted identically
as in the multivariable logistic regression model. Previous
analysis of association of every age from 18 to 100 with
every outcome showed no considerable loss of information
by forming the above-mentioned age categories. This subanalysis can be found in the appendix (supplementary fig.
S1). Using the Breslow-Day test we calculated terms of effect modification to check for age-stratified subgroup associations. We fitted adjusted regression models to investigate age-dependent associations of the number of chronic
conditions with each healthcare outcome. Based on these
models we calculated marginal effects and illustrated them
in margins plots. We used the Mantel-Haenszel chi-square
test to assess probability for trend. It reflects the departure
of a linear trend from horizontal (i.e., no trend if p >0.05).
Significance was based on 95% confidence intervals (CIs).

Statistical analyses were performed from 1 May 2019 to 20
April 2020, using Stata, version 15.1 (StataCorp LLC).

Results
General demographics of Switzerland
As a reference point for the baseline characteristics of
discharge records, Switzerland had 8,484,130 residents in
2017, 49.6% were male with a life expectancy of 85.4
years for female and 81.4 years for male residents. Approximately 46% were <40 years old, 35% were 40–64
years old and 19% were ≥65 years old; 66,971 residents
died and 117.6 out of 1000 residents were hospitalised
[16].
Index hospitalisations
Of the 2,220,000 analysed cases, 51.3% were male, the
mean age was 68.0 years, 82.7% were Swiss citizens,
72.0% were emergency admissions and 73.9% were treated in a tertiary care hospital (fig. 1). Based on our definition, a total of 79.7% of cases were multimorbid with
a median number of chronic conditions (MCC) of 4 (interquartile range [IQR] 2–6). The most prevalent chronic
conditions were cardiovascular diseases (63.6%), mental
disorders (25.8%) and renal diseases (19.9%), among others. The proportion of emergency admissions was higher
overall in non-multimorbid cases. Only the oldest age category (≥80 years) showed slightly higher emergency admission rates in multimorbid cases (78.4% versus 75.8% in
non-multimorbid cases).
Table 1 presents all baseline characteristics stratified by
age group.

In-hospital multimorbidity
The prevalence of in-hospital multimorbidity (%) as well
as the MCC (IQR) increased incrementally by each age
group (<40 years: 39.5%, MCC 1 (0–2); ≥40–64 years:
72.0%, MCC 3 (1–5); ≥65–79 years: 86.8%, MCC 4

Figure 1: Study flow chart.
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(2,–6); ≥80 years: 89.6%, MCC 5 (3–7)). However, continuous age analysis of prevalence and MCC revealed a
small decrease of multimorbidity and MCC from the age
of ≥90 years and ≥85 years, respectively (fig. 2). During
the 6-year study period, multimorbidity increased by about
1.0% per year from 76.1% in 2012 to 82.2% in 2017. This
increase over time was observed in every age group for
both in-hospital multimorbidity and MCC (supplementary
fig. S2 in the appendix).

Figure 2: Age-dependent median number of chronic conditions (n,
interquartile range [IQR]) and prevalence of multimorbidity (dashed
line) on a continuous age scale.

In-hospital mortality
The overall crude all-cause in-hospital mortality was 4.9%.
Multimorbid cases had an in-hospital mortality rate of
5.5% compared with 2.8% in cases not meeting the criteria
of multimorbidity (supplementary table S1 in the appendix). In multimorbid cases below 40 years of age, we
found increased odds of all-cause in-hospital mortality of
8.0 compared with non-multimorbid cases in the same age
category (adjusted OR 8.02, 95% CI 6.72 to 9.58). The
odds gradually decreased with age to 0.72 (95% CI, 0.71
to 0.74,) in cases over the age of 80 (fig. 3). Analyses of
association stratified by each year of age (from 18 to 100
years) did not reveal considerable loss of information by
age stratification into four age categories (fig. S1). Moreover, the analysis of interaction suggested age to be an
effect modifier (all p for interaction <0.001). Similar observations were made for the association of MCC with agedependent in-hospital mortality: With increasing MCC, the
younger age groups approximate the mortality rates of the
≥80-year-old cases, whereas at the age of ≥80 in-hospital
mortality rate increased only slightly with growing MCC
(see fig. 4A). The p-values for trend were <0.001 for all
age groups.
Secondary outcomes
Of all cases included, 9.6% had at least one transfer to an
ICU; 10.9% of multimorbid cases were admitted to an ICU
during a hospitalisation, whereas this was the case in on-

Table 1: Characteristics of medical inpatient discharge records.
Total

<40 years

≥40–64 years

≥65–79 years

Number of discharge records

2,220,000

181,864

610,355

754,475

≥80 years
673,306

Age, mean (SD)

68.0 (17.4)

29.4 (6.4)

54.3 (6.8)

72.5 (4.3)

85.8 (4.3)

Male sex, n (%)

1,139,453 (51.3)

90,216 (49.6)

354,158 (58.0)

411,778 (54.6)

283,301 (42.1)

Swiss resident, n (%)

1,836,651 (82.7)

118,668 (65.3)

458,153 (75.1)

645,274 (85.5)

614,556 (91.3)

Tertiary care hospital, n (%)

1,640,178 (73.9)

132,775 (73.0)

454,038 (74.4)

559,469 (74.2)

493,896 (73.4)

–1

1,018,141 (45.9)

112,423 (61.8)

304,304 (49.9)

320,929 (42.5)

280,485 (41.7)

–2

555,998 (25.0)

33,905 (18.6)

140,740 (23.1)

192,421 (25.5)

188,932 (28.1)

– 3–5

524,728 (23.6)

24,990 (13.7)

127,498 (20.9)

195,880 (26.0)

176,360 (26.2)

– 6–10

108,517 (4.9)

7,889 (4.3)

33,259 (5.4)

41,481 (5.5)

25,888 (3.8)

– >10

12,616 (0.6)

2,657 (1.5)

4,554 (0.7)

3,764 (0.5)

1,641 (0.2)

1,412,749 (63.6)

20,857 (11.5)

290,075 (47.5)

552,754 (73.3)

549,063 (81.5)

Malignancy/cancer*, n (%)

322,952 (14.5)

13,076 (7.2)

98,430 (16.1)

139,855 (18.5)

71,591 (10.6)

Diabetes*, n (%)

378,945 (17.1)

6,772 (3.7)

82,534 (13.5)

166,647 (22.1)

122,992 (18.3)

Renal disease*, n (%)

441,682 (19.9)

5,595 (3.1)

49,099 (8.0)

151,354 (20.1)

235,634 (35.0)

13,858 (0.6)

1947 (1.1)

8759 (1.4)

2382 (0.3)

770 (0.1)

Gastrointestinal disorder*, n (%)

277,028 (12.5)

14,997 (8.2)

82,739 (13.6)

101,174 (13.4)

78,118 (11.6)

Musculoskeletal disorder*, n (%)

281,973 (12.7)

7775 (4.3)

50,379 (8.3)

100,421 (13.3)

123,398 (18.3)

Respiratory disease*, n (%)

285,312 (12.9)

8811 (4.8)

62,850 (10.3)

124,136 (16.5)

89,515 (13.3)

50,419 (2.3)

2458 (1.4)

18,304 (3.0)

21,273 (2.8)

8384 (1.2)

572,859 (25.8)

50,125 (27.6)

165,706 (27.1)

165,173 (21.9)

191,855 (28.5)

Number of discharge records per patient,
n (%)

Cardiovascular disease*, n (%)

HIV, tuberculosis
and hepatitis B,C*, n (%)

Obesity*, n (%)
Mental disorder*, n (%)
Neurological disorder*, n (%)

425,891 (19.2)

26,925 (14.8)

108,132 (17.7)

156,757 (20.8)

134,077 (19.9)

1,769,530 (79.7)

71,802 (39.5)

439,526 (72.0)

654,749 (86.8)

603,453 (89.6)

4 (2–6)

1 (0–2)

3 (1–5)

4 (2–6)

5 (3–7)

Emergency admission, n (%)

1,598,245 (72.0)

14,1050 (77.6)

414,484 (67.9)

516,449 (68.5)

526,262 (78.2)

– Multimorbid

1,255,452 (70.9)

49,153 (68.5)

286,072 (65.1)

446,893 (68.3)

473,334 (78.4)

342,793 (76.1)

91,897 (83.5)

128,412 (75.2)

69,556 (69.7)

52,928 (75.8)

Multimorbidity, n (%)
Median number of
chronic conditions (IQR)

– Not multimorbid

HIV = human immunodeficiency virus, SD = standard deviation, IQR = interquartile range * All above listed conditions are a compilation based on the intersection of the Chronic
Condition Indicator (CCI) list by the AHRQ and the ICD-codes of the corresponding diseases and thereby chronic: cardiovascular disease I00-I999, cancer C00-C97, diabetes
E10-17, musculoskeletal disorder M00-99, respiratory disease J30-98, renal disease N00-N19, gastrointestinal disease K0-K93, mental disorders F00-F99, obesity E65-68, HIV,
tuberculosis and hepatitis B, C B20-B24, A15-19, B15-B25, neurological disorder G00-G99
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ly 4.6% of hospitalisations without multimorbidity (table
S1). The odds for an ICU admission were lowest in the
youngest multimorbid cases, with an adjusted OR of 2.68
(95% CI 2.58 to 2.77) compared with non-multimorbid
cases below 40 years, and increased with age. The highest
odds of ICU admission were in the two oldest age groups
of the multimorbid: 65–79- and ≥80-year-olds, with adjusted OR 3.30, 95% CI 3.20 to 3.41 and adjusted OR 3.29,
95% CI 3.13 to 3.46, respectively (fig. 3). The BreslowDay test supported age as an effect modifier.
Overall all-cause 30-day and 1-year readmission rates were
11.5% and 35.9%, respectively. We found higher all-cause
readmission rates in multimorbid cases than in cases without multimorbidity, namely 12.7% versus 7.0% for 30-day
all-cause readmissions, and 38.7% versus 24.9% for 1-year
all-cause readmissions (table S1). The odds for a 30-day
readmission were highest in the youngest multimorbid cases (adjusted OR 2.19, 95% CI 2.12 to 2.27) compared with
non-multimorbid cases aged below 40 years. The odds decreased with growing age and were lowest in multimor-

bid cases above 80 years (adjusted OR 1.36, 95% CI, 1.32
to 1.40). Similarly, the odds for 1-year readmission were
highest in multimorbid cases below 40 years of age (OR
1.91, 95% CI 1.86 to 1.95) and the lowest (OR 1.29, 95%
CI 1.27 to 1.31) in the oldest age-group of multimorbid
cases (fig. 3). The p-value for interaction supported age as
an effect modifier.
The overall LOS was 8.1 days (standard deviation [SD]
13.4) with a prolonged overall LOS (8.9 days, SD 13.9) in
cases with multimorbidity compared with non-multimorbid cases (4.7 days, SD 10.7) (table S1). The adjusted overall LOS in case of multimorbidity was 2.7 days (95% CI,
2.6 to 2.7) longer compared to the non-multimorbid patients. Relevant modification by age was confirmed by a pvalue for interaction <0.001, ranging from +2.5 days (95%
CI 2.4 to 2.6) in the oldest age group to +3.2 days (95% CI
3.1 to 3.2) in 65–79-year-olds (table S2]).
Figure 4 (B–E) shows the associations of the MCC with
secondary outcomes stratified by age groups.

Figure 3: Odds ratios of primary and secondary outcomes, applicable for multimorbid cases, non-multimorbid cases served as reference. CI =
confidence interval; OR = odds ratio.
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Discussion
This large population-based cohort study revealed two major findings. First, more than three quarters of the medical
hospitalisations presented with multimorbidity, with an increasing tendency over the six years analysed, as well as
with increasing age. Second, in-hospital mortality, ICU admission, LOS, and 30-day and 1-year readmission rates
were higher in multimorbid cases compared with non-multimorbid cases. Importantly, younger multimorbid cases
faced higher odds of increased in-hospital mortality and
readmission compared with elderly ones.
Previous studies found comparable prevalence rates of
multimorbidity. Sixty-seven percent of Medicare beneficiaries were found to be multimorbid (defined as ≥2 chronic conditions based on the US Department of Health and
Human Services Framework), with a similar increase in
multimorbidity with increasing age [3]. A recent Swiss
medical inpatient cohort – including tertiary care patients
only – reported a 79% multimorbidity rate, with the CCI
used to define chronic conditions as in our study. However,
the study stratified the chronic conditions into further comorbidity categories using the Clinical Classification Software [17]. A smaller Swiss cohort study revealed a prevalence of multimorbidity between 46.5% and 96.5%, using
three different definitions of multimorbidity (≥2 diagnoses,
≥2 diagnoses from different ICD-10 chapters, ≥2 conditions defined by Charlson/Deyo) and three different data
sources [15]. This wide range of prevalence becomes even
more obvious when international data including further
settings and definitions are compared (7.9 to 96.5%) [8, 12,
18–22]. Although increasing age was consistently associated with higher rates of multimorbidity, the extent varied
in previous investigations [3, 23–26]. These heterogeneous
findings emphasise the need for benchmarking and standardised methods to achieve greater comparability and allow surveillance of potential preventive and solution-oriented measures.
Our study, however, addressed the main prerequisites by
using standardised definitions of multimorbidity, including
all chronic conditions according to the CCI, a tool espe-

cially created for standardised research. This allowed a reduction of selection bias and analysis of comprehensive,
population-based data. By inclusion of in-hospital medical cases we improved specificity, thus creating homogeneity and comparability among the investigated index
hospitalisations. Furthermore, we included only hospitalisations after 31 December 2011 in our study, as a new reimbursement and coding system based on diagnosis-related group (SwissDRG) was comprehensively introduced in
2012 across Switzerland, providing a highly accurate coding standard. We observed a continuous increase in prevalence of multimorbidity in the 6-year study period, in line
with previous observational studies [24, 27–31]. Nonetheless, the impact of the implementation of the Swiss-DRG
reimbursement system at the beginning of the study needs
to be taken into account when interpreting the increase
in multimorbidity. The discharge record-based reimbursement system comes with a financial incentive for more
comprehensive coding. However, we found no studies investigating the influence of newly established reimbursement systems on the prevalence of multimorbidity, except
for the fact that the Charlson Comorbidity Index slightly
increased after SwissDRG implementation, from 1.4 to
1.6 [32]. Nevertheless, trained medical coders supervised
by independent auditors enable a high quality of coding
throughout Swiss hospitals and thereby enhance the quality
of the collected data. Furthermore, the increase was steady
by approximately 1% per year over the 6-year study period
(fig. S2 in the appendix) and not limited to the first years
after the implementation. Additionally, the impact of
changes in coding habits of medical coders over the 6
years, the physicians’ heterogeneous awareness of multimorbidity and intensified diagnostic measures as part of
continuous improvement in medical care on the increased
rate of multimorbidity remains unclear.
Analyses were adjusted for previous hospitalisations even
though they may be considered a surrogate marker for multimorbidity. The adjustment for previous hospitalisations
aimed to diminish the cumulative effect of considering
every rehospitalisation of the same patient in the analysis.
In addition, analyses were not adjusted for the number or

Figure 4: Odds-adjusted predictive margins for primary (A) and secondary outcomes (B-E) stratified by age groups.
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clusters of chronic conditions, as these are a defining characteristic of multimorbidity, which itself is the variable of
interest.

tential to lower adverse outcomes and thereby healthcare
expenditures.

Evidence of the age-dependent association of multimorbidity with healthcare outcomes is scarce, whereas findings
of higher mortality rates in multimorbid cases are common [33–35]. We found a marked age dependence. Whereas younger multimorbid cases faced almost eight-fold odds
of in-hospital mortality compared with non-multimorbid
cases in the same age category, multimorbidity seemed to
have no harmful, and even a beneficial, impact on hospital mortality in cases of multimorbidity above 80 years. A
study on the place of death in Switzerland found that the
majority of the >80-year-olds died in long-term care facilities (n = 992), whereas fewer people died in the hospital or at home [36]. Therefore, multimorbid patients in
need of long-term care are less likely to die in a hospital
but rather in a long-term care facility. Furthermore, a “survivor effect” is suspected in the multimorbid elderly, which
also could be associated with lower in-hospital mortality
rates [37]. One recent smaller study did not find a beneficial association of multimorbidity and mortality in patients
above 90 years of age; however, this study’s conclusion
was limited to a few cases, chronic conditions were based
on self-reports and did not undergo a standardised evaluation [38]. The association of considerably higher mortality rates in younger multimorbid patients with a continuous decrease of risk with increasing age is remarkable and
was also shown in various other population-based studies
[39–41]. These studies differed in methodology, though.
For example, a study from Canada defined multimorbidity as at least 3 out of 17 chronic conditions and was based
on administrative healthcare data including out- and inpatient settings [41]. Nevertheless, this association implies
that multimorbidity does not only lead to greater healthcare
utilisation and costs, but also to a higher risk of death at a
younger age.

Limitations
These data have to be interpreted in the context of the study
design. First, using administrative data is prone to information bias, as hospitalisations will be selected according
to the ICD-10 codes with the risk of misclassification and
underreporting of diagnoses. Furthermore, because of administrative restrictions, there was no information on outof-hospital mortality available. Second, we did not have
severity estimates of the hospitalised cases. Third, the nonexperimental, observational design of our study limits the
ability to establish a firm causal link. Furthermore, we did
not conduct a sub-analysis to identify conditions or clusters of conditions that are associated with a change in odds
of the investigated outcomes. Fourth, since we do not have
information about clinical appearance and laboratory parameters, we were unable to account for unmeasured residual
confounding.

We reported higher LOS in multimorbid cases by about 2.7
days with a small effect modification by age. This finding
is in accordance with previous results from an analysis of
elderly community-dwelling individuals [26]. In line with
existing literature, 30-day, and 1-year readmission rates
were observed more frequently in the case of multimorbidity, increasing with each additional chronic condition [42,
43]. However, no comparable data were found showing the
same weakening association of multimorbidity with LOS
and readmission rates with increasing age, as seen in this
study. More restricted therapy strategies in the elderly, and
thus higher out-of-hospital mortality rates with fewer readmissions could be jointly responsible for this observation
[43]. In summary, it remains unclear whether improved
care for younger multimorbid patients may reduce in-hospital mortality, LOS and readmission rates. Nevertheless,
considering the potential clinical benefit, further investigation is essential to understand the impact of age-dependent
multimorbidity on healthcare outcomes.
Additionally, specific conditions in multimorbid patients,
such as depression, were shown to be independently associated with higher readmission rates and increased LOS
[44]. Investigating and addressing such decisive conditions
or clusters of conditions in multimorbid patients, has po-
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Conclusion
Because of the growing importance of implications of multimorbidity to healthcare, patients, economy and politics,
international benchmarking should be established to facilitate public health surveillance and research. This study
used standardised methods to analyse population-based,
comprehensive data and demonstrated an increase of hospitalisations with multimorbidity across all age categories
over the study period. Hospital multimorbidity is associated with worse healthcare outcomes; to a strongest extent in
younger multimorbid cases. More research is needed to explore potential benefits of preventive measures and a more
comprehensive care, especially for younger multimorbid
inpatients.
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Appendix: Supplementary data
Table S1: Unadjusted estimates for in-hospital mortality, intensive care unit (ICU) admission, length of hospital stay and readmission rates.
Outcome
N

≤1 chronic condition

Multimorbidity

Overall

450,470

1,769,530

2,220,000

p-value

In-hospital mortality, n (%)
Overall

12,459 (2.8)

97,269 (5.5)

109,728 (4.9)

<40 years

153 (0.1)

972 (1.4)

1125 (0.6)

40–64 years

1690 (1.0)

16,374 (3.7)

18,064 (3.0)

65–79 years

3621 (3.6)

35,373 (5.4)

38,994 (5.2)

≥80 years

6995 (10.0)

44,550 (7.4)

51,545 (7.7)

<0.001

ICU admission, n (%)
Overall

20,922 (4.6)

192,916 (10.9)

213,838 (9.6)

<40 years

6824 (6.2)

10,149 (14.1)

16,973 (9.3)

40–64 years

8512 (5.0)

59,837 (13.6)

68,349 (11.2)

65–79 years

3941 (4.0)

77,565 (11.8)

81,506 (10.8)

≥80 years

1645 (2.4)

45,365 (7.5)

47,010 (7.0)

Overall

4.7 (10.7)

8.9 (13.9)

8.1 (13.4)

<40 years

3.2 (4.7)

7.0 (21.4)

4.7 (14.1)

40–64 years

3.8 (7.5)

7.4 (14.5)

6.4 (13.0)

65–79 years

5.2 (10.2)

8.6 (12.1)

8.2 (11.9)

≥80 years

8.7 (19.8)

10.5 (14.0)

10.3 (14.7)

31,556 (7.0)

224,362 (12.7)

255,918 (11.5)

6409 (5.8)

11,024 (15.4)

17,433 (9.6)

40–64 years

11,682 (6.8)

63,864 (14.5)

75,546 (12.4)

65–79 years

8260 (8.3)

87,650 (13.4)

95,910 (12.7)

≥80 years

5205 (7.5)

61,824 (10.2)

67,029 (10.0)

Overall

112,283 (24.9)

685,163 (38.7)

797,446 (35.9)

<40 years

22,087 (20.1)

28,227 (39.3)

50,314 (27.7)

40–64 years

39,733 (23.3)

173,441 (39.5)

21,3174 (34.9)

65–79 years

29,484 (29.6)

264,769 (40.4)

294,253 (39.0)

≥80 years

20,979 (30.0)

218,726 (36.2)

239,705 (35.6)

<0.001

Length of stay (days), mean (SD)
<0.001

30-day all-cause readmission (%)
Overall
<40 years

<0.001

1-year all-cause readmission (%)
<0.001

Table S2: Multivariable regression analysis for length of hospital stay.
Length of stay (days)

Multivariable regression

Age group

Coef. (95% confidence interval)

p-value

p-value for interaction

<40 years

3.1 (3.0–3.2)

<0.001

<0.001

40–64 years

3.0 (3.0–3.1)

<0.001

65–79 years

3.2 (3.1–3.2)

<0.001

≥80 years

2.5 (2.4–2.6)

<0.001

Overall

2.7 (2.6–2.7)

<0.001

Length of stay was adjusted for age, sex, nationality, hospital size (number of hospital beds), hospital teaching status (affiliation to university), type and date (month and year) of
admission, number of previous hospitalisations within the dataset and insurance class (private, semiprivate or general sector).
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Figure S1: Age-dependent primary and secondary outcome analyses (odds ratios) on a continuous scale.

Figure S2: Time-dependent median number of chronic conditions and prevalence of multimorbidity stratified by age.
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