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Background: Multimorbidity becomes more prevalent in patients admitted for acute myocardial infarc-
tion (AMI). We investigated the association of an increasing number of comorbidities with the excess risk
of in-hospital mortality and other clinically outcomes in hospitalized AMI patients.
Methods: In this population-based cohort study, we analyzed 104’906 admissions for AMI between 2012
and 2018 in Switzerland. We stratified patients based on four different age categories and investigated
the association of the number of five common comorbidities (diabetes, chronic kidney-, chronic obstruc-
tive pulmonary-, cerebrovascular-, and peripheral artery disease) and risk of in-hospital mortality and
other outcomes.
Results: A total of 5’029 admitted AMI patients (4.8%) died during the hospital stay. We found a stepwise
increase in mortality risk with each additional comorbidity. Compared to AMI patients with no comorbid-
ity, comorbid patients had a 26% increased risk for mortality (adjusted odds ratio [OR] 1.26, 95% confi-
dence interval [CI] 1.20 to 1.33) with a pronounced association in younger patients. The overall risk
for ICU admission, prolonged length of hospital stay (LOS), and 30-day readmission was higher in comor-
bid patients as compared to those without a comorbidity of interest (ICU: OR 1.19, 95% CI 1.16 to 1.22;
LOS: OR 1.84, 95% CI 1.79 to 1.89; Readmission: OR 1.23, 95% CI 1.19 to 1.28), respectively. Again, the
association of the numbers of prevalent comorbidities with adverse outcomes was strongest in the
youngest patient population.
Conclusions: In patients with AMI, the burden of comorbidities has a strong association with in-hospital
mortality and other adverse outcomes – especially in younger patients.
� 2020 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

As the western population is aging, multimorbidity gains
increasing importance with significant health care implications
[2,3]. Beside patients, also physicians and hospitals are extensively
challenged to overcome this burden of multimorbidity [4].
Whereas the majority of multimorbid patients are older, there is
cumulative evidence that even younger patients are progressively
confronted with multiple chronic disease conditions [5]. Among
patients admitted for an acute myocardial infarction (AMI), around
65% are younger than 75 years [6]. Younger comorbid patients with
two, three or more chronic diagnoses are at higher risk for adverse
outcomes [5]. Importantly, these patients had a higher amount of
hospital admissions as well as hospitalized days compared with
older comorbid patients. Regardless a lower overall baseline mor-
tality in younger patients, they had a larger increase in risk over
time compared with older patients and the same number of
comorbidities [5]. Similar, a large cohort study from the United
States found that there was an attenuation of the effect having
more chronic disease conditions on mortality in older patients
but not in younger ones [7]. The fact that more than half of patients
admitted for an AMI have one or more non-cardiovascular comor-
bidity is of high interest as it is associated with increased length of
hospital stay (LOS) and lower survival [8]. Given the high preva-
lence of acute coronary syndromes in younger patients we aimed
to explore the association of five common non-cardiovascular
comorbidities (diabetes mellitus, chronic kidney disease, chronic
obstructive pulmonary disease, cerebrovascular disease, and
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peripheral artery disease) among different age categories in
patients admitted for AMI.
2. Methods

2.1. Study design and data source

This nationwide, population-based cohort study analyzed
administrative data collected by the Federal Statistical Office (Bun-
desamt für Statistik) from January 1st, 2012 to November 30th,
2018. The database included Swiss inpatient discharge records
from acute care-, general-, and specialty hospitals, excluding hos-
pital units of post-acute care institutions, regardless of payer, and
thus creates a near 100 percent sample of inpatient discharges in
Switzerland. The database reflects information captured for billing
purposes at hospital level including ICD-10 (International Classifi-
cation of Diseases, tenth revision, German Modification) codes of
all reported diagnoses.
2.2. Study population

We selected all adult (�18 years) medical inpatient discharge
records with a main diagnosis of AMI resulting in a total of
104’906 de-identified hospitalized cases. We applied the following
ICD-10 (International Classification of Diseases, tenth revision,
German Modification) codes: I21.0 (acute transmural myocardial
infarction of anterior wall), I21.1 (acute transmural myocardial
infarction of inferior wall), I21.2 (acute transmural myocardial
infarction of other sites), I21.3 (acute transmural myocardial
infarction of unspecified site), I21.4 (acute subendocardial myocar-
dial infarction), I21.9 (acute myocardial infarction, unspecified),
and I22 (subsequent myocardial infarction). Codes from I21.0 to
I21.3 were subsumed as ST-elevating myocardial infarctions
(STEMI), I21.4 represents non-ST-elevating myocardial infarctions
(NSTEMI), and the codes I21.9 and I22 were considered as non-
specified myocardial infarctions (‘‘other”). According to the
SwissDRG definition, all admissions after 18 days from discharge
or admissions into another hospital were evaluated as another
index hospitalization. Therefore, a single patient may have more
than one index admission in the study period [9]. Medical cases
with AMI were defined as encoded by the Federal Statistical Office.
Thus, gynecology and obstetrics, pediatrics, ophthalmology, inten-
sive care, otolaryngology, surgery, psychiatry, dermatology and
venerology, radiology, geriatrics, rehabilitation and emergency-
center patient records were excluded. We formed four age-
groups with similar numbers of patients (<60 years, �60-69, 70–
79 and �80 years) for further stratification of our analysis.

We selected comorbidities by their relevance in the setting of
an AMI and according to commonly targeted comorbidities in car-
diovascular studies [10–13]. Based on ICD-10 codes, we included
the following five comorbidities of interest: chronic kidney disease
(CKD, N18), diabetes mellitus (DM, E10-14), cerebrovascular dis-
ease (CVD, I60-I68), chronic obstructive pulmonary disease (COPD,
J44) and peripheral arterial disease (PAD, I70.2).

We coded information on treatment procedures according to
the Swiss operation classification system (CHOP) and classified
the following CHOP-codes for percutaneous coronary intervention
(PCI) [14]: 00.45–00.48 (one, two, three, four or more stents
inserted), 36.06 (insertion of non-drug-eluting coronary artery
stents), 36.07 (insertion of drug-eluting coronary artery stents),
00.66 (percutaneous transluminal coronary angioplasty or coro-
nary atherectomy), 36.0 (removal of coronary artery obstruction
and insertion of stents), 37.2 (right, left or combined heart cathe-
ter) and 88.5 (coronary angiography).
Institutional review board approval, including waiver of the
requirement of participant informed consent, was provided by
institutional review board (IRB) of North-western Switzerland as
the data was deidentified (AG/SO 2009/074 and EKNZ BASEC
PB_2017-00449). The study was reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) reporting guideline.

2.3. Study outcomes

We first analyzed time-dependent incidence of AMI and
showed time trends for all-cause in-hospital mortality, length of
hospital stay (LOS), admission to intensive care unit (ICU), and
all-cause 30-day readmission rates over the whole study period.

To investigate the overall and age-dependent excess risk of the
selected comorbidities among hospitalized patients with AMI, we
defined the following outcomes: The first outcome was all-cause
in-hospital mortality. Secondary outcomes were LOS above med-
ian, ICU admission, and 30-day all-cause readmission rates.
Regarding LOS, we calculated the median for each age-stratified
group and created a binary variable for exceeding the median of
each group. Information on status of readmission was available
for each hospitalization. Readmissions were always attributed to
the discharging hospital and admissions with transfer into another
hospital were considered as a single episode of care.

2.4. Statistical analysis

We cross tabulated patient characteristics of all included hospi-
talizations by age-groups. We did descriptive statistics to overview
of the overall, time- and age-dependent incidence of cases hospi-
talized with AMI. The index hospitalization was the unit of
analysis.

Associations of the number of comorbidities with in-hospital
mortality, LOS, ICU admission, and 30-day readmission rates were
assessed using a multivariable logistic or linear regression model
adjusted for sex, month and year of admission, domesticity, nation-
ality, type of hospital, type of infarction, CKD, DM, CVD, COPD, PAD,
Charlson Comorbidity Index (CCI, excluding comorbidities of inter-
est) [15] and PCI. We included terms of interaction to check for
age-stratified subgroup effects and effect modification was calcu-
lated by Mantel-Haenszel test of homogeneity.

Significance was based on 95% confidence intervals (CIs). Statis-
tical analyzes and graphical visualizations were performed using
the statistical software Stata, version 15.1 (StataCorp, LLC).
3. Results

3.1. Study population

From January 1st, 2012 through November 30th, 2018, we iden-
tified a total of 104’906 admissions meeting our inclusion criteria.
Table 1 shows baseline characteristics stratified by four age-
groups, of whom 28.9% were younger than 60 years, 23.0% were
between 60 and 69 years old, 23.6% between 70 and 79 years,
and 24.5% 80 years and older. The male proportion continuously
decreased from 83.9% in the youngest to 50.9% in the oldest patient
group. The most prevalent comorbidity in younger patients was
diabetes mellitus (12.8%), whereas chronic kidney disease was
most common in the oldest patient group (30.7%).

We found a continuous increase of hospitalized patients with
AMI during the observed time period. In the beginning of 2012,
1’195 hospitalizations per month were nationally coded for
myocardial infarction, in the end of 2018 the number raised to
1’358 per month (+13.6% over seven years). This increase in coding



Table 1
Baseline Table with patient characteristics.

age-group 1 age-group 2 age-group 3 age-group 4 p-value

< 60 years � 60 to < 70 years � 70 to < 80 years � 80 years

Socio-demographics
Hospitalizations, n (%) 30’368 (28.9) 24’078 (23) 24’758 (23.6) 25’702 (24.5)
Male gender, n (%) 25’483 (83.9) 18’495 (76.8) 16’350 (66) 13’083 (50.9) <0.001
Domestic, n (%) 21’183 (69.8) 19’756 (82.1) 21’191 (85.6) 23’457 (91.3) <0.001
Tertiary hospital, n (%) 23’963 (78.9) 18’820 (78.2) 19’021 (76.8) 19’124 (74.4) <0.001
Secundary hospital, n (%) 5’647 (18.6) 4’643 (19.3) 5’137 (20.7) 5’821 (22.6)

Morbidity
Myocaridal infarction, n (%) <0.001
NSTEMI 13’566 (44.7) 12’605 (52.4) 14’945 (60.4) 16’897 (65.7)
STEMI 16’292 (53.6) 11’030 (45.8) 9’314 (37.6) 7’930 (30.9)
other types 510 (1.7) 443 (1.8) 499 (2) 875 (3.4)
Diabetes mellitus, n (%) 3’897 (12.8) 4’843 (20.1) 6’137 (24.8) 5’823 (22.7) <0.001
Chronic kidney disease, n (%) 601 (2) 1’436 (6) 3’788 (15.3) 7’884 (30.7) <0.001
Chronic obstructive pulmonary disease, n (%) 454 (1.5) 1’011 (4.2) 1’605 (6.5) 1’363 (5.3) <0.001
Cerebrovascular disease, n (%) 228 (0.8) 435 (1.8) 731 (3) 838 (3.3) <0.001
Peripheral arterial disease, n (%) 377 (1.2) 800 (3.3) 1’246 (5) 1’508 (5.9) <0.001
Charlson comorbidity index, mean (SD) 1.42 (0.89) 1.78 (1.3) 2.29 (1.67) 2.81 (1.75) <0.001

Intervention
Percutaneous coronary intervention, n (%) 18’379 (60.5) 14’290 (59.3) 13’273 (53.6) 9’278 (36.1) <0.001

Patient outcomes
In-hospital mortality, n (%) 345 (1.1) 525 (2.2) 1’078 (4.4) 3’081 (12) <0.001
Admission to intensive care unit, n (%) 11’528 (38) 9’219 (38.3) 9’352 (37.8) 6’922 (26.9) <0.001
Length of stay, mean (SD) 4.10 (4.39) 4.61 (5.06) 5.76 (6.33) 7.55 (7.42) <0.001
30-day readmission, n (%) 2’728 (9) 2’422 (10.1) 2’741 (11.1) 2’559 (10) <0.001
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was solely due to the rising incidence of non-ST-elevating infarc-
tions (NSTEMI) while the incidence of ST-elevating infarctions
(STEMI) remained stable during the observed time (data not
shown). During the seven years period, we found a decrease in
in-hospital mortality (5.5% to 3.9%), ICU admission rate (38.4% to
31.2%), LOS (6.0 days to 4.7 days), and 30-day readmission rate
(10.3% to 9.5%, Fig. 1).

3.2. General excess risk of patient outcomes

Fig. 2 shows the adjusted odds ratios for in-hospital mortality,
ICU admission, LOS above median, and 30-day readmission,
according to age-groups and the number of comorbidities in AMI
Fig. 1. Timetrend - Prevalence, in-hosp-mortality, ICU
patients. There was a similar association over all studied outcomes
between the four age groups.

Patients admitted for an AMI who were 80 years of age or older
had the lowest incremental risk of in-hospital-mortality, but simi-
lar risks for ICU admission, a prolonged LOS, and 30-day readmis-
sion as compared with the youngest patient population. Based on
term for interaction, age was found as a significant effect modifier
(p < 0.001).

Fig. 3 visualizes the association of single comorbidities and pre-
defined patient outcomes compared to the patient population
without the respective comorbidity. In general, we found a step-
wise decrease in risk of adverse clinical outcomes with every next
age category.
admission, length of stay and 30d readmission.



Fig. 2. (A) In-hospital mortality by age group, (B) ICU admission by age group, (C) Length of stay above median by age group, (D) 30-day readmission by age group.
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3.3. In-hospital mortality

Stratifying by age-groups, we found an increase in in-hospital
mortality from 1.1% in the youngest to 12.0% in the oldest patient
group.

The stratified multivariable regression models show a stepwise
increase in the odds of in-hospital mortality for each additional
comorbidity among patients with an AMI (Fig. 2A). Overall, comor-
bid patients carried a similar excess risk in in-hospital mortality,
independent of the numbers of prevalent comorbidities. However,
while there was no difference in excess risk by increasing numbers
of comorbidities in the oldest population, we observed an incre-
mental risk by additional numbers of comorbidities in the young-
est population. In the youngest age group, the overall risk for in-
hospital mortality raised more than 60% (OR 1.64, 95% CI 1.29 to
2.09) among patients with any underlying comorbidity of interest,
ranging from an OR of 1.17 in patients with one comorbidity of
interest to an OR of 4.46 in patients with 3 or more comorbidities.
This stepwise incremental risk for in-hospital mortality was stron-
gest in younger patients and lost significance in older age groups.
In the oldest population the risk for in-hospital mortality was even
lower in comorbid patients compared to patients without a comor-
bidity of interest (OR 0.84, 95% CI 0.79 to 0.90).

CVD was the strongest predictor for in-hospital mortality (OR
2.24, 95% CI 1.95 to 2.57) with a stronger association in the
younger age-groups (Fig. 3A).

In the oldest age group, the prevalence of DM, CKD, and PAD
was protectively associated with in-hospital mortality (Fig. 3A).

3.4. Secondary outcomes

The results show a continuous increase in ICU admission rates
with each additional comorbidity. Again, this relative effect was
stronger in younger than in older patients. With an overall
increased risk of 1.40 (95% CI 1.26 to 1.55) in patients with three
or more comorbidities, the excessed risk for ICU admission was
similar between the four age groups (Fig. 2B). The overall average
LOS was 5.5 days (SD 6.0 days). The median LOS was 4 days and
raised from 3 days among the youngest patients to 6 days in the
oldest ones.

The risk for a prolonged LOS also showed a stepwise increase
with each additional comorbidity and again, this increase was



Fig. 3. (A) In-hospital mortality by comorbidity, (B) ICU admission by comorbidity, (C) Length of stay above median by comorbidity, (D) 30-day readmission by comorbidity.
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much stronger in younger patients (OR 1.94, 95% CI 1.85 to 2.03) as
compared to older patients (OR 1.71, 95% CI 1.61 to 1.82). While in
youngest multimorbid patients with more than 2 comorbidities
the risk for a prolonged LOS was more than five times elevated
(OR 5.44, 95% CI 3.10 to 9.57) as compared with youngest patients
without a comorbidity of interest, the excess risk was nearly three-
fold among the oldest patients (OR 2.91, 95% CI 2.47 to 3.43). CVD
was the strongest predictor for a prolonged hospitalization (OR
2.58, 95% CI 2.34 to 2.83) with the weakest association in older
patients. This association was attenuated in patients with DM,
CKD, COPD, and PAD (Figs. 2C and 3C).

Overall, 30-day readmission rates were comparable between
the four age groups (Table 1, Fig. 2D). While the excess risk
increased with each additional comorbidity in all age groups, we
did not find an altered age dependent association.

DM, CKD, COPD, and PAD were all associated with increased 30-
day readmission rates, but there was no age dependency (Fig. 3D).
4. Discussion

Key findings of this large study using a comprehensive set of
administrative data of adult patients admitted for AMI are three-
fold. First, we found an increase in prevalence of myocardial infarc-
tions (e.g. NSTEMI) across the 7-year study period. Second, we
observed a stepwise increase – mainly in younger patients - in risk
for in-hospital mortality, ICU admission, prolonged LOS, and 30-
day readmission with increasing number of comorbidities. The
incremental risk of adverse patient outcomes was less pronounced
in older patients. Third, the presence of CVD was the strongest
effect modifier among age-groups investigating the excess risk of
in-hospital mortality.

In line with previous studies, the number of patients admitted
for AMI significantly increased during the study period [16]. How-
ever, as the incidence for STEMI remained stable, we may argue
that this increase in NSTEMI is mainly caused by the diagnostic
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use of more sensitive Troponin-assays which have been introduced
since 2010 [17,18].

It is known that age is one of the strongest risk predictors for
adverse events and mortality [19]. However, the incremental risk
among stratified age-groups, caused by the presence of well-
known comorbidities, is scarcely explored. Using real-world data,
we found that especially younger hospitalized patients had a sig-
nificantly increased excess risk in presence of comorbidities as
compared with age-matched controls without underlying comor-
bidities of interest.

Earlier studies have explored the association of prevalent
comorbidities and patient outcomes among admitted patients for
AMI [20,21]. In summary, these studies found an increased risk
of adverse outcomes in patients with multiple cardiac comorbidi-
ties. Further studies have shown a higher risk for mortality in mul-
timorbid AMI patients [13,21–23]. As our study has investigated
the association of five common comorbid conditions in a nation-
wide cohort including more than 100’000 AMI patients over a 7-
year period, it reveals robust findings for admitted AMI patients,
important to take into account when treating these patients. Mech-
anistical reasons remain debatable, however, the observed excess
risk of multimorbidity may be attributable to a less effective or
more complex clinical management. Moreover, multimorbidity
per se may confer a poorer prognosis. Hence, it is obvious that
prevalent comorbidities (i.e. DM, CKD, COPD, PAD or CVD) should
not be neglected while caring for the acute coronary disease.

Interestingly, younger patients seem to be affected even more
than older ones. One possible explanation may be that the pres-
ence of comorbidities at a younger stage might be usually more
acute and severe (faster dynamic of disease) as compared with
older patients. Another explanation of this effect is the survivor-
ship bias which describes the toughness and higher compliance
of older patients with their multimorbidity who have survived
the early ears of illness and reached a high age despite their illness.
These patients have a more continuous monitoring through regular
appointments with general practitioners or specialists. Another
reason for this large discrepancy between the age-groups might
be the significant higher baseline risk for adverse outcomes in
older patients. Therefore, it remains to be proven whether younger
patients admitted for an AMI may profit from an intensified multi-
modal care.

Studies show that patients with CKD have an increased risk pro-
file and poorer in-hospital results with a stronger effect in older
patients [24,25]. Finally, our analysis supports this combined effect
for in-hospital mortality, ICU admission rate, and 30-day readmis-
sion rate, but also implies that CKD, COPD and PAD have such a
strong association on the LOS that patient age plays a much less
significant role. Therefore, it was most likely more the comorbidity
than the patient age which influenced the LOS in our population
and we had no significant effect between the four age-groups [26].

DM seems to play a protective role in patients older than
80 years and reduces their in-hospital mortality significantly. We
suspect that older patients suffering from DM are well controlled
at a regular basis and therefore have a higher chance to be diag-
nosed with a more sub-clinical and less fatal myocardial event.
Also, critically ill patients commonly suffer from stress-induced
hyperglycemia which is known to be associated with mortality
[27]. Patients with diabetes are less affected by high glucose levels
than patients without diabetes [28–31].
5. Limitations

Our observational study has notable limitations. First, the retro-
spective design of our study does not allow causal conclusions.
Second, we used administrative data with a lack of information
about cardiovascular risk factors like smoking status, cardiovascu-
lar biomarkers (e.g. lipids, HbA1c), obesity or medication. There-
fore, adjusting by these variables was not feasible. Third,
administrative data brings the risk of misclassification of diseases.
Fourth, we had no data about patient history, clinical appearance
and laboratory parameter that plays an important role in the out-
come of patients with AMI.
6. Conclusions

Among patients with acute myocardial infarction, we found a
stepwise increase in risk for adverse clinical outcome with each
additional comorbidity. This association was less obvious in older
ones. If younger multimorbid patients suffering an AMI may bene-
fit from an additional multimodal treatment to reduce their incre-
mental risk of in-hospital mortality and other clinical outcomes
still remains speculative and requires further prospective studies.
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