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BACKGROUND: The term “multimorbidity” identifies
high-risk, complex patients and is conventionally defined
as ≥2 comorbidities. However, this labels almost all older
patients as multimorbid, making this definition less use-
ful for physicians, hospitals, and policymakers.
OBJECTIVE: Develop new medical condition-specific
multimorbidity definitions for patients admitted with
acute myocardial infarction (AMI), heart failure (HF), and
pneumonia patients. We developed three medical
condition-specific multimorbidity definitions as the pres-
ence of single, double, or triple combinations of comorbid-
ities — called Qualifying Comorbidity Sets (QCSs) — as-
sociatedwith at least doubling the risk of 30-daymortality
for AMI and pneumonia, or one-and-a-half times for HF
patients, compared to typical patients with these
conditions.
DESIGN: Cohort-based matching study
PARTICIPANTS: One hundred percent Medicare Fee-for-
Service beneficiaries with inpatient admissions between
2016 and 2019 for AMI, HF, and pneumonia.
MAIN MEASURES: Thirty-day all-location mortality
KEY RESULTS: We defined multimorbidity as the pres-
ence of ≥1 QCS. The new definitions labeled fewer pa-
tients as multimorbid with a much higher risk of death
compared to the conventional definition (≥2 comorbidi-
ties). The proportions of patients labeled as multimorbid
using the new definition versus the conventional defini-
tion were: for AMI 47% versus 87% (p value<0.0001), HF
53% versus 98% (p value<0.0001), and pneumonia 57%
versus 91% (p value<0.0001). Thirty-day mortality was
higher among patients with ≥1 QCS compared to ≥2
comorbidities: for AMI 15.0% versus 9.5% (p<0.0001),
HF 9.9% versus 7.0% (p <0.0001), and pneumonia
18.4% versus 13.2% (p <0.0001).

CONCLUSION: The presence of ≥2 comorbidities identi-
fied almost all patients as multimorbid. In contrast, our
new QCS-based definitions selected more specific combi-
nations of comorbidities associated with substantial ex-
cess risk in older patients admitted for AMI, HF, and
pneumonia. Thus, our new definitions offer a better ap-
proach to identifying multimorbid patients, allowing phy-
sicians, hospitals, and policymakers to more effectively
use such information to consider focused interventions
for these vulnerable patients.
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INTRODUCTION

Multimorbidity refers to the coexistence of multiple chronic
conditions which is common among adults and typical among
older adults.1 It has been defined in the general population by
various methods2–9 and datasets, most commonly administra-
tive claims data.10–15 Conventionally, studies have defined
multimorbidity as a specific number of patient comorbidities,
usually two ormore.2,16–25 The usefulness of this conventional
two-or-more comorbidities definition is uncertain in hospital-
ized medical patients because such patients are far sicker than
the general population. Furthermore, the conventional defini-
tion does not distinguish specific combinations of comorbid-
ities but is simply based on the number of comorbidities.
Multimorbid patients are typically at a high risk of death,

and so model-based scores that evaluate the risk of death are
highly relevant to multimorbidity.26–31 Nonetheless,
multimorbid patients are heterogeneous and two multimorbid
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patients with the same high risk may be high-risk for very
different reasons. An important goal of our work is to make
useful distinctions among high-risk multimorbid patients.
In this study, we will screen and validate a vast number of

comorbidity combinations to identify a modest number of
common high-risk comorbidity combinations called Qualify-
ing Comorbidity Sets (QCSs) useful in health outcomes anal-
yses. These QCSs, when present, will label patients as
“multimorbid.” We developed QCSs for three common prin-
cipal diagnoses of inpatient stays in the USA,32 acute myo-
cardial infarction (AMI), heart failure (HF), and pneumonia.

METHODS

Patient Population

We used Medicare claims (Inpatient, Outpatient, Carrier/Part
B, Skilled Nursing Facility, Home Health Agency, and Dura-
ble Medical Equipment (DME) files) for all fee-for-service
Medicare beneficiaries through the Centers for Medicare and
Medicaid Services (CMS) Virtual Research Data Center.33 For
creating our multimorbidity definitions, we analyzed patients
aged 66 years and older who were hospitalized for AMI, HF,
or pneumonia during the years 2016–2017.
AMI, HF, and pneumonia patients were categorized into

clinically relevant condition groups using ICD-10 principal
diagnosis codes for their index hospitalization (Appendix A,
Tables A.1-A.3). For patients with multiple admissions, we
used one randomly chosen admission for their index hospital-
ization.We excluded patients if in the 1-year lookback prior to
their admission they either (1) lacked fee-for-service Medicare
claims, (2) did not have complete enrollment inMedicare Parts
A and B, or (3) were enrolled in an HMO at any point.
We excluded patients with metastatic cancers or

Alzheimer’s disease and related dementias (ADRD) (Appen-
dix B, Table B.1) or those aged ≥90 years (MC/ADRD/90)
from the development of the multimorbidity definitions. These
conditions are associated with such high mortality rates that
their inclusion in our reference group would make it difficult
to detect increased mortality from other comorbidities. Pa-
tients with these high-risk conditions are more likely to have
different goals of care in the event of life-threatening compli-
cations, making mortality rates difficult to interpret.8 Howev-
er, after we developed our multimorbidity definitions, we
report on the multimorbidity status of these high-risk MC/
ADRD/90 patients.

Defining Comorbidities

To define comorbidities, we utilized CMS Hierarchical Con-
dition Category (HCC) version 22 (v22)34,35 because it in-
cludes both International Classification of Diseases Clinical
Modification, 10th Revision (ICD-10)36 and 9th Revision
(ICD-9)37 codes. We also used HCCs from the CMS RxHCC
model.38 To better capture patient health status,39–42 we

considered functional status indicators from CMS DME files
in order to determine whether using these indicators improved
our model predictions.
We analyzed 53 variables in total, 51 comorbidities—derived

from 89 HCCs (Appendix E)—plus 2 functional status variables
(Appendix D, Table D.1). Details of these variables with diag-
nostic codes are described in Appendix E, Table E.1.
All comorbidities and functional status indicators were

identified in 1-year lookback periods. We also identified these
indicators at the index hospitalization encounters. However,
during the index hospitalizations, certain conditions can be a
result of in-hospital complications; hence, we used them as
comorbidities only if they were marked as present on admis-
sion (POA), see Appendix E, Table E.3.
Patients with multiple comorbidities within a clinically

relevant group were only assigned the most severe comorbid-
ity (Appendix E, Table E.2). For example, a patient with
history of both “diabetes with complications” and “diabetes
without complications” was only assigned “diabetes with
complications”.

Defining Functional Status

We tested various functional status variables from the CMS
DME files and identified two classes of indicators:39–42 (1)
need for home oxygen supplementation43,44 and (2) need for a
home hospital bed or wheelchair.43–45 Details of the CPT/
HCPCS codes are provided in Appendix D, Table D.1. Other
functional status indicators produced no added benefit in
modelling (Appendix D, Table D.2).

Defining Multimorbidity

A patient was defined as multimorbid if they had at least one
QCS from the lists of the three medical condition-specific
QCSs. A QCS was defined as a single, double, or triple
combination of comorbidities or functional status variables
that, when present, at least doubled the odds of mortality for
AMI and pneumonia patients or increased the odds of mortal-
ity by a factor of 1.5 for HF patients compared to typical
patients with these conditions.8 The mortality was observed
within 30-day46–49 from index admission.
For HF, we used a lower cut-off because patients admitted

for HF typically have far more comorbidities than AMI or
pneumonia patients, and it was therefore rare for a QCS to
double the risk of 30-day mortality for HF patients relative to
the HF reference group.When we used 2-fold risk of mortality
risk as a threshold, we found that only 15.7% of HF patients
were labeled as multimorbid, whereas when we used 1.5-fold
risk threshold, about half of HF patients were labeled as
multimorbid.
The study used two non-overlapping datasets for index

admissions. The first dataset was for the development of the
multimorbid definition comprised of admissions in 2016–
2017. The second dataset was used to validate the definitions
and comprised of admissions in 2018–2019.
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First, for development, we used 2016–2017 admissions for
AMI, HF, and pneumonia to identify QCSs. There were
24,857 possible single, double or triple combinations of 51
comorbidities plus 2 functional status indicators, from which
we derived a shorter list of QCSs. To avoid mistakenly finding
QCSs by chance due to multiple testing, we utilized cross-
screening for validation where the dataset was split randomly
into two halves. The process of screening a QCS was done in
the first half and validated in the second half. Then it was
repeated by screening in the second half and validating in the
first half. Any QCS validated in either half was included in our
definition. The details are described in our previous work.8,50

We used theMantel-Haenszel test51 in each random half of the
data stratified by medical conditions groups (four for AMI,
four for HF, eight for pneumonia), and three age groups, 65 to
74, 75 to 84, and ≥85.
Second, for validation, we explored how our newly devel-

oped definitions performed when applied to an external
dataset of 2018–2019 admissions. We made comparisons of
multimorbid patient 30-day mortality by two reference popu-
lations. First, the “typical reference” group, consisted of a
random 20% sample of all 2018–2019 admissions. This com-
parison was a more ‘real-world’ comparison, which allow us
to ascertain the risk of mortality among multimorbid patients
relative to typical patients. The second reference
population—the “non-multimorbid”—was a subset of the typ-
ical reference group. It comprised only those typical reference
group patients who do not have any QCSs i.e., non-
multimorbid patients. This comparison represented the “pure”
risk associated with multimorbid compared to non-
multimorbid patients. Within each “Typical” and “Non-
MM” reference group, patients were medical condition spe-
cific; i.e., the odds of mortality among multimorbid patients
for each medical condition type were compared to the refer-
ence group patients with the same medical conditions.

External Validation of Multimorbidity Definitions

To externally validate our multimorbidity definitions, we
used 2018–2019 admissions to evaluate whether
multimorbid patients had higher 30-day and 90-day mortality
than non-multimorbid patients and whether this varied by
hospital resources. We examined this question in hospitals
with characteristics generally associated with better out-
comes, which we called “better-resourced” hospitals, and
compared them to “other” hospitals (all hospitals that were
not defined as better-resourced). We used multivariate
matching52,53 to develop condition-specific matched pair sets
of multimorbid patients in better-resourced hospitals with
patients in other hospitals. We performed similar analyses
with non-multimorbid patients. Finally, we examined the
difference-in-differences between multimorbid versus non-
multimorbid patients. We have detailed our matching tech-
nique in prior works.54,55 We used methods for paired binary
data for difference-in-difference analyses.56

To define “better-resourced” hospitals, we used an external
dataset of medical admissions for all Medicare beneficiaries
between January 1, 2012, and September 30, 2015, to create
risk-adjusted models for 30-day mortality incorporating pa-
tient and hospital characteristics (Appendix C, Tables C.1-
C.2). We described better-resourced hospitals as having all
three of the following characteristics: (1) resident-to-bed ratio
>0.25 (suggestive of major and very major teaching hospitals),
(2) nursing skill mix above the median, and (3) condition-
specific patient volume above the median (Appendix C,
Table C.3). The distribution of hospital characteristics is pre-
sented in Appendix C, Table C.4.
The study has been approved by the Institutional Review

Board of the Children’s Hospital of Philadelphia. All analyses
were completed using SAS version 9.4.57

RESULTS

Examining AMI, HF, and Pneumonia Patients

For AMI patients, we identified 50 QCSs (including 6 singles,
20 doubles, and 24 triples), that at least doubled the odds of
mortality compared to the typical reference group. For HF
patients, we found 118 QCSs (3 singles, 24 doubles, and 91
triples) that increased the odds of dying by 50%. Among
pneumonia patients, a total of 51 QCSs (4 singles, 12 doubles,
and 35 triples) doubled the odds of death. In contrast, when
multimorbidity was defined by the conventional definition of
the presence of ≥2 comorbidities, there were 1265 observed
combinations (i.e., every possible combination per the con-
ventional definition was observed for each medical condition).
We presented the odds ratios of 30-day mortality to two

reference groups: (1) ORnon represents odds ratios compared
to the non-multimorbid reference and (2) ORtypical represents
odds ratios compared to the typical reference (comprised of both
multimorbid and non-multimorbid patients). Roughly half the
typical patients were multimorbid, thus ORtypical was always
much smaller than ORnon. As expected, the odds of death were
much higher for every QCS when compared to the non-
multimorbid reference group than the typical reference group.
For AMI patients, the ORnon was 6.99 (95% CI 6.44, 7.58) and
ORtypical was 2.17 (2.09, 2.26); for HF ORnon was 2.97 (2.80,
3.15) and ORtypical was 1.47 (1.42. 1.52); and for Pneumonia
ORnon was 5.17 (4.91, 5.44) and ORtypical was 1.65 (1.62, 1.69).
Themost commonQCSs and the QCSswith the highest odds of
30-day mortality for AMI, HF, and pneumonia are described
below and are shown in Tables 1, 2 and 3, respectively; full lists
of QCSs are provided in Appendix G, Tables G.1-G.3.

AMI Patients

Among 186,012 AMI patients, Acute Heart or Respiratory
Failure was the most common QCS with N= 42,342 (22.76%)
(ORnon 10.62 [95% CI= 9.78, 11.53], ORtypical 3.32 [3.19,
3.47]). The QCSwith the highest odds of mortality was “Liver
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Disease plus Acute Renal Failure” (henceforth written as Liver
Disease | Acute Renal Failure) (N= 1295 [0.70%]), ORnon

15.45 [13.22, 18.06]), ORtypical 4.98 [4.35, 5.70] (Table 1).

HF Patients

Among 314,510 HF patients, Protein-Calorie Malnutrition was
the most common QCS with N= 32,385 (10.30%) (ORnon 4.83
[4.53, 5.15], ORtypical 2.39 [2.29, 2.49]). The highest odds of
mortality were among patients with Thrombocytopenia and
Other Hematological Disorders | Chronic Non-Pressure Skin
Ulcers | Home Oxygen Use (N= 2394 [0.76%]), ORnon 4.93
[4.34, 5.59], ORtypical 2.44 [2.17, 2.73] (Table 2).

Pneumonia Patients

The most common QCS among 385,219 pneumonia patients
was Acute Heart or Respiratory Failure | Acute Renal Failure
withN=72,024 (18.70%) (ORnon 7.02 [6.66, 7.40], ORtypical 2.24
[2.18, 2.30]). The highest odds of mortality were among patients
with Cardiac Arrhythmias | Chronic Kidney Disease (CKD)

Stage 4–5 or Dialysis | Other Trauma (N= 3072 [0.80%]), ORnon

8.46 [7.69, 9.31] and ORtypical 2.76 [2.55, 3.00] (Table 3).

Metastatic Cancers/ADRD/Age ≥90 Patients

As expected, MC/ADRD/90 patients had far higher odds of
mortality relative to both the non-multimorbid (ORnon= 7.89
[7.26, 8.58]) and typical (ORtypical= 2.52 [2.41, 2.63]) refer-
ence groups. For the patients who were multimorbid, the
ORnon for mortality was higher than for non-multimorbid
patients. Among AMI patients (10.68 versus 2.81) (Table 1),
HF patients (4.92 versus 2.22) (Table 2), and pneumonia
patients (9.99 versus 2.85) (Table 3). The ORnon and ORtypical

for each of these three conditions are shown in Appendix G,
Table G.1-3.

Comparing New Versus Conventional
Definition of Multimorbidity

We found that the conventional definition (≥2 comorbidities)
labeled almost all patients as multimorbid, while 30-day

Table 1 Frequency and Odds of 30-Day Mortality with Qualifying Comorbidity Sets for Acute Myocardial Infarction Patients

Qualifying Comorbidity Sets* Frequency (%)
186,036 (100.00)

Ref. non-MM†

(N=24,812)
Ref. typical†

(N=44,555)

OR 95% CI OR 95% CI

A. Top 10 QCS listed by highest to lowest frequency
Acute Heart or Respiratory Failure 42,342 (22.76) 10.62 (9.78, 11.53) 3.32 (3.19, 3.47)
Heart Failure | Acute Renal Failure 23,679 (12.73) 8.13 (7.46, 8.88) 2.60 (2.47, 2.73)
CKD Stage 4-5 or Dialysis 21,134 (11.36) 7.61 (6.95, 8.32) 2.46 (2.34, 2.59)
Cardiac Arrhythmias | Acute Renal Failure 16,041 (8.62) 8.35 (7.63, 9.14) 2.67 (2.53, 2.82)
Chronic Pulmonary Diseases | Acute Renal Failure 14,030 (7.54) 7.94 (7.24, 8.72) 2.56 (2.41, 2.71)
Sepsis or Septic Shock 12,310 (6.62) 8.55 (7.78, 9.39) 2.75 (2.59, 2.91)
Pneumonias 10,691 (5.75) 8.20 (7.45, 9.01) 2.65 (2.49, 2.82)
Protein-Calorie Malnutrition 10,172 (5.47) 8.85 (8.04, 9.73) 2.89 (2.72, 3.08)
Heart Failure | Vascular Diseases | Thrombocytopenia and Other
Hematological Disorders

9543 (5.13) 8.19 (7.42, 9.04) 2.69 (2.52, 2.87)

Heart Failure | Cardiac Arrhythmias | Thrombocytopenia and Other
Hematological Disorders

9159 (4.92) 8.04 (7.28, 8.87) 2.63 (2.47, 2.81)

B. Top 5 QCS listed by highest to lowest odds of mortality‡

Liver Diseases | Acute Renal Failure 1295 (0.70) 15.45 (13.22, 18.06) 4.98 (4.35, 5.70)
Endocrine and Metabolic Disorders | Chronic Non-Pressure Skin Ulcers
| Complications of Implants or Grafts

1296 (0.70) 11.37 (9.60, 13.46) 3.64 (3.14, 4.21)

Liver Diseases | Thrombocytopenia and Other Hematological Disorders 1733 (0.93) 11.38 (9.81, 13.21) 3.58 (3.16, 4.07)
Diabetes with Complications | Thrombocytopenia and Other Hematological
Disorders | Complications of Implants or Grafts

1664 (0.90) 10.76 (9.23, 12.55) 3.46 (3.04, 3.95)

Acute Heart or Respiratory Failure 42,342 (22.76) 10.62 (9.78, 11.53) 3.32 (3.19, 3.47)

C. Patients for MM definition development and MC/ADRD/90 patients
Patients for MM definition development 186,036 (100.00)
MM 86,949 (46.74) 6.99 (6.44, 7.58) 2.17 (2.09, 2.26)
Non-MM 99,063 (53.26) – – 0.33 (0.32, 0.35)
MC/ADRD/90 patients§ 77,818 (100.00) 7.89 (7.26, 8.58) 2.52 (2.41, 2.63)
MM 52,179 (67.05) 10.68 (9.81, 11.64) 3.43 (3.28, 3.58)
Non-MM 25,639 (32.95) 2.81 (2.54, 3.12) 0.95 (0.90, 1.02)

*The full list of 50 QCSs with their frequency and ORs (95% CI) are provided in Appendix G (Table G.1)
† Typical reference group consisting of a random 20% sample of 2018-2019 admissions. Patients with Metastatic Cancers, ADRD, age ≥90 years, or on
dialysis were not included in the typical reference group.; Non-multimorbid reference group drawn from the same random 20% sample comprised of
patients who do not have any QCSs as well as patients without Metastatic Cancers, ADRD, or age ≥90 years. Dashes (–) indicate a population odds
ratio of 1, reflecting the fact that the comparison groups are a random split of one population
‡Ranked by lower 95% CI of odds for 30-day mortality relative to the medical condition-specific typical reference population
§Frequency and odds of 30-day mortality for multimorbid and non-multimorbid patients with Metastatic Cancers, ADRD, or age ≥90 years are further
detailed in Appendix G (Table G.4)
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mortality rates were not very high. In contrast, our new
multimorbidity definition (≥1 QCS) labeled only about 50%
of patients as multimorbid for each medical condition, with
considerably higher mortality rates (Table 4). Comparing ≥1
QCS versus ≥2 comorbidities multimorbidity definitions, we
found that, for AMI patients, 46.74% versus 86.61% (p value
<0.0001) were labeled as multimorbid while mortality rates
were 14.99% versus 9.48%, respectively (p value<0.0001).
Similarly, for HF patients, 53.33% versus 97.68% (p value
<0.0001) were labeled as multimorbid with mortality rates
9.88% versus 7.03% (p value<0.0001). For pneumonia pa-
tients 57.13% versus 90.87% (p value<0.0001) were labeled
as multimorbid and mortality rates were 18.37% versus
13.19% (p value<0.0001).
Thirty-day mortality rates among patients with one or more

QCSs were still higher than those among patients with five or
more comorbidities. For AMI (14.99% versus 14.46%), HF

(9.88% versus 8.17%), and pneumonia (18.38% versus
17.33%), suggesting that the types of comorbidities weremore
important than their quantity.

External Validation of Multimorbidity in Better-
Resourced Hospitals

To externally validate our multimorbidity definitions, we
matched patients in better-resourced hospitals to similar con-
trols in other hospitals (Appendix H). The 30-day mortality
rates were significantly lower among patients in better-
resourced hospitals compared to those in other hospitals.
Among AMI patients, the difference in mortality was
−0.76% (95% CI −1.27%, −0.265) (Table 5 and Fig. 1a).
Similarly, for HF and pneumonia patients, the differences
were −0.64% (−0.96%, −0.31%) and −0.87% (−1.29%,
−0.44%), respectively (Table 5 and Fig. 1b and 1c). Among
the multimorbid population, HF (−0.61% [−1.17, −0.06]) and

Table 2 Frequency and Odds of 30-Day Mortality for by Qualifying Comorbidity Sets for Heart Failure Patients

Qualifying Comorbidity Sets* Frequency (%)
314,510 (100.00)

Ref. non-MM†

(N=36,634)
Ref. typical†

(N=73,702)

OR 95% CI OR 95% CI

A. Top 10 QCS listed by highest to lowest frequency
Protein-Calorie Malnutrition 32,385 (10.30) 4.83 (4.53, 5.15) 2.39 (2.29, 2.49)
Thrombocytopenia and Other Hematological Disorders |
Acute Heart or Respiratory Failure | Heart Failure

31,018 (9.86) 3.84 (3.59, 4.11) 1.91 (1.83, 2.00)

Acute Heart or Respiratory Failure | Heart Failure | Acute
Myocardial Infarction

30,717 (9.77) 3.67 (3.43, 3.93) 1.81 (1.73, 1.90)

Sepsis or Septic Shock | Acute Heart or Respiratory Failure 29,982 (9.53) 3.61 (3.37, 3.86) 1.79 (1.71, 1.87)
Acute Heart or Respiratory Failure | Pneumonias 29,660 (9.43) 3.61 (3.37, 3.86) 1.79 (1.71, 1.87)
Thrombocytopenia and Other Hematological Disorders | Acute
Heart or Respiratory Failure | Coronary Artery Disease

27,477 (8.74) 3.80 (3.55, 4.07) 1.89 (1.81, 1.98)

Thrombocytopenia and Other Hematological Disorders | Acute
Heart or Respiratory Failure | Cardiac Arrhythmias

27,340 (8.69) 3.96 (3.70, 4.23) 1.98 (1.89, 2.07)

Heart Failure | Cardiac Arrhythmias | Pneumonias 26,873 (8.54) 3.46 (3.23, 3.70) 1.72 (1.64, 1.81)
Acute Heart or Respiratory Failure | Cardiac Arrhythmias |
CKD Stage 4-5 or Dialysis

26,556 (8.44) 3.81 (3.53, 4.12) 1.84 (1.75, 1.93)

Acute Heart or Respiratory Failure | Chronic Pulmonary Diseases
| CKD Stage 4-5 or Dialysis

26,183 (8.33) 3.48 (3.21, 3.76) 1.67 (1.59, 1.76)

B. Top 5 QCS listed by highest to lowest odds of mortality‡

Thrombocytopenia and Other Hematological Disorders | Chronic
Non-Pressure Skin Ulcers | Home Oxygen Use

2394 (0.76) 4.93 (4.34, 5.59) 2.44 (2.17, 2.73)

Protein-Calorie Malnutrition 32,385 (10.30) 4.83 (4.53, 5.15) 2.39 (2.29, 2.49)
Thrombocytopenia and Other Hematological Disorders | Home
Hospital Bed or Wheelchair use | Home Oxygen Use

1713 (0.55) 4.82 (4.16, 5.58) 2.38 (2.08, 2.73)

Thrombocytopenia and Other Hematological Disorders | Acute
Heart or Respiratory Failure | Chronic Non-Pressure Skin Ulcers

6210 (1.98) 4.79 (4.36, 5.26) 2.37 (2.20, 2.56)

Thrombocytopenia and Other Hematological Disorders | CKD
Stage 4-5 or Dialysis | Home Oxygen Use

4248 (1.35) 4.75 (4.26,5.30) 2.30 (2.10,2.51)

C. Patients for MM definition development and MC/ADRD/90 patients
Patients for MM definition development 314,510 (100.00)
MM 167,739 (53.33) 2.97 (2.80, 3.15) 1.47 (1.42, 1.52)
Non-MM 146,771 (46.67) – – 0.51 (0.49, 0.53)
MC/ADRD/90 patients§ 220,046 (100.00)
MM 134,116 (60.95) 4.92 (4.63, 5.22) 2.42 (2.34, 2.51)
Non-MM 85,930 (39.05) 2.22 (2.08, 2.37) 1.13 (1.08, 1.18)

* The full list of 118 QCSs with their frequency and ORs (95% CI) are provided in Appendix G (Table G.2)
† Typical reference group consisting of a random 20% sample of 2018-2019 admissions. Patients with Metastatic Cancers, ADRD, age ≥90 years, or on
dialysis were not included in the typical reference group.; Non-multimorbid reference group drawn from the same random 20% sample comprised of
patients who do not have any QCSs as well as patients without Metastatic Cancers, ADRD, or age ≥90 years. Dashes (–) indicate a population odds
ratio of 1, reflecting the fact that the comparison groups are a random split of one population
‡Ranked by lower 95% CI of odds for 30-day mortality relative to the medical condition-specific typical reference population
§Frequency and odds of 30-day mortality for multimorbid and non-multimorbid patients with Metastatic Cancers, ADRD, or age ≥90 years are further
detailed in Appendix G (Table G.4)

1453Jain et al: Multimorbidity in Patients with Medical ConditionsJGIM



pneumonia (−0.96% [−1.63, −0.29]) patients had better 30-
day survival in better-resourced hospitals. There were no

significant differences for multimorbid AMI patients.

When examining 90-day mortality we found similar results.
(Table 5 and Fig. 1a, b and c). The difference-in-difference for
multimorbid versus non-multimorbid patients in better-
resourced versus other hospitals was significantly lower for
pneumonia patients −1.03 (−1.98, −0.08, p value=0.03)
(Table 5 and Fig. 1c). It was not significant for AMI and HF
patients.

DISCUSSION

Various definitions have been proposed for multimorbidity in
medical patients.10–14,58–60 However, our new data-driven
QCS-based definitions for hospitalized patients have the fol-
lowing strengths. First, unlike definitions based on simply
counting comorbidities, a QCS combines specific

comorbidities that substantially increase the risk for patients
with a specific medical condition. A QCS that doubles the risk
of death for pneumonia patients may not do so for AMI and
HF, Second, our QCS definitions identify a smaller, more
intelligible, and an actionable subset of patients with a sub-
stantially elevated risk of death, which could be incorporated
into research and clinical algorithms. These new QCS-based
definitions identified approximately half of AMI, HF, and
pneumonia patients as multimorbid, compared to about 90%
of patients who had two or more comorbidities. Third, our new
QCS-based multimorbidity definitions now incorporate indi-
cators for functional status.We found that the indicators Home
Oxygen Use and Home Hospital Bed or Wheelchair Use were
important components for QCSs, consistent with studies
showing an association between chronic diseases and func-
tional status.61–63 Furthermore, the methods described in this
paper and its supplementary material could be used to expand
multimorbidity definitions for hospitalized patients with dif-
ferent medical conditions or surgical procedures.

Table 3 Frequency and Odds of 30-day Mortality with Qualifying Comorbidity Sets for Pneumonia Patients

Qualifying Comorbidity Sets* Frequency (%)
385,219 (100.00)

Ref. non-MM†

(N=41,667)
Ref. typical†

(N=92,169)

OR 95% CI OR 95% CI

A. Top 10 QCS listed by highest to lowest frequency
Acute Heart or Respiratory Failure | Acute Renal Failure 72,024 (18.70) 7.02 (6.66, 7.40) 2.24 (2.18, 2.30)
Protein-Calorie Malnutrition 65,651 (17.04) 7.40 (7.02, 7.80) 2.33 (2.26, 2.39)
Thrombocytopenia and Other Hematological Disorders | Acute Heart
or Respiratory Failure

45,920 (11.92) 7.44 (7.04, 7.85) 2.38 (2.31, 2.45)

Acute Myocardial Infarction 44,534 (11.56) 6.32 (5.99, 6.68) 2.03 (1.97, 2.09)
Acute Heart or Respiratory Failure | CKD Stage 4–5 or Dialysis 32,157 (8.35) 7.02 (6.64, 7.43) 2.25 (2.18, 2.33)
Thrombocytopenia and Other Hematological Disorders | Acute Renal
Failure

27,175 (7.05) 7.60 (7.18, 8.05) 2.45 (2.36, 2.53)

Sepsis or Septic Shock | Acute Heart or Respiratory Failure | Cardiac
Arrhythmias

25,336 (6.58) 7.09 (6.69, 7.52) 2.26 (2.18, 2.34)

Pressure Ulcer of Skin 24,347 (6.32) 8.09 (7.63, 8.57) 2.57 (2.48, 2.66)
Acute Heart or Respiratory Failure | Chronic Non-Pressure Skin Ulcers 23,400 (6.07) 7.29 (6.87, 7.73) 2.33 (2.25, 2.42)
Liver Disease 18,672 (4.85) 7.68 (7.21, 8.19) 2.45 (2.35, 2.55)

B. Top 5 QCS listed by highest to lowest odds of mortality‡

Cardiac Arrhythmias | CKD Stage 4-5 or Dialysis | Other Trauma 3072 (0.80) 8.46 (7.69, 9.31) 2.76 (2.55, 3.00)
Cardiac Arrhythmias | Chronic Non-Pressure Skin Ulcers | Complications
of Implants or Grafts

4071 (1.06) 8.54 (7.82, 9.32) 2.75 (2.56, 2.96)

Sepsis or Septic Shock | Cardiac Arrhythmias | CKD Stage 4-5 or Dialysis 8654 (2.25) 8.05 (7.50, 8.64) 2.60 (2.46, 2.74)
Sepsis or Septic Shock | Cardiac Arrhythmias | Chronic Non-Pressure

Skin Ulcers
7327 (1.90) 8.07 (7.50, 8.69) 2.60 (2.46, 2.76)

Pressure Ulcer of Skin 24,347 (6.32) 8.09 (7.63, 8.57) 2.57 (2.48, 2.66)

C. Patients for MM definition development and MC/ADRD/90 patients
Patients for MM definition development 385,219 (100.00)
MM 220,093 (57.14) 5.17 (4.91, 5.44) 1.65 (1.62, 1.69)
Non-MM 165,126 (42.87) – – 0.32 (0.31, 0.33)
MC/ADRD/90 patients§ 434,165 (100.00)
MM 295,663 (68.10) 9.99 (9.50, 10.51) 3.11 (3.05, 3.18)
Non-MM 138,502 (31.90) 2.85 (2.70, 3.01) 0.93 (0.90, 0.96)

* The full list of 51 QCSs with their frequency and ORs (95% CI) are provided in Appendix G (Table G.3)
† Typical reference group consisting of a random 20% sample of 2018-2019 admissions. Patients with Metastatic Cancers, ADRD, age ≥90 years, or on
dialysis were not included in the typical reference group.; Non-multimorbid reference group drawn from the same random 20% sample comprised of
patients who do not have any QCSs as well as patients without Metastatic Cancers, ADRD, or age ≥90 years. Dashes (–) indicate a population odds
ratio of 1, reflecting the fact that the comparison groups are a random split of one population
‡Ranked by lower 95% CI of odds for 30-day mortality relative to the medical condition-specific typical reference population
§Frequency and odds of 30-day mortality for multimorbid and non-multimorbid patients with Metastatic Cancers, ADRD, or age ≥90 years are further
detailed in Appendix G (Table G.4)
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In the development of multimorbid definitions, we excluded
a considerable number of high-risk patients with metastatic
cancers, ADRD, or age ≥90 years. However, for the validation,
we applied our multimorbidity definitions to all patients includ-
ing these high-risk patients. Our new definitions were also able
to identify the elevated risk even among these high-risk patients.

Additionally, we found that 30-day mortality rates among
multimorbid patients with ≥1 QCS were significantly higher
than those for patients with ≥2 comorbidities. In fact, we
showed that for AMI, HF, and pneumonia, mortality rates
among patients with one or more QCSswere higher than those
among patients with five or more comorbidities.

Table 4 Comparing rates of Multimorbidity and 30-Day Mortality by ≥1 QCS-Based Definitions Versus ≥2 Comorbidities Definition

AMI HF Pneumonia

Categorizations Frequency (%) Mortality rate Frequency (%) Mortality rate Frequency (%) Mortality rate

All patients 186,012 (100.00) 8.45% 314,510 (100.00) 6.90% 385,219 (100.00) 12.14%
New Multimorbidity definition: 0 QCS versus ≥1 QCS
Non-MM (QCS=0) 99,063 (53.26) 2.70% 146,771 (46.67) 3.50% 165,126 (42.87) 3.83%
MM (QCS≥1) 86,949 (46.74) 14.99% 167,739 (53.33) 9.88% 220,093 (57.13) 18.37%

Standard Multimorbidity Definition: 0-1 Comorbidities versus ≥2 Comorbidities
0–1 Comorbidities 24,911 (13.39) 1.79% 7300 (2.32) 1.81% 35,157 (9.13) 1.71%
≥2 Comorbidities 161,101 (86.61) 9.48% 307,210 (97.68) 7.03% 350,062 (90.87) 13.19%

Effect of number of QCSs on Mortality
0 QCS 99,063 (53.26) 2.70% 146,771 (46.67) 3.50% 165,126 (42.87) 3.83%
1 QCS 33,117 (17.80) 10.60% 39,310 (12.50) 7.26% 90,997 (23.62) 11.33%
2 QCSs 17,902 (9.62) 14.74% 19,300 (6.14) 8.14% 41,507 (10.78) 18.87%
3 QCSs 10,741 (5.77) 17.73% 14,489 (4.61) 8.61% 26,096 (6.77) 21.17%
4 QCSs 6,833 (3.67) 18.94% 13,411 (4.26) 8.73% 16,401 (4.26) 24.51%
≥5 QCSs 18,356 (9.87) 20.09% 81,229 (25.83) 11.99% 45,092 (11.71) 28.29%

Effect of number of Comorbidities on Mortality*

0 Comorbidities 3,888 (2.09) 1.65% 1,385 (0.44) 1.66% 10,633 (2.76) 1.02%
1 Comorbidity 21,023 (11.30) 1.81% 5,915 (1.88) 1.84% 24,524 (6.37) 2.01%
2 Comorbidities 28,984 (15.58) 2.89% 13,749 (4.37) 2.33% 36,708 (9.53) 3.54%
3 Comorbidities 29,493 (15.86) 5.08% 23,553 (7.49) 2.77% 45,117 (11.71) 5.93%
4 Comorbidities 26,392 (14.19) 7.24% 33,008 (10.50) 3.79% 48,880 (12.69) 8.53%
≥5 Comorbidities 76,232 (40.98) 14.46% 236,900 (75.32) 8.17% 219,357 (56.94) 17.33%

*Based on the number of comorbidities included in the development of our new multimorbidity definition (23 for AMI, 26 for HF, 24 for Pneumonia)

Table 5 Comparing Differences in 30-Day Mortality Rates for Multimorbid (MM) and Non-Multimorbid patients in Better-Resourced and
Other Hospitals*

Conditions N Better-resourced hospitals (%) Other hospitals (%) Difference in rates (%) 95% CI

30-day mortality (Primary outcome)
AMI
OVERALL 19,601 7.73 8.49 −0.76† (−1.27, −0.26)
MM 9111 14.42 15.19 −0.77 (−1.75, 0.21)
Non-MM 10,490 1.92 2.67 −0.75‡ (−1.16, −0.34)
MM vs. Non-MM – – – −0.02 (−1.07, 1.04)

HF
OVERALL 39,773 5.72 6.36 −0.64‡ (−0.96, −0.31)
MM 20,168 8.62 9.24 −0.61§ (−1.17, −0.06)
Non-MM 19,605 2.74 3.41 −0.66‡ (−1.01, −0.32)
MM vs. Non-MM – – – 0.05 (−0.59, 0.69)

Pneumonia
OVERALL 37,224 11.03 11.89 −0.87‡ (−1.29, −0.44)
MM 22,149 16.57 17.52 −0.96† (−1.63, −0.29)
Non-MM 15,075 2.89 3.62 −0.73‡ (−1.13, −0.33)
MM vs. Non-MM – – – −0.23 (−1.00, 0.55)

90-day mortality
AMI
OVERALL 19,601 10.45 11.40 −0.95‡ (−1.52, −0.39)
MM 9111 18.90 20.24 −1.34§ (−2.44, −0.24)
Non-MM 10,490 3.10 3.72 −0.62§ (−1.10, −0.14)
MM vs. Non-MM – – – −0.72 (−1.94, 0.49)

HF
OVERALL 39,773 12.39 13.41 −1.03‡ (−1.47, −0.58)
MM 20,168 17.74 18.56 −0.82§ (−1.53, −0.11)
Non-MM 19,605 6.87 8.10 −1.23‡ (−1.73, −0.73)
MM vs. Non-MM – – – 0.41 (−0.46, 1.27)

Pneumonia
OVERALL 37,224 16.18 17.53 −1.35‡ (−1.86, −0.84)
MM 22,149 23.68 25.44 −1.77‡ (−2.57, −0.97)
Non-MM 15,075 5.17 5.91 −0.74† (−1.23, −0.25)
MM vs. Non-MM – – – −1.03§ (−1.98, −0.08)

* MM vs. Non-MM rows showing Difference-in-Difference of multimorbid versus non-multimorbid mortality rates
§ p value<0.05 †p value<0.01 ‡p value<0.001
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b HF

c Pneumonia 

a AMI

Figure 1 Kaplan-Meier survival plots by multimorbidity (MM) status and hospital type for AMI (a), HF (b), and pneumonia (c).
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Our new multimorbidity definitions were further validated
by analyzing outcomes among multimorbid versus non-
multimorbid patients in an external dataset. In this dataset,
we defined better-resourced hospitals using teaching hospital
status, nursing skill mix, and condition-specific patient vol-
ume. Recent studies have shown better outcomes among
patients in teaching hospitals64–66 and hospitals with better
nursing resources.67 Similarly, we found that better-resourced
hospitals, compared to other hospitals, had significantly better
mortality outcomes for multimorbid versus non-multimorbid
pneumonia patients, although this did not reach significance
for AMI or HF patients.
The study has some limitations. Our sample was restricted

to fee-for-serviceMedicare claims, because it was not possible
to determine the prevalence of comorbidities in the Medicare
managed care population. Our data included not only inpatient
Medicare records but other Medicare claims from outpatient,
carrier/Part B, Skilled Nursing Facility, and Home Health
Agency files. As medical care advances over time, the risks
posed by various QCSs to AMI, HF, and pneumonia patients
may change, requiring occasional updates to the
multimorbidity definitions.
In summary, for AMI, HF, and pneumonia patients, our

data-driven approach defined multimorbidity in terms of a
relatively short but high-risk list of QCSs comprised of one,
two, or three comorbidities or functional status indicators, that
were associated with a large increase in the risk of 30-day
mortality. Current practice labels almost all older patients
admitted for AMI, HF, and pneumonia patients as
multimorbid, thereby failing to identify patients at especially
high-risk or to make useful and actionable distinctions among
patients. In contrast, our QCS-based definitions identify a
more specific proportion of patients who face a substantial
excess risk of death. Thus, our new multimorbidity definitions
may help providers and policymakers make better-informed
decisions for these complex, vulnerable patients and more
effectively use such information to provide tailored
interventions.
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