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INTRODUCTION
The concepts of comorbidity and polypharmacy are emerging as 
important factors in the evaluation, risk stratification, and treatment 
of hospitalized patients.[1,2] With a vast increase in the proportion of 
elderly patients requiring care, we have seen the number of comorbid 
conditions and associated medications escalate significantly. Patients 
with high comorbidity indices tend to exhibit increased propensity 
toward poor outcomes, greater frequency of healthcare encounters, 
adverse events, and increased medical resource utilization.[3-10] 
However, existing clinical instruments designed to evaluate the 
synergistic impact of comorbidities and polypharmacy are limited by 
their complexity and translatability across various healthcare settings.
[1,11-14] The comorbidity-polypharmacy score (CPS) is a relatively 
new clinical tool in the area of quantitative comorbidity assessment.
[6] Easy to calculate, the CPS is derived by adding all pre-existing 
medical conditions and medications. By combining the number of 
comorbidities and the “intensity” or sheer number of the accompanying 
medical therapy (quantified via a simple “pill count”), the CPS has been 
postulated to function as a proxy for the patient’s “physiological age”.
[1] Previously published studies demonstrated a correlation between the 
CPS and hospital readmissions, disposition to extended care facilities, 
hospitalization duration metrics, adverse events/complications and 
mortality.[2,6-10,15]

The aim of the current study was to describe the behavior of CPS relative 

to a number of key clinical outcomes-including mortality, lengths of 
stay, readmissions, and direct costs of care-using a large, administrative 
dataset that incorporates all patient age groups. We hypothesized that 
significant correlations exist between CPS and mortality, length of 
stay, readmissions, and a number of secondary parameters (discharge 
disposition, direct admission costs) within a large administrative 
sample of medical-surgical patients. 

METHODS
This is an IRB-exempt retrospective study of medical-surgical patients 
admitted to a multi-hospital health network between July 1, 2014 
and December 31, 2014. Study data were abstracted from an existing 
inpatient admission dataset generated by linking the network’s 
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administrative and financial information sources. All patients admitted 
to either an inpatient or observation status in any of the six hospitals 
within our health network during the six-month study period were 
included. 

Descriptive and univariate analyses were performed using quantized 
3-point CPS increments as primary frame of reference, with 30-day 
mortality, 30-day readmissions, and hospital length of stay (HLOS) as 
primary end-points. Our secondary outcomes included hospital costs, 
need for ICU level of care, and post-discharge destination. Collected 
data included patient demographics, pre-hospital medications and 
comorbidities (both based on electronic medical record), in-hospital all-
cause mortality, length of stay, ICU requirement, 30-day readmission, 
time between discharge and readmission, discharge disposition, and 
cost (not charge) of hospitalization.

Considering that prior studies using CPS were limited by small sample 
size, traditional stratification had been performed using 8-point 
increments.[6] With a larger sample size, the current study has allowed 
us to stratify CPS ranges with a much higher level of granularity (e.g., 
increments of 3 points). This, in turn, provided a better overall picture 
of CPS characteristics (e.g., the presence of any inflection points).

Characteristics of the patient sample were presented using descriptive 
statistics, summary tables and graphs. Normality was assessed for all 
continuous variables using the Kolmogorov-Smirnov test, with normally 
distributed data analyzed using analysis-of-variance (ANOVA) and 
non-normally distributed variables analyzed using the Kruskal-
Wallis test. Categorical variables were analyzed using chi-square tests. 
Variables reaching pre-determined statistical significance (p<0.10) on 
univariate analyses were subsequently included in a multivariate direct 
logistic regression model, with statistical significance set at α =0.01. 
Finally, sensitivity analyses were performed using receiver operating 
characteristic (ROC) curves in order to determine which variables 
correlated most strongly with mortality and readmissions. All analyses 
were performed using SPSS version 18 (IBM Corp., Armonk, New 
York, USA), with key results reported as frequencies (percentages), 
mean ± standard deviation, median (interquartile range, IQR), and 
adjusted odds ratios (AOR) with 95% confidence intervals (CI). 
Additional data interpretation and analyses were performed at The 
Ohio State University, Johns Hopkins University, and The University 
of Toledo.

RESULTS
We studied 20,644 medical-surgical patients of all ages, with a mean 
age of 55.4 ± 26.6 years (median 60.0, IQR 36-77, range 0-115). 

Females constituted 56.2% (11,612/20,644) of the overall sample, 
with males accounting for 43.8% (9,032/20,644). Figure 1 shows the 
frequency distribution of CPS scores across the study sample. Figure 
2 demonstrates the percentage of male patients for each 3-point CPS 
increment.

Mean hospitalization cost was $5,099.68 ± 7,497.65 (median $2,709.61, 
IQR $1,660.69-$5,705.08). Mean hospital length of stay was 4.47 ± 5.72 
days (median 3, IQR 2-5, range 0-157). Reported readmission rate 
was 8.55% (1,765/20,644), with mean time to readmission of 12.4 ± 
8.4 days (median 11.0, IQR 5-19, range 1-30). Of the patients studied, 
6.14% (1,268) required ICU level of care during their hospitalization. 
Most patients in the current sample (76.8% or 15,846/20,644) were 
discharged to home, with the remainder (23.2% or 4,783/20,644) either 
discharged to a skilled nursing or a long term acute care facility.

The study population had a median CPS of nearly 10. A detailed 
relationship between comorbid conditions and polypharmacy across 
the full spectrum of CPS can be seen in Figure 3 (bottom left). The 
initial increase in CPS is primarily attributable to comorbid conditions 
(top line), followed by a crescendo pattern in the number of recorded 
medications (bottom line).

Univariate analyses demonstrated that CPS was significantly associated 
with patient age and gender, as well as outcome and resource 
consumption measures including length of stay, readmission, discharge 
destination, need for ICU transfer or admission, and mortality (all, 
p<0.001, Figure 3). In addition, direct admission costs escalated with 
increasing CPS (Tables 1 and 2). 

Based on multivariate analyses, CPS was independently associated with 
mortality (AOR 1.05 per unit) and readmission (AOR 1.04 per unit). 
Additionally, ICU admission (AOR 21.9) and age (AOR 1.03 per year) 
were independently associated with mortality. Finally, patient age (AOR 
1.01) was independently associated with readmission. The summary of 
multivariate analysis results is provided in Table 3. Receiver operating 
characteristic (ROC) curve analyses [Figure 4] show that CPS provides 
a reasonable predictive power regarding mortality, which appeared to 
be more robust than age, ICU admission, and all three elements (CPS, 
age, and ICU admission) combined. In terms of readmission, the utility 
of CPS was not as robust, but it remained the strongest predictor. Of 
note, when looking at readmissions, the ROC for combined age and 
CPS was less predictive than CPS in isolation.

To better demonstrate the utility of CPS as a predictor of mortality 
[Table 4] and readmission [Table 5] across all age groups (stratified 
by 10-year increments), we performed bivariate regression analyses for 

 
Figure 1: Distribution of CPS scores across the entire 20,644 patient sample. The following CPS thresholds were utilized for this descriptive representation: 0-7, 
8-14, 15-21, ≥ 22
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each respective end-point, using CPS and Age as comparator variables. 
As seen in these analyses, CPS (a surrogate for “physiological age”) is 
consistently a better predictor of mortality and readmission for most 
age-based strata.

DISCUSSION

The closely linked phenomena of polypharmacy and multi-morbidity 
constitute the hallmark of modern treatment of complex medical 
patients, regardless of chronological age or specific diagnoses.[16-18] The 
overarching aim of this study was to determine the behavior of CPS in 
a large, broadly inclusive sample of medical-surgical patients, across of 
all age ranges. In addition, we investigated which factors, among key 

Figure 3: Results of univariate analyses of CPS versus key outcome variables. In each case, the x-axis represents the CPS score in 3-point increments

 
Figure 2: Percentage of male patients (y-axis) versus CPS groups in 3-point increments (X-axis)
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Characteristic Value
Age (yrs) 55.4 ± 26.6 [median 60, IQR 36-77, range 0-115]

Gender (n, %) Female 11,612 (56.2%); Male (9,032 (43.8%)

Hospital cost ($) $5,099.68 ± 7,497.65 [median $2,709.61, IQR $1,660.69-$5,705.08]

Readmission (n, %) 1,765/20,644 (8.55%)

Time to readmission (d) 12.4±8.4 [median 11.0, IQR 5-19, range 1-30]

ICU required (n, %) 1,268/20,644 (6.14%)

Discharge to home (n, %) 15,846/20,644 (76.8%)

CPS (units) 11.94±8.30 [median 10.0, IQR 6-16, range 1-78]

Table 1: General characteristics of the patient sample

CPS RCPSange 0-2 3-5 6-8 9-11 12-14 15-17 18-20 21-23 24-26 27-29 30-33
Mean cost 

(± Std Error)

$1,851

± $69

$3,698

± $82

$4,639

± $108

$5,005

± $113

$5,113

± $141

$5,942

± $169

$7,391

± $306

$6,769

± $272

$7,282

± $406

$8.429

± $683

$7,938

± $331
Median cost $1,237 $2,154 $2,501 $2,747 $2,854 $3,506 $3,978 $4,070 $4,418 $4,637 $4,672

Table 2: Relationship between CPS range and direct admission cost (p<0.001). Both mean and median costs are shown for each CPS range

Variable Adjusted Odds Ratio (Mortality) 95% Confidence Interval
Age 1.028 (per year) 1.021-1.036
CPS 1.052 (per unit) 1.039-1.066

ICU admission 21.9 (binary) 17.199-28.481
Variable Adjusted Odds Ratio (Readmission) 95% Confidence Interval

Age 1.012 (per year) 1.010-1.015
CPS 1.047 (per unit) 1.041-1.053

Table 3: Results of multivariate analyses. Featured are factors independently associated with mortality and hospital re-admission

Age Strata		  CPS [AOR, 95% C.I.]		  Age [AOR, 95% C.I.]
0-10 years                                            1.216, 1.048-1.392*                                                                                                   0.312, 0.040-2.442
11-20 years		  1.434, 0.930-2.211		  0.793, 0.366-1.491
21-30 years		  1.150, 1.063-1.244*		  1.044, 0.733-1.488
31-40 years		  1.142, 1.061-1.230*		  0.769, 0.556-1.064
41-50 years		  1.083, 1.021-1.148*		  1.041, 0.847-1.281
51-60 years		  1.085, 1.044-1.127*		  1.049, 0.879-1.251
61-70 years		  1.064, 1.038-1.090*		  1.014, 0.920-1.116
71-80 years		  1.053, 1.029-1.079*		  0.930, 0.853-1.015
81-90 years		  1.041, 1.017-1.065*		  0.977, 0.903-1.056
91+ years                                           1.042, 1.003-1.083*                                                                                                     1.033, 0.912-1.169

Table 4: Results of bivariate regression analysis for mortality, performed across 10-year strata of patient age, examining the relative contribution of CPS versus 
chronological age. While age was not independently associated with mortality in any of the strata, CPS was predictive in all but one stratum (11-20 years). Leg-
end: CPS = Comorbidity-Polypharmacy Score; AOR=Adjusted Odds Ratio; 95% C.I. = 95% Confidence Interval; *=statistically significant result

Age Strata		                    CPS [AOR, 95% C.I.]	                       Age [AOR, 95% C.I.]

0-10 years		                                        1.033, 0.833-1.282	  	 1.286, 1.075-1.539*

11-20 years		                   1.163, 1.012-1.336*		  1.072, 0.788-1.459

21-30 years		                   1.125, 1.088-1.164*		  1.053, 0.971-1.142
31-40 years		                   1.062, 1.029-1.095*		     1.182, 1.084-1.289*

41-50 years		                  1.074, 1.053-1.097*		  1.006, 0.947-1.069

51-60 years		                  1.052, 1.036-1.068*		  1.010, 0.958-1.064
61-70 years		                 1.033, 1.021-1.045*		  1.014, 0.979-1.051

71-80 years		                 1.033, 1.021-1.045*		  1.010, 0.973-1.047

81-90 years		                 1.042, 1.029-1.056*		  1.061, 1.018-1.106*

91+ years		                                      1.011, 0.983-1.039		  1.027, 0.950-1.110

Table 5: Results of bivariate regression analysis for readmission, performed across 10-year strata of patient age, examining the relative contribution of CPS 
versus chronological age. While age was independently associated with readmission in only 3 strata (0-10, 31-40, and 81-90 years), CPS was predictive in all but 
two strata (0-10 and 91+ years). Legend: CPS = Comorbidity-Polypharmacy Score; AOR=Adjusted Odds Ratio; 95% C.I. = 95% Confidence Interval; *=statistically 
significant result
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outcome variables, were independently associated with 30-day patient 
mortality and hospital readmissions at our hospital network during 
the 6-month study period. Our results add significant new knowledge 
and understanding in all of the above domains, as outlined in the 
subsequent discussion.

In the acute setting, significant challenges emerge when managing 
patients with increasing physiological age and loss of the so-called 
“physiological reserve”, regardless of the chronological age.[1] Elevated 
CPS (e.g., ≥ 15) has been associated with poor hospital outcomes in 
older (≥ 45 years) trauma patients.[6,7,15] In addition, CPS was shown to 
predict readmissions in trauma patients,[2] adverse events in patients 
with advanced Parkinson’s disease,[10] as well as inpatient morbidity 
and discharge to extended care facilities in burn patients ≥ 45 years 
of age.[8] Central to this study’s hypothesis, we estimated that there 
was a significant, step-wise relationship between CPS and key clinical 
outcome measures across all age groups. Due to low incidence of 
multi-morbidity and polypharmacy among younger patients, a much 
larger sample was required to achieve sufficient data granularity to 
demonstrate the effect of increasing CPS on outcomes in patient’s ≤ 
45 years of age. 

Although many patients had no medications listed on initial 
presentation, the vast majority had at least one comorbidity present on 
admission [Figure 1]. As shown in Figure 3 (bottom left), a structured 
relationship can be seen between the two components within the CPS-the 
number of medications and the number of pre-existing comorbidities. 
At lower values of CPS, the relative contribution of comorbidities is 
greater than that of medications. This changes as the CPS mid-range is 
reached (approximately 15-20), at which point there is an increasingly 
greater relative contribution of medications to the overall score. This 
trend strongly suggests that the number of pharmaceuticals being 
co-administered at any given level of comorbidity correlates with the 
overall “intensity” of the medical management required to control 
the corresponding comorbid conditions.[1] Given the close inter-
relationship between the above concepts, the combined comorbidity-
polypharmacy assessment could provide an indirect measure of 
the physiological age, and possibly even frailty.[19] However, further 
validation is required to prove these as yet hypothetical relationships.

The relationship between CPS and hospital readmissions is important 
in the era of healthcare cost containment and pay-for-performance 

measures.[20,21] Our analyses show that CPS is independently associated 
with 30-day readmissions. More specifically, we noted a 9-fold increase 
in readmissions between the lowest and the highest CPS ranges 
(Figure 3, bottom right). This, in turn, supports the use of CPS as a 
stratification tool for determining readmission risk and corroborates 
previously published data while extending the applicability of CPS to 
medical-surgical patients of all age groups.[2] 

We found that CPS significantly correlated with both financial and 
non-financial measures of healthcare resource consumption. This is 
supported by trends evident in four key parameters-hospital length 
of stay, hospitalization costs, proportion of patients admitted to ICU, 
and the proportion of patients discharged to skilled nursing facility 
(SNF). Correlations between increasing CPS, hospital lengths of 
stay, proportion of patients admitted to ICU, and the greater need 
for discharge to SNF have been previously reported for older patient 
populations.[1,6-8,15] The unique character of the current study is that it 
extends these findings to all age groups and enables generalization of 
the results to all medical-surgical patients. This is also the first study 
demonstrating that CPS increases correlate with escalating admission-
related costs (as opposed to charges, Table 2).

This study has several potential limitations, beginning with the 
retrospective nature of the data and the reduced number of 
parameters available for analysis. As with any retrospective analysis, 
only phenomenological observations can be made, rather than 
determinations of causation. Our ability to extract clinical information 
from various administrative and financial data sets was also restricted. 
For example, lack of physiologic acuity information precludes patient 
stratification when performing mortality analyses based on ICU 
admission. Our dataset did not include factors such as race, ethnicity, 
and/or socio-economic status. Both medical records and claims data 
may be incomplete and are prone to error, creating a potential source 
bias. Despite that, our results are generally consistent with our previous 
research in this area, majority of which was performed at other locations 
and using different data collection paradigms. It is also important to 
note that this study might not be broadly generalizable as it was done 
at a single health network. Although our network encompasses six 
hospitals, a high degree of standardization between individual locations 
makes the translatability of our data difficult outside of networks and/
or hospitals of similar general characteristics and size. A future multi-
center study expanding beyond our network may help alleviate some of 

                                        Figure 4A: ROC analysis for mortality (p<0.01)	 Figure 4B: ROC analysis for readmission (p<0.01)
ROC=Receiver operating characteristic; CPS=Comorbidity-polypharmacy score; ICU=Intensive care unit
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these concerns. Advantages of the current study include a large sample 
size as well as high quality of source information included within the 
limited dataset.

Previous investigations have proposed using CPS to assist in the triage 
of trauma patients to either medical-surgical or ICU level of care.[9] We 
propose further studies in which CPS, along with severity of illness/
injury, is evaluated as a tool for triaging patients to an appropriate level 
of inpatient care. Although yet to be demonstrated empirically, we 
believe that CPS may be a surrogate measure of frailty, and its correlation 
with both mortality and readmission can help guide risk stratification 
and resource allocation considerations. Future studies correlating CPS 
with frailty should incorporate the concept of the “frailty phenotype”[22] 
and the frailty index.[23] An optimal frailty assessment should be able to 
measure the patient’s capacity to “absorb and withstand” physiologic 
stress.[24] Results of the current study, combined with previous CPS 
research,[1,2,6,8,9] suggest that the ability of the CPS to better quantify 
the “intensity” of medical therapy may represent an important link 
between the concepts of comorbidity and frailty.[1,6,25]

CONCLUSIONS
This study demonstrates that CPS is independently associated with risk 
of readmission and mortality across all age groups. Our results also 
show that CPS may be considered a predictor of healthcare resource 
consumption, given its significant correlations with hospital lengths of 
stay and hospitalization costs. Further research in this area is warranted, 
focusing on the evaluation of CPS as a potential frailty indicator, the 
determination of relative contributions of specific comorbidities and/
or medication classes to the overall risk of mortality or readmission, 
and dedicated analyses examining the role of CPS as a predictor of 
healthcare resource consumption. CPS appears to provide a reasonable 
platform for patient risk stratification based on readily obtainable 
clinical and administrative data inputs.
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