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Abstract

Introduction—Identifying clinically relevant comorbid conditions might lead to effective control 

of prostate cancer–specific risk factors and provide opportunities to improve patient care and 

outcomes. There are challenges in assessing comorbidity using linked databases such as statewide 

hospital administrative data and state cancer registry. The objective was to compile a 

comprehensive list of clinically relevant comorbid conditions for patients with prostate cancer 

using registry and statewide diagnosis databases.

Methods—Florida Cancer Data System cases were linked with the inpatient/outpatient diagnosis 

information. The Elixhauser Comorbidity Index was used as a reference. Conditions not captured 

by Elixhauser were identified, and grouped into clinically meaningful categories. Descriptive 

analysis was performed on comorbidity conditions and major study population variables. 

Associations of comorbidity with selected demographic and disease characteristics were 

examined.

Results—Twenty-nine Elixhauser and 16 additional categories were examined within the 1 

record per patient data set. Statistically significant association was found between comorbidity 

with race, stage, and age. Blacks had a higher mean number of conditions compared to whites. A 

higher proportion of blacks had at least 1 comorbid condition compared to whites. Additional 

conditions identified by this research capture more comorbidities for white men. Distinct trends 

towards larger number of comorbidities with older age at diagnosis and advanced disease stage 

were observed.
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Conclusions—The Elixhauser Comorbidity Index captured the majority of comorbidities in the 

study population while the additional conditions identified by this research add more information. 

This study offers important insights into the challenges and process to identify relevant 

comorbidities for prostate cancer patients.
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Introduction

Different approaches have been used to capture comorbidity, depending on the outcome 

measure, clinical setting, and source of data. Comorbidity has been defined as the co-

occurrence of 1 or more diseases or disorders in an individual.1,2 Comorbidity reflects the 

aggregate effect of all clinical conditions a patient might have, excluding the disease of 

primary interest.3

The elderly population (those aged 65 years or older) in the United States is expected to 

double from approximately 35 million in 2013 to more than 70 million by 2030.4 The 

increased prevalence of cancer and comorbid conditions is associated with aging; however, 

there are unanswered questions on the relationship between comorbidity and cancer 

screening in the elderly.5,6 This aging American population, with a concomitant rise in the 

number of people living with chronic diseases, has major implications for health care 

services.

Effective management of chronic diseases such as prostate cancer often presents enormous 

challenges.7 Studies have shown that prostate cancer patients with high comorbidity and 

short life expectancy are less likely to receive aggressive therapy.8–10 These patients are also 

more likely to participate in active surveillance initiatives.8–10 Clinicians and patients alike 

can be overwhelmed by the need to address comorbid chronic conditions in addition to 

patients’ prostate cancer–specific treatment goals. Suboptimal management of concurrent 

disease, however, can lead to ineffective control of prostate cancer–specific risk factors and 

may miss opportunities to improve patients’ functioning and quality of life, and to decrease 

mortality risk.11

The complexity of comorbidity data and its potential for creating unwieldy analyses has led 

to the development of several summary comorbidity measures over the years. Examples of 

validated, database-derived comorbidity indices are the Charlson Comorbidity Index (CCI), 

the Elixhauser Comorbidity Index, The Cumulative Illness Rating Scale (CIRS), the Index 

of Coexistent Disease (ICED), and the Kaplan Index.12–16 These measures have significant 

differences in the method of development, type of data used, and number and type of 

diseases included. The CCI and the Elixhauser Index are the most extensively used in health 

research.16,17 The Elixhauser Index identifies 30 major coexisting conditions based on 

inpatient administrative data using the International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD-9-CM) and diagnoses-related group (DRG) codes.13 

The CCI, developed using a medical record review data set, includes 19 diseases weighted 

according to their association with mortality.12 The CCI score is constructed by assigning a 
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weight to each comorbidity depending on the magnitude of the relative risk associated with 

each condition. The CCI was derived using a population of medical patients, and has been 

shown to be reliable and a valid predictor of mortality in a number of populations, including 

hospital inpatients and the critically ill.12,16 These 2 methods also differ from each other in 

terms of attribution of weights related to prognostic effect of individual conditions. This 

weighting is present in the 19 clinical conditions comprising the CCI. The Elixhauser 

methodology does not assign any weight to the 30 comorbidities it defines, and instead 

focuses exclusively on the number of pathologies present.

The broad goal of this project was to compile a comprehensive list of clinically relevant 

comorbid conditions applied to the context of prostate cancer diagnosis, and to assess 

whether the list of conditions could be expanded or reduced based on an existing 

comorbidity index (CCI and Elixhauser Index). The objectives of the current study were to 

1) identify the type and prevalence of comorbid conditions in administrative data sets; and 

2) examine the need to reduce the number of comorbidity conditions or expand it beyond an 

established comorbidity index based on statewide inpatient/outpatient and cancer registry 

data sets.

Methods

Data Sources

The Florida Cancer Data System (FCDS), Florida’s population-based statewide cancer 

registry, was used for this project. FCDS cases were linked with the inpatient and outpatient 

diagnosis information collected by Florida Agency for Health Care Administration (AHCA). 

Figure 1 shows the linkage process. AHCA’s hospital inpatient data program collects 3 

types of discharge data from 269 inpatient health care facilities: acute care hospitals, long-

term psychiatric facilities, short-term psychiatric facilities, and comprehensive rehabilitation 

facilities. Reportable events include all acute, intensive care, and psychiatric live discharges 

including newborn live discharges and deaths. The inpatient data comprises 52 data 

elements. AHCA’s ambulatory data set consists of 59 data elements, including patient 

demographic information, hospital identification information, payer information, charges, 

procedures, and diagnosis information.

Time Window to Capture Comorbidity

The first step in creating comorbidity groups was to determine the preexisting and/or 

coexisting comorbid conditions at the time of prostate cancer diagnosis. To be inclusive, a 

time window was set to include relevant coexisting conditions that were not related to (or an 

outcome of) the prostate cancer diagnosis. Time intervals were calculated between the time 

of diagnosis of prostate cancer and the time of initial treatment of prostate cancer, between 

prostate cancer diagnosis and inpatient admission, and between prostate cancer diagnosis 

and outpatient visit. The computations were carried out by stage of prostate cancer at 

diagnosis. It was noted that for the majority of records (50%–75%), initial treatment, 

inpatient admission, or outpatient visit happened within 1 year before or after diagnosis of 

prostate cancer. Analyses also showed that 75% of inpatient admissions for any diseases 

occurred within 1 year of prostate cancer diagnosis, and more than 75% of outpatient visits 
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for any reasons occurred within 1 year (+/−365 days) of prostate cancer diagnosis. Therefore 

a time window of 1 year before and 1 year after prostate cancer diagnosis date was used to 

capture inpatient admissions and outpatient visits for any diseases other than prostate cancer 

or its complications. All diagnoses of diseases independent of prostate cancer and its 

possible complications during this 2-year time window were included for comorbidity 

computation.

Comorbidity Measures

ICD-9-CM diagnosis code 185 was used to identify the prostate cancer patient group. 

Prostate cancer, the outcome disease, was excluded from the comorbidity groups in this 

study. The Elixhauser Index was used because it has been extensively validated and allows 

more disease states to be considered as comorbid conditions when compared to the CCI. 

This decision was based on the fact that prostate cancer patients present a wide range of 

coexisting disease states.18 This choice is further supported by several studies which have 

suggested that the Elixhauser method outperforms the CCI method as a predictor of 

mortality.19,20 Another study also suggested that if the model contains individual diagnosis 

information, the Elixhauser method performs better for in-hospital and 6-month mortality 

predictions.21

The Elixhauser Index used both DRGs and ICD-9-CM diagnosis codes from inpatient 

databases to identify 30 unweighted comorbidity indicators that are entered as separate 

indicator variables in a regression model. This project used ICD-9-CM diagnosis codes for 

both inpatient and outpatient within the 2-year time window centered on the prostate cancer 

diagnosis date.

Healthcare Cost and Utilization Project (HCUP) Comorbidity Software (versions 1.0–3.4, 

developed between the year 2001 and 2009), based on the Elixhauser Index, was used. 

Figure 1 shows the steps to combine data from multiple sources and to develop a final data 

file. Patient identification was included in both the incidence file received from FCDS and 

the AHCA inpatient/outpatient data files, and it was used to match merge diagnosis 

information to the incidence file. After examining the frequencies of all 30 Elixhauser Index 

categories based on 1 record per patient data, it was concluded that the current Elixhauser 

listing was adequately inclusive, with exception of the category of cancer. Cancer is 

complex and this category includes solid tumors vs blood-related tumors, metastatic 

(secondary) vs primary malignancies, unknown primaries, etc, which makes it quite 

cumbersome to verify. The following rule was adopted to distinguish if a metastatic cancer 

should or not be considered as a comorbidity: If prostate stage is localized, then any 

metastatic cancer in AHCA data is a comorbidity; if prostate stage is late, then metastatic 

cancers of the lymph nodes (ICD-9 code: 196), bone (spine and ribs, 198.5), brain (198.3), 

and lung (197.0) in AHCA data should not be considered as a morbidity.

Once patient comorbidities were grouped by the Elixhauser Index, conditions not captured 

by the Elixhauser Index were identified and categorized using the following procedure. 

First, grossly related conditions were grouped and given a common numeric code and a 

comprehensive clinically meaningful descriptor. Second, if a condition corresponded to 

either an Elixauser Index or previously defined category, it was assigned to that category. 
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Third, the remaining conditions were discarded due to lack of clinical basis or scientific 

evidence to suggest that they are associated with or would impact late stage diagnosis or 

mortality. Upon review of the nature of these additional categories, 16 were found to be 

relevant to this analysis, as the conditions could potentially influence early diagnosis or 

mortality. These 16 additional categories were retained as a potential expansion of the 

Elixhauser Index. An expanded Elixhauser Index consisting of the original 30 plus 16 

additionally identified categories was then computed to create a data set comprising 1 record 

per patient.

Cardiac arrhythmia posed a challenge because this condition was excluded from the HCUP 

Comorbidity Software after the year 2001. However, conditions from cardiac arrhythmias 

were not spread out nor combined into any other categories within the Elixhauser Index. 

Conditions related to cardiac arrhythmias were largely symptoms of bigger problems 

captured in heart failure. Since cardiac arrhythmias are largely risk factors or symptoms 

leading to congestive heart failure (CHF), those conditions will likely be covered by 

capturing CHF for patients in earlier and recent years. Furthermore, cardiac arrhythmias 

may also be associated with other categories such as valvular disease; thus, dropping cardiac 

arrhythmias eliminates inherent duplication. Based on this assessment, cardiac arrhythmia 

was removed from the list of 46 comorbidity categories, resulting in a definitive list of 29 

conditions from the Elixhauser Index plus 16 additional categories, for a total of 45 

comorbidity categories in the single record per patient data (Table 1).

Data Analysis

The final 1 record per patient data described at bottom of Figure 1 was used for analysis. 

Descriptive statistics (eg, frequencies, proportions, means, and standard deviations) were 

performed for all comorbidity conditions and other major study variables. Bivariate analyses 

including chi-square and analysis of variance (ANOVA) tests were conducted to examine 

associations of comorbidity with age, race, and stage at diagnosis. Type I error was set to 

0.05 and all tests were 2-sided. SAS/STAT software, Version 9.3 of the SAS System for 

Windows, was used for data linkage and statistical analyses.

Results

The prevalence of the 29 conditions included in the Elixhauser Index was examined using 

data that combined information from multiple sources. The distribution of the 16 additional 

categories displayed both low and high frequencies. Relatively low frequencies were 

observed for congenital anomalies (0.46%), brain and other neurological disorders (0.87%), 

and other anemias (1.36%). The highest frequencies were found for genitourinary system 

disease (24.40%), endocrine, nutritional/metabolic and immunity disorders (19.29%), and 

digestive system disease (15.23%).

The distribution of comorbidities by age, race, and stage at diagnosis was further examined. 

Results are summarized in Table 2. Several associations between comorbidity and prostate 

cancer diagnosis were evident. Race and number of comorbid conditions were related in that 

blacks have a significantly higher mean number of comorbidity conditions compared to 

whites (2.53 vs 2.25). In addition, a higher proportion of blacks (77.04%) had at least 1 
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comorbid condition compared to 75.13% for whites. There was also a distinct trend towards 

increased number of comorbidities with later stage at diagnosis. Seventy-three percent of 

men with localized disease had no comorbidities, compared to 83.01% among men with 

regional disease, and 94.44% among those with distant disease. As expected, a positive 

association exists between number of comorbidities and age at diagnosis. Table 2 also shows 

that, compared to using Elixhauser categories only, the additional 16 categories enabled us 

to capture at least 1 more comorbidity per patient for various race, stage, and age subgroups. 

In addition, we were able to depict a disease profile for a much higher percentage of patients 

(percent with any vs percent with any Elixhauser category) for different patient subgroups 

using the additional comorbidity categories.

Discussion

The role of comorbidity on early diagnosis of cancer and mortality has been extensively 

examined.6,7,11,22–24 The literature is replete with examples demonstrating the complexity 

and challenges of comorbidity analysis using a variety of data sources.17,19–21 However, 

little has been reported for comorbidity, early diagnosis, or mortality of prostate cancer 

using state cancer registry data. The current study sought to identify the type and frequency 

of comorbid conditions in a prostate cancer registry and to assess the performance of the 

existing Elixhauser Index in such a database. The methodology employed in this study 

supports the utility of the Elixhauser Index in this context and yields an informative picture 

of the distribution of comorbid conditions as summarized in Tables 1 and 2. More 

importantly, this parsimonious approach reduces a rather unwieldy data set consisting of 

multiple ICD-9-CM codes per patient into broad, clinically meaningful categories. This 

provides a pragmatic data set which facilitates meaningful, descriptive, correlational, and 

inferential (planned) analyses on the impact of comorbidity. Bivariate analyses found that 

comorbidity was significantly associated with race, stage, and age at diagnosis. This finding 

corroborates the current literature.25,26 There was a distinct trend toward an increased 

number of comorbidities with later stage at diagnosis. As expected, a positive association 

between age and comorbidity was found.

Although these bivariate analyses are exploratory, the noted relationships will have to be 

evaluated further in multivariate analysis. The current study demonstrated that the 

Elixhauser Index is an adequate measure for capturing the most commonly occurring 

comorbid conditions among prostate cancer patients, and helps identify a disproportionate 

burden of common comorbidities among black men. The additional comorbidities uniquely 

identified in this research, however, tend to be more common among whites compared to 

blacks. This sets the stage to evaluate the relative contributions of these conditions to both 

early stage diagnosis and mortality in prostate cancer. This study provides a novel 

methodology that could be applied to other specific data sets.

Despite the challenges, the study was a necessary step to account for case mix and sickness 

profile when studying patient outcomes. It is better to include patient characteristics and 

their coexisting disease states than to assume 1 primary disease is the only thing that 

matters. In conclusion, our results suggest that it is important to examine the relevance and 

performance of established comorbidity measures in each disease-specific application. This 
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study tested whether an expanded disease-specific comorbidity index based on the 

Elixhauser Index is needed for patients with prostate cancer. The Elixhauser Index was 

found capable to capture the majority of comorbid conditions in this population. However, 

this study offers important new insights on the challenges and methodology for working 

with cancer registry data and statewide inpatient and outpatient databases. Specifically, a 1-

year time window before and after prostate cancer diagnosis yielded the most meaningful 

parameter for extraction and computation of comorbidity. Supplementing existing 

comorbidity information with the additional comorbidities identified in this study may 

contribute to the improvement of the value of cancer research and the care of cancer 

patients.
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Figure 1. 
Flowchart of the Linkage Process
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Table 1

List of Comorbidity Conditions (N = 60,497)

Numbers Comorbidity Prevalence %

1 Congestive heart failure 1,465 2.42

2 Valvular disease 1,752 2.90

3 Pulmonary circulation disorders 215 0.36

4 Peripheral vascular disorders 1,304 2.16

5
Hypertension, uncomplicated
Hypertension, complicated
Hypertension, complicated

25,589 42.30

6 Paralysis 279 0.46

7 Other neurological disorders 924 1.53

8 Chronic pulmonary disease 5,528 9.14

9 Diabetes, uncomplicated 6,331 10.46

10 Diabetes, complicated 412 0.68

11 Hypothyroidism 1,572 2.60

12 Renal failure 1,350 2.23

13 Liver disease 314 0.52

14 Peptic ulcer disease excluding bleeding 188 0.31

15 AIDS 40 0.07

16 Lymphomia 357 0.59

17 Metastatic cancer 2,706 4.47

18 Solid tumor without metastasis 3,410 5.64

19 Rheumatoid arthritis/collagen vascular diseases 300 0.50

20 Coagulopathy 851 1.41

21 Obesity 1,230 2.03

22 Weight loss 527 0.87

23 Fluid and electrolyte disorders 3,692 6.10

24 Chronic blood loss anemia 516 85

25 Deficiency anemias 3,304 5.46

26 Alcohol abuse 545 0.90

27 Drug abuse 63 0.10

28 Psychosis 390 0.64

29 Depression 1,240 2.05

30* Endocrine disorders, nutritional and metabolic, immunity 11,667 19.29

31* Ischemic heart disease 8,385 13.86

32* Digestive system disease 9,211 15.23

33* Genitourinary system disease 14,761 24.40

34* Injury and poisoning 4,937 8.16

35* Respiratory disorders 2,887 4.77
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Numbers Comorbidity Prevalence %

36* Infection 2,502 4.14

37* Other circulatory disease 2,027 3.35

38* Benign neoplasm and in-situ cancer 2,211 3.65

39* Other nervous system and sense organs disorders 1,916 3.17

40* Skin and subcutaneous tissue disease 958 1.58

41* Muscularskeletal and connective tissue disease 7,109 11.75

42* Other mental disorders 873 1.44

43* Other anemias 825 1.36

44* Congenital anomalies 276 0.46

45* Brain and other neurological disorders 525 0.87

*
Additional comorbidity not in Elixhauser that were identified from the dataset.
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