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MPH Research Project Agreement Form
Department of Preventive Medicine and Community Health

Student name: loseph [ Schwartz E-mail address: j_schwartz @nyme.edu

Strect address:_

Home phone: _Work phone: __nfa Fax:__n/a

Murmber of semester hours (3-6): i) Semester:___Fall  Year 2005

A. PROJECT TITLE
The Prevalence of Comorbid Chromic Dissase in Virgimia's Adult Patient Population
During the Years 2000 and 2004

B. PURPOSE

The aim of this study is to determine the prevalence and trends of seven chronic discases
seen in combination among Virgimia's 45+ year old hospital discharge population with respect to
séx, age, race and lecation demographics during the period of 2001 (4 quarters) and 2004 (first 3
quaners).

C. SPECIFIC OBIECTIVES

Identify prevalent comorbid chromie disease in Virginia's over 45 discharge populztion,
Expand on trends in comorbidity data for the 2001- 2004 time period.

Describe prevalence and estimated risk of comorbid diagroses with respect to patient
demographic variables and constituent chronic condition diagnoses.

D. DESCRIPTION OF METHODS
Dy i Tdensily sourcels ) of data (eg, existing data sef, daia collection plans, etc):

As a partner with the AHRQ, Virginia Health Information (VHI) provides “VHI
Comaorbidity Analysis™ data for use on tasks such as the Healtheare Cost and Utilization Project
(HCTUPY. The investigator obtained the information via compact disk from Dr. Kenneth Studer,
Policy Analyst and Rural Health Manager, Office of Health Policy and Planning™DH. He will
work with D, Studer and Mr, Henry Carretta, who are both familiar with the data.

002, State the sype of study design (eg. cross-sectional, cohort, case-control, intervention, efcl.
Remrospective population-hasedDescnprive

0.3 Describe the study popularion and sample size.

Random selection from the Commonwealth of Virginia hospital discharges: n = 835,053
(2001 and no= 652, 104 (2004) before exclusions.
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D.4. List variables to be included (If a qualitative study, describe types of information to be
collected)

Age, Sex, Race, Location (Health Planning Regions);
Chronic Comorbidities Comorbidities (Cancer, Cardiovascular Disease, Renal Disease, Liver
Disease, Diabetes, COPD, and Cerebrovascular Degeneration);
Constituent Conditions (CHF; Valvular, Pulmonary Circulation, Peripheral Vascular, Liver,
Peptic Ulcer and Chronic Pulmonary diseases; Paralysis and other Neurological Disorders;
Diabetes, Hypothyroidism, Renal Failure, AIDS, Lymphoma, Metastatic Cancer, Tumor,
Rheumatoid Arthritis, Coagulopathy, Obesity, Weight Loss, Fluid and Electrolyte disorders,
Chronic blood loss anemia, Deficiency anemias, Alcohol abuse, Drug abuse, Psychoses,
Depression, and Hypertension)

D.5. Describe methods to be used for data analysis (If a qualitative study, describe general
approach to compiling the information collected)

I will use available pertinent statistical software such as SPSS 13.0 for all analysis. The
data is most efficiently imported and coded with a specialized SAS package called Comorbidity
Software 3.0 from HCUP.

Descriptive analysis: prevalence and means

Chi-square and 95%CI: testing for significant trends from 2001 to 2004

Binary logistic regression: to analyze how certain demographic subcategories and

constituent conditions produce risk for comorbid diagnosis

E. ANTICIPATED RESULTS:

Over the period of 1990-2001 Virginia mirrors the rising national prevalence of many
chronic conditions, many represented by the a high prevalence in the 45+ demographic.l’2
Furthermore, it is expected that afflicted seniors more often have multiple chronic conditions
(comorbidities) as compared to all other ages. It is also expected that comorbidity will vary by
race/ethnicity and sex for different conditions due to existing disparities in prevention, access to
and policy for health care.

F. SIGNIFICANCE OF PROJECT TO PUBLIC HEALTH:

Chronic conditions represent a significant number of preventable hospitalizations and
huge draw on the U.S. economy. Comorbidity is currently of popularity with the VDH and state
government and it is important to analyze yet unstudied perspectives for possible future policy
formulation (health insurance, payment and programs). This data set (2001 and 2004) provides
the researcher with the very relevant opportunity to investigate current prevalence and trends for
common comorbidities in Virginia. As long term care for chronic conditions will continue to
heavily impact Virginia and U.S. healthcare, obtaining a grasp of these conditions will be of
utmost importance to policy, intervention and prevention programs of the near future.

G. IRB Status:
1) Do you plan to collect data through direct intervention or interaction with human
subjects? ___yes _ X no
2) Will you have access to any existing identifiable private information? ___yes __X no

! Kaiser Family Foundation (KFF): State Health Facts: Virginia 2002.
? Behavioral Risk Factor Surveillance System Survey (BRFSS) Data, 2002.
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If you answered “no” to both of the questions above, IRB review is not required.
Please indicate your IRB status:
X IRB approval not required -

. PROPOSED SCHEDULE: Start Date: 22 APR 2005 End Date:_1 JUL 2005

INDICATE WHICH OF THE FOLLOWING AREAS OF PUBLIC HEALTH
KNOWLEDGE WILL BE DEMONSTRATED:

Biostatistics — collection, storage, retrieval, analysis and interpretation of health data; design and
analysis of health-related surveys and experiments; and concepts and practice of statistical data
analysis. _X yes ___no (if yes, briefly describe): This data set will be analyzed in a
cross-sectional way for comparing and contrasting trends, rates, ratios, and prevalence among
various demographic breakdowns.

Epidemiology — distributions and determinants of disease, disabilities and death in human
populations; the characteristics and dynamics of human populations; and the natural history of disease
and the biologic basis of health. _ X yes ___no (if yes, briefly describe): As this
investigation is looking at comorbidities, it is expected that there will be a presentation of
morbidity and mortality rates for various chronic conditions as well as there distribution
across demographic profiles and background determinants.

Environmental Health Sciences — environmental factors including biological, physical and
chemical factors which affect the health of a community. _ yes_X no (if yes, briefly
describe):

Health Services Administration — planning, organization, administration, management, evaluation
and policy analysis of health programs. yes_X no (if yes, briefly describe):

Social/Behavioral Sciences — concepts and methods of social and behavioral sciences relevant to
the identification and the solution of public health problems. X yes ___no (if yes, briefly
describe): In so much as social and behavioral epidemiology describe certain prevalence of
comorbidities in certain demographics, those will be researched and described.

Preceptor: Name:___ Dr. Kenneth Studer Ph.D. Title:__Rural Health Manager

Address: _109 Governor Street, Suite 1016

E-mail: _ Kenneth.Studer@vdh.virginia.gov__ Phone: (804) 864-7430

Field of expertise: Health Planning

Faculty
Advisor: Name: Dr. Jack O. Lanier Dr. PH, MPH FACHE

E-mail: _ jolanier@vcu.edu Phone: (804) 828-3258
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Statement of Purpose

The aim of this study is to categorize the type and prevalence of comorbid chronic disease in
Virginia’s adult population with respect to the following demographics: sex (Male or Female),
age (45 years and older), race (White, Black and Other), and location (five state-defined Health
Planning Regions) during the years 2001 (all 4 quarters) and 2004 (first 3 quarters). Due to the
lack of state-specific descriptive studies on the interaction of chronic conditions, or chronic
comorbidities, the Commonwealth stands to benefit from information that could lead to
improvements in public health outcomes.



Abstract

Objective: Chronic disease comorbidities, on the rise in the U.S. and Virginia, represent a new
challenge to the way medicine is practiced and prescribed. This descriptive study uses Virginia
hospital discharge data to describe the prevalence and trends of chronic disease comorbidities
present in the state’s over-45 population during the years 2001 and 2004

Methods: Data collected by Virginia Health Information was utilized. Adults over the age of 45
years and who selected for race and location were included in this analysis, with an aggregate
sample size of 813,336 (N=458,593 [2001]}; N=364,743 [2004]). Pearson chi-square analyses
determined significant sample population differences with respect to age, race, sex, location,
number of diagnoses (up to 9) and number of chronic comorbid conditions (up to 7). Binary
logistic regression predicted odds ratios (ORs) for these comorbid conditions across
demographic variables. SPSS 13.0 was used for all analysis.

Results: Chronic comorbidities and their component conditions increased in Virginia’s inpatient
population from 2001 to 2004. Chronic cardiovascular disease (CCV), chronic liver disease
(CLV), chronic renal disease (CRN), chronic pulmonary disease (COP), and cerebrovascular
degeneration (CCE) comorbidities all increased in diagnoses prevalence (0.3% - 1.8%), while
comorbid cancer (CCA) remained constant at 7.4% and comorbid diabetes (CDI) decreased
0.6%. Mean comorbid diagnoses increased with age. Demographic factors (race, sex, age and
location) as well as certain constituent conditions were predictive of one or more comorbidities.

Conclusions: In general, the findings of this report complement current chronic disease
monitoring data for the Commonwealth of Virginia. While expected comorbidities did exist (e.g.
obesity with diabetes), unpredicted findings such as the highly-comorbid “fluid and electrolyte
disorders” or the highly-comorbid “deficiency anemias” were also noted.



Introduction

Chronic comorbidity is the occurrence of ostensibly unrelated chronic diseases and
reflects the aggregate effect of all clinical conditions in a given patient.' * Comorbid chronic
diseases comprise an increasing number of preventable hospitalizations and a considerable draw
on the U.S. economy.’ Almost every family in the nation is adversely affected by chronic
disease, either through the direct burden of the illness or through the indirect hardships of long-
term care. Heart disease, cancer, asthma and diabetes are the leading causes of death and
disability in the United States, accounting for 70 percent of deaths and affecting the quality of
life of 125 million Americans, 65 percent of whom are over 65 years old.*” Medical comorbidity
is prognostic of poor rehabilitation in geriatric patients, making this disproportionately affected
population ever more dependent on an already strained Medicare systf:m.é'-”8

While successful treatments for symptoms exist, chronic conditions are rarely completely
cured.” A recent study by van Dijk et al'® documents the predictive nature of chronic conditions
in elderly mortality but notes the lack of information on the synergistic effects of these diseases.
The simultaneous treatment of multiple chronic conditions and underlying causative factors can
be problematical for physicians due to the increased risk of adverse drug interactions during

polypharmacy. 1213

For this reason quality of care for chronic illnesses has become a more
difficult challenge for physicians, as well as a matter of recent public concern.'*

According to the Virginia Department of Health (VDH)'®, an accumulation of risk factors
and a lack of prevention persist in mature Virginians. Chronic disease risk factors like poor
nutrition, physical inactivity, failed prevention and improper care of existing conditions are
linked to an increased length of hospital stay, treatment charges and mortality in Virginia.'®"

Unhealthy diet and sedentary lifestyle are also prevalent in over 70 percent of Virginia’s

population. Overweight and obesity rates have risen for 15 years and contribute to cardiovascular



disease (CVD), coronary heart disease (CHD), stroke, diabetes, hypertension, arthritis and some
cancers.'®!%-%0 Twenty-six percentof Virginians are hypertensive and 31 percent have high
cholesterol, increasing their risk of stroke, kidney failure, and CHD.?” Men reported smoking,
drinking, and being overweight while women reported a lack of physical activity. Blacks were
more often hypertensive, diabetic and obese while Whites more often had high cholesterol.'” The
VDH reports that comorbid cardiovascular disease, cancer, diabetes, renal disease, arthritis and
depression are distinct threats to the health of Virginia’s elderly.?!

Cardiovascular disease disproportionately affects Blacks and those over 65.%2 In Virginia,
CVD caused over 126,000 hospital admissions and over 35 percent of all deaths in 2002. While
precipitating factors remain unknown in more than 40 percent of the cases,” studies have found
that chronic obstructive pulmonary disease (COPD), diabetes, CHD, hypertension and renal
insufficiency are common comorbidities to CVD and each other.***> CHD and hypertension are
the most common etiologies in the elderly and often coexist with valvular heart disease,
depression and dementia.'*°

Cancer has remained the second leading cause of death in Virginia since 1950.
Approximately 65,000 Virginians died of cancer from 1997 to 2001. 27 Cancer caused over
27,000 hospitalizations costing $670 million in 2002.%' Arthritis, diabetes, obesity, hypertension
and depression are all well-documented cancer comorbidities.*®

The national prevalence of diagnosed diabetes, which is expected to double by 2050,%
increased 47 percent from 1997 to 2002 across all sexes, ages and races. These rates were higher
in males and Blacks in every age group.‘m In 2003 diabetes was the seventh leading cause of
death in Virginia. Over 385,000 Virginia adults are diabetic, causing over 11,600 hospitalizations

in 2002.%' Seventy percent of diabetes-related deaths are due to a comorbid cause (e.g. CVD,

hypertension, obesity and overweight, and renal disease).



Chronic renal disease (CRD) is prevalent in the aging population and is associated with
hypertension, smoking, hypercholesterolemia and obesity. Aging, poor nutrition, diabetes and
CVD are coexisting predictors for patients with end-stage renal disease (ESRD) and contribute to
the increased progression of CRD and its comorbid complications.’”"q2 In older CRD patients
heart disease risk factors are strongly associated with risk of death from CcvD.”

Arthritis affects approximately 25 percent of adult Virginians and 55 percent of those
over (5. Depression increases the risk of mortality in rheumatoid arthritis (RA).** Systemic
inflammation due to CHD is the major cause of vascular comorbidity in RA.*

Depression is a strong determinant of disability.3 6 Up to 65 percent of myocardial
infarction patients, 25 percent of cancer patients and 27 percent of stroke patients suffer from
depression. Substance abuse disorders are prevalent in depressive patients.37 It is comorbid with
both psychiatric and medical illnesses and is prevalent among diabetics, most often in the
presence of comorbidities such as coronary artery disease (CAD), chronic arthritis and stroke.*®

The literature on chronic disease comorbidity is limited. The numbers and trends
reviewed here are helpful in the discussion of singular chronic disease but fall short of a
comprehensive description on the state of chronic comorbidity in Virginia. This investigation is
designed to analyze current frequencies and trends in order to provide a clearer picture of the
prevalence of chronic diseases in Virginia’s mature adults.

It is projected that for certain conditions specific demographics, notably age, will be
predictive for comorbidity. Findings are expected to confirm the coexistence of previously
documented comorbidities (e.g. diabetes with obesity, CVD with hypertension and
hypercholesterolemia, cancer with depression, and liver disease with alcohol abuse) as well as
less documented comorbidities (e.g. certain conditions with neurodegenerative conditions,

psychoses or substance abuse).



Objectives

The primary purpose of thispaper is to present prevalence and trend patterns of
comorbidities in Virginia’s over 45 population utilizing two years (2001 and 2004) of hospital
discharge data. The data analysis includes diagnostic results on more than 1.5 million patients,
information on the presence of up to seven different chronic comorbidities, and statistics on
thirty different chronic conditions that may constitute these seven comorbidities.

Another objective is to report the frequency and location of the outcome variables (seven
comorbidities and thirty constituent conditions) in the patient population. As a corollary, this
project categorizes the prevalence of chronic disease comorbidity by patient demographics (sex,
age, race and location) and presents trends in this data for years 2001 and 2004.

A third objective was to describe any associations of the outcome variables with each

other as well as with selected demographic variables.



Methods
Study Population

Patient-level data, obtained from Virginia Health Information (VHI), included every
hospital discharge in Virginia during all four quarters of 2001 (835,053 discharges) and for the
first three quarters of 2004 (652,104 discharges). After exclusions in the age, race and location
categories to remove unknowns and obtain the target population (aged 45 and older), the final
sample size was N = 823,336 (nzg01 = 458,593 and nyps = 364,743).

Study Variables

Demographic variables of interest were analyzed to relate the number and type of
diagnoses to gender, age, race and location. The calculation of age in years is based on date of
birth and date of hospital admission. The age variable excludes those less than 45 years old and
was recoded into decades (45 to 54, 55 to 64, 65 to 74, 75 to 84, and 85 and over) due to
previous research that shows chronic conditions tend to increase with age.*”” Race categories
were collapsed into White, Black and Other (comprised of Asians, American Indians and
Hispanics) due to relatively lower numbers of these latter groups. Health Planning Regions
(Northwestern, Northern, Southwest, Central, and Eastern Virginia) are designated by the
Virginia Department of Health. Up to nine diagnoses and up to seven comorbidities per patient
were recorded.

The VHI data set categorizes seven chronic comorbidities: Cancer (CCA),
Cardiovascular Disease (CCV), Liver Disease (CLV), Renal Disease (CRN), Diabetes (CDI),
Pulmonary Disease (CPO), and Cerebrovascular Degeneration (CCE). These comorbidities are
defined by the International Classification of Diseases, gt Revision, Clinical Modification ICD-
9-CM) diagnostic codes and diagnoses related group (DRG) codes. These definitions can be

found in Appendix A Table A. If a diagnosis field (primary or secondary) contains a value



falling within the prescribed code ranges, the presence of that chronic comorbidity is indicated
by a “1” (its absence is indicated by a “0”), thus allowing analysis of a dichotomous variable.*

Since outcomes due to comorbidities vary among patients, simplification into an index of
only seven comorbidities could result in loss of information. Thus to control for a broad array of
underlying preexisting conditions that comprise these comorbid illnesses, a previous study'®
developed a comprehensive set of 30 comorbidity measures (CHF, Valvular Disease, Pulmonary
Circulation Disease, Peripheral Vascular Disease, Liver Disease, Peptic Ulcer Disease, Chronic
Pulmonary Disease, Paralysis, Neurological Disorders, Diabetes, Hypothyroidism, Renal Failure,
AIDS, Lymphoma, Metastatic Cancer, Tumor, Rheumatoid Arthritis, Coagulopathy, Obesity,
Weight Loss, Fluid and Electrolyte Disorders, Chronic Blood Loss Anemia, Deficiency
Anemias, Alcohol abuse, Drug abuse, Psychoses, Depression, and Hypertension). These
conditions were analyzed in conjunction with the seven comorbidities to find any correlations.
Statistical Analysis

A goal of this study was to describe the prevalence and location of the outcome variables
(seven comorbidities and thirty constituent conditions) in the Virginia population. A second goal
was to describe any associations of the outcome variables with each other as well as with
selected demographic variables.

Comorbidity Software 3.0, obtained from the Agency for Healthcare Research and
Quality (AHRQ) and SPSS 13.0 were used to conduct all statistical analyses. Frequencies and
proportions were calculated by discharge year for the variables: age, sex, race, health planning
region (HPR), number of unspecified diagnoses (0 to 9), the number of comorbidities present (0
to 7), and the thirty constituent conditions developed by Elixhauser et al.'

A Pearson chi-square test was performed on the categorical variables (age, sex, race,

HPR, number of diagnoses and number of comorbidities) as well as the outcome variables (each



of the seven comorbidities and each of the thirty component conditions) to test whether the
observed differences in proportions between the two study groups (2001 and 2004) were
statistically different. T-tests compared the mean ages, number of diagnoses and length of
hospital stay of the study groups by year. The mean number of comorbidity diagnoses was
analyzed over age, race, sex and HPR variables to observe its distribution in the population.

The seven chronic comorbidities were analyzed for changes over time with respect to
age, sex, race and HPR. Chi-square analysis was applied to find significant differences in the
observations. Binary logistic regression, which included each of the categorical variables (age,
sex, race, HPR and year), produced odds ratios (ORs) and 95% Confidence Intervals (Cls) for
the description of how each category (e.g. decade bracket) of each demographic variable (e.g.
age) contributed to each outcome comorbidity. This method serves to find key contributors while
controlling for other confounding demographic variables.

In this study, an OR is the ratio of the odds of a comorbidity’s occurrence when a specific
risk factor (or demographic category) is present, to the odds of the comorbidity’s occurrence
when the risk factor is absent. Intra-group comparisons were made by utilizing the lowest
average prevalence of all seven comorbidities for a variable to select a reference group (reference
OR=1). Any deviation represents an increase (OR>1) or decrease (OR<1) in risk as compared to
the reference category. An OR is deemed not significant if its 95% CI contains 1.

The same regression was repeated with the thirty constituent conditions to find which of
these conditions contribute to each of the chronic comorbidity outcomes. In conjunction with the
prevalence data for these conditions it was hoped to accurately characterize the state of a number
of comorbidities in Virginia’s patients. Because most diagnosed comorbidities were found to
significantly increase from 2001 to 2004 and due to the fact that current data is more useful for

policy implications, the year 2004 was chosen for binary regression.



Results
Descriptive Statistics

The distribution of patients in 2001 and 2004 according to the variables of age, sex, race,
HPR, number of diagnoses and number of comorbidities are shown in Table 1. For both years,
the majority of the patient population was comprised of Virginians aged 65 to 84 (over 47%),
females (56%) and Whites (over 77%). Most of the patients in both 2001 and 2004 are from the
Southwest and Eastern regions (over 44%), have nine diagnosed conditions (over 32%) and one
chronic comorbidity (over 40%). The results of the Pearson chi-square test on these variables are
displayed in Table I with corresponding p-values. With the exception of sex, chi-square values
were large for all study variables, ranging from 81.08 for HPR to 10,510.53 for number of
diagnoses. All p-values were significant with the exception of the sex.

Notable differences between the 2001 and 2004 patient populations follow. There was a
1.5% shift of patient discharges from those over 65 to those aged 45 to 64, representing a slight
mean age decrease from 68.2 to 67.9 (p <0.0001). The number of Blacks and Others discharged
increased slightly. Length of hospital stay increased (p <0.0001). The mean number of diagnoses
decreased slightly (p <0.0001) while the mean number of comorbidities increased in every
category from 2001 to 2004. There was a consistent increase in mean number of comorbid
diagnosis with age, males and Blacks. The western parts of the state had the highest mean
diagnoses both years. Table 2 carries data on mean comorbidity diagnoses.
Comorbidity and Constituent Condition Trends

Five of the seven chronic comorbidity diagnoses increased at a significant level from
2001 to 2004 (Table 3). Diagnoses of chronic cardiovascular disease (CCV) had both the largest
prevalence (nearly 40% both years) and increased 1.8%. Chronic pulmonary disease (COP)

exhibited the second highest prevalence both years, increasing 1.7% to 19.6% in 2004. Chronic



cerebrovascular degeneration (CCE) and chronic liver disease (CLV) both increased 0.3% to
8.2% and 1.9%, respectively, in 2004. Chronic renal disease (CRN) increased almost 1% to 6.7%
in 2004. Cancer (CCA) remained constant at 7.4% while chronic diabetes (CDI) decreased from
6.4% to 5.8%.

Twenty-two of the thirty constituent conditions increased at a significant level from 2001
to 2004 (Table 3). The largest increases included hypertension (4.3%), electrolyte disorders
(2.2%), fluid and chronic pulmonary disease (1.7%) and depression (1.2%). Diagnoses of liver,
pulmonary circulation and peripheral vascular diseases, as well as paralysis, all slightly
decreased at a significant level (p<0.05). In 2004 the most prevalent diagnoses were
hypertension (50%), COPD (20%), diabetes without chronic complications (19%}), fluid and
electrolyte disorders (19%) deficiency anemias (10%) and CHF (10%). These conditions
accounted for the largest increases in the three year period.

Comorbidity Trends by Demographic Variables

Tables 4 to 10 present chi-square analysis on each of the seven diagnosed comorbidities
categorized by demographic variables, with notable changes as follows. CCA (Table 4)
decreased 0.4% in Blacks (p=0.0074) and increased 0.3% in the Southwest HPR (p=0.0044).
CCV (Table 5) increased significantly across all categories of all demographics (p<0.0001), the
largest increases being in those aged 85 and over (3.5%), males (2.2%), Blacks (2.5%) and the
Central HPR (2.3%). CLV (Table 6) increased mostly in ages 45 to 74 (p<0.0001), both sexes,
non-Whites and all HPRs except for Central. CRN (Table 7) showed significant increases
(p<0.0001) in patients aged 65 and older, both sexes, Whites, Blacks, and in all HPRs except for
Northwest. CDI (Table 8) decreased approximately 1.0% (p<0.0001) in the 55 to 64 age group,
females, Blacks and in Central Virginia. COP (Table 9), rose in all demographic groups except

Other, increasing approximately 2.0% in the 45 to 54 age group, females, Whites and in



Southwest Virginia (p<0.0001). CCE (Table 10) increased less than 1.0% in the 45 to 64 age
group, females, Whites, and Northein, Central and Southwest HPRs.
Regression Analysis: Comorbidity and Demographic Categories

Binary logistic regression was used to describe the contribution of the demographic
variables (year, age, sex, race and HPR) to each diagnosed comorbidity. The odds ratios (and
corresponding 95% Cls) are reported in Table 11. Odds ratios greater than 1.0 indicate a higher
risk of a comorbid diagnosis for a certain demographic category.

In reference to 2001, being discharged in 2004 was found to be slightly protective for
CCV, CDI, and COP and to increase risk for CLV, CRN and CCE. As compared to the 45 to 54
decade, all ages 55 to 74 showed increased risk for CCA, CRN, CDI, and CCE. The 85 and over
age group had a higher risk for CCE diagnosis (OR=5.86, CI: 5.68-6.03).

Males, as compared to females, showed increased risk for CCA (1.39; 1.75-1.85), CLV
(1.67; 1.61-1.73) and CRN (1.33; 1.30-1.35), and are most protective for CCV (0.62; 0.61-0.63).

Black and Other groups, as compared to White, showed increased risk for all
comorbidities with the exception of CCE and CLV. The highest risks in the race category were
seen with CRN: OR=3.13 for Blacks (CI: 3.07-3.20) and OR=2.07 for Other (CI: 1.93-2.21).

Results varied by region. As compared to Northern Virginia, all HPRs revealed a slightly
increased risk for CLV and, with the exception of the Central region, for CRN and CDI as well .
All HPRs except for Central were found mildly protective for CCA, CCV, COP and CCE.
Regression Analysis: Comorbidity and Constituent Conditions

Binary logistic regression was used to describe the individual contribution of each
constituent condition to risk of each diagnosed comorbidity. Table 12 reports the prevalence (and
corresponding ORs with 95% Cls) of patients in 2004 with a diagnosed comorbidity that are also

diagnosed with one or more constituent conditions.

1



Due to the nature of this comparison, some diagnoses codes coincided (e.g. CDI and
diabetes or CLV and liver disease). This occurrence produced very large ORs (italicized in Table
12) as they represent the same diagnosis for both the condition and comorbidity.

CCA coincided with coagulopathy (OR=2.52; 2.28-2.79), weight loss (OR=1.65; 1.46-
1.87), deficiency anemias (OR=1.72; 1.60-1.85), and fluid and electrolyte disorders (P=9.6%,
OR=1.21; 1.13-1.29).

CCV patients had the highest number of coexisting conditions, as evidenced by a
comorbid prevalence range of 20.0% (drug use) to 64.2% (valvular disease). Conditions that
increased risk for CCV included peripheral vascular disease (P=58.4%, OR=1.94; 1.88-2.00),
valvular disease (P=64.2%, OR=1.58; 1.51-1.65), chronic pulmonary disease (P=51.5%,
OR=1.59; 1.56-1.62), diabetes (P=48.9%, OR=1.50; 1.48-1.53), renal failure (P=57.8%,
OR=1.50; 1.45-1.55), coagulopathy (P=44.9%, OR=1.26; 1.21-1.32) and hypertension
(P=43.6%,0R=1.25; 1.23-1.27).

CLV coincided with diabetes (OR=1.41; 1.29-1.55), weight loss (OR=1.34; 1.14-1.59),
fluid and electrolyte disorders (OR=1.60; 1.47-1.73), chronic blood loss anemia (OR=1.41; 1.61-
1.70), deficiency anemias (OR=1.13; 1.01-1.27), and alcohol abuse (OR=13.34; 12.14-14.65).

Risk for CRN was increased by valvular disease (P=10.2%, OR=1.16; 1.02-1.32),
peripheral vascular disease (P=12.2%, OR=1.32, 1.18-1.48), AIDS (P=14.8%, OR=2.86, 1.54-
5.31), lymphoma (P=10.5%, OR=1.73; 1.31-2.28), fluid and electrolyte disorders (P=10.6,
OR=2.69; 2.52-2.87), and deficiency anemias (P=14.2%, OR=2.67; 2.48-2.89).

Risk for CDI diagnosis was increased by CHF (P=9.8%, OR=1.33; 1.23-1.44), peripheral
vascular disease (P=11.9%, OR=1.25; 1.13-1.37), renal failure (P=23.3%, OR=2.41; 2.22-2.62),
liver disease (OR=1.29; 1.09-1.54), obesity (OR=1.10; 1.01-1.21), fluid and electrolyte disorders

(OR=1.29; 1.21-1.38), and drug abuse (OR 1.49; 1.16-1.91).



COP was diagnosed with rheumatoid arthritis (P=19.9%, OR=1.36; 1.11-1.16),
deficiency anemias, drug abuse and-depression.

CCE coincided with neurological disorders (P=29.2%, OR=5.94; 5.69-6.20),
hypothyroidism (P=11.3%, OR=1.50; 1.43-1.57), weight loss (OR=1.42; 1.31-1.52), fluid and
electrolyte disorders (OR=1.53; 1.48-1.58), chronic blood loss anemia, deficiency anemia,

depression (OR=1.37; 1.30-1.44) and hypertension.



Discussion

Descriptive Analysis

Demographic Trends
Fifty-eight percent of Virginia discharges in 2004 had one or two comorbid chronic
conditions, with a small increase from 2001. This increase is predicted by previous national and

state trends*'®!°

and highlights the importance of studying comorbidities in depth. In reference
to discharges trends (Table 1), fluctuations in age, race and regional demographics were slight
and likely due to normal population ebb and flow. Mean comorbidity diagnoses increased by
age, as predicted by previous studies.®"*

Most hospital discharges come from Southwest and Eastern Virginia. These two regions
are comprised of many rural and comparatively lower socioeconomic areas of the state. It
follows that the Southwest and Eastern HPRs are the first and third ranked regions for mean
chronic disease comorbidity diagnoses, respectively. Possible explanations for this result include
a lack of access to primary or specialized care, deficiencies in prevention and education and the
lack of proper care for chronic conditions.” These areas constitute important candidates for
continued attention from a health policy standpoint.

Comorbidity Trends

Increases occurred in all comorbidity diagnoses with the exception of cancer (CCA) that
stayed constant, and diabetes (CDI) that decreased. While cancer remains a major killer of
Virginians, prevention and treatment has been established, if not maximized, over the past fifty
years, explaining this constant prevalence.27 The decrease in CDI could be the result of a recent
increase in attention from public and private sector in conjunction with obesity. More extensive

trending analysis is required, however we cannot exclude the possibility that Virginia is moving

in an unhealthy direction and that preventive medicine strategies still require attention.



Variation existed in the comorbidity analysis with respect to demographics. All with the
exception of CCE were found to have a higher prevalence in males. Trending data presented here
for CCA, CCV, CRN, COP and CCE support previous findings that these comorbidities increase
with age,A"S while CLV and CDI revealed just the opposite. Possible explanations include the
known linkage between liver disease and diabetes and that diabetes is rapidly increasing in
younger ages. Regression analyses agree with these findings (CLV was the least prevalent of all
comorbid diagnoses; CDI did not increase in any demographic).

CCV showed expected increases across all demographic variables (almost 2%) due to its
multitude of comorbid conditions and pervasive nature in the population. CRN also showed
increasing prevalence in most demographics, with larger increases in prevalence seen in Blacks
and older age groups. Renal disease is comorbid with hypertension, a prevalent condition in
Blacks.'” CDI only increased in the Other race category, albeit not significantly. However, it
should be noted that while diabetes is may be coming under control in Virginia (decreasing
across all age groups) it still disproportionately afflicts minority races as compared to Whites.”
Odds ratios revealed there is a significant increased risk to Blacks for CDI, CRN and CCE.

COP increased in all demographics. Like cardiovascular disease, it is prevalent in all
areas. Coexisting diagnoses included arthritis, deficiency anemias, drug abuse and depression.
Arthritis and depression are known comorbidities to COPD, but the drug abuse diagnosis is an
interesting finding as it is known that greater risks exist for medical comorbidities in persons
with addictive disorders.*

CCE primarily affected the elderly and females. The slight increase of cerebrovascular
degeneration could be a result of the decreasing 85 and over demographic, the category in which
it had the highest prevalence. While its prevalence did increase significantly across multiple

categories, this condition does not seem to be one that is entirely preventable. Because age is



such a strong predictor (OR=2.76 for patients ages 75 to 84 and OR=5.86 for patients 85 and
over), this comorbidity is a good candidate for emphasis on treatment education as part of a
regimen for other comorbid conditions that may include depression, hypertension, weight loss,
anemias, fluid and electrolyte disorders and hypothyroidism.

Demographic Predictors of Comorbidity Risk

Age is the primary predictor for CCA comorbidity, as revealed by regression analysis.
Race groups (Black and Other) are major predictors for CCV, CRN, COP and CDI diagnoses.
Sex, race and HPR all contribute to CLV comorbidity. Race and age together predict principally
for CRN and CDI comorbidity. Age (specifically those over 75) is a principal predictor of CCE
comorbidity. Chronic comorbidities were more often found in the Southwest, Eastern and
Northwest regions. This information may be useful in chronic disease prevention strategy.
Increasing the accuracy of forecasts of chronic disease comorbidity can help healthcare providers
as well as government officials put resources to good use for maximized health outcomes.

It is also interesting that barring the obvious trends, chronic comorbidity affects both
sexes, all races and all ages. There were no clear cut findings that support that, for example,
Blacks had a much higher prevalence of diabetes or cardiovascular comorbidity. This study
expected to find demographics to be more precise predictors of morbidity.

Constituent Predictors of Comorbidity Risk

Table 12 revealed that at least four and as many as eight constituent conditions were co-
diagnosed with each chronic comorbidity. CHF, valvular disease, peripheral vascular disease,
uncomplicated diabetes, renal failure, AIDS, rheumatoid arthritis, coagulopathy, weight loss,
fluid and electrolyte disorders, deficiency and blood loss anemias, drug abuse, depression and
hypertension were all diagnosed along with at least two chronic comorbidity diagnoses.

Deficiency anemias and fluid and electrolyte disorders were found diagnosed with five of the



chronic comorbidities. This type of analysis is important because it reveals the higher prevalence
of specific underlying factors in each comorbidity diagnosis, and thus reveals which conditions
deserve more attention from the medical community.

What is most interesting about this OR data is not the presence or absence of expected
comorbidities but the reporting of new or less studied chronic coexistences due to their
importance to current and growing comorbid trending.'® Most notable is the above mentioned
fluid and electrolyte disorder, found to be predictive of multiple comorbidities including CRN
(OR=2.69), CLV (1.6), CCE (1.53), CDI (1.3) and CCA (1.21). Deficiency anemias predict for
CRN (2.67), CCA (1.72), CCE (1.47), and CLV (1.13). Weight loss revealed increased risk for
CCA (1.65), CLV (1.34) and CCE (1.42). These common predictive values present another area
for future research expanse. The highest correlation in the regression analysis was alcohol use
predicting risk for CLV diagnosis at OR=13.34, which is intuitive.

Limitations

This study reports results for hospitalized Virginians only. Multiple discharges of the
same patient are inherent to this dataset and thus prevalence data may not be accurate for the
patient population. It is not believed that this fact weakens this study, however, because the
purpose of this project was to use this population of patients to estimate comorbidity and the
occurrence of underlying conditions. Excluding repeated diagnoses or discharges may be useful
in a future study. In addition, using the entirety of the 2004 data set and having a larger gap in
years in which to study trends would be beneficial.

While reviewers deemed the statistical methods used in this study to be appropriate, other
tests may also be suitable. For example, due to the small prevalence of comorbidities and
scewness caused by lopsided group proportions, a Poisson regression rather than a logistic

regression might be more appropriate. Instead of categorizing age into decades as it was



presented here, the age variable could be left as a continuous variable for regression analysis.
Future studies may see the benefit in the development of comorbidity matrices that take
into account multiple confounding conditions as well as allowing for the study of interactions so
as to accurately analyze the comorbid risk to certain individuals. If this analysis could be
expanded to include behavioral and social risk factors, a powerful predictive model for mortality

and morbidity due to chronic comorbid conditions may be feasible.



Conclusion

The results presented in thisteport concur with VDH data'® indicating that despite certain
improvements, Virginians continue to engage in high-risk behaviors and do not sufficiently
employ preventive health practices. This data also supports previously documented correlations
between many constituent conditions and chronic comorbidities as well as creates predictions for
yet unstudied comorbidities. Innovation in all areas of this disease interaction is significant, not
just for improved diagnoses, management or polypharmacy, but in research of new comorbidities
and prediction models as well.

Substantial variations in prevalence of chronic comorbidity across all demographic
categories indicate a continued need to monitor these factors at the state and local levels.
Continued regional-level assessment of progress toward reducing morbidity and mortality due to
these conditions is equally important. Certain features in this report have the potential to be
helpful indicators for assessing the effectiveness of state and local prevention programs to
decrease chronic conditions in the Commonwealth. It is hoped that the comprehensive approach
used in the report will be useful in addressing chronic illness in Virginia where Healthy People
2010 goals are still works in progress.]8 Trending results may provide data relevant for health
care resource allocation purposes for future medical treatments and physical care. Future
identification and classification of chronic risk factors will lead to insightful pathophysiology,
help to direct prevention and increase the accuracy of individualized treatment models.

The long-term care and cost required by chronic conditions continues to heavily impact
health care in Virginia and the United States. Obtaining accurate information on how chronic
comorbidities are influenced by demographic and disease risk factors should remain a high

priority in policy, intervention and prevention arenas.



Tables

Table 1. Hospital Discharge Characteristics by Year

Variable 2001 2004 Difference X2 p-value
N % N % (%)
TOTAL 458593 100.0 364743 1000
Age
45-54 91569 20.0 7a=04 203 0.3 3168.35 =0.0001
55-64 91031 19.9 77165 21.2 1.3
65-74 111756 24.4  B4834 23.3 -1.1
75-84 113333 24.7 &79¢9 241 =06
85+ 50904 11.1 40911 11.2 0.1
Sex
Male 202087 441 180707 44 .1 0.0 .o 0942
Female 256476 559 204025 559 0.0
Race
White 342670 78.4 273504 Tr.e -1.2 38743 00001
Black 88499 20.2 74435 21.0 0.8
Other 6022 1.4 BS54 1.9 0.5
Health Planning Region
Northwestern 72544 158  HEATA 156 02 81.08 «0.0001
Northern 65467 14.3 53188 14.6 0.3
Southwest 102790 224 R1034 22.2 0.2
Central 89805 19.6  &E526 19.1 -0.5
Eastern 102886 22.4  B308S 23.0 0.6
Number of Diagnoses
1 13893 3.0 TS0 2.1 1.0 105105  <0.0001
2 24360 5.3 13422 3.7 1.6
3 36142 79 2113 58 -2 1
4 45433 9.9 28447 7.8 21
5 50037 109 32827 8.0 1.9
6 49131 10.7 34185 9.4 -1.3
7 46303 1041 as242 a7y 0.4
8 44716 9.8 38320 10.8 1.0
9 148578 32.4 152665 419 9.5
Number of Chronic Comorbidities
0 179912  39.2 1353487 i | 21 5746583 «=0.0001
1 183566 40.0 147070 40.3 0.3
2 77764 17.0 BGELD 18.3 1.4
3 15923 3.5 134981 3.8 0.4
4 1394 0.3 1386 0.4 N |
5 34 0.01 45 0. 0.0
6 0 0.0 1 00003 0




Table 2. Mean Comorbidity Diagnoses by Year

. 2001 2004
Variable -
Mean N SD Mean N SD

Age

45-54 050 915649 0.71 bS58 73004 0,74

55-64 075 91031 083 079 7T7IEE 0.83

65-74 0.94 111756 0.B6 098  B4B834 (.88

75-84 1.04 113333 0.85 1,10 BTO29 .86

85+ 1.09 Sa0d 0.2 1.15 40911 .82
Sex

Male 0a2 202087 0B85 087 160707 0.87

Female 0.8 Z5B478 0.B3 0B85 204025 0.84
Race

White 0.87 2870 0B84 081 273504 0,85

Black 088 BB409 0.87 082 74435 (B9

Other 0.a7 el22 B 0.7 G559 080
Health Planning Region

Northwestern 0.87 72544 0.B5 091 5R9T3 0.8B6

Northern 0.76 65467 &2 082 53188 .84

Southwest 091 108790 a5 087 81004 0.8y

Central 0.84  B9E0S 083 0B85 BOLEE 0.85

Eastern 087 102886 ES 090 835985 .86




Table 3. Prevalence of Comorbidities and Constituent Conditions

Variable 2001 2004 Diff. x? p-value
N % N % (%)

TOTAL 458593 100.0 | 364743 100.0

Chronic Comorbidities
Cancer (CCA) 33716 7.4 26883 T4 0.0 .62 0.4300
Chronic Cardiovascular (CCV) 177458  3B.7 147881 405 1.8 28013 =000
Chronic Liver (CLV) T488 16 7044 1.9 0.3 1433 =0.0001
Chronic Renal (CRN) 26801 5.8 24303 BT 08 23400 <0.0001
Chronic Diabetes (CDI) 293048 6.4 21112 5.8 4.6 12845  =0.0001
Chronic Pulmonary Dz (COP) BigR4 178 71451 185 1.7 40303 =0.0001
Cerebrovascular Deg. (CCE) 35852 7.A 29760 B.2 0.3 2824  <=0.0001

Constituent Conditions
Congestive heart failure 40870 B9 35785 9.8 0.9 184,45  =0.0001
Valvular disease 15661 3.4 14245 38 0.5 139.63  <0.0001
Pulmonary circulation dz. 4471 1.0 3362 0.9 -0.1 610 0.0135
Peripheral vascular disease 25372 55 18431 53 -02 16.64 <0000
Paralysis 13624 3.4 5378 24 0.4 119.85  =0.0001
Other neurological disorders 17E01 3.8 14188 349 0.1 1.47 (2254
Chronic pulmonary disease B55E1 187 74351 204 JBT.26 <0.0001
Diabetes w/o chronic compl. B5492 186 TO7Y2  19.4 0.8 651 <OuO001
Diabetes w/ chronic compl. 19883 4.3 18010 4.4 0.1 1.41 02355
Hypothyroidism 35606 78| 30918 &5 0.7 138.85 <0001
Renal failure 22874 50| 21215 58| 08 26034  <0.0001
Liver disease 6531 14! 27B8 08| 07 24916  <0.0001
Peptic ulcer Disease 357 0.1 | 195 0.1 0.0 18.03  <0,0001
AIDS 359 0.1 432 049 0.0 3413 =0.0001
Lymphoma 3284 a7 2789 0.8 0.0 516 D.a23
Metastatic cancer 12828 2.8 10345 2.8 0.0 1.13 02879
Solid tumor w/out metastasis 10393 2.3 85 24 0.0 0.10 0.7469
Rheumatoid arthritis 10207 22 BE23 24 a1 1742  <0.0001
Coagulopathy 11106 24 10803 3.0 0.5 E2BTE  <=0.0001
Obesity 21154 4.6 20268 5.6 0.9 arg5d  =0.0001
Weight loss 11935 2.6 9880 2.7 0.1 9,35 0.0022
Fluid & electrolyte disorders TFi6F 16B Ba421  19.0 2.2 B75.55 00001
Chronic blood loss anemia 8780 2.1 Boaz 22 0.1 781 00052
Deficiency Anemias 43832 3.6 IEETI 104 0.5 51.85  =0.0001
Alcohol abuse 13735 3.0 12236 3.4 0.4 8603 =0.0001
Drug abuse 3620 0.a 4500 1.2 0.4 379.85  <0.0001
Psychoses 2034 2.2 HEQD 2.4 0.2 4300 =0.0001
Depression 25588 0.6 24673 6.0 1.2 487 55  «<0.0001
Hypertension 208416 454 181508 438 43 151830 «0.0001



Table 4. Cancer (CCA) Trends

Variable 2001 2004 Difference X2 p-value
N % N % (%)
Age
45-54 4733 52 3847 5.2 0.0 Q.11 0.7384
55-64 7216 74 6273 8.1 0.2 2,34 0. 1258
65-74 Q918 8.9 TE26 9.0 0.1 Q.80 0,359
75-84 B89 7.9 G014 7.9 0.1 0.1% 0.6651
85+ 2BE1 67 2323 87 0.0 Q.01 09041
Sex
Male 17285 86 13833 @87 0.1 155 02136
Female 168430 B4 13060 B4 0.0 002 08928
Race
White gnave 7.4 20462 75 0.1 251 01134
Black 6806 V.V Fdgd 7.3 .4 716 00074
Other 426 7.1 481 7.3 0.3 Q.32 0.a7az
Health Planning Region
Northwestern B 7B 4303 78 0.0 0.0 0.8334
Northern 4874 T4 4023 T8 0.1 060 04308
Southwest 6851 8.7 REFE 7.0 0.3 g8.0% 00044
Central 7140 8.0 B4R5 7.8 -0.1 0,59 04429
Eastern YBdG T.B Gi1AE 7.4 -0.3 443 00353
Table 5. Chronic Cardiovascular Disease (CCV) Trends
Variable 2001 2004 Difference X2 p-value
N % N % (%)
Age
45-54 15859 17.3 13746 18.6 1.3 4566 =0.0001
55-64 25033 308 24952 323 1.5 4595  <0.0001
65-74 47525 425 7737 445 2.0 75.25 =0.0001
75-84 HrEsG 5H1.1 ar3gd 538 2.8 158.51 <=0.0001
85+ 28176 554 24066 SB.8 3.5 111.62 =0.0001
Sex
Male griz20 431 72810 453 2.2 17212 <0.0001
Female B335 352 Tole: 36.8 1.6 121.76 <=0.0001
Race
White 138201 408 15516 42.2 1.6 16321 «=0,0001
Black 209700 338 26837 361 25 11103 <0,0001
Other 1784 296 2008 306 1.0 146 <0.0001
Health Planning Region
Northwestern 20153 40.2 23726 416 15 2807  =0.0001
Northern 2320€ 35.6 19966 375 2.0 4838 <0000
Southwest 42771 4186 35428 437 21 BO0S5 =000
Central 32488 382 26732 384 23 BE.55 <0000
Eastern 9793 3R7 33703 404 1.5 4091 =0.0001




Table 6. Chronic Liver Disease (CLV) Trends

Variable 200t 2004 Difference X2 p-value
N % N % (%)
Age
45-54 279z 3.4 P ili ] 38 0.8 4339  =0.0009
55-64 1913 21 1922 25 0.4 2841 <0000
65-74 1587 1.4 1464 1.7 0.3 2949 <0000
75-84 995 0.8 810 04 0.0 1.04 0.3073
85+ &M 0.4 B4 04 Q.0 0.02 0.8856
Sex
Male 4420 2.2 4054 2.5 0.3 4415  <=0.0001
Female Joes 1.2 o0 1.5 0.3 6348  <0.0001
Race
White R409e 16 5211 14 0.3 BO92  =0.00M
Black 1547 1.7 1428 18 02 6.556 0.0105
Other 145 24 248 38 1.4 19,56 <0.0001
Health Planning Region
Northwestern 1196 1.6 1174 2.1 0.4 3015 <0.0001
Northern GEH 1.2 285 1.9 0.4 2526 <0.0001
Southwest 1681 1.6 1568 1.9 0.3 2285  =0.0001
Central 1458 16 M"Mae 1.7 oA 224 01347
Eastern 1765 1.7 1743 2.1 0.4 a251  =0.0001
Table 7. Chronic Renal Disease (CRN) Trends
Variable 2001 2004 Difference X2 p-value
N % N % (%)
Age
45-54 4143 4.5 566 4.8 0.3 B.33 0.00359
55-64 g54¢ &1 4908 6.4 0.3 537  0.0205
65-74 a1 &5 ielst B 1.2 10323 <=0.0001
75-84 081 6.2 BS99 7.5 1.3 12220 <0.0001
85+ 2720 53 2677 B.5 1.2 5804 <0.0001
Sex
Male 1361 65 12193 786 11 158.02 <0000
Female 13640 53 12110 549 0.5 8203 =0.0001
Race
White 15121 4.4 13870 5.0 0.8 117.02  <0.0001
Black 10397 1.7 G505 129 1.1 48.01  <0,0001
Other 471 7.8 E74 8.8 0.4 357 00590
Health Planning Region
Northwestern 4139 &7 3516 B2 0.5 12.45  0.0004
Northern 3295 5.0 3111 5B 0.8 38,26  <0,0001
Southwest 5716 5B 5142 8.3 (.8 4963 =0,0001
Central SE02 6.3 178 T4 1.1 THEY =0.0001
Eastern 8814 BB 6388 7.8 1.0 68.08 <0.0001




Table 8. Chronic Diabetes (CDI) Trends

2001 2004 Difference 2

Variable X p-value
N % N % (%)
Age
45-54 P9 58 4010 54 -0.43 &332 0.0039
55-64 Ta51 8.1 Sagd T <049 5330 <0000
65-74 HYRg 74 41 T 0.7 Jg.22 <0000
75-84 5456 RT 4423 5.0 -0.7 42499 00001
85+ 1444 28 1133 28 0.1 023 0e3iv
Sex
Male 12685 6.3 2585 6.0 -0.3 1567 <0D.0001
Female 16614 6.5 11527 5.6 -0.8 13578  =0.0001
Race
White 19127 56 13532 49 -[1.H 121.85 <0.0001
Black 8235 10.0 6675 9.0 -1.0 d8 42  <0.0001
Other 389 6.5 438 &7 0.2 024 0B218
Health Planning Region
Northwestern 4387 8.0 3107 55 -0E 18.82  «0,0001
Northern 3615 55 2871 &4 0.1 087 0.3459
Southwest To29 5.8 RO7T2 B.3 0.6 2513  <0.0001
Central H788 6.4 arT4 5.4 =1.0 F1.83  =0.0001
Eastern 7100 &4 5357 6.4 0.5 20,28 <0.0001
Table 9. Chronic Pulmonary Disease (COP) Trends
Variable 2001 2004 Difference X2 p-value
N % N % (%)
Age
45-54 9610 10.5 Q18T 124 1.8 152.2595 <0.0001
55-64 15309 168 14194 18.4 1.6 7282543 <0,0001
65-74 23852 214 19726 233 1.8 1008988 <0.0001
75-84 24175 21.3 c04T2 233 20 10923231  =0.0001
85+ BR46 174 TROZ 191 1.7 4378815 <0.0001
Sex
Male 38630 1841 Jz2ps1 204 1.3 1004961 =0.0001
Female 43252 1689 J8685 189 20 3261311 <0.0001
Race
White B57TE9 192 Brvd3 214 1.8 3738984 =0.0001
Black 12707 144 11908 184 1.6 8473569 <0.0007
Other 41 9.0 g8 9.3 0.4 03094 05780
Health Planning Region
Northwestern 12870 174 11237 147 1.8 T1.44671  <=0,0001
Northern 8004 138 B3 156 1.8 807623 =0.0001
Southwest 21407 20.8 18747 23 23 1384787 <0.0001
Central 15744 17.5 13555 195 2.0 100,824 =<0.0001

Eastern 18473 18.0 15855 18.9 0.9 2630132 <0.0001




Table 10. Chronic Cerebrovascular Degeneration (CCE) Trends

2001

2004

Difference

Variable X p-value
N % N % (%)
Age
45-54 JGES 4.0 35845 4.9 g B8.28 =0.0001
55-64 Ji3s a4 J045 39 0.5 2076  «<0.0001
65-74 a1y 44 4241 2.0 01 D48 049580
75-84 12570 111 o84 1.4 03 3.76 0.0526
85+ 11047 21.7 pRgd 21.7 0.0 .00 0.9598
Sex
Male 12948 ©.4 10503 &5 01 244 01183
Female 23002 a0 18257 9.4 0.5 3013 =0.0001
Race
White e ) 7.7 22304 82 0.4 3901 <0000
Black 43 8.5 BdE) A7 0.2 1.24 0.2648
Other 200 48 04 4.6 0.2 023 DE329
Health Planning Region
Northwestern ERSD BA dg71 82 o1 0.8 036687
Northern 4038 7.5 4387 B2 0.7 20016 <0000
Southwest g27g8 BA BETD B& 0.5 1749 <0.0001
Central 434 8.3 B0E0 a7 0.4 7.91 000459
Eastern Bi56 7.9 GGG 7.9 0.0 004  08IATY




Table 11. Comorbidities Predicted by Demographic Variables

Variable CCA CCv CLV CRN col COop CCE
OR 95% CI OR 95% ClI OR 95% Cl OR 95% ClI QR 85% Cl OR 855 Cl OR 95% CI

Year

2001 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2004 100 098 102 | 08 050 0852 118 114 122 114 142 146|089 087 091 | 0B8 OB 062 106 1.04 1.08
Age

45-54 1.00 1.00 1.00 1.00 1.00 1.00

55-65 157 153 162 | 048 047 048 | 065 O0B4 068 | 143 139 148 1.43 139 147 | 062 067 063 | 084 081 Q.68

65-74 180 1.75 185 028 028 020 045 043 047 173 188 178 143 139 147 | 047 Q46 047 | 115 112 118

75-84 158 155 164| 019 019 019 | 027 026 029 | .77 1.72 183 1.02 099 105| 047 046 D48 | 278 268 284

85+ 115 110 148 | 015 015 045 012 011 013 | 156 150 182 ( 052 049 Q54| 051 059 D&2 (| 586 568 603
Sex

Male 130 136 141 | 062 0OB1 083 | 167 161 1.73( 133 130 135|096 095 098 | 085 0OB5 087 | 0E2 081 084

Female 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Race

White 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Black 1.02 100 105 1.08 1.0F 110 091 OB7 ©095| 313 307 320|183 189 188|132 130 134|137 1.28 1.33

Other 09 089 103) 128 123 133 | 164 147 183 207 193 221 | 130 120 140| 205 192 218 | 070 0B84 OB
HPR

Northwestern 0.8 0493 0599 | 089 088 081 | 117 110 125|113 109 118 | 105 107 108 ) 084 082 086 | 098 085 1.01

Northern 1.04 1.00 1.00 1.00 1.00 1.00 1.00

Southwest 085 083 0B8| 0B84 083 0BG | 117 190 124 | 113 1080 147|121 117 125|069 067 070| 096 0893 098

Central 102 099 105 100 098 102108 101 115 | 0% 093 099 | 091 OBR OS24 | 079 077 081 094 081 087

Eastern 09 092 098|092 080 094 120 1713 128|100 097 104103 09 106]/ 080 O7V8 082] 091 068 054




Table 12. 2004 Comorbidities Predicted by Constituent Conditions

Condition Cancer (CCA) | Cardiovascular Disease (CCV) Liver Disease (CLV)
Prev OR 95% ClI Prev OR 95% CI Prev OR 95% CI
Congestive heart failure 6.5 0.76 0.69 0.84 99.3 282 -- -~ 1.70 0.96 0.85 1.09
Valvular disease 6.6 0.71 060 0.82 642 | 158 1.51 165  1.60 0.74 0.61  0.91
Pulmonary circulation disease 4.4 0.57 0.39 0.82 | 616 | 1.04 095 1.14 2.10 1.31 0.91 1.88
Peripheral vascular disease 4.2 0.50 043 059 | 584 194 188 2.00 0.70 0.53 042 0.66
Paralysis 5.5 049 0.39 0.62 | 385 089 085 0.93 0.60 0.42 0.30 0.59
Other neurological disorders 6.3 032 026 0.40 | 347 068 065 0.70 1.60 0.72 059 0.87
Chronic pulmonary disease 8.0 064 060 0.69 | 515 159 156 1.62 1.60 0.73 0.67 0.80
Diabetes w/o chronic compl. 5.5 080 075 0.86 489 150 148 153, 200 | 1.41 129 155]
Diabetes w/ chronic compl. 3.3 0.45 037 054 51.0 124 119 129 1.80 1.09 0.92 1.31,
Hypothyroidism 5.1 073 D66 0.82 403 1. 0.99 1.04 1.20 0.91 078 1.05
Renal failure 5.0 0.5 048 0.65 578 | 1.50 1.45 1.55 2.20 0.8B5 0.74 0.8
Liver disease 6.7 0828 074 1.07 26.2 050 046 0563 F2 10 4834 . -
Peptic ulcer Disease BF D82 027 256 358 077 0585 107 3.60 1.53 050 472
AIDS 76 | 1.50" 0.83 272 220 054 042 0.70 5.30 010 005 QA7
Lymphoma ar. g 2813 - as 382 0.88 0.78 083 1.60 0.53 035 082
Metastatic cancer T30 SE+10 - -- 26.0 0,49 0.47 0.52 1.50 0.80 0.65 1.00
Solid tumor w/out metastasis 89,1 Fo24 - - 31 07T o4 0 2.00 1.1 0B 1,39
Rheumatoid arthritis 51 0.66 0.5 0.81 373 082 078 086 1.00 0.87 051 088
Coagulopathy 141 | 2.52 2.28 278 a4 8 1.26 1.21 1,32 13.70 .81 6.22 T.67
Obesity 2.4 0.47 0.40 0.55 Js.2 0.75 0.73 0.7 1.30 0492 0.7y 1.10
Weight loss 13.8 1.65 1.46 1.87 383 074 070 0.77 3.60 1.34 1.14  1.59
Fluid & electrolyte disorders 9.6 121 1.13 1.29 425 094 092 0.96 3.00 1.60 1.47 173
Chronic blood loss anemia 8.7 1.13  0.96 1.32 432 090 085 0.95 4.20 1.41 116  1.70
Deficiency Anemias 10.9 172 1.60 1.85 406 090 0.87 0.92 2.20 1.13 1.01  1.27
Alcohol abuse 4.1 0.35 0.28 0.43 251 059 056 062 16.00| 13.34 1214 14.65
Drug abuse 24 033 0.22 0.48 200 048 044 052 4.30 0.14 011 0.17
Psychoses 4.6 0.65 0.53 0.79 272 055 052 058 2.00 0.83 0.67 1.04
Depression 5.0 0.57 0.50 0.65 31.0 066 064 0.68 1.60 1.04 090 1.20
Hypertension 5.3 058 055 0.61 436 | 125 123 1.27 1.2 0.55 0.51 0.59

“Boxes represent statistically significant results
° Italicized results have high ORs due to overlapping or identical ICD-9-CM diagnosis definitions for both Comorbidity and Condition



Table 12. Cont’d. 2004 Comorbidities Predicted by Constituent Conditions

Condition _____Renal Disease (CRN) i ___Diabetes (CDI)
Prev OR 95% CI Prev OR 95% CI

Congestive heart failure 1520 286 266 3.09| 98| 13 123 1.44|
Valvular disease 10.20 ( 116 1.02  1.32 5.4 1.1 091 122
Pulmonary circulation disease 8.50 1.10  0.84 1.43 5.0 06 044 0.82
Peripheral vascular disease 12.20 l 1.32  1.18  1.48 11.9 [: 1.2 113 1.37 |
Paralysis 5.10 0.82 0.66 1.02 5.8 1.0 088 1.20
Other neurological disorders 5.10 042 035 0.51 3.9 08 070 0.97
Chronic pulmonary disease 7.00 090 084 0.97 5.3 08 0.79 090
Diabetes w/o chronic compl. 6.80 1.02 094 1.12 7.1 39.6 36.27 4334
Diabetes w/ chronic compl. 35.90 16.69 1550 17.98 96.9 14472 -- --
Hypothyroidism 4.60 094 083 1.06 4.6 09 086 1.04
Renal failure 96.6 6E+03 = - 23.3 24 222 282
Liver disease 9.90 095 077 117 6.6 13 108 154
Peptic ulcer Disease 5.60 096 025 3.68 5.1 05 012 207
AIDS 14.80 286 154 531 3.9 0.9 040 219
Lymphoma 10.50 1.73 1.31 2.28 3.8 a8 0.56 1.14
Metastatic cancer 3.70 067 054 0.82 2.4 a8 061 054
Solid tumor w/out metastasis 4.90 089 072 1.11 3.0 08 088 1.03
Rheumatoid arthritis 5.50 | 1.21 1.00 1.48 3.7 09 OF5 110
Coagulopathy 10.20 110 095 1.29 b2 1.1 088 1.33
Obesity 430 098 085 114| 75| 11 101 121
Weight loss 12.90 116  1.00 1.35 5.0 08 0B3 096
Fluid & electrolyte disorders 1060 | 269 252 2.87 69 | 1.3 131 1.38 |
Chronic blood loss anemia 8.30 1.02 084 1.24 5.3 08 067 099
Deficiency Anemias 14.20 r 267 248 2.89 7.8 09 084 098
Alcohol abuse 2.90 0.64 0.51 0.79 2.8 g 077 1.1
Drug abuse 4.80 075 054 1.04 4.2 1.5 116 1.91
Psychoses 4.40 0.81 0.65 1.01 2.0 1.0 086 1.21
Depression 2.90 065 055 0.76 4.2 1.0 083 1.5
Hypertension 9.5 0.39 036 042 6.6 0.7 066 074




Table 12. Cont’d. 2004 Comorbidities Predicted by Constituent Conditions

Pulmonary Disease (COP)

Cerebrovascular Degen. (CCE)

Condition
Prev OR 95% ClI Prev OR 95% ClI
Congestive heart failure 32.4 0.60 0.53 0.68 8.9 125 1.20 1.31 |
Valvular disease 22.7 1.00 0.82 1.21 7.2 0.89 0.82 0.96
Pulmonary circulation disease  41.2 092 0.68 1.23 5.8 066 0.55 0.79
Peripheral vascular disease 25.4 0.59 049 0.71 6.5 095 0.89 1.02
Paralysis 14.4 0.84 0.63 1.12| 103 095 0.88 1.03
Other neurological disorders 8.4 1.16 0.96 140 | 29.2 ‘ 594 5.69 6.20
Chronic pulmonary disease 96.1 5E-12 - - 7.6 0.79 0.76 0.82
Diabetes w/o chronic compl. 19.5 0.98 0.89 1.08 7.6 091 0.87 0.94
Diabetes w/ chronic compl. 18.1 1.06 0.87 1.29 53 0.57 052 0.62
Hypothyroidism 18.4 0.93 0.81 1.07 | 113 1.50 1.43 1.57
Renal failure 20.8 0.65 0.53 0.79 6.0 0.69 0.64 0.74
Liver disease 17.6 0.90 0.66 1.25 4.7 034 029 0.41
Peptic ulcer Disease 20.0 0.00 0.00 0.60 6.2 061 0.28 1.30
AIDS 17.6 0.66 0.16 1.00| 10.4 0.97 0.61 1.55
Lymphoma 16.4 1.78 1.25 0.92 4.7 049 0.39 0.61
Metastatic cancer 22.7 069 0.54 0.59 2.9 024 0.21 0.28
Solid tumor w/out metastasis 26.5 0.80 0.63 0.84 59 063 057 0.71
Rheumatoid arthritis 19.9 1.36 1.1 1.16 5.5 062 0.56 0.70
Coagulopathy 20.0 0.78 0.61 0.00 5.2 0.56 0.50 0.62
Obesity 20.9 0.80 0.68 0.98 4.4 0.30 0.27 0.34
Weight loss 36.0 0.74 059 1.06 | 115 1.42 1.31 1.52
Fluid & electrolyte disorders 21.9 0.95 0.87 093 | 109 1.53 1.48 1.58
Chronic blood loss anemia 204 046 0.32 0.65 7.3 1.17  1.06 1.28
Deficiency Anemias 19.5 L 1.04 092 090 10.0 147  1.41 1.54
Alcohol abuse 23.2 0.60 0.47 0.00 7.4 0.60 0.54 0.66
Drug abuse 19.3 ’ 1.15 0.83 066 | 111 0.76 0.65 0.90
Psychoses 23.3 0.72 0.56 1.78 | 100.0 3E+10 --
Depression 20.9 ] 1.08 0.94 069 | 107 1.37 1.30 1.44
Hypertension 18.4 0.99 0.91 0.80 8.0 112 1.09 1.15
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Appendix A

Table 13. Comorbidity Diagnoses Codes

Chronic Comorbidity ICD-9-CM Diagnosis Field Values
and Ranges
Cancer (CCA) 141.0 to 160.9;

162.0to 172.9;
174.0 to 208.91

Cardiovascular Disease (CCV) 412.0t0414.9;
426.0 to 429.1

Liver Disease (CLV) 571.0to0 572.8

| Renal Disease (CRN) 582.0 to 583.9;

585.0 to 587.0;
403.01, 403.11, 403.91, 404.02, 404.03,
| | 404.12,404.13, 404.92 or 404.93

Diabetes (CDI) | 250.01;
250.1 to 25091
; Pulmonary Disease (CPO) | 496.0;

| 491.0 to 493.91

Cerebrovascular Degeneration (CCE) | 290.0 to 290.9;
294.0 to0 299.9
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