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OBJECTIVE: To study simultaneously the relationships
among chronic diseases and physical health status as they
affect health services utilization of older adults.

DESIGN: Secondary analysis of a large, cross-sectional
health interview survey, the Supplement on Aging of the
1984 National Health Interview Survey, using multiple
equation methods to evaluate disease-specific impacts on
physical health status, the direct impact of specific diseases
on utilization of physician services and hospital care, and the
indirect impact of specific diseases on utilization, mediated
through physical health status.

PARTICIPANTS: A total of 11,497 people aged 65 and
older, representing a complex, multistage sample of the
noninstitutionalized, older adult population of the United
States.

MEASUREMENTS: Predictor variables included specific
chronic diseases (hypertension, arthritis, diabetes, cancer,
and atherosclerotic heart disease), self-rated health status,
and total number of disabilities. Control variables included
age, gender, race, education, social integration. Outcome
variables were physician visits and hospital stays.

MAIN RESULTS: It was shown that different diseases have
different relative impacts on physical health status, proba­
bility of utilization, and amount of utilization, if any, and
different chronic diseases have a different mix of direct and
indirect effects on utilization.

CONCLUSION: The impact of chronic disease on health
services utilization in a community-dwelling population is
not a simple or direct relationship. Diseases vary according
to their impact on different types of utilization, their impact
on the probability of any health services use versus the
amount of use, and on how much their effect on utilization
is mediated through health status. J Am Geriatr Soc
42:1087-1093, 1994.
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Chronic diseases lead to disabilities, affect the health
status of millions of older Americans, and are respon­

sible for increasing health services utilization. 1 Although
many researchers have studied direct links from disability
and health status to health services utilization, or from
chronic diseases to disability and health status, these efforts
were largely based on single equation models and have given
us only a piecemeal understanding of chronic diseases and
their impacts on health services utilization. To understand
the whole picture, it is important to study simultaneously the
relationships among chronic diseases, disability, and health
status as they affect health services utilization. We used
multiple equatiorr' and two-stage.' modeling techniques to
study these simultaneous linkages in a community-based
population, and focused on the impact of specific chronic
diseases. Such an approach has led to two important contri­
butions to the understanding of health service utilization of
older Americans: (1) how specific chronic diseases affect
physical health status, which mediates the impact of chronic
diseases on utilization, and (2) insight into disease-specific
patterns of direct and indirect (mediated by physical health
status) effects on utilization.

Our research goal was to evaluate the hypothesis that
there is a causal pathway from chronic diseases to disability
and self-rated health status (SRHS), and that physical health
status (which includes chronic disease, disability and SRHS4

)

is an important determinant of health services utilization.
We first studied the impact of specific chronic diseases on
disability and SRHS to estimate the relationships among the
determinants of physical health status. We then studied the
direct impact of specific chronic diseases on different mea­
sures of health services utilization, hospital stays, and phy­
sician visits in a community-based sample of older Ameri­
cans. Finally, we estimated the indirect effects of chronic
diseases on utilization, which gave us an empirical estimate
of how much the effects of different chronic diseases on
utilization are mediated by physical health status.

METHODS

Conceptual Framework

The conceptual framework for this research uses two
major models in health sociology to focus our study of
disease-specific outcomes. The first model is the structure of
physical health, which some researchers have viewed as a
multidimensional construct involving chronic disease mea­
sures, disability measures, and self-rated health status." This
conceptualization has been useful in modeling the interrela­
tionships among chronic disease, disability, and health status
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and studying how these links are affected by exogenous
factors such as gender, age, ethnicity, and social support.
Although chronic disease is always shown to be important in
this model, a disease-specific focus has not been evaluated,
nor has the structure of physical health been studied for its
impacts on health services utilization.

The second model is the Anderson Health Behavior
Model of Utilization (HBM),s a "patient-based" model used
to study the determinants of people's health services utiliza­
tion behavior. This model considers people's "need" (includ­
ing disability, health status, and disease measures), "predis­
posing" (including health beliefs and attitudes), and
"enabling"(including insurance and socioeconomic status)
characteristics as important predictors of their use of health
services. A consistent finding in such studies is the over­
whelming importance of "need" variables in explaining
utilization variance." Often disability and self-rated health
status (SRHS) are used as measures of need. 7

-
11 However,

the relationship among the various components of "need,"
chronic diseases, disability, and health status, has not been
addressed, nor has a disease-specific focus been commonly
adopted.

We developed a conceptual model relating physical
health status (ie, chronic diseases and their links to disabil­
ities and self-rated health status) to health services utiliza­
tion. Figure 1 shows a schematic diagram of our model,
which incorporates a multidimensional structural model of
physical health status as a predictor of utilization. As shown
in the diagram, chronic diseases (represented in aggregate in
Figure 1) act directly to predict disability, SRHS, and
utilization. In addition, chronic diseases impact utilization
indirectly, through effects on disability and SRHS. As Figure
1 shows, disability and SRHS intervene between chronic
disease and utilization, illustrating our hypothesis that
chronic diseases exert some of their effects on utilization
through their impacts on disability and SRHS. Other impor­
tant variables, such as demographic and socioeconomic
characteristics, are considered to have direct effects on

disability, SRHS, and utilization. As the arrows in Figure 1
show, our conceptual model specifies unidirectional relation­
ships among predictor variables and outcome variables
(recursive model).

Data

The data for these analyses are from the Supplement on
Aging (SOA) of the 1984 Health Interview Survey (HIS). The
SOA, a joint project of the National Center for Health
Statistics and the National Institutes on Aging, is a complex,
multi-stage sample of the noninstitutionalized population of
the United States aged 55 to 74. The SOA sample consisted
of half of the 1984 HIS respondents between the ages of 55
and 65 and all of the respondents aged 65 to 74 (n =
16,148). SOA respondents were given additional interviews
focusing on health status, function, living situation, social
support, and health services utilization. The details of how
HIS participants were selected for the SOA, and issues
regarding the complex sampling methodology, proxy re­
spondents, and nonresponse have been well described.?: 12

Variable Specification

The variables of interest for this research included
predictor variables, outcome variables, and control variables
(Table 1). The SOA has 18 variables representing chronic
medical conditions. We studied the most common chronic
diseases: hypertension, diabetes mellitus, arthritis, cancer,
and atherosclerotic heart disease (ASHD). The first four of
these variables were based on responses to the corresponding
SOA item. Representing heart disease presented more of a
problem, because five to seven medical condition questions
potentially refer to heart disease. We considered yes answers
to the questions about angina, coronary heart disease, or
myocardial infarction as representing the presence of athero­
sclerotic heart disease (ASHD). Nonspecific or other heart
diseases, such as rheumatic heart disease, rheumatic fever,
other heart attack, and hardening of the arteries were
grouped with the remaining medical conditions into a
summed variable, "other conditions," which was then di-

Figure 1. Figure 1 is a simplified illustration ofour conceptual
model of the effects of physical health status on health services
utilization. Chronic diseases (considered in aggregate for sim­
plification) disability, and self-rated health status (shaded) are
components of physical health status. All three have direct
effects on health services utilization. However, chronic diseases
act indirectly on health services utilization through effects on
disability and self-rated health status. Disability also acts indi­
rectly on utilization through effects on self-rated health status.

Health
Services

Utilization

Table 1. Variables studied

Predictor Variables
Hypertension
Diabetes
ASHD
Cancer
Arthritis
Other diseases

Control Variables
Age
Gender
Race
Education
Social isolation

Outcome Variables
Self-rated health status
Number of disabilities
Physician visits per year
Hospital days per year
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chotomized to indicate the presence of any of these other
conditions.

Disability and SRHS were analyzed as both outcome
and predictor variables in our model. The disability variable
was the sum of the affirmative answers to the 24 disability
variables available in the SOA. These variables include six
activities of daily living,':' six instrumental activities of daily
living.!" and 12 physical disability indicators, such as ability
to lift 25 pounds, or ability to stand 2 hours.

Self-rated health was measured by one question in the
SOA which asks, "How would you rate your overall
health?" Answers are coded from 1, excellent, to 5, poor.

We developed models predicting two different types of
health services utilization, physician visits and hospital stays.
We used the self-reported number of physician visits and
hospital stays in the past year as our variables. Although the
Medicare-linked information was available for the sample,
we chose to use self-reported utilization in order to parallel
the other self-report data used in our analyses.

Demographic and social variables were controlled in all
the statistical models used in this study. Age has a strong
direct relationship with disability.!' 15-17 and health services
utilization." We chose as our analytic sample those 65 and
older because this group is Medicare eligible, and we mod­
eled age as a continuous variable. Statistically significant
gender, racial, and socioeconomic differences have also been
noted in disability,16-18 self-rated health.l" and utilization.V
Therefore, we controlled for gender, race, (white and non­
white), and educational level in all our analyses, and we
controlled for the absence of social isolation by the variable
"talking to relatives once a week." Income was not chosen as
a variable because it is missing in nearly 20% of cases and
may be dependent on household composition.r'' Educational
level was chosen as an alternative indicator of socioeco­
nomic status.

Data Analysis

The univariate characteristics of the variables used were
examined to evaluate variable distribution and missing
values. There are 11,497 respondents aged 65 or older in the
SOA. We excluded respondents with missing data in any of
our model variables, which resulted in approximately 11%
dropped cases. The missing values were distributed among
the variables in the models, with the most in anyone variable
at about 20/0. We did not correct for the complex sample
design in the subgroup we analyzed. Because this will cause
underestimation of variance, we required significance to be P
< 0.001 except where otherwise discussed.

The same predictor variables were entered into all of the
statistical models used. The five major chronic diseases
(arthritis, ASHD, cancer, diabetes, and hypertension) were
coded as dummy variables. Age, race, gender, educational
level, social isolation, and presence of other comorbid dis­
eases were entered as control variables.

In order to assess how specific chronic diseases affect the
structure of physical health, we constructed multiple equa­
tion models. Two ordinary least square (OLS) regression
models were used to study the direct effects of chronic
diseases (and control variables) on disability and SRHS.
These two models were hierarchical, that is, the control
variables and chronic diseases were used to predict disabil­
ity, and the control variables, chronic diseases, and disability
were used to predict SRHS. The regression coefficients

obtained were then standardized (divided by the variance) to
become the path coefficients for the direct effects. The
standardization corrected for differences in variability and
metric among predictor variables, thus allowing direct com­
parison of effects of different types of variables. Indirect
effects of predictor variables on SRHS were calculated from
the direct effects by multiplying the appropriate path coeffi­
cients and using rules of covariance algebra' The total
effects of a predictor variable on SRHS were the sum of the
direct and indirect effects.

The modeling of utilization was more complex, how­
ever, because 81 % of the study respondents did not have
hospital stays, 180/0 did not have physician visits, and the
distribution of use was skewed among those who had use.
Therefore, in order to model the direct effects of predictor
variables on utilization, we used two-part models as de­
scribed by Duan and Manning.' We evaluated the effects of
predictor variables on the probability of use and then on the
amount of use among those with use in order to derive the
direct joint effects of predictors on the amount of use in the
total population (users and nonusers). This model follows
from Bayes's rule for joint probability, where

E(Y) = E (YIY > 0)* pr (Y > 0).

A probit model was used to evaluate the probability of
use as a function of the predictor variables in the total study
sample. Because the probit coefficients obtained represent a
nonlinear relationship between the dependent and predictor
variables, these coefficients were transformed into marginal
effects, representing the independent effect of a predictor
variable on the dependent variable when the other variables
are fixed at the sample mean. The sample mean for dummy
variables is the proportion of respondents who are coded as
"one." Also, in this model, the number of disabilities and
SRHS are used as interval level variables. Therefore, the
marginal effects represent a change in only one level of
disability or SRHS.

The amount of use among users was evaluated by OLS
regression on the log transformation of the amount of use
using as regressors the same predictor variables. The mar­
ginal joint effects on the amount of use in the total sample
were obtained by multiplying the marginal effects calculated
from probit coefficients (probability of use) by the exponen­
tiated OLS regression coefficients (amount of use, if any) and
weighting the results by a correction factor based on the
mean of the exponentiated residuals." Separate two-stage
models were estimated for direct joint effects of physician
visits and hospital stays.

In order to evaluate the direct and indirect effects of
chronic diseases on hospital stays and physician visits in the
total analytic sample, we used a variation of the method of
Winship and Ware. 21 In this technique, direct effects and total
effects of predictor variables are estimated, and the indirect
effects are the differences between the total and direct effects.
In our analysis, the direct impacts of chronic diseases on
utilization were measured by full models, two-stage models
that included the intervening variables (as described in detail
above). Figure 2 illustrates this model and the variables used;
the intervening variables, disability and SRHS, are shaded.
The total effects of specific chronic diseases were evaluated by
estimating reduced models, which are the same two-stage
models except that the intervening variables of disability and
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Physician
Visits

Hospital
Stays

Cancer

Figure 2. Figure 2 illustrates the conceptual models and variables used to evaluate the direct and indirect effects ofchronic diseases
on utilization. Disability and SRHS (shaded) are intervening variables. Age, gender, race, education and social isolation are control
variables. The reduced model for the effects ofchronic diseases on utilization was estimated by two-stage models, without including
intervening variables, and thus represented the total effects. The full model for the effects of chronic diseases on utilization was
estimated by two-stage models, including the intervening variables, and represented direct effects. Indirect effects are the differences
between the total and direct effects and represent the effects of intervening variables.

B B B FdUCationl ................- ...

Arthritis

ASHD

SRHS are left out. Subtracting the direct effects (joint effects
estimated from the full model) from the total effects (joint
effects estimated from the reduced models) gives the indirect
effects attributed to the intervening variables. This method
does not allow specification of the relationship between the
intervening variables (shaded line in Figure 2). The statistical
package used was SASpC.22 1'.

RESULTS

Table 2 shows results from the path analysis, or multiple
equation OLS model, of the structure of physical health. The
direct effects of specific chronic diseases on number of
disabilities and SRHS are shown, as are the indirect and total
effects of each chronic disease on SRHS. Arthritis and the
presence of other comorbid diseases had large indirect effects
on SRHS, equal to or greater than their direct effects on
SRHS. Hypertension and cancer had small indirect effects,

while diabetes and ASHD had substantial indirect effects,
even though they were smaller than the direct effects. The
largest total impact on SRHS was from disability, other
comorbid diseases, arthritis, and ASHD.

Table 3 shows results from the two stage model for the
direct effects of specific chronic diseases, disability, and
SRHS on the expected amount of physician visits (Table 3a)
and hospital stays (Table 3b) in the past year. The first
column of Table 3a gives the marginal effects (from the
probit model) of the predictor variables on the probability of
any physician visits. Results show that the strongest predic­
tors of any physician visit were the presence of hypertension
and diabetes mellitus, followed by cancer and ASHD. There­
fore, if all other predictor variables were set at the sample
mean, the presence of diabetes mellitus increased the prob­
ability of a physician visit by 9.7%, while the presence of
ASHD increased this probability by 7.4%.

Table 2. Path analysis-Structure of physical health

Disability SRHS Direct SRHS Indirect SRHS Total
Predictor Variable Direct Effects Effects Effects Effects

ASHD .0918 .0967 .0369 .1336
Arthritis .1796 .0768 .0722 .1490
Cancer .0268 .0614 .0108 .0722
Diabetes .0991 .0779 .0398 .1177
Hypertension .0491 .0687 .0197 .0884
Other diseases .2430 .0676 .0977 .1653
Disability .4021 .4021

Sample Size 10227 10227
R2 .2515 .3092

All path coefficients (standardized regression coefficients) shown are significant at P < 0.001.
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Table 3. Direct effects of specific chronic diseases and health status on utilization

Table 3a. Physician Visits Table 3b. Hospital Stays

Marginal Marginal
Effect on Multiplicative Effect on Multiplicative

Probability of Effect on Probability of Effect on
Use (probit Amount of Use Joint Use (probit Amount of Use

Predictor Variable model) (OLS model) Effect model) (OLS model)

ASHD .0740 1.1825 .1419 .0771 1.130
Arthritis .0364 1.0669 .0630 NS NS
Cancer .0798 1.2065 .1562 .0748 1.0895
Diabetes mellitus .0966 1.2854 .2014 .0590 NS
Hypertension .1176 1.1270 .2150 .0139 NS
Other disease .0385 1.0845 .0677 .0634 NS
Disability .0053 1.0426 .0064 .0106 1.0125
SRHS .0285 1.1763 .0544 .0461 1.0567

Sample size 10228 8368 10228 10263 1983
Correction factor 1.6219 1.1066
Likelihood ratio 1078.853 965.639
R2 .175 .093

All effects shown for probit and OLS models are significant at P < 0.001.

Joint
Effect

.0949

.0901

.0119

.0538

10263

The second column of Table 3a shows the results of the
second part of the two-stage model, which used an OLS
regression model to study predictor variable effects on the
expected number of visits among those with visits. Because
the dependent variable was the natural logarithm of the
amount of visits, the exponentiated regression coefficients
(mutliplicative effects) are shown in column two. Diabetes
mellitus and cancer had the strongest effects. For example,
for those who ever saw a physician in the last 12 months, the
number of visits for those who had diabetes mellitus was .28
greater than for those who did not.

The final column in Table 3a displays the impact of the
predictor variables on the number of physician visits among
the total sample, including both users and nonusers. The
number given represents the joint effects of the predictor
variables on the expected number of physician visits for any
individual in the sample. The joint effects again demon­
strated the important impact of diabetes, hypertension,
cancer, and ASHD and the minor impact of arthritis on
utilization when other comorbidities were controlled. For

example, the expected number of physician visits among
those with diabetes mellitus was .20 higher than for those
without, relative to the entire sample.

Table 3b presents results of the two-stage model for
hospital stays. The interpretations of the probit model's
marginal effects, the OLS model's multliplicative effects, and
the joint effects are the same. The presence of ASHD and
cancer had the most effect on the probabiliry'of having had
a hospital stay within the last 12 months. Arthritis had no
significant impact. Among those with stays, however, only
ASHD, cancer, SRHS, and number of disabilities had a
significant impact on the number of stays. In the total
analytic sample, ASHD and cancer had the most impact.

Table 4 shows the total, direct, and indirect joint effects
of specific chronic diseases on the expected utilization in the
total analytic sample. As the table columns indicate, the total
effects are the joint effects calculated from the reduced
model, the direct effects are the joint effects calculated from
the full model, and the indirect effects are the differences
between the total and direct joint effects (See Figure 2). For

Table 4. Indirect effects of health status on disease-specific utilization

Table 4a. Physician Visits Table 4b. Hospital Stays

Independent Total Effects Direct Effects Indirect Effects Total Effects Direct Effects Indirect Effects
Variable (Reduced Model) (Full Model) (Differences) (Reduced Model) (Full Model) (Differences)

ASHD .2101 .1419 .0682 .1566 .0949 .0617
Arthritis .1158 .0630 .0528 NS NS
Cancer .1932 .1562 .0370 .1159 .0901 .0258
Diabetes mellitus .2789 .2014 .0775 .1191* NS
Hypertension .2565 .2150 .0415 NS NS
Other diseases .1331 .0677 .0654 .1298* NS

"Total effects represent joint effects significant at P < 0.02 or less for both stages of the two-stage model. Otherwise, all effects shown were calculated from effects that
were significant at P < 0.001 at both stages of the two-stage model.
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physician visits (Table 4a) arthritis and comorbid diseases
had indirect joint effects nearly as large as their direct effects.
Diabetes and ASHD had substantial indirect effects, al­
though these are smaller than the direct effects, while cancer
and hypertension acted mainly through direct effects. Only
cancer and ASHD impacted hospital stays in all models
(Table 4b). ASHD had a relatively large indirect effect, while
cancer again acted mainly directly. Diabetes and the pres­
ence of other comorbid diseases had borderline significant
total effects on hospital stays, but insignificant direct effects,
suggesting that their impact on hospital stays was mediated
through their effects on physical health status.

DISCUSSION

This research emphasizes the consequences of chronic
diseases on physical health status and health services utili­
zation. We have shown how disability and SRHS mediated
the relationship between chronic diseases and health services
utilization and that this relationship was affected to a greater
or lesser extent, depending on the particular chronic disease
considered. Arthritis and other comorbid diseases had large
effects on disability and, subsequently, on SRHS. Most
effects of arthritis and comorbid diseases on utilization,
therefore, arose from their effects on physical health. ASHD
and diabetes mellitus had major effects on all outcomes and
exhibited both direct and indirect impacts on utilization.
Cancer and hypertension had little effect on disability and
SRHS and exerted direct effects mainly on utilization.

Our research evaluates the impact of physical health
status on health services utilization by viewing both as
consequences of chronic diseases. The models presented in
this paper considered the links to disability and SRHS from
specific chronic diseases, thus capturing the complexity of
physical health status. We then evaluated the impact of
physical health status on utilization. In previous studies
based on the HBM, disability and SRHS have often been
linked to health services utilization,8-11 and SRHS has been
used alone to predict health services utilization, including
physician visits,23 hospital days, and admissions to nursing
homes. 24, 25 However, the multidimensional aspect of phys­
ical health status has not generally been studied for its links
to utilization.

We also evaluated the direct effects of specific chronic
diseases on utilization. Previously, chronic diseases have
been poorly operationalized as need variables in behavioral
models of utilization, and specific chronic diseases have
rarely been evaluated for their direct effects on utilization. In
"medical models" of health service delivery, based on area
variations of rates or types of medical or surgical proce­
dures,26-28 medical diagnoses have figured more promi­
nently. However, within the area variation models.i" patient
level information is generally missing.'" Thus, these models
cannot address sample specific disease and health status
information among those who use or do not use specific
health services. By using a disease-specific focus to study
both physical health status and utilization, we have begun to
bridge the conceptual gap between the patient focused,
behavioral models of health services utilization, and the
physician practice-centered, medical models of health serv­
ices delivery.

Limitations of this study involve measurement issues
concerning the independent variables and distribution and
censoring problems involving the dependent variables. Be-

cause this research focused on self-reported chronic diseases,
it is important to consider measurement of chronic diseases
and conditions in health interview surveys. This has been a
recognized problem since the early days of the Health
Interview Survey.f" A recent study found that in older
adults, the comparability of self-report and medically diag­
nosed conditions varied by condition.V In this study we did
not analyze additional information about self-reported
chronic conditions available in the SOA, such as duration of
condition and cure or control of condition. Future analyses
are planned to evaluate the possible contribution of these
and similar questions to chronic disease measurement in
health surveys and to adjust for measurement error in
self-reported conditions.V: 34

There are also problems associated with measuring and
conceptualizing disability in health interview surveys. Some
authors consider disability to be hierarchical;" others feel
that IADL's may be closely related to cognitive functionY
Wolinsky and others have distinguished between upper body
and lower body dysfunction.35 We feel that our approach is
reasonable for this study, and we recognize that, as yet, there
is no clear-cut method to model disability in all settings.

SRHS is also an ordinal variable that has been measured
in several ways, sometimes as a single question, sometimes as
a latent construct with several indicators.!" It has become
the most commonly used measure of general health status
assessment and performs well even as a single quesrion.:"

The distributional problems with measures of utiliza­
tion, physician visits, and hospital stays in the past year are
addressed by our use of the two-stage model. However, there
is still an issue of limited dependent variables. Current
nonusers may become users in the future. However, because
the data specify use in the past 12 months, this conceptual
problem is eliminated by design.

Finally, this study was based on cross sectional infor­
mation from the SOA. This presents problems because the
presence of certain conditions was ascertained for the pre­
ceding 30 days, while the presence of other conditions,
disabilities, and utilization, was ascertained for the past year.
Although modeling techniques used in this research are
designed for cross-sectional analysis, longitudinal study will
be important to understand the relationship between chronic
diseases, physical health status, and utilization over time.
However, longitudinal analysis has its own set of prob­
lems.36 It also depends strongly on theoretical specifications
and simplifying assumptions. In longitudinal analysis, for
example, transitions in conditions and disability can only be
estimated once during a panel time period. Transitions from
nonuser to user will be confounded by competing risks and
complex probability assumptions, and measurement issues
and variable distributions will assume more importance
because decreasing sample sizes will force collapsing of
categories.:'"

We feel that our multiple equation approach has led to
results with important implications for both clinical practice
and research. The impact of chronic disease on physical
health status is increasingly recognized as an important
clinical concern and research area. 38, 39 A disease-specific
focus will be necessary to both understand and influence the
trajectory from chronic disease to decreased health status. In
addition, our research points out that physical health status
is not only a medical outcome, but also a predictor of
ambulatory and acute health services utilization. The dis-
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ease-specific component of physical health is crucial to
understanding the role of health status in utilization, just as
health status is crucial to understanding the role of specific
diseases in utilization. Inserting a disease-specific focus into
a behavioral model of utilization enriches the model concep­
tually and may enhance its usefulness for the study of health
services utilization from the patient point of view.
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