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Abstract
Objective—To investigate the association between multimorbidity – a construct comprised of
several health domains (medical comorbidity, musculoskeletal, physical and social functional
status, mental health, geriatric problems) – and overall self-rated health, an important chronic
disease health outcome. We investigate whether medical comorbidity effects are mediated through
other health domains and whether these domains have independent effects on self-rated health.

Study Design and Setting—Medicare recipients (n=958) completed a questionnaire 3 years
post primary total hip replacement surgery. Self-reported sociodemographic characteristics, self-
rated health, and health domain statuses were ascertained. Probit regressions and path analyses
were used to evaluate the independent effects of the health domains on self-rated health, the inter-
relationships between domains, and to quantify direct and mediated effects.

Results—All domains were independently associated with self-rated health. Medical
comorbidity explained 11.7% of the variance in self-rated health and all other health domains
explained 27.3%. The impact of medical comorbidity was largely direct (only 21.5% mediated
through other domains). Medical comorbidity minimally explained the variance in other domain
scores.

Conclusion—Self-rated health has multiple determinants. This finding suggests that an
exclusive focus on any one domain in health research may limit researchers' ability to understand
health outcomes for which self-rated health is predictive.
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INTRODUCTION
The literature has identified a number of health domains that influence both short- and long-
term health outcomes. We will refer to multimorbidity as the co-occurrence of states or
situations related to these health domains and refer to the collective impact of
multimorbidity as the `aggregate health burden'. While work to date has focused
predominantly on the domain of medical comorbidity (the co-occurrence of one or more
diseases beyond an index disease [1]), other health domains, particularly physical and social
functioning and mental health, have also been shown to have significant effects on outcomes
[2–6]. In this study, we consider multimorbidity (medical comorbidity, musculoskeletal,
general physical and social functioning, geriatric problems and mental health) and
associated aggregate health burden and its association with self-rated health. Self-rated
health has been shown to predict a range of outcomes, including morbidity [7–10], health
care utilization [7;11;12], hospitalizations [7;11;13], and mortality [14–16], over varied time
periods and after controlling for morbidity, health behaviours, and access to health services.
And, importantly, assessing the inter-relationship between a number of health domains and
their association with self-rated health permits a conceptual understanding of health from the
patient's perspective.

The study is undertaken using a cohort of individuals who underwent a total hip replacement
for osteoarthritis 3 years prior. Osteoarthritis is the most common joint disorder in the world,
with significant impacts on functioning, disability and health care utilization [17–19]. It has
also been reported that people with osteoarthritis experience concomitant medical conditions
more often than age and sex matched peers in the general population [20–22], and that
disability rises markedly with the number of coexistent medical conditions [23–25].

In this study, path analysis with probit regression is used to evaluate the inter-relationships
between the health domains and to quantify the direct and mediated (indirect) effects of
medical comorbidity on self-rated health considering these other relevant health domains.

METHODS
Study Sample

Analysis was based on a 3-year post-surgical survey of Medicare beneficiaries aged ≥65
years that underwent elective primary total hip replacement for osteoarthritis from July 1995
through June 1996. Recruitment details have been published [26].

Briefly, a 2-stage stratified random sample of 1,939 patients from 3 U.S. states (Colorado,
Pennsylvania, and Ohio) was selected from a cohort of 7,092 who had primary total hip
replacement. 32 died prior to contact and addresses were incorrect for 20. 519 never
responded, 338 refused participation and 1,030 agreed to participate. Of these, 958 returned
their questionnaire. Respondents were younger than non-respondents, and response rates
were greater among white patients and those with higher incomes.

Study measures
Self-rated health—Patients were asked, “In general, how would you rate your health?”
“Excellent; Very good; Good; Fair; or Poor.” Responses were scored 1 to 5.

Medical comorbidity count—Patients identified chronic diseases experienced in the last
10 years (stroke; cancer; heart attack; congestive heart failure; high blood pressure; diabetes;
kidney disease; asthma, bronchitis, emphysema, or other lung disease; ulcer or stomach
disease; anemia or other blood disease; rheumatoid arthritis). An unweighted summative
index was calculated [27].
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Musculoskeletal functional limitations—Patients reported whether their activities
were limited by problems in 6 anatomic regions: hands, wrists, arms or shoulders; neck;
back; hips; knees; ankles or feet [28]. Responses were summed, with scores ranging from 0–
6.

Physical functioning—Concerning problems with work or daily activities as a result of
physical health, patients were asked how much time “…have you accomplished less than
you would like?” and “…were you limited in the kind of work or other activities you could
do?”

Social functioning—Patients were asked how much time their physical health or
emotional problems interfered with their social activities. For physical and social
functioning, patients indicated: 4-All of the time; 3-Most of the time; 2-Some of the time; 1-
A little of the time; or 0-None of the time. Responses were summed, and scores ranged from
0–8 and 0–4, respectively.

Mental health was assessed using the mental health inventory from the SF-36 Health Survey
[29]. Scores ranged from 0–20. Scores for physical and social functioning and mental health
were standardized to a 0–100 scale.

Geriatric problems [30] were recorded as memory problems or confusion; vision problems;
hearing problems; falling down; difficulty controlling bowel or bladder; and poor balance.
Positive responses were summed; scores ranged from 0–6.

For all measures, higher scores represented worse health/greater severity. The survey also
elicited data on Age, Household Income (low (<$20,000); middle ($20,000–$50,000); high
(>$50,000); missing (20.6% of sample)), Educational Attainment (<high school; high
school; some college; 4-year college), and height and weight (from which body mass index
(kg/m2) was calculated.

Analysis
Overall distributions were examined. Bivariate analyses examined health measure scores by
self-rated health status.

Recognized as a proxy for an underlying continuous distribution, self-rated health was
treated ordinaly and probit regression analyses employed. Analyses adjusted for age, sex,
income, education, and body mass index. Initially, simple probit regressions evaluated the
association between medical comorbidity count and self-rated health, followed by the
addition of physical, social and musculoskeletal functional limitations, mental health and
geriatric problems into the model.

The hypothesis of a mediated effect of medical comorbidity on self-rated health through
other health domains was assessed via path analysis (Figure 1). The directionality of effects
was based on findings from the literature [2–6;31–34]. Where the literature suggested bi-
directional effects, domains were specified to covary.

Different indices provide different information about model fit. Four indices were
considered: weighted root mean square residual, root mean square error of approximation,
comparative fit index, and Tucker-Lewis index. Good fit was supported by values ≤0.9,
≤0.05, ≥0.95 and ≥0.95, respectively [35;36], and small residual covariances. Analyses
were carried out using Mplus 3.13.
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Model coefficients represent z-score changes for unit changes in the independent variables.
For interpretive ease, the change in probability of reporting fair/poor self-rated health over
the range of values for each domain was calculated. While probabilities can be calculated for
each domain for each level of self-rated health, fair/poor was chosen given that poorer self-
rated health has been associated with poorer outcomes.

RESULTS
The sample demographic, body mass index and self-rated health distributions are
summarized in Table 1. 68% reported ≥1 comorbid medical conditions, in addition to
osteoarthritis (the index condition). 37.4% reported one other condition (other than
osteoarthritis), while nearly 10% reported ≥3 other conditions. The poorest overall health
domain scores were observed for physical function, followed by mental health, and social
function (Table 2). On average, individuals reported 1.6 musculoskeletal regions that limited
activities and 1 of 6 geriatric problems.

Reporting worse self-rated health was associated with worse domain scores (Table 2). From
`excellent' to `poor' self-rated health, mean disease count increased from 0.5 to 2.1, and
musculoskeletal limitations from 0.6 to 3. Equivalent estimates ranged from 19.1 to 93.5 for
physical function, 2.5 to 57.3 for social function, and 11.2 to 51.7 for mental health.

Table 3 presents probit regression results. Sociodemographic characteristics and body mass
index were considered in Model 1, followed by the addition of medical comorbidity count
(Model 2), and other health domains (Model 3). The addition of medical comorbidity count
increased the R2 for self-rated health by nearly 12 percentage points, from 8.7% to 20.4%.
Comorbidity count was significantly associated with self-rated health; a higher count
associated with worse self-rated health. The addition of musculoskeletal, physical and social
functional status, mental health and geriatric problems increased R2 for self-rated health by a
further 27.3 percentage points, to 48%. Each domain was significantly and independently
associated with self-rated health, after adjustment for medical comorbidity count. Further,
while comorbidity count remained a significant correlate, the magnitude of its coefficient
attenuated by just over 20%, suggesting the likelihood of a partially mediated effect between
medical comorbidity count and self-rated health through the other health domains.

Table 3 also presents results from the path analysis. The hypothesized model showed very
good overall fit (weighted root mean square residual=0.541; root mean square error of
approximation=0.001; comparative fit index=1.00; Tucker-Lewis index=1.01). Each health
domain was significantly associated with self-rated health. The association between medical
comorbidity count and self-rated health was significant both directly and mediated through
the other health domains. As a proportion, 78.5% of the association was direct, while 21.5%
was mediated through the other domains. Thus, the considered health domains accounted
minimally for the relationship between medical comorbidity and self-rated health.
Additionally, while comorbidity count exhibited statistically significant associations with
the health domains (physical function: estimate=3.746, p=0.0004; social function:
estimate=1.899, p=0.0128; mental health: estimate=1.715, p=0.0003) the R2 values for these
domains ranged from 21% to 31% (with comorbidity count, sociodemographic
characteristics and body mass index specified as predictors). Medical comorbidity count was
only moderately, though significantly, correlated with geriatric problems (r=0.16, p<0.0001)
and musculoskeletal limitations (r=0.20, p<0.0001).

Figure 2 graphically depicts the proportion of the total effect of each health domain,
demographic characteristic and body mass index on self-rated health which was direct.
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Over the range of their values, medical comorbidity count had the greatest impact on self-
rated health, with the probability of reporting fair/poor self-rated health increasing by over
30 percentage points from the reporting of 0 to 6 medical conditions. Similar estimates for
musculoskeletal limitations and geriatric problems were 14 points, near 11 for mental health,
followed by physical and social functional limitations at 8 and 4 percentage points,
respectively.

Only indirect effects of age, sex, and body mass index on self-rated health were found to be
significant. For sex and body mass index, these were through physical and musculoskeletal
limitations. Additionally for body mass index, comorbidity count was a significant
mediating domain. Age was associated with self-rated health through geriatric problems.
Increasing age, female sex, increasing body mass index and lower educational attainment
were associated with worse self-rated health. Higher income was associated with better self-
rated health.

DISCUSSION
Given the wide ranging impact of medical comorbidity and the increasing prevalence of
coexistent medical conditions in the aging population, it is not surprising that comorbidity is
quickly gaining traction in clinical and public health research. Comorbidity indices often
rely on information available in medical records or administrative databases [37], however,
and the effect is that these indices provide crude medical case-mix adjustment. This study's
findings broaden our conceptual understanding of the burden of illness by identifying
independent associations between several constituent health domains of multimorbidity and
self-rated health.

Increasing medical comorbidity count was strongly associated with reporting worse self-
rated health, consistent with a number of studies in the literature. Additionally, we report
that the impact of medical comorbidity on self-rated health was by and large direct, with
only 21.5% mediated through other health domains. And, all health domains were
independently and significantly associated with a patient's view of their health. Often
medical comorbidity is exclusively considered or adjusted for in analyses with the
assumption that it is the singular upstream determinant of other health domains. However,
medical comorbidity alone was not sufficient to fully account for an individual's overall
health.

While medical comorbidity independently influenced the likelihood of reporting worse self-
rated health more so than the other domains, musculoskeletal limitations, mental health and
geriatric problems also had considerable effect. These findings support the adoption of
practices or procedures which consider, review or assess a broad array of health domains to
more wholly appraise a patient's or study participant's health.

Our findings are consistent with prior work which, though limited by the range of health
domains simultaneously considered, showed independent domain effects, beyond medical
comorbidity, for varied outcomes for which self-rated health is predictive. These include
physical and cognitive health for mortality [7;38] and hospitalization [7], anxiety and
depression for somatic symptom burden [2], and social support for life satisfaction and
overall well-being [4;39]. An exclusive focus on any one domain, particularly medical
comorbidity, in health research, therefore, is likely to limit the ability of researchers to
predict outcomes or trajectories.

This study extends the work of Reichmann et al. [40] which, though comparatively limited
in the breadth of domains considered, reported an independent effect of functional status on
self-rated health, beyond disease count, among individuals with knee osteoarthritis. Our
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findings support earlier work in a similar clinical sample ranging in age from 18–88 years
[41], though the emphasis was on latent health variables and not specific health domains as
in the present study, and to an adolescent and adult general population-based study from the
U.S. [42] and Canada [43].

Several studies have documented demographic correlates of self-rated health, including age,
sex, and socioeconomic status [44–46]. Consistent with these reports, younger individuals
reported better self-rated health, women worse self-rated health, and individuals of lower
socioeconomic status poorer self-rated health. As these covariates are also associated with
medical comorbidity, it was imperative to consider them in our effort to identify and tease
apart individual health domain effects on self-rated health.

This study was carried out among a group of community-dwelling elderly individuals with
osteoarthritis who underwent a total hip replacement 3 years prior. While total hip
replacement has been well established as an effective intervention for osteoarthritis of the
hip [47;48], it is important to bear in mind that improvements following surgery are
predominantly localized to the index joint. Patients have threats to their health beyond
osteoarthritis in the index joint, however. This is particularly important for patients with
medical comorbidities. Therefore, the improved health status experienced by total hip
replacement patients following surgery is perhaps best viewed as an interim episode against
the backdrop of changes in health brought on by painful joints, osteoarthritis progression,
and the onset and progression of other medical comorbidities.

A limitation of our study is its cross-sectional nature. Analyses were limited to the diseases
present at the time of the 3 year review and their impact on self-rated health and other
domains are specific to this time. Accordingly, our discussion of trajectories is intended to
convey theorized causal pathways and not longitudinal evolution. In addition, the
moderately low response rate might have introduced selection bias, as responders may have
been more health conscious and, more likely therefore, to report better self-rated health.
Alternatively, non-respondents may have been in worse health.

While generalizability appears predominantly limited to elderly community-dwelling
individuals having undergone primary total hip replacement for osteoarthritis, the relative
consistency between our and previously cited works suggests the findings are not unique to
this sample. The health domain questions utilized in this study elicited responses
unattributed to osteoarthritis or the operated joint and the domains are reflective of general
health states and (or) problems experienced by individuals with chronic conditions.

For the most part, comorbidity indices have relied on the use of a summative score. These
have been operationalized as a simple count of diseases or a weighted index, with weights
determined either by the association with a given outcome (predominantly mortality), and/or
by severity rankings of diseases. In some cases the summary scores include severity
rankings based on a specific health domain, predominantly physical impairment [49;50].
And, these weights often rely on specific information [37]. We assessed medical
comorbidity in such a way that it was not linked to a specific outcome or domain and
broadly applicable in that its scoring was not restricted to the availability of specific records
or databases.

We believe a better and clearer characterization of the association between medical
comorbidities and musculoskeletal limitations, mental health and geriatric problems and
self-rated health facilitates a better evaluation of aggregate health burden for health research.
Consequently, it also helps identify potential paths of greater or lesser impact to aid in
developing more targeted and effective interventions for improving individuals' overall
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health. We identified a broad range of health domains, including and beyond medical
comorbidity, which independently and aggregately impact a patient's overall health.

WHAT IS NEW?

Key Finding

In addition to medical comorbidity, other relevant domains of health (musculoskeletal
functional status, general physical and social functional status, geriatric problems and
mental health status), aggregately labelled multimorbidity, also contribute significantly
and independently to perceptions of overall health.

What this adds to what is known

While medical comorbidity is associated with these health domains, its effects on overall
health are for the most part direct, mediated only modestly through other health domains.
These domains are not only inter-related, but display independent effects as well.

What is the implication, what should change now

Focussing exclusively on any one domain may limit the ability of researchers to
understand health outcomes and trajectories. Investigators should consider
multimorbidity and the role specific health domain plays in the achievement of good
overall health.
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Figure 1.
Hypothesized path model (sociodemographic and body mass index effects not shown).
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Figure 2.
Proportion of total effects (of health domains, sociodemographic characteristics and body
mass index) on self-rated health that were direct; path analysis.
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Table 1

Sociodemographic, body mass index and self-rated health characteristics of total hip replacement study
sample*

Characteristic Mean

Age, mean ± SD (range) years 76.7 ± 5.6 (67.6–96.7)

Percentage

Sex

Female 62.2

Male 37.8

Household Income

low 36.0

middle 33.2

high 10.2

missing 20.6

Education

<high school 19.8

high school 36.5

some college 23.3

4-yr college 20.3

Body Mass Index

underweight(bmi<18.5) 1.5

normal (18.5≤bmi≤24.9) 29.9

overweight (25≤bmi≤29.9) 42.5

obese (bmi≥30) 24.5

Self-rated health

Excellent 9.0

Very Good 31.7

Good 39.6

Fair 16.8

Poor 3.9

*
N ranges from 924 to 958 for individual characteristic responses.
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