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Abstract

Objectives—To (1) describe the relationship between symptom scores and mobility function
measures, (2) assess whether symptom scores and disease scores are similarly associated with
mobility function, and (3) identify clusters of symptoms that are most strongly associated with
functional status in older adults

Design—Secondary analysis of cross-sectional data from three cohorts
Setting—Academic medical center

Participants—195 community-dwelling subjects with poor flexibility or cardiorespiratory fitness
(fitness cohort), 211 female retirement community residents with vertebral fractures (VF cohort),
and 61 subjects with Parkinson's disease (PD cohort)

Measurements—20-item self-reported symptom scale, 17-item self-reported disease scale, Short
Form 36 (SF-36) Physical Functioning Scale, 5-item Nagi Disability scale, 10-meter walk time,
supine to stand time

Results—Symptom scores correlated with mobility function measures (Spearman correlation
coefficients range from 0.222 to 0.509) at least as strongly as, if not more strongly than did disease
scores. Symptom scores remained associated with functional outcomes after controlling for disease
score and demographic variables. Adding symptom scores to models that contained disease scores
significantly increased the association with functional outcomes. In the fitness cohort, muscle
weakness was the most explanatory single symptom, associated with an average decrease of 17.8
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points on the Physical Functioning Scale. A model that included only muscle weakness, pain, and
shortness of breath accounted for 21.2% of the variability in the Physical Functioning Score.

Conclusion—Symptoms represent useful indicators of disability burden in older adults and are
promising targets for interventions to improve function in complex patients.
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Introduction

Methods

Participants

As the population ages, the number of individuals living with multiple, co-existing conditions
(comorbidity) continues to rise, with the prevalence of comorbidity in the United States
expected to reach 81 million by 20201, Comorbidity heightens the risk of healthcare utilization,
mortality, and disability — over and above the risk from individual diseases1™. One challenge
that clinicians face in addressing the problem of comorbidity is that the role of independent
diseases — much less combinations of diseases — in the disablement process is not fully
understood. Previous work has suggested that disability typically results from multiple
pathological insults, but most patients identify a single symptom which causes their inability
to perform a task8-8. For decades, the Nagi model of disability has provided a conceptual
framework that distinguishes pathological insults (such as disease) from impairments (or
symptoms) in the disablement processgl 10 In this model, symptoms are a means by which
disease produces functional limitations. Because they are common across multiple diseases
and are correlated to disease, symptoms may represent clinically relevant and easily accessible
indicators of disability burden.

Thus, it is important to understand how symptoms are correlated with function and whether
specific clusters of symptoms are associated with poor function. This knowledge could provide
arationale for the development of symptom-based screening tools to assess disability risk and
might suggest particular symptoms (or groups of symptoms) to target for intervention.
Moreover, it could support a paradigm shift from a disease-based to a symptom-based approach
in comorbidity research as well as clinical care of complex patients. The primary aim of this
study was to describe the correlation between symptom scores and mobility function scales in
three cohorts of older adults with high rates of comorbidity. An additional aim was to assess
whether symptom scores are associated as strongly with mobility function as are disease scores.
A third aim of this study was to conduct an exploratory analysis to identify symptoms that are
particularly associated with poor function among older adults.

Data were obtained from baseline assessments of participants enrolled in three randomized
controlled trials developed concurrently and conducted from 1992-1997 11-13 The
participants in each trial received similar baseline assessment batteries. The original studies
investigated physical activity interventions in groups of older adults at risk for functional
decline. The present analysis uses baseline data, collected prior to randomization and
intervention. The first cohort, hereafter referred to as the fitness cohort, consists of 195
community-dwelling older men and women with impaired spinal flexibility (combined left and
right axial rotation < 120 degrees) or impaired cardio-respiratory fitness (determined by peak
oxygen uptake)ll. The second cohort, hereafter referred to as the VVF cohort, includes 211
female residents of continuing care retirement communities with prevalent vertebral fractures
by radiograph13. The third cohort, hereafter referred to as the PD cohort, includes 61 men and
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women with early- to mid-stage Parkinson's Disease (stages 2 and 3 of Hoehn and Yahr14)
12 Al studies were approved by the Institutional Review Boards of Duke University Medical
Center and/or the Durham VA Medical Center.

Symptom and Disease Scores

The symptom and disease scores were derived from participant responses to interviewer-
administered questionnaires. The 17-item disease index included the following questions
“Since you were 55, has a doctor ever told you that you have or had [angina, congestive heart
failure, heart attack, stroke, Parkinson's Disease, lung disease/emphysema/asthma/bronchitis,
arthritis, osteoporosis, broken bones, depression/anxiety/emotional problems, sleep problems,
chronic pain syndrome, cancer, diabetes, glaucoma, cataracts, amputation]?” The number of
conditions endorsed was summed so that possible disease scores range from 0 to 17. The 20-
item symptom index included the following questions, “Within the last month, have you had
[chest pain or pressure at rest, chest pain or pressure with exertion, shortness of breath at rest,
shortness of breath with exertion, muscle weakness, feeling tired much of the time, dizziness
or light-headedness, nausea, shakiness or trembling, balance problems, feeling sad/depressed/
blue, anxiety/worry/tension, problems with your eyesight, pain, muscle cramps, numbness/
tingling, incontinence, confused thinking, memory loss, difficulty sleeping at night]?”” Possible
scores on the symptom index range from 0 to 20.

Mobility Function Measures

Mobility function was assessed with two self-reported scales: 1) the Medical Outcomes Study
Short Form 36 (SF-36) Physical Functioning Scalel® and 2) the 5-item Nagi Disability
Scalel6. The SF-36 Physical Functioning Scale is derived from 10 items of the SF-36 which
assess whether the participant's health limits ability to perform vigorous activities such as
running, moderate activities such as golf or vacuuming, lifting or carrying groceries, climbing
several sets of stairs, climbing one set of stairs, bending/kneeling/stooping, walking more than
a mile, walking several blocks, walking one block, and bathing. Each item is scored according
to whether health limits the function not at all (10 points), a little (5 points), or a lot (0 points).
Possible scores range from 0 to 100 with higher scores indicating better function. The Nagi
Disability Scale assesses whether the participant is able to independently perform the following
tasks: pulling or pushing large objects, stooping/crouching/kneeling, lifting or carrying weights
over 10 pounds, reaching or extending arms above shoulder level, and writing or handling
small objects. Possible scores range from 0 to 5 with higher scores indicating more disability.

Mobility function was also assessed with performance measures recorded using standardized
protocols. To determine supine-to-stand time, subjects were instructed to move at their normal
pace from a supine position on a low treatment table to standing. For 10-meter walk time,
participants were instructed to walk at a “comfortable pace” across a 10-meter distance marked
on the floor. A stop watch was used to record the times. One practice and two test trials were
conducted for each variable, and the values of the test trials were averaged.

Statistical Analysis

All analyses were performed with SAS V.9.1 and SAS EGuide V 4.0 (SAS Institute, Inc., Cary,
NC). Descriptive statistics were used to characterize each cohort at baseline. Significant skew
existed among the functional outcome data; thus, Spearman correlation coefficients are
reported for all correlation analyses. The three cohorts represent different study populations
with different average values for the variables of interest. Therefore, correlations were assessed
separately in each cohort (rather than combining data from the three populations).
Heterogeneity testing with Cochrane's Q statistic suggested sufficient homogeneity in the
correlations across cohorts to pursue a fixed effects meta-analytic technique to obtain an overall
effect for each pair of variables examined 17_ Fisher's Z transformation statistics were used in
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the meta analytic model and the overall effect was then converted back to a Spearman
correlation18-20,

A second aim of this analysis was to test whether symptom and disease scores were similarly
associated with mobility function. Therefore, for each of the four mobility function variables,
the following null hypothesis (Hg) was tested:

P(mobility function, symptom score)=P(mobility function, disease score)- 10 test this null hypotheses, Z
statistics were calculated as described by Kleinbaum and colleagues 20, The Z statistics were
first calculated in each cohort and then combined using the Inverse Normal Method?L. To
further compare the association between symptom scores and mobility function and disease
scores and mobility function, multivariable models were constructed that included symptom
score and/or disease score, age, sex, education (years in school), and study population as
predictors of the mobility function outcomes. Ten meter walk time, supine to stand time, and
Physical Functioning score were modeled with linear regression; Nagi Disability scale score
was modeled with Poisson regression.

A third aim of the study was to explore which particular symptoms are most strongly associated
with function. In this exploratory analysis, linear regression models were constructed using
data from the fitness cohort. We restricted this analysis to the fitness cohort because it includes
both sexes and is not defined by an index disease (such as osteoporosis or Parkinson's) and
was thus more representative of a general population of older adults at risk for functional
decline. The models included individual symptoms as independent variables and SF-36
Physical Functioning score as the dependent variable. The SF-36 Physical Functioning score
was chosen because it was the most strongly correlated to symptom scores and the data included
a large range of values on this 100-point scale. In the exploratory analyses, all possible
combinations of the 20 symptoms were considered to determine the R2 and adjusted R? of each
model. The R2 was used to determine the most explanatory 1-symptom model, the most
explanatory 2-symptom model, most explanatory 3-symptom model, and so on. Adjusted
R2's were compared to determine the point at which adding an additional variable to a model
does not produce a significant, independent increase in explanatory power.

The baseline characteristics of each cohort are summarized in Table 1. Although the
demographics of these three older cohorts differ, a high prevalence of comorbidity (as
determined by self-reported diseases) was common to each group. Some predictable
discrepancies were noted in the frequency of individual symptoms; for example, the
Parkinson's cohort was most likely to report shakiness and trembling, whereas pain was most
often reported in the vertebral fracture cohort.

Moderate correlation existed between self-reported symptom scores and disease scores in the
fitness cohort (Spearman CC 0.435, p<0.0001) and VVF cohorts (Spearman CC 0.330,
p<0.0001), but symptom and disease scores were not significantly correlated in the PD cohort
(Spearman CC 0.203, p=0.12). Symptom scores correlated with functional measures, as did
disease scores. In general, the correlation between symptom scores and functional status
measures was stronger than the correlation between disease scores and functional status
measures (Figure 1). The difference was statistically significant only for supine to stand time
(p = 0.01); the difference was borderline significant for Nagi Disability Scale (p = 0.07) and
Physical Functioning Scale (p = 0.10).

In multivariable regression models, symptom score remained a significantly associated with
mobility function outcomes after inclusion of disease score, age, sex, study group, and
education (Table 2). Models that include symptom score (but not disease score) explain more
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variability in the outcomes than do models that contain disease score (but not symptom score).
When full models containing symptom score, disease score and covariates are compared to
reduced models containing only disease score and covariates, the full models are significantly
better at explaining the mobility function outcomes (p<0.001, data not shown).

Finally, exploratory analyses were conducted using data from the fitness cohort to identify
particular symptoms that were most strongly associated with functional status as determined
by the 100-point SF-36 Physical Functioning score. The full model, containing all 20
symptoms, accounts for 28.7% of the variability in the outcome. The most explanatory single
symptom was muscle weakness, which accounted for 13.3% of the variability in the SF-36
Physical Functioning Scale. The presence of muscle weakness was associated with, on average,
a 17.8 point decrease in the 100-point SF-36 Physical Functioning Scale. Even after controlling
for age, race, and sex, muscle weakness remained associated with a 17.0 point decrease in the
SF-36 Physical Functioning Scale. The most explanatory 2-symptom model included muscle
weakness and pain, which accounted for 19.2% of the variability in the outcome. The most
explanatory 3-symptom model included muscle weakness, pain, and shortness of breath at rest
and accounted for 21.2% of the variability in the outcome. Pain and shortness of breath at rest
were associated with average Physical Functioning score decreases of 13.9 and 20.8,
respectively. The highest adjusted R? was achieved with an 11-symptom model which included
muscle weakness, pain, shortness of breath at rest, shortness of breath with exertion, chest pain
atrest, balance problems, dizziness, shakiness or trembling, pain, numbness or tingling, nausea,
and anxiety.

Discussion

In three cohorts of older adults with high rates of comorbid diagnoses, the correlation between
symptoms and mobility function measures was at least as strong as, if not stronger than the
correlation between self-reported diseases and mobility function measures. In multivariable
analyses that controlled for disease scores, symptom scores remained associated with mobility
function. The inclusion of symptom scores in these models added significant explanatory value
over and above the contribution from disease scores alone. Furthermore, preliminary data
presented here suggest that a relatively short list of symptoms contribute importantly to the
disablement process.

These findings are clinically useful because a symptom-oriented approach has some practical
advantages over a disease-oriented approach to maximizing function in older adults with
significant comorbidity. Symptom scores may be useful in identifying medically complicated
older adults who are at highest risk for adverse functional outcomes. Symptoms provide easily
accessible information that can be obtained reliably through self-report. By contrast, older
adults may be unaware of some of their co-existing diseases, either because a disease has not
been formally diagnosed or because the patient is not aware of the diagnosis. This is evidenced
by the fact that 39% of the women in the vertebral fractures cohort did not endorse osteoporosis
as a diagnosis.

Even when accurate information on underlying disease is available, symptoms may represent
the best target for interventions to improve function in patients with comorbidity. First, chronic
diseases are often less modifiable than the symptoms they produce. Second, whereas the list
of potential disease combinations is overwhelming, the list of disabling symptoms is more
manageable. Thus, one promising strategy to maximize function in patients with comorbidity
is to focus on pairs and clusters of particularly disabling symptoms, rather than combinations
of diseases.
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One important goal, therefore, is to understand which particular symptoms -- or combinations
of symptoms -- are most strongly associated with poor function. Exploratory analyses presented
here suggest that, of 20 symptoms considered, muscle weakness, pain, and shortness of breath
were especially important contributors to poor functional status. The average decreases in
SF-36 Physical Functioning score associated with muscle weakness, pain, and shortness of
breath at rest were impressive: 17.8, 13.9, and 20.8 points, respectively. In comparison, the
average decreases in SF-36 Physical Functioning score associated with congestive heart failure,
chronic lung disease, and arthritis are 9.8, 9.4, and 7.4, repsectivelyzz. A change in the SF-36
Physical Functioning score of 6.5 points is considered clinically significant and correlates with
health outcomes and mortality23.

The finding that muscle weakness, pain, and shortness of breath are particularly important
contributors to disability is consistent with previous work. Over 90% of participants in the
Women's Health and Aging Study (WHAS) with activities of daily living (ADL) disability
attributed their disability to weakness, pain, endurance problems (defined as shortness of breath
or fatigue), and balance problemsG. The etiology of these symptoms is often multi-factorial in
older patients, arising from more than a single condition. It is possible that understanding
important symptom interfaces will yield targeted treatments and management strategies to
improve function in complex patients.

One interesting observation was that symptoms and diseases correlated better to self-reported
measures of function (Nagi Disability Scale and SF-36 Physical Function scale) than to
performance measures. One potential explanation is that a subjective reporting bias existed,
such that those participants who were more likely to endorse the presence of many symptoms
(or diseases) were also more likely to report difficulty with functional tasks. However, previous
groups have found that self-reported function generally correlates well to similar measured
functions24. An alternate explanation is that the performance measures assess discrete
functions (speed of walking or standing), whereas the scales provide a more comprehensive
assessment of functional capacity and are therefore more likely to reflect differences produced
by a wide range of symptoms.

Several limitations of these analyses should be noted. First, the data were obtained from
baseline assessments in trials which assessed exercise interventions; thus, the participants are
likely to be healthier than many older adults with comorbidity. For example, subjects with
active cardiac disease were excluded from the fitness and VF trials, so the functional impact
of chest pain may be under-represented. Second, although the primary correlations all achieved
statistical significance, it is important to note that the magnitude of correlation with symptom
or disease scores was moderate for functional scales (correlation coefficients 0.3 to 0.5) and
small for performance measures (correlation coefficients generally <0.3). Third, the symptom
and disease indices have not been tested for reliability and validity and due to the inherent
overlap in the domains of diseases and symptoms, the indices contain several redundant items.
Fourth, to examine which symptoms and symptom combinations were particularly associated
with functional status, an exploratory analysis was conducted with multiple comparisons.
Given the paucity of data on this subject, an exploratory approach to generate hypotheses is
reasonable, but the findings require confirmation.

The study makes several important contributions. It highlights the importance of the
accumulation of symptoms in the disablement process by demonstrating in three distinct
populations of older adults that a count of symptoms correlated with mobility function at least
as strongly as, if not more strongly than a count of diseases. The findings support the hypothesis
that symptoms are a promising target for interventions aimed at modifying the pathway that
leads from comorbidity to disability. Finally, in an exploratory analysis, a relatively small
group of symptoms were identified that contributed importantly to functional status in a group
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older adults at risk for functional decline. Future efforts should seek to further describe the

functional impact of these particular symptoms and symptom clusters as well as the potential

be

nefits of therapies that target these symptoms in older adults with comorbidity.
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Nagi Disability Scale

Ten Meter Walk Time
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| 1 B R —
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Spearman Correlation Coefficients

Figure 1. Correlation of mobility function measures to symptom scores and disease scores

This figure provides a graphical comparison of the strength of correlation between measures
of mobility function and symptom scores verses measures of mobility function and disease
scores. The center line indicates a correlation coefficient of zero; points further from the center
line indicate stronger correlation between two variables. Correlations between mobility
function measures and symptom scores are represented by circles (Spearman correlation
coefficient [CC]) and solid lines (95% confidence intervals); correlations between maobility
function measures and disease scores are represented by triangles (Spearman CC) and dotted
lines (95% confidence intervals). The Spearman CC for Nagi Disability Scale to symptom
score is 0.435 (0.355 to 0.509) and the Spearman CC for Nagi Disability Scale to disease score
is 0.349 (0.262 to 0.429). The Spearman CC for Ten Meter Walk time to symptom score is
0.273 (0.186 to 0.356) and the Spearman CC for Ten Meter Walk time to disease score is 0.260
(0.173 t0 0.344) The Spearman CC for Supine to Stand time to symptom score is 0.311 (0.225
to 0.392) and the Spearman CC for Supine to Stand time to disease score is 0.201 (0.111 to
0.288) The Spearman CC for SF-36 Physical Functioning Scale to symptom score is —0.442
(-0.512 t0 —0.365) and the Spearman CC for SF-36 Physical Functioning Scale to disease score
is —0.349 (-0.427 to —0.266). NB: Higher scores on the SF-36 Physical Functioning Scale
indicate higher functioning, whereas higher scores on the other three mobility function
measures indicate lower functioning.
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Table 1
Characteristics of Cohort Participants
Vertebral Parkinson's
Fractures Disease
Fitness Cohort Cohort Cohort
Characteristic N=195 N=211 N=61
Age in years, mean = SD 71.4+5.0 80.8+5.5 70.9+7.4
Sex, % Female 66.1 100 25.4
Race (Self-report)
% White 75.4 96.8 98.3
% Black 246 0 1.7
% Native American 0 3.2 0
Education
% High school or less 54.9 35.4 33.9
%College/Associate's 28.7 42.6 28.8
% Graduate Degree 16.4 22.0 37.3
Work status
% retired 76.4 89.6 79.7
% working 6.7 0.5 13.6
% unemployed or
homemaking 16.9 9.9 6.7
Comorbidity, % with = >2
diagnoses 61.0 95.3 91.8
Symptoms (in past month)
Chest pain or pressure
with exertion 12.4 10.9 13.1
Shortness of breath at
rest 7.2 10.4 3.3
Shortness of breath
with exertion 50.0 53.6 50.8
Muscle weakness 22.6 455 51.7
Feeling tired much of
time 29.7 49.8 59.0
Dizziness or
lightheaded 21.0 20.9 32.8
Nausea 5.1 13.7 115
Shakiness or trembling 10.3 175 83.6
Balance problems 19.5 49.8 52.4
Feeling sad,
depressed, or blue 19.5 33.2 31.1
Anxiety, worry, or
tension 31.8 45.7 42.6
Problems with eyesight 25.6 431 36.1
Pain 44.6 64.9 42.6
Muscle cramps 36.9 44.6 41.0
Numbness or tingling
anywhere 25.1 30.3 36.1
Incontinence 22.1 35.6 24.6
Confused thinking 8.2 23.2 26.2
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Vertebral Parkinson's
Fractures Disease
Fitness Cohort Cohort Cohort
Characteristic N=195 N=211 N=61
Memory loss 344 54.0 57.4
Difficulty sleeping at
night 323 38.4 27.9
Symptom Score
Mean + SD 46+3.6 6.9+3.9 73+33
Range of scores
(maximum 20) 0to 20 0to 18 0to 14
Diseases (since age 55)
Angina 8.7 11.4 13.1
Congestive heart
failure 15 47 33
Heart attack 7.7 5.7 9.8
Stroke 51 6.7 4.9
Parkinson's Disease 1.0 14 98.4
Lung disease 14.9 15.2 115
Arthritis 48.7 71.0 45.9
Osteoporosis 9.3 61.0 3.3
Broken bone(s) 22.6 61.1 14.8
Depression/anxiety 14.4 21.8 27.9
Sleep problems
(insomnia, narcolepsy) 10.8 12.8 24.6
Chronic pain syndrome 4.1 6.6 3.3
Cancer 19.0 26.1 21.3
Diabetes 12.3 0.5 8.2
Glaucoma 8.7 15.2 6.6
Cataracts 374 74.9 37.7
Amputation 15 0.5 33
Disease Score
Mean + SD 23+17 40+17 34+15
Range of scores
(maximum 17) 0to7 0to 10 1to8
Physical Function Scale,
Median (IQR) 80 (65 to 90) 65 (40 to 80) 60 (45 to 85)
Nagi Disability Scale
Median (IQR) 2(1t03) 3(2to4) 3(2to5)
Ten Meter Walk Time, 10.1(8.7to
Mean + SD (seconds) 8.6(7.9t09.7) 11.5) 9.6 (8.0t0 11.0)
Supine to Stand Time
Mean + SD (seconds) 4.7(4.0t05.8) 4.7 (3.7t06.5) 5.6 (4.510 8.8)

SD = standard deviation, IQR = inter-quartile range
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