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Responsiveness of Health Status Measures

to

hange among Older Adults

Edward H. Wagner, MD*t Andrea Z. LaCroix, PhD,*t Louis C. Grothaus, MS,* and Julia A. Hecht, PhD*

Objective: This study examines the ability of commonly used
self-reported health status measures to detect important
changes in health (responsiveness) in older adults.

Design: We compared changes in health status measures
over the year among subgroups of a cohort of seniors: those
who experienced an intervening illness, hospitalization or
increase in drug regimen, and those who didn’t. Differences
between the two groups in changes in the measures were
quantitated using Guyatt's responsiveness statistic and re-
ceiver operating characteristic curves (ROC).

Setting: Staff model HMO.

Participants: 1379 senior HMO enrollees who were partici-
pants in a health promotion trial and provided complete
information at baseline and one year later.

Measurements: The following self-reported health status
measures were evaluated: restricted activity days, bed disa-

bility days, the Medical Outcomes Study physical function
scale, self-evaluated health, and a positive affect scale.
Main Results: All measures except the positive affect scale
were able to discriminate significantly between seniors who
were or were not hospitalized and/or reported a major illness
in the intervening year. The two disability days measures
showed the best responsiveness for all indicators of worsen-
ing health and included 70%-80% of the area under the
ROC curves for major illness defined by hospitalization or
self-report.

Conclusions: Commonly used, brief self-reported physical
health status measures are responsive to intervening illness
among relatively healthy seniors supporting their use in
longitudinal geriatric research. ] Am Geriatr Soc 41:241-248,
1993

of independence have become the clinical and

policy priorities for the health care of older adults.
Assessing the risk factors for disability and testing the
efficacy of interventions require outcome measures of
health and functional status capable of capturing clin-
ically important changes in health, declines or improve-
ments. The ability of a health status measure to detect
clinically important changes in health status has been
labeled its responsiveness.'” The limited literature on
the responsiveness of health status measures has
tended to focus on specific clinical conditions such as
arthritis,®’ low back pain,® or breast cancer.’ In these
situations, specific, focused health status measures ap-
pear to be more responsive than global ones. To our
knowledge, no published studies have examined the
responsiveness of commonly used global health status
indicators in clinically heterogeneous older popula-
tions.

Older measures of responsiveness failed to account
for variability in change measures in stable subjects,
whatever their cause. Two more recent approaches to
assessing responsiveness address this potential prob-
lem 2® Guyatt and colleagues® proposed assessing re-
sponsivenéss by using the ratio of the mix}im.al.clini—
cally important change to variation among individuals
who haven’t changed. The higher the ratio, the more
responsive the measure. Deyo et al® suggested that
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responsiveness be estimated by the ability of the meas-
ure to classify accurately changed and unchanged in-
dividuals, using sensitivity, specificity, and receiver
operating curves. Both approaches require data from
two sets of patients similar at baseline—a group that
has improved or deteriorated and a group that has
remained stable.

The availability of a large study population of older
adults for whom we had interview and health care
utilization information over a period of time provided
an opportunity to compare changes in self-reported
health status measures with more objective indicators
of worsening health. Specifically, we examined the
responsiveness of self-evaluated health, numbers of
restricted activity days and bed days, the Medical Out-
comes Study physical limitations scale,’’ and the pos-
itive affect scale used in the Health Insurance
Experiment'' by comparing changes in these measures
among older individuals with and without evidence of
major intervening illnesses.

METHODS

The study population consisted of older enrollees of
Group Health Cooperative of Puget Sound (GHC) who
agreed to participate in a randomized clinical trial of
health promotion interventions involving a nurse-ed-
ucator assessment visit and behavioral interventions.'?
Enrollees 65 years and older receiving care from
three central Seattle GHC clinics were randomly se-
lected from computerized files, and, with the permis-
sion of their primary care physicians, invited to partic-
ipate in the trial. Recruitment proceeded entirely by
mail. Participation involved completing and returning
a lengthy questionnaire and a consent form agreeing
to being randomized to intervention or control groups.
Of the original random sample of 6,328, 37% returned

0002-8614/93/$3.50
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completed materials, 8% were excluded by their phy-
sicians because of serious mental or physical illness,
13% refused, 2% were ineligible (institutionalized, out
of area, too ill), and 40% failed to respond. Physician
and patient refusals and ineligibles were older and
more likely to have significant illness than the other
groups. We interviewed a random sample of non-
respondents and found them to be less well educated
and less affluent but similar in health status to partic-
ipants.'?

The baseline questionnaire sought detailed infor-
mation about health status, sociodemographic charac-
teristics, health behaviors, and social support. We
generally selected widely used items and scales."
Respondents received a follow-up questionnaire ap-
proximately 1 year after receipt of the baseline ques-
tionnaire. The follow-up questionnaire included a sub-
set of the items in the baseline questionnaire and was

also administered by mail. In those cases where mailed
responses were not returned (less than 5% of respond-
ents), we interviewed them by telephone. The overall
response rate to the follow-up survey was 97%, with
the majority of non-response due to death. Table 1
provides detailed information about the health status
measures included in both questionnaires and whose
responsiveness is reported in this paper.

Restricted activity days and bed disability days are
two traditional measures of disability with a long his-
tory of use in the National Health Interview Survey.'
In a previous report, we examined the construct validity
of restricted activity and bed disability days as meas-
ures of physical disability and found strong support
for their cross-sectional validity."” Because the distri-
butions of these variables are so highly skewed, for
most analyses we categorized them into five ordinal
categories (0 = 0 days, 1 = 1-7 days, 2 = 8-30 days, 3

TABLE 1. SELF-REPORTED HEALTLH STATUS MEASURES AND INDICATORS OF WORSENING HEALTH

Health Measure

Description and/or Item Content Source

Self-Reported Health Status Measures

Disability days
Restricted activity days

Bed days

Other Health status measures

MOS physical function

Positive Affect/
Pep and Vitality

Self evaluated health

Two items: “In the past 12 months, did you cut down the things Adapted from NHIS’
you usually do, such as going to work or working around the
house, because of illness or injury?”

IF YES: “How many days did you cut down on the things you
usually do because of illness or injury?”

Two items: “In the past 12 months, did you ever stay in bed Adapted from NHIS’
because of an illness or injury?”

IF YES: “How many days did you stay in bed at least half the
day because of illness or injury?”

“For how long has your health limited you in each of the Adapted from Ware'*"
following activities? Vigorous activities; moderate activities,
walking uphill or climbing stairs; bending, stooping or lifting;
walking one block; eating, using the toilet. Responses include
“for 3 months or less”, “for 3 months or more”, or “not limited
at all”. Either of the first two responses were scored as a
limitation. Scored as a Guttman scale ranging from 0 (no
limitations) to 6 (limitation in eating dressing, bathing or the
toilet). Coefficient of reproducibility = .91, coefficient of scal-
ability = .61.
Combined score from 10-item Positive Affect subscale and a Adapted from Veit'
number of items from a second subscale (Pep and Vitality):
“During the past month . .. (a) how much of the time have
you felt that the future looks hopeful and promising? . . . (m)
how much energy, pep or vitality did you have or feel?” (6
response categories).
Single item: “Would you say, in general, your health is (1) Ware
excellent . . . (5) poor?”

Indicators of Worsening Health

1. Major hospitalization

2. Minor hospitalization
3. Major illness

4. Chronic Disease Score

Any hospitalization in the past 12 months with a primary dis-
charge diagnosis of myocardial infarction, other heart disease,
flexjebrova;cular désease (excluding TIA), hip fracture, Alz-

eimer’s disease, Cancer (lung, breast, col -
B (lung on or rectum, pros

Hospitalization with any other primary discharge diagnosis.

Single item: “In the past 12 months, have you had a major
personal illness?”

Weighted sum of drugs taken for major chronic diseases such as
hypertension, diabetes, asthma/emphysema, malignancy.
Higher scores mean more complex regimens. An increase in

the score of two or more points used as indicator of worsening
health.
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= 31-179 days, and 4 = 180+ days). The responsive-
ness of the six-item version of the MOS physical limi-
tations scale is also evaluated in this report; cross-
sectional construct validity and internal consistency
reliability have been demonstrated by the instrument’s
creators.” The six items of the MOS physical limita-
tions scale conformed to a Guttman scale,’® and re-
spondents were given a score ranging from 0-6, where
0 indicated no limitations in any activity and 6 indi-
cated limitations in self-care activities. Finally, we eval-
uated the responsiveness of a single-item measure of
self-evaluated health and a scale indicating psychologic
well being entitled Positive Affect."

The assessment of responsiveness requires the di-
chotomization of the study population into a group
whose health status has changed and one whose health
status has remained unchanged. As we are interested
in preventing declines in the health status of older
adults, we looked for indicators strongly suggestive of
worsening health that were independent of the self-
reported measures of health status.

Table 1 defines the indicators of worsening health
studied in this report. In each instance, they reflect
events occurring in the year between the baseline and
follow-up questionnaires. GHC hospital and pharmacy
computer systems provided the data to assess the oc-
currence of hospitalizations and the Chronic Disease
Score, respectively. We limited major hospitalizations
to those in which the primary discharge diagnosis was
a serious illness or injury with a high likelihood of
residual dysfunction in this age group. All other hos-
pitalizations were categorized as “minor” and analyzed
as a separate indicator of worsening health. The
Chronic Disease Score is a measure derived from com-
puterized pharmacy data reflecting the number and
severity of chronic conditions. The score has been
shown to be highly predictive of death, hospitalization,
and ambulatory utilization in a variety of GHC study
populations.’® The mean score for this population was
about three; an increase of two or more points over the
year was used as the indicator of worsening health. A
fourth indicator of worsening health was the self-report
of a major personal illness between baseline and the
follow-up questionnaire. 2

For each indicator of worsening health, we classified
individuals as having worsened or not and compared
self-report measures between these two groups for

TABLE 2. SUMMARY STATISTICS

each indicator. The group that did not worsen includes
those who either improved (eg, hospitalized in the year
prior to baseline but not in the year after) or stayed the
same (eg, hospitalized in both years or neither year).

Missing values were relatively frequent among the
self-report measures. We therefore confined the com-
parative analyses of health status measures to the 66%
of respondents (1 = 1,379) for whom we have complete
baseline and follow-up data on all measures in Table
1. The difference between zero and the mean change
within a group (eg, among those hospitalized) and the
difference in mean changes between groups (eg, hos-
pitalized vs non-hospitalized) were tested using t tests.
We used analysis of covariance for analogous tests
controlling for baseline health status.

Receiver-operating characteristic curves were con-
structed in the standard way by computing and plotting
the sensitivity and 1-specificity of changes of different
sizes for each health status measure. The area under
each ROC curve and its standard error were computed
using the trapezoidal method,'® and a z test assessed
the significance of the difference from 0.5, the null
value.

RESULTS

Table 2 shows health status measure means at base-
line and follow-up for the 1,379 respondents for whom
we have complete data. Overall, changes were small,
mixed in sign (positive changes indicate worsening
health), and only significantly worse for self-evaluated
health status.

Changes in health status measures differed signifi-
cantly depending on whether the subject had one of
the intervening indicators of worsening health (Table
3). Forty-eight individuals (3.5%) had one or more
major hospitalizations in the intervening year. While
their self-reported health status measures were only
somewhat worse at baseline than those not hospital-
ized, each health status measure except positive affect
significantly changed for the worse at follow-up. In
contrast, the 1,334 seniors not experiencing a major
hospitalization showed no significant changes. For the
111 (9.9%) seniors with a “minor” hospitalization, all
measures worsened, but the changes were smaller than
with major hospitalizations, and only bed days and
restricted activity days changed significantly.

FOR INDEPENDENT HEALTH STATUS VARIABLES

Health Status Mean for Period P-value for
Variable Pre Post Change change
Bed days last 12 Months 1.80 2:27. 0.47 0.22
Bed days last 12 Months (5-point scale) 1.07 1.09 0.02 0.28
Restricted days last 12 Mo. 12:27. 12.18 —0.09 0.96
Restricted days last 12 Mo. (5-pt scale) 1:21 1.25 0.03 8.37
MOS scale (Guttman) ;izlz :121;2 —ggg 0(3)(5) .
- health ! : i I
Copeoly 24.74 2491 0.16 0.36

Positive affect

Based on sample of 1379 with complete data on all outcome and independent health status variables.

Pre-period refers to 12 months prior to baseline

P-value for change indicates whether a statistically significant change occurred

survey. Post-period refers to 12 months after baseline survey.

from pre to post period in the population overall.

T e
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R IN THOSE WITH AND WITHOUT
LTH STATUS AND CHANGE OVER ONE YEA
oot e i e AN INDICATOR OF WORSENING HEALTH (N = 1379)

Without Indicator

With Indicators

Health Status

Mean for Period

Mean for Period

Variable Standard Deviation y; . P-Value
Baseline Change of Change P-Value Baseline Change u

Major hospitalization o
Bled days 12 months 231 —0.01 0.73 mg ;gg (l)gg v
Restricted days 12 mo 1.48 —0.01 1.10 1'89 0.94 .
MOS (Guttman) 1.49 —0.08 1.83 zg 2.59 0.33 b
Self-evaluated health 2.47 0.06 0.73 e 24.93 0.33 e
Positive affect 24.74 0.15 6.21 i 2

Minor hospitalization 28
Bed daylsD 12 months 1531 —0.01 0.71 sg }23 82; =
Restricted days 12 mo 1.50 —0.03 1.07 & e e
MOS (Guttman) 1.49 —0.05 1.78 I\iS ;28 0.14 b
Self-evaluated health 2.48 0.06 0.71 25.96 0‘38 s
Positive affect 24.64 0.14 6.41 NS . -

Major illness A5 N
B]ed days 12 months 1:32 —0.09 0.69 e 1.28 (I)ZZ 4
Restricted days 12 mo 1.51 —0.13 1.04 = 1.4 A s
MOS (Guttman) 1.47 —0.14 1£73 ¥ 1.79 ; ~
Self-evaluated health 2.46 0.04 0.69 2.60 0.30 55
Positive affect 24.70 —-0.03 5.88 NS 25.16 1.85

Worse chronic disease score o
Bed days 12 months 1.31 —0.02 0.69 NS 1.32 0.31 e
Restricted days 12 mo 1.49 —0.03 1.04 NS 1.56 0.40
MOS (Guttman) 1.46 —0.08 1773 NS 1.81 0.22 l‘\lf
Self-evaluated health 2.46 0.03 0.69 NS 2.59 0.26 2
Positive affect 24.71 —-0.04 6.23 NS 2498 1.49

P-values:
= .001.
= (1.

* = (5.

NS = Not significant (P > .05).

The differences between the 185 (13.4%) individuals
who reported at follow-up a new major illness in the
prior 12 months and the 1,194 who didn’t were even
more striking. On three of the five measures, those not
reporting an illness significantly improved over the
ensuing year, while those with an illness deteriorated
on all measures. Thirteen percent (183) of individuals
experienced an intensification of their chronic disease
drug regimen in the intervening year. Compared with
the rest of the population, this group also showed
significant declines in health status, reaching statistical
significance for all measures except the MOS physical
limitations scale.

The mean change of the measure among those with
an indicator of worsening health (6th column, Table 3)
and the standard deviation of the changes in those
with no intervening event (3rd column, Table 3) serve
as the numerator and denominator, respectively, of the
responsiveness measure proposed by Guyatt et al.?
Higher ratios indicate greater responsiveness to change
in health status. Figure 1 summarizes the responsive-
ness indices of each self-reported health status measure
for the four intervening health events. For all indicators
of worsening health except the increase in chronic
disease score, responsiveness was greatest for the two
measures of disability days, intermediate for the MOS

physical limitations scale and self-evaluated health,
and lowest for positive affect.

Using ROC curves, we next examined the ability of
changes in health status measures of varying size to
differentiate among individuals with and without in-
tervening events. Figures 2 and 3 summarize the results
for major hospitalization and major illness. The diag-
onal dotted line displays points at which the measure
is performing no better than chance, where the
decline in health status is just as likely to be a true or
a false positive. The most useful measures are those
whose ROC curves approach the upper left hand cor-
ner, the point at which the measure perfectly distin-
guishes between those who have and have not had the
intervening illness event.

Figure 2 shows the ROC curves reflecting different
degrees of change in the five self-reported health status
measures to detect individuals with an intervening
major hospitalization. The ROC curves for increases in
bed days and restricted activity days and higher scores
on MOS physical limitations scale all include an area
under the curve significantly greater than 0.5 with P <
0.001. The two disability days measures enclose nearly
three-quarters of the area under the curve, substantially
more than the MOS physical limitations measure.
Changes in self-evaluated health account for an area
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FIGURE 1. Responsiveness of health measures: measure of Guyatt

et al.

under the curve similar to the MOS but with P = 0.05.
Changes in positive affect scores could not distinguish
those with and without a major hospitalization better
than chance.

For major illness, the picture is nearly identical (Fig-
ure 3), and the rank ordering of measures remains the
same. The curves for the two measures of disability
days include approximately 80% of the area under the
curve, 15% more than with the MOS measure or self-
evaluated health. All are significantly different from
0.5 with P < 0.001. The positive affect scale again
performs no better than chance.

Sensitivity (True Positive Rate)

Figure 4 summarizes the areas under the ROC curves
for all indicators of worsening including minor hospi-
talizations and increases in chronic disease medica-
tions. The ordering of measures by the area included
under the curve is strikingly similar to that seen with
the responsiveness measure of Guyatt and colleagues’

shown in Figure 1.

DISCUSSION

There are several features of our methodological
approach worthy of further scrutiny. First, the popu-
lation is limited to HMO enrollees willing and able to

1.00

0.80

0.60

0.40

0.20

0.00%
0.00 0.10 0.20 0.30 0.4

0 0.50 0.60 0.70 0.80 0.90 1.00

1-Specificity (False Positive Rate)

-+ MOS Phys. Function % Positive Affect
-4 Restricted Days

> Bed Days

% SR Health

FIGURE 2. ROC curves for major hospitalization.
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Sensitivity (True Positive Rate)
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-+ MOS Phys. Function % Positive Affect
4 Restricted Days

* SR Health

FIGURE 3. ROC curves for major illness.

participate in a randomized trial of health promotion.
This excludes some of the sickest segment of the pop-
ulation. Second, we excluded from the analysis the
34% of respondents with missing data, and previous
work indicates that missing data are strongly correlated
with older age and reduced health status.'® As a re-
sult, our findings derive from a relatively healthy group
of older HMO enrollees, and the responsiveness of
these measures might be quite different in other pop-
ulations, particularly sicker, frailer populations. We did
repeat the ROC curve analysis using the entire popu-

lation that had available data on each of the health
status measures, and the results were similar.

Third, one can question our selection of criterion
indicators of health status change. None of our indi-
cators are necessarily associated with declines in func-
tional status, particularly declines lasting as long as 1
year, the interval between surveys. Conversely, indi-
viduals not experiencing a criterion indicator may well
have had a deterioration in health status not resulting
in hospitalization, self-defined major illness, or an in-
tensification of drug regimen. Self-defined major ill-

A 1
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a
U
n
d Z
Z
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r Z
Z
¢
u
r
v
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Maj9r Minor Major Increase
Hospital Hospital Illness in Drugs
Hl Beq Days
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Positive Affect

FIGURE 4. Area under the ROC curve for measures.
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ness and minor hospitalizations are likely to include
events that had minimal impact on functional status.
An increase in tbe number of drugs prescribed for
various .chromc diseases may well be associated with
better disease control and improved function, not just
declines resulting from increased disease severity.
While we limited major hospitalizations to serious ill-
nesses likely to have long-term consequences on health
status, full recovery from myocardial infarction, stroke,
hip fracture, and some of the cancers included in this
category is not infrequent. Other than the change in
Chronic Disease Score, each indicator, therefore, re-
flected events that occurred as long as 1 year previ-
ously, and any deleterious effect on function may have
ended.

Given the fact that the criterion events may have
been remote in time or minimal in impact, the respon-
siveness of the best measures is quite impressive. Our
data suggest that episodes of major illness and hospi-
talization in older adults are followed by declines in
function as measured by several frequently used indi-
cators of physical health. Increases in the standard
disability days measures used in National Center for
Health Statistics surveys were associated with the best
responsiveness scores. Two other frequently used
measures of physical health status, the MOS physical
function scale and the comparative health self-evalu-
ation question, also proved to be responsive to inter-
vening illness. We scored the MOS physical function
scale as a Guttman scale (ie, score determined by least
demanding activity with which respondent reported
difficulty) rather than as a cumulative score as pro-
posed by the originators.'’ Repeating the ROC analyses
using the published scoring method found the recom-
mended scores to be somewhat less responsive than
the Guttman scale approach. The positive affect scale
was no better than chance in discriminating between
individuals with and without each of the intervening
illness indicators. R

The higher responsiveness of the disability days
measures was true, regardless of whether we used the
actual number of bed or restricted activity days or
categories such as 0, 1-7, 8-30, 31-179, and 180+ days
as shown in the tables and figures. Since hospital days
may well be interpreted by a respondent as both bed
and restricted activity days, we wondered whether that
might account for some of the association with hospi-
talization independent of any true change In health
status. To check this, we subtracted the actual .days
spent in hospital from reported bed and'resp;cted
activity days and repeated the analyses; this did not
changé the ROC curves in any way. The ROC curve
analyses indicate that a deterioration of one dlsqblllty
day category, eg, from 1-7 days to 8-30 days, is too
non-specific, while a change of four categories, ehg,
days to 180+ days, is too insensitive. Based‘on these
analyses, we used a change of two categories as an
indicator of a decline or improvement 1n function in a
I alysis.
eC_F?}f‘\; ?anct tyhat the hospitalization or illness could have
occurred at any time in the intervening year br};?y
account for the better responsiveness of the disability

days measures, which asked the respondent to aggre-
gate periods of limited function over the previous 12-
month period. We also asked respondents about bed
and restricted activity days in the past 2 weeks. The
responsiveness of the 2-week measures was less than
that of the 12-month measures and similar to that seen
with the MOS physical functioning scale. This suggests
that the time interval probed by a health status measure
may be an important determinant of its responsiveness
to various clinical changes.

The two disability days measures are estimates of
the time spent in a disabled state defined only by
“cutting down on the things you usually do” or
“stay(ing) in bed.” They measure the duration of disa-
bility more than its extent. In contrast, changes in the
MOS physical limitations scale or the self-evaluated
health question require changes in the severity of dis-
ability or reduced health status; for example, a wors-
ening of disability from limitation in the ability to walk
uphill or a few flights of stairs (with preserved ability
to walk one block) to loss of the ability to walk one
block. Therefore, restricted activity days and bed dis-
ability days may be particularly useful in evaluating
functional status over periods of time such as before,
during, and following interventions to reduce disabil-
ity. The MOS physical function scale and self-evalu-
ated health question provide complementary informa-
tion about status at present.

Finally, these analyses allowed us to compare two
approaches to measuring responsiveness or sensitivity
to change. The methods of Deyo and Centor™® and
Guyatt et al® generated very similar results. In sum-
mary, brief, global indicators of physical function and
health were responsive to intervening illness or injury
in the previous year, supporting their use in longitu-
dinal observational and intervention research.
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