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<> Preface

This manual was written as a companion to the SF-36 Health Survey Manual
and Interpretation Guide, which documents the development of the SF-36
Health Survey and summarizes information about the eight SF-36 scales,
including assumptions underlying their construction and scoring;
reliability, precision, and data quality; and validation and interpretation
guidelines based on content-, criterion-, and norm-based strategies.

This second manual provides the same information for the SF-36 physical
and mental health summary measures, which were developed
subsequently, and extends the normative data and other interpretation
guidelines substantially. These summary measures were first used in the
Medical Outcomes Study (MOS) and have since been adopted by the
NCQA for their Health of Seniors Measure.

Although this manual was written to "stand alone," it does not contain
complete background information about the development of the SF-36 or
explanations of psychometric methods used in evaluating scaling
assumptions, reliability, or validity. Those topics are more completely
explained in the original SF-36 Health Survey Manual.

This second manual is also the principle source of normative data and other
interpretation guidelines for the physical and mental health summary
measures scored from the SF-12 Health Survey. The SF-12 summary
measures were constructed to reproduce the SF-36 summary measures and
to do so sufficiently to warrant reliance on norms documented here.

Results for the two SF-36 summary measures were compared with results
for the eight-scale profile in "Comparison of Methods for the Scoring and
Statistical Analysis of the SF-36 Health Profile and Summary Measures:
Summary of Results from the Medical Outcomes Study" by Ware, Kosinski,
Bayliss, and others, which was published in Medical Care in April 1995.
Numerous other comparisons have been published subsequently. See Tsai,
Bayliss, and Ware, SF-36 Health Survey Amnnotated Bibliography: 1996
Supplement, Boston, Health Assessment Lab, 1997.

Because of the complexity of the algorithms required to estimate the SF-36
Physical and Mental Component Summary measures, which are linear
composites aggregated using norm-based scoring methods, the SAS code
for scoring algorithms is available in an electronic format via email request
to info@sf-36.com. A test data set for checking the accuracy of computations
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can also be obtained through email. Visit our Web page, http:/ / www sf-
36.com/, to obtain a list of software vendors offering scoring services and
software products to score the SF-36.

As with the original SF-36 manual, we invite suggestions for improvements
in our documentation of the SF-36. Suggestions received to date have
resulted in numerous additions to the content of this manual, norms for
change scores in the MOS, and expanded empirical tests of validity and
interpretation guidelines. The result is a more lengthy manual than we had
originally intended. We have tried to organize it in a way that makes
desired information easy to find and use.

This fifth printing of the manual incorporates revisions necessary to correct
typographical errors that were present in the previous printings. An errata
sheet for the first printing is available from the authors. Citations for
selected articles that were in press at the time of the earlier printings have
also been updated.

We encourage users of the manual to fill out and return the information
form for our mailing list (Appendix D) to ensure receipt of new information
in a timely manner. All registered users will receive announcements about
new scoring software and new publications from The Health Assessment
Lab.

John E. Ware, Jr., Ph.D.
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<> Chapter 1. How to Use this Manual

This chapter offers suggestions on how to use this manual and how to find
information quickly.

Introduction Chapter 2 provides an introductory explanation of how the discovery of the
two-dimensional factor structure underlying the eight SF-36 scales led to the
construction of physical and mental health summary measures.

Construction of Chapter 3 presents the SF-36 measurement model and reviews the

Summary psychometric methods used in the development of the SF-36 Physical (PCS)

Measures and Mental (MCS) Component Summary scales. The generalizability of
results across populations is demonstrated and important methodological
issues are discussed, including how the PCS and MCS led to construction of
a new 12-item survey (SF-12), which is a subset of the SF-36.

Scoring Chapter 4 documents the algorithms for aggregating the eight SF-36 scales

Algorithms to score the PCS and MCS summary scales. Their norm-based transformation
is explained in this manual. A test data set can be obtained by emailing a
request to info@sf-36.com.

Reliability and Chapter 5 presents numerous reliability estimates for the SF-36 summary

Statistical Power scales, explains the internal-consistency and test-retest methods used in
estimating reliability, provides estimates of sample sizes required to achieve
statistical power for various study designs, and of confidence intervals for
interpreting individual patient scores.

Empirical Va]idity Chapter 6 summarizes results from the first two rounds of empirical tests of
the validity of the PCS and MCS summary scales and compares results with
those using the eight-scale SF-36 profile in the same tests. Correlations with
specific symptoms and with numerous other MOS health scales are
presented.

Content- and Chapter 7 explains the meaning of very high and low PCS and MCS scores

Criterion-Based and presents 19 tables of content-based and criterion-based interpretation

. guidelines and explains their use. Effect sizes from numerous cross-sectional

Interpretation o
and longitudinal analyses are ordered from largest to smallest.

Norm-Based Chapter 8 presents 50 tables of norms for a representative sample of the

Interpretation general U.S. population (for seven age groups, men and women), as well as

for MOS patients, including norms for one-year change scores. These norms
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Applications:
Outcomes
Research

Applications:
Clinical Practice

References and
Bibliography

can be used in interpreting both SF-36 and SF-12 summary scales. This
chapter also describes sampling methods and sample characteristics.

Chapter 9 illustrates the use of norms and content- and criterion-based
interpretation guidelines in interpreting the summary measures in outcomes
research and compares results with those using SF-36 profiles published by
others.

Chapter 10 presents examples of how SF-36 summary measures can be used
in monitoring individual patients over time, in screening patients, and

illustrates different display formats.

Complete citations for more than 200 referenced publications are included.
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<> Chapter 2. Introduction

The cycle of measurement development involves a model of health status
components and the search for the most valid operational definitions of
those components. The cycle must grapple with both uncertainty about the
underlying conceptual framework of health and the validity of assessment
methods. Out of necessity, the process is circular and tests of hypotheses
about the structure of health are vulnerable to the limits of the measures
used in hypothesis testing. Advances in understanding of the structure of
health can lead to breakthroughs in measurement strategies.

Physical and Mental Discovery of the physical and mental components of health has substantial

Health implications for the construct validation of health measures and a new
strategy for creating more useful summary measures of the information
they contain. The observation that the eight SF-36 scales define distinct
physical and mental health clusters in factor analytic studies of both
patients participating in the Medical Outcomes Study (MOS) (McHorney,
Ware, Raczek, et al,, 1993; Ware, Gandek, & the IQOLA Project Group,
1994) and in the general U.S. population (Ware, Snow, Kosinski, et al., 1993)
constitutes considerable support for the construct validity of the SF-36. The
generalizability of these findings is underscored by results showing that the
factor content of each SF-36 scale -- the extent to which each scale measures
a physical and/or mental health component -- is also very similar across
populations (Ware, Snow, Kosinski, et al., 1993; Ware, Kosinski, Bayliss, et
al,, 1995). These results have proven very useful in establishing
interpretation guidelines for each of the SF-36 scales, as documented in the
original SF-36 Health Survey Manual and Interpretation Guide (Ware, Snow,
Kosinski, et al., 1993).

The discovery that from 80 to 85 percent of the reliable variance in the eight
SF-36 scales is accounted for by physical and mental components of health
opens the door for a breakthrough in scoring and interpretation.
Specifically, this result suggests that psychometrically-based summary
measures have the potential to reduce the number of statistical comparisons
required in analyzing SF-36 data from eight to two without substantial loss
of information. Preliminary tests of their potential have yielded promising
results (Ware, Kosinski, Bayliss, et al., 1995).



p. 2:2 * Introduction

SF-36 Summary Measures

Psychometric-Based
Summary Measures

Standardized
Scoring

In support of aggregating highly related health measures using
psychometric methods, initial results from the MOS suggested that scales
with the same factor content are much more likely to lead to the same
conclusions about health outcomes than scales with different factor content
(McHorney, Ware, & Raczek, 1993). Thus, measures having the same factor
content are good candidates for aggregation, because less information is
likely to be lost. Factor analytic methods are likely to prove useful in
deriving the weights used in aggregation. Although factor analytic methods
have been used in construct validation (Ware, 1976; Goldberg & Hillier,
1979; Ware, Brook, Davies-Avery, et al., 1980; Veit & Ware, 1983; Derogatis,
1986; Wiklund, Lindvall, Swedberg, et al., 1987, Mason, Anderson, &
Meenan, 1988; Hall, Epstein, & McNeil, 1989; Hays & Stewart 1990; Schag,
Heinrich, Aadland, et al.,, 1990), the scoring of higher-order factors to
achieve summary measures of health status has been pursued rarely
(Davies & Ware, 1981; Veit & Ware, 1983). As a result, little is known about
the tradeoffs between the simplicity of fewer statistical comparisons with
aggregate summary measures versus the greater sensitivity of a scale to
effects concentrated in a particular dimension of health (Ware, 1984). In
theory, to the extent that results are the same across conceptually related
scales, a summary measure that aggregates them should be more useful than
any one of them in detecting a difference in health status at a point in time
or a change in health over time. To the extent that differences are
concentrated in a particular subscale, a summary measure is less likely to
capture that difference or change (Ware, Kosinski, Bayliss, et al., 1995).

Following several years of evaluating the factor structure of the SF-36
among those with various chronic conditions and among the "well" in
general populations in the U.S. and in other countries, it is clear that
physical and mental factors account for the great majority of the variance
in SF-36 scales across populations. It follows that the standardized scoring
of measures of physical and mental factors will add a useful option for the
scoring of SF-36 data with advantages in interpreting and presenting
results.

This user's manual summarizes the empirical work leading to the
development of the SF-36 Physical Component Summary (PCS) and Mental
Component Summary (MCS) scales and provides the documentation
necessary to score and interpret those measures.
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SF-36 Measurement Model

Figure 3.1 illustrates the measurement model underlying the construction
of SF-36 multi-item scales and summary measures. This model has three
levels: (1) items, (2) scales that aggregate items, and (3) summary measures
that aggregate scales. All but one of the 36 items (self-reported health
transition) are used to score the eight SF-36 scales.

FIGURE 3.1  SF-36 MEASUREMENT MODEL

Summary
ltems Scales Measures

3a, Vigorous Activities
3b. Maoderate Activities
3c. Lift, Carry Groceries
3d. Climb Several Flights

3e. Climb One Flight
3f. Bend, Kneel
3g. Walk Mile
3h. Walk Several Blocks
3l. Walk One Block
3j. Bathe, Dress

4a. Cut Down T|me-_._._______________‘_‘ //Physm:a'
32 Limited in K.,-.E_-_._.________—-;-—__._._——'.-— Role-Physical (RP)/Health
4ad. Had Diffjculty

7. BainMegnitude ——————— Bodily Pain (BP)

. Pain-Interfere

Physical Functioning (PF)

EVGFP Rating

%
11a. Sick Easisr— — —————u____

11b. As Heallhy ———————== General Health (GH)*

11c. Health To Get WM
11d. Health Excelient

. Pﬁffw — Vitality (V/T)*

B Hatb————— Vitalty \

8, SoclarExtent—————————— Social Functioning (SF)*

B etamRned| ess——————— Role-Emotional (RE) ———— \Mggﬁ?\'
5c. Not Careful———

9b. Newousk /

o, PR Mental Health (MH)

of. Bruels'::d_-’—-/—-—'—/—"-_'—_'_-_._/ﬂ_.
Sh. Happy

*  Significant correlation with other summary measure.

As shown in the figure, each item is used in scoring only one scale. Tests of
assumptions underlying the algorithms used in scoring the eight scales have
been strongly supported in the U.S. (Ware, Snow, Kosinski, et al., 1993;
McHorney, Ware, Lu, et al., 1994) and in other countries (Ware, Keller,
Gandek, et al., 1995). The eight scales also form two distinct higher-ordered
clusters. Three scales (Physical Functioning, Role-Physical, and Bodily Pain)
correlate most highly with the physical component and contribute most to
scoring of the PCS measure of that component. The mental component
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< Chapter 3. Construction of Summary Measures

This chapter documents the factor analytic methods used to evaluate the
construct validity of the SF-36 in relation to a two-factor - physical and
mental -- model of health across populations. The construction of the PCS
and MCS summary measures of physical and mental health based on those
methods and some of the more important methodological issues are also
explained. The PCS and MCS summary measures are referred to as
"component" measures (Ware, Kosinski, Bayliss, et al., 1995) because they
were derived and scored using a factor analytic method called principal
components analysis (Harman, 1976).

Factor analyses of correlations among the eight SF-36 scales have
consistently identified two factors, as documented below. On the strength
of the pattern of their correlations with the eight scales, they have been
interpreted as "physical" and "mental" dimensions of health status. These
physical and mental components accounted for 81.5% of the reliable
variance in SF-36 scales in the general U.S. population (Ware, Kosinski,
Bayliss, et al.,, 1995), and 82.4% in the MOS (McHorney, Ware, Raczek,
1993). Similar physical and mental components have been observed for
other comprehensive surveys, including the Health Insurance Experiment
Medical History Questionnaire (Ware, Brook, Davies-Avery, et al., 1980),
the MOS Functioning and Well-Being Profile (Hays & Stewart, 1990), and
the Sickness Impact Profile (Bergner, Bobbitt, Carter, et al., 1981). In further
support of the generalizability of this two-dimensional model of health, we
would expect factor analytic studies of other comprehensive surveys to
yield recognizably similar physical and mental components.

The psychometric approach to summarizing health measures illustrated
here is in contrast to a utility index, in which measures are aggregated
without regard to their inter-relationships. A utility index achieves a single
summary score at the expense of sensitivity and specificity to physical
versus mental components of health status. A strength of the PCS and MCS
summary scales described here is their value in distinguishing a physical
from a mental health outcome.
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Criteria and Hypotheses

correlates most highly with the Mental Health, Role-Emotional, and Social
Functioning scales, which contribute most to the scoring of the MCS
measure of that component. Three of the scales have noteworthy
correlations with both components: the Vitality scale correlates substantially
with both; General Health correlates with both but higher with the physical
component; and Social Functioning correlates much higher with the mental
component. Reasons for these patterns of factor loadings are discussed
elsewhere (Ware, Snow, Kosinski, et al., 1993).

Criteria commonly used to evaluate factor analyses using the principal
components method were routinely applied (Harman, 1976) using SAS
software (SAS Institute, 1989). First, we examined whether eigenvalues for
the first two components were both greater than unity, as required for
rotation. Other criteria, previously used, including the scree test, five
percent rule, and common factor test, were also satisfied (Ware, Davies-
Avery, & Brook, 1980). Second, we evaluated the pattern of correlations
between the two rotated components and eight SF-36 scales to determine
the basis for their interpretations as physical and mental components.

We hypothesized that the PF scale would have the highest and a very
strong loading (r > .80) on the "physical" component followed by the RP and
BP scales. The MH scale was hypothesized to have the strongest loading (r
> .80) on the "mental" component, followed by the RE and SF scales.
Because they are general measures, the GH and VT scales were
hypothesized to correlate with both components. Lastly, we evaluated the
adequacy of the two components in explaining the variation in each SF-36
scale. We hypothesized that a large proportion of the reliable variance in
each scale (three-fourths) would be explained by the two components.

To evaluate the generalizability of the two-dimensional SF-36 model of
health across different patient groups, we conducted principal component
analyses in 23 subgroups of MOS patients differing in demographic
characteristics and medical conditions. These are the same subgroups
analyzed in tests of scaling assumptions for the eight SF-36 scales, as
described elsewhere (McHorney, Ware, Lu, et al,, 1994). These tests are
extended here to include 12 subgroups differing in demographic
characteristics from the general U.S. population, as well as general
population samples from three countries participating in the International
Quality of Life Assessment (IQOLA) Project. In all analyses, we used the
same method to extract two principal components from the correlations
among the SF-36 scales and rotated them to orthogonal simple structure to
facilitate interpretation.
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Results

Tables 3.1 and 3.2 present results for the principal component analyses of
SF-36 scales for the total patient sample from the MOS (McHorney, Ware,
& Raczek, 1993); the total general U.S. population (published here for the
first time); and general populations in Sweden (Sullivan, Karlsson, & Ware,
1995) and the U.K. (Brazier, Harper, Jones, et al., 1992). Results for the 12
subgroups from the general U.S. population are summarized in Table 3.3.
Results for the 23 patient subgroups from the MOS are summarized in
Table 3.4.

As hypothesized, eigenvalues for the first two components were both
greater than unity in all analyses, strongly supporting the two-dimensional
model of health.

TABLE 3.1 CORRELATIONS BETWEEN SF-36 SCALES AND
ROTATED PRINCIPAL COMPONENTS IN THE MEDICAL
OUTCOMES STUDY (MOS) AND THE GENERAL U.S.
POPULATION

_— T e T e

U.S. Population

MOS (N = 3,445) (N =2,474)
SF-36 Scales PCS MCS hi¥r, PCS MCS h2/r,
Physical Functioning (PF) .88 .04 .84 .85 A2 .78
Role Physical (RP) .78 .30 .83 .81 27 .82
Bodily Pain (BP) 17 .24 79 .76 .28 72
General Health (GH) .68 .32 72 .69 37 78
Vitality (VT) .59 57 g7 47 .64 75
Social Functioning (SF) 44 71 .82 42 .67 .92
Role Emotional (RE) 19 .81 .83 A7 .78 .78
Mental Health (MH) A2 .90 .91 A7 .87 .92
Re||ab|eVar|an Ce1 ................................................. 824% ................................... 815%
h?r,= Variance in each SF-36 scale explained by the two principal components (h?)

divided by the reliability of each SF-36 scale (ry).
Percent of the total reliable variance in SF-36 scales explained by the two principal
components.

1

The pattern of correlations between SF-36 scales and the two rotated
components in Tables 3.1 and 3.2 strongly support the physical and mental
health interpretation of the two components. In each analysis, the PF scale
loaded strongest on the "physical' component and weakest on the "mental"
component. Also, the RP and BP scales both had stronger loadings on the
"physical' component than the "mental" component. The MH scale had the
highest loading and the RE and SF scales had stronger loadings on the
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"mental” component than the "physical" component. The GH and VT scales
had noteworthy loadings (r > .30) on both physical and mental components,
as expected for general measures.

TABLE 3.2 CORRELATIONS BETWEEN SF-36 SCALES AND
ROTATED PRINCIPAL COMPONENTS IN SWEDEN AND

THE UNITED KINGDOM (U.K.)
__———————————ssTTTTsssTmEss T I
Sweden (N=8,930)  U.K. (N = 1,592)

SF-36 Scales PCS MCS h%r, PCS MCS h7r,
Physical Functioning (PF) .84 .15 .81 .83 .10 75
Role Physical (RP) .78 .30 .81 .79 .27 .80
Bodily Pain (BP) .76 .28 g7 79 .23 .81
General Health (GH) .66 .50 .81 .62 A7 73
Vitality (VT) 43 .74 .87 42 72 .80
Social Functioning (SF) .32 .78 .86 .50 .66 91
Role Emotional (RE) .25 71 .74 A7 .78 .78
Mental Health (MH) 15 .90 .96 .10 .90 97
Re||ab|eVar|ance1 ................................................. 845% ................................... 821%
hfr,=  Variance in each SF-36 scale explained by the two principal components (h?)

divided by the reliability of each SF-36 scale (r,).
Percent of the total reliable variance in SF-36 scales explained by the two principal
components.

1

Table 3.3 summarizes the range of factor loadings observed in 12 analyses
of subgroups of the general U.S. population differing in age, gender, race,
and education. The two components explained from 77% to 87% (median
= 81%) of the reliable variance in the eight scales, and the range of
correlations observed for each scale and each component is strikingly
similar to that observed in Table 3.1 for the general U.S. population.

Table 3.4 summarizes results for analyses of 23 subgroups of MOS patients
differing in sociodemographic characteristics, diagnosis, and other clinical
variables defined elsewhere (McHorney, Ware, Lu, et al,, 1994). From 75%
to 83% (median = 80%) of the reliable variance in the eight scales was
explained. Again, the amount of reliable variance explained and the pattern
of correlations between scales and the two components replicates other
results to date.

The results presented in Tables 3.1-3.4 also demonstrate the adequacy of the
two components in explaining the reliable variance in each SF-36 scale. In
all but four of the 40 factor analyses, the total reliable variance in SF-36
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scales explained by the two components exceeded 81%. As hypothesized,
the two components explained at least three-fourths of the reliable variance
in each SF-36 scale, with few exceptions.

TABLE 3.3 RANGE OF CORRELATIONS BETWEEN SF-36 SCALES
AND ROTATED PRINCIPAL COMPONENTS,
12 SUBGROUPS OF THE GENERAL U.S. POPULATION'

(N =2,474)

e e ——)
SF-36 Scales PCS MCS
Physical Functioning (PF) 77 - .88 .05-.30
Role Physical (RP) 67 - .82 16 - .43
Bodily Pain (BP) .70 - .84 A7 - .46
General Health (GH) 53-.76 .29 - .69
Vitality (VT) 31-.73 44 - .82
Social Functioning (SF) .34 - .62 46 -.73
Role Emotional (RE) .06 - .48 .57 - .83
Mental Health (MH) A1-.27 .84 - .90

t Results above come from analyses of 12 subgroups in the general U.S. population: 3

age, 2 gender, 3 race, and 4 education groups.

TABLE 3.4 RANGE OF CORRELATIONS BETWEEN SF-36 SCALES
AND ROTATED PRINCIPAL COMPONENTS, 23 MOS
SUBGROUPS' (N = 3,445)

—————————— —ea - EEEEEEEESREE s e

SF-36 Scales PCS MCS

Physical Functioning (PF) .83-.90 .01-.16
Role Physical (RP) .69 - .81 20 - .41
Bodily Pain (BP) 65 - .83 12 - .42
General Health (GH) .56 - .76 A7 - .51
Vitality (VT) 43 -.79 .27 - .66
Social Functioning (SF) 30-.72 .37 - .82
Role Emotional (RE) 141-.38 .66 - .88
Mental Health (MH) .01-.34 .75-.92

! Results above come from principal components analyses of 23 subgroups in the MOS:

3 age, 2 gender, 3 race, 4 education, 2 poverty status, 6 diagnoses, and 3 clinical
groups.
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Methodological Issues

Principal Components

Factor analysis has proven to be very useful in testing hypotheses about the
structure of health and in evaluating the construct validity of the SF-36 and
other health surveys (Ware, 1976; Goldberg & Hillier, 1979; Ware, Brook, &
Davies-Avery, 1980; Veit & Ware, 1983; Derogatis, 1986; Hall, Epstein, &
McNeil, 1989; Wiklund, Lindvall, Swedberg, et al., 1987; Mason, Anderson,
& Meenan, 1988; Schag, Heinrich, Aadland, et al., 1990; Hays & Stewart,
1990; McHorney, Ware, & Raczek, 1993). We have given considerable
attention to the implications of different methods of factor extraction and
rotation. In many cases, conclusions do not vary across methods. When they
do, the choice among methods depends on the purpose(s) of the factor
analysis (Nunnally & Bernstein, 1994).

The choice of method for the SF-36 studies follows from the first author's
earlier work and considerations of work published by others (Ware, Miller,
& Snyder, 1973; Snyder & Ware, 1974; Ware & Snyder, 1975; Ware,
Davies-Avery, & Brook, 1980). Consistent with guidelines suggested by
Harris & Harris (1971), conclusions about the factor structure of the SF-36
were not of great consequence in choosing a method. That structure is
robust across methods and populations. In fact, a good test of a structural
model is its robustness across factor analytic methods (Harris & Harris,
1971). For example, comparisons across methods for the same matrices were
often employed during the development of the Health Perceptions
Questionnaire (Ware, Miller, & Snyder, 1973; Ware, 1976; Ware & Karmos,
1976), from which items were selected for the SF-36 GH Scale. Those studies
also demonstrated the advantages of homogeneous, short, multi-item scales
over single-item measures as the unit of analysis in factor analytic studies.
These advantages are also well-documented in empirical studies of
personality variables (Comrey, 1973).

The two-dimensional factor structure of the eight SF-36 scales has also been
shown to satisfy criteria for "simple structure” (Nunnally & Bernstein, 1994)
across patient and general population samples in the U.S. and across other
countries (as summarized above). To facilitate re-analyses by others, the
matrices of correlations for the SF-36 in general and patient populations are
reproduced at the end of this section (see Tables 3.5 and 3.6).

As noted above, the interpretation of the first two factors as dimensions of
physical and mental health has been straightforward and robust across
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Orthogonal Components

methods. Thus, the choice of factor analytic method was not governed by
considerations in interpreting the factors. The choice of the principal
components method was based on other considerations, including the ease
of estimation of factor scores for the two summary measures, estimation of
the factor content of the eight SF-36 scales in relation to physical and mental
health status, the explanatory power of the factors, and their validity in
discriminating between physical and mental dimensions of health status.
These considerations are discussed briefly below.

The advantages of components analysis over principal factor analysis are
noteworthy for the purposes of achieving: (1) a simple additive model of
factor content facilitating the interpretation of each scale; (2) summary
measures that explain as much of the variance in the eight scales as possible;
(3) summary scales that are easy to estimate statistically; and (4) summary
scores that are interpretable as physical and mental dimensions of health.
The goal in constructing the PCS and MCS scores was to explain as much
of the variance in the eight SF-36 variables as possible with only two
summary measures (Ware, Kosinski, Bayliss, et al., 1995). Components
analysis attempts to explain as much of the variance as possible, in contrast
to principal factors, which attempt to reproduce the original correlation
matrix (Harman, 1976). Second, as explained in Chapter 4, the computation
of scores for each principal component is a straightforward estimation using
scores for the observed variables (i.e., the eight SF-36 scale scores) in
contrast to approximations involved in estimating scores for principal
factors. These differences and the advantages of components analysis are
discussed in numerous texts on factor analysis and psychometric methods
(e.g., Harman, 1976; Nunnally & Bernstein, 1994).

There are good theoretical arguments for both orthogonal and oblique
factor rotations (Harman, 1976; Nunnally & Bernstein, 1994). As argued in
numerous texts, orthogonal components are ideal for our purposes. Our
initial objective in factor analyzing the correlations among SF-36 scales was
to test the construct validity of the SF-36 and to establish guidelines for
interpreting each scale, on the basis of its physical and mental health factor
content (McHorney, Ware, & Raczek, 1993; Ware, Snow, Kosinski, et al.,
1993; Ware, Kosinski, Bayliss, et al., 1995). For this purpose, orthogonal
components, which are not correlated, have clear advantages. For example,
"factor loadings," which are product moment correlations between scales
and factors, can be squared and summed across factors to estimate the
amount of variance in each scale accounted for by each factor and the
amount of variance in each scale that is explained by all factors (i.e., the
communality). As a result, factor content and implications for the
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interpretation of each scale are more straightforward (Ware, Snow,
Kosinski, et al., 1993).

To provide a visual image of the contribution of the eight SF-36 scales to the
physical and mental components, their factor loadings are plotted in Figure
3.2 for the general U.S. population. This plot reveals a progression from the
upper left corner, with the MH scale correlating most highly with the
mental component (MCS) and least with the physical component (PCS), to
the lower right corner, where the highest correlation with the PCS is
observed for the PF scale, which also correlates the least with the MCS. In
between is a progression of loadings from the lower right (PF) to the upper
left (MH). This ordering of scales from PF in the lower right to MH in the
upper left corresponds to their ordering in the SF-36 profile.

FIGURE 3.2 PLOT OF SF-36 SCALE FACTOR LOADINGS ON
ORTHOGONAL PHYSICAL AND MENTAL
COMPONENTS, GENERAL U.S. POPULATION (N=2,474)
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It is also apparent that the eight SF-36 scales form two distinct clusters with
four scales (MH, RE, SF, VT) correlating highest with the MCS and lowest
with the PCS, and a second cluster (PF, RP, BP, GH) correlating highest with
the PCS and lowest with the MCS. As shown in Chapter 4, the factor score
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coefficients used to score the PCS and MCS correspond to these two
clusters. Specifically, the highest positive coefficients (0.42 to 0.25) are used
to weight the four best physical scales in scoring the PCS, and the highest
positive coefficients (0.49 to 0.24) are used to weight the four best mental
scales in scoring the MCS. Because the factor score coefficients take into
account the correlations among the eight scales, they differ from the factor
loadings; some are negative. Negative factor score coefficients were also
observed in oblique principal factor solutions and are not unique to the
principal components method (data not reported). Oblique solutions, which
can allow substantial correlations between health dimensions (factors), can
facilitate the identification of factors but they complicate understanding of
the factor content of scales because loadings are not additive in an oblique
solution. Correlations among factors and factor loadings must both be taken
into account in interpreting an oblique solution, complicating the
interpretation of each scale.

If the PF and MH scales had proven to be substantially correlated, or if the
PCS and MCS were substantially correlated on cross-validation, there
would be good reason to favor an oblique solution. However, it is clear that
physical and mental health are only weakly positively correlated.
Correlations between the PF and MH scales, the best physical and mental
health measures among the eight SF-36 scales, are low, with medians
ranging from only 0.22 to 0.30 in 39 patient and general population studies
in the US., Germany, Sweden, and the UK. Cross validation of the
orthogonal two-dimensional model (using U.S. factor score coefficients) in
these samples has demonstrated very low empirical correlations between
the PCS and MCS scores (medians of -0.01 to 0.07 across 39 estimates in
studies to date). These correlations would be much larger upon cross-
validation if the orthogonal solution and scoring were a gross distortion.

Additional convincing empirical evidence favoring the scoring of
orthogonal principal components in summarizing SF-36 information about
physical and mental health is their superiority in discriminating between
physical and mental health outcomes in empirical tests. Comparisons of
alternative scoring strategies revealed that much of the advantage in
interpretation gained with the SF-36 PCS and MCS is lost when the physical
and mental components are scored with an oblique solution (data not
shown).
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SF-12 Health Survey

TABLE 3.5 PRODUCT-MOMENT CORRELATIONS AND RELIABILITY
COEFFICIENTS (IN PARENTHESES), SF-36 SCALES FOR

THE GENERAL U.S. POPULATION (N = 2,474)
=" —— ]

PF RP BP GH VT SF RE MH

PF (93)

RP 65  (.89)

BP 52 61  (.90)

GH 55 55 56  (.81)

VT 44 50 52 58  (.86)

SF 45 52 49 47 51  (68)

RE 30 42 32 35 44 53 (82

MH .28 .35 .39 .46 .63 .56 54 (.84)

TABLE 3.6 PRODUCT-MOMENT CORRELATIONS AND RELIABILITY
COEFFICIENTS (IN PARENTHESES), SF-36 SCALES FOR

THE MOS (N = 3,445)
i=o0==-= ———— —— —  —— — —  — ————— ———
PF RP BP GH VI SF RE MH

PF  (93)

RP 60  (.84)

BP 56 .62 (.82)

GH 53 48 50 (.78)

VT 49 57 50 57 (87

SF 45 52 53 47 57  (.85)

RE 29 48 34 37 51 55 (83)

MH .20 .34 .38 41 .58 .66 60  (.90)

The construction of the PCS and MCS and evidence to date supporting their
usefulness in cross-sectional and longitudinal tests provided the foundation
for the construction of a health survey that is much shorter than the SF-36.
The number of items in a survey is, at least in part, a function of the number
of health dimensions for which separate scores are to be estimated with
precision. If two summary scores are useful, as suggested by results
reported here and elsewhere (Ware, Kosinski, Bayliss, et al., 1995), it is
likely that the two summary scores can be estimated with fewer items well
enough for some purposes.
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Following discovery of the PCS and MCS summary scales, we began
evaluating how well these scales could be reproduced using much shorter
questionnaires. Those studies identified ten items from six of the eight SF-36
scales that reproduced at least 90% of the variance in both the PCS and
MCS, as defined using the SF-36 scales. Addition of two more items created
a 12-item short-form yielding satisfactory estimates of the PCS and MCS, as
well as scores for the two additional concepts necessary to represent the
profile of eight SF-36 concepts. We refer to this new short form as the SF-12.
Four of the eight concepts (physical functioning, role-physical, role-
emotional, and mental health) are estimated using two items each. The
remaining scales (bodily pain, general health, vitality, and social
functioning) are measured using one item each. The eight-concept profile
based on SF-12 items (calibrated to reproduce the original eight SF-36
scales) appears to be very similar, on average, to the original SF-36 profile,
although each score is estimated with less precision. This disadvantage of
single-item scales and very short multi-item scales has been demonstrated
in previous studies (McHorney, Ware, Rogers, et al., 1992).

Results from preliminary tests of empirical validity, like those described in
Chapter 6 for the SF-36 PCS and MCS summary scales, suggest that 12-item
versions of the PCS and MCS will correlate with the SF-36 versions in the
0.93 to 0.97 range, upon cross-validation (Ware, Kosinski, & Keller, 1996 in
press). However, the SF-12-based PCS and MCS define fewer levels and
should be expected to yield less reliable assignments of individuals to those
levels. For large group studies these differences in measurement reliability
are not as important, because confidence intervals for group averages are
more determined by sample size. Given that the SF-12 can be self-
administered to most respondents in about two to three minutes or less, the
trade-off may be worthwhile for many purposes.

We have prepared documentation of items and scoring algorithms for the
SF-12 (Ware, Kosinski, & Keller, 1995), and results of the preliminary
evaluation of empirical validity for the SF-12 will be published in Medical
Care in March 1996 (Ware, Kosinski & Keller, 1996 in press). The SF-12
should be most useful for purposes of large group and population
monitoring of health status and changes in health over time. Because SF-12
items are a subset of the original SF-36, complete comparability can be
maintained across data sets using SF-12 scoring algorithms and data for
either short-form survey.
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<> Chapter 4. Scoring Algorithms

Scoring of the Physical (PCS) and Mental (MCS) Component Summary
measures involves three steps. First, the eight SF-36 scales are standardized
using means and standard deviations from the general U.S. population.
Second, they are aggregated using weights (factor score coefficients) from
the general U.S. population. Finally aggregate PCS and MCS scores are
standardized using a linear T-score transformation to have a mean of 50 and
a standard deviation of 10, in the general U.S. population.

General U S. population statistics used in the standardization and in the
aggregation of SF-36 scale scores are presented in Table 4.1. Detailed
information including formulas for scale aggregation and transformation
of scores are presented below. Formal checks using a test dataset (which can
be obtained via email from info@sf-36.com) can be performed to confirm the
successful reproduction of PCS and MCS scales, as discussed later in the
chapter. We strongly recommend these tests.

TABLE 4.1 GENERAL U.S. POPULATION MEANS, STANDARD
DEVIATIONS AND FACTOR SCORE COEFFICIENTS
USED TO DERIVE PCS AND MCS SCALE SCORES

—
Factor Score

Coefficients
SF-36 Scale Mean SD PCS MCS
PF 84.52404 22.89490 0.42402 -0.22999
RP 81.19907 33.79729 0.35119 -0.12329
BP 75.49196 23.55879 0.31754 -0.09731
GH 72.21316 20.16964 0.24954 -0.01571
VT 61.05453 20.86942 0.02877 0.23534
SF 83.59753 22.37642 -0.00753 0.26876
RE 81.29467 33.02717 -0.19206 0.43407
MH 74.84212 18.01189 -0.22069 0.48581
Importance of As with the scoring of SF-36 items and scales, which are aggregated to

Standardization score the summary measures, standardization of the scoring of the PCS and
MCS scales is vital to their interpretation. Any changes in scoring of the SF-
36 items, scales, or the algorithms for the summary scales may compromise

their reliability and validity. Changes in scoring have also been shown to
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Norm-Based Scoring

Steps in Scoring

invalidate normative comparisons, and changes are likely to complicate or
prevent meaningful comparisons of results across studies (Ware, Snow,
Kosinski, et al., 1993).

The PCS and MCS scales are scored using norm-based methods. The means,
standard deviations, and factor score coefficients used in scoring come from
the general U.S. population. A linear T-score transformation method is used
so that both the PCS and MCS have a mean of 50 and a standard deviation
of 10 in the general U.S. population. This transformation is in contrast to the
0-100 scoring used to date for the eight SF-36 scales. The eight SF-36 scales
have means ranging from 61 to 84 and standard deviations ranging from 18
to 34 in the general U.S. population (Ware, Snow, Kosinski, et al., 1993).

The advantage of the standardization and norm-based scoring of the PCS
and MCS is that results for one can be meaningfully compared with the
other and their scores have a direct interpretation in relation to the
distribution of scores in the general U.S. population. Specifically, all scores
above and below 50 are above and below the average, respectively, in the
general U.S. population. Because the standard deviation is 10 for both PCS
and MCS measures, each one point difference in scores also has a direct
interpretation. A one point difference is one-tenth of a standard deviation.
Advantages of norm-based scoring are illustrated in Chapter 8.

Standardization of
scales (z-scores)

Following the scoring of the eight scales according to the standard SF-36
scoring algorithms (Medical Outcomes Trust, 1991, 1994; Ware, Snow,
Kosinski, et al., 1993), PCS and MCS are scored in three steps as explained
below:

First, each SF-36 scale is standardized using a z-score transformation and SE-
36 scale means and standard deviations from the general U.S. population
as given in Table 1. A z-score for each scale is computed by subtracting the
general U.S. population mean from each SF-36 scale score and dividing the
difference by the corresponding scale standard deviation from the general
U.S. population.
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Formulas are listed below:
Step 1. Formulas for z-score standardizations of SF-36 scales:

PF_Z = (PF - 84.52404) / 22.89490
RP_Z = (RP - 81.19907) / 33.79729
BP_Z = (BP - 75.49196) / 23.55879
GH_Z = (GH - 72.21316) / 20.16964
VT_Z = (VT - 61.05453) / 20.86942
SF_Z = (SF - 83.59753) / 22.37642
RE_Z = (RE - 81.29467) / 33.02717
MH_Z = (MH - 74.84212) / 18.01189

Means and standard deviations are from Table 4.1.

Aggregation of After a z-score has been computed for each SF-36 scale, the second step
Scale Scores involves computation of aggregate scores for the physical and mental
components using the physical and mental factor score coefficients from the

general U.S. population as given in Table 4.1.

Computation of an aggregate physical component score consists of
multiplying each SF-36 scale z-score by its respective physical factor score
coefficient and summing the eight products, as shown below.

Similarly, an aggregate mental component score is obtained by multiplying
each SF-36 scale z-score by its respective mental factor score coefficient and
summing the eight products.

Step 2. Formulas for aggregating standardized scales in estimating
aggregate physical and mental component scores:

AGG_PHYS = (PF_Z * 42402) + (RP_Z * 35119) + (BP_Z * .31754)
+(GH_Z * 24954) + (VT_Z * .02877) + (SF_Z * -.00753) + (RE_Z
*.19206) + (MH_Z * -.22069)

AGG_MENT = (PF.Z * -22999) + (RP.Z * -12329) +
(BP_Z *-.09731) + (GH_Z * -.01571) + (VT_Z * .23534) + (SF_Z *
26876) + (RE_Z * .43407) + (MH_Z * .48581)

Pending results from ongoing evaluations of other options, it is
recommended that component scale scores be set to missing if the
respondent is missing any one of the eight SF-36 scales. To minimize the
number of component scores missing, we recommend estimating each of
the eight scale scores if half or more of the items are complete, as
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Transformation of
Summary Scores

documented elsewhere (Medical Outcomes Trust, 1991, 1994; Ware, Snow,
Kosinski, et al., 1993)

The third step involves transforming each component score to the norm-
based (50, 10) scoring. This is accomplished by multiplying each aggregate
component scale score by 10 and adding the resulting product to 50.
Formulas are listed below.

Step 3. Formulas for T-score transformation of component scores:

Transformed Physical (PCS) = 50 + (AGG_PHYS * 10)
Transformed Mental (MCS) = 50 + (AGG_MENT * 10)

Features of PCS and MCS Scores

The PCS and MCS were constructed and scored to achieve a number of
advantages, in addition to reducing the SF-36 from an eight-scale profile to
two summary measures without substantial loss of information. Features
of the PCS and MCS scores, including their reliability, confidence intervals
(CI), skewness (percent ceiling and floor), and number of levels observed
in the general U.S. population, are summarized in Table 4.2. These results
confirm some of the theoretical advantages of the two summary measures
as compared to the eight SF-36 scales, including a very large increase in the
number of levels defined, smaller confidence intervals relative to each of the
eight scales, as well as the elimination of both floor and ceiling effects.
Reliability estimates and confidence intervals are discussed further in
Chapter 5. Tradeoffs between the two summary measures versus the eight-
scale profile are evaluated in Chapter 6.

TABLE 4.2 COMPARISON OF FEATURES OF SF-36 SCALES AND

SUMMARY MEASURES, GENERAL U.S. POPULATION
_——----—-—————

Summary Measures

SF-36 Scales® PCS MCS
Reliability .68 -.93 .93 .88
95% CI (z) 13-33 57 6.3
% Floor 1-24 0 0
% Ceiling 1-56 0 0
# of Levels® 4-26 567 493

*  Scores rounded to first decimal place
b Statistics are presented as the range of results found across the eight SF-36 scales in
the general U.S. population.
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Scoring Checks

Scoring Exercise

Because errors can lead to inaccurate scale scores, we strongly recommend
formal scoring checks of SF-36 scales prior to computing the SF-36
component summary scales. These formal scoring checks are explained in
full detail in the SF-36 Scoring Exercise available through the Medical
Outcomes Trust (Medical Outcomes Trust, 1994).

The following scoring checks are also strongly recommended for the SF-36
component summary scales. Any discrepancies should be investigated for
SCOTing errors:

(1) Check correlations between the eight SF-36 scales and the PCS
and MCS scales. The PF, RP, and BP scales should correlate
highest with the PCS and lowest with the MCS. The MH, RE,
and SF scales should correlate highest with the MCS and
lowest with the PCS. The GH and VT scales should correlate
moderately with both physical and mental component scales.

(2) Check the correlation between the physical and mental
component summary scales. The correlation should be very
low.

Tables and text in Chapter 3 summarize results from these tests across
numerous studies.

The SAS code for scoring the SF-36 PCS and MCS scales is printed in
Appendix C and is available in electronic format (along with a test dataset)
via email request to info@sf-36.com. The SAS code begins with algorithms
for scoring the eight SF-36 scales and finishes with the computation of the
component summary scales. The purpose of this scoring exercise is to help
SF-36 users evaluate results from each step in the process of calculating SF-
36 component summary scale scores. The test dataset for this scoring
exercise contains 100 administrations of the SF-36 Health Survey. The test
dataset is called "RAWDATA." The SAS code for scoring the scales is called
"SF36SUMM.SCR."

Table 4.3 presents descriptive statistics for the eight SF-36 scales and the
physical and mental component scales from the test dataset. After scoring
the test data set, you should observe the same means, standard deviations,
and minimum and maximum observed values as those presented in Table
4.3.
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Note that the missing data rate for each scale is artificially large as part of
the scoring exercise. Consequently, the missing data rate for the two
component summary scales is uncharacteristically high.

TABLE 4.3 TEST DATASET DESCRIPTIVE STATISTICS: SF-36

SCALES AND SUMMARY MEASURES (N = 100)
[ e e ]

Number Minimum Maximum
of Standard Observed Observed

Cases Mean Deviation Value Value
Physical Functioning 99 75.8 251 5 100
Role Physical 93 58.0 40.5 0 100
Bodily Pain 98 69.5 251 0 100
General Health 96 59.6 22.9 5 100
Vitality 100 56.2 19.3 15 95
Social Functioning 100 83.5 24.7 12.5 100
Role Emotional 92 72.5 39.1 0 100
Mental Health 100 74.4 19.5 8 100
Physical Component 88 45.2 10.9 17.2 66.7
Summary (PCS)
Mental Component 88 497 11.2 12.7 64.2

Summary (MCS)

SF-36 algorithms have been made available to

SF-36"

Health Survey

Standard Scoring

software

computer vendors and  other
organizations providing scoring and analysis
services for the SF-36. Look for the symbol to the

right.

This symbol is your assurance that computer software products and data
processing services produce results that are comparable with this Manual
and with other normative data and interpretation guidelines for the SF-36
Health Survey.
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<> Chapter 5. Reliability and Statistical Power

Background

Reliability estimates for the PCS and MCS scales were calculated using data
from the Medical Outcomes Study (MOS), the general U.S. population, and
data from general population surveys in the UK., Sweden, and Germany.
As documented below, reliability estimates based on both internal
consistency and test-retest methods have been high, ranging from 0.89 to
0.94 for the PCS and from 0.84 to 0.91 for the MCS in patient populations
studies in the U.S. and in general population studies in the U.S., Germany,
Sweden and the UK. While in previous studies of the eight SF-36 scales
(McHorney, Ware, Lu, et al., 1994), reliability estimates were slightly lower
for more disadvantaged study participants, PCS and MCS reliability
estimates were similar for disadvantaged and more advantaged groups.

Indices of reliability give an indication of the extent to which the scores
produced by a particular measurement procedure are consistent and
reproducible. A measurement procedure is reliable to the extent that items
within the same scale give the same results or to the extent that an
individual scores the same across repeated administrations of the scale
(Nunnally & Bernstein, 1994). A reliability coefficient is an estimate of how
much of the variation in a score is real or truth, as opposed to chance or
random errors. For example, a reliability coefficient of 0.80 indicates that
80% of the total measured variance is true score. Suggested levels of
reliability are 0.70 or greater for scales used in group-level analyses and 0.90
or greater for scales used in decisions at the individual level (Nunnally &
Bernstein, 1994).

There are several methods that can be used to estimate reliability. Reliability
can be estimated by correlating scores from one administration with scores
from another (test-retest reliability), or by correlating scores and testing the
equivalence of individual answers across alternative forms of an instrument
(alternative forms reliability), or by examining the equivalence of responses
within the same test from a single administration (internal consistency
reliability) (Nunnally & Bernstein, 1994). Most studies to date have used the
internal consistency method and Cronbach's coefficient alpha to estimate
the reliability of SF-36 scales, although all three methods listed above have
been used in one or more studies (Ware, Snow, Kosinski, et al., 1993;
McHorney & Ware, 1995).
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Estimation of Reliability Both test-retest and internal consistency methods have been used in

estimating the reliability of the PCS and MCS scales. Because the PCS and
MCS scales are a linear combination of eight scales measuring distinct
health constructs, it is necessary to take into account the reliability of each
scale as well as the covariances among them in estimating reliability using
the internal consistency method (Nunnally & Bernstein, 1994). Using the
covariance matrix of SF-36 scales from each sample, and the physical and
mental factor score coefficients from the general U.S. population, reliability
is estimated in the following steps: (1) each off-diagonal covariance is
multiplied by the product of its respective factor score coefficient, summed,
and multiplied by two (two sides of the matrix); (2) the observed score
variance is calculated by multiplying each diagonal of the covariance matrix
by the squared factor score coefficient; (3) total score variance is calculated
by summing the products of steps one and two; (4) true score variance is
calculated by multiplying each diagonal entry computed in step #2 by the
respective SF-36 scale reliability;, and (5) each component summary
reliability is computed by subtracting the true score variance (step #4) from
the observed variance (step #2) divided by the total score variance (step #3),
the result of which is subtracted from one.

Summary of Reliability Estimates

General Populations

Reliability coefficients for the PCS and MCS scales have been estimated
using the internal consistency method for respondents to general
population surveys in four countries (Germany, Sweden, the U.K., and the
U.S)). Table 5.1 summarizes these results. The sampling methods for these
surveys and the characteristics of respondents are documented elsewhere
(Ware, Keller, Gandek, et al., 1995). Return rates ranged from 62.5% to
83.1%.

TABLE 5.1 RELIABILITY ESTIMATES FOR PCS AND MCS SCALES
IN GENERAL POPULATION SURVEYS FROM FOUR

COUNTRIES
Countries (N) PCS MCS
U.S. 2,474 .93 .88
U.K. 1,592 .92 .89
Sweden 8,930 .92 .88
Germany 2,914 .94 .87
T ras vy T - e s

Internal consistency reliability coefficients ranged from 0.92 to 0.94 for the
PCS scale and 0.87 to 0.89 for the MCS scale. These results suggest that the
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Patient Subgroups

underlying two dimensions of health measured by the SF-36 Health Survey
can be reliably scored for the purpose of summarizing SF-36 scale score data
in general populations studied to date.

Test-retest reliability for an interval of two weeks between administrations
has also been estimated using data from the U.K. (Brazier, Harper, Jones,
et al., 1992). The correlations between scores from administrations two
weeks apart were 0.89 for the PCS and 0.80 for the MCS (N = 180).

These data demonstrate that the component summary measutres have
reliabilities that generally equal or exceed those of the eight scales.

TABLE 5.2 RELIABILITY ESTIMATES FOR PCS AND MCS SCALES:
MOS PATIENT SUBGROUPS (N = 3,445)

N PCS MCS
Total Sample .92 .90
Age <65 2456 91 91
65-74 700 .92 .86
.......................... 754 e 28T 90 BB
Gender Female 2126 92 90
.......................... Male 130990 90
Race White 2625 92 90
Black 481 90 88
.......................... Other 22190 89
Education <8 209 .94 .89
9-11 313 93 90
12 1005 91 89
Poverty Poverty 253 .93 91
Status  Non-Poverty .. 2864 .93 .90 .
Diagnosis Hypertension 2089 .92 .86
Diabetes 624 .92 .86
CHF 216 .91 .88
Mi 107 .89 .84
Clinical Depression 503 .92 .88
.......................... Symptomatic Depression 785 .91 .87 .
Disease = Uncomplicated Medical 1136 .90 .85
Severity Complicated Medical 289 91 .86
Psychiatric and Medical 300 .89 .86
Note: Estimates based on internal consistency method (see text).

The reliability of the PCS and MCS scales was also estimated using the
internal consistency method for 23 subgroups of patients participating in
the MOS and for the total MOS sample. These patients (N = 3,445) differed
in sociodemographic characteristics, diagnosis, and disease severity, as
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General Population
Subgroups

defined elsewhere (McHorney, Ware, Lu et al., 1994). Table 5.2 summarizes
these results. Estimates of reliability for the SF-36 component summary
scale scores varied very little across the groups, with a range of coefficients
from 0.89 to 0.94 for the PCS and from 0.84 to 0.91 for the MCS. Estimates
of reliability tended to be higher for the PCS relative to the MCS. Minimum
standards of reliability for purposes of group comparisons (r > .70) were
satisfied in all 23 patient subgroups for both physical and mental
component scales. Minimum reliability standards required for comparisons
of individual patients (r > .90) were met in 21 out of 23 patient groups for
the physical component scale and for one-third of the patient groups for the
mental component scale.

The internal consistency reliability of the PCS and MCS scales was also
estimated for 12 subgroups of respondents from the general U.S. population
sample. As shown in Table 5.3, reliability coefficients varied very little
across the 12 subgroups, with a range of 0.90 to 0.94 for the physical
component scale and a range of 0.85 to 0.89 for the mental component scale.

TABLE 5.3 RELIABILITY ESTIMATES FOR PCS AND MCS SCALES:
GENERAL U.S. POPULATION SUBGROUPS (N = 2,474)

N PCS MCS
Total Sample .93 .88
Age <65 1757 .92 .87
65-74 442 .93 .85
75+ 264 .91 .89
Gender ..... e e 9388
Male 1055 .93 .87
RaceWhnte e = 88 ............
Black 223 .94 .85
Other 174 90 88
Educatlon<8 ................................. 2159388 ............
9-11 277 93 86
12 820 93 89
>12 1162 92 87

Note: Estimates based on the internal consistency method (see text).

Minimum standards of reliability for group comparisons were satisfied for
both component scales across all subgroups. Minimum reliability standards
recommended for individual respondents were met for the physical
component summary scale for all subgroups; and were approached, though
not achieved, for the mental component summary.
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Statistical Power

Experimental Studies

Statistical power, the probability that a difference will be found when there
is one, is largely determined by features of the sample design, such as the
effect size under study and sample size. Statistical power is also determined
by measurement reliability, because noisy measures have greater error
variance relative to systematic variance, and thus less statistical power.
Results of previous studies (McHorney, Ware, Rogers, et al,, 1992) have
shown that measures that reliably define more levels of health are more
precise in detecting differences between groups of patients differing in
health. Since the PCS and MCS measures define many more levels of health
than any of the SF-36 scales and have been shown to be as reliable or more
reliable, one can expect them to achieve greater statistical power in
detecting differences in physical and mental health, with some exceptions
discussed in Chapter 6.

Tables 5.4 through 5.8 present estimates of sample sizes necessary to detect
average group differences in the PCS and MCS scores equal to 1, 2, 5, 10,
and 20 points. We relied upon formulas published by Cohen (1988) and
variance estimates from general U.S. population studies in estimating these
sample sizes. We estimated sample sizes for five different study designs
beginning with the most powerful design, an experimental comparison
between two randomly formed groups with comparisons between repeated
assessments over time, to the least powerful, a simple comparison between
two group means. A non-directional hypothesis (two-tailed test) with a false
rejection rate of 5%, and with a statistical power of 80%, was assumed for
all estimates.

In comparing these sample size tables to those presented for the eight scales
in the SF-36 Health Survey Manual and Interpretation Guide (Ware, Snow,
Kosinski, et al., 1993), one should keep in mind that the number of points
used to define each difference are not comparable (in standard deviation
units) between the components and the eight scales. For example, a 10-point
difference represents one standard deviation unit for both the PCS and
MCS, but only half to one-third that amount for each of the eight scales.
Thus, 10 points, as measured by the PCS or MCS is comparable to
approximately 20 points or 30 points as measured by each of the eight
scales.

Tables 5.4 and 5.5 present sample size estimates for two experimental study
designs: two randomly formed groups with repeated assessments and two
randomly formed groups with post-intervention assessments only. The
repeated measures experimental design and all other repeated measures
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designs discussed in the following section assume a correlation of 0.70
between administrations. This is a conservative assumption given that
correlations for the PCS and MCS scales are 0.89 and 0.80, respectively, in
a test-retest study (Brazier, Harper, Jones, et al., 1992). The MOS has
observed correlations for the PCS and MCS scales of 0.73 and 0.69,
respectively, between repeated administrations six months apart.

Table 5.4 presents sample size estimates for a two-group randomized
groups experiment with repeated SF-36 measures. As this table illustrates,
it takes many more subjects to detect a one-point difference than to detect
a very large difference of 10 points. In comparison to the best SF-36 scales
measuring physical (PF) and mental (MH) health, the component summary
scales reduce considerably the number of subjects required to detect small
and large differences. For example, a sample size of 1,364 subjects in each
randomly formed group is required to detect a two-point difference
(p <0.05, 80% power) in the SF-36 PF scale, in comparison with a sample
size of 201 subjects in each randomly formed group for the PCS scale.
However, this comparison is misleading. Two points on the PF scale is
much smaller than two points on the PCS, in standard deviation (SD) terms.
Taking into account this difference, it would be more appropriate to
compare the power of the PCS in detecting a one-point difference (ie., 01
SD unit) relative to the power of the PF scale to detect a two-point
difference, which is much closer to a difference of 0.1 SD units. More than
1,300 people per group would be required to detect a two-point difference
in the PF scale and the two other best SF-36 physical health scales (RP, BP)
(see Table 7.4, Ware, Snow, Kosinski, et al., 1993). A one-point difference
(0.1 SD unit) in the PCS is detectable with 801 people per group.

TABLE 5.4 SAMPLE SIZES NEEDED TO DETECT DIFFERENCES
BETWEEN POST-INTERVENTION SCORES OF TWO
EXPERIMENTAL GROUPS WITH PRE-INTERVENTION

SCORES AS COVARIATES
—_————————————

Number of Points Difference

1 2 5 10 20
PCS 801 201 33 9 5
MCS 801 201 33 9 5

Note: Estimates assume alpha = 0.05, two-tailed test, power = 80% (Cohen, 1988), and
an intertemporal correlation of .70.

Table 5.5 presents sample size estimates for comparisons between two
experimental groups with post-intervention PCS and MCS measures only.
Comparisons between the sample sizes in Table 5.5 and Table 5.4 reveal
gains in statistical power from a repeated measures experimental design
relative to one with post-intervention measures only. About twice as many



SF-36 Summary Measures

Reliability and Statistical Power * p. 5.7

Non-Experimental
Studies

subjects are required to detect the same difference in scores with a post-
intervention design than with a repeated measures design. For example,
1,571 subjects are required to detect the smallest difference (one point) in
the PCS and MCS scores in Table 5.5 compared with only 801 subjects in
Table 5.4.

TABLE 5.5 SAMPLE SIZES NEEDED TO DETECT DIFFERENCES
BETWEEN TWO EXPERIMENTAL GROUPS, POST-
INTERVENTION SCORES ONLY

e S S e
Number of Points Difference

1 2 5 10 20
PCS 1571 393 64 17 5
MCS 1571 393 64 17 5

Note: Estimates assume alpha = 0.05, two-tailed test, power = 80% (Cohen, 1988), and
an intertemporal correlation of .70.

Tables 5.6 to 5.8 present sample size estimates for three non-experimental
comparisons involving SF-36 component summary scales: (1) comparisons
between two self-selected groups with administrations before and after
intervention(s) (Table 5.6); (2) repeated measures over time for a single
group (Table 5.7); and (3) a comparison between a group mean score and
a fixed score, such as the general population norm (Table 5.8).

The sample size estimates in Table 5.6 for a non-experimental, two-group
study with repeated measures assumes that difference scores will be
analyzed to maximize the internal validity of the study design.
Comparisons between the sample sizes presented in Table 5.6 and Table 5.4
illustrate the power gained from an experimental versus a non-
experimental two-group comparison. The power gained is approximately
29% for the smallest difference (one point) in the PCS and MCS scores.

Table 5.7 presents the sample sizes required to detect differences in the PCS
and MCS scores over time within one group. As Table 5.7 illustrates, the
sample size required to detect a change in the PCS and MCS scale scores
over time within one group is smaller than the sample sizes required in the
other study designs. However, the results are more difficult to interpret
than the results for study designs that compare scores between two groups
receiving different interventions (Cook & Campbell, 1979).

Estimates of sample sizes required to compare average PCS and MCS scores
to a fixed norm, such as the general population, are presented in Table 5.8.
As illustrated, a difference of five points on the PCS and MCS scales
between a sample mean and a norm can be detected with only 32 subjects
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Power Advantages
of PCS and MCS

in the sample, compared with 197 subjects for a difference of two points.
These estimates of sample sizes are less than those required for most of the
SF-36 scales for similar comparisons (in terms of SD units). For example, to
detect a 10-point difference in a PF scale score (i.e., one-half SD unit)
between a sample and a norm requires 44 subjects.

Comparable effect size comparisons between the sample sizes needed to
detect differences with the eight SF-36 scales, as compared to the PCS and
MCS scales show a consistent advantage of the summaries. This is due to
the summaries' generally higher or equal reliabilities in combination with
the increased precision from defining many more scale levels. The power
advantage of the components relative to the eight scales will be largest for
SE-36 scales with the highest standard deviations (e.g., RP, RE) and less for
others (e.g., MH, GH, VT). However, these analyses have not addressed
another important consideration, namely, validity (see Chapter 6). It is also
important to keep in mind that comparisons between SF-36 scales and the
PCS and MCS should be made in comparable units, taking into account
differences in their standard deviations.

TABLE 5.6 SAMPLE SIZES NEEDED TO DETECT
DIFFERENCES BETWEEN TWO SELF-SELECTED

GROUPS, REPEATED MEASURES DESIGN
(T T T S N ey
Number of Points Difference

1 2 5 10 20
PCS 1122 281 46 12 4
MCS 1122 281 46 12 4

TABLE 5.7 SAMPLE SIZES NEEDED TO DETECT

DIFFERENCES OVER TIME WITHIN ONE GROUP
L e L - -~ — ——————— —— ———°]
Number of Points Difference

1 2 5 10 20
PCS 561 140 23 6 2
MCS 561 140 23 6 2
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Intervals for
Individual Scores

TABLE 5.8 SAMPLE SIZES NEEDED TO DETECT
DIFFERENCES BETWEEN A GROUP MEAN AND A

FIXED NORM
Number of Points Difference
1 2 5 10 20
PCS 786 197 32 9 3
MCS 786 197 32 9 3

Note: Estimates assume alpha = 0.05, two-tailed test, power = 80% (Cohen, 1988), and
an intertemporal correlation of .70.

Confidence intervals provide valuable information about the amount of
fluctuation that can be expected in a single score due to measurement error.
A confidence interval around an individual score is a function of the
standard deviation (SD) of the score distribution and the standard error of
measurement (SEM). The size of the SEM is a function of the reliability of
that score (Nunnally, 1978).

Two attributes of the SF-36 PCS and MCS scales (relatively small standard
deviations and high reliability) lead to reductions in confidence intervals
around individual scores of about one-half to one-fifth relative to those for
the eight SF-36 scales. With smaller confidence intervals, fluctuations in an
individual patient score due to chance are less likely, facilitating their use
in monitoring individual patients in clinical practice.

Table 5.9 compares estimates of confidence intervals for the eight SF-36
scales and the PCS and MCS scales for an individual respondent's score.
These estimates are based on the reliability and standard deviation (SD) of
each scale in the general U.S. population. If either the reliability or SD varies
substantially in a sample, confidence intervals should be re-estimated using
published formulas (e.g., Nunnally & Bernstein, 1994). It is also important
to keep in mind that estimates of confidence intervals are not always
symmetrical around the observed score.

The confidence intervals in Table 5.9 can be used to take into account
fluctuations due to measurement error when interpreting scores for one
patient or other respondents. Intervals for three levels of confidence are
presented in Table 5.9: 68% (1 SEM), 90% (1.64 SEM), and 95% (2 SEM).
Examples of how confidence intervals can be used to interpret individual
scores are presented below. Chapter 8 presents norms for changes in scores
for patients participating in the MOS. Chapter 10 discusses their use in
clinical practice.
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According to Table 5.9, individual patient scores on the PCS and MCS
would be expected to fall within 2.8 and 3.2 points, respectively, about 68%
of the time. To be much more certain about an individual's PCS and MCS
score, use the 95% confidence interval, which is 5.7 points for the PCS and
6.3 points for the MCS. Compared to the SF-36 scales, the PCS and MCS
scales make it possible to monitor the scores of individual patients with a
much higher degree of confidence. As discussed in the preceding section,
however, the gains are not as large (in SD units) as they appear to be.

TABLE 5.9 CONFIDENCE INTERVALS FOR INDIVIDUAL PATIENT

SCORES
ee_———-——r s e

Confidence Intervals (Cl)

Scale Label 68%°® 90%" 95%°
Physical Functioning PF 6.2 10.2 12.3
Role Physical RP 11.3 18.7 226
Bodily Pain BP 7.5 12.4 15.0
General Health GH 8.8 14.7 176
Vitality vT 7.8 13.0 15.6
Social Functioning SF 12.8 21.3 257
Role Emotional RE 14.0 23.2 28.0
Mental Health MH 7.2 12.0 14.0
‘i-;’“r'{)'/"sical Compdh"ént SummaryPCS284657
Mental Component Summary MCS 3.2 5.2 6.3

?  68% Cl equals 1 SEM.

b 90% Cl equals 1.64 SEM.

¢ 95% Cl equals 2 SEM.

Note: These estimates are based on reliability estimates and standard deviations for SF-
36 scales and the PCS and MCS in the general U.S. population

Individual scores on the PCS and MCS can be compared to general U.S.
population norms or to norms for diagnostic groups by using the
confidence levels presented in Table 5.9. Suppose that a clinician wanted to
know whether a PCS score of 44 for a 40 year old male patient was below
that of the general U.S. population. Because the mean and SD are 50 and 10,
respectively, for the PCS in the general U.S. population, it is obvious that
the patient is well below the norm. Using the norms presented in Table 8.5
for males age 40, it is apparent that a score of 44 is well below the norm of
52.1 for a 40 year old male in the general U.S. population (52.1-44 =8.1).
Because 8.1 is greater than the 95% confidence interval of 5.7 (from Table
5.9), the clinician can be confident that the patient's score of 44 is below the
norm for men of a similar age in the general U.S. population, more than
would be expected due to measurement error. These examples and other
considerations are discussed in Chapter 10.
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<> Chapter 6. Empirical Validation

Studies of validity are about the meaning of scores and whether or not they
have their intended interpretations. The methods we have used in studies
of the SF-36 have followed guidelines recommended for use in validating
psychological and educational measures by the American Psychological
Association, the American Educational Research Association, and the
National Council on Measurement in Education (American Psychological
Association, 1985). The same methods were used to study validity and to
establish interpretation guidelines for the eight SF-36 scales, as discussed in
the original SF-36 User's Manual (Ware, Snow, Kosinski, et al., 1993). That
manual explains the methods, beginning with comparisons of the content
of the SF-36 with other widely used measures. The content analysis, which
has been subsequently updated and extended (Ware, 1995) revealed that
the SF-36 includes eight of the health concepts most frequently represented
in widely used health status measures. The SF-36 differs from most other
measures in that it attempts to represent a wider range of levels for most of
those concepts.

This chapter is divided into three sections, beginning with a summary of
results from the first published tests of the validity of the PCS and MCS
scales relative to the eight-scale SF-36 profile. The PCS and MCS scales
performed in the 80-100 percent range relative to the best SF-36 scale in
empirical tests of validity. These results, which are summarized elsewhere,
(Ware, Kosinski, Bayliss, et al., 1995), constitute strong support of the
usefulness of the PCS and MCS in summarizing and interpreting results.
Detailed results, including nine tables not previously published, are
presented here.

The second section extends the empirical evaluation of the validity of the
PCS and MCS scales by replicating the original "four-group" tests that
demonstrated the validity of the eight SF-36 scales in discriminating among
MOS patient groups known to differ in severity of physical and/or mental
condition, as defined clinically (McHorney, Ware, & Raczek, 1993). When
the same tests were applied to the PCS and MCS, the summary scales never
missed a difference captured by an SF-36 scale and performed in the 70-100
percent range in tests of empirical validity, relative to the best SF-36 scale.
These tests call attention to the tradeoffs involved with the simplicity of two
summary measures relative to the richness of the eight-scale SF-36 profile.



p. 6:2 * Empirical Validation

5F-36 Summary Measures

A third section summarizes results of correlational analyses of the validity
of the PCS and MCS in relation to 33 health status scales and summary
scales developed during the course of the MOS (Stewart & Ware, 1992) and
measures of the frequency of 19 specific symptoms in four categories (Ware,
Snow, Kosinski, et al., 1993). These results provide information useful in
deciding which measures are most likely to add information beyond what
can be known from the two summary measures, and demonstrate the
sensitivity of the PCS and/or MCS to most specific symptoms.

Initial Validation Studies

The first round of validation studies of the two summary measures focused
on their empirical validity relative to that of the profile of eight scales
constructed from the SF-36. Although there has been some debate regarding
the tradeoffs involved with these two approaches (Ware, 1984; Bergner &
Rothman, 1987; Patrick & Erickson, 1993), their implications have not been
explored empirically, with two exceptions based on single criteria (Katz,
Larson, Phillips, et al., 1992; Beaton, Bombardier, & Hogg-Johnson, 1994).
To evaluate these tradeoffs, we used the logic of "known groups" validity
(Kerlinger, 1964) and defined "criterion" groups of patients differing in
ways that impact on physical or mental health status. To test the
generalizability of results, 16 tests were performed involving both cross-
sectional and longitudinal study designs. Results are presented elsewhere
and are summarized here; nine tables of specific findings not included in
the original publication are appended (see Appendix B).

Comparisons between the summary measures and the SF-36 eight-scale
profile were designed to approximate as closely as possible their intended
use and circumstances that might affect conclusions. Several considerations
guided selection of criteria used in defining groups reported here: (a) a
strong theoretical foundation for hypotheses, including both direction of
differences and whether physical or mental dimensions of health should be
most affected; and (b) replication across both cross-sectional and
longitudinal designs. Conclusions about different methods should be based
on multiple tests. Criteria known to involve physical more than mental
health differences, as well as the reverse pattern, were selected. Finally, data
from both cross-sectional and longitudinal study desighs were analyzed.
Although measures that do best in discriminating the effects of differences
at a point in time should also be most responsive to the impact of those
changes over time, this principal has been questioned (Guyatt, Walter, &
Norman, 1987).
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Hypotheses

Analysis Plan

Seven categories of comparisons were performed, involving groups of
patients differing in: (1) presence of chronic medical conditions (four
conditions); (2) severity of hypertension (two levels), diabetes (four levels),
and severity of congestive heart failure (two levels); (3) the presence of any
one of 16 comorbid conditions (and a count of 10 others); (4) frequency of
acute symptoms in four clusters (ear, nose, and throat (ENT), central
nervous system (CNS), musculoskeletal, and gastrointestinal and
genitourinary (GI/GU)); (5) cross-sectional and longitudinal comparisons
of age effects among the most well group available, patients with
uncomplicated hypertension; (6) longitudinal comparisons of patients
classified at one-year follow-up according to self-reported changes in
physical, mental, and general health status (five categories each); and (7)
cross-sectional comparison of patients with and without clinical depression
and longitudinal comparison of patients recovering from depression. All
tests were based on clinical data used in previous MOS reports (Wells,
Hays, Burnam, et al., 1989; Wells, Stewart, Hays, et al., 1989; Kravitz,
Greenfield, Rogers, et al., 1992; McHorney, Ware, & Raczek, 1993). Specific
clinical definitions are documented in Appendix A.

A strong theoretical foundation for generating hypotheses makes it easier
to draw conclusions about measurement validity (Kerlinger, 1964). The
result that would be expected for a valid measure must be known in
advance for each test. We hypothesized that: (a) patients with more severe
conditions, such as congestive heart failure, would score worse, particularly
in physical health, than those with uncomplicated hypertension; (b) patients
at more advanced levels of disease severity or with comorbid conditions
would score lower; (c) scores would be lower for patients reporting a
greater frequency of acute symptoms; (d) self-reported changes in physical,
mental, and general health at one-year follow-up would be most related to
changes estimated from repeated measures of the same concepts; (e)
physical health (but not mental health) would decline with age; and (f)
mental health would be better for patients without clinical depression and
improve with clinical recovery from major depression.

Analyses of groups in the first three categories used ordinary least squares
multiple regression techniques (SAS Institute, 1989) with statistical
adjustment for differences in age, gender, race, poverty, study site, health
care setting, and season of the year, to maintain comparability with
previous MOS analyses (Wells, Burnam, Rogers, et al., 1992; Rogers, Wells,
Meredith, et al.,, 1993). Longitudinal analyses and other cross-sectional
analyses used the same statistical methods but without adjustments for
baseline patient characteristics. All analyses of SF-36 profiles used
multivariate analysis of variance (MANOVA) (Stevens, 1992), which
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provides an overall test of whether average scores (cross-sectional) or
average changes in scores (longitudinal) for any of the eight SF-36 scales
differed across any of the groups being compared. For those tests that
yielded a significant MANOVA F-ratio, regression models were estimated
to test the relative validity (RV) of each scale. Thus, according to this
convention, only those scales that met two statistical criteria were
considered valid: (a) significant overall MANOVA F for the set of criterion
variables (defining patient groups) in relation to the profile of eight scales;
and (b) significant univariate F for the same set of criterion variables and
the scale in question.

To estimate the RV for each scale in relation to the best of the eight SF-36
scales, ratios of F-statistics were compared as in previous MOS studies
(McHorney, Ware, & Raczek, 1993). The F-statistic for each measure is a
ratio of the variance in scores due to differences among independent groups
or between repeated assessments for the same group, relative to the within
group (error) variance. The F-statistic for a given measure in a given test
would be larger when the measure yields a larger average separation in
mean scores being compared and/or a smaller error variance. The RV
estimate for each measure in each test indicates in proportional terms the
empirical validity of the scale in question relative to the most valid scale in
that test (Liang, Larsen, Cullen, et al., 1985; Winer, Brown, & Michels, 1991;
McHorney, Ware, & Raczek, 1993).

When one measure performs exceptionally well, estimates (based on RV)
of the usefulness of other measures sometimes appear relatively low to the
point of being misleading (Ware, Snow, Kosinski, et al., 1993). Therefore,
standardized estimates of effect size (ES) (Kazis, Anderson, & Meenan,
1989) were also computed by dividing the average difference for each
measure by the standard deviation (SD) for that measure, using SD
estimates from the general U.S. population, as published elsewhere (Ware,
Snow, Kosinski, et al., 1993).

Table 6.1 summarizes RV coefficients for the two summary measures and
the eight-scale SF-36 profile across all 16 tests, as published elsewhere
(Ware, Kosinski, Bayliss, et al., 1995). The first 12 columns include criterion
variables defining differences in physical health, and the last three columns
are tests for differences in mental health. (An exception is the ninth column
(GI/GU symptom cluster) shown previously to impact most on mental
health (Stewart, Greenfield, Hays, et al., 1989).) For each test, the "best" of
the eight SF-36 scales (with the highest F-ratio) is labeled RV =1.00 and is
boldfaced. Horizontal lines in Table 6.1 distinguish SF-36 scales
hypothesized to be most valid in measuring physical health (PF, RP, and
BP) versus mental health (MH, RE, and SF). The two more general scales
(GH and VT) are in the middle grouping. F-ratios for the eight-scale
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MANOVA test are presented for each criterion, followed by results for the
two summary measures (PCS and MCS). Blanks in Table 6.1 indicate a
nonsignificant MANOVA F-statistic for the eight scales in that test or a
nonsignificant univariate F-statistic for a particular scale in that test. RV
coefficients were not estimated for measures with nonsignificant F-statistics.

The two summary measures did well in these tests relative to the profile of
eight SF-36 scales. In comparisons that involved physical health "criteria"
and yielded significant differences for any of the three physical scales (PF,
RP, and BP), statistical conclusions based on the PCS agreed nine of nine
times (RV coefficients for the PCS ranged from 0.20 to 0.89, median = 0.79).

Differences in either or both of the two "general" scales (GH and VT) were
significant in 13 of the 16 tests, including five with RV =1.00. In nearly all
instances, the PCS and/ or MCS also performed well. The PCS captured 12
of 13 of the significant differences captured by a general scale (range of RV
coefficients 0.01 to 0.89, median = .72); the MCS detected 11 of 13 (RV =
0.03-1.47, median = 0.35).

The three best mental health scales (MH, RE, and SF) yielded one or more
significant results in 13 of the 16 tests (RV coefficients ranged from 0.03 -
1.00, median = 0.40). For 12 of 13, the MCS also produced statistically
significant results (RV = .03 - 1.47, median = .43). Some coefficients were
low because both physical and mental tests were included. For the four
mental health tests (three right-hand columns in Table 6.1 and GI/GU
symptoms), RV was 0.98 - 1.00 for the MH scale. For the MCS in these four
tests, RV's of 1.02, 1.03, 1.47, and 0.93, respectively, were observed.

Table 6.1 also documents instances in which statistical conclusions varied
across analyses of profiles and summary measures. Effects of GI/GU
symptoms detected by the PF and BP scales were missed by the PCS; they
were detected by the MCS. PCS scores differed significantly across levels of
severity of diabetes, but were missed by the eight-scale profile. Differences
in the SF-36 profile were significant across levels of hypertension severity,
but the univariate F-statistics were not significant for any of the eight scales.

Results from tests involving the severity of acute symptoms suggest that the
validity of the two summary measures varies substantially across symptom
clusters. For example, the impact of ENT symptoms was best detected by
the PCS. The impact of the CNS symptoms was detected by both summary
measures, with the MCS performing better than the PCS. Musculoskeletal
symptoms were reflected in scores for both summary measures, with the
PCS clearly more affected than the MCS.
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Summary of
Results: Second
Round

Tables 6.2 - 6.4 present unpublished analyses of tests of the validity of the
PCS and MCS in discriminating among four mutually exclusive groups of
MOS patients known to differ in severity of medical (physical) and
psychiatric conditions. The top panels of Tables 6.2 - 6.4 repeat results from
analyses of the eight-scale SF-36 profile in the same tests as reported
elsewhere (McHorney, Ware, & Raczek, 1993), and the bottom panel
extends the comparisons to include the PCS and MCS scales. Tables 6.3 and
6.4 add columns to standardize effect size (ES) estimates in addition to
mean differences, F-ratios, and RV estimates. Data in the top panel differ in
some instances from the previous publication due to slight improvements
in the definitions of clinical status.

TABLE 6.2 COMPARISON OF MEANS FOR SF-36 SCALES AND
SUMMARY MEASURES, MOS PATIENTS DIFFERING IN
MEDICAL AND PSYCHIATRIC CONDITIONS (N = 1,150)

Comparison Groups

Psychiatric &

Minor Serious Psychiatric Serious

Medical Medical Only Medical

(N =697) (N = 162) (N = 242) (N = 49)
Physical 80.14 57.07 79.90 45.28
Functioning (0.8) (2.1) (1.5) 4.1
Role 69.55 40.28 56.20 22.95
Physical (1.4) (3.1) (2.5) (4.5)
Bodily Pain 76.01 65.10 66.02 48.71
(0.8) (2.0) (1.5) (3.5)
General 67.26 47.62 57.65 40.61
Health (0.7) (1.7) (1.4) (2.5)
Vitality 62.19 47.45 4428 37.41
(0.7) (1.7) (1.4) (3.1
Social 91.62 78.63 67.04 60.71
Functioning (0.6) (2.0) 1.7) (3.7)
Role 84.12 72.63 45.04 4422
Emotional (1.2) 3.1) (2.6) (5.7
Mental 82.06 77.18 54.01 54.67
Health (0.5) (1.3) (1.3) (3.1)
PCS 46.37 36.27 47.95 33.54
(0.4) (0.9) (0.7) (1.4)
MCS 54.29 52.23 37.62 41.69
(0.3) (0.8) (0.8) (1.6)

Note: Table entries are means (standard errors), comparison groups are defined as in
previous MOS validity studies (McHorney, Ware, & Raczek, 1993)
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The results in Tables 6.3 and 6.4 largely replicate results and lead to
conclusions similar to those from the first round of validity studies of the
PCS and MCS. Comparisons between groups known (by clinical diagnosis)
to differ from the minor medical group in terms of serious medical
(physical) morbidity (the first set of columns in Table 6.3 and the second set
of columns in Table 6.4) involve the most pure physical differences. In these
tests, the PCS yielded very large differences (RV = 0.94 and 0.82) relative to
the best SF-36 scale (GH and PF, respectively). In both of these tests, the
MCS yielded significant, but small, group differences as well as small RV
and ES estimates, as hypothesized (RV = 0.06, ES = 0.21 and RV = 0.05, ES
=0.41).

In the two validity tests involving relatively pure mental health
comparisons (second set of columns in Table 6.3 and first set of columns in
Table 6.4) large differences in group means, RV and ES estimates were
observed for the MCS (RV = 1.06, ES = 1.67 and RV = 0.69 and ES = 1.05,
respectively), relative to the best SF-36 scale (MH in both tests). In both tests
for differences in mental health criteria, PCS yielded very small differences
and RV and ES estimates in the first set (0.01 and 0.16, respectively) and
insignificant differences in the second.

When physical and mental differences are confounded (third sets of
columns in both Table 6.3 and 6.4), both the PCS and MCS revealed
significant differences with large ES estimates (1.17 to 1.46 SD units), and
with RV estimates ranging from 0.48 to 1.07, relative to the best SF-36 scale
(SF and MH, respectively).

TABLE 6.3 SUMMARY OF CLINICAL VALIDITY TESTS INVOLVING MINOR MEDICAL PATIENTS

Both Serious Medical and

Serious Medical vs. Minor Medical Psychiatric vs. Minor Medical Psychiatric vs. Minor Medical
Mean Mean Mean
Scale  Difference ES' F RV? |Difference ES F RV |Difference ES F RV
PF -23.06 0.99 130.19° 0.91 -0.23 0.01 0.02 0.00 -34.86 1.50 109.412 0.64
RP -29.27 0.86 83.36° 0.58 -13.35 039 23.72° 0.04 -46.59 1.37 77.97° 0.46
BP -10.91 1.29  10.90° 0.08 -9.99 042 3540* 0.07 -27.30 115  70.06° 0.41
GH -19.65 0.97 144.00° 1.00 -9.60 0.47 44.62° 0.08 -26.65 1.31 100.60° 0.59
VT -14.75 0.70 69.392 0.48 -17.91 0.85 139.24> 0.26 -24.78 118  69.89° 0.41
SF -13.00 059 7191 050 -24.58 1.08 315.04° 0.59 -30.91 1.36 169.522 1.00
RE -11.49 0.35 16.48° 0.1 -39.08 118 243.67° 0.46 -39.90 1.21 74.65° 0.44
MH -4.88 027 14.36° 0.10 -28.05 1.55 530.38° 1.00 -27.39 1.52 153.02° 0.90
PCS -10.10 1.01 135.26° 0.94 1.58 0.16 4.45° 0.01 -12.83 1.28  80.82° 0.48
MCS -2.06 0.21 8.24>  0.06 -16.67 1.67 561.69° 1.06 -12.60 1.26 110.46° 0.65
2p<.001 ®p<.01 °p<.05

2

Effect size (ES) = mean difference/SD, where SD comes from the general U.S. population.
RV = Relative Validity (see text).
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TABLE 6.4 SUMMARY OF CLINICAL VALIDITY TESTS INVOLVING CHRONICALLY ILL PATIENTS
—_— =]

Psychiatric and Serious Medical Vs. | Psychiatric and Serious Medical Vs.
Serious Medical Only Psychiatric Only Psychiatric vs. Serious Medical
Mean Mean Mean

Scale Difference ES! F RV? |Difference ES F RV |Difference ES F RV
PF -11.80 0.51 6.76" 0.1 -34.62 149 85.75° 1.00 22.10 095 8262° 0.59
RP -17.32 0.51 7.78° 0.13 -33.23 0.98 31.92* 037 15.92 047 16.00° 0.1
BP -16.39 069 15.76* 0.26 -17.31 073 20.70° 0.24 0.92 0.04 0.14 0.00
GH -7.01 0.34 4.28° 0.07 -17.05 0.84  25.00* 0.29 10.05 0.49  19.80° 0.14
VT -10.04 0.48 8.12° 0.13 -6.87 0.33 4.20° 0.05 -3.17 0.15 2.10 0.01
SF -17.91 079 18.23" 0.30 -6.33 0.28 2.40 0.03 -11.58 0.51 19.45° 0.14
RE -28.41 0.86 19.36° 0.32 -0.82 0.02 0.02 0.00 -27.59 0.83 4543 0.32
MH -22.51 125 60.37° 1.00 0.65 0.04 0.04 0.00 -23.17 1.28 140.66° 1.00
PCS -2.73 0.27 2.31 0.04 -14.41 1.44  70.06* 0.82 11.68 117 105.06* 0.75
MCS -10.54 1.05 41.47° 0.69 4.08 0.41 4.24° 0.05 -14.61 1.46 150.55% 1.07
2p<.001 bp<.01 °p<.05

1

2 RV = relative validity (see text).

Advantages and

Disadvantages of

PCS and MCS

Effect Size (ES) = mean difference/SD, where SD comes from the general U.S. population.

The two summary measures reduced the number of statistical analyses to
32 from 128 (8 scales times 16 tests), illustrating their advantage in reducing
the number of statistical comparisons. The summary measures proved to be
very useful in most of these tests. In both cross-sectional and longitudinal
tests, the PCS rarely missed a difference it was expected to capture, and it
was the only measure to detect the impact of differences in the severity of
diabetes.

The PCS consistently performed below the best physical health scale in the
physical health tests, although usually with an RV 2 0.80, relative to the best
of the eight scales. The simplicity of a single measure of physical health
appears to go hand-in-hand with an empirical validity that is about 80% of
that achieved by the best SF-36 scale. The MCS consistently performed as
well as or better than the best scale in mental health tests. Thus, these
analyses revealed little or no tradeoff involved in relying on the MCS in
testing hypotheses about mental health.

The PCS and MCS were also expected to have an advantage in
interpretation as physical versus mental health measures, respectively.
Because most of the eight scales are substantially intercorrelated and most
have complicated physical and mental factor content, most have more than
one interpretation. Interpretation has been shown to be least complicated
for the PF and MH scales and most complicated for the VT scale
(McHorney, Ware, & Raczek, 1993; Ware, Snow, Kosinski, et al., 1993; see
also Chapter 3). A difference or change in VT scores could reflect changes
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in physical or mental health or both. The problem this presents in
interpretation was illustrated in the first round of validity studies (see
Appendix B, Table B.1). Those studies revealed a large difference in average
VT scores favoring patients with uncomplicated hypertension over those
with CHF (A =14.1, t=5.97, p < 0.001), a comparison of groups known to
differ in physical health. The average change in VT scores for palients who
recovered from clinical depression was also large (A = 144, t = 8.6, p <
0.001). Are these differences in physical or mental health? Because the
pattern of differences was the same for VT in both tests, it is not clear
whether they have the same interpretation. However, the PCS and MCS
produced different results suggesting that changes in physical and mental
health were involved, respectively. The impact of CHF was significant for
the PCS (A =89, t=6.96, p <0.001), but not for the MCS (A =1.6, t = 1.55,
p > 0.05), suggesting a physical health difference. The MCS improved (A =
9.8, t=9.42, p <0.001) with recovery from depression and the PCS did not
(A =14, t =<1, p > 0.05), suggesting a mental health difference. These
results illustrate an advantage of the PCS and MCS in interpreting health
outcomes.

Correlations with Specific Symptoms

Table 6.5 presents correlations between the PCS and MCS and self-reported
frequency of symptoms in the MOS. Symptoms were reported for the prior
four week period. Symptoms are grouped into four categories: (1) those
correlating highly (0.30 or better) with the PCS only; (2) those that correlate
0.30 or better with the MCS scale; (3) those correlating 0.30 or better with
both the PCS and MCS scales; and (4) symptoms correlating less than 0.30
with both the PCS and MCS. All table entries are product-moment
correlations.

A number of overall patterns of results are apparent in Table 6.5. The
symptoms most strongly associated with the PCS scores include shortness
of breath, stiffness and pain in muscles, backaches or lower back pain, and
chest pain. Correlations were highest with the MCS for headaches more
than usual, waking up early/unable to sleep, and being dizzy when
standing up. Other symptoms correlating highest with the MCS
(lightheaded while on feet and feeling drowsy or sedated) also correlated
equally highly with the PCS. It is interesting that the same four groupings
of symptoms was formed when these criteria were applied to the PF and
MH scales in analyses of these symptoms reported in the original SF-36
User's Manual (Ware, Snow, Kosinski, et al., 1993; Table 6.16).
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Other correlations in the last category are noteworthy, including significant

associations between the PCS and sudden weakness, urinating more than

usual, acid indigestion after meals, and coughing that produced sputum.

Sudden weakness and acid indigestion also correlated highest with the

MCS.

The results presented in Table 6.5 are useful in speculating about the

symptoms most likely to be underlying differences in the PCS and MCS

scores. These results suggest that the PCS and/or MCS are sensitive to

differences in self-reports of the frequency of a wide range of different

symptoms, including all 19 symptoms shown in Table 6.5.

TABLE 6.5 CORRELATIONS BETWEEN THE PCS AND MCS
AND SPECIFIC SYMPTOMS IN FOUR CATEGORIES

Component
Summaries

Specific Symptoms Mean® SD PCS® mMcs’
Shortness of breath (climbing stairs) 1.89 1.2 -.55 -19
Stiffness, pain in muscles 289 14 -.53 -12
Backaches or lower back pain 241 14 -.42 -.16
Chest pains brought on by activites 1.48 0.9 -.40 -.18
Pins and needles in your feet 175 1.2 -.38 -14
Dry mouth 216 1.3 -.37 -.26
Heart pounding or palpitations 1.58 1.0 -.32 -27
Blurred vision 153 1.0 -.30 -24
Headachesmorethanusual ....................... e — i
Waking up early, unable to sleep 234 13 -.29 -.35
Dizzy when standing up 161 09 -.27 -32
nghtheadedwhlleonfeet ............................ s gusses G s
Drowsy or sedated 1.87 11 -.33 -.38
Urmatmgmorethanusual ........................... B et - s
Sudden weakness relieved by eating 1.39 0.8 -.28 -.26
Acid indigestion after meals 220 1.2 -.25 -.25
Coughing that produced sputum 182 1.2 -22 -15
Trouble passing urine 122 07 -.16 -.14
Fainting or passing out 1.03 0.2 -.09 -.09

2 1 = never, 2 = once or twice, 3 = a few times, 4 = fairly often, 5 = very often.
Note: short form versions of PF, BP, and SF scales were used to construct the PCS and

b

MCS.
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Correlations with Other MOS Scales

Correlations between the PCS and MCS scales and other measures of
known validity can be useful in evaluating their validity. Table 6.6
summarizes previously unpublished associations for 33 measures studied
in the MOS. These measures are grouped into 10 different categories. The
labels used to identify them, as well as their construction and scoring, are
documented elsewhere (Stewart & Ware, 1992, specifically in Chapter 20
[Tables 20-2 and 20-3, pp. 350-360]). It is important to keep in mind when
interpreting this table that in many instances one or more SF-36 items are
also included in the MOS measure being correlated with the PCS or MCS.
The resulting correlations, which are inflated, are labeled in the table.

The correlations in Table 6.6 indicated how well the PCS and MCS scales
reproduce longer-form measures (e.g., MHI 32) and how well they reflect
measures not directly represented in the SF-36 (e.g., sexual functioning).
The scoring of the MOS scales is indicated in parentheses after each variable
name. As would be expected, correlations between unfavorably scored
measures and the PCS and MCS, which are scored positively, are negative.

The entries in Table 6.6 can be very useful in judging the value of adding
measures of other concepts to supplement the SF-36. For example, based on
substantial correlations (0.53 to 0.63), it is clear that the PCS well reflects
overall satisfaction with physical ability and mobility. Both the PCS and
MCS correlate substantially with the summary of eight physical and
psycho-physiologic symptoms measured in the MOS (-0.55 and -0.41,
respectively).

Among the measures not included in the SF-36, the MOS cognitive
functioning scale had a very high correlation with the MCS (r = 0.70). Also,
variations in sleep, as measured by the MOS sleep problems index, correlate
substantially with the MCS (r = -0.57). In contrast, correlations between the
SF-36 scales and sexual functioning (problems) tended to be low. Given that
the same pattern was observed for the eight SF-36 scales (Ware, Snow,
Kosinski, et al., 1993), these results suggest that variations in sexual
functioning are not well represented in the SF-36 scales. Thus, sexual
functioning is a candidate for inclusion in a generic health battery designed
to supplement the SF-36. Accordingly, two large NIH-sponsored clinical
trials using the SF-36 to monitor outcomes of treatment for women at high
risk of breast cancer and men with prostate disease supplement the SF-36
with the MOS Sexual Problems Scale (see Stewart & Ware, 1992).
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TABLE 6.6 CORRELATIONS BETWEEN THE PCS AND MCS AND
MOS FUNCTIONING AND WELL-BEING MEASURES

Measure k' PCS MCS
Physical Functioning

Satisfaction w/Physical Ability {+)* 1 0.63 0.34
MODIIRY (1) e ssesesssesesssssessssersssnessnsened LI A 0.23 ..

Role Functioning

Role Limitations due to Physical Health (-) 7 -0.77° -0.34°
Role Limitations due to Emotional Problems (-) 3 -0.15 -0.81
Unable to do Work due to Health (-) 1 -0.23 -0.06
Unable to do Housework due toHealth () 1 . -023 :0.22

“Sbcial, F'a'mily, Sexual Functioning

Social Activity Limitations due to Health (+) 4 0.41° 0.67°
Sexual Problems (-) 5 -0.13 -0.28
Satisfaction with Family Life (+) 3 0.02° 0.48
Overall Happiness w/Family Life (+) 1 0.02* 0.52
Marital Funetioning (+) i Qe 008 043
Psychological Distress/Well-Being
Anxiety (-) 6 -0.11° -0.78°
Depression/Behavioral-Emotional Control (-) 13 -0.07° -0.88°
Positive Affect (+) 7 0.12° 0.83°
Feelings of Belonging (+) 3 0.02* 0.38
Psychological Well-Being (+) 10 0.09° 0.81*
Mental Health Index | (+) 32 0.09* 0.90°
Mental Health Index 1 (+) | i 17,808 . 0.90° ..
Cognitive Functioning
_Cognitive Funetioning (+) s S 808 07O

Health Perceptions

Current Health (+) 7 0.65° 0.45°
Prior Health (+) 3 0.36 0.14
Health Outlook (+) 6 0.41° 0.22°
Health Concern (-) 4 -0.22 -0.12
Resistance to lllness (+) 4 0.28 0.32
General Health Rating Index (+) 19 0.60 0.42
Health DISress (1) | ... 8040 0.57...
Sleep
Sleep Problems INABX (1) ..........ccoviricucmmscsmmismmsmimsmsmansessssssssss 9 034 0.57 ..
Pain
Effects of Pain (-) 6 -0.67 -0.38
Pain Severity (-) 5 -0.61 -0.24
Days Pain Interfered (-) 1 -0.56 -0.26
Overall Pain I oo i it Bassid e s s i
Physical/Psycho-physiologic Symptoms
_PhysicallPsycho-physiologic Symptoms () __............ 8?80 :0.41
Quality of Life
Life Satisfaction (+) 1 0.11 0.68

' k= number of items.

z (+) scale scores from low to high reflect positive status, (-) scale scores from low to high
reflect negative status.

a Correlations between scales and summary measures are not significant (p < .05).

: Correlation is inflated because measure includes one or more SF-36 items.
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<> Chapter 7. Interpretation: Content- and

Criterion-Based

Background

Traditional analyses of validity include empirical tests of "whether" and
"how" valid a measure is, and results are most often expressed in terms of
correlation coefficients. In contrast to such correlational analyses, analyses
presented here were designed to yield interpretation guidelines for
differences in PCS and MCS scores of specific amounts. Two kinds of results
are presented. The first includes plots of responses to specific SF-36 items
to establish content-based interpretation guidelines for differences
throughout the range of PCS and MCS scores. The second includes results
based on analyses of external "criteria," such as comparisons between
groups differing in chronic conditions, and analyses using PCS and MCS
scores to predict job loss due to health problems, utilization of health care
services, and five-year mortality rates. Analyses of chronic conditions yield
interpretation guidelines based on the hypothesized impact of specific
conditions on PCS and MCS scores. Plots of results from predictive tests of
validity yield interpretation guidelines based on the consequences of PCS
and MCS scores and particularly the social relevance of differences in
scores.

Content-Based Interpretation

Meaning of High
and Low Scores

Content-based interpretation guidelines are based on analyses of the
content of SF-36 items as a way of understanding the meaning and
interpretation of differences in PCS and MCS scores in between the
extremes. This is accomplished by plotting specific item responses across
levels of the PCS and MCS as they were plotted for the eight SF-36 scales
(see Ware, Snow, Kosinski, et al., 1993 for a further discussion). For
example, it is useful to know that about 90% of those within or below a PCS
score of 40-44 in the general US. population report health-related
limitations in their performance of vigorous physical activities.

Table 7.1 presents content-based descriptions of the health states associated
with very high and very low scores on the PCS and MCS scales. These
descriptions, which are based on the known contributions of the eight SF-36
scales to the definition of those health states (from Chapters 3 and 4), can be
used in summarizing what the PCS and MCS measure.
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How to Use These
Tables

Very high or very low scores for the PCS and MCS reflect a combination of
physical and mental function and well-being, the extent of social and role
disability, and personal evaluation of health status. The lowest state of health
reflects substantial functional limitation, severe social and role disability,
distress, and very unfavorable evaluations of health status and outlook.
Very high scores are earned only in the absence of limitations, in the
absence of disability in social or usual role activities, and with high levels
of well-being and very favorable personal health evaluations.

TABLE 7.1 DESCRIPTION OF VERY HIGH AND VERY LOW PCS AND

MCS HEALTH STATUS LEVELS
_———

Scale Very Low Very High

PCS Substantial limitations in self ~ No physical limitations,
care, physical, social, and disabilities, or decrements in
role activities; severe bodily well-being; high energy level;
pain; frequent tiredness; health rated "excellent"

health rated "poor"

MCS Frequent psychological Frequent positive affect;
distress, substantial social absence of psychological
and role disability due to distress and limitations in
emotional problems; health in  usual social/role activities due
general rated "poor" to emotional problems; health

rated "excellent"

Although operational definitions are similar for some of the physical and
mental health items, they are distinct both conceptually and empirically.
The PCS reflects physical morbidity and etiology, whereas the MCS reflects
psychological or mental morbidity and etiology. It is important to note that a
very high PCS score requires more than freedom from physical limitations
and social and role disability; it requires an evaluation of current health as
"excellent." Likewise, the most favorable personal evaluation of health as
"excellent" is not enough for a very high score; PCS scores are lower with
limitations or disabilities in the physical spectrum, reflecting the
consequences of such limitations and disabilities in physical health. The
same logic is reflected in the scoring of the MCS. Both the PCS and MCS
place high weights on both the personal and the social implications of
different health states. For these reasons, the PCS and MCS are unique in
their comprehensiveness as summary health measures.

To facilitate the interpretation of tables of results presented in Chapter 7, the
same format is used for all tables. This format is explained in detail for
Table 7.2, which presents 10 content-based interpretation guidelines for
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scores at eight levels of the PCS scale. The range of scores defining each of
the eight levels, the mean PCS score for each level, and the sample size are
presented in the left-most columns. The eight levels represent five-point
intervals throughout the range of PCS scores observed to date in the general
U.S. population. Scores at the highest and lowest levels have been collapsed
to maintain sample sizes above 100.

Content-based interpretation guidelines were prepared in several steps.
First, items with good face validity, and representing scales most highly
correlated with the PCS, such as the 10 items in Table 7.2, were selected
from the SF-36. Second, responses to each item were dichotomized in a way
that is meaningful and that reveals differences across levels of the scale in
the score ranges of interest. Third, the percentage of responses to each
dichotomous item at each PCS level being interpreted was estimated and
plotted.

All table entries are percentages. The first pair of columns headed "%"
presents the percentage of the general U.S. population (N = 2,474) at each
level of PCS scale scores who reported any limitations in "vigorous
activities." The second column in the first pair of columns, headed "A/A,"
presents "difference ratios," defined as the percentage point change in each
"criterion" item associated with a one-point change in PCS scores, from one
particular level to an adjacent level. For example, from level one to level
two (an average change of about five on the PCS scale), limitations in
vigorous activities increased by 8 percentage points, or about 1.6 percentage
points for each PCS point (8.2/5.1 = 1.6). Comparison of difference ratios
across levels of PCS illustrate that the vigorous activity item is most useful
for interpreting differences in the PCS scores at the top levels, whereas
"walking one block" is most useful at the lower levels.

When one or more scores being compared across levels are close to the
extremes of the range defining a particular level, or where difference ratios
vary inconsistently, it is necessary to interpolate, using the A/A column
entries across adjacent rows. For example, a 3-point change in PCS in the 45-
54 range is associated with about 13.8% (3 x 4.6) change in the probability
of a limitation in vigorous activities.

As hypothesized (Ware, Snow, Kosinski, et al., 1993), these scale scores have
monotonic relationships with the variables used to establish validity and
interpretation guidelines. Accordingly, the A/A columns nearly always
reflect a smooth monotonic trend showing increasing and decreasing unit
changes without inconsistent reversals. Most of the exceptions are apparent
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Vigorous Physical
Activities and PCS

Walking One
Block/Climbing
Stairs and PCS

Role Disability and

PCS

Bodily Pain and
PCS

Vitality and PCS

in Table 7.2. We have chosen not to collapse adjacent levels to "smooth out"
these trends because for nearly all other interpretation guidelines
substantial information would be lost. Complete documentation makes it
possible to choose the most appropriate way to interpolate in handling such
situations. Numerous examples are explained in Chapter 9.

As shown in the first column of percentages, from 90-98% of those at the
lowest four PCS levels (levels 5-8) reported limitations in vigorous physical
activities. Across the four higher PCS levels (levels 1-4) these percentages
decline from 85%), 62%, 28%, to 20%. Thus, a five-point increase in the PCS
from the midpoint of Level 4 (45-49), which is just below the mean, to the
midpoint of the next level (50-54) represents a substantial decline (from
85.1% to 61.9%) in the percentage who are limited in vigorous activities.

The second and third pairs of columns of Table 7.2 present the percentage
of the general U.S. population who are limited in walking one block and
climbing one flight of stairs at each of eight levels of the PCS. The pattern
of results across levels is similar for both items. At the bottom of the PCS
range (levels 6-8) 38% - 82% reported limitations in walking one block and
43% - 92% reported limitations in climbing one flight of stairs. Very few
respondents (3.2% or less) reported either limitation at the top of the range
(levels 1-3 of the PCS scores). Thus, these two items appear to be most
useful for interpreting and explaining differences in scale scores at the
middle and lower levels of the PCS score distribution.

Pairs of columns numbered (4) and (5) present the percentage of the general
U.S. population who reported difficulty performing at work and the need
to cut down the amount of time at work because of physical health
problems. For both items, these limitations were absent at the top levels of
the PCS and were very prevalent at the bottom levels of the PCS.

Column (6) presents the percentage of the general U.S. population
experiencing "severe" or "very severe" pain at each level of the PCS. At the
bottom two levels of the PCS, 21% and 48% of the general U.S. population
experienced severe or very severe bodily pain, whereas pain was more rare
at the top levels of the PCS.

The percentages of the general U.S. population reporting "a lot of energy"
and "feeling tired" all or most of the time at each level of the PCS are
presented in the pairs of columns labeled (7) and (8). These results are most
useful in interpreting the top and bottom of the PCS scale range,
respectively.
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Health Evaluations
and PCS

MCS

Downhearted/Blue
and MCS

Feeling Happy and
MCS

Role Disability and
MCS

Social Disability
and MCS

Feeling

Tired/Having
Energy and MCS

Results in columns (9) and (10) show the percentage of the general U.S.
population that evaluated their health as "excellent" versus "fair or poor" at
each level of the PCS. "Excellent" evaluations are very rare except at the
very top of the scale range. Evaluations of "fair" or "poor" increase
progressively from the top to the bottom of the PCS scale range, reaching
very high percentages at the bottom two levels of the PCS scale.

Table 7.3 presents data for eight SF-36 items used in content-based
interpretations of nine levels of MCS scores. This table follows the same
format as described above for the PCS (see How to Use These Tables, p.
7.3).

Column (1) of Table 7.3 presents the percentage of the general U.S.
population feeling "downhearted or blue" all or most of the time at nine
levels of the MCS scores. As illustrated, the downhearted or blue item
clearly defines the bottom of the MCS scale: it is only at the lowest level of
the MCS that a large percentage (44%) of respondents endorsed this item.

As shown in column (2) of Table 7.3, there is a more consistent increase in
the percentage reporting being happy from the lower to the higher MCS
scale levels (from 96.4% to 5.7%, lowest to highest).

Columns (3), (4), and (5) show the percentages of the general U.S.
population reporting limitations of various kinds in everyday role activities
due to emotional problems. For each of the items, there is a progressive
increase in the percentage reporting limitations from the higher to the lower
levels of the MCS scores. As the rate of increase diminishes at the higher
levels, the A/ A columns become smaller again, as would be expected.

Column (6) (Social) presents the percentage of the general U.S. population
who report interference in usual social activities all or most of the time. At
the bottom five levels of the MCS scale, 14.0% to 38.5% reported such
limitations.

The last two pairs of columns in Table 7.3, (7) and (8), present percentages
of the general U.S. population "feeling tired" and "having a lot of energy" all
or most of the time at each level of the MCS. As with the role disability
items, a systematic relationship between MCS scores and reports of
tiredness and energy are apparent, with large percentages of individuals
reporting tiredness at the lower MCS levels and large percentages of
individuals reporting energy at the higher MCS levels.
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Criterion-Based Interpretation

Current Work
Status and PCS

Subsequent Job
Loss and PCS

Criterion-based tests of validity are based on analyses of relationships
between the measures in question and other variables, referred to as
"criteria," measured either concurrently or after some period of time.
Criteria relied upon here were chosen to be conceptually related to the PCS
and MCS and, in the absence of a "gold standard," to provide the most
useful interpretation guidelines. Specifically, these criteria include variables
that: (1) were important both clinically and socially (e.g., clinical diagnosis
and job loss, respectively); (2) represented plausible outcomes of the
variations in physical and mental health; and (3) were measured
independently of the PCS and MCS scales.

An important social consequence of poor physical health status is that it
may prevent one from working at a paying job. For each of four levels of
PCS scores, Table 7.4 presents the percentage of MOS participants who
were working at a paying job when the MOS began (N = 2,069). Work status
was determined concurrently with the PCS scale. The percentage of MOS
patients who were eligible to work and could not work ranged from a high
of 57.6% for PCS scores below 35 (level 4) to a low of 5.2% for PCS scores
greater than or equal to 55 (level 1). For each one-point difference in PCS
scale scores below 45, a two-point increase was observed in the percentage
unable to work. Much less difference in the percentage reporting inability
to work was observed between the two top scale levels (levels 1-2).

TABLE 7.4 PERCENTAGE OF MOS PATIENTS' UNABLE TO WORK
AT FOUR LEVELS OF THE PCS

PCS Scores Cannot Work
Levels Range Mean (N) % AlA
1 55-72 57.5 326 5.2 0.1
2 45-54 499 715 6.3 21
3 35-44 39.8 502 27.1 -
4 8-34 26.2 526 57.6

MOS baseline sample eligible to work with complete SF-36 data (N = 2,069).

Table 7.5 presents estimates of the percentages of MOS patients (working
initially) who had lost their jobs one or two years later because of their
health, at four levels of baseline PCS scores. Only patients who reported
that they were working at a paying job at "baseline" and who were available
at one- and two-year follow-ups were included in the analyses. There is a
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Hospital Stays and PCS

Doctor Visits and PCS

perfect ordering (from the top to the bottom PCS score levels) of the
percentage reporting job loss at follow-up. The change was substantial,
approximately a 10-fold increase in job loss, from the top to the bottom PCS
levels. As shown in the A/A columns, approximately a one percentage
point change in the probability of job loss is apparent (at one and two years)
for each one-point change in PCS scores.

TABLE 7.5 PERCENTAGE OF WORKING MOS PATIENTS' WHO
REPORTED JOB LOSS AT THE ONE- AND TWO-YEAR

FOLLOW-UP, FOUR LEVELS OF THE PCS
_— -\

PCS Scores Follow-Up (%)
1-year 2-Year
Levels Range Mean (N) % AlA % AlA
1 55-72 57.6 130 31 3.8
0.9 0.9
2 45-54 499 321 10.0 0.8 11.0 11
3 35-44 404 184 17.9 1'1 217 1'1
4 8-34 27.2 115 32.2 ' 35.8 '

1 MOS sample working at baseline and who reported not being able to work due to health
at 1-year (N = 750) and 2-year (N = 735) follow-up assessment.

Table 7.6 presents the percentage of MOS patients reporting one or more
overnight stays in a hospital during the six-month period following
completion of the SF-36. Percentages were estimated for four levels of PCS
scores. The percent hospitalized overnight increases with lower PCS scale
scores. From the top PCS level to the bottom, the percentage of patients
hospitalized overnight nearly tripled. In the 8-44 point range on the PCS,
each one-point difference was associated with approximately a 04
percentage-point difference in hospitalization rates.

Table 7.7 presents results for two criteria: the percentage of the general U.S.
population reporting a doctor visit in the past month and the percentage
with one or more chronic conditions across eight levels of the PCS scale
(rates of chronic conditions are discussed below). Information about doctor
visits was collected by self-report concurrently with the SF-36. The
percentage of the general U.S. population reporting one or more doctor
visits in the past month increases gradually from a low of 12% at the highest
PCS level to a high of 53% at the lowest PCS level, more than a four-fold
increase.,
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Probability of a
Chronic Condition
and PCS

TABLE 7.6 PERCENTAGE OF MOS PATIENTS' WHO WERE
HOSPITALIZED OVERNIGHT WITHIN SIX MONTHS,

FOUR LEVELS OF THE PCS

Hospitalized
PCS Scores Overnight
Levels Range Mean (N) % AJA
1 55-72 57.8 271 4.4 0.1
2 45-54 50.1 584 5.3 5
3 35-44 40.1 364 8.0 0.4
4 8-34 26.7 302 12.9

(N=1,521).

MOS longitudinal sample with data at baseline and six-month follow-up assessments,

TABLE 7.7 PERCENTAGE OF THE GENERAL U.S. POPULATION
REPORTING A RECENT VISIT TO THE DOCTOR AND
ONE OR MORE PHYSICAL CONDITIONS, EIGHT LEVELS

OF THE PCS
= ———————". ]
Recent Dr. 1+ Physical
PCS Scores Visit' Conditions?
Levels Range Mean (N) % AlIA % AIA
1 60-73 61.9 157 12.0 26.1
0.6 1.4
2 55-59 56.8 691 15.0 11 33.1 49
3 50-54  52.3 565 20.0 1'2 55.2 4'0
4 45-49 47.3 304 26.0 1'4 75.3 1'3
5 40-44 42.2 194 33.0 1'6 81.9 1'1
6 35-39 371 161 41.0 1'4 87.6 1'4
7 30-34 32.0 131 48.0 ' 94.7 '
0.6 0.2
8 8-29 23.3 190 53.0° 96.8

Percentage reporting visit to a medical doctor within the past month (N = 637).
Percentage reporting one or more of the following conditions: hypertension, congestive

heart failure, myocardial infarction, diabetes, angina, chronic lung disease, arthritis,
back/sciatica, or weakness/limitations in arms or legs (N = 1,419).

Table 7.7 also presents the percentage of the general U.S. population
reporting one or more chronic conditions across the eight levels of PCS
scores. The percentage reporting one or more chronic conditions ranged
from 26.1% at the top of the scale to 96.8% at the bottom of the scale, a 3.7-

fold increase.
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Five-Year Survival
and PCS

Depression
Screener and MCS

An important test of the
validity of the PCS scale
scores is their usefulness
in predicting five-year
mortality. Ongoing MOS
studies of the PCS scale
scores and five-year
mortality rates suggest that
differences in scores have
substantial implications for
survival. As illustrated in
Figure 7.1, findings-to-date
indicate that the percentage
who died within five years

FIGURE 7.1
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increased from only 1.8% at the top of the PCS scale to 21.5% at the bottom
scale level, nearly a 12-fold increase (see Table 7.8). Predictions based on

logistic regression yielded very large differences in odds-ratios of dying

across PCS score levels, with and without statistical adjustment for

differences in age. As illustrated in Table 7.8, patients scoring at the bottom

scale level were nearly seven times more likely to die within the following

five years than patients scoring at the top scale level, with adjustment for

differences in age. Patients at scale levels two and three were twice as likely

to die as patients scoring at the top level.

TABLE 7.8 FIVE-YEAR MORTALITY RATES FOR MOS PATIENTS'

AT FIVE LEVELS OF THE PCS
PCS Scores Died Odds-Ratio of Dying
Age
Levels Range Mean (N) % A/A Unadjusted Adjusted?
1 55-72 578 609 1.8 0.4 1 1
2 45-54 50.0 1181 4.7 0'1 2.7 2.0*
3 35-44 399 754 6.2 0'9 3.6 2.2*
4 25-34 299 443 151 0'7 9.7 4.8
5 8-24 204 233 215 14.8** 6.8**

L MOS longitudinal sample with complete SF-36 data at baseline assessment (N = 3,220).
. Results from a logistic regression model predicting death and controlling for age at

baseline assessment.
**p <.001 *p<.05

Results useful in interpreting MCS scores are presented in Table 7.9,

including rates of positive screening for likelihood of depression,

substantial life stress, and life satisfaction observed across the MCS levels
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Life Stress and
MCS

measured concurrently in the general U.S. population. Definitions for these
‘criteria" are documented in Appendix A. Table 7.9 first presents the
percentage of the general US. population who screened positive for
likelihood of depression at each of nine levels of the MCS scale. These
percentages increased consistently from a low of 10.7% at the highest MCS
scale level to a high of 93.5% at the lowest scale level, an 8.7-fold increase.
These results underscore the clinical relevance of differences in MCS scores
in the general U.S. population and offer guidelines for interpreting specific
score differences in clinical terms throughout the scale range. The
implications of these results for using the MCS as a screening tool are
addressed in Chapter 10 on clinical applications.

TABLE 7.9 RATES OF POSSIBLE DEPRESSION, STRESS, AND LIFE
SATISFACTION IN THE GENERAL U.S. POPULATION,
NINE LEVELS OF THE MCS

_

Screen for Life
MCS Scores Depression'  Stress? Satisfaction®

Levels Range Mean (N) % AlIA % AIA % AlA

1 65-74 67 28 10.7 0.0 78.6

0.3 1.2 0.9
2 6064 615 269 12.3 14 6.7 11 73.4 16
3 5559 571 729 18.4 29 11.5 14 66.3 3.9
4 50-54 523 512 291 18.4 47.5

3.2 2.4 3.1
5 45-49 472 287 45.6 30.5 31.9

2.5 1.3 -0.1
6 40-44 419 190 58.9 3.2 37.6 10 32.4 30
7 35-39 372 153 73.9 42.5 18.4

3.0 24 22
8 30-34 321 102 89.2 54.9 7.0

0.5 2.9 0.2
9 9-29 238 123 93.5 78.9 5.7

Respondents who answered YES to one or more of the following: two or more weeks in
the last year feeling sad, blue, or depressed; two or more years in your life you felt
depressed most days; felt depressed much of the time in the last year.

Quite a bit or a great deal of stress experienced in your daily living in the past four
weeks.

How happy, satisfied, pleased with your personal life (% extremely happy or very happy).

The second of the three "criteria" presented in Table 7.9 is the percentage of
the general U.S. population experiencing a great deal of stress in daily
living across nine levels of the MCS scale. None reported such stress at the
highest MCS level and the percentages ranged from a low of 6.7% at the
second MCS level to a high of 78.9% at the lowest level. A perfect ordering
of these percentages is apparent across the nine MCS levels.
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Life Satisfaction
and MCS

Diagnosis of
Clinical Depression
and MCS

Mental Health
Treatment and
MCS

The third "criteria" analyzed in Table 7.9 is a widely-used measure of
"quality of life," specifically the percentage of the general U.S. population
who are happy, satisfied, or pleased with their life all or most of the time.
These percentages are reported for nine levels of the MCS scale. A 13.8-fold
increase in the percent satisfied or pleased with their life is apparent at the
top level of the MCS (78.6%) relative to the bottom level (only 5.7%). The
percentages decline nearly consistently with an aberration observed only
between levels 5 and 6. Not surprisingly, the MCS correlates substantially
with evaluations of quality of life in both the general U.S. population
(r=0.57, p < 0.001) as shown here, and among MOS patients (r=068p<
0.001) as documented further in Chapter 6 (see Table 6.6).

Table 7.10 presents results for two clinical "criteria” — a clinical diagnosis
of clinical depression and the percentage receiving mental health specialty
care — at nine levels of the MCS scale. A perfect ordering of the percentage
of patients with a diagnosis of clinical depression is apparent across levels
of the MCS scale, from a low of 0.0% at the top level to a high of 59.4% at
lowest level. As indicated in the A/A column, these percentages tend to
increase at an increasing rate (from less than 1% to more than 2% per MCS
point) from the top to bottom. These results are very similar to results
reported above for the general U.S. population, although a much lower
prevalence was observed in the MOS, as would be expected for more
stringent diagnostic criteria (e.g., a three-item self-report screener in the
general population study versus a diagnostic interview schedule in the
MOS).

Table 7.10 also presents estimates of the percentage of MOS patients
receiving mental health treatment from a formally trained mental health
specialist during the six-month period after administration of the SF-36.
These percentages are reported for eight levels of the MCS. At the top two
MCS levels (collapsed) the percentage receiving mental health specialty
treatment from a mental health specialist was only 2.9% compared with
69.3% at the bottom MCS scale levels. The percentages increased
consistently across scale levels and the largest differences in the percentage
treated were observed at the lower three levels of the MCS (2.0 - 3.2
percentage-point difference in treatment rate per MCS point).
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TABLE 7.10  PERCENTAGE OF MOS PATIENTS DIAGNOSED WITH
DEPRESSIVE DISORDER AND MENTAL HEALTH

SPECIALTY CARE, NINE LEVELS OF THE MCS
B ———

Clinical Receiving Mental
MCS Score Depression' Health Specialty Care?
Levels Range Mean (N) % AIA % AIA
1 65-72 66.2 78 0.0 Ged -2
2 6064 614 421 1.9 0'3 2.9 o
3 5b6-89 571 861 3.0 0'9 5.8 1'5
4 50-54 522 519 7.3 0'8 13.0 0'6
5 45-49 471 348 11.2 ' 16.2 '
S—— 1.0 1.3
6 4044 421 259 16.2 e 227 25
7 35-39 372 234 286 2'2 35.1 3'2
8 30-34 321 209 397 ' 51.4 '
22 2.0
9 3-29 232 291 59.4 69.3

! MOS baseline sample with complete SF-36 data (N = 3,220)

2 MOS longitudinal sample with SF-36 data at baseline and six-month follow-up (N =
1,739)

4 Level 9 (65-72) was collapsed with level 8 due to insufficient sample size.

Burden of Chronic Conditions

Statistical Methods

Estimates of the health burden associated with clinically-defined groups
known to differ in physical and mental health have proven very useful in
interpreting health status scores and changes in scores over time (Brook,
Ware, Rogers, et al., 1984; Ware, Brook, Rogers, et al., 1986). Because many
adults with a clinical condition have more than one (Stewart, Greenfield,
Hays, et al., 1989), it is necessary to take "co-morbidity" into account along
with other confounding factors (e.g., age differences) in making estimates
of the health burden associated with a specific condition.

To estimate the impact of each of the five MOS tracer conditions alone on
PCS and MCS scores and the added effects of 16 comorbid conditions, we
used multivariate statistical methods. These methods insure that the
formula used to estimate the impact of each condition adjusts as much as
possible for differences in demographic and socioeconomic characteristics,
and for other conditions.

Overall F-tests confirmed that the set of variables defining the five tracer
conditions and 16 comorbid conditions in the MOS differed significantly
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Disease Impact: MOS

Disease Impact:
General Population

from zero (see Table footnotes). An independent regression model was
estimated for the PCS and MCS scales. The same statistical approach was
followed in estimating the impact of self-reported conditions in the general
U S. population.

Sixteen of the 27 comorbid conditions were each common enough to
estimate their unique effects on the PCS and MCS. The other 12 were
ncontrolled for" in the model, but results are not reported. Results to date
support an additive model; the unique impact of each did not vary much
across other conditions as observed in previous MOS analyses (Stewart,
Greenfield, Hays, et al.,, 1989).

Table 7.11 presents estimates of the burden of chronic conditions for use in
interpreting differences in PCS and MCS scores. These are estimates of the
unique effects of the five "tracer" conditions studied in the MOS along with
16 comorbid conditions, adjusting for sociodemographic variables (as
described above).

As shown in Table 7.11, the largest effects on PCS scores in the MOS were
observed for rheumatoid arthritis (-7.61, + 1.9), hip impairment (-6.09, + 1.4),
congestive heart failure (-5.43, + 1.2), osteoarthritis (-5.19, £ 1.2), and ulcers
(-5.01, £ 2.1). All of these effects exceeded five points, which is one-half of
a standard deviation, and all involve physical conditions. Other significant
effects are documented in Table 7.11, including differences for all five
"tracer" conditions and for 10 of 16 comorbid conditions, for which
differences were estimated.

Only two conditions were associated with significant effects on the MCS
scores. The largest difference was observed for clinical depression (-12.72,
+ 1.1), a difference of more than a standard deviation. The only other
significant difference in the MCS scores was observed for asthma (-6.20, +
2.0).

In the general U.S. population, the largest effects observed on the PCS,
which were in the 6 - 8 point range, were observed for limitations in the use
of an arm or leg (-7.15, + 0.9) and for congestive heart failure (-6.72, 1.3)
(see Table 7.12). Other substantial differences were observed for (in
decreasing order of impact): back pain/sciatica (-3.75, £ 0.5), angina (-3.67,
+1.2) diabetes/low blood sugar (-3.44, £ 0.8), chronic lung disease (-3.12, +
0.9), myocardial infarction in the past year (-2.75, + 1.2), and arthritis or
rheumatism (-2.77,  0.5). Differences for hypertension and allergies were
smaller, but statistically significant.
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TABLE7.11  ESTIMATES OF THE UNIQUE EFFECTS OF CHRONIC
CONDITIONS ON THE PCS AND MCS, MOS

PATIENTS (N = 1,790)
“

PCS MCS
Comparison Group Means N 53.27% (1.2) 48.95° (1.2)
Tracer Conditions
Clinical Depression 262 -2.34° (1.0) -12.727 (1.1)
Congestive Heart Failure (CHF) 218 -5.43% (1.2) -98 (0.9)
Diabetes Type I| 442 -3.48* (0.7) .58 (0.6)
Hypertension 1293 -1.85° (0.8) 61 (0.7)
Recent Myocardial Infarction 107 -3.24° (1.0) -87 (1.0)
(MI)
Comorbid Conditions
Anemia 76 -3.05° (1.5) 62 (1.2)
Angina (No MI) 288 -4.02° (0.8) -39 (0.7)
Asthma 50 -86 (1.7) -6.20° (2.0)
Back Pain/Sciatica 502 -4.38° (0.7) -83 (0.7)
COPD 117 -3.14° (1.3) -1.15 (1.0
Dermatitis 366 -85 (0.8) -71 (0.8)
Hip Impairment 75 -6.09° (1.4) -2.28 (1.5)
Irritable Bowel Disease 81 -292 (1.6) -1.25 (1.2)
Kidney Disease 24 189 (2.7) -1.23 (3.0
Musculoskeletal Complaints 341 -2.10° (0.7) -16 (0.7)
Osteoarthritis 164 -5.19° (1.2) 1.26 (1.0)
Other Lung Disease 26 204 (1.9 -16  (2.0)
Past M| 165 -3.08° (1.0) -92 (1.2)
Rheumatoid Arthritis 39 -7.61% (1.9) 3.01 (1.6)
Ulcer 53 -5.01° (2.1) -1.05 (1.6)
Urinary Tract Infection 127 -89 (0.9) -75 (1.1)
Adjusted R2 0.3365 0.2858
F (model) 19.532 15.62°
" p<0.001
" p<0.01
° p<0.05

Comparison group is a hypothetical MOS female patient age 18-44 years, with 12 years
education and no chronic conditions.

Numbers in parentheses are standard errors.

Note: These models are adjusted for main effects of age, sex, race, and education.

The largest effect on the MCS in the general U.S. population was observed
for those who screened positive for likelihood of depression using three
screening items from the MOS screener (Burnam, Wells, Leake, et al., 1988).
Those with depression scored nearly one standard deviation (-9.30, £ 0.5)
lower on the MCS. Six other conditions impacted the MCS a statistically
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Comparison of Estimates

significant amount, including;: chronic lung disease (-3.03, * 0.9), visual
impairments (-2.92, + 0.7), and dermatitis (-2.00, * 0.8); significant
differences in the 1 - 2 point range were back pain/sciatica, hearing
impairments, and dermatitis. A noteworthy difference in MCS scores (-2.36,
+1.2) for MI was not statistically significant at conventional levels due to a
small sample size.

TABLE 712 ESTIMATES OF THE UNIQUE EFFECTS OF CHRONIC
CONDITIONS ON THE PCS AND MCS, GENERAL U.S.
POPULATION (N = 2,393)

PCS MCS
Comparison Group Means N 54.45% (0.5) 52.46% (0.5)
Chronic Conditions
Allergy 842  -82° (0.4) .04 (0.4)
Angina 112  -3.67° (1.2) 18 (1.0
Arthritis 862 -2.77% (0.5) -92 (0.5)
Back Pain/Sciatica 531 -3.75% (0.5) -1.58° (0.5)
Cancer 108 -83 (0.9) =31 (1.1)
Chronic Lung Disease 194 -3.12° (0.9) -3.03° (0.9)
Congestive Heart Failure (CHF) 93 -6.72% (1.3) -1.36 (1.2)
Depression Screen 700 -42 (0.4) -9.30% (0.5)
Dermatitis 224 -41 (0.6) -2.00° (0.8)
Diabetes 156 -3.44° (0.8) .30 (0.9)
Hearing Impairment 405 -94 (0.6) -1.16° (0.6)
Hypertension 701 -1.53% (0.4) -10 (0.5)
Limitation in use of Arm(s)/Leg(s) 274 -7.15% (0.9) -16 (0.8)
Myocardial Infarction (MI) 69 -2.75° (1.2) -2.36 (1.2)
Vision Impairment 280 -1.11 (0.7) -2.92% (0.7)
Adjusted R? 0.4679 0.3039
F (model) 73.54° 37.00°
= p<0.001
. p<0.01
B p <0.05

Comparison group is white females, age 18-44 years, with 12 years education. Results adjust
for age, sex, race, and education.

Numbers in parentheses are standard errors.

Note: These models are adjusted for main effects of age, sex, race, and education.

Although different methods were used to determine "tracer" conditions
(physician report) and comorbid conditions (physician and patient reports)
in the MOS, in comparison with the general U.S. population (self-report),
estimates for most conditions included in both investigations showed
considerable agreement. Of those significant in both studies, hypertension
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showed the smallest effect on the PCS in both the MOS and U.S. studies
(-1.85 and -1.53, respectively). Congestive heart failure had one of the
largest effects on PCS among conditions common to both studies (-5.43 and
-6.72, respectively). Diabetes estimates fell in the middle range (-3.48 and -
3.44, respectively) in both studies.

Among the largest discrepancies in results for the PCS were estimates for
rheumatoid arthritis and osteoarthritis in the MOS in comparison with
"arthritis" in the general population survey (-7.61 and -5.19 versus -2.77,
respectively). Both studies showed the largest effects on the MCS for
depression, although the impact of depression on the MCS was about one-
third Jarger in the MOS, which used more extensive clinical criteria. Visual
impairment and hearing impairment, which were not studied in the MOS,
showed significant negative effects on the MCS in the general U.S.
population survey.

Given the substantial differences in PCS scores observed across age groups
for both men and women in cross-sectional analyses (see Chapter 8), it is
reasonable to expect change scores for the PCS scale to favor younger
adults. If confirmed in longitudinal analyses, age-related differences in the
impact of a year of aging might offer another basis for interpreting changes
in PCS scores.

Changes in PCS scores were estimated for three age groups among MOS
patients with only uncomplicated hypertension. This group of patients was
selected for purposes of estimating age effects because they were the most
"well" of those followed longitudinally in the MOS; thus age differences in
health transitions were least likely to be confounded with medical
comorbidity.

As shown in Table 7.13, the average change in PCS scores over a two-year
follow-up differed significantly across the three age groups (F = 4.5,
p < 0.01). This significant result was accounted for by the significant
average decline in PCS scores (A = -2.0, p <0.001) among those 65 years of
age and older (mean age = 71.4). The decline of two PCS points during the
two-year follow-up period amounts to one PCS point per year. Thus, for
example, it is reasonable to explain that each one-point decline in PCS
scores observed in a clinical trial of alternative treatments is equal to the
age-related decline in physical health among those 65 and older.
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TABLE 7.13 ESTIMATES OF THE EFFECTS OF AGING TWO
YEARS ON PCS SCORES, MOS PATIENTS WITH
UNCOMPLICATED HYPERTENSION (N = 581)

Difference
Age Groups Mean Age (N) Score (A) Alyear
18-44 38.4 93 1.1 (0.8) 0.5
45-64 56.7 225 -0.8 (0.6) -04
65+ 71.4 263 -2.0* (0.6) -1.0*
FforEffectonge455

Significance of mean change in PCS scores for each age group: * p <.001

Significance test for the difference in mean change scores across age groups: * p < .01

Note: Uncomplicated hypertension defined as documented for the "minor medical” group
in McHorney, Ware, & Raczek, 1993. Numbers in parentheses are standard errors.

Summary of Effect Sizes

PCS Scores

Among the results discussed in Chapter 7 are those from numerous cross-
sectional and longitudinal group-level comparisons of average PCS and
MCS scores. Because these comparisons involve groups known to differ in
meaningful ways, results from these comparisons should be useful in: (a)
interpreting score differences in future studies; (b) explaining results to
others; and () planning future studies. To facilitate their use for these and
other purposes, differences observed from group comparisons are
summarized below.

Tables 7.14 and 7.15 summarize results from cross-sectional and
longitudinal comparisons, respectively, of average PCS scores for groups
presented in this and other chapters. Each table orders average differences
from the largest to the smallest "effect size." Because the PCS (and MCS)
have a standard deviation (SD) of 10 in the general U.S. population, table
entries can be easily interpreted in SD units by dividing each difference by
10 (moving the decimal one place to the left). Thus, the first entry in Table
714, which is 14.41, represents a difference of 1.44 SD units between groups
with and without serious physical morbidity. Table 7.14 presents results
from 62 cross-sectional comparisons of PCS scores. Differences that were
significant statistically under the conditions of the study are indicated using
three conventional levels for two-tailed tests. However, because sample
sizes and other unique features of study designs and analytic methods
influence statistical conclusions, they should be interpreted cautiously. For
each comparison, the definition of the groups or the intervention that
occurred between repeated measurements is defined very briefly, under the
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TABLE7.14 RANK ORDER OF AVERAGE GROUP DIFFERENCES IN PCS SCORES OBSERVED
IN CROSS-SECTIONAL STUDIES
Difference Comparison Sample Source
14.41° Patients with and w/out Serious Physical [MOS Depressed Table 6.4
Morbidity Patients Y |
12.83%""|Serious Physical and Mental (vs) Minor MOS8 Patients™™ Table 6.3
Physical R
""" 11.68° |Serious Mentai (vs) Serious Physical  [MOS Patients ™ [fabie 63
..... ko §é}i'c}1i§'i5H§§i'é'éi"(Vs“)"‘l'\'/iiﬁ'éF'ﬁﬁ'gié'{éé‘lw"""' S e
"""" 8.29° |CHF Severity 2 (vs) Severity 1 " |MOS CHF Patients ™ [Wiare, ot al. 1995 "
Appendnx Table B2
....... Py CHF(vs)Hypertensmn K;‘iélé"ﬁé't'i'éh"’iéw""""""""mWare T
Appendix Table B1
7615 Rheumat0|d Arthntls Unlque Effect Mé'é"ﬁéfiéﬁié """"""""""" Table 7.13
"""" 7.60°""|Age 1844 (vs) Age 65+, Uncomplicated ~ [MOS Hypertension 7 \Ware, et al 1995, T
Hypertension Patients Table 7.15
"""" 7.18%" |Limitations in Use of ArmiLeg, Unique ™ [General U'S. Bopuiation|Table 7. 13
Effect
g CHE Uniaiia fagg T g e s
...... s i;ii'ﬁ'i?ﬁﬁéi?ﬁiéﬁﬂ"Uﬁ'i'di]'é"ﬁf'fé"é't"“""""""""M e Table711
....... o GHE (va) Biabeias™ BE BRIl e ar el TagE
Appendix Table B1
....... sl Unlque Effect |MOS Pat|ents A 7 o
....... g Y e R aral g
Appendlx Table B1
"""" 5.20° " |Diabetes Severity 4 (vs) Severity 2 [Wi5S Diabetic Patients  [Ware. et ai. 1995
Appendix Table B2
....... s Osteoarthr:t:s Umque Effect e e
....... 57 flicars Ui e g e e
480 tii'é'b'é"téé“'ééi)"é'r'{t'y'Z"('i)é')"é'éi}éﬁ't'gi"i """""""" MOS Patients Ware, etal, 1995, "
Appendix Table B2
g i§é"c'ii"l5'éiiH'/'§'é'|‘éf|€é"ﬁﬁ‘|‘d[ié"é'f'fééi ................. T o P — 5 T
_______ RS rgina, Urigie Effect L T
4.00°""|Age 4564 (vs) Age 65+, Uncompiicated ~[MOS Fiyperension ™ iare. e al, 1995
Hypertensmn Patients Table 7.15
3.75° |Back Pain/Sciatica, Unique Effect " "|General U _Population|Table 7.2~
367° Angina, Unique Effect General U.S. Populatlon ';i"é‘lf)‘ié“?"ﬁ'?" """""""""""""""""
"""" 3.60° |Age 18-44 (vs) Age 4564 " |MOS Hypertension " |Ware, et ai.. 1995
Uncomphcated Hypertension Patients Table 7.15
3483 Bisicies Unlque i i\']ié'é"ii‘éﬁ‘éﬁié ...................... i

Diabetes, Unique Effect "¢
M, Unlque Effect

MCOPD Unlque Effect

_ General US. Populatlon

MOS Patlents Assamms R R s R
MOS Patients

General U.S. Populatlon

fEble 712
LT
Table 7.11

o

MOS Patients

Table 7.11
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TABLE 7.14

Difference

IN CROSS-SECTIONAL STUDIES (continued)

Comparison

Sample

RANK ORDER OF AVERAGE GROUP DIFFERENCES IN PCS SCORES OBSERVED

Source

TSN
597

Anemia, Unique Effect

Diabetes Severity 4 (vs) Severity 3

MOS Patients

Table 7.11

MOS Diabetic Patients

\Ware, et al., 1995,
Appendlx Table BZ

592" irritable Bowei Disease, Unique Effect  [MOS Patients Table 7.11
....... Sy ArthnthmqueEffect i
2755 IMii. Unique Effect Generai U.S. Popuiation|Tabie 7.12
"""" 2.73 "'"FPatlents with and wiout Serious Mental ~|MOS Serious Physical [Tabie 6.4
Patients
5743 |Hypertension (vsy MiI T MOS Patients Ware, etal, 1995,
Appendix Table B1
....... s i B s Ui Bt S B e B
5537 |Diabetes Severity 3 (vs) Severity 2 MOS Patients Ware, etal., 1995,
Appendix Table B2
....... v 111 T
Effect
....... s B Ty Thmariamaion ™ G B ™" i e
Appendix Table B1
....... T Other Lung D|sease T e F LU S
. D
47854 [Hypertension, Unique Table 71 o
1.83 Diabetes Severity 3 (vs) Severity 1 MOS Patients Ware, et al., 1995,
Appendix Table B2
"""" 1807 [Depression (vs) Minor Physical  |MOS Patients “lWare, etal, 1995,
Appendix Table B8
158" "|Depression (vs) Minor Physical MOS Patients Table 6.3
e i'-iyﬁéi-‘t'éﬁéiaﬁ'"'Uﬁ'fﬁﬂé"é'ﬁé'é't ............................ T
141 Nision impairment, Unique Effect General U.S Population|Table 712
1037 Fiy"ﬁié‘r't‘éﬁéiévﬁ"S"éi}éFl't'ilwém('\'}é')"é"éi}‘éflﬁf"1""""Mﬂﬁ'é"ﬁé'ii'é'ﬁfé """"""""""" Ware, et al., 1995,
Appendix Table B2
T i‘-'léé'r'iﬁ‘g'j"I'H"'n'ﬁé'ifrﬁé'ﬁ't"'Ur'ii&i‘(jé"if'fféé't' .............. e T
89" |UTI, Unique Effect TUTIMOS Patients Table 711
o Ty R e
g e I — B
.......... e 'C'é'ri'é'é'r""U'H'n'dﬁ'é"éﬁé"df""w“"""""" e R e i
i i TR Ehesi” e = R
""" 507 [Uicer Treatment — Maintenance (vs)  |Duodenal Uicer Rampal, et al., 1994
'lntermlttent Therapy Patients (Figure 9.4)
42 Depression, Unique Effect "|General U.S. Population Table 7.12
41 '5@%'ﬁi'éiiii'i'§'"U'ﬁiaii'é‘ﬁﬁé‘ét' """""""" General U.S. Popuiation|Table 7.12 """
""""" 407 |Disbetes Severity 2 (vs) Severity 1 [MOS Patients Ware. et al., 1995,
Appendix Table B2 _
.......... s S R S e Ware, o s
Appendix Table B1

®p<.01 °p<.05
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PCS Cross-
Sectional
Differences

PCS Longitudinal
Differences

column headed "comparison," and the table notes where in this manual
results are displayed and/or a reference if results have been published.

The largest differences in PCS scores observed to date were observed in
comparisons between groups with serious physical conditions relative to
patients without serious physical conditions.

The largest cross-sectional difference in PCS scores (-14.41, p < 0.001) was
observed between depressed patients with and without serious physical
comorbidity, as defined above (e.g., CHF). Cross-sectional differences
greater than 10 points on the PCS summary scale (i.e., more than one SD
unit) were also observed for three other comparisons involving groups of
patients known to differ in the seriousness of their physical morbidity as
clinically defined (see Table 7.14).

Table 7.15 presents 27 average changes in PCS scores observed in
longitudinal comparisons. Another finding that may be useful in
interpreting changes in PCS scores is the decline (A =-2.0) associated with
two years of aging among patients with uncomplicated hypertension who
were 65 and older (mean age = 71.4). Each year of aging for this group was
associated with a one-point decline in PCS scores, on average.

Many ongoing studies will contribute to the understanding of the PCS and
MCS scores that should be considered clinical and socially relevant.
Guidelines for judging the clinical and social relevance of differences in
such differences must await the result of those studies.

Although these are very large differences in terms of SD units (Cohen,
1988), even larger differences between groups would be expected, for
example, in analyses of groups at even more severe levels of either physical
or mental (emotional) morbidity. The differences reported above and any
difference of 0.8 SD units or larger would be considered large according to
conventional statistical standards (Cohen, 1988). Results from many
ongoing studies will further contribute to the understanding of the PCS and
MCS scores and the sizes of differences that should be considered clinically
and socially relevant. Chapter 7 documents a wide range of differences that
should be useful in interpreting the PCS and MCS scores and in explaining
those differences to others. More definitive guidelines for establishing the
importance of differences must await the results of future studies.

The three largest average changes in PCS scores were estimated from
studies comparing scores before and after treatment for physical conditions.
The treatment included hip replacement (A = 9.55), therapy for low back
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TABLE 7.15

Average

Changi

LONGITUDINAL STUDIES

Comparison

Sample

RANK ORDER OF AVERAGE CHANGE IN PCS SCORES OBSERVED IN

Source

9.65°

LLow Back Pain Therapy, Before and After

Hip Replacement, Before and After

“|Heart Valve Replacement, Before and After |

Reporting "Lot More Limited”

Uicar: s iy i Mamtenance

Treatment 1 Year

Uncomplicated Hypertensron )

“IMusculoskeletal Complaints, 1 Year

Change

Aglng2YearsAgeGroup18-44—

Uncomplicated Hypertension

Aging 2 Years, Age Group 45 64 —

Uncomplicated Hypertension

MI 1 Year Change

) Back Parn/Scratlca 1 Year Change

Dlabetes 1 Year Change

“|Dermatitis, 1 Year Change "
Average Change in 1 Year for patients

Reporting "Stayed the Same”

Average Change in 1 Year for Patients

Average Change in 1 Year for Patients
_ Reportlng "Somewhat More L|m|ted--

[ Average Change in 1 Year for Patients
[Reporting "Less Limited’. . coinisiie

38 |COPD, 1 Year Change

Uicer Before ‘and After Intermlttent
____Treatment 1 Year

* |Ostecarthiitis, 1 Year Change |
Agmg 2 Years Age Group 65+ —

CHF 1Year Change P T G R e R S R

Average Change in 1 Year for Patients
|Reporting "Less Limited” ..

| |Angina, 1Year Change
Recovery from Depressmn

Varicosities, 1 Year Change
BPH 1Year Change
Clmlcal Depressron 1Year Change

Hypertensmn p Year Change

Hip Replacement

Patlents

Sprne Center

Patlents

AVR and MVR

Patlents

IMos Patlents

Duodenal Ulcer

Pat|ents

"MOS Patlents
M’b‘é"ﬁé’ﬁ‘éﬁtg""""""“

_|MOS Patients 1
Duodenal Ulcer

Patients

|MOS Patients T
MOS Patients

T e

! MOS PatrentS
MOS Patients

MOS Patients

s o S
|y e

e
-
e
-
.
Rt e
IMOS Patients [T
R e
|

Katz, et al., 1992
(Figure 9.2)

Lansky, et al., 1992

|(Figure 9.3)
Phillips & Lansky, 1992

(Figure 9.1)

Appendix Table B7

ié"a"rﬁ'ﬁéi"'éi"éi""'i‘éé‘;i"""""""
JFigure 9.4) s
Appendix Table B7

Table 8 46

Rampal et a| 1994
|(Figure 9.4)

Table 8 49
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Appendlx Table B7

Table 8 i

Ware, etal., 1995
|Appendix Table BS

Table 7.15
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.001
.01
.05
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TABLE 7.16

Difference

RANK ORDER OF AVERAGE GROUP DIFFERENCES IN MCS SCORES OBSERVED
IN CROSS-SECTIONAL ANALYSES

Comparison

Sample

Source

Serious Mental (vs) Minor Physical

Depressmn Unlque Ef'fect

Senous Mental (vs) Serlous PhyS|caI

Serious PhyS|caI + Mental (vs) Mental +

Minor Physical

" [Mental + Serious Physical (vs) Serious

Physical

Depression, Unique Effect

Asthma, Umque Effect

" |Mental (vs) Mentai + Serious Physical

ICHF Severlty 2 (vs) Seventy e

Chronic Lung Disease, Unique Effect

Diabetes Severity 2 (vs) Severity 3~

_|Rheumatoid Arthritis, Unique Effect
Vision impairment, Unlque Effect

Wi Griaiis o

Hlp Impalrment Unique Effect
Diabetes Severlty 4 (vs) Severity 3

Serious PhyS|caI (vs) Mlnor Phy5|cal

Dermatitis, Unlque Effect

MI(vs)Hypertensmn

CHF(vs)Hypertensmn

CHF(vs)Dlabetes 4

Back Pain/Sciatica, Umque Effect

" |Diabetes Severity 2 (vs) Severity 1

Diabetes Severity 3 (vs) Severity 1

CHFUnlqueEffect

WMOS Patients

MOS Patients

Populatlon

General U.S.

J|Population
MOS Patients

General U.S.
Population

MOS Patients

Population

General U.S.
Population

MOS Patients

Populatlon

MOS Patients

e

MOS Patients

e e
|Population
General U.S.

ViSE Batients ™
MOS PatlentS

_|MOS Patients~"|T
MOS Patients

MOS Patients T

|MOS Patients "I
MOS Patients

Table 6.3
s
Table 7. 11
e

Table 6.4
R

Tabie711

Appendlx 32

Ware, et al., 1995
Appendix B2

Table 7.12

Table 7 1

Ware, etal., 1995
Appendix BZ

S

Ware, et al., 1995

Appendix B1

\Ware, et al., 1995

ARREOd B s

Ware, et al., 1995
Appendix B1

Table 7.12
Wal'e et a' 1995"""'”---...."
AppendixBY

Ware, et al., 1995
Appendix B2

IMOS Patients

MOS Patients

Table 7.11
Table 7 11

Ware etal. 1995

Appendix B2
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TABLE 7.16

Difference

IN CROSS-SECTIONAL ANALYSES (continued)

Comparison

Sample

RANK ORDER OF AVERAGE GROUP DIFFERENCES IN MCS SCORES OBSERVED

Source

Kidney Disease, Unlque Effect

“|FHypertension Severity 1 (vs) Severity 2

CHF, Unlque Effect

Arthrltls Unlque e e

PastMIUnlqueEffect .

JUIcer Treatment — Intermittent (vs)
Maintenance

i Umque s ——————_
Diabetes Severlty 4 (vs) Severlty 1"

UTl, Umque Effect’

Dlabetes Umque Effect

Angina, Unique Effect

e
e
Ak G

Other Lung Disease, Unique Effect
Limitations in Use of Arm/Leg, Umque

Effect

“|Niuscuioskeietal Complaints, Unique [N

Effect

Hearing Impairment, Unique Effect

COPD, Unique Effect ...
Ulcers Unlque EffeCt PSP P Py T |

[Back Pain/Sciatica, Unique Effect

General U.S.
Population

General U.S.
Population

Duodenal Ulcer
Patients

Table 7.11

Ware, et al., 1995

Appendix BZ

MOS Patients

|permatitis, Unique Effect _fiﬁffj:ﬁ:ﬁ:ﬁ::f.ﬁ
Anemia, Umque Effect
]Hypertensmn Unlque Effect

Diabetes {VS] Hypertené‘l'on

MOS Patients

General U.S.
General U.S.

Population

General U.S.
Population

General U.S.
Population

_|VOS Patents
MOS Patients

Population

'Table7 11

Table 7.12

e

Ramp'éi:"ét"é‘l'.‘,mt554""""'""
(Figure 9.4)

Ware, et al.,
Appendix B2

1995

Table 7.11
Ware, et al.,
Appendix B2

1995

Ware, et al., 1995

Appendix B1

Ware, et al., 1995

Appendix B1

Table 7.12

MOS Patients

Table 7.11

Hypertension, Unique Effect

R UnlqueEffect

General U.S.
Population
General U.S.~
Population

Table 7.12

bp<.01 °p<.05
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TABLE 7.17
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MCS Scores

pain (A =7.66), and heart valve replacement (A =7.64). These three studies
are discussed further in Chapter 9 (Applications: Outcomes Research) and
in the articles referenced. Another study of treatment effects yielded
significant average changes in PCS scores, including maintenance drug
therapy for ulcers (A = 4.60) and intermittent drug therapy for ulcers
(A =3.20) (see Rampal, Martin, Marquis, et al.,, 1994)

The largest differences in MCS scores from cross-sectional studies involved
comparisons between groups differing in seriousness of mental disorder
(see Table 7.16). Other large differences include the effects of asthma (-6.20),
congestive heart failure (-4.67), and chronic lung disease (-3.03).
Interestingly, the estimate of the unique effect of vision impairment on MCS
scores (-2.92) is large and significant in the general U.S. population. Table
716 also includes significant and unique negative effects of dermatitis and
back pain/sciatica on MCS scores.

Changes in MCS scores summarized in Table 7.17 were statistically
significant for all differences greater than two points. The largest average
change (A = 10.93) was observed for the MOS patients who (according to
clinical criteria) recovered from clinical depression. Patients who reported
being "more distressed" at one-year follow-up also had large average
declines in their MCS scores, as would be expected (A = 7.30).

Significant changes in MCS scores were also reported in response to drug
therapy for ulcers (A = 6.40 or 5.40, depending on regimen) and following
hip replacement (A = 3.73) and heart valve replacement (A = 3.18).

Evaluation of Changes in PCS and MCS Scores

The scoring and interpretation of changes in PCS and MCS scores assumes
much about how those changes are evaluated by those who experience
them. Analyses of personal evaluations of actual changes in PCS and MCS
scores over a one-year period tend to support these assumptions (Ware,
Kosinski, Bayliss, et al., 1995; see also Chapter 6 and Appendix A). To
address this issue further and to expand the SF-36 interpretation guidelines
to include the values of patients, self-evaluated changes over a one-year
interval were used as "criteria" for interpreting measured changes in PCS
and MCS scores among MOS patients. MOS patients were asked two
questions about physical functioning and mental health during their first
year follow-up survey: "Compared to one year ago, are you more or less
limited now in your everyday physical activities because of your health?"
with five response choices ranging from "a lot more limited now" to "a lot



P-7:28 ¢ Interpretation: Content- and Criterion-Based SF-36 Summary Measures

less limited now." A similar question was asked for changes in mental
health.

Table 7.18 presents the percentages evaluating their physical status as
"more" to "less" limited (five categories of evaluation) at each of nine levels
of measured change in PCS scores over the one-year period. Trends in
results are also illustrated in Figures 7.2-7.4, which charts the percentages
giving favorable evaluations of change (Figure 7.2), about the same (Figure
7.3), and unfavorable evaluations (Figure 7.4) at different levels of change
in PCS scale scores. Overall, the figures and Table 7.18 support the
hypothesized interpretation of changes in PCS scores. Specifically,
measured declines (change levels 6-9) are most likely to be evaluated
unfavorably (more limited or somewhat more limited) and measured
improvements (change levels 1-4) are most likely to be evaluated favorably.
Those scoring the same at both assessments (level 5) are most likely to
evaluate their status as the same (73.7%). The percentage evaluating their
health as the same declines with the magnitude of improvement or
worsening in PCS scores over time, to slightly more than one-third at the
highest and lowest PCS levels.

TABLE7.18 PERCENTAGE OF MOS PATIENTS REPORTING
MORE OR LESS PHYSICAL LIMITATIONS AFTER
ONE YEAR, NINE CATEGORIES OF PCS CHANGE
SCORES (N =1,539)

Measured PCS Changes Self-Evaluated Physical Transition®
Some- Some-

Level Alot what About what A lot

of Mean more more the Iless less

Change Range Change (N) limited limited same limited limited
1 16t034 205 55 1.8 73 382 218 309
2 11to15 126 80 25 112 500 150 21.3
3 6to10 76 166 42 108 572 132 146
4 1to5 28 381 45 7.3 638 108 136
5 0 00 95 52 42 737 9.5 7.4
6 Sto-1 -26 405 54 135 649 8.1 8.1
7
8
9

-10to-6 -7.7 193 6.8 212 539 114 6.7
-15t0-11 128 83 120 278 434 120 4.8
-43t0-16 -21.2 72 292 264 347 6.9 2.8

1 Self-evaluated transition: Compared to a year ago, are you more or less limited now in
your everyday physical activities because of your health?
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FIGURE 7.2 PLOT OF SELF-EVALUATED PHYSICAL HEALTH
TRANSITIONS AND CHANGES IN PCS SCORES
OVER ONE YEAR (N=1539)
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FIGURE 7.3  PLOT OF SELF-EVALUATED PHYSICAL HEALTH
TRANSITIONS AND CHANGES IN PCS SCORES
OVER ONE YEAR (N=1539)
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FIGURE 7.4 PLOT OF SELF-EVALUATED PHYSICAL HEALTH
TRANSITIONS AND CHANGES IN PCS SCORES
OVER ONE YEAR (N=1539)
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Final Comment

TABLE7.19 PERCENTAGE OF MOS PATIENTS REPORTING
MORE OR LESS EMOTIONAL PROBLEMS AFTER
ONE YEAR, NINE CATEGORIES OF MCS CHANGE
SCORES (N = 1,539)

Measured MCS Changes Self-Evaluated Mental Transition'
Some- Some-

Level Alot what About what A lot

of Mean more more the Iless less

Change Range Change (N) often often same often often
1 16to45 225 111 0.0 27 198 225 550
2 Mto15 127 89 22 6.7 36.0 203 348
3 6to10 76 158 32 6.3 418 240 247
4 105 26 358 22 73 581 168 156

5 0 00 109 0.0 92 652 128 128

6

7

8

9

-Sto-1 27 384 21 99 599 151 13.0
-10to-6 -7.7 131 7.7 160 511 176 7.6
-15t0-11 130 61 115 229 426 115 115
-37t0-16 -21.0 58 19.0 345 293 138 3.4

J Self-evaluated transition: Compared to one year ago, how often do you feel bothered by

emotional problems, such as feeling anxious, depressed, or irritable now?

As shown in Table 7.19 (and Figure 7.3), patients who worsened in MCS
scores were much more likely to evaluate their current mental health
unfavorably in comparison with one year ago. Likewise, those whose MCS
scores improved were much more likely to evaluate their current mental
health favorably in comparison to one year ago.

Generally, smaller average changes were less likely to be significant, as
would be expected. All average changes greater than two points on the PCS
were statistically significant and none below two points were significant in
the 27 longitudinal studies summarized here in Table 7.15. With only two
exceptions out of 62 studies, the same pattern held true for cross-sectional
studies involving the PCS, as summarized in Table 7.15. However, statistical
significance should not be equated with clinical and social relevance, which
are addressed earlier in this chapter.
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4> Chapter 8. Interpretation: Norm-Based

Normative data makes it possible to interpret PCS and MCS scores for an
individual respondent or the average for a group of respondents by
comparing them with the distribution of scores for other individuals.
Because the PCS and MCS scoring is "norm-based," they have the
advantage of a direct interpretation in this regard (see Chapter 4). For
example, it is useful to know that all scores above and below 50 are above
and below the mean, respectively, in the general U.S. population for both
the PCS and MCS. However, because physical and mental health scores
vary with age, gender, and with the presence of diseases and other
conditions, specific norms for subgroups of the population will greatly
facilitate the interpretation of PCS and MCS scores. (Some background
information about the norming of the SF-36 and other health status surveys
in the U.S. and other countries, is briefly summarized in the original SF-36
User's Manual (Ware, Snow, Kosinski, et al., 1993), which presents norms for
the eight SF-36 scales.)

Organization of This chapter presents norms for the PCS and MCS for both the general U.S.

This Chapter population and for specific groups of patients participating in the Medical
Outcomes Study (MOS). In addition to 21 tables that mirror those
previously published for the eight SF-36 scales, 29 additional tables of
normative data are presented here, including:

1. Norms for "well' adults sampled from the general U.S.
population and for those reporting each of 14 chronic physical
conditions and for those in the general population who
screened positive for possibility of clinical depression.

2. Norms for changes observed in PCS and MCS scores over a
one-year period for MOS patients with various chronic
conditions.

This chapter is divided into seven sections, beginning with background
information about the use of norm-based interpretations and a summary of
the methods used to collect normative data. Most of the chapter is devoted
to tables of norms for the general U.S. population in total and by age and
gender, norms for self-reported chronic conditions in the general U.S.
population and for more rigorously determined "tracer" conditions and
ncomorbid" conditions, based on the MOS. The last section presents norms
for one-year change scores for groups of patients with chronic conditions
and comorbidities in the MOS.
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To make it easier to find normative data among the 50 data tables presented
at the end of this chapter, Figure 8.1 lists all tables with their page numbers.

FIGURE8.1  GUIDE TO TABLES PRESENTING NORMATIVE

DATA
Norms for the General U.S. Population Table Pg.
Total Sample, Descriptive Statistics 8.1 12
Total Sample, Frequency Distributions 82 13
Males 8.3 14
Females 8.3 14
Males & Females, by Age Group 8.4 15
Males, by Age Group 8.5 17
Females, by Age Group 8.6 19

Norms for Chronic Conditions in the

General U.S. Population Table Pg.
No Chronic Conditions 8.7 21
Allergies 8.8 21
Angina 8.9 22
Arthritis 8.10 22
Back Pain/Sciatica 8.11 23
Cancer (except skin cancer) 8.12 23
Congestive Heart Failure 8.13 24
Depression Screener 8.14 24
Dermatitis 8.15 25
Diabetes 8.16 25
Hearing Impairment 8.17 26
Hypertension 8.18 26
Limitations in Use of Arm(s)/Leg(s) 8.19 27
Lung Disease, Chronic 8.20 27
Myocardial Infarction, Recent 8.21 28
Vision Impairment 8.22 28

Norms for Chronic Conditions in the MOS Table Pg.
Total MOS Sample, All Conditions 8.23 29
Clinical Depression 8.24 29
Congestive Heart Failure 8.25 30
Diabetes, Type II 8.26 30
Hypertension 8.27 31

Myocardial Infarction, Recent Acute 8.28 31



SF-36 Summary Measures Interpretation: Norm-Based ¢ p. 8:3

Norms for MOS Patients with Hypertension

and Comorbid Conditions Table Pg.
Angina (Recent) without Myocardial Infarction ~ 8.29 32
Back Pain/Sciatica 8.30 32
Benign Prostatic Hypertrophy Symptoms 8.31 33
Chronic Obstructive Pulmonary Disease 8.32 33
Dermatitis 8.33 34
Musculoskeletal Complaints 8.34 34
Osteoarthritis 8.35 35
Varicosities 8.36 35

Norms for One-Year Change Scores,

Five MOS Conditions Table Pg.
Total MOS Sample 8.37 36
Clinical Depression 8.38 36
Congestive Heart Failure 8.39 37
Diabetes, Type II 8.40 37
Hypertension 8.41 38
Myocardial Infarction, Recent Acute 8.42 38

Norms for One-Year Change Scores, MOS Patients

with Hypertension and Comorbid Conditions Table Pg.
Angina (Recent) without Myocardial Infarction ~ 8.43 39
Back Pain/Sciatica 8.44 39
Benign Prostatic Hypertrophy Symptoms 8.45 40
Chronic Obstructive Pulmonary Disease 8.46 40
Dermatitis 8.47 41
Musculoskeletal Complaints 8.48 41
Osteoarthritis 8.49 42
Varicosities 8.50 42

General Population Database

Norms for the general U.S. population were estimated from responses to the
1990 National Survey of Functional Health Status (NSFHS), a survey that
included the SF-36 conducted by the National Opinion Research Center
(NORC) (Thalji, Haggerty, Rubin, et al., 1991). Respondents were drawn
from the sample frame of the 1989 and 1990 General Social Survey (GSS),
an annual interview survey of the noninstitutionalized adult US.
population. The GSS consisted of a two-stage probability sample design. In
the first stage, quota sampling was used based on age, gender, and
employment status at the block level. The primary sampling units were
Standard Metropolitan Statistical Areas or non-metropolitan counties.
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Primary sampling units were stratified according to region, age, and race
before selection. The unit for selection at the second stage were blocked
groups stratified by race and income. The sample frame was 1,537
households from the 1989 GSS and 1,372 households from the 1990 GSS, for
a base sample of 2,909 households. Two categories of respondents were
drawn from the 2,909 households. The first category of respondents drawn
were single members (core sample) of each household who had been
previously interviewed in the 1989 or 1990 GSS (N = 2,909). The second
category of respondents was an oversample of elderly (age 65 years or
older) members residing in the 2,909 GSS households (N = 342). The total
designated sample was 3,251 persons residing in 2,909 households.

All core sample respondents were randomly assigned to a self-administered
mail survey (80%) or to a telephone interview (20%), with oversampled
respondents assigned to the same survey mode as their core household
member. The mail survey was conducted in two waves, with a postcard
prompt occurring in between each wave. A $2.00 incentive was provided
to respondents assigned to the mail survey. Follow-up of nonresponders
consisted of a telephone interview.

The telephone survey was a computer-assisted telephone interview. An
advanced letter describing the purpose of the survey and how each
respondent was selected was sent out prior to the interview. No incentive
was provided to respondents assigned to the telephone survey. The first
follow-up of nonresponders consisted of a personalized letter explaining the
importance of the survey. Trained interviewers followed the letters five
days later with a second attempt to administer the survey by telephone. On
average, six calls were placed to each nonresponder. After all attempts to
reach nonresponders by telephone failed, a self-administered mail survey
was sent.

The data collection period was 10 weeks for the mail survey and eight
weeks for the telephone survey between October 15, 1990 and December 22,
1990. At least 50% of the data collection period for both surveys overlapped.
The locating protocol for both surveys followed three steps: (1) a call to
directory assistance; (2) a check of returned envelopes for forwarding
addresses; and (3) a review of the GSS case locator page and call record for
possible locating leads. The unlocatable rate was 10% for respondents
assigned to the mail survey and 12% for respondents assigned to the
telephone survey. The overall response rate for the 1990 NSFHS was 77.1%
using a combination of mail and telephone survey methods.
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MOS Database

The MOS is an observational study of variations in functional status and
well-being among adult patients sampled from various systems of care, as
documented in detail elsewhere (Stewart, Greenfield, Hays, et al., 1989;
Tarlov, Ware, Greenfield, et al., 1989; Greenfield, Nelson, Zubkoff, et al.,
1992; Kravitz, Greenfield, Rogers, et al., 1992; Stewart & Ware, 1992).

Ages at baseline ranged from 18-98 with a mean of 58 years; 54% were
female, 16% black, and 6% other minorities. One in five (22%) had
household incomes below 200% of the poverty line and 42% were educated
beyond the high school level. The characteristics of patients in each
diagnostic group are documented in the lower panel of the table of norms
for that group .

Effects of Data Collection Method

A randomized trial of data collection methods conducted during the
norming of the SF-36 confirmed the practical advantages of mail-out/ mail-
back (MO/MB) surveys and documented the lack of equivalence between
responses to MO/MB surveys and those from telephone interviews
(McHorney, Kosinski, & Ware, 1994). As shown in Figure 8.2, average
scores for the SF-36 Mental Component Summary (MCS) measure were 2.43
(£0.3, p < 0.001) points higher for those interviewed by telephone, in
comparison with those who self-administered the SF-36 by MO/MB. This
difference is nearly one-fourth of a standard deviation (SD = 10 for the
MCS) and appears to be noteworthy in clinical terms. The effect of data
collection method on MCS scores is approximately one-fourth the impact
of depressive disorder. Underlying this difference in MCS scores were
significant differences for seven of the eight SF-36 scales (all but General
Health). There was no effect on the Physical Component Summary (PCS);
a difference greater than half a point would have been significant. For this
reason, data collection methods should be standardized for surveys of
health status.

When results are compared across methods, the effect of methods should
be taken into account and results should be interpreted with caution, as
discussed elsewhere for the eight SF-36 scales (McHorney, Kosinski, &
Ware, 1994). For the two summary measures, which take into account the
correlations among the eight scales, the effect is apparent only in the MCS.
When comparing results from telephone interviews with norms reported in
this manual, it is important to consider the possibility that MCS scores from
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telephone interviews may be inflated by about two to three points, which is
two to three tenths of an SD unit.

FIGURE 8.2 EFFECTS OF TELEPHONE INTERVIEWS ON THE PCS
AND MCS SCORES IN THE GENERAL U.S. POPULATION

1001 — .

<
55— ___‘ o —

PCS MCS
- — .
. p <.001
L [VEY
Phone
Note: Mean scores are adjusted for differences in demographics and chronic

conditions between mail and telephone surveys

U.S. General Population Norms

Table 8.1 presents descriptive statistics for PCS and MCS scores in the
general U.S. population. Descriptive statistics include the mean, median
(50th percentile), 25th and 75th percentiles, standard deviation, and the
observed range of scores. The descriptive statistics presented in Table 8.1
are for the total population (N = 2,474). Complete frequency distributions,
including cumulative percentages (percentile ranks), for the PCS and MCS
in the total population are presented in Table 8.2. Note that among the
advantages of the PCS and MCS, evidenced in Tables 8.1 and 8.2, are many
more scale levels, standardized variances, and much less skewness of score
distributions, relative to the eight SF-36 scales.
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Norms for Males
and Females

Norms for Age
Groups

Norms for Age
Groups, Males and
Females

The mean and standard deviation are 50 and 10, respectively, for the PCS
and MCS because of the scoring method used in their standardization (see
Chapter 4). The medians for the PCS and MCS are higher than the means
— 51.84 and 53.15, respectively. This reflects some skewness of the score
distributions in the general U.S. population, with more respondents (about
60%) scoring above the mean. The frequency distributions in Table 8.2 can
be used to determine more precisely where in the distribution a score falls.

Table 8.3 presents general U.S. population norms separately for males and
females (all age groups combined). This table is useful in determining
whether a score for males or females is above or below the average score for
males and females in the general U.S. population. From Table 8.3, it is
evident that males score higher (more favorably) on average than females.

Table 8.4 presents PCS and MCS general U.S. population norms for seven
different age groups for males and females combined. These age groups
were selected to: (1) be large enough to satisfy minimum standards for
precision; and (2) correspond with standard practices for defining age-
specific groups, which were also followed in norming the eight SF-36 scales.
Consistent with the literature linking physical and mental health to age
(Bergner, Bobbitt, Carter, et al., 1981; Stoller, 1984; Okun & Stock, 1987;
Wood, Rhodes & Whelan, 1989; Idler & Angel, 1990; Idler, Kasl, & Lemke,
1990), the data in Table 8.4 demonstrates a roughly linear decline in PCS
scale scores for older age groups, while MCS scale scores do not.

Tables 8.5 - 8.6 present PCS and MCS norms by age group separately for
males and females in the general U.S. population. These tables differ from
the previous tables in that the oldest two age groups have been collapsed
into one group (ages 65 and older) in order to have adequate sample sizes
to maintain precision. Note that across all age groups, and consistent with
previous literature linking gender to differences in health status, PCS and
MCS scale scores are higher for males than for females (Bergner, Bergner,
Hallstrom, et al., 1984; Wood, Rhodes, & Whelan, 1989; Liang, Wu, Krause,
etal., 1992).

Norms for Chronic Conditions, General U.S. Population

Normative data for individuals with various chronic conditions were
estimated using data from the general U.S. population (self-reported) and
the MOS patient population (physician-reported).

The norms presented in these tables are not adjusted for differences in
sociodemographic characteristics and comorbid conditions. Information
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about these variables is presented in the lower panel of each table to
facilitate their consideration. It is important to keep these differences in
mind when making comparisons. For example, in interpreting general
population norms for those who report CHF (Table 8.13), note that the
majority also suffered from arthritis and that the average age was nearly 66
years. Analyses presented in Chapter 7, which used these data to estimate
the unique effects of each condition on PCS and MCS scores, included
statistical adjustments for differences in sociodemographic characteristics
and comorbid conditions.

Norms for Chronic Conditions: General U.S. Population

Norms for Chronic
Conditions: MOS

The U.S. general population survey included a checklist of 14 chronic
conditions. This checklist asked respondents if their doctor had ever told
them they had any of the following conditions: hypertension, a heart attack
in the last year, congestive heart failure (CHF), diabetes, angina, and cancer
(except skin). In addition, respondents were asked if they now have any of
the following conditions: chronic allergies or sinus troubles, arthritis of any
kind or rheumatism, sciatica or chronic back problems, blindness or other
trouble seeing with one or both eyes, chronic lung disease (like bronchitis,
asthma, or emphysema), dermatitis or other chronic skin rash, deafness or
other trouble hearing, and limitation in the use of an arm or leg (missing,
paralyzed, or weakness). Definitions are repeated in footnotes to the data
tables.

Tables 8.7 - 8.22 present PCS and MCS norms for the 14 chronic conditions
and for a "well" group of respondents who did not report any of the 14
chronic conditions on the checklist and made no response to the "other"
condition categories. At the bottom of each table is a sample description for
each chronic condition, including the five most prevalent comorbidities.
From comparing results for the chronic conditions to the "well" respondents
in Tables 8.7-8.22, it is clear that the "well" respondents have substantially
better physical and mental health status than those respondents who
reported chronic conditions. It is also evident that respondents with the
more physically morbid conditions, such as CHF, MI, diabetes, and
limitations in the use of an arm or leg, have lower PCS scale scores, on
average, than those reporting other conditions. As expected, respondents
who screened positive for possibility of depression have the lowest MCS
scores on average.

Norms for the PCS and MCS scales were estimated for patients with five
"tracer" conditions selected for the longitudinal follow-up in the MOS:
hypertension, CHF, recent MI, type II diabetes, and clinical depression
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Norms for
Comorbid
Conditions: MOS

(Tarlov, Ware, Greenfield, et al., 1989; Stewart & Ware, 1992). Diagnosis of
the first four conditions (all but depression) was determined by
standardized forms completed by the MOS physicians. The prevalence of
these conditions among the 18,762 patients screened from doctor offices
varied: 30.2% had hypertension, 3.2% had CHF, 1.5% had a recent MI, and
9.2% had diabetes, type II. An additional 4,335 patients were screened from
offices of formally trained mental health providers. All patients were
screened for clinical depression using a two-stage process with the CES-D
and telephone administered diagnostic interview schedule (Wells, Hays,
Burnam, et al., 1989).

Tables 8.23 - 8.28 present norms for the PCS and MCS for the total sample
and for each of the five tracer groups. In addition, sample descriptions,
including sociodemographic characteristics and the five most prevalent
comorbid conditions, are presented for each tracer group.

To estimate the effects of comorbid conditions on PCS and MCS scores, we
focused on the group of patients with hypertension because this
represented the largest group of MOS patients and was the least morbid of
the five MOS tracer conditions (Stewart, Greenfield, Hays, et al., 1989).
Tables 8.29 - 8.36 present norms for MOS patients with hypertension and
each of eight comorbid conditions including: angina (recent with no history
of MI) (N = 256), back pain/sciatica (N = 481), benign prostatic
hypertrophy symptoms (N = 184), chronic obstructive pulmonary disease
(COPD) (N = 85), dermatitis (N = 231), musculoskeletal complaints (N =
341), osteoarthritis (N = 175), and varicosities (N = 222).

Change Scores: One-Year Follow-Up

Computation of
Change Scores

Norms for one-year change scores for the PCS and MCS were based on data
from patients in the MOS with data at baseline and one-year follow-up
assessments. These data are presented for five "tracer" conditions
(hypertension, congestive heart failure, myocardial infarction, type II
diabetes, and clinical depression) and for patients with conditions comorbid
to hypertension. These norms can provide a basis for comparing the degree
of change exhibited by a particular sample of patients. For example, one can
assess whether there was more or less change in a sample of people, on
average, than is typical of people with a condition such as hypertension.
These norms can also be used for comparisons within a disease to see if the
distribution of change scores exhibited in a particular sample is typical.

One-year change scores were computed by subtracting baseline PCS and
MCS scores from the PCS and MCS scores collected at the 12-month follow-
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up assessment. Change scores were categorized as "better," "stayed the
same," or "worse" by comparing them with amounts equal to two standard
errors of measurement (SEM) (see Chapter 5), which is approximately the
95% confidence interval for an individual score. Patients were classified as
"worse" if their change score for the PCS/MCS indicated a decline greater
than two SEMs. Patients were classified as "stayed the same" if their change
score for the PCS/MCS was within two SEMs. Patients were classified as
"better" if their change score for the PCS/MCS improved greater than two
SEMs. The SEM for the PCS and MCS was computed by taking the square
root of one minus the reliability for the PCS and MCS scales and
multiplying the result by the standard deviation for the PCS/MCS in the
general U.S. population (SD=10) (Nunnally, 1978). For the PCS, two SEM's
equal +5.42. For the MCS, two SEM's equal +6.33. Thus, for example,
patients with change scores showing improvement greater than 5.42 for the
PCS and above 6.33 for the MCS were classified as "better." Patients with
change scores below -5.42 for the PCS and below -6.33 for the MCS were
classified as "worse." Patients with change scores between 15.42 for the PCS
and +6.33 for the MCS were classified as "stayed the same."

The number of patients who died between baseline assessment and the one-
year follow-up for each tracer group is noted at the bottom of each table.
Those who died were not included in the analyses. They could be added to
the "worse" category in the "better-same-worse" analysis.

Tables 8.37 - 8.42 present norms for one-year change scores and the percent
"better," "stayed the same," and "worse" for the total MOS sample and for
the five MOS tracer conditions. Appendix A presents frequency
distributions of one-year change scores for the total MOS sample and for the
four most prevalent tracer conditions.

As shown in these tables, average one-year change scores ranged from -1.69
(for CHF) to .44 (for MI survivors) for the PCS and from .18 (for diabetes)
to 3.86 (for depression) for the MCS for the five MOS tracer conditions.
Underlying these average changes in physical and mental health status are
noteworthy variations in the percentages who were classified as "better,"
"same," or "worse." Clinically depressed patients were more than twice as
likely to improve (42.3%) than to decline (17.9%) in mental health. For
patients with CHF, diabetes type II, and hypertension, a slightly greater
percentage declined in physical health status than improved.

Tables 8.43 - 8.50 present one-year change score norms and the percent
classified as "better," "stayed the same," or "worse" for the patients with
hypertension and one of eight comorbid conditions. The results presented
in each of these tables clearly demonstrates the added burden associated
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with a comorbidity on physical and mental health status for patients with
hypertension.
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TABLE 8.1 NORMS FOR GENERAL U.S. POPULATION, TOTAL SAMPLE

Total Sample PCS MCS
(N=2474) Mean 50.00 50.00
T s TP SR
50th Percentile (Median) 52.64 52.52
75th Percentile 56.01 57.44
StandardDeV|at|on10001000 ......................

Range 8-73 10-74
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TABLE 8.2 FREQUENCY DISTRIBUTION FOR PCS AND MCS SCALE SCORES: GENERAL U.S.
POPULATION (N =2,474)

cale cale
“Score 1 A cum. % “Score f ' “Cum. %
66-73 14 0.5 100.0 66-74 20 0.8 100.0
65 14 0.6 99.5 65 6 0.2 99.3
64 19 0.8 98.9 64 19 0.8 99.1
63 13 0.5 98.1 63 28 1.2 98.3
62 30 1.2 97.6 62 57 2.4 97.2
61 39 1.6 96.3 61 49 2.0 94.8
60 78 3.2 94.7 60 72 3.0 92.8
59 133 55 91.5 59 133 55 89.8
58 152 6.3 86.0 58 160 6.6 84.3
57 157 6.5 79.7 57 191 7.9 77.7
56 160 6.6 73.2 56 149 6.2 69.8
55 184 7.6 66.5 55 120 50 63.6
54 164 6.8 58.9 54 137 57 58.6
53 155 6.4 52.1 53 124 5.2 53.0
52 107 4.4 457 52 91 3.8 47.8
51 86 3.6 413 51 95 4.0 441
50 88 3.6 37.7 50 89 3.7 40.1
49 72 3.0 34.1 49 83 3.4 36.4
48 65 27 31.1 48 46 1.9 33.0
47 55 2.3 28.4 47 82 3.4 31.0
46 50 21 26.1 46 48 2.0 27.6
45 44 1.8 241 45 52 2.1 25.6
44 49 2.0 223 44 42 1.7 23.5
43 31 1.3 20.2 43 36 1.5 21.8
42 23 1.0 18.9 42 30 1.2 20.3
41 30 1.3 18.0 41 40 1.7 19.0
40 30 1.2 16.7 40 44 1.8 17.4
39 32 1.3 15.5 39 43 1.8 155
38 31 1.3 14.2 38 32 1.3 13.8
37 28 1.2 12.9 37 22 0.9 12.4
36 26 1.1 1.7 36 28 1.2 1.5
35 21 0.9 107 35 27 1.1 10.3
34 17 0.7 9.8 34 24 1.0 9.2
33 20 0.8 9.1 33 19 0.8 8.2
32 21 0.9 8.2 32 18 0.7 7.4
31 21 0.9 7.4 31 16 0.7 6.7
30 17 0.7 6.5 30 20 0.8 6.0
29 18 0.8 5.8 29 11 0.5 5.2
28 1 0.5 5.0 28 17 0.7 47
27 14 0.6 4.5 27 9 0.4 4.0
26 13 0.5 4.0 26 9 0.4 3.6
25 15 0.6 3.4 25 14 0.6 3.2
24 5 0.2 2.8 24 9 0.4 2.7
23 14 0.6 2.6 23 8 0.3 2.3
22 7 0.3 2.0 22 9 0.4 1.9
21 6 0.3 1.7 21 6 0.3 1.6
8-20 35 1.5 1.5 9-20 31 1.3 1.3
2415 2415

Frequency missing = 59
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TABLE 8.3

Males
(N = 1,055)

Females
(N=1,412)

NORMS FOR MALES AND FEMALES: GENERAL U.S. POPULATION

PCS MCS
MEaN e 5105 o 5073 e
25th Percentile 4495 46.89
50th Percentile (Median) 52.91 53.81
75th Percentile 56.38 57.78
i e e = e
RENGE. e O 1274 o
PCS MCS
MEBN e 8907 e 4933 ..
25th Percentile 4110 : 43.40
50th Percentile (Median) 51.03 52.80
75th Percentile 55.86 57.19
S vnatlon10421032 ......................
Range 8-69 10-71
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TABLE 8.4 NORMS FOR SEVEN AGE GROUPS, MALES AND FEMALES COMBINED:
GENERAL U.S. POPULATION

Ages 18-24 PCS MCS
(N=173) Mean 53.44 49.11
e TN P
50th Percentile (Median) 55.03 51.13
75th Percentile 58.32 56.48
o ——— R S oy E
RANGE oo 22703, R i
—'
Ages 25-34 PCS MCS
(N =474) Mean 53.72 48.64
s B S v —
50th Percentile (Median) 55.24 51.68
75th Percentile 58.11 56.16
e e S

RENGE oo e 136 ;

Ages 35-44 PCS MCS
(N =503) Mean 52.15 49.91
'é'éi'ﬁ'ﬁe;f'c':'éur{fiié ............................................ il e e A—
50th Percentile (Median) 53.98 52.32
75th Percentile 57.21 56.64
StandardDeV|at|on ................................ e DRSS s
RANGE s A L=, —
—
Ages 45-54 PCS MCS
(N =338) Mean 49.64 50.53
S S —- AR e
50th Percentile (Median) 52.60 53.55
75th Percentile 55.89 57.20
‘Standard Deviation 967 10.02
Range 14-67 10-68

(continued)
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TABLE 84 NORMS FOR SEVEN AGE GROUPS, MALES AND FEMALES COMBINED:

GENERAL U.S. POPULATION (continued)

Age 55-64
(N = 269)

(N = 442)

Ages 75 & Over
(N = 264)

PCS MCS
Mean 45,90 51.05
P e— P >
50th Percentile (Median) 49.86 54.35
75th Percentile 54.32 57.90
StandardDeV|at|on1125 Vo
RENGE e 1802 1365

m

Mean 43.33 52.68
25th Percentile 35.04 4834
50th Percentile (Median) 46.18 55.67
75th Percentile 52.50 59.13
StandardDevuat|on1116 .............................................. S,
RANGE oo B0 2174

PCS MCS
Mean 37.89 50.44
25thPercent|Ie2899 Vi
50th Percentile (Median) 38.16 53.69
75th Percentile 47.35 59.36
StandardDevuat|on11161166 ......................
Range 13-59 18-71
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TABLE 8.5 NORMS FOR MALES BY AGE GROUP: GENERAL U.S. POPULATION

Ages 18-24 PCS MCS

Males (N =71) Mean 53.50 50.89
.Eéa{ﬁgaéﬁmé"mm"mmm"mm"mmMm"g{qaanumm"m"m"mmummza§¥"mm"mmm"
50th Percentile (Median) 54.70 51.40
75th Percentile 57.80 57.17
e S i e — S
L . R —— o N—

Ages 25-34 PCS MCS

Males (N = 199) Mean 54.98 48.93
S S B e p—
50th Percentile (Median) 55.82 51.87
75th Percentile 58.64 56.67
T ———— S o
RaANGE e 88T 14-63

Ages 35-44 PCS MCS

Males (N = 239) Mean 52.95 51.00
R AN L R s
50th Percentile (Median) 54.61 53.63
75th Percentile 57.34 57.27
Standard Deviaton 703 8.90
Range 22-67 21-65

(continued)
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TABLE 8.5 NORMS FOR MALES BY AGE GROUP: GENERAL U.S. POPULATION (continued)

Ages 45-54
Males (N = 145)

Ages 55-64
Males (N = 105)

Ages 65 & Over
Males (N = 293)

PCS MCS
Mean 50.40 51.03
25thPercent|Ie ........................................... e = s
50th Percentile (Median) 53.36 53.94
75th Percentile 56.13 57.51
Standard Deviation 968 986
RANGE e 1 367 ECE,
PCS MCS
Mean 46.90 51.60
25thPercent|Ie4057 pr
50th Percentile (Median) 49.80 54.63
75th Percentile 54.99 57.58
StandardDeV|at|on1082 ............................................. T
RS emoms s P roninremsomsegg 4 I
PCS MCS
Mean 41.95 52.51
25thPercent|Ie ............................................ T T —— 1 ——
50th Percentile (Median) 43.84 54.83
75th Percentile 51.64 59.44
StandardDeV|at|on1135 e
Range 9-59 19-74
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TABLE 8.6

Ages 18-24
Females (N = 102)

Ages 25-34
Females (N = 275)

Ages 35-44
Females (N = 264)

NORMS FOR FEMALES BY AGE GROUP: GENERAL U.S. POPULATION

PCS MCS
Mean _ “‘_‘53 39 _ ‘ 47 37
b Percentlle e e T
50th Percentile (Median) 55.15 50.26
75th Percentlle _ 58 58 _ 55 70
‘Standard DeV|at|on e e T
RANGE e 2268 e 1587
PCS MCS
Mean 52.46 48.34
S Percent||e S o
50th Percentile (Median) 54.43 51.31
75th Percentlle 57 67 55.22
'Standard Deviation T 66 10.12
PCS MCS
Mean 51.36 48.84
25thPercent|Ie ........................................... T R yIT- R
50th Percentile (Median) 52.58 51.16
75th Percentlle 57.09 55.75
‘Standard Deviation T g 34 9.49
Range 10-65 17-64

(continued)
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TABLE 8.6 NORMS FOR FEMALES BY AGE GROUP: GENERAL U.S. POPULATION

(continued)
Ages 45-54 PCS MCS
Females (N = 193) Mean 48.95 50.07
25thPercentnle ............................................ 4340 ........................................... e
50th Percentile (Median) 51.61 53.48
75th Percentile 55.79 56.99
StandardDewahon ..................................... 5 641018 ......................
RN e el Ll
M
Females (N = 164) Mean 45.03 50.56
25thPercent|Ie ................................ Sy ———— 4461 ......................
50th Percentile (Median) 49.91 53.71
75th Percentile 54.14 57.94
StandardDewatlon11571016 ......................
Ll L. S - - S
Ages 65 & Over PCS MCS
Females (N = 413) Mean 41.02 51.44
25thPercent|Ie N T Bt e S
50th Percentile (Median) 42.93 55.08
75th Percentile 49.83 58.96
StandardDeV|at|on11521054 ......................

Range 8-59 19-71
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TABLE 8.7 NORMS FOR "HEALTHY" GROUP WITH NO CHRONIC CONDITIONS: GENERAL
U.S. POPULATION

PCS MCS

Mean 55.26 53.43
25thPercent|Ie53695033
50th Percentile (median) 55.85 54.74
75th Percentile 58.44 57.74
Standard et 510633
RENGE e 28T s L

Sample Description

N 465 Five Most Prevalent Comorbidities

Mean Age 35.8 N/A#

Percent Over 65 3.9 N/A

Percent Female 45.2 N/A

Mean Education 13.7 N/A

Percent Nonwhite 18.1 N/A

2 Not applicable, these respondents have no chronic conditions.

TABLE 8.8 NORMS FOR ALLERGIES: GENERAL U.S. POPULATION

PCS MCS
Mean 47.44 48.23
25thPercent|Ie41364089
50th Percentile (median) 50.82 51.16
75th Percentile 55.36 56.67
StandardDevnat|on10811074
RANGE e BB s L —
Sample Description
N 818 Five Most Prevalent Comorbidities
Mean Age 453 Depression Screener 46.2%
Percent Over 65 16.5 Arthritis 39.4%
Percent Female 59.2 Hypertension 30.8%
Mean Education 12.7 Back Pain/Sciatica 29.9%
Percent Nonwhite 15.5 Hearing Impairment 16.6%

Definition of allergies: Self-report of chronic allergies or sinus trouble.
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TABLE 8.9 NORMS FOR ANGINA: GENERAL U.S. POPULATION

PCS MCS
Mean 36.36 48.04
25thPercentue27123941
50th Percentile (median) 35.88 50.05
75th Percentile 46.95 58.33
StandardDeV|at|on12381242

Sample Description

N 107 Five Most Prevalent Comorbidities
Mean Age 62.6 Arthritis 75.1%
Percent Over 65 51.3 Hypertension 66.3%
Percent Female 58.6 Depression Screener 47 4%
Mean Education 11.7 Allergies 44.4%
Percent Nonwhite 12.6 Back Pain/Sciatica 39.1%

Definition of angina: Self-report of angina.

TABLE 8.10 NORMS FOR ARTHRITIS: GENERAL U.S. POPULATION

PCS MCS
Mean . . L A318 N L .
25th Percentile 34.71 41.40

50th Percentile (median) 45.83 51.74

75th Percentile 52.52 57.25
StandardDev:atlon11621111
b ... S - . S

Sample Description

N 826 Five Most Prevalent Comorbidities
Mean Age 56.0 Allergies 45.9
Percent Over 65 34.5 Depression Screener 427
Percent Female 57.5 Hypertension 39.3
Mean Education 11.9 Back Pain/Sciatica 38.2
Percent Nonwhite 14.2 Hearing Impairment 25.0

Definition of arthritis; Self-report of arthritis or any kind of rheumatism.
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TABLE 8.1f NORMS FOR BACK PAIN/SCIATICA: GENERAL U.S. POPULATION

PCS MCS
Mean 43.14 46.88
ZﬂhPercentlle ........................ T e
50t Percentile (median) 45.46 49.34
75t Percentile 52.41 ) 5667
e Déi/"iation"“ s 1173 TP
RANGE s e Ly . J—
Sample Description
N 519 Five Most Prevalent Comorbidities
Mean Age 491 Arthritis 55.7%
Percent Over 65 23.1 Allergies 50.8%
Percent Female 55.9 Depression Screener 49.1%
Mean Education 12.3 Hypertension 352%
Percent Nonwhite 13.8 Hearing Impairment 23.2%

Definition of back pain/sciatica: Self-report of sciatica or chronic back problems.

TABLE 8.12 NORMS FOR CANCER: GENERAL U.S. POPULATION

PCS MCS
Mean 4512 48.82
25thPercent|Ie ............................................... e ——— o e
50th Percentile (median) 47.39 53.03
75th Percentile 54.06 57.91
StandardDevnatlon ....... e o
RENGE e ] Lo —
Sample Description
N 105 Five: Most Prevalent Comorhidities
fihean Age 53.2 Depressiom Screener 457
Percent Over 6% 4m4 Artritis 43.6
Percent Female 57.3 Hypertension 36.3
Mean Education 12.2 Allergies 34.5
Percent Nonwhite 10.1 Back Pain/Sciatica 26.9

Definition of cancer: Self-report of cancer (except skin cancer).
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TABLE 8.13 NORMS FOR CONGESTIVE HEART FAILURE: GENERAL U.S. POPULATION

PCS MCS
Mean 31.02 45.65
25thPercent|Ie23133516
50th Percentile (median) 29.17 45,55
75th Percentile 35.79 56.03
StandardDeV|at|on1064 —
RENGE st 8T I
Sample Description
N 83 Five Most Prevalent Comorbidities
Mean Age 65.6 Arthritis 64.8%
Percent Over 65 49.7 Hypertension 63.1%
Percent Female 59.1 Depression Screener 61.3%
Mean Education 10.5 Allergies 51.7%
Percent Nonwhite 28.3 Back Pain/Sciatica 39.8%

Definition of congestive heart failure: Self-report of congestive heart failune.

TABLE 8.14 NORMS FOR DEPRESSION SCREENER: GENERAL U.S. POPULATION

PCS MCS
Mean 47.92 43.46
25thPercent||e .......... P — o g ee—
50th Percentile (median) 61.37 45.24
75th Percentile 56.72 52.82
StandardDevnanon ...................................... e T e———
AL . e L L A
Sample Description
N 881 Five Most Prevalent Comorbidities
Mean Age 43.1 Allergies 41.3%
Percent Over 65 14.6 Arthritis 32.7%
Percent Female 57.7 Hypertension 28.8%
Mean Education 12.4 Back Pain/Sciatica 25.8%
Percent Nonwhite 21.1 Limited Use in Arm/Leg 16.3%

Definition of depression screener: Self-report of two weeks or more feeling sad, blue or depressed in the past year; or two years or more
feeling sad or blue most days; or feeling depressed or sad much of the time in the past year.
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TABLE 8.15 NORMS FOR DERMATITIS: GENERAL U.S. POPULATION

PCS MCS
Mean ) 46.88 - 46.16
25thP T ——— g ————— 3848 .........................
50th Percentile (median) 50.96 50.16
75th Percentile 55.87 56.63
StandardDewahon ....................................... P emem—— 1206 .........................
i . o 1884, s
Sample Description
N 214 Five Most Prevalent Comorbidities
Mean Age 46.4 Allergies 52.5
Percent Over 65 19.2 Depression Screener 48.3
Percent Female 53.7 Arthritis 420
Mean Education 13.0 Back Pain/Sciatica 29.1
Percent Nonwhite 13.9 Hypertension 254

Definition of dermatitis: Self-report of dermatitis or other chronic skin rash.

TABLE 8.16 NORMS FOR DIABETES: GENERAL U.S. POPULATION

PCS MCS
Mean 39.30 47.90
25thPercent1Ie29973952
50th Percentile (median) 38.22 49.92
75th Percentile 49.35 56.66
StandardDevnatlon11321137
i 11 1 L L
Sample Description
N 145 Five Most Prevalent Comorbidities
Mean Age 56.2 Hypertension 57.6
Percent Over 65 38.0 Depression Screener 53.1
Percent Female 59.2 Arthritis 51.9
Mean Education 11.2 Allergies 38.2
Percent Nonwhite 34.7 Back Pain/Sciatica 33.4

Definition of diabetes: Self-report of diabetes.
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TABLE 8.17 NORMS FOR HEARING IMPAIRMENT: GENERAL U.S. POPULATION

PCS MCS

MEAN o AT AR
25th Percentile - 34.61 w72 T
50th Percentile (median) 46.74 51.09

J5th Percentile o 83305680
Standard Deviaton 12.18 : 10.62
RANGE o BT 1374

Sample Description

N 387 Five Most Prevalent Comorbidities
Mean Age 57.6 Arthritis 55.7%
Percent Over 65 43.8 Allergies 43.3%
Percent Female 37.1 Depression Screener 39.8%
Mean Education 11.8 Hypertension 39.2%
Percent Nonwhite 11.3 Back Pain/Sciatica 35.6%

Definition of hearing impairment: Self-report of deafness or other trouble hearing with one or both ears.

TABLE 8.18 NORMS FOR HYPERTENSION: GENERAL U.S. POPULATION

PCS MCS
Mean 4457 49.24
25thPercent|Ie37294215
50th Percentile (median) 47.39 52.07
75th Percentile 53.51 57.15
StandardDevnatlon11291055
e e . RSN o - AN

Sample Description

N 670 Five Most Prevalent Comorbidities
Mean Age 54.0 Arthritis 46.7%
Percent Over 65 324 Depression Screener 44.7%
Percent Female 514 Allergies 42.6%
Mean Education 12.1 Back Pain/Sciatica 28.7%
Percent Nonwhite 257 Hearing Impairment 20.8%

Definition of hypertension: Self-report of current hypertension.
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TABLE 8.19 NORMS FOR LIMITATION IN THE USE OF AN ARM(S) OR LEG(S): GENERAL U.S.

POPULATION
PCS MCS
Mean 37.74 45.89
25thPercent|Ie26613842
50th Percentile (median) 37.36 46.50
75th Percentle 1837 56,03

o
Range SR e M Lo

Sample Description

N 263 Five Most Prevalent Comorbidities

Mean Age 51.5 Arthritis 64.2
Percent Over 65 28.2 Depression Screener 63.3
Percent Female 54.1 Allergies 48.2
Mean Education 11.8 Back Pain/Sciatica 43.6
Percent Nonwhite 18.9 Hypertension 394

Definition of limitations in use of arm(s)/leg(s): Self-report of limitations in the use of an arm or leg (missing, paralyzed or weakness).

TABLE 8.20 NORMS FOR CHRONIC LUNG DISEASE: GENERAL U.S. POPULATION

PCS MCS
Mean 42.31 44 .47
R —— T e e e
50th Percentile (median) 45.71 46.59
75th Percentile 53.74 55.06
StandardDewahon ....................................... S S R
i i 1088 e
Sample Description
N 182 Five Most Prevalent Comorbidities
Mean Age 48.9 Allergies 63.3%
Percent Over 65 24 1 Depression Screener 55.4%
Percent Female 59.4 Arthritis 52.1%
Mean Education 11.7 Back Pain/Sciatica 33.8%
Percent Nonwhite 14.6 Hypertension 32.7%

Definition of chronic lung disease: Self-report of chronic lung disease (like chronic bronchitis, asthma, or emphysema).
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TABLE 8.21 NORMS FOR MYOCARDIAL INFARCTION: GENERAL U.S. POPULATION

PCS MCS
Mean 35.97 45.73
25thPercent|le ................................................ i R 3565 .........................
50th Percentile (median) 34.51 47.34
75th Percentile 46.95 56.28
StandardDeV|at|on 12101241
Ll —— Lol I L
Sample Description
N 62 Five Most Prevalent Comorbidities
Mean Age 60.6 Hypertension 67.9
Percent Over 65 42.8 Arthritis 63.1
Percent Female 46.5 Depression Screener 56.1
Mean Education 11.0 Allergies 54.0
Percent Nonwhite 21.2 Angina 39.7

Definition of myocardial infarction: Self-report of myocardial infarction in the past year.

TABLE 8.22 NORMS FOR VISION IMPAIRMENT: GENERAL U.S. POPULATION

PCS MCS
Mean 41.86 45.21
25thPercent|Ie31503565
50th Percentile (median) 4422 47.06
Goaiberentle e S

o e
Rande . ) o] SO .. N

Sample Description

N 259 Five Most Prevalent Comorbidities

Mean Age 54.6 Arthritis 54.3
Percent Over 65 34.2 Depression Screener 53.2
Percent Female 59.0 Allergies 51.2
Mean Education 11.6 Hypertension 48.7
Percent Nonwhite 20.0 Back Pain/Sciatica 38.0

Definition of vision impairment: Self-report of blindness or other trouble seeing with one or both eyes, even when wearing glasses.
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TABLE 8.23 NORMS FOR ALL CONDITIONS COMBINED, MOS PARTICIPANTS

PCS MCS
Mean 44.92 48. 44
o yemerii s ——————— 0141 08
50th Percentile (Median) 47.18 52.01
75th Percentile 53.42 57.35
'Standard DeV|at|on iy 94 s 77
RANGE i s

Sample Description

N 3445 Prevalence of Five MOS Conditions

Mean Age 54.3 Hypertension 60.6%
Percent Over 65 28.6 Myocardial Infarction 3.1%
Percent Female 61.7 Congestive Heart Failure 6.3%
Mean Education 13.3 Diabetes Type Il 15.7%
Percent Poverty 19.8 Clinical Depression 14.6%

TABLE 8.24 NORMS FOR CLINICAL DEPRESSION, MOS PARTICIPANTS

PCS MCS
Mean 44.96 34.84
s Percentne S ——— 572560
50th Percentile (median) 45.63 33.30
75th Percentlle 54 29 43.63
'Standard DeV|at|on ) 051217
Range 14-71 3-64

Sample Description

N 502 Five Most Prevalent Comorbidities

Mean Age 41.6 Back Pain/Sciatica 45.9%
Percent Over 65 6.0 Angina-Recent 25.0%
Percent Female 75.8 Hypertension 20.9%
Mean Education 13.4 Musculoskeletal Complaints 17.6%
Percent Poverty 23.3 Dermatitis 17.5%

Definition of clinical depression: NIMH (DIS) criteria met for major depression and/or dysthymia.
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TABLE 8.25 NORMS FOR CONGESTIVE HEART FAILURE, MOS PARTICIPANTS

PCS MCS
Mean 34.50 50.43
25thPercentlle ................................................ 5 5444503 .........................
50th Percentile (median) 34.03 52.88
75th Percentile 43.54 58.37
StandardDewatlon ....................................... 1208 ................................................. Ty ——"

R i 2 isniiin 1660 .

Sample Description

N 216 Five Most Prevalent Comorbidities

Mean Age 67.4 Hypertension 52.8%
Percent Over 65 59.7 Back Pain/Sciatica 47.4%
Percent Female 52.3 Past Ml 45.7%
Mean Education 12.2 Angina-Recent 40.2%
Percent Poverty 27.3 Musculoskeletal Complaints 32.7%

Definition of congestive heart failure: Physician report of current congestive heart failure.

TABLE 8.26 NORMS FOR DIABETES TYPE I, MOS PARTICIPANTS

PCS MCS
Mean 41.52 51.90
25thPercent|Ie33384807
50th Percentile (median) 43.72 54.56
75th Percentile 50.41 58.43
StandardDev:atlon ....................................... g e

o S - R

Sample Description

N 541 Five Most Prevalent Comorbidities

Mean Age 60.2 Hypertension 64.3%
Percent Over 65 37.7 Back Pain/Sciatica 31.0%
Percent Female 55.6 Musculoskeletal Complaints 25.6%
Mean Education 12.5 Angina-Recent 18.6%
Percent Poverty 227 Dermatitis 17.0%

Definition of diabetes type II: Physician report of diabetes with age of onset 30 years or older,
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TABLE 8.27 NORMS FOR HYPERTENSION, MOS PARTICIPANTS

PCS MCS
Mean 44.31 52.22
25thPercent|Ie37754720
50th Percentile (Median) 47.00 54.95

75th Percentle 8277 e SO
Standard Deviation 10.76 9.28
L R ... e ———— 1971

Sample Description

N 2089 Five Most Prevalent Comorbidities

Mean Age 59.1 Back Pain/Sciatica 34.0%
Percent Over 65 35.7 Musculoskeletal Complaints 24.6%
Percent Female 58.5 Recent Angina 16.3%
Mean Education 12.5 Diabetes Type Il 16.2%
Percent Poverty 19.2 Varicosities 15.1%

Definition of hypertension: Physician report of current hypertension.

TABLE 8.28 NORMS FOR MYOCARDIAL INFARCTION, MOS PARTICIPANTS

PCS MCS
Mean 42.64 51.67
25thPercent|Ie ............................................... ¥ S g ——
50th Percentile (median) 43.57 53.14
75th Percentile 49.81 57.51
StandardDewatlon ....................................... 1002819 .........................

RANGE e B P

Sample Description

N 107 Five Most Prevalent Comorbidities

Mean Age 59.2 Angina-Ever 55.8%
Percent Over 65 29.0 Angina-Recent 50.7%
Percent Female 30.8 Hypertension 42.5%
Mean Education 12.8 Back Pain/Sciatica 28.7%
Percent Poverty 14.0 Diabetes Type Il 24.3%

Definition of myocardial infarction: Physician report of myocardial infarction within the past year.
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TABLE 8.29 NORMS FOR COMORBID RECENT ANGINA WITHOUT MYOCARDIAL
INFARCTION, WITH HYPERTENSION, MOS PARTICIPANTS

PCS MCS

Mean 38 63 50. 43

'25th Percent||e 29 5744 T —

50th Percentile (median) 40.64 52.82

75th Percentlle 48.00 57 .96

.Standard Dewatlon 1104 Y i
Sample Description
N 256 Five Most Prevalent Comorbidities
Mean Age 59.7 Back Pain/Sciatica 50.0%
Percent Over 65 394 Musculoskeletal Complaints 29.0%
Percent Female 55.1 Past Mi 24.0%
Mean Education 12.7 Dermatitis 21.0%
Percent Poverty 23.0 Osteoarthritis 18.0%

Definition of angina: Symptoms of angina in past six months in the absence of an MI within one year.

TABLE 8.30 NORMS FOR COMORBID BACK PAIN/SCIATICA WITH HYPERTENSION, MOS

PARTICIPANTS

PCS MCS
Mean 39 67 51. 37
g e 29 5745 e
50th Percentile (median) 41.22 54.39
75th Percentlle 49 54 59. 11
e e 11 7110 e
AU . .« RO N L
Sample Description
N 481 Five Most Prevalent Comorbidities
Mean Age 60.4 Musculoskeletal Complaints 30.0%
Percent Over 65 35.8 Angina-Recent 28.0%
Percent Female 64.2 Angina-No MI 27.0%
Mean Education 12.2 Varicosities 21.0%
Percent Poverty 20.6 Osteoarthritis 21.0%

Definition of back pain/sciatica: Attacks of back pain or sciatica in last six months.
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TABLE 8.31 NORMS FOR COMORBID BENIGN PROSTATIC HYPERTROPHY (BPH)
SYMPTOMS WITH HYPERTENSION, MOS PARTICIPANTS

PCS MCS
Mean 43.84 54.13
e e - - oY
50th Percentile (median) 46.44 57.04
75th Percentile 51.63 59.67
StandardDeV|atlon1028872
RANGE ot 300 20T D
Sample Description
N 184 Five Most Prevalent Comorbidities
Mean Age 67.1 Back Pain/Sciatica 32.0%
Percent Over 65 53.8 Musculoskeletal Complaints 27.0%
Percent Female 0.0 Past Ml 22.0%
Mean Education 12.5 Angina-Recent 22.0%
Percent Poverty 17.6 Angina-No Ml 21.0%

Definition of BPH symptoms: Male, age 50 years or older, history of nocturia in past six months, no serious kidney disease ever
diagnosed, and no report of prostatic cancer.

TABLE 8.32 NORMS FOR COMORBID CHRONIC OBSTRUCTIVE PULMONARY DISEASE
(COPD) WITH HYPERTENSION, MOS PARTICIPANTS

PCS MCS
Mean 35.90 47.73
25thPercent||e2571 ............... Y am—
50th Percentile (median) 36.51 50.93
75th Percentile 43.52 57.79
StandardDevuat|on10381144
RANGE o eeemsn L s I
Sample Description
N 85 Five Most Prevalent Comorbidities
Mean Age 62.4 Back Pain/Sciatica 55.0%
Percent Over 65 42 .4 Angina-Recent 38.0%
Percent Female 63.5 Angina-No Mi 36.0%
Mean Education 11.6 Varicosities 31.0%
Percent Poverty 34.7 Musculoskeletal Complaints 27.0%

Definition of COPD: Lung disease diagnosed by physician as COPD in past six months.



p- 8:34 ¢ Interpretation: Norm-Based SF-36 Summary Measures

TABLE 8.33 NORMS FOR COMORBID DERMATITIS WITH HYPERTENSION, MOS

PARTICIPANTS
\
PCS MCS
Mean 43.06 51.94
25thPercent|Ie35434672
50th Percentile (median) 46.19 54.00
75th Percentile 52.22 58.64
StandardDeV|at|on 3 . 1089893
Sample Description
N 231 Five Most Prevalent Comorbidities
Mean Age 57.6 Back Pain/Sciatica 55.0%
Percent Over 65 35.5 Musculoskeletal Complaints 38.0%
Percent Female 48.5 Angina-Recent 36.0%
Mean Education 132 Angina-No Ml 31.0%
Percent Poverty 16.3 Varicosities 27.0%

Definition of dermatitis: Now have condition that physician ever diagnosed chronic skin rash.

TABLE 8.34 NORMS FOR COMORBID MUSCULOSKELETAL COMPLAINTS WITH
HYPERTENSION, MOS PARTICIPANTS

PCS MCS
Mean 41.60 52.79
25thPercent|Ie33434617
50th Percentile (median) 43.15 55.80
75th Percentile 50.26 59.71
StandardDeV|at|on1O42976
RENGE. eSO 21O
Sample Description
N 341 Five Most Prevalent Comorbidities
Mean Age 61.4 Back Pain/Sciatica 43.0%
Percent Over 65 41.6 Angina-Recent 23.0%
Percent Female 63.0 Varicosities 22.0%
Mean Education 12.0 Angina-No Ml 21.0%
Percent Poverty 227 Dermatitis 18.0%

Definition of musculoskeletal complaints: Now have active condition physician ever diagnosed arthritis, but criteria for osteoarthritis or
rheumatoid arthritis not met.
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TABLE 8.35 NORMS FOR COMORBID OSTEOARTHRITIS WITH HYPERTENSION, MOS

PARTICIPANTS
PCS MCS
Mean 36.10 53.43
i T ——— I
50th Percentile (median) 37.00 56.30
75th Percentile 46.83 60.50
StandardDeV|at|on12001020
e 15 L. ol I
Sample Description
N 175 Five Most Prevalent Comorbidities
Mean Age 67.8 Back Pain/Sciatica 57.0%
Percent Over 65 58.9 Varicosities 27.0%
Percent Female 74.3 Angina-No Ml 26.0%
Mean Education 11.9 Angina-Recent 26.0%
Percent Poverty 23.8 Musculoskeletal Complaints 19.0%

Definition of osteoarthritis: Now have active condition physician ever diagnosed as arthritis, and physician ever labeled it osteoarthritis
or degenerative arthritis, and patient is 55 years or older.

TABLE 8.36 NORMS FOR COMORBID VARICOSITIES WITH HYPERTENSION, MOS

PARTICIPANTS
PCS MCS
Mean 41.91 51.66
T S VP e T
50th Percentile (median) 43.54 54.60
75th Percentile 49.97 58.85
o e S ———————— ma——
Sample Description
N 222 Five Most Prevalent Comorbidities
Mean Age 61.8 Back Pain/Sciatica 45.0%
Percent Over 65 39.2 Musculoskeletal Complaints 34.0%
Percent Female 721 Angina-Recent 25.0%
Mean Education 12.2 Angina-No Mi 25.0%
Percent Poverty 20.1 Osteoarthritis 21.0%

Definition of varicosities: Now have condition that physician ever diagnosed as varicose veins/deep varicosities.
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TABLE 8.37 NORMS FOR ONE-YEAR CHANGE SCORES, TOTAL MOS SAMPLE (N = 1539)

PCS MCS
Mean -0.53 1.10
B e —— 7 i——— e
50th Percentile (Median) -0.39 0.36
75th Percentile 4.15 5.46
T —— s 953 .........................
Range -43 to 34 -37 to 45

Percent Classified as Better, Stayed the Same, or Worse:' Total

PCS f % MCS f %
Worse 358 23.3 Worse 238 15.5
Stayed the Same 874 56.8  Stayed the Same 960 62.4
Better 307 19.9  Better 341 22.1

Note: 39 patients who died between baseline and one-year follow-up are excluded.

TABLE 8.38 NORMS FOR ONE YEAR CHANGE SCORES, CLINICAL DEPRESSION (N = 279)

PCS MCS
Mean -0.64 3.86
el i S ———— o/
50th Percentile (median) -0.25 2.78
75th Percentile 4.70 11.30
StandardDeV|at|on931 ...... i

Range

-36to34

-35 to 45 i

Percent Classified as Better, Stayed the Same, or Worse:" Depression

PCS f % MCS f %
Worse 81 29.0 Worse 50 17.9
Stayed the Same 139 49.8 Stayed the Same 111 39.8
Better 59 21.2 Better 118 42.3

Note: 5 patients who died between baseline and one-year follow-up are excluded.

1

Patients classified as "better" or "worse" have one year difference scores greater than +2 SEMs. Patients with one year difference

scores within +2 SEMs are classified as "stayed the same" (2 SEMs: PCS = £5.42; MCS = +6.33).
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TABLE 8.39 NORMS FOR ONE YEAR CHANGE SCORES, CONGESTIVE HEART FAILURE

(N=131)

PCS MCS
Mean -1.69 0.91
25thPercent|Ie-550-283
50th Percentile (median) -0.80 0.64
75th Percentile 2.55 4.53
e S ——— e e ——
Range -34 to 20 -27 t0 33

Percent Classified as Better, Stayed the Same, or Worse:" CHF

PCS f % MCS f %
Worse 35 26.7 Worse 23 17.6
Stayed the Same 66 50.4  Stayed the Same 80 61.1
Better 30 229  Better 28 21.3

Note: 15 patients who died between baseline and one-year follow-up are excluded.

TABLE 8.40 NORMS FOR ONE YEAR CHANGE SCORES, DIABETES TYPE Il (N = 291)

PCS MCS
Mean 0.22 0.18
25thPercent||e-452 et se e 1 A
50th Percentile (median) 0.11 -0.29
75th Percentile 5.39 4.32
StandardDeV|at|on883 e
Range -28 to 27 -22to 24

Percent Classified as Better, Stayed the Same, or Worse:" Diabetes

PCS f % MCS f %
% Worse 71 244 % Worse 48 16.5
% Stayed the Same 159 546 % Stayed the Same 191 65.6
% Better 61 21.0 % Better 52 17.9

Note: 11 patients who died between baseline and one-year follow-up are excluded.

! Patients classified as "better” or "worse" have one year differences scores greater than 2 SEMs of the mean. Patients with one

year difference scores within +2 SEM's are classified as "stayed the same" (2 SEM's: PCS = +5.42; MCS = 16.33).
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TABLE 8.41 NORMS FOR ONE YEAR CHANGE SCORES, HYPERTENSION (N = 895)

PCS MCS
Mean_ -9_:40

s Percentlle-486
50th Percentile (Median) -0.40 -0.02
75th Percentile 4.16 4.08
StandardDewahon 909807
BAN0 emsssiiemm D038 err—t 038

Percent Classified as Better, Stayed the Same, or Worse:" Hypertension

PCS % MCS %
Worse 216  Worse 14.3
Stayed the Same 58.5  Stayed the Same 69.5
Better 19.9  Better 16.2

Note: 25 patients who died between baseline and one-year follow-up are exciuded.

TABLE 8.42 NORMS FOR ONE YEAR CHANGE SCORES, MYOCARDIAL INFARCTION (N =67)
e ——- - sss s seeewesmeesy

PCS MCS
Mean 0.44 As7
25th Percentile -1.92 -2.54

50th Percentile (median) 0.98 1.94
T s RS I—— ——
Standard Deviation 6.05

534

Range o SO 1 . . T - LA .

Percent Classified as Better, Stayed the Same, or Worse:' M/

PCS f % MCS f %
Worse 10 14.9 Worse 7 10.5
Stayed the Same 44 65.7 Stayed the Same 50 74.6
Better 13 19.4  Better 10 14.9

Note: 4 patients who died between baseline and one-year follow-up are excluded.

- Patients classified as "better” or “worse have one year difference greater than +2 SEMs. Patients with one year difference scores

within £2 SEM's are classified as "stayed the same” (2 SEMs for PCS = +5.42, MCS = 16.33).
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TABLE 8.43 NORMS FOR ONE YEAR CHANGE SCORES, RECENT ANGINA WITHOUT
MYOCARDIAL INFARCTION, WITH HYPERTENSION (N = 133)

PCS MCS
Mean -1.24 0.10
25thPercent|Ie-491-503
50th Percentile (median) -1.04 -0.05
75th Percentile 3.44 6.11
StandardDeV|at|on882965
Range -23to 21 -36 to 26

Percent Classified as Better, Stayed the Same, or Worse:” Angina

PCS f % MCS f %
Worse 33 249 Worse 25 18.8
Stayed the Same 80 60.1 Stayed the Same 77 57.9
Better 20 15.0 Better 31 23.3

Note: 6 patients who died between baseline and one-year follow-up are excluded.

TABLE 8.44 NORMS FOR ONE YEAR CHANGE SCORES, BACK PAINS / SCIATICA WITH
HYPERTENSION (N = 241)

PCS MCS
MEAN it PR 2056 .
i v R
50th Percentile (median) -0.62 -0.34
T8thPercentile e 203 20 _
Standard Deviation 1015 9.42
RANGE s 331029 301028

Percent Classified as Better, Stayed the Same, or Worse:’ Back Pain/Sciatica

PCS f % MCS f %
Worse 61 253 Worse 47 19.5
Stayed the Same 129 53.5 Stayed the Same 150 62.2
Better 51 21.2 Better 44 18.3

Note: 6 patients who died between baseline and one-year follow-up are excluded.

1  Patients classifies as "better" or "worse" have one year difference scores greater than +2 SEMs. Patients with one year difference
scores within 2 SEMs are classified as "stayed the same" (2 SEM: PCS = £5.42; MCS = £6.33).
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TABLE 8.45 NORMS FOR ONE YEAR CHANGE SCORES, BENIGN PROSTATIC HYPERTROPHY
SYMPTOMS (BPH) WITH HYPERTENSION (N = 101)

PCS MCS
Mean -0.70 -0.13
e R oo e oo
50th Percentile (median) -1.67 0.35
75th Percentile 3.44 3.99
StandardDeV|at|on783 i am——
Range -23t0 25 -21t0 26

Percent Classified as Better, Stayed the Same, or Worse'' BPH

PCS f % MCS f %
Worse 25 24.8 Worse 16 15.8
Stayed the Same 56 56.4  Stayed the Same 70 69.3
Better 20 19.8 Better 15 14.9

Note: 5 patients who died between baseline and one-year follow-up are excluded.

TABLE 8.46 NORMS FOR ONE YEAR CHANGE SCORES, CHRONIC OBSTRUCTIVE
PULMONARY DISEASE (COPD) WITH HYPERTENSION (N = 46)

PCS MCs
Mean -3.30 4.78
25thPercent|Ie-778-281
50th Percentile (median) -3.23 3.49
75th Percentile 0.44 9.40
i e PR e

Percent Classified as Better, Stayed the Same, or Worse:' COPD

PCS f % MCS f %
Worse 14 30.5 Worse 7 15.2
Stayed the Same 26 56.5 Stayed the Same 26 56.5
Better 6 13.0 Better 13 28.3

Note: 1 patient who died between baseline and one-year follow-up is excluded.

1 Patients classifies as "better" or "worse" have one year difference scores greater then +2 SEMs. Patients with one year difference
scores within +2 SEMs are classified as "stayed the same” (2 SEMs: PCS = £5.42; MCS = +6.33).
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TABLE 8.47 NORMS FOR ONE YEAR CHANGE SCORES, DERMATITIS WITH HYPERTENSION

(N =125)
PCS MCS
Mean -0.20 -0.17
25thPercent|le .............................................. e R o —
50th Percentile (median) -1.54 0.21
75th Percentile 3.86 4.68
StandardDeV|at|on .......................................... 890773 .........................

Renge 03B

Percent Classified as Better, Stayed the Same, or Worse:' Dermatitis

PCS f % MCS f %
Worse 29 23.2 Worse 21 16.8
Stayed the Same 71 56.8 Stayed the Same 85 68.0
Better 25 20.0 Better 19 15.2

Note: 4 patients who died between baseline and one-year follow-up are excluded.

TABLE 8.48 NORMS FOR ONE YEAR CHANGE SCORES, MUSCULOSKELETAL COMPLAINTS
WITH HYPERTENSION (N = 168)

/

PCS MCS
Mean -1.96 -1.24
25thPercent|le-587 . _511
50th Percentile (median) -1.22 -0.29
75th Percentile 4.15 3.16
StandardDeVIatlon1089909
Range -38 to 32 -36 to 33

Percent Classified as Better, Stayed the Same, or Worse:! Musculoskeletal

Comp.

PCS f % MCS f %
Worse 38 226 Worse 27 16.1
Stayed the Same 93 55.4 Stayed the Same 116 69.0
Better 37 22.0 Better 25 14.9

Note: 7 patients who died between baseline and one-year follow-up are excluded.

1 Patients classified as "better" or "worse" have one year difference scores greater than +2 SEMs. Patients with one year difference
scores within +2 SEMs are classified as "stayed the same” (2 SEMs: PCS = £5.42; MCS = 16.33).
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TABLE 8.49 NORMS FOR ONE YEAR CHANGE SCORES, OSTEOARTHRITIS WITH
HYPERTENSION (N = 102)

PCS MCS
Mean -2.09 -0.21
25thPercent|le ................................................. Y T o
50th Percentile (median) -3.34 -0.20
75th Percentile 3.20 3.81
StandardDeV|at|on813853 ........................
Range -23-19 -20-26

Percent Classlfied as Better, Stayed the Same, or Worse:' Osteoarthritis

PCS f % MCS f %
Worse 31 30.4  Worse 23 226
Stayed the Same 52 91.0  Stayed the Same 65 63.7
Better 19 18.6  Better 14 13.7

Note: 2 patients who died between baseline and one-year follow-up are excluded.

TABLE 8.50 NORMS FOR ONE YEAR CHANGE SCORES, VARICOSITIES WITH
HYPERTENSION (N = 130)

PCS MCS
Mean -0.70 -1.00
25thPercent|Ie489638
50th Percentile (median) -0.40 0.76
75th _lfgrcg_ntile _ 3.75_ 3.63

s - S —
RANGE . 28032 28009

Percent Classified as Better, Stayed the Same, or Worse: Varicosities

PCS f % MCS f %
Worse 30 23.1  Worse 30 23.1
Stayed the Same 73 56.1  Stayed the Same 83 63.8
Better 27 20.8 Better 17 13.1

1 Patients classified as "better" or "worse" have one year difference scores greater than +2 SEMs. Patients with one year difference
scores within 2 SEMs are classified as "stayed the same" (2 SEMs: PCS = 15.42; MCS = £6.33).
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<> Chapter 9. Applications: Outcomes Research

Background Alternative treatments and health care in general should be judged in terms
of "how closely the result approaches the fundamental objectives of
prolonging life, relieving distress, restoring function, and preventing
disability" (Lembcke, 1952). Accordingly, outcomes research broadens the
definition of outcome beyond traditional clinical endpoints to represent the
implications of disease and treatment in terms of what people are able to do
and how they feel. As reviewed elsewhere (Ware, 1995), substantial
advances have been made in the validity and practicality of patient-based
methods for assessing these outcomes. The reason for using these methods
is that much is known about the dollar costs of health care and little is
known about the health benefits. It is becoming increasingly accepted that
patients are the best source of information about health benefits.

Results summarized in Chapter 6 illustrate advantages of both the SF-36
profile of eight scales and the PCS and MCS summary scales. Other surveys
that offer both kinds of scaling options include the Sickness Impact Profile
(Bergner, Bobbitt, Carter, et al, 1981) and the Duke Health Profile
(Parkerson, Broadhead, & Tse, 1990). Measures that yield a single score
without the option of analyzing individual dimensions include the Index of
Well-Being (Kaplan & Anderson, 1988) and the EuroQOL (EuroQOL Group,
1990).

Published Outcomes Studies

This chapter summarizes results from re-analyses of four published studies
that compared SF-36 health profiles to estimate health outcomes following:
a) heart valve replacement surgery (Phillips & Lansky, 1992); b) hip
replacement surgery (Katz, Larson, Phillips, et al., 1992); c) treatment for
Jow back pain (Lansky, Butler, & Waller, 1992); and d) drug therapy for
duodenal ulcers (Rampal, Martin, Marquis, et al., 1994). The first two of
these studies were also discussed in the original SF-36 User's Manual (Ware,
Snow, Kosinski, et al., 1993). Numerous other studies -- 85 at last count --
are cited in the references.

Published results from these four longitudinal studies were used to estimate
the PCS and MCS scores and to compare findings and conclusions with
those for the eight-scale SF-36 profile. These comparisons were made with
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Heart Valve
Replacement

two objectives: a) to address the issue of what is gained and what is lost
with reliance on the SF-36 summary measures; and b) to illustrate the use
of the interpretation guidelines presented in Chapters 7 and 8 to interpret
results published by others. Are interpretation guidelines useful in
understanding the implications and consequences of differences in
outcomes for patients measured using the PCS and MCS?

For each study, mean scores for the eight SF-36 scales were aggregated
using the formulas for the PCS and MCS scales in Chapter 4. The resulting
estimates represent the mean scores that would have been observed for the
PCS and MCS, if those summaries had been computed at the time of the
original analyses. In the place of variance estimates, which cannot be
estimated for the PCS and MCS from published descriptive statistics for SE-
36 scales, estimates of standard deviations from the general U.S. population
were relied upon. (From the published variance estimates for the SF-36
scales across the four studies, it appears that the general population
standard deviations used here provide good approximations for purposes
of significance testing for differences in PCS and MCS scores.)

In the examples presented below, we use interpolation to estimate the
"criterion" value associated with different PCS and MCS scores, based on
data provided in the tables in Chapter 7 and 8. A detailed explanation of
how this was done is presented at the end of the chapter.

Phillips & Lansky (1992) reported SF-36 profiles for 62 patients before and
after heart valve replacement. Among the conclusions from their study
were: a) substantial decrements in all eight SF-36 health status scales before
surgery, particularly for five of the scales, (PF, RP, VT, SF, and RE); and b)
significant improvements in all eight SF-36 scales after surgery.

Figure 9.1 compares SF-36 profiles before surgery with those at six-month
follow-up. (The "normative" profile originally published is not reproduced.)
The estimates for the PCS and MCS, which we have added to Figure 9.1, are
consistent with results for the profile of eight scores. The average score of
35.1 for the PCS before surgery is well below the mean of 50 for the general
U.S. population, and is below the mean observed for the PCS in norms for
nearly all chronic conditions studied in the MOS and general population
(Chapter 8). These results indicate that the summaries would have led to
very similar conclusions about the physical and mental health burden of
these patients just prior to heart surgery.

The improvements in the eight SF-36 scales observed at the six-month
follow-up after surgery were also captured by the PCS and MCS. Because
the two summary scales take into account the correlations among the eight
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scales, they help to clarify that the burden of heart valve disease is
concentrated in the physical dimension of health and that, although
improvements in both the PCS and MCS were significant, improvement
following heart valve replacement was concentrated in the physical
dimension (A = 7.6 for the PCS and 3.2 for the MCS).

The average improvement of 7.6 points in the PCS following surgery (from
35.1 to 42.7) can be interpreted using the norms in Chapter 8, as well as the
content- and criterion-based guidelines presented in Chapter 7. Both the
initial score of 35.1 and the amount of change observed must be taken into
account because the interpretation guidelines depend on both, as explained
in Chapter 7. Examples of results useful in interpreting an improvement of
7.6 from a pre-treatment PCS score of 35.1 are listed below (source tables
from Chapters 7 and 8 are given in parentheses):

FIGURE 9.1 MEAN SF-36 SCORES BEFORE AND AFTER HEART
VALVE REPLACEMENT SURGERY (N=62)

100 — — 100 —
Key: « Before treatment *** p<.001 |
| mm After frealment  ** P <.01
= p<.05 |
80 = = S ' 1 80— I

60

L
-

20|
e

0

PF RP BP GH vT SF RE MH PCS MCS

Source: Phillips & Lansky, 1882 (5F-36 data);
PLCS and MCS estimated from published data

Norm-based interpretations using tables in Chapter 8 reveal that:
(a) the average PCS score of 35.1 before surgery is 1.5 SD units below
the mean (Table 8.1) and specifically just below the 11th percentile.
(b) the change in the PCS scale from 35.1 to 42.7 represents an
improvement from the 11th to the 20th percentile (Table 8.2).
(c) changes in the MCS, an average of 43.3 to 46.5 (A = +3.2),
represents an improvement from approximately the 22nd to the
28th percentile in the general U.S. population (Table 8.2).

Content-based interpretations include specific estimates of percentage-point
reductions in the likelihood of limitations in:
(d) walking one block (reduced from 37.3% to 19.1%) (Table 7.2).
(e) climbing one flight of stairs (reduced from 56.1% to 28.7%) (Table
7.2).
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Criterion-based interpretation guidelines include:
(f) lowered probability of overnight hospitalization (reduced from
9.0% to 6.5%) (Table 7.6).
() one-third decrease in the predicted probability of death within five
years (from approximately 12.4% to 8.5%) (Table 7.8 with
interpolation).

Although the average improvement in the MCS scores from 43.3 to 46.5 (A
= +3.2) might seem numerically small, the clinical and social implications
appear noteworthy from results presented in Chapter 7, including:
(h) a21% reduction (from 15.0% to 11.8%) in the likelihood of clinical
depression (Table 7.10).
(i) a20% reduction (from 21.1% to 16.9%) in the likelihood of mental
health treatment (Table 7.10).
() a 12% reduction in the probability of reporting substantial life
stress (from 35.8% to 31.4%) (Table 7.9).

Numerous other norm-based and criterion-based interpretations of these
results are possible using the tables presented in Chapters 8 and 7,
respectively.

Hip Replacement The top and bottom panels in Figure 9.2 compare unstandardized (0-100
scoring) and standardized (SD units) estimates of changes in the eight SF-36
scales with average changes in PCS and MCS scores for 54 adults following
total hip arthroplasty (from Katz, Larson, Phillips, et al., 1992). Note that the
PCS and MCS change scores maintain the same relationship across panels
because both are scored in SD units. Because the standardization of change
scores following treatments is a linear transformation, standardization does
not change conclusions from statistical tests for significance. However,
standardization does change some conclusions about which SF-36 scales
changed most. The top panel (unstandardized) suggests that RP improved
substantially more than GH; however, as shown in the second panel
(standardized scores), they changed nearly the same amount in SD units
and GH is more significant, slalistically. Likewise, the top panel suggests
that RE improved more than MH; however, as shown in the bottom panel,
the reverse is true when change scores are expressed in SD units.

Although all eight SF-36 scales improved a statistically significant amount
following total hip arthroplasty, comparison of the estimates of changes in
the PCS and MCS scales indicates that improvement was much greater in
physical health. The PCS improved more than twice as much as the MCS.

Examples of norm-based interpretation using the tables presented in
Chapter 8 include:
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(a) an average improvement of 9.5 in the PCS (from 39.0 to 48.5)
represents an improvement in physical health large enough to
move from about the 15th to the 33rd percentile of the distribution
of scores in the general U.S. population (Table 8.2).

(b) an average improvement in MCS scores of 3.8 (from 39.7 to 43.5)
represents an improvement in mental health large enough to move
from about the 17th percentile to the 22nd percentile (Table 8.2).

FIGURE 9.2 COMPARISON OF UNSTANDARDIZED AND
STANDARDIZED CHANGES IN SF-36 SCALE SCORES
AND SUMMARY MEASURES FOLLOWING HIP
REPLACEMENT (N=54)

Unstandardized SF-36 Scales (0-100)
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Standardized SF-36 Scales (SD Units)

Better .

1 1 {
| l s
Same 0 0; |
Worse
1 PF RP BP GH VI SF _RE MH ' PCS  MCS
Source: Adapted from Katz, Larson, Phillips, et al., 1992, * p<.05
*»  p<.001

The tables presented in Chapter 7 can be used to interpret the average
improvement in the PCS and MCS based on item content. Content-based
interpretations indicate that the observed improvement in the PCS score
reflects reductions in the percentage of people likely to report on the SF-36:
(c) that they had to cut down on work time (87% fewer people had to
cut down on work time three months after hip replacement; percent
cutting down work time dropped from 42.3 before the operation to

5.25 three months after the operation) (Table 7.2).
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Treatment for Low
Back Pain

(d) that they had severe pain (90% reduction in those reporting severe
pain from 10.5% before the operation to 1% three months after the
operation) (Table 7.2).

Criterion-based interpretations express improvement in the PCS scores in
terms of reductions in the percentage of people likely to:
(e) be unable to work (75% reduction in probability of reporting
inability to work from 28.8% to 7.1%) (Table 7.5).
(f) have a doctor visit in the past month (38% reduction in the
probability of visiting the doctor in the past month from 38.3% to
23.6%) (Table 7.7).

Content-based interpretations associated with the 3.8 point improvement
on the MCS scores observed for hip replacement include:
(§) a 44% reduction in percentage that worked less carefully due to
emotional problems (from 48.7% to 27.4%) (Table 7.3).
(h) a28% reduction in the percentage that accomplish less at work due
to emotional problems (from 68.3% to 48.9%) (Table 7.3).

Criterion-based interpretation guidelines include:
(i) a46% increase in the percentage being extremely or very happy
with their personal life (from 25.9% to 37.3%) (Table 7.9).
() a32% reduction in the likelihood of mental health treatment (from
28.9% to19.4%) (Table 7.10).

Lansky, Butler, & Waller (1992) reported SF-36 profiles for 113 spine center
patients before and after outpatient treatment of low back pain. Conclusions
reached from their study included: (a) substantial deficits were observed
during initial assessment of two of the eight SF-36 scales, specifically
patients' ability to function in their physical roles and pain; (b) patients
reported significant improvement in both physical roles and pain at the 90-
day follow-up assessment; and (c) SF-36 scales measuring general health
perceptions and emotional functioning did not change significantly during
the course of treatment.

Figure 9.3 compares mean scores for the SF-36 profile and the PCS and MCS
summary scales before treatment for low back pain and at 90-day follow-up
after treatment. Significant improvements were reported for five of the eight
SF-36 scales (PF, RP, BP, VT, and SF) and for the PCS summary scale. There
were no significant declines. In standard deviation units, improvements
were largest for the PF, RP, BP, and SF scales, which is consistent with an
improvement in the physical component of health. This interpretation is
supported by the large and significant improvement in the PCS scale, in the
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absence of a significant improvement in the MCS scale. Interestingly,
despite this substantial improvement in physical functioning, on average,
these patients did not evaluate their health status more favorably after
surgery, as indicated by the general health scale scores before and after
treatment.

Examples of norm-based interpretations of the PCS and MCS using the
tables presented in Chapter 8 include:

(a) an average improvement of 7.6 points on the PCS (from 32.3 to
39.9) represents an improvement in physical health large enough
to move from about the 8th to the 17th percentile of the distribution
of scores in the general U.S. population (Table 8.2).

(b) a before treatment score of 32.3 on the PCS represents 1.8 standard
deviation units below the mean of the general U.S. population. A
post treatment score of 39.9 on the PCS represents 1.0 standard
deviation units below the mean of the general U.S. population
(Table 8.2).

(c) before and after treatment scores on the MCS, 47.2 and 48.5
represent 0.28 and 0.15 standard deviation units, respectively,
below the mean of the general U.S. population (Table 8.2).

Examples of content-based interpretations using the tables presented in
Chapter 7 include:
(d) a36% reduction in the percentage having difficulty performing at
work due to physical limitations (from 87.6% to 55.7%) (Table 7.2).
(e) a 64% reduction in the likelihood of having severe or very severe
bodily pain (from 21.0% to 7.4%) (Table 7.2).

FIGURE 9.3 MEAN SF-36 SCORES BEFORE AND AFTER
TREATMENT FOR LOW BACK PAIN (N=113)

100 = 100 .

Key: + Before treatment *** p <.001
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Source: Lansky, Butler, & Waller, 1882 (SF-36 dala);
PCS and MCS estimated from published data.

Criterion-based interpretation guidelines include:
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Duodenal Ulcer
Treatment

(f) a25.7% reduction in job loss over one year (from 26.6% to 18.3%)
(Table 7.5).

(g) a22.2% reduction in the likelihood of having seen the doctor in the
last month (from 47.6% to 37.0%) (Table 7.7).

The MCS scores after treatment did not differ significantly from those
before treatment and, therefore, were not interpreted further.

Rampal, Martin, Marquis, et al. (1994) conducted a study that compared SF-
36 profiles over a one-year follow-up period for 581 duodenal ulcer
patients, randomized into two drug treatment regimens: maintenance
treatment versus intermittent treatment. Among the conclusions from their
study were: a) all SF-36 scores improved over time in both treatment
regimens; and b) the improvement in SF-36 scores over one year was
greater for patients in the maintenance treatment regimen than for patients
in the intermittent treatment regimen.

Figure 9.4 compares average changes in SF-36 scores and the two summary
measures over one year for both treatment regimens. Significant
improvements in all eight scales were observed with both treatment
regimens, except for the GH scale for those treated intermittently. The
estimates for the PCS and MCS, which we have added to Figure 94, are
consistent with results for the profile of eight scores. Like the SF-36 profile,
significant improvements on PCS and MCS scores are observed for both
treatment regimens, and the improvement is greater in the maintenance
treatment regimen for both summary scales.

Examples of norm-based interpretations for the PCS and MCS using the
tables presented in Chapter 8 include:

(a) an average improvement on the PCS from 47.9 to 52.6 for the
maintenance treatment regimen represents an improvement in
physical health large enough to move from about the 31st to the
46th percentile of the distribution of scores in the general U.S.
population (Table 8.2).

(b) an average improvement on the MCS from 45.1 to 51.5 for the
maintenance treatment regimen represents an improvement large
enough to move from nearly one-half a standard deviation (SD)
below the general U.S. population mean to 0.15 SD units above that
mean.

Examples of content-based interpretations using the tables presented in
Chapter 7 include:

(c) for those in the maintenance treatment regimen, the improvement

in PCS meant a 74% reduction in difficulty performing at work due
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to physical limitations (from 15.2% to 3.9%) (Table 7.2); and the
improvement in MCS meant a 62% reduction in accomplishing less
at work due to emotional problems (from 39.0% to 14.7%) (Table
7.3).

(d) for those in the intermittent treatment regimen, the improvement
in PCS meant a 38% reduction in reports of fair or poor health
(from 12.5% to 7.7%) (table 7.2); and the improvement in MCS
meant a 53% reduction in feeling tired all or most of the time (from
21.0% to 9.7%) (Table 7.3).

FIGURE 9.4 COMPARISON OF MEAN CHANGES IN SF-36

SCORES FOR DUODENAL ULCER PATIENTS
RECEIVING MAINTENANCE VERSUS
INTERMITTENT DRUG TREATMENT (N=581)

30 — ——— = —
Better Key #s Maintenance Rx * p <0.05
. = Intermittent Rx A differs within group
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20 —

10

Same 0

Worse |
410 A0 —
PF RP BP GH vT SF RE MH PCS MCs
Note: With the exception of the PF scale, the differences in mean change scores between
the two groups are statistically significant and favor the maintenance treatment group.
Source: Rampal, Martin, Marquis, et al., 1994 (SF-36 data).
PCS and MCS computed from published data.

Examples of criterion-based interpretations using the tables presented in
Chapter 7 include:

(e) for those in the maintenance treatment regimen, the improvement
in PCS meant a 34% reduction in the likelihood of job loss over one
year (from 11.5% to 7.5%) (Table 7.5); and the improvement in PCS
meant a 38% reduction in the likelihood of clinical depression (from
12.7% to 7.8%) (Table 7.10).

(f) for those in the intermittent treatment regimen, the improvement
in PCS meant a 15% reduction on the likelihood of having seen the
doctor in the last month (from 25.7% to 21.8%) (Table 7.7); and the
improvement in MCS meant a 35% reduction in the likelihood of
mental health treatment (from 20.0% to 13.0%) (Table 7.10).
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Method for
Relating PCS and
MCS Scale Scores
to "Criterion"
Scores

Scale scores are interpreted by relating a difference or change in scale score
to other specific results as explained in Chapters 7 and 8. Since only ranges
and means within ranges for PCS and MCS scale scores and "criteria" are
printed in the tables in Chapters 7 and 8, one must calculate ratios of
differences and interpolate to estimate the "criterion" value that is
associated with a particular score. The numbers presented in the difference
ratio column (A /A) on the tables in Chapter 7 are for difference ratios
between levels. These can be used to relate differences in scale scores to
differences in criterion values for differences that occur between the levels
on the table. To relate differences in scale scores to differences in criterion
values within a level, it is necessary to calculate the difference ratio within
a level. This ratio is then used to associate the scale scores with the
"criterion” value. This method is illustrated in an example below in which
the death rate associated with scores on the PCS is estimated based on
interpolation using data from a portion of Table 7.8.

Death Rate in Five Years Associated with Heart Valve Replacement. Patients had
an average PCS score of 35.1 before heart valve replacement and 42.7 after
heart valve replacement. How is the change in the PCS score related to
predicted differences in the death rate? Portions of Table 7.8 reproduced
below in Table 9.1 show the percent of people who died within five years
at each of five score ranges on the PCS and the mean PCS score within each
of those ranges. The mean scores on PCS before (35.1) and after (42.7) heart
valve replacement lie within one level (level 3, Table 9.1). If either of these
scores were equivalent to the mean for that level (39.9), the percent that
would die in five years (6.2) could be read directly from the table. However,
since the percentages associated with these scores are not presented in the
table, they must be estimated by interpolation. This requires two steps.
First, the appropriate difference ratio (change in criterion per unit change
in PCS or MCS) must be calculated. Next, this ratio is used to estimate the
criterion value for a particular score. To estimate the predicted change in
the percent dying within five years corresponding to the change in PCS
scores before and after heart surgery, do the following:

(1) Identify the numbers to use to calculate the change in the criterion (e.g.,
death rate) per unit change in PCS (i.e., the difference ratio). This is done
by looking at the column of means for each level. Choose those
levels whose means are lesser and greater than the lower and
higher scores, respectively. On Table 9.1, the scale scores for before
(35.1) and after surgery (42.7) fall within the mean PCS scores for
levels 4 (29.9) and 2 (50.0).

(2) Calculate the percent change on the criterion (e.g., death rate) per unit
change in PCS. At level 2 (Table 9.1), the mean PCS is 50 and the
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percent that would die within five years is 4.7. At level 4 (Table
9.1), the mean PCS is 29.9 and the percent that would die within
five years is 15.1. To calculate the percent change in death rate per
unit change in the PCS, take the difference in the percent who died
associated with the mean PCS scores at levels 4 and 2 (15.1%-
4.7%=10.4%) and divide it by the difference in the means at levels
2 and 4 (50.0-29.9=20.1). The percent death rate change per unit
change in PCS is 0.52 (10.4%/20.1).

TABLE 9.1 PORTION OF TABLE 7.8 USED FOR INTERPRETATION:

FIVE-YEAR MORTALITY RATES FOR MOS PATIENTS AT
FIVE LEVELS OF THE PCS SCALE

PCS Scores Died

Levels Range Mean (N) % AIA
1 55-72 57.8 609 1.8 0.4
2 45-54 50 1181 4.7 0'1
3 35-44 39.9 754 6.2 0'9
4 25-34 29.9 443 15.1 0'7
5 8-24 20.4 233 21.5 '

(3) Calculate the percent on the criterion (e.g., the percent who die) at one

4)

score value (e.g., the before surgery score). The percent who die at the
before surgery score of 35.1 should be less than those who die at the
mean for level 4 (29.9), because the trend in the data is for the death
rate to go down as scores go up (higher scores indicate better
health). To estimate how many fewer people should die, subtract
the mean PCS score at level 2 (29.9) from the before PCS score
(35.1) and multiply this result by the percent change in death rate
per unit change in PCS [(35.1-29.9)*0.52=2.7%]. Subtract this result
(2.7%) from the percentage who die at a score of 29.9 (15.1%) to get
the percent who would die at a score of 35.1 (12.4%).

Calculate the percent on the "criterion" (e.g., the percent who die) at the
other score value (e.g., the after surgery score). To get the percent who
would die at the average after surgery score of 42.7, multiply the
difference between the before (35.1) and after surgery (42.7) PCS
scores of 7.6 (42.7-35.1=7.6) by the percent change in death rate per
unit change in PCS (0.52). This result (3.95%) should be subtracted
from the percent dying at the before surgery score (12.4%-
3.95%=8.5%). Thus, the percent who would die at a score of 42.7 is
estimated to be 8.5 percent.



p. 9:12 * Applications: Outcomes Research SF-36 Summary Measures

Final Comment

It should be understood that the interpretations offered in this chapter are
approximations. They are based on data from single studies. Also, simpler
rather than more complex calculations are used to promote better
understanding. For example, the difference ratios presented in this manual
are based on simple averaging and so assume a linear relationship between
score levels. When values associated with each score level differ greatly, a
more accurate approach would be to put greater weight on the values that
are closer to the score of interest. We have calculated simple averages for
difference ratios for each of several levels and thereby capture some of the
variation in change in criterion associated with change in scores at different
levels of scale scores. For example, on Table 9.1, the difference ratio between
levels 4 and 3 (0.9) is much larger than that between levels 3 and 2 (0.1).
Table 7.2 shows a wide variation in difference ratios for each of the 10
criteria listed.

Outcomes research seeks to inform decision-makers about health benefits
in terms of changes in what people are able to do and how they feel. Generic
measures of these outcomes, such as the PCS and MCS summary scales,
provide a common yardstick for purposes of estimating health burden
across diseases and for comparing benefits across treatments. The
interpretation of group differences detected by these measures can be
greatly facilitated using normative data as well as content- and criterion-
based interpretation guidelines.

The estimates of changes in PCS and MCS scores discussed above were
prepared to illustrate the use of norm-, content-, and criterion-based
interpretation guidelines from Chapters 7 and 8. Results for the PCS and
MCS were also compared with published results for the eight-scale SF-36
profile to provide preliminary tests of whether the summaries do a good job
of reflecting profile changes. The studies re-analyzed here are among the
first longitudinal SF-36 studies published. The first three studies reported
very large changes following treatment (see Chapter 7, Summary of Effect
Sizes, p. 7:18). Whether the satisfactory performance of the PCS and MCS
in summarizing SF-36 profiles and in detecting hypothesized changes in
these studies will generalize to others remains to be determined. In the
meantime, documentation of changes in the SF-36 profile along with
changes in the PCS and MCS summary scales in the same graph, as
illustrated above, facilitates comparisons of results.
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<> Chapter 10. Applications: Clinical Practice

Background Standardized health surveys have the potential to become the new
"aboratory tests" of medical practice (Deyo & Carter, 1992). Without them,
it appears that patient functioning and well-being are unlikely to be
discussed during a typical medical visit. Two-thirds to three-fourths of US.
adults reported that physicians rarely or never ask about the extent of their
limitations in performing everyday activities, even in the presence of
chronic conditions (Schor, Lerner, & Malspeis, 1995). As a result, practicing
physicians are unaware of relatively concrete impairment manifested by
observable limitations in physical, social, and role functioning (Rubenstein,
McCoy, Cope, et al., 1991). Differences in severity of psychological distress
also are often not apparent to treating physicians (Wells, Hays, Burnam, et
al,, 1989). Severely psychologically-distressed patients suffering from
psychiatric disorders often go unrecognized and untreated even when
mental health treatment is generously covered by health insurance (Ware,
Manning, Duan, et al,, 1984). It has been suggested that more widespread
use of standardized health measures may improve clinical practice
(American College of Physicians, 1988; Berwick, Murphy, Goldman, et al.,
1991).

Standardization of functional status and well-being assessments in
everyday medical practice may be useful in: (1) ensuring that all important
dimensions of functional status and well-being are considered consistently;
(2) detecting, explaining, and tracking changes in functional capacity over
time; (3) making it possible to better consider the patient's total functioning
when choosing among therapies; (4) guiding the efficient use of community
resources and social services; and (5) predicting more accurately the course
of chronic disease. Such data also would make it possible for physicians to
better inform patients about the clinical and functional tradeoffs involved
in alternative treatments (Fowler, Wennberg, Timothy, et al., 1988). Clearly,
a great potential exists for standardized measures of functional status and
well-being administered routinely as part of the clinical database

Confidence Intervals As with all health status scales, the interpretation of individual patient
scores for the PCS and MCS must take into account the amount of "noise"
in the scores that they yield. The "noise level" can be quantified and
displayed visually as a confidence interval (CI) around a patient's score. The
size of the CI is a function of both the reliability of a score and the standard
deviation of the score distribution in the population of interest (see Chapter
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5). Because score reliability determines the size of confidence intervals most
when individual scores are interpreted, psychometricians recommend a
much higher standard of score reliability for measures to be interpreted at
the individual patient level, as opposed to average scores for large groups of
patients (Guilford, 1954). For example, lowering the reliability of the PCS
from an actual 0.93 to a hypothetical 0.50 would increase the 95%
confidence interval for an individual patient PCS score by more than 250%
(from £ 5.7 to + 14.4).

Estimates for the 95% confidence interval for the PCS and MCS are 5.7 and
6.3, respectively, in the general U.S. population. Other estimates for larger
intervals are presented in Chapter 5. To the extent that either score
reliability or score variability differ in the patient population of interest,
relative to those for the general U.S. population used here, confidence
intervals should be re-estimated using coefficients of reliability and
standard deviations from the population of interest. As documented in
Chapters 5 and 8 (for reliability and standard deviations, respectively), such
differences are sometimes an issue for the patients used as examples here.

Monitoring Individual Patients

Charts for
Longitudinal Data

For the past five years, New England Medical Center (NEMC) has been
testing patient-based systems for monitoring and improving health
outcomes in various outpatient clinics. One project is in its fourth year of
quarterly administrations of the SF-36 to expand the definition of the
"adequacy" or "quality" of dialysis beyond traditional laboratory test values
among patients with end-stage renal disease (ESRD) (Kurtin, Davies,
Meyer, et al, 1992; Meyer, Espindle, DeGiacomo, et al., 1994). Recently
reported results for individual hemodialysis patients illustrate both the
feasibility and usefulness of periodic health assessments in managing
patients during the progression from advanced renal failure to end-stage
renal disease (Meyer, Espindle, DeGiacomo, et al., 1994).

Figure 10.1 plots the results of 12 quarterly administrations of the SF-36 for
one patient over a three-year period that included his seventh and eighth
years on dialysis (from Meyer, Espindle, DeGiacomo, et al., 1994). The
patient is a middle-aged married male, who is an employed parent. He
completed SF-36 forms at the time of regularly scheduled outpatient visits
for hemodialysis. Results for each of the eight SF-36 scales for the first two
years have been published. Analyses are extended here to include results
for the PCS and MCS scales. The solid horizontal line in each panel defines
a stable "norm" for a general U.S. population male of the same age, These
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FIGURE 10.1 LONGITUDINAL DATA FOR ESRD PATIENT 1
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Source: Meyer, Espindle, DeGiacomo, et al., American Journal of Kidney Disease, 1994.

norms vary considerably across scales, as documented in Chapter 8. Visit
one scores (1/91) were at or above the norm for six of eight scales (all except
VT and PF) and were within the 95% CI for the PCS and MCS. It should be
noted that the 95% CIs, which are indicated by the vertical lines above and
below the score for each observation, are much narrower for the PCS and
MCS (top panel) than for the eight scales (lower panel). As explained and
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Profiles for
Individual Patients

further documented in Chapters 4 and 5, this is an advantage of the two
summary measures in monitoring individual patients.

In conjunction with an adverse medical event, this patient's PCS score
declined dramatically by visit two (4/91). Underlying the decline in the PCS
were drops in the BP, RP, and SF scales. Recovery to levels high enough that
the 95% CI included the general population norm were observed for the BP
scale by the third observation period (7/91); followed by recovery to the
norm for the RP and SF scales by the fourth period (11/91). Improvements
in these scales are reflected in the PCS, which came within two standard
errors of normal by the fifth and sixth visits. The PCS did not completely
reach the norm because of the VT scale score, which remained well below
the norm across all visits. This pattern of low VT scores is often observed for
patients with chronic renal failure. Longitudinal monitoring revealed that
this patient's functional health and well-being remained stable throughout
most of the observation period.

Figure 10.1 illustrates a format for displaying longitudinal results for an
individual patient that NEMC clinicians have found useful. The figure also
illustrates several important lessons. First, the PCS and MCS reflect changes
that are observed in specific SF-36 scales. Second, general population norms
can be useful in understanding individual patient scores, which were below
the norm for physical health, but above the norm for mental health. Third,
this example calls attention to the much smaller size of confidence intervals
around individual patient scores for the PCS and MCS relative to the eight
SF-36 scales. Cls were particularly large for the RP and SF scales relative to
the PCS and MCS. These differences are explained in Chapters 4 and 5.
Finally, this example illustrates the value of establishing a personal norm
for each individual patient. Changes over time for an individual patient
may be best judged in relation to what is "normal" for that patient.

The display of longitudinal observations for an individual patient is
simplified by the PCS and MCS scales. Because longitudinal results for only
one dimension of health can be effectively displayed in the same chart, cight
charts were required for a display of longitudinal data for the SF-36 scales
(Meyer, Espindle, DeGiacomo, et al., 1994). If the PCS and MCS are used to
summarize that information, as illustrated here, only two displays are
required. Results for the eight scales provide useful back-up for use in
better understanding what is underlying a change in a PCS or MCS
summary score.

Along with short forms like the SF-36 and systems that rapidly process
survey forms with a high degree of reproducibility, acceptance by clinicians
also requires that the display of a profile be user-friendly. Figure 10.2
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Data Quality

illustrates another format for displaying SF-36 profiles and the PCS and
MCS scales for individual patients that is currently being evaluated.

Figure 10.2 shows the SF-36 profile and the PCS and MCS summary scores
for the patient with ESRD, discussed above. "Initial" (I) and "follow-up" (F)
visits correspond to the first and second visits discussed above. The bar
graphs for the SF-36 profile and for the PCS and MCS, along with the scores
printed, reveal that this patient had worsened substantially between SF-36
administrations. Significant declines, which are larger than the 95%
confidence interval, are indicated by downward arrows ( ¥ ) in Figure 10.2.
Significant ceclines were observed for four of the scales (RP, BP, SF, and
MH) and for the PCS. The decline of 24 points (from 52 to 28) in the PCS
scores represents a decline from just below the median (50th percentile) to
well below the 25th percentile for a 38-year-old male (see norms in Chapter
8, Table 8.5).

FIGURE 10.2 INITIAL AND FOLLOW-UP PROFILES FOR ESRD

PATIENT 1
SF-36 Health Status Profile
Patient ID: 1 Sex: Male Educ: n/a
gite: 3 Age: 38 Race: n/a
Initial Visit () 1-91 [l Follow-Up Visit (F) 04-91
10I’Ji -
|
80 —
60/
40—
20
oL " | o ;
PF RP BP GH VT SF RE MH PCS MCS
I| 80 100 100 75 45 100 100 85 | 52 54
F| 77 0 0 65 35 62 100 75 F 28 53
A v v v v A v
Change in score (A) shows improvement (4) or worsening (¥) beyond 95% ClI for individual patient.
Data Quality Initial Follow-Up
Version used Standard Standard
Overall quality Excellent Excellent
Items complete % 100% 100%
Consistency of responses % 100% 100%

The printout shown in Figure 10.2 also summarizes data quality.
Specifically, it indicates that the Standard SF-36 form and scoring were used
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Processing Systems

Patient Profiles:
More Examples

for both initial and follow-up administrations. Thus, it is appropriate to
compare them. Further, the overall data quality was "excellent." Specifically,
100% of the items were complete, and the Response Consistency Index
(RCI), which is an indicator of the patient's consistency in responding across
15 pairs of SF-36 items, yielded 100% consistency scores for both
administrations. In the general population (N = 2,474) and in the MOS (N
= 3,434),90.3% and 94.5% had no inconsistent responses, respectively; 6.1%
and 3.4% had one inconsistent response. The RCI and normative data for
interpreting the RCI are explained in the original SF-36 User's Manual
(Ware, Snow, Kosinski, et al., 1993).

The RT-2000 processing system for the SF-36 has the features discussed
above, including the RCI for monitoring data quality, along with other
options. With such advances in data processing systems, a doctor and
patient can monitor the patient's functional health and well-being on a
regular basis, inexpensively, without delay, and with highly reproducible
results. Such systems remove the practical barriers to monitoring patient
health outcomes routinely in everyday clinical practice.

Figures 10.3 and 10.4 present additional examples of the longitudinal
monitoring of PCS and MCS scores for an individual patient. The patients
involved were selected from among those followed during the first year of
the MOS. The first patient is a 37-year old female who, according to clinical
criteria (documented in Appendix A), recovered from a depressive disorder
that was diagnosed when the MOS began. As was the case for the great
majority of these patients (McHorney, Ware, Lu, et al., 1994), data quality
was more than satisfactory for both assessments nearly one year apart. As
indicated by the upward arrows (4 ), improvements in her scores were
greater than would be expected by chance for six of the eight SF-36 scales.
Comparison of scores for the PCS and MCS, which take correlations among
the eight scales into account, clearly indicates that this patient's
improvement was concentrated in the mental component of health status.
Her initial (I) MCS score of 19 was below that of nearly 99% of women her
age in the general U.S. population at baseline and improved to a score of 44,
which is above the 25th percentile (see norms in Chapter 8, Table 8.4). This
improvement in the MCS scores of 25 points is about seven times greater
than the average improvement observed for depressed patients in the MOS
(see norms in Chapter 8, Table 8.38). In addition to the decrease in suffering
associated with a MCS score change from only 19, which indicates
substantial psychological distress, to a score of 44, interpretation guidelines
in Chapter 7 suggest that this patient's probability of receiving mental
health specialty care (an important cost consideration) was substantially
reduced as a result of this improvement (Chapter 7, Table 7.10).
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FIGURE 10.3 INITIAL AND FOLLOW-UP PROFILES FOR A PATIENT

WITH CLINICAL DEPRESSION
tus Profi
Patient ID: 865 Sex: Female Educ: 18
Site: 1 Age: 37 Race: White
Diagnosis: Clinical Depression -- Recovered

Initial Visit (1) 12-31-86 [l Follow-Up Visit (F) 09-08-88
100 = - — 100 : == —

80 80|
60

40|

20|

PF RP BP GH VI SF RE MH
1| 100 75 74 55 15 75 0 28 |

F| 100 100 100 87 40 75 100 68 F
A 4 4 4 4 4 4 A 4
Change in score (A) shows improvement (4) or worsening (¥) beyond 86% ClI for individual patient.

Data Quality Jnitial Follow-Up
Version used Standard Standard
Overall quality Excellent Excellent
ltems complete % 100% 100%
Consistency of responses % 100% 100%

Figure 10.4 presents the last example of the longitudinal monitoring of PCS
and MCS scores and the SF-36 profile for an individual patient. The patient
is a 50-year old male who was diagnosed as having congestive heart failure
(CHF) upon enrollment into the Medical Outcomes Study (MOS) (see
criteria in Appendix B). The follow-up assessment was performed
approximately eight months later. Comparison of his initial scores with the
norms for patients with congestive heart failure indicate that this patient's
PCS score was within two or three points of average for those patients with
CHEF in the MOS and scored well above average (at the 75th percentile) on
the MCS (see norms in Chapter 8, Table 8.25).

As was the case for the average MOS patient with CHF (see norms for
change scores Chapter 8, Table 8.39), the patient in Figure 10.4 declined nine
points on the PCS scale (from 37 to 28) during the eight-month follow-up
period. (It should be noted that norms for the PCS change scores reported
in Chapter 8 cover a one-year period.) This amount of decline is more than
four times the average for patients with CHF and is well below the 25th
percentile of change scores for such patients. Underlying this change in PCS
scores were significant declines (larger than the 95% confidence level) for
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Patient Screening

the PF, RP, and VT scales. Scores for three other scales known to be most
indicative of mental health status (MH, RE, and SF) did not decline more
than would be expected by chance during the follow-up period. Consistent
with these results, the MCS summary measure showed no significant
change.

FIGURE 10.4 INITIAL AND FOLLOW-UP PROFILES FOR A PATIENT
WITH CHF

SF-36 Health Status Profile

Patient ID: 1856 Sex; Male Educ: 13
Site: 2 Age: 50 Race: Black
Diagnosis: Congestive Heart Failure
Initial Visit (1) 01-11-87 [l Follow-Up Visit (F) 09-13-88
00— = —3 == 100 —

80— =

80
60
40

20

0 PF RP BP GH VT SF RE MH PCS MCS
| 90 50 51 37 50 100 100 92 I 37 59
F 55 25 51 25 33 87 100 88 F 28 58
N4 v v A v
Change in score (A) shows improvement (&) or worsening (¥) beyond 95% Cl for individual patient.
Data Quality Initial _Eollow-Up
Version used Standard Standard
Overall quality Excellent Excellent
Items complete % 100% 100%
Consistency of responses % 100% 100%

Another promising clinical application of the PCS and MCS summary scales
is that of patient screening. Because more than half of the patients with
depressive disorders go undetected in primary care practices (Berwick,
Murphy, Goldman, et al., 1991; Wells, Hays, Burnam, et al., 1989), for
example, there is much to be gained from using short-form surveys proven
to be valid for purposes of patient screening. The SF-36 is an especially good
candidate because it is very short — requiring only about five to ten
minutes to complete — and because it is widely used for monitoring health
status outcomes. Thus, the survey used in monitoring outcomes may serve
the dual purpose of patient screening. In support of this application, the SF-
36 MH scale, which is also often referred to as the MHI-5, has performed
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MCS and Clinical
Depression

well in tests of sensitivity and specificity relative to other screening tools for
depression and other mental disorders (Berwick, Murphy, Goldman, et al.,
1991).

To evaluate the MCS scale as a screening tool for clinical depression, we
used the same statistical methods as used elsewhere (Berwick, Murphy,
Goldman, et al., 1991). SF-36 surveys were self-administered independently
but in conjunction with a two-stage screening process that relied upon a
short-form of the CESD and then the NIMH Diagnostic Interview Schedule
(DIS) criteria for clinical depression, as described elsewhere (Burnam, Wells,
Leake, et al., 1988; Wells, Hays, Burnam, et al., 1989). Using these methods,
503 of the 3,445 MOS patients (14.6%) were diagnosed with major
depression and/ or dysthymia.

Using receiver operating curve (ROC) analysis, we evaluated the sensitivity
and specificity, as well as the ROC curve, which combines both, across the
full range of MCS scores. The MH scale was also evaluated using the well-
documented cut-off of 52 or below for detecting depression (Berwick,
Murphy, Goldman, et al., 1991, Ware, Snow, Kosinski, et al., 1993).
(Incidentally, the optimal MH cut-off of 52 was confirmed in these
analyses.)

As summarized in Table 10.1, the best all-around cut-off for the MCS is at
a score of 42 or below, which achieves an area under the ROC curve of 0.77
and a sensitivity and specificity of 73.7% and 80.6%, respectively. These
results compare favorably with those for the MH scale in the same test. The
area under the ROC curve for the MH scale was 0.76 with a sensitivity of
66.8% and a specificity of 86.2% (data not reported). For purposes of
screening applications requiring larger or smaller rates of false positives or
false negatives, other MCS scale cut-offs can be used as documented in
Table 10.1.

The evaluation of the eight SF-36 scales and the MCS in screening patients
for depression and other mental conditions is ongoing at NEMC and other
sites. Both the SF-36 and SF-12 versions of the MCS (see Chapter 3) are
being evaluated. Work in progress indicates that the three additional
screening items shown in previous MOS studies to improve the
performance of the CESD short-form (Burnam, Wells, Leake, et al., 1988) do
not improve the performance of the SF-36. Thus, a 39-item questionnaire
that adds three additional screening questions (about a two-week episode
during the past year, depression over the past one- and two-year periods)
does not appear to be worth the additional respondent burden for purposes
of patient screening as described above.
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PCS Scores and
Physical Disease

TABLE 10.1  SUMMARY OF THE PERFORMANCE OF THE MCS
(AT VARIOUS CUTPOINTS) IN SCREENING FOR
CLINICAL DEPRESSION', MOS PATIENTS (N = 3,445)

MCS Scale Cutpoints
<23 <32 <37 <42 47 <52
Sensitivity (%) 179 473 622 737 811 895
Specificity (%) 985 934 876 806 705 564
False Positive Rate (%) 1.5 66 124 194 295 436
False Negative Rate (%) 82.1 527 378 263 189 105
Area Under ROC Curve 058 0.70 075 077 076 0.73

N = 503 (14.6%) patients from the MOS baseline sample were diagnosed with clinical
depression; NIMH (DIS) criteria met for major depression and/or dysthymia (Wells, Hays,
Burnam, et al., 1989).

Previous studies have shown that the probability of a diagnosable physical
condition increases substantially with declines in general health status. For
example, at the top levels of the General Health Rating Index (Davies &
Ware, 1981; Ware, 1992), from which the SF-36 GH scale was constructed,
only about five percent were diagnosed with a physical condition. That
number increased to about 95% at the lower scale levels.

To evaluate the PCS scale as a screening tool for physical disease, ROC
analyses (as described above) were performed across the full range of the
PCS scores using data from a 1990 general population survey used to norm
the SF-36 (see Chapter 8). Chronic physical conditions, as reported by
patients, were based on definitions in Appendix B. A physical condition
was counted if one or more of the following was reported: arthritis, angina,
back pain/sciatica, chronic lung disease, CHF, diabetes, hypertension,
limitation in use of arm(s)/leg(s), or myocardial infarction. In the general
U.S. population (N = 2,474), 57.3% reported one or more of these conditions.

As summarized in Table 10.2, the best all around cut-off for the PCS is at a
score of 50 or below, which achieves an area under the ROC curve of 0.72,
a sensitivity of 60%, and a specificity of 84.8%. (Note that 50 is the average
PCS score in the general U.S. population.) As shown in Table 10.2, the PCS
cut-offs of 55 and 45 substantially increase sensitivity (to 83% and 98%) and
decrease specificity (55% and 10%), respectively.

These results, which are consistent with estimates of the unique effects of
each of these physical conditions on PCS scores (see Chapter 7, Table 7.14),
suggest that there is a very high probability of physical disease underlying
low PCS scores, and that the PCS may prove useful as a first-stage screener
for such conditions.
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Final Comment

TABLE10.2 SUMMARY OF THE PERFORMANCE OF THE PCS
(AT VARIOUS CUTPOINTS) IN SCREENING FOR A
PHYSICAL CONDITION', GENERAL U.S.

POPULATION (N = 2,474)

ey
PCS Scale Cutpoints

<30 <35 <40 <45 <50 <55 <60
Sensitivity (%) 127 210 313 424 600 834 97.7
Specificity (%) 99.4 986 963 927 848 553 95
False Positive (%) 06 15 37 407 153 447 905
False Negative (%) 87.3 79.0 687 576 399 166 2.3
ROC 056 060 064 068 072 069 054

L Chronic conditions — presence of one or more of the following: arthritis, angina, back
pain/sciatica, chronic lung disease, CHF, diabetes, hypertension, limitation in use of
arm(s)/leg(s), or myocardial infarction.

There are many issues involved in using health status assessments in
everyday clinical practice (Nelson, Wasson, Kirk, et al., 1987; Deyo &
Carter, 1992; Ware, 1992). Practicality is essential. Measurement precision
— a narrow confidence interval around each patient score — is a
prerequisite for interpretation. Despite the "noise level" inherent in short-
form scales, repeated assessments of the SF-36 yield interpretable estimates
of changes in patient health status that would otherwise have been
unknown to clinicians (Meyer, Espindle, DeGiacomo, et al., 1994).

The PCS and MCS scores increased measurement precision beyond that
achieved by any of the eight SF-36 scales in psychometric evaluations
documented in Chapter 5. As illustrated above, the PCS and MCS appear
to yield reproducible and useful summaries of results in patient-level
analyses. These examples also illustrate the gains in precision expected for
both the PCS and MCS.

Another rate-limiting factor in clinical applications is the extent of
understanding of what the scores mean and the availability of user-friendly
documentation of that information. The PCS and MCS clearly have
straightforward interpretations as measures of physical and mental health
status, respectively. However, despite the fact that the PCS and MCS
aggregate the most highly-related SF-36 scales, which are most likely to
yield the same results, some information of value to clinicians may be lost
in the "averaging" process. The display formats for presenting the PCS and
MCS summary scales, in tandem with the richness of the SF-36 profile,
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should help to make the best of both apparent to clinicians. It is also hoped
that interpretation guidelines documented in this manual will facilitate the
use of the summary measures in everyday clinical practice.
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<> Appendix A: Definitions of Criterion Variables

TABLE A.1

DEFINITIONS OF CHRONIC CONDITIONS FROM THE

GENERAL U.S. POPULATION SURVEY

CONDITION

DEFINITION

Hypertension
Congestive Heart
Failure

MI (Recent)

Diabetes

Angina
Cancer

Allergies
Arthritis

Back Pain/Sciatica
Vision Impairment

Chronic Lung
Disease

Dermatitis

Hearing
Impairment

Limitations in use
of arm(s)/leg(s)

Depression
Screener

Life Satisfaction

Has doctor ever told you that you have hypertension
(sometimes called high blood pressure).

Has doctor ever told you that you have congestive
heart failure (heart failure or enlarged heart).

Has doctor ever told you that you had a heart attack
in the last year (myocardial infarction).

Has doctor ever told you that you have diabetes
(high blood sugar).

Has doctor ever told you that you have angina.

Has doctor ever told you that you have cancer
(except skin cancer).

Do you now have chronic allergies or sinus trouble.

Do you now have arthritis of any kind or
rheumatism.

Do you now have sciatica or chronic back problems.

Do you now have blindness or trouble seeing with
one or both eyes, even when wearing glasses.

Do you now have chronic lung disease (like chronic
bronchitis, asthma, or emphysema).

Do you now have dermatitis or other chronic skin
rash.

Do you now have deafness or other trouble hearing
with one or both ears.

Do you now have limitation in the use of an arm or
leg (missing, paralyzed, or weakness).

Two or more weeks in the past year feeling sad,
blue, or depressed; or two years or more feeling
depressed or sad most days; or feeling depressed
or sad much of the time in the past year?

Quite a bit or a great deal of stress or pressure
experienced in daily living in the past four weeks

Extremely or very happy with personal life during the
past four weeks
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TABLE A.2

DEFINITIONS OF CRITERIA USED IN FIRST ROUND

OF EMPIRICAL VALIDATION

CRITERION

DEFINITION

Hypertension
Congestive Heart
Failure

M! (Recent)

Diabetes, Type II

Physician report of current hypertension (or
independently derived probability of hypertension if
physician report missing or questionable).
Physician report of current congestive heart failure
(or independently derived probability of CHF if
physician report missing or questionable).
Physician report of MI within the past year (or
independently derived probability of Ml if physician
report of Ml missing or questionable).

Physician report of diabetes with age at onset 30
years or older (or independently derived probability
of diabetes and age at onset if actual information
missing or questionable).

Hypertension
Congestive Heart
Failure

Ml (Recent)

Diabetes, Type Il

Severity defined by diastolic blood pressure above
100 mm Hg (2 levels)

Severity defined by the presence of dyspnea on
one-block exertion or while lying flat (2 levels)

Severity defined by the presence of premature
ventricular contractions and/or angina (2 levels)

Severity defined by the presence of complications
and duration of diabetes (4 levels: 1-free of
complications and duration less than 10 years; 2-
free of complications and duration 10 or more years;
3-complications of eye of foot only; 4-complications
of diabetic heart and/or kidney disease)

MOS Comorbid Conditions” (Table 6.1, column 5; AppendixB3)

Asthma
COPD

Angina - ever**
Angina, recent - no
MI

MI, past

Other lung disease

Back pain/sciatica
Hip impairments
Rheumatoid
arthritis

Had any asthma attacks in past six months

Now have lung disease ever diagnosed by
physician as chronic obstructive pulmonary disease
(like chronic bronchitis or emphysema) in past six
months.

Ever told by physician have angina.

Symptoms of angina in past six months in the
absence of an MI within one year.

Ever had a heart attack diagnosed by physician,
more than one year ago.

Any other lung disease such as tuberculosis or
pneumonia in past six months.

Attacks of back pain or sciatica last six months.
Ever told by physician have hip impairments

Now have active condition physician ever diagnosed
as arthritis and physician labeled it rheumatoid
arthritis and morning stiffness.

(continued)
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TABLE A.2 DEFINITIONS OF CRITERIA USED IN FIRST ROUND OF
EMPIRICAL VALIDATION (continued)

CRITERION DEFINITION

Osteoarthritis Now have active condition physician ever diagnosed

Musculoskeletal
complaints

Other rheumatic
disease**

Colitis*™*

Diverticulitis*™*
Fistulas™
Gallbladder
disease™
Irritable bowel
disease

Liver disease**

Diabetes, Type I

Ulcer
Kidney disease**

Benign Prostatic
Hypertrophy**

uTl
Varicosities**

Cancer**
Dermatitis

Anemia

as arthritis and physician labeled it osteoarthritis or
degenerative arthritis and patient is > 65 years old.

Active condition physician ever diagnosed as
arthritis but criteria for osteoarthritis or rheumatoid
arthritis not met.

Now have active rheumatic disease other than
arthritis physician ever diagnosed (e.g., systemic
lupus erythematosus, scleroderma, or gout).

Now have active disease physician ever diagnosed
as Crohn's disease or ulcerative colitis (severe
bowel irritation).

Now have active disease physician ever diagnosed
as diverticulitis.

Now have active disease physician ever diagnosed
as intestinal fistulas.

Now have active disease physician ever diagnosed
as chronic gallbladder disease.

Ever told by physician have irritable bowel
syndrome, functional bowel disease, or chronic
bowel disease.

Now have active disease physician ever diagnosed
as chronic hepatitis or cirrhosis.

Physician report of diabetes with age at onset
younger than 30 years (or independently derived
probability of diabetes and age at onset if actual
information missing or questionable).

Now have active disease physician ever diagnosed
as an ulcer (peptic, gastric, stomach, or duodenal).

Disease physician ever diagnosed as serious kidney
disease in last six months.

Male, age > 50 years, history of nocturia in past six
months, no serious kidney disease ever diagnosed,
and no report of prostatic cancer.

Kidney or bladder infection diagnosed by physician
in past six months.

Now have condition physician ever diagnosed as
varicose veins/deep varicosities.

Ever had cancer.

Repeated episodes of dermatitis or skin rash in past
six months.

Told by doctor have anemia (past six months.)

(continued)
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TABLE A.2 DEFINITIONS OF CRITERIA USED IN FIRST ROUND OF
EMPIRICAL VALIDATION (continued)

CRITERION DEFINITION

Symptom Clusters (Table 6.1, column 6-9; Appendix B4)

Ear, nose & throat  Patient reported frequency of biurred vision. dry
mouth or lump in throat in the past four weeks.

Central Nervous  Patient report of fainting, drowsiness or dizziness,
system shortness of breath, chest pain heart palpitations, or
frequent headaches in the past four weeks.

Musculoskeletal Patient report of stiffness or soreness in the joints,
backache, heavy feeling in arm or legs, or
numbness in the feet in the past four weeks.

Gl/GU Patient report of acid indigestion, heartburn, nausea,
or trouble passing urine in the past four weeks.

Clinical Depression Groups (Table 6.1, column 15-16; Appendix B8 &

L s S SRR

Cross-sectional NIMH (DIS) criteria met for major depression and/or
dysthymia at baseline assessment.

Longitudinal Major depression and/or dysthymia present at one-

year follow-up but not present at two-year follow-up.

Age Groups (Table 6 1, column 10-11; /_@,.qpendix BS & B6) ) .

Age 18-44 Uncomplicated hypertensives (patients with
hypertension and no other major medical
conditions), age 18 - 44

Age 45-64 Uncomplicated hypertensives (patients with
hypertension and no other major medical
conditions), age 45 - 64

Age 65 or older Uncomplicated hypertensives (patients with
hypertension and no other major medical
conditions), age >= 65

Physical Patient report at two-year follow-up of change in
physical health over two years: (a lot more limited
now, a little more limited now, about the same,
somewhat less limited now or a lot less limited now.

General Patient report at two-year follow-up of change in
general health over two years: (a lot more limited
now, a little more limited now, about the same,
somewhat less limited now or a lot less limited now.

Mental Patient report at two-year follow-up of change in
mental health over two years: (a lot more limited
now, a little more limited now, about the same,
somewhat less limited now or a lot less limited now.

* Information regarding the comorbid medical conditions was obtained from the patient during
a structured medical history interview conducted by a trained clinician. If information regarding
a condition (or conditions) was missing, an independently derived probability of each diagnosis
was substituted.

™ Because of very low prevalence, the following conditions are incorporated into an index of
eleven comorbid conditions: angina-ever, other rheumatic disease, colitis, diverticulitis,
intestinal fistulas, gallbladder disease, liver disease, benign prostatic hypertrophy, varicosities,
cancer, and type | diabetes.
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<> Appendix B: Tables of Results

TABLEB.1  ADJUSTED MEAN SCORES FOR SF-36 SCALES AND COMPONENT SUMMARIES
FOR FOUR CHRONIC CONDITIONS
PF RP BP GH VT SF RE MH PCS MCS
Hypertension 7827 6590 7508 6679 6163 9008 79.85 80.39 4594 53.40
(0.8) (14) (1.0) (0.7) (0.8) (06) (1.3) (06) (0.3) (0.3)
Congestive Heart |59.47 46.33 69.57 50.18 47.15 7859 69.02 7854 3829 51.43
Failure (2.8) (43) (3.4) (23) (27 (33) (39 (1.7) (12) (1.0)
Myocardial 7240 5060 76.15 6159 56.10 87.68 73.04 76.33 4351 51.69
Infarction, Recent | (2.8) (4.7) (2.66) (2.4) (2.0) (24) (45) (15 (12) (0.9)
Type |l Diabetes  [74.36 63.32 7355 59.16 59.11 8654 8063 7883 4386 53.04
1) (37 (220 (1.9 (.7) (1.9 (28 (14) (1.0) (0.8)
F for Four 21.76% 10.75° 3.05° 2510° 11.48° 519° 2.99° 293° 17.85%° 1.59
Adjusted R? (Four | 0.252 0.113 0.074 0.084 0.105 0.058 0.036 0.078 0.186 0.069
Conditions)
N 1413 1413 1413 1413 1413 1413 1413 1413 1413 1413
2 p < 0.001, two-tailed test
B p < 0.01, two-tailed test
' p < 0.05, two-tailed test

Note: Mean scores were estimated from linear regression models that controlled for demographics and MOS design variables.
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TABLE B.2 ADJUSTED SF-36 AND COMPONENT SCALE SCORES FOR THE SEVERITY OF
FOUR CHRONIC CONDITIONS

PF RP BP GH vT SF RE MH PCS MCS

Hypertension
Severity 1 7772 6464 75.06 6660 61.51 89.88 78.78 80.13 4578 53.25
(0.8) (1.6) (1.1) (0.8) (0.9) (0.7) (16) (0.7) (0.4) (0.4)
Severity 2 8112 7398 7492 67.89 6213 9143 86.75 82.11 46.81 54.41

(29) (52) (36) (30 (20 (1.9 (34) (21 (1.4 (0.9
Congestive Heart Failure

Severity 1 67.556 57.18 74.83 56.59 53.49 84.33 76.99 8151 4160 53.25
(3.5) (54) (39) (30) (32) (39 (43) (1.7) (1.7) (12)
Severity 2 4795 2936 6131 40.76 36.99 6954 57.27 73.99 3331 4858
(27) (48) (48) (28) (36) (49) (5.0) (29 (12) (1.7)
Type Il Diabetes
Severity 1 7716 64.73 73.70 6153 59.85 87.59 82.92 79.09 4466 53.27
(27) (48) (26) (23) (19 (25 (37) (19 (13) (1.0)
Severity 2 75.47 6580 76.83 57.79 60.07 87.49 74.82 78.09 4506 51.94
(2.8) (49) (29) (31) (31) (25 (46) (24) (1.3) (1.3)
Severity 3 7336 63.88 73.25 5869 57.91 8509 8817 8151 4283 54.51
(5.0) (81) (5.0) (58) (32) (39) (5.8) (29 (2.3) (1.2)
Severity 4 63.55 5469 66.93 52.96 55.36 80.83 76.01 76.72 39.86 52.41
(3.8) (7.3) (52) (28) (32) (43) (52) (1) (1.7) (1.2)
F for Severity of 120 262 000 015 007 055 359 069 043 113
Hypertension

F for Severity of CHF 21.08% 17.31* 5.34° 17.25° 13.50° 5.65° 7.24* 532° 17.33° 5.01°
F for Severity of Diabetes| 3.61° 089  1.42 261 070 094 1.44 1.02  2.94° 0.93

Adjusted R? (Severity) [ 0270 0.126 0.080 0.098 0.113 0.089 0.047 0.081 0202 0.074

N 1413 1413 1413 1413 1413 1413 1413 1413 1413 1413
2 p < 0.001, two-tailed test

B p < 0.01, two-tailed test

© p < 0.05, two-tailed test

Note: Mean scores were estimated from linear regression models that controlled for demographics and MOS design variables.
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TABLE B.3 ESTIMATES OF DIFFERENCES IN MEAN SCORES FOR SF-36 SCALES AND
COMPONENT SUMMARIES FOR PATIENTS WITH COMORBIDITIES VS PATIENTS

WITHOUT COMORBIDITIES
PF RP BP GH VT SF RE MH PCS MCS
Asthma L10.72  -16.61°  -5.59 -4.50 -7.92 298  -38.18°  -4.71 -2.21 -5.63°
(6.2) (8.2) (5.8) (5.4) (4.8) (6.3)  (11.0) 4.2) (2.8) (2.8)
COPD -5.86  -10.68°  -508 9.01°  -457°  -4.80 -.82 -4.37 -3.65°  -1.06
(3.4) (5.4) (3.1) (2.8) (2.2) (3.6) 4.1) (2.2) (1.5) (1.2)
Angina (no Ml -5.69° -13.78°  -6.41®  -7.96°  -7.67° -.89 -4.19 -2.06 -3.94° -72
(2.1) (3.4) (2.2) (1.7) (2.0) (1.9) (3.2) (1.5) (.9) (.9)
Past MI 733 -5.04 -3.59 566>  -3.85 -4.32 -3.16 -1.61 -2.70° 71
(2.5) (3.9) 2.7) 2.1) (2.1) (2.5) 4.7 (2.2) (1.0) (1.3)
Other Lung .84 2.11 2.91 -2.02 9.25°  -4.15 -3.59 -6.00 1.68 -1.83
Disease (4.4) (6.3) (5.0) 6.1 (4.6) (3.5) (10.4) (5.4) (2.6) (1.9)
Back Complaints | -4.92°  -11.71* -13.39°  -3.04°  -486® -550°  -2.46 -2.54°  -3.95° 71
(1.7) (3.1 (1.9) (1.2) (1.7) (1.6) (3.0) (1.2) (7 7
Hip Impairment  }15.41°  -6.29 997  -12.30°  -7.89° -10.97°  -9.45 -4.07 536" -2.28
(3.5) (5.8) (2.8) 2.7) (3.1) (4.2) (6.4) 2.7) (1.5) (1.7)
Rheumatoid -7.90 -13.92°  -20.50°  -5.94 -61 -2.99 456 -.33 -6.42° 2.20
Arthritis (5.8) (6.9) (4.6) (3.7) (3.5) (3.8) (7.0) @.1) (1.9) (2.0)
Osteoarthritis -8.38°  -12.73° -13.61°  -2.64 -5.36 -2.78 3.47 -1.33 -5.17° 1.05
(3.3) (5.1) (3.1) (2.2) (3.0) 2.7) (5.0) (2.0) (1.3) (1.1)
Musculoskeletal | -4.23°  -662°  -620°  -3.62°  -3.50 36 -1.82 348" 220 -.58
(1.7) (3.4) (1.9) (1.7) (1.8) (1.5) (3.4) (1.3) (.8) (.8)
Irritable Bowel -6.08 -3.25 -5.04 6.39 -6.16 -5.46 -3.40 -2.03 -2.57 -1.37
(3.5) (6.0) (3.6) (3.8) (3.3) (2.8) (6.6) (2.5) (1.5) (1.5)
Ulcers £12.07°  -14.03°  -7.17 9.29°  -6.01 -6.71 -7.42 -4.62 -4.87 -1.61
(6.0) (6.8) (4.5) (4.3) (4.3) (4.2) (6.8) (3.6) (2.9) (1.9)
Kidney Disease -3.95 -13.78 1209t -5.73 -7.24 -9.34 447 -7.35 -3.90 -1.93
(5.7) (12.2) (7.2) (5.9) (4.2) (7.5)  (13.9) 6.7) (3.0) (4.1
uTl -93 -1.77 -4.26 -1.83 -5.35 07 -1.72 42 -1.13 -.40
2.1) 4.7 (2.5) (2.4) (2.8) (3.9) (5.4) (1.9) (1.0) (1.3)
Dermatitis 3.22°  -6.50 -3.00 -2.04 -.88 -76 -2.60 -1.37 -.40 -.86
(1.6) (3.9) (2.6) (1.6) (1.9) (1.9) (3.5) (1.9) (.8) (.9)
Anemia -6.03 -4.66 -4.61 -9.51®  -562 -62 5.25 -69 -3.85° 81
(4.1) (6.5) (3.9) (3.1) (3.5) (3.9) (4.2) (3.0) (1.7) (1.4)
Intercept 89.21°  76.22°  90.05°  72.92° 67.14®° 9566°  79.59° 83.02* 51.53*  53.27°
(2.2) (4.3) (2.6) 2.1) (2.1) (21) (3.5 (1.8) (1.1) (1.0)
F for Significance | 8.48° 6.712  1450°  12.44° 6.08° 4.06° 1.72° 407°  12.63° 1.93°
of Comorbidities
Adjusted R? 0.3436 01972 0.2451 0.1973 0.1852 0.1182 0.0670 0.1129 0.3310  0.0866
n=1413 n=1413 n=1413 n=1413 n=1413 n=1413 n=1413 n=1413 n=1413 n=1413

" p < 0.001
b p <0.01
€ p < 0.05

Note: Each entry is the difference in score between having and not having the comorbid condition.
Note: These estimates are from a fully loaded model that controlled for demographics, diagnosis, and severity of diagnosis.
Note: Clinically depressed patients were excluded from the models.
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TABLE B.4

COMPONENT SUMMARIES (N = 1,397)
= ————————— S e s e S

CORRELATIONS' BETWEEN SYMPTOM FREQUENCY AND SF-36 SCALES AND

Component

SF-36 Scales Summaries
Symptoms? [Mean SD|( PF RP BP GH VT SF RE MH PCS®MCS*
Ears, Nose, and Throat
Blurred Vision 1.6 101 |-31 -32 -29 -30 -30 -29 -20 -21 -32 -18
Dry Mouth 213 127 | -38 -37 -34 -35 -37 -31 -22 -29 -37 -22
Lump in throat 129 073 | -20 -23 -24 -21 -30 -24 -23 -31 -18  -27
Under Central Nervous System
Control
Fainting or passing out 103 025 |-09 -09 -08 -07 -11 -12 -13 -12 -06 -13
Shortness of breath (lying down) 138 089 | -43 -37 -35 -36 -40 -32 -20 -25 -41  -19
Feeling drowsy or sedated 188 1.09 | -33 -41 -36 -38 -52 -40 -34 -40 -34 -38
Feeling dizzy when standing up 164 093 | -23 -32 -290 -28 -38 -31 -27 -34 -25  -31
Chest pain relieved by nitroglycerin 131 079 | -36 -31 -25 -33 -28 -23 -17 -12 -35 -10
Heart pounding or palpitations 150 o088 | -3t -32 -32 -31 -36 -30 -28 -33 -29 -28
Headaches more than usual 1.66 1.01 -16  -25 -34 -24 -36 -35 -30 -42 -18 -39
Musculoskeletal/Extremities
Backaches or lower back pains 247 137 | -34 -37 -53 -30 -34 -29 -22 -22 -41 -17
Pins and needles in your feet 176 117 | -35 -34 -38 -34 -32 -26 -20 -20 -38 -15
Heavy Feeling in arms and legs 151 097 | -40 -42 -45 -36 -42 -39 -31 -29 -42 -26
Stiffness, pain in muscles 295 136 | -46 -48 -64 -38 -4 -32 -2 -.19 -85 -1
[c]l[c]V]
Acid indigestion after meals 220 118 | -24 -28 -34 -29 -34 -26 -23 -26 -27  -23
Trouble passing urine 123 069 | -12 -19 -16 -18 -19 -16 -15 -18 -15  -16
Nausea (upset stomach) 1.67 092 | -.21 -.31 -34 -29 -33 -3 -20 -37 -.24  -33
Other
Waking up early, not able to go back |2.21 122 | -35 -39 -34 -33 -38 -31 -28 -3% -34  -26
to sleep
Coughing producing sputum 181 119 | -22 -28 -25 -29 -27 -23 -16 -20 -26 -.16
FforAIISymptoms s L s ML XL e
F for Significance of Ears, Nose & 10.48* 3.36° 0.70 4.43° 244 163 096 9.53° 899 5.36°
Throat
F for Significance of CNS Symptoms 25.76° 12.28* 7.77° 13.20° 34.37% 15.10* 13.02® 28.91* 20.98* 29.56°
F for Significance of GI/GU Symptoms 3.20° 1.06 289° 148 130 6.10° 2.72° 748 0.38 6.94°
F for Significance of Musculoskeletal 56.55" 54.17° 199.61°22.51° 25.54° 15.95° 6.45° 2.06 110.43* 5.93°
Adjusted R* 0418 0.418 0.552 0.340 0.444 0.316 0.215 0.323 0.479 0.278

1

statistics are summarized as correlations coefficients so as to make the results presentable.

5=very often

Note:

Physical Component Summary Scale
Mental Component Summary Scale
All correlations between symptom frequency and scales are significant at p < .001, except underlined correlations. Underlined

correlations are not significant at p < .05.

The F-statistics summarized here and in the text are based on comparison of means for the symptom clusters. Those

Reported frequency in the past four weeks scored as followed: 1=never, 2=once or twice, 3=a few times, 4=fairly often,
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TABLE B.5 CROSS SECTIONAL AGE RELATED DIFFERENCES IN HEALTH STATUS:

UNCOMPLICATED HYPERTENSION®
_———--— - —

Age 18-44 Age 45-54 Age 55-64 Age 65+

(n=206) (n=193) (n=311) {(n=362) (F) RV

Physical Functioning (PF) 88.7 83.3 79.0 70.0 33.78 1.00
(1.3) (1.5) (1.3) (1.3)

Role-Physical (RP) 77.2 75.1 68.0 57.8 14.2° 0.42
(2.4) (2.5) (2.2) (2.2)

Bodily Pain (BP) 78.4 75.3 75.1 70.9 4.8° 0.14
(1.4) (1.6) (1.3) (1.3)

General Health (GH) 69.6 63.7 64.7 65.6 2.8° 0.08
(1.3) (2.7) (1.1) (1.0)

Vitality (VT) 63.1 59.0 62.9 59.9 2.4 0.07
(1.4) (1.6) (1.1) (1.2)

Social Functioning (SF) 90.6 90.6 91.5 90.1 0.4 0.01
(1.2) (1.2) (0.9) (0.9)

Role Emotional (RE) 82.1 83.5 85.3 81.7 0.8 0.02
(2.4) (2.3) (1.8) (1.8)

Mental Health (MH) 78.8 79.4 82.5 83.9 6.7° 0.19
(1.1) (1.1) (0.8) (0.8)

Physical Component (PCS) 49.9 47.6 455 42.3 27.7° 0.82
(0.6) (0.7) (0.6) (0.6)

Mental Component (MCS) 51.9 52.5 54.8 55.6 11.9° 0.35
(0.6) (0.6) (0.4) (0.4)

. p < .001

Y p<.01

¢ p<.05

Uncomplicated Hypertension is defined as patients with hypertension and classified as "Minor Medical" in previous sickgroup
comparisons.
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TABLE B.6 DETECTING TWO YEAR CHANGE IN HEALTH STATUS AMONG UNCOMPLICATED
HYPERTENSIVE PATIENTS" (N = 591)
e

Mean
Baseline Exit' Difference (F) RV
Physical Functioning (PF) 78.8 75.3 -3.5 23.04° 0.62
(0.9) (1.0) (0.7)
Role Physical (RP) 66.4 67.4 1.0 0.36 0.01
(1.6) (1.7) (1.7)
Bodily Pain (BP) 74.0 75.5 1.5 2.89 0.08
(0.9) (0.9) (0.9)
General Health (GH) 67.0 62.7 -4.3 37.21° 1.00
(0.7) (0.9) (0.7)
Vitality (VT) 61.5 64.4 2.9 15.21° 0.41
(0.8) (0.8) (0.7)
Social Functioning (SF) 91.6 90.2 -1.4 3.24 0.09
(0.6) 0.7) (0.8)
Role Emotional (RE) 85.2 84.7 -0.5 0.09 0.00
(1.3) (1.3) (1.5)
Mental Health (MH) 81.8 82.1 0.3 0.49 0.01
(0.6) (0.6) (0.5)
Physical Component (PCS) 45.6 446 -1.0 7.29° 0.20
(0.4) (0.4) (0.4)
Mental Component (MCS) 54.4 54.9 0.5 2.56 0.07
(0.3) (0.3) (0.3)
g p <.001
b p<.01
£ p<.05

Uncomplicated Hypertension is defined as patients with hypertension and classified as "Minor Medical" in previous sickgroup
comparisons.
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TABLE B.7 SF-36 AND COMPONENT ONE-YEAR DIFFERENCE SCORES BY SELF-REPORTED

PHYSICAL, MENTAL, AND GENERAL HEALTH TRANSITIONS
T E————

SF-36 Scales Summary Scores
PF RP BP GH VT SF RE MH PCS MCS
N X SE X SE X SE x SE x SE x SE X SE x SE x SE x SE
Physical
Lot more 97 124 26-124 3.8-111 38-139 21 -39 22-147 30 -14 47 -29 17 66 12 -09 11
Somemore 200 -84 12 -90 30 -27 23-113 11 -39 12 -76 18 -02 33 -22 10 -39 06 -07 0.7
Same 888 -03 05 51 12 16 09 24 05 21 06 0t 07 55 12 15 05 -01 02 1.2 03
Some less 161 38 16 85 32 47 24 18 14 39 16 20 19 08 33 26 12 14 07 07 08
Lot less 167 110 16181 31 85 21 51 13 86 16 117 19164 34 75 13 38 07 44 08
F 44.7° 17.52 9.0° 33.12 13.52 27.5% 512 11.8° 35.5% 7.9°
RV 1.00 0.39 0.20 0.74 0.30 0.61 0.11 0.26 0.79 0.18
Mental
Lot more 59 66 3.9-122 59-125 49-159 3.1 -96 34-181 4.1-170 57-13.0 31 -34 17 -73 16
Somemore 146 -69 16 -58 33 -25 27 -95 15 45 16-115 21-121 39 62 12 -21 08 -40 038
Same 728 -08 06 42 13 11 10 45 06 09 06 -10 07 17 13 01 04 -02 03 01 03
Someless 248 0.8 11 62 24 42 18 -01 10 45 11 06 14117 26 30 10 02 05 25 06
Lot less 269 39 12 94 25 45 17 24 12 84 13 97 16224 26 115 1.1 -01 06 72 07
F 11.2* 6.4° 5.2° 22.9° 20.1° 31.3° 27.2° 58.4° 3.3 59.8°
RV 0.19 0.1 0.09 0.39 0.34 0.53 0.46 1.00 0.05 1.02
General
Lot more 24 -209 6.7-281 80-175 9.1-280 52-18.1 56-29.7 70-11.1 8.7 -88 3.8-11.1 3.1 -53 24
Somemore 188 -8.7 13-129 26 -88 24-141 12 -52 12-100 19 -37 33 43 11 -53 06 -16 07
Same 827 -15 05 46 12 25 09 -34 05 15 06 12 07 48 13 07 05 -02 02 07 03
Someless 251 34 11 75 25 30 18 06 11 48 11 38 14 84 28 50 10 06 05 27 07
Lot less 164 111 16197 32 83 22 72 14111 16125 20154 33 95 15 42 07 51 09
F 43.6° 22.2° 11.8° 55.37 26.9° 36.0° 6.3° 25.7° 40.9° 16.3*
RV 0.79 0.40 0.21 1.00 0.49 0.65 0.11 0.46 0.74 0.29

The MANOVA F for the one year self-reported physical health transition was F = 9.35, p < .00001, df 32,1508.
The MANOVA F for the one year self-reported mental health transition was F = 10.97, p < .00001, df 32,1437.
The MANOVA F for the one year self-reported general health transition was F = 12.91, p < .00001, df 32,1448.
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TABLE B.8 SUMMARY OF RESULTS FOR CROSS-SECTIONAL TESTS FOR DETECTING
DIFFERENCES IN MENTAL HEALTH BETWEEN PATIENTS WITH CLINICAL
DEPRESSION AND PATIENTS WITH MINOR MEDICAL CONDITIONS

Clinical Minor

Depression Medical Mean Diff.
Measures (N=263) (N=999) (S.E.) F RV ES?
Physical Functioning 79.2 79.5 -0.3 .03 --° --°
(PF) (1.4) (0.7) (1.6)
Role Physical 48.7 68.4 -19.7 57.00° .05 .58
(RP) (2.5) (1.2) (2.7)
Bodily Pain 62.9 75.3 -12.4 60.372 .06 .52
(BP) (1.6) (0.7) (1.7)
General Health 55.2 66.5 -11.3 70.73° .07 .65
(GH) (1.4) (0.6) (1.5)
Vitality 39.8 61.8 -22.0 251.85° .24 1.05
(V) (1.3) (0.6) (1.4)
Social Functioning 59.2 90.9 -31.7 603.19° .58 1.39
(SF) (1.6) (0.5) (1.7)
Role Emotional 36.4 83.5 -47.1 430.15° 41 1.42
(RE) (2.4) (1.0) (2.6)
Mental Health 46.0 81.7 -35.7 1043.93° 1.00° 1.98
(MH) (1.2) (0.5) (1.3)
Physical Component 47.8 46.0 1.8 5.95° .01 .18
Summary (PCS) (0.7) (0.3) (0.8)
Mental Component 334 541 -20.7 1072.56° 1.03 2.07
Summary (0.7) (0.3) (0.8)
(MCS)
" p<.001; *p<.01;, °p<.05

! Effect size determined by dividing the U.S. general population sd for each scale into each difference score.

4 Best validity (highest F-ratio) among eight SF-36 scales is underlined
g Not statistically significant, RV and ES not estimated

RV = relative validity (see text)

ES = effect size (see text)
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TABLE B.9 SUMMARY OF RESULTS FOR LONGITUDINAL TESTS FOR DIFFERENCES IN
MENTAL HEALTH AFTER RECOVERY FROM CLINICAL DEPRESSION

Average

Change
Measures Baseline Follow-Up' (SE) F RV ES?
Physical Functioning 86.3 85.7 -0.5 .09 --° --°
(PF) (1.6) (1.8) (1.8)
Role Physical 56.4 72.6 16.2 11.972 23 48
(RP) (4.1) (3.9) 4.7)
Bodily Pain 69.7 69.9 0.2 .01 --° --°
(BP) (2.3) (2.2) (2.6)
General Health 61.8 67.5 57 8.06° .16 .28
(GH) (2.1) (2.4) (2.0)
Vitality 46.4 60.5 141 51.84° 1.00¢ .67
(VT) (1.9) (1.9) (1.9)
Social Functioning 68.1 82.2 141 26.832 .52 .62
(SF) (2.4) (1.9) (2.7)
Role Emotional 426 73.7 311 43.69° .84 .93
(RE) (4.2) (3.7) (4.7)
Mental Health 51.9 67.3 15.4 50.982 .98 .85
(MH) (1.8) (1.7) (2.1)
Physical Component 50.6 49.3 -1.3 1.34 -~ --°
Summary (1.0) (1.1) (1.1
(PCS)
Mental Component 36.3 47.2 10.9 74.997 1.45 1.09
Summary (1.3) (1.0) (1.3)
(MCS)
2p <.001; ®p<.01;, °p<.05

! Note: Follow-up scores were obtained two years after baseline (N = 94).

: Effect size determined by dividing the U.S. general population sd for each scale into each difference score.
d Best validity (highest F-ratio) among eight SF-36 scales is underlined

N Not statistically significant, RV and ES not estimated

RV = relative validity (see text)

ES = effect size (see text)
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[P R R XL ERE SR RS SR SRS S S SRR EEEE SRS S SR AR RS SRR RS AR R R R EEEEEEEEEEE LS LSS

THE SF-36 VITALITY ITEMS.

REVERSE TWO ITEMS. AFTER ITEM REVERSAL, ALL ITEMS ARE
POSITIVELY SCORED -- THE HIGHER THE SCORE, THE LESS THE FATIGUE
AND THE GREATER THE ENERGY.

THIS SCALE IS POSITIVELY SCORED.

THE HIGHER THE SCORE THE GREATER THE VITALITY.
Tedkkkkkkkhhkk kb hh ok kA kkhhhkhhkkhhdhhhhhhhkkhhkkkhkhdkhrhhhrhhkkkkx .

*
*
*
*
*
*
*
*
ARRAY VI(4) VT1-VT4;

DO I =1 TO 4;
IF VI(I) < 1 OR VI(I) > 6 THEN VI(I) -

]

END;
RVT1 = 7-VT1;
RVT2 = 7-VT2;

VITNUM = N(VT1,VT2,VT3,VT4);
VITMEAN = MEAN(RVT1l,RVT2,VT3,VT4) ;

ARRAY RVI(4) RVT1l RVT2 VT3 VT4;
DO I =1 TO 4;
IF RVI(I) = . THEN RVI(I) = VITMEAN;

END;

IF VITNUM GE 2 THEN RAWVT= SUM(RVTL1,RVT2,VT3,VT4) ;

VT = ((RAWVT-4)/(24-4)) * 100;
LABEL VT = 'SF-36 VITALITY (0-100)'
RAWVT = 'RAW SF-36 VITALITY';

hokkhkhhhkhhhhhdhhhhhhhhkhhhhkhdhhhhhkkhkhhkrkhkkkhk Ak h kb h Rk hk kA khhkhkkkkk
THE SF-36 SOCIAL FUNCTIONING INDEX.

REVERSE ONE ITEM SO THAT BOTH ITEMS ARE POSITIVELY SCORED --
THE HIGHER THE SCORE, THE BETTER THE SOCIAL FUNCTIONING.

THIS SCALE IS POSITIVELY SCORED.

THE HIGHER THE SCORE THE BETTER THE SOCIAL FUNCTIONING.

*
*
*
*
*
*
*****************************************************************;

ARRAY SOC(2) SF1-SF2;

DO I = 1 TO 2;
IF SOC(I) < 1 OR SOC(I) > 5 THEN SOC(I) = .;
END;

RSF1l = 6 - SF1;
SFNUM = N(SF1,SF2);
SFMEAN = MEAN (RSF1,SF2);
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ARRAY RSF(2) RSF1 SF2;
DO I =1 TO 2;

IF RSF(I) = . THEN RSF(I) = SFMEAN;
END;

IF SFNUM GE 1 THEN RAWSF = SUM(RSF1,SF2);

SF = ((RAWSF - 2)/(10-2)) * 100;
LABEL SF = 'SF-36 SOCIAL FUNCTIONING (0-100)'
RAWSF = 'RAW SF-36 SOCIAL FUNCTIONING';

Khkkhkhkhdhdhdkdhhhkhhhhhkhhhkhhk kb hhhkhkkbkhkkhhhdhk bbbk hhkrhhrkrhthhkhkdk

THE SF-36 ROLE-EMOTIONAL INDEX.
ALL ITEMS ARE POSITIVELY SCORED -- THE HIGHER THE ITEM VALUE,
THE BETTER THE ROLE-EMOTIONAL FUNCTIONING.

THIS SCALE IS POSITIVELY SCORED.

THE HIGHER THE SCORE, THE BETTER THE ROLE-EMOTIONAL.

*
*
*
*
*
*
*****************************************************************,-

ARRAY RM(3) REL-RE3;

DO I =1 TO 3;
IF RM(I) < 1 OR RM(I) > 2 THEN RM(I) = .;
END;

ROLMNUM = N(OF RE1-RE3);
ROLMMEAN = MEAN (OF RE1-RE3) ;

DO I =1 TO 3;
IF RM(I) = . THEN RM(I)
END;

]

ROLMMEAN ;

IF ROLMNUM GE 2 THEN RAWRE = SUM{OF RE1-RE3);

RE = ((RAWRE - 3)/(6-3)) * 100;
LABEL RE = 'SF-36 ROLE-EMOTIONAL (0-100)'"
RAWRE = 'RAW SF-36 ROLE-EMOTIONAL';

*****************************************************************

THE SF-36 MENTAL HEALTH INDEX.

REVERSE TWO ITEMS. AFTER ITEM REVERSAL, ALL ITEMS ARE
POSITIVELY SCORED -- THE HIGHER THE SCORE, THE BETTER THE
MENTAL HEALTH.

THIS SCALE IS POSITIVELY SCORED.

THE HIGHER THE SCORE THE BETTER THE MENTAL HEALTH.

*
*
*
*
*
*
*
****************************************************************;

ARRAY MHI (5) MH1-MHS5;
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DOTI =1 TO 5;
IF MHI(I) < 1 OR MHI(I) > 6 THEN MHI(I)=.;
END;

RMH3 = 7-MH3;
RMHS = 7-MHS;

MHNUM=N (MH1, MH2 , MH3 ,MH4 , MH5) ;
MHMEAN=MEAN (MH1 , MH2, RMH3 , MH4 , RMH5) ;

ARRAY RMH (5) MH1 MH2 RMH3 MH4 RMHS5;
DO I =1 TO 5;
IF RMH(I) = . THEN RMH(I) = MHMEAN;

END;

IF MHNUM GE 3 THEN RAWMH = SUM(MH1,MH2,RMH3,MH4,b RMH5) ;

MH = ((RAWMH-5)/(30-5)) * 100;
LABEL MH = 'SF-36 MENTAL HEALTH INDEX (0-100)'°
RAWMH = 'RAW SF-36 MENTAL HEALTH INDEX';

Fohkhkkhkhhhhhhhkhhhhhkhkkkhhhhhhhkhhhhkhkkkkhkkkkhkhk bk hr kb rhhkkkhkkk
* THE SF-36 HEALTH TRANSITION ITEM.
* THIS ITEM SHOULD BE ANALYZED AS CATEGORICAL DATA,

* PENDING FURTHER RESEARCH.
Kk kkkkkkkkkhkhhhhhhkkhkhhhkhhhhkhhh ko hkhhhhhhhhhFhhFhhhkhhhkkdk ;

IF HT < 1 OR HT > 5 THEN HT = .;

LABEL, HT='RAW SF-36 HEALTH TRANSITION ITEM';
RUN;

*****************************************************************I-

ALK STEP 3: SF-36 SCALE CONSTRUCTION *kk
hkkkkkkkkkhhhkhhhkkhkhhkhhhhhhkhhkhhhhhhh kA hhhhkhkkkhkhkkkkkkhkhhk;

DATA SF36INDX;
SET SF36SCAL;

*******************************************************************,-
* purpose: create physical and mental health index scores
* standardized but not normalized

* and standard deviations calculated with vardef=wdf
*******************-k***********-k***********************************,-

dhkhkkhkkhkhkhkhhkhhhhhhhhhhhhbhhkhhrhkhkhhkhhkhbhkhhhkhkhrhkrbhdhkdhkkhhhhhhrkh
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COMPUTE Z SCORES -- OBSERVED VALUES ARE SAMPLE DATA

MEAN AND SD IS U.S GENERAL POPULATION
FACTOR ANALYTIC SAMPLE

N=2393: HAVE ALL EIGHT SCALES
K ok ok ok ok ok ke ok ok ko ok ok ok ok Rk ok ok ko ok ok ok ok ok k ok ok ko Rk K R kR R Ak

PF_Z=(PF-84.52404) /22.89490;
RP_Z=(RP-81.19907)/33.79729;
BP Z=(BP-75.49196) /23.55879;
GH Z=(GH-72.21316)/20.16964;
VT Z=(VT-61.05453)/20.86942;
SF Z=(SF-83.59753) /22.37642;
RE Z=(RE-81.29467) /33.02717;
MH Z=(MH-74.84212)/18.01189;

Kohkkkkhkhkhhhkhhhrhhhhhhkhhkhkhhhkhkkhhhh Ak hkhkkrhhhhkkkhk ok ko
COMPUTE SAMPLE RAW FACTOR SCORES
Z SCORES ARE FROM ABOVE
SCORING COEFFICIENTS ARE FROM U.S. GENERAL POPULATION

FACTOR ANALYTIC SAMPLE N=2393: HAVE ALL EIGHT SCALES
KRk Ak ok dok ok k ok ok ko kR k R kR kKK Kk k kR Rk ok ko Rk kK ko kk kA ok k ok ok kK k

praw=(PF_Z * .42402)+(RP_Z * .35119)+(BP_Z * .31754)+(SF_Z * -.00753)+
(MH_Z * -.22069)+(RE_Z * -.19206)+(VT_Z * .02877)+(GH_Z * .24954);

mraw= (PF_Z * -.22999)+(RP_Z * -.12329)+(BP_Z * -.09731)+(SF_Z * .26876)+
(MH_Z * .48581)+(RE_Z * .43407)+(VT_Z * .23534)+(GH Z * -.01571);

khdhhkhkhkdhdhhhkhkhhkhkhhhhkhhkhhkhkhkdhhhhkhkhdhdhhhhhrx

COMPUTE STANDARDIZED SCORES
koo ek ko kR ko ko k kA ok k ok ok ok ok ko k kR kKR ARk Ak kK

PCS
MCs

(praw*10) + 50;
(mraw*10) + 50;

label PCS='STANDARDIZED PHYSICAL COMPONENT SCALE-00'
MCS='STANDARDIZED MENTAL COMPONENT SCALE-00"';
run;
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<> Appendix C: Scoring Algorithms & Test Dataset

TABLE C.1 SAS CODE FOR SCORING SF-36 SCALES AND PCS AND MCS

FILENAME IN 'C:\MANUAL\RAWDATA';
R R e R R R L L L L r ey
* PROGRAM: SF36SCOR

PURPOSE: SAS SCORING PROGRAM FOR THE SF-36

*

*

* SF-36 SCALE SCORING EXERCISE (SECOND EDITION) .
* COPYRIGHT 1992, 1994 MEDICAL OUTCOMES TRUST.

* ALL RIGHTS RESERVED.
*
*
*
*
*

SF-36 IS A REGISTERED TRADEMARK OF MEDICAL OUTCOMES TRUST.

* 0% %k Ok kR Ok F ok F F

SAS IS A REGISTERED TRADEMARK OF SAS INSTITUTE, INC., CARY NC.
R e L T g

*****************************************************************'-

Rl STEP 1: INPUT DATA *k ok,
i e T

DATA SF36DATA;

INFILE IN;

INPUT ID $ 1-3
@ 5 (GH1 HT PF01-PF10 RP1-RP4 RE1-RE3 SF1
BP1-BP2 VT1 MH1 MH2 MH3 VT2 MH4 VT3 MH5
VT4 SF2 GH2 GH3 GH4 GH5) (1.);

RUN;

*****************************************************************,-

ik STEP 2: SF-36 SCALE CONSTRUCTION *kk
hokkok ok KRk kKA KRR KRR KA KKK Kk dkok ok ko kkkhhhh ok h kA ok ok k ko k ok kA kAR AT KA K,

Thkkkkkhdkhhhhhhkh Ak hhkhkhk kA kkkkhhhkkkhkhhhkhhhhhkhkhkkhhkhkhhkhrk**
* USING THE SAS DATASET CREATED IN PART 1, CHANGE OUT-OF-RANGE

* VALUES TO MISSING FOR EACH ITEM. RECODE AND RECALIBRATE ITEMS
* AS NEEDED. AN 'R' PREFIX MEANS THE VARIABLE IS RECODED.

*****************************************************************;

DATA SF36SCAL;
SET SF36DATA;

LR R R R R R R X 3

* THE SF-36 PHYSICAL FUNCTIONING INDEX.

* ALL ITEMS ARE POSITIVELY SCORED -- THE HIGHER THE ITEM
* VALUE, THE BETTER THE PHYSICAL HEALTH.
*
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* THIS SCALE IS POSITIVELY SCORED.

* THE HIGHER THE SCORE THE BETTER THE PHYSICAL FUNCTIONING.
Kok dedkokkok ok ok ok ok ok ok ok ok ok ok sk ko ko ko ko kk k kR ko k kR k ok ok kkkkkkkk ok kkkkkkk ok ;

ARRAY PFI(10) PFO1-PF10;

DO I =1 TO 10;
IF PFI(I) < 1 OR PFI(I) > 3 THEN PFI(I) = .;
END;

PFNUM = N(OF PF01-PF10);
PFMEAN = MEAN (OF PF01-PF10);

DO I =1 TO 10;
IF PFI(I)= . THEN PFI(I) = PFMEAN;
END;

IF PFNUM GE 5 THEN RAWPF = SUM(OF PFO1l-PF10) ;

PF = ((RAWPF - 10)/(30-10)) * 100;
LABEL PF = 'SF-36 PHYSICAL FUNCTIONING (0-100)'"
RAWPF = 'RAW SF-36 PHYSICAL FUNCTIONING';

Khkkkhkkkk ok kR ko kkk kA k kR hkhkkkhhkkkhhkkhhdhkkhkhhhhhrrkhrdkhhdhhkkhdokk
THE SF-36 ROLE-PHYSICAL INDEX.

ALL ITEMS ARE POSITIVELY SCORED -- THE HIGHER THE ITEM VALUE,
THE BETTER THE ROLE-PHYSICAL FUNCTIONING.

THIS SCALE IS POSITIVELY SCORED.

THE HIGHER THE SCORE THE BETTER THE ROLE-PHYSICAL.

*
*
*
*
*
*
*****************************************************************;

ARRAY RPA(4) RP1-RP4;
DO I =1 TO 4;
IF RPA(I) < 1 OR RPA(I) > 2 THEN RPA(I) = .;

END;

ROLPNUM = N(OF RP1-RP4);
ROLPMEAN = MEAN (OF RP1-RP4) ;

DO I =1 TO 4;
IF RPA(I) = . THEN RPA(I) = ROLPMEAN;
END;

IF ROLPNUM GE 2 THEN RAWRP = SUM(OF RP1-RP4) ;

RP = ((RAWRP - 4)/(8-4)) * 100;
LABEL RP = 'SF-36 ROLE-PHYSICAL (0-100)'
RAWRP = 'RAW SF-36 ROLE-PHYSICAL';

kokkkdkhkkhhkdhhhhhhhdkkhhkhkhkhhhhhhhkhhhkhhhhhhkhkkhhhhdhrhhrhhhhkrkkkhk
* THE SF-36 PAIN ITEMS.
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ITEM RECODING DEPENDS ON WHETHER BOTH PAIN1 AND PAIN2

ARE ANSWERED OR WHETHER ONE OF THE ITEMS HAS MISSING DATA.
AFTER RECODING, ALL ITEMS ARE POSITIVELY SCORED -- THE HIGHER
THE SCORE, THE LESS PAIN (OR THE MORE FREEDOM FROM PAIN) .

THIS SCALE IS POSITIVELY SCORED. THE HIGHER THE

SCORE THE LESS PAIN OR THE MORE FREEDOM FROM PAIN.

*
*
*
*
*
*
*
*****************************************************************;

IF BP1 < 1 OR BP1 > 6 THEN BP1l i
IF BP2 < 1 OR BP2 > 5 THEN BP2

]

* RECODES IF NEITHER BP1l OR BP2 HAS A MISSING VALUE;

IF BP1 NE . AND BP2 NE . THEN DO;

IF BP1 = 1 THEN RBP1l = 6;

IF BP1 = 2 THEN RBP1 = 5.4;

IF BP1 = 3 THEN RBP1 = 4.2;

IF BP1 = 4 THEN RBP1 = 3.1;

IF BP1 = 5 THEN RBP1 = 2.2;

IF BP1l = 6 THEN RBP1 = 1;

IF BP2 = 1 AND BP1 = 1 THEN RBP2 = 6;

IF BP2 = 1 AND 2 LE BP1 LE 6 THEN RBP2 = 5;

IF BP2 = 2 AND 1 LE BP1 LE 6 THEN RBP2 = 4;

IF BP2 = 3 AND 1 LE BP1 LE 6 THEN RBP2 = 3;

IF BP2 = 4 AND 1 LE BP1 LE 6 THEN RBP2 = 2;

IF BP2 = 5 AND 1 LE BP1 LE 6 THEN RBP2 = 1;
END;

* RECODES IF BPl1 IS NOT MISSING AND BP2 IS MISSING;

IF BP1 NE . AND BP2 = . THEN DO;
IF BP1 = 1 THEN RBP1l = 6;
IF BP1 = 2 THEN RBP1 = 5.4;
IF BP1 = 3 THEN RBP1 = 4.2;
IF BP1 = 4 THEN RBP1 = 3.1;
IF BP1 = 5 THEN RBP1 = 2.2;
IF BPl = 6 THEN RBP1 = 1;

RBP2 = RBP1;

END;

* RECODES IF BP1 IS MISSING AND BP2 IS NOT MISSING;

IF BP1 = . AND BP2 NE . THEN DO;
IF BP2 = 1 THEN RBP2 = 6;
IF BP2 = 2 THEN RBP2 = 4.75;
IF BP2 = 3 THEN RBP2 = 3.5;
IF BP2 = 4 THEN RBP2 = 2.25;
IF BP2 = 5 THEN RBP2 = 1;
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RBP1 = RBP2;
END;
BPNUM = N(BP1,BP2) ;

IF BPNUM GE 1 THEN RAWBP = SUM(RBP1,RBP2);

BP = ((RAWBP - 2)/(12-2)) * 100;
LABEL BP = 'SF-36 PAIN INDEX (0-100)'"
RAWBP = 'RAW SF-36 PAIN INDEX';

******************************************************************
* THE SF-36 GENERAL HEALTH PERCEPTIONS INDEX.

* REVERSE TWO ITEMS AND RECALIBRATE ONE ITEM. AFTER RECODING

* AND RECALIBRATION, ALL ITEMS ARE POSITIVELY SCORED -- THE

* HIGHER THE SCORE, THE BETTER THE PERCEIVED GENERAL HEALTH.
*
*
%
*

THIS SCALE IS POSITIVELY SCORED.

THE HIGHER THE SCORE THE BETTER THE HEALTH PERCEPTIONS.
ok sk ok ek ok ke ke kok ok ok ok ko Rk R Kk ok ok ok ok ok ok sk ko ko k k ok kR kR Rk k R kA Rk ko

ARRAY GHP(5) GH1-GH5;

DO I=1 TO 5;
IF GHP(I) < 1 OR GHP(I) > 5 THEN GHP(I) = .:

END;

IF GH1 = 1 THEN RGH1 = 5;
IF GH1 = 2 THEN RGH1 = 4.4;
IF GH1 = 3 THEN RGH1 = 3.4;
IF GH1 = 4 THEN RGH1l = 2;
IF GH1 = 5 THEN RGH1 = 1;
RGH3 = 6 GH3;

RGH5 = 6 - GH5;

GHNUM = N(GH1,GH2,GH3,GH4,GH5) ;
GHMEAN = MEAN (RGH1, GH2,RGH3,GH4,RGH5) ;

ARRAY RGH(5) RGH1 GH2 RGH3 GH4 RGH5;
DO I= 1 TO 5;
IF RGH(I) = . THEN RGH(I) = GHMEAN;

END;

IF GHNUM GE 3 THEN RAWGH = SUM(RGH1,GH2,RGH3,GH4,RGHS5) ;
GH = ((RAWGH - 5)/(25-5)) * 100;

LABEL GH = 'SF-36 GENERAL HEALTH PERCEPTIONS (0-100)'
RAWGH = 'RAW SF-36 GENERAL HEALTH PERCEPTIONS';



SF-36 Summary Measures

Registration Form ¢ p. D:1

SF-36"™ USER MAILING LIST REGISTRATION FORM

Users of the SF-36 Physical and Mental Health Summary Scales: A User's
Manual on our mailing list are sent updates without charge as they become
available. If you would like to be on this mailing list, please fill out and mail
or FAX this form.

Contact person

Please return form to:

SF-36 Component Summary Manual Mailing List, Health Assessment Lab,
NEMC-345, 750 Washington Street, Boston, MA 02111, or FAX to: 617-636-
8077.
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