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OBJECTIVE: To examine the responsiveness of the 36-Item
Short Form Health Survey (SF-36) to clinical changes in three
surgical groups and to study how health-related quality of life
(HRQL) changes with time among patients who undergo total
hip arthroplasty, thoracic surgery for treatment of non-small-
cell lung cancer, or abdominal aortic aneurysm (AAA) repair.

DESIGN: Prospective cohort study with serial evaluations of
HRQL preoperatively and at 1, 6, and 12 months after surgery.

SETTING: University tertiary care hospital.

PATIENTS: Of 528 patients, more than 50 years of age, who
were admitted for these elective procedures, 454 (86%) pro-
vided preoperative health status data and are members of the
study cohort. At 12 months after surgery, 439 (93%) of the
cohort was successfully contacted and 390 (90%) provided
follow-up interviews.

MEASUREMENTS AND MAIN RESULTS: The Medical Outcomes
Study SF-36, the Specific Activity Scale, five validated health
transition questions, and a 0 to 100 scale measure of global
health were used to assess changes in health status at 1, 6,
and 12 months after surgery. Change in health status as mea-
sured by the SF-36 demonstrated that physical function and
role limitations due to physical health problems were worse
1 month after these three surgeries. However, by 6 months
after surgery, most patients experienced significant gains in
the majority of the dimensions of health, and these gains
were sustained at 12 months after surgery. Longitudinal
changes in the SF-36 were positively associated with re-
sponses to the five health transition questions, to changes on
the Specific Activity Scale and global health rating question,
and to clinical parameters for persons who had AAA repair.
These findings indicate that the SF-36 has evidence of valid-
ity and is responsive to expected changes in HRQ@L after elec-
tive surgery for these procedures.

CONCLUSIONS: For the total hip arthroplasty patients, re-
sponsiveness was greatest for the SF-36 scales that measure
physical constructs. However, for the two other procedures
and at various points of recovery, significant changes were
observed for all eight subscales, suggesting that responsive-
ness was dependent on the type of surgery and the timing of
follow-up, and that multidimensional measures are needed to
fully capture changes in HRQL after surgery.
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n recent years, pressures to prioritize health care
I spending have amplified the need to assess and com-
pare the outcomes of medical interventions.!** To this
end, investigators have developed questionnaires that
686

broaden the focus beyond traditional clinical outcomes to
include the patient’s perception of health-related quality
of life (HRQL).5®° This investigation assesses the respon-
siveness of the Medical Outcomes Study (MOS) 36-Item
Short Form Health Survey (SF-36 or RAND 36-Item
Health Survey 1.0) when it is used to monitor changes in
HRQL after major elective surgery and also examines how
HRQL changes with time after three specific surgical pro-
cedures.1%-13 The elective surgical population is of particu-
lar interest because of the high costs and uncertain bene-
fits associated with many procedures.

The SF-36 is an attractive measure because of its
brevity, patient acceptability, and rigorous psychometric
development.®!8 In addition, published population-based
data greatly enhance the interpretation of SF-36 scores.!”
The SF-36 has well-established reliability and validity in
cross-sectional studies of medical and psychiatric pa-
tients,!1:18-21 and in longitudinal studies of selected medical
conditions such as diabetes mellitus,'522 end-stage renal
disease,'® HIV infection,?324 asthma,?> coronary disease,?®
and psychiatric diseases.27-29

Except for arthroplasty surgery,3°-35 however, only a
few surgery-specific studies of highly select patients have
provided data to support the SF-36’s responsiveness to
the effects of elective surgery over time.%6-3° This is the
first investigation to examine simultaneously the respon-
siveness of the SF-36 across multiple procedures at vari-
ous postoperative time intervals. These analyses describe
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preoperative HRQL and observed changes in health sta-
tus after three major elective surgical procedures: total
hip arthroplasty (THA); thoracic surgery for the treatment
of non-small-cell lung cancer; and resection of abdominal
aortic aneurysm (AAA).

METHODS
Subjects

Eligible subjects were patients older than 50 years of
age who were admitted to Brigham and Women’s Hospi-
tal, a 720-bed urban teaching hospital, for unilateral THA
for the treatment of hip dysfunction caused by osteoar-
thritis, thoracic surgery (lobectomy or pneumonectomy)
for the treatment of non-small-cell lung cancer, or repair
of AAA, between November 1, 1990, and May 30, 1993.
Eligibility criteria included the ability to speak English
and adequate hearing and cognitive function to complete
a preoperative self-administered health status question-
naire and postoperative telephone interviews. During the
study period, 528 (95%) of the eligible patients who were
approached by research staff gave informed consent and
were enrolled in the study. Of these, 454 patients (86%),
completed the preoperative health status questionnaire
and constituted the cohort for this report. The distribu-
tions of gender, age, and race among the persons who did
not return the preoperative questionnaire were similar to
those among persons who did. However, a greater propor-
tion of those who did not return the survey had three or
more coexistent chronic medical conditions (p < .05 for
linear trend).

Of the 454 participating patients, 5 died before the
1-month follow-up interview, another died before the
6-month follow-up, and 17 more deaths occurred before
the 12-month interview (Fig. 1). Of these 23 deaths, 14
were among thoracic surgery patients, 6 among those
who had AAA repair, and 3 among the THA patients. Be-
cause changes in HRQL are relevant only for persons who
survive, subjects were deleted from the analyses from the
time of their death forward.

Data Collection

All subjects were evaluated a median of 1 day before
surgery. Data were prospectively collected on medical his-
tory, including 26 underlying chronic medical conditions,
physical examination, and mental status. The MOS SF-36
was included preoperatively and at 1, 6, and 12 months
after surgery. The SF-36 includes questions that evaluate
eight health dimensions: health perception, physical
function, role limitations due to physical health problems
and role limitations due to emotional problems, mental
health, social function, vitality, and bodily pain.® Subjects
also completed the Specific Activity Scale (SAS), an ordi-
nally scaled, four-class measure of cardiovascular physi-
cal functioning (1 = best to 4 = worst) based on the meta-
bolic expenditures of various personal care, housework,

occupational, and recreational activities before and at 6
months after surgery.40-4!

To determine whether participants considered their
health to be unchanged, better, or worse when compared
with their preoperative health, the 6-month follow-up in-
terview included five dimension-specific health transition
questions (Appendix A).*? Finally, during all four inter-
views patients were asked the following question as a
measure of global health:

If you were to rate your current health on a scale from O
to 100 with 100 being perfect health and O being death,
what number would you rate yourself today?

Responses from the non-SF-36 questions were used to
evaluate the validity of the observed changes in the SF-36
after each of the elective procedures. Patients were inter-
viewed at 1, 6, and 12 months after surgery to determine
whether the SF-36 would be sensitive to short-term dis-
ability from elective surgery, and to the long-term benefits
of surgery or declines in health due to progression of the
underlying condition.

Rationale for the Selection of Surgical Procedures
and Expected Changes in Quality of Life

We used the framework provided by the physical, men-
tal, and combined constructs represented in the SF-36,!! to
classify the expected surgery-specific changes in SF-36
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FIGURE 1. Enrollment and follow-up rates.
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scores over time (Table 1). A range of anticipated changes
in HRQL were derived from published condition-specific
descriptions of outcomes after THA, thoracic surgery for
lung cancer, and repair of AAA. We have used these to
evaluate the responsiveness of the SF-36 relative to ex-
pected longitudinal changes in clinical status over time.

Total Hip Arthroplasty. Previous studies of outcomes after
THA have demonstrated dramatic improvements in HRQL,
particularly for the dimensions of pain and physical func-
tioning.%6-3% From published findings, we anticipated that
after transient procedure-related declines in physical
health, THA patients would report large improvements on
the SF-36 subscales that share variance with the physical
construct and moderate improvements on the combined
construct of the SF-36.1! Because chronic pain can influ-
ence the severity of symptoms related to emotional well-
being, we also expected subscales that share variance
with the mental construct to improve moderately after
surgery (Table 1).

Thoracic Surgery for Lung Cancer. As described by Dales
et al.,*3 we expected patients to report substantial de-
clines in physical functioning during the immediate post-
operative period followed by improvements with possible
return to preoperative levels by 12 months after surgery
for those who remained disease-free. If the SF-36 is a use-
ful tool for the longitudinal assessment of persons with
lung cancer, it should be sensitive to the immediate physi-
cal and emotional consequences of lost respiratory capac-
ity due to surgery and postoperative pain, as well as the
long-term effect of uncertainty about prognosis (Table 1).

Abdominal Aortic Aneurysm Repair. Repair of AAA is a
procedure with known moderate to severe short-term
morbidity, therefore we expected improvement among
survivors on the subscales that represent the mental
health construct. Because vascular disease of the aorta
rarely occurs in isolation, we expected these patients to
have more coexistent vascular disease at the time of sur-
gery. Previous investigators have demonstrated that the
SF-36 is sensitive to the effect of coexistent medical con-
ditions.#4+46 For these reasons we expected the AAA pa-
tients to have pronounced short-term declines in SF-36
subscales that represent the physical and combined con-
structs. For those who survived the procedure, we ex-

pected a return to preoperative levels of HRQL, rather
than improvements related to the procedure (Table 1).

Statistical Analysis

Health Status Scores. The scoring algorithm for the SF-36
was identical to that described by Ware et al.!” Mean
scores were calculated by surgical procedure. The per-
centages of persons with the highest and lowest possible
preoperative SF-36 scores also were recorded.

Changes in Health Status over Time. Mean changes in
health status scores at 1, 6, and 12 months after surgery
relative to preoperative scores were calculated for the
three surgical groups. Student’s paired t tests were used
to assess the significance of within-subject changes in the
SF-36 subscales and the O to 100 global rating scale. The
Wilcoxon Sign-Rank Test was used to test for significant
change in the SAS at 6 months after surgery.4”

Responsiveness of the SF-36. To assess the responsiveness
of each SF-36 subscale, we compared the square of the
absolute value of the T statistic (12-month after-surgery
score — preoperative score/SD of the difference) for each
of the subscales relative to the subscale with the largest
T statistic. This comparison simultaneously accounts for
the magnitude of change over time and the variability in
each subscale. The relative efficiency statistic (T,/T5)?,
first described by Liang et al.,*® identifies which SF-36
subscale at each point in time is most responsive for the
three procedures under investigation.

Validity of the SF-36. To evaluate the validity of the longi-
tudinal changes observed with the SF-36 for the three
surgical groups, we conducted three statistical compari-
sons.4? The first test compared the magnitude of the cor-
relations between changes in the SF-36 and changes in
the overall-health-rating question (0-100) and SAS class.
We interpreted the clinical significance of these observed
correlations by adopting a framework described by McHor-
ney et al.,!! in which correlations that are greater than or
equal to 0.70 are classified as “high,” those between 0.7
and 0.3 are considered to be “moderate,” and those less
than 0.3 are considered to be “low.” Because response to
the O to 100 rating question was based on a person’s syn-
thesis of overall health, our expectation was that changes

Table 1. Hypothesized Changes in the 36-l1tem Short Form Health Survey’s Physical, Mental, and
Combined Health Constructs Among Survivors*

Thoracic Surgery for Lung

THAt Cancer (Without Recurrence) AAA Repairt
Constructs 1 Mo 6 Mo 12 Mo 1 Mo 6 Mo 12 Mo 1 Mo 6 Mo 12 Mo
Physical ! T T W ! o I . -
Mental 1 1 1 ! 1 1 1 1 o
Combined ! 1 1 ! - - ! - o

*Symbols: 1 indicates improved relative to preoperative levels; |, declined relative to preoperative levels; - , unchanged from preoperative levels.

*THA indicates total hip arthroplasty; AAA, abdominal aortic aneurysm.



JGIM Volume 12, November 1997 689

in the response to this question would be moderately corre-
lated with the SF-36 subscales that contribute to the com-
bined construct (health perception and vitality) and that
the remainder of the subscales would have low correlations
(<0.3) with the O to 100 rating question.

The SAS covers some physical activities that are sim-
ilar to those found in the SF-36 physical functioning
scale; therefore we expected changes in this measure to
correlate moderately (0.3-0.7) with changes in the SF-36
subscales that measure the physical construct (physical
functioning, role limitations due to physical problems,
and bodily pain). Because poorer cardiovascular function-
ing can lead to fatigue, we expected moderate correlations
with changes in SAS and the SF-36 vitality scale. We ex-
pected low correlations between the SAS and the remain-
ing SF-36 scales.

A person’s impression of transition in HRQL is the
closest proxy to a “gold standard” for change in HRQL (Ap-
pendix A).#2 Our second statistical comparison uses data
from transition questions to compare the magnitude of the
dimension-specific changes in SF-36 scores for participants
who reported that they were better, the same, or worse at 6
months after surgery. To provide a reference point for the
clinical interpretation of the SF-36 scores, the third test
statistic uses Student’s t tests for pairwise comparisons of
preoperative and postoperative scores to published age-
and gender-adjusted population-based scores.!” To adjust
the published scores, they were weighted to match the sur-
gery-specific distribution of age and gender in our sample.

Tests of Clinical Validity: Procedure-Specific Analyses of
SF-36 Scores. Within the AAA subgroup, validity of the ob-
served SF-36 subscale changes was also assessed using
clinical parameters by comparing mean change at 1 year
after surgery among those with more than three coexis-
tent medical conditions relative to those with fewer than
three comorbidities. From the work of Greenfield et al., 4446
we expected that those with more medical comorbidity
would have greater declines in HRQL over time.

Reliability of the SF-36. To determine whether the SF-36
was equally reliable across different surgical categories,
we calculated Cronbach’s coefficient o as a measure of in-
ternal consistency for each of the multi-item subscales of
the SF-36 in each of the groups.5° Significance was de-
fined as a two-tailed p value =.05 for all statistical tests.

RESULTS
Population

The 454 patients (54% female; 96% white) had a mean
(= SD) age of 67 £ 9 years (Table 2). Common comorbid
conditions were hypertension (42%), arthritis (22%), isch-
emic heart disease (22%), and diabetes mellitus (8%); 238
(52%) of the patients had only one or no comorbid condi-
tions (Table 2). Patients in the three surgical groups varied
by demographic and medical characteristics.

The preoperative SF-36 scores that contribute to the
physical construct (physical function, role limitations due
to physical limitations, and bodily pain) were lowest for
patients scheduled for THA, whereas scores on the SF-36
health perception subscale were lower for patients with
potentially life-threatening conditions (lung cancer or
AAA) (Table 3). More than one third of the preoperative
scores were at the ceiling or floor of the role-physical and
role-emotional subscales and the social-functioning sub-
scale, indicating that for these three subscales, scores after
surgery could only stay the same or change in one direc-
tion. Reliability estimates based on Cronbach’s coefficient
a ranged from 0.92 to 0.86 for the SF-36 subscales.

Responsiveness of the SF-36 to Within-Procedure
Change in Health Status over Time

In this section we first compare the observed changes
in SF-36 scores to the expected changes described in Table
1. We then report which SF-36 scale is most responsive
for each procedure, and finally we compare the preopera-
tive and postoperative SF-36 scores to a population-based
sample. As was hypothesized, for patients undergoing any
one of the elective surgeries under consideration, SF-36
scores obtained 1 month after surgery demonstrated sig-
nificant declines in physical functioning and role limita-
tions due to physical problems (Table 4).

Total Hip Arthroplasty. An unexpected early benefit from
surgery was large and significant improvement in bodily
pain. Improvements in pain became even more pro-
nounced by 6 months and were sustained at 12 months af-
ter surgery. The dramatic improvements observed across
the mental and combined health constructs were of greater
magnitude than anticipated. By 12 months after surgery,
the THA patients had substantial and significant (p < .05)
improvements across all eight SF-36 dimensions of HRQL.

For patients undergoing THA, bodily pain was the
most responsive subscale at all three points in time. How-
ever, at 6 and 12 months after surgery, the scales for
physical functioning and role limitations due to physical
problems had relative efficiency statistics above 0.47, in-
dicating that they were also moderately responsive.

The clinical relevance of the observed changes in SF-36
scores can be appreciated when the THA patients’ scores are
compared with those from an age- and gender-adjusted
population-based sample (Fig. 2). For seven of the eight
subscales, the preoperative scores were significantly
lower than scores from the population sample. However,
by 6 months after surgery, all eight subscales were the same
or better for the THA patients relative to the population-
based sample. This improvement was sustained at 12
months after surgery.

Thoracic Surgery for Lung Cancer. As expected, patients
who had thoracotomy reported increased pain and signifi-
cant declines in all dimensions of health that contribute
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Table 2. Description of the Study Population (n = 454)

Surgery Type
Thoracic Surgery
THA* AAA Repair* for Lung Cancer

Characteristic n = 236 (52%) n =95 (21%) n =123 (27%) p Valuet
Mean age + SD 67 =9 72 £ 8 64 * 8 <.001
Female gender, n (%) 137 (58) 17 (18) 56 (46) <.001
White race, n (%) 225 (95) 93 (98) 119 (97) NS
Specific Activity Scale,* n (%)

1 46 (20) 31 (33) 53 (43) <.001

2 59 (25) 35 (37) 39 (32)

3 111 47) 29 (31) 30 (24)

4 19 (8) 0 (0) 1(7)
0-100 Scale rating, mean * SD 75 £ 16 70 = 21 75 = 20 NS
Insurance

Private (fee for service) 180 (76) 83 (87) 87 (71) NS

HMO 38 (16) 6 (6) 26 (21)

Medicare only 15 (6) 5 (5) 6 (5)

Medicaid only 1 (0.4) 0 (0) 3(2)

Self-pay 1 (0.4) 0(0) 1(1)
Number of comorbidities,S n (%)

0 65 (28) 6 (6) 21 (17) <.001

1 88 (37) 20 (21) 38 (31)

2 52 (22) 23 (24) 32 (26)

3 23 (10) 17 (18) 17 (14)

4 or more 8 (3) 29 (31) 15 (12)
ASA class,| n (%)

I 16 (7) 0 (0) 3(2) <.001

1I 164 (69) 27 (29) 53 (43)

111 56 (24) 60 (64) 65 (53)

v 0 (0) 7 (7) 2 (2)

*THA indicates total hip arthroplasty; AAA, abdominal aortic aneurysm.

tp Value for pairwise comparison of age and 0-100 rating, and comparison of proportions for all categorical variables. NS indicates not sig-

nificant.

tAn ordinally scaled four-class physical functioning instrument, 1 (best) to 4 (worst), based on the metabolic expenditures of various personal
care, housework, occupational, and recreational activities (data missing, n = 6).

8 History of comorbidities by patient self-report and from medical record review.

lAmerican Society of Anesthesiologists Physical Status Class, a 5-level classification scheme on the physician’s judgment of severity of sys-

tematic disease; higher value represents greater severity.

to the physical construct. Unexpectedly, at 1 month after
surgery, mental health, role limitations due to mental
health, and health perception did not decline. However,
by 6 months after surgery, health perception became sig-
nificantly poorer than preoperative levels and did not im-
prove by 12 months after surgery. Patients continued to
report significant declines in physical function, bodily
pain, and vitality at 6 and 12 months after surgery. As ex-
pected, subscales that contribute to the mental construct
improved by 12 months after surgery.

For persons undergoing resection of lung cancer, the
bodily pain scale was the most responsive SF-36 scale at
1 month after surgery. However, at later follow-up times,
6 of the 8 subscales were moderately to highly responsive
(relative efficiency statistic 0.4-0.9), suggesting that the
patients treated with thoracotomy for lung cancer experi-
enced positive and negative changes across many dimen-
sions of health, rather than along a particular construct.

When compared with a population-based sample,
preoperative patients with non-small-cell lung cancer had
significantly poorer HRQL principally among the scales
that share variance with the mental construct (social
function, role limitations due to mental health problems,
and mental health) and the combined construct (health
perception and vitality) (Fig. 2). As only patients with lo-
calized disease are considered candidates for surgery, it is
not surprising that preoperative HRQL along the physical
construct was not significantly worse than that of an age-
and gender-adjusted population-based sample. At 1 month
after surgery, all SF-36 subscales except for health per-
ception were significantly lower than the scores reported
by a comparable population-based sample. Although lower
than preoperative levels, by 12 months after surgery, the
SF-36 physical functioning, bodily pain, and health per-
ception scales were no longer different from those re-
ported in the population-based sample (Fig. 2).
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Table 3. Preoperative 36-ltem Short Form Health Survey Scores by Surgical Procedure (n = 454)

Surgery Type
Thoracic Surgery
THA? for Lung Cancer AAA Repairf
SF-36 Subscales* n = 236 (52%) n =123 (27%) n =95 (21%)
Physical function, mean (SD) 31 (23) 69 (27) 64 (26)
Ceiling, % <1 20 3
Floor, % 9 <1 0
Role-physical, mean (SD) 21 (34) 51 (46) 52 (44)
Ceiling, % 11 39 38
Floor, % 63 39 32
Bodily pain, mean (SD) 31 (17) 76 (28) 72 (26)
Ceiling, % 0 47 33
Floor, % 8 2 0
Mental health, mean (SD) 72 (18) 70 (20) 71 (21)
Ceiling, % 2 3 5
Floor, % 0] 0 (0]
Role-emotional, mean (SD) 61 (45) 66 (43) 67 (42)
Ceiling, % 54 57 55
Floor, % 28 24 22
Social function, mean (SD) 58 (29) 73 (27) 80 (24)
Ceiling, % 17 33 44
Floor, % 3 <1 (0]
Vitality, mean (SD) 46 (21) 56 (25) 54 (23)
Ceiling, % <1 5 2
Floor, % <1 <1 0
Health perception, mean (SD) 72 (19) 68 (22) 66 (19)
Ceiling, % 6 5 1
Floor, % 0 0 0

*All health status scores are calibrated such that O points is the worst possible response on the scale and 100 points is the best possible response.

*THA indicates total hip arthroplasty; AAA, abdominal aortic aneurysm.

Abdominal Aortic Aneurysm Repair. As was expected,
patients undergoing AAA repair reported significant de-
clines in most of the scales that contribute to the physical
and combined constructs at 1 month after surgery, but
these declines returned to preoperative levels or better by
6 months after surgery (Table 4). The return to preopera-
tive levels was sustained at 12 months after surgery. Un-
expectedly, by 6 months after surgery, patients reported
significant improvements in scales that contribute to the
mental construct relative to preoperative levels.

Because patients who had AAA repair were still recov-
ering from surgery at 1 month, the most responsive sub-
scales changed in the negative direction; these included
role limitations due to physical problems, vitality, physical
functioning, and social functioning (relative efficiency sta-
tistic > 0.5). By 6 months after surgery, the responsivity of
the AAA patients was greatest for the subscales that con-
tribute to the mental construct of the SF-36. As was ex-
pected, the 12-month change scores for six of the eight
subscales were negative (=7 to —12 points) for AAA pa-
tients who had three or more medical comorbidities before
surgery. These change scores were significantly lower
than those for AAA patients who had fewer comorbidities.

When compared with a population-based sample, pre-
operative AAA patients had significantly greater role limita-

tions due to physical or emotional problems, and signifi-
cantly poorer mental health scores. At 1 month after
surgery, except for pain and role limitations due to mental
health problems, all of the SF-36 scores were significantly
lower for AAA patients. However, by 6 months after surgery,
all eight subscales were the same or better than those of a
comparable population-based sample, and these improve-
ments were sustained at 12 months after surgery (Fig. 2).

The O to 100 health-rating scores improved signifi-
cantly for THA patients at 6 and 12 months after surgery
and declined significantly for the patients with lung can-
cer. The SAS improved only for the THA patients.

Validity of the SF-36

There was evidence of correlational validity when
change scores on the SF-36 were compared with the ob-
served changes using other questions designed to capture
similar information. The strongest evidence was moderate
correlation between changes at 6 months for the SF-36
subscales that contribute to the combined construct (vi-
tality and health perception) and 6-month changes ob-
served with the second measure of global health, the O to
100 rating question (r = .4; p = .0001). Of note, changes
in the O to 100 rating question were also moderately



Table 4. Responsiveness of the 36-ltem Short Form Health Survey by Surgical Procedure

THA* Thoracic Surgery for Lung Cancer AAA Repair*
1 Mo 6 Mo 12 Mo 1 Mo 6 Mo 12 Mo 1 Mo 6 Mo 12 Mo
SF-36 Subscale n=212 n=210 n=224 n=104 n=95 n=88 n=69 n=71 n=78
Physical construct
Physical function
Mean change’ -5.1 29.4 32.6 -19.8 -6.8 -7.3 -15.0 1.7 13.8
(SD) (26.5)* (80.5)* (29.4)* (29.2)* (27.1)* (25.8) (29.5)* (26.8) (27.6)
T statistic -2.8 13.9 16.6 -6.9 -2.4 -2.6 —-4.2 0.5 0.6
Relative efficiency* <0.1 0.6 0.5 0.6 0.4 0.4 0.5 <0.1 <0.1
Role-physical
Mean change -7.6 47.3 45.4 —-36.9 1.1 -0.5 -37.9 15.3 16.1
(SD) (42.9)* (48.8)* (46.3)* (49.1)* (52.9)* (57)* (80.5)* (56.7)* (80.9)*
T statistic -2.6 14.0 14.6 -7.5 0.2 -0.1 -6.2 2.3 2.8
Relative efficiency <0.1 0.6 0.4 0.8 <0.1 <0.1 1 0.8 0.7
Bodily pain
Mean change 33.9 36.1 39.4 —-27.1 -7.4 -11.5 -4.3 1.1 -2.1
(SD) (27.7)* (28.1)* (24.7)* (32.0)* (28.8)* (80.8)* (32.2) (27.8) (29.3)
T statistic 17.8 18.6 23.9 -8.6 -2.5 -3.5 -1.1 0.3 -0.6
Relative efficiency 1 1 1 1 0.4 0.7 <0.1 <0.1 <0.1
Mental construct
Mental health
Mean change 6.4 9.3 8.7 0.8 7.4 6.7 1.5 4.6 6.1
(SD) (20.4)% (19.9)¢ (19.5)* (19.4) (18.8)* (17.3)* (21.2) (18.90)* (19.3)*
T statistic 4.5 6.8 6.6 0.4 3.9 3.6 0.6 2.0 2.8
Relative efficiency <0.1 0.1 0.1 <0.1 1 0.8 <0.1 0.6 0.7
Role-mental
Mean change 22.9 32.8 24.8 2.9 18.9 12.7 5.5 15.4 16.7
(SD) (52.1)% (49.7)¢ (46.8)% (54.5) (49)* (52.1)* (48.4) (49.3)* (43.8)*
T statistic 6.4 9.5 7.9 0.5 3.7 2.3 0.9 2.6 3.3
Relative efficiency 0.1 0.3 0.1 <0.1 0.9 0.3 <0.1 1 1
Social function
Mean change -0.1 28.3 28.3 -18.3 7.6 -0.8 -19.0 5.3 3.8
(SD) (41.9) (82.2)* (80.1)% (38)¢ (28)¢ (32) (87.1)¢ (29.0) (22.4)
T statistic -0.04 12.8 14.1 -4.9 2.6 -0.2 —4.22 1.53 1.5
Relative efficiency 0 0.5 0.4 0.3 0.4 <0.1 0.5 0.3 0.2
Combined construct
Vitality
Mean change 7.1 16.6 15.7 -19.9 -6.0 -7.0 —15.6 1.0 -0.2
(SD) (25.9)* (22.9)* (25.0)* (23.8)* (24.3)* (25.0)* (21.3)* (19.8) (21.7)
T statistic 4.0 10.5 9.4 -8.5 -2.4 -2.6 -6.0 0.4 -0.1
Relative efficiency <0.1 0.3 0.2 1.0 0.4 0.4 0.9 <0.1 <0.1
Health perception
Mean change 7.3 3.9 2.7 —-2.8 -7.2 -11.1 5.8 -1.0 0.1
(SD) (16.3)* (18.2)* (19.3)* (18.1) (22.4)* (25.2)* (19.1)* (18.5) (20.4)
T statistic 6.5 3.1 2.1 -1.6 -3.1 —4.1 2.5 -0.4 0.05
Relative efficiency 0.1 <0.1 <0.1 0.3 0.6 1 0.2 <0.1 <0.1
0-100 Rating
Mean change 2.5 3.9 2.9 -8.0 -6.7 -10.7 3.4 2.5 1.6
(SD) (18.8) (16.9)* (17.0)* (19.1)* (18.6)* (23.7)* (24.1) (19.0) (21.8)
T statistic 1.9 3.2 2.5 —-4.1 -3.3 -4.2 1.1 1.1 0.6
SASI
Mean change NA 0.5 NA NA 0.11 NA NA 0.2 NA
(SD) (1.1)* (0.9) (0.9)
T statistic 6.7 1.13 1.9

*THA indicates total hip arthroplasty; AAA, abdominal aortic aneurysm.

tAll changes are relative to the observed scores before surgery. NA indicates not applicable.

#p < .05 for the paired t test

8The relative efficiency statistic (RES) is a ratio of the absolute value of the T statistic for the change in each subscale over time relative to the
subscale with the largest T statistic, squared: (T;/T,)?. The closer the RES is to 1, the more responsive a subscale is relative to the most re-
sponsive subscale in the SF-36.

IParticipants were only asked to complete the Specific Activity Scale (SAS) before and at 6 months after surgery.
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correlated with changes in the SF-36 mental health score
(r= .4; p = .0001). Statistically significant but lower cor-
relations were observed for the remainder of the SF-36
subscales (r = .1 to .3). Similarly, changes in the two
measures of physical functioning (the SF-36 physical
function subscale and the SAS) were also moderately cor-
related (r = .3; p = .0001). As would be expected, change
on the SAS did not correlate with SF-36 subscales de-
signed to measure mental health.

A second test of validity compared the mean change in
SF-36 scores for persons who categorized themselves as
improved, the same, or worse after surgery. These analyses
demonstrated that the mean improvements in SF-36 sub-
scale scores were greatest for those subjects who reported
improvement in their health at 6 months after surgery
(Table 5). Declines in dimension-specific health were ob-
served for all five subscales for those who reported that
these dimensions were worse at 6 months after surgery;
however, for four of the five subscales, the declines were
not statistically significant (Table 5). For those subjects who
reported no change in HRQL at 6 months after surgery, on
average, SF-36 scores improved significantly for two of the
five dimensions tested, but the magnitude of these SF-36
improvements was significantly lower when compared with
subjects who reported HRQL improvements.

DISCUSSION

In this report, we demonstrate that the SF-36 was re-
sponsive in the expected direction over time, as judged by
what is known clinically about recovery after the three
surgeries studied; that no one subscale or construct was
responsive for all three procedures at all of the points in
time after surgery; and that the observed changes in the

SF-36 tended to have a biphasic pattern after these elec-
tive surgeries.

Our strongest evidence for the validity of the SF-36 as
an outcome tool after major elective surgery lies in the re-
lation between the expected clinical response for each of
these surgeries and the observed longitudinal changes in
SF-36 scores. These data are consistent with and extend
the findings of other investigators who have found the SF-36
to be responsive after knee and hip arthroplastic surger-
ies,31-35 and surgery for primary hyperparathyroidism,38
and run contrary to the minimal change in SF-36 scores
observed after transurethral prostatectomy,3” and cata-
ract surgery.5!

Our findings with regard to the relative responsive-
ness of each of the SF-36 subscales demonstrate that
conclusions about the most sensitive subscale are greatly
influenced by the type of procedure and the timing of
postoperative follow-up. These data support the impor-
tance of multidimensional assessments of health after
elective surgery and indicate that the specific timing of
the postoperative evaluation with the SF-36 may influ-
ence the interpretation of benefit derived from a proce-
dure. It is noteworthy that preoperative ceiling effects,
such as those observed for the two role-functioning and
social-functioning subscales in this cohort, greatly influ-
ence responsiveness.

A biphasic pattern of decline in HRQL followed by sig-
nificant long-term gains was observed for the two proce-
dures for which it would be expected, after THA and after
thoracic surgery for patients with lung cancer. The ob-
served changes were most dramatic for patients who un-
derwent THA, a procedure specifically designed to im-
prove physical capacity and to decrease pain. The average
decline in social function at 1 month after surgery for the
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Table 5. Relation of Changes in Dimension-Specific
36-Item Short Form Health Survey Scores and
Dimension-Specific Health Transition
Questions at 6 Months After Surgery

Mean Change (SE) in SF-36 Stratified by
Response to Dimension-Specific
Transition Questions*

SF-36 Subscale Bettert No Change Worse
Health perception

(n = 345) 1.7% (1.4) 1.3 (1.8) -15.2 (2.9)
Bodily pain

(n = 260) 17.9 (2.7) 4.9 (3.8) -1.4 (3.8)
Physical function

(n=337) 23.1 (2.7) 16.1 (3.3) -0.6 (3.2)
Social function

(n=124) 21.1(9.0) 5.5 (4.7) -3.7 (4.8)
Mental health

(n = 353) 10.9 (2.2) 7.7 (1.2) —0.8 (3.0)

*SF-36 scores range 0-100, O = worst health, 100 = best health.
See Appendix A for the dimension-specific questions. Participants
with preoperative scores at the ceiling (score = 100) and floor
(score = 0) for each subscale were omitted prior to this analysis.

f Between-group differences in SF-36 scores for those who reported
better or unchanged versus worse dimension-specific health were
significantly higher (p < .05) for health perception, bodily pain,
physical function, social function, and mental health.

¥ All within-group changes in SF-36 scores were significant (p < .05)
except for those subjects who reported the same or better health
perception, worse or the same bodily pain or social functioning,
and worse physical functioning or mental health.

cohort overall was equivalent to a change from being lim-
ited in one’s ability to visit with friends some of the time to
being limited most of the time. These declines in health
status encountered 1 month after surgery are unlikely to
be captured reliably in routinely collected administrative
or medical record data and have implications for the pro-
vision of in-home services as economic pressures lead to
shorter hospital lengths of stay.

Some dimension-specific changes in health did not
conform to a biphasic pattern. For example, patients who
had AAA repairs reported significant improvement in
health perception despite worsening across many dimen-
sions of health at 1 month after surgery. This positive
change early during the postoperative recovery may re-
flect their relief at surviving a major life-threatening con-
dition. Conversely, for those patients who had thoracic
surgery, persistent declines in health perception, physical
function, and vitality were observed at 12 months after
surgery. The declines in HRQL for this group may have
been influenced by the poor or uncertain long-term prog-
nosis for many of these patients.

The validity of the SF-36 as a measure of outcome af-
ter elective surgery is supported by many of our results.
As mentioned above, the strongest evidence for validity is
the direction and magnitude of dimension-specific changes
observed in each surgical group relative to what would be
expected clinically. Moderate correlational validity is sup-

ported by the associations between the SF-36 subscales
and the other indicators of physical function and global
health perception that were measured in the cohort. Fur-
ther evidence for construct validity of the SF-36 is pro-
vided by the positive association between the responses to
the health transition questions, an independent patient
impression of change in HRQL, and the observed change
in SF-36 scores over time. However, it is important to note
that participants who reported no change in dimension-
specific health status over time actually had positive
changes in their SF-36 scores. It is possible that at 6
months after surgery subjects answering the health tran-
sition questions were biased to recall preoperative func-
tioning as better than it actually was at the time of the
preoperative interview.

A strength of this study is that we have comparative
data for three common surgical procedures collected si-
multaneously. Data are available that describe changes in
health status after elective surgery.30-40.44.47-50 But, for the
most part, these investigations have been limited to a
small sample size and one procedure. In the aggregate,
changes in SF-36 scores may prove to be useful indica-
tors of quality of care. However, before comparisons can
be made across different health care settings, reliable and
valid methods for case-mix adjustment are needed.5?

Our study is limited by a problem that is generaliz-
able to all research evaluating health status outcomes—
the lack of a single reference standard for HRQL against
which the SF-36 and other instruments can be measured.
The sensitivity of instruments for detecting small changes
in health status therefore remains uncertain, but the pat-
terns of change and the consistency of results with the
different instruments suggest that the differences de-
tected with the SF-36 are valid. Other limitations are the
uncertain generalizability of data from a study conducted in
a university-based tertiary care population and the 1-year
follow-up time. We assessed preoperative health status
after the patient had decided to undergo surgery, but be-
fore the surgery itself. Therefore the timing of data collec-
tion may have biased the preoperative scores and the
subsequent differences that were observed.

Future research should examine the outcomes of
specific operations in different populations, define the du-
ration of impaired functional status after elective surgery,
and when possible, compare patients undergoing surgery
with those randomized to alternative treatments. Policy
makers who set priorities for allocating health care re-
sources should use standard approaches to compare the
outcomes of different medical interventions.
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APPENDIX A

Transition Questions

Health Perception

In the past 6 months, has there been a change in your overall health and sense of well-being? (check one)

M

No

Yes, I am a lot worse
Yes, I am a little worse
Yes, I am a little better
Yes, I am a lot better

ental Health

In the past 6 months, has there been a change in your emotional or mental health? (check one)

No

Yes, I am a lot worse
Yes, I am a little worse
Yes, I am a little better
Yes, I am a lot better

Social Functioning

In the past 6 months, has there been a change in the amount or level of your social activity? (check one)

No

Yes, I am a lot less active
Yes, I am a little less active
Yes, I am a little more active
Yes, I am a lot more active

Physical Functioning

In the past 6 months, has there been a change in the type of physical activity you can do or the amount you can do them? (check

one)

No

Yes, I am a lot more limited
Yes, I am a little more limited
Yes, I am a little less limited
Yes, I am a lot less limited

Pain

In the past 6 months, has there been a change in how much bodily pain you have? (check one)

No

Yes, a lot more pain
Yes, a little more pain
Yes, a little less pain
Yes, a lot less pain




