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Abstract

Background The SF-36 is a generic health status measure
which has gained popularity as a measure of outcome in a
wide variety of patient groups and social surveys. However,
there is a need for even shorter measures, which reduce
respondent burden. The developers of the SF-36 have
consequently suggested that a 12-item sub-set of the items
may accurately reproduce the two summary component
scores which can be derived from the SF-36 [the Physical
Component Summary Score (PCS) and Mental Health
Component Summary Score (MCS)). In this paper, we
adopt scoring algorithms for the UK SF-36 and SF-12
summary scores to evaluate the picture of change gained
in various treatment groups.

Methods The SF-36 was administered in three treatment
groups (ACE inhibitors for congestive heart failure, contin-
uous positive airways therapy for sleep apnoea, and open vs
laparoscopic surgery for inguinal hernia).

Results PCS and MCS scores calculated from the SF-36 or a
sub-set of 12 items (the ‘SF-12’) were virtually identical, and
indicated the same magnitude of ill-health and degree of
change over time.

Conclusion The results suggest that where two summary
scoras of health status are adequate then the SF-12 may be
the instrument of choice.

Keywords: SF-36, SF-12, summary scales, sensitivity to
change

Introduction

The value of patient-based measures of outcomes has become
established in medical research and evaluation.! Consequently,
the search for short, easily completed health status measures has
been a growth area. Much of this research has concentrated on
the development of disease-specific measures,” although the
search for a short, easily completed, cheap and psychometri-
cally sound generic measure has been an undertaking with
relatively few successes. At present, the most popular generic
measure of outcomes is probably the 36-item short form health
survey (SF-36).> This is a questionnaire developed in the United

States,*~7 which has been adopted as one of the standard health
outcomes measures both in America and elsewhere.®~!! The
questionnaire contains 36 questions covering eight dimensions
of health status (see Table 1). The wording of the questionnaire
has been anglicized for use in the United Kingdom, and
substantial research has been undertaken to determine the
validity and reliability of the measure across various popula-
tions and patient groups in this country.'?~"?

Recently, the developers of the SF-36 have suggested a
method of gaining two summary scores from the instrument.°
Using data from the Medical Outcomes Study,?’ a Physical
Component Summary Scale Score (PCS) and Mental Compo-
nent Summary Scale Score (MCS) have been generated, and
their validity and reliability evaluated. The intention of the
developers when constructing the PCS and MCS was to reduce
the SF-36 from an eight-scale profile to two summary measures
of health status without substantial loss of information.
Furthermore, they have suggested that the summary scores
may make trial and other longitudinal data sets more easily
interpretable, as they reduce the number of statistical compar-
isons required from eight to two.”? Within the UK context we
undertook an analysis of the Oxford Healthy Lifestyle Survey?
dataset and have developed scoring algorithms for the summary
scores in the UK setting.”*
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Table 1 Dimensions of the SF-36, and number of items in each (there is one further unscaled
item in the SF-36 asking respondents about health change over the past year)

Scales evaluating
functional status

Scales evaluating
well-being

Scale evaluating general
health perception

Physical functioning (10 1items)
Social functioning (2 tems)

Role hmitations due to physical
problems (4 items)

Role limitations due to emotional
problems (3 items)

Mental health (5 items})
Energy/itality (4 items)
Pain (2 items)

(5 items)

The developers have consequently suggested that a 12-item
sub-set of the original 36 items of the SF-36 can be used to
construct a shorter form health survey which can produce the
PCS and MCS without substantial loss of information.?*?¢
They have suggested that the SF-12 is able to produce the two
summary scales originally developed from the SF-36 with
considerable accuracy and yet with far less respondent burden.
Consequently, the SF-12 may be an instrument of choice where
a short generic measure providing summary information on
physical and mental health status is required. Similarly, we
have replicated the work of the developers in a UK context, and
produced summary scores from the SF-12 which closely mirror
those produced from the SF-36.77 However, to date, little
evidence has been available concerning the sensitivity of these
measures to change. This is an important aspect of any health
status measure which is used to assess outcomes of treat-
ment. 22730 The purpose of this paper, therefore, is to compare
the sensitivity to change of the PCS and MCS calculated from
the SF-36 with the PCS and MCS calculated from the 12-item
subset (the ‘SF-12’) from three separate data sets in which the
SF-36 was included. We will adopt the convention suggested by
the developers, namely, that the summary scores when
calculated from the SF-36 will be referred to as the PCS-36
and MCS-36, and when calculated from the SF-12 they will be
referred to as the PCS-12 and MCS-12.%°

Methods and materials

The data presented here are based upon three longitudinal
datasets. Full details of recruitment, sample characteristics,
power calculations and randomization procedures are provided
in full elsewhere, and are available on request from the first
author. We briefly outline below the study designs and entry
criteria.

Congestive heart failure ACE inhibitor study

The SF-36 was given to elderly patients before and after they
were placed on angiotensin converting enzyme inhibitor
therapy (ACE inhibitors) for congestive heart failure (CHF).
The entry criteria to the study were that patients had to be over
60 years of age and were included if they met the criteria which

were used to establish a diagnosis of CHF in the Framingham
study.’! All patients were assured that inclusion in the study
would not alter their treatment in any way and would not
subject them to extra examinations or medical tests. Patients
received a test dose of 6.25 mg of captopril under close medical
supervision in the Radcliffe Infirmary NHS Trust day hospital
in Oxford. No significant hypotensive events were encountered
and it was possible to establish patients on a maintenance dose
of between 10 and 20 mg daily of enalapril in one or two
divided doses by the time of follow-up at approximately one
month after the initial interview. Patients received additional
conventional treatment in the form of diuretics and vasodilators
at the discretion of their primary physician. They were followed
up approximately four weeks after being placed on therapy.

Sleep apnoea CPAP study

The SF-36 was given to patients diagnosed with sleep apnoea
before and after they were placed on continuous positive
airways pressure therapy (CPAP).*? Patients were recruited
from the sleep clinic at the Churchill Hospital, Oxford. A
diagnosis of sleep apnoea was made if a patient presented with
an Epworth Sleepiness Scale (ESS)*® score outside of the
normal range, and if the Desaturation index was more than ten
per hour, which approximates to the number of apnoeas per
hour and is well above what is considered normal.*? The ESS is
a standard measure of hypersomnolence used to evaluate the
impact of sleep apnoea on daytime function.? Patients were
followed up approximately four weeks after being placed on

therapy.

Randomized trial of open vs laparoscopic surgery for
inguinal hernia

Between December 1992 and August 1993 consecutive patients
presenting with inguinal hernia were screened for entry into this
study, which took place at the John Radcliffe Hospital, Oxford.
Patients were eligible for the study if they had a primary,
unilateral inguinal hernia on examination and met the local
criteria for day surgery [American Society of Anaesthesia
(ASA) grade 1 or 2, age less than 70 years]. Patients with
previous major abdominal surgery or requiring overnight
admission were excluded. Sealed randomization envelopes



THE U.K. SHORT FORM 12 HEALTH SURVEY QUESTIONNAIRE
(UK SF-12)

Tha following quastions ask for your views about your health, how you feel and how well you are
abie to do your usua! activities.

If you are unsure about how to answer any questions please give the best answer you can and
make any of your own comments if you ike. Do not spend too much time in answering as your
immediate responsae I8 likely to be the most accurate.
1. In general, v«udyouaayywrhoamﬂs(;#aaseﬂakmbox)

Very good Good Falr Poor

D 1] Ll L1 1]

2. HEALTH AND DAILY ACTIVITIES

The following questions are about activities you might do during a typical day. Does your health
limit you in these activitiea? If so, how much? (p/ease tick one bax on each ine)

Yes, Yeos, No, not
llmlt-d umn.d- Iimited
atall
a)
Moderate activities, such as moving a table,
drat acthitos, such o8 movng o tebl, I:I I:I ]

b) Cilmbing saveral flights of stairs u L_J E_I

3. During the past 4 weeks, have you had any of the following problems with your work or other
regular dally activities as a result of your physical heatth? (Please answer Yes or No to each
question)

Yes

No
@) Accomplished less than you would like I:I D
b) Woero limited In the kind of work or other activities :I :I

4. During the past 4 weoks, have you had any of the following problems with your
work or other regular dally activities as a result of any emotional problems (such as
feeling depressad or anxious)? (Please answer Yas or No to each quéestion)

Yes No
a) Accomplishod less than you would like [] ]
e) Didn't do work or other activities as caretully as usua) l j |7J

5. During the past 4 weeks how much did pain interfere with your normal work (inotuding work
both outside the home and housework)? (Please tick one box)

I:ll:l:ll_ll_l

6. Thasa questions are about how you feel and how things have been with you during the past
month. For each question, please indicate the one answer that comas closast to the way you
have besn feeling. (Pisase tick one box on each Kne)

How much time during All Most Agood Some Allttle None
the last month: of the of the bit of ofthe ofthe of the
time time the time time time time

o Mewwsersmees [ ) [ ][]

paacaful?

by Odveerevesototesrgy | O[] ]| L I 1L |

o evevtsowneaned [ ][] [ ] [ L ]I

]

Has your heatth limited your

4 gocialactivites (ikevisting | | || || | 11t

friends or close relatives)?

SE-112 /s a trads mark of the Medical Outcomes Trust

Figure 1 The UK SF-12.
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from tables of random numbers were kept in the outpatient
clinic. Patients who agreed to take part in the study were
allocated in the clinic to open or laparoscopic surgery using
unrestricted randomization in a 1:1 ratio. Patients received
either standard open hernia repair or laparoscopic repair. All
surgery was performed, using a general anaesthetic, by four
surgeons who were experienced laparoscopists of senior
registrar or consultant grade. Patients were followed up at
various intervals after surgery, although we report here only on
the first follow-up, at 10 days. Results of longer-term follow-up
from the trial have been presented elsewhere.>*° The purpose
here is to compare the SF-36 and SF-12 summary scores on a
clinical trial dataset.

Construction of SF-36 summary measures

The methods for deriving the summary scale scores have been
published in full elsewhere.?>*2?* Briefly, the procedure was as
follows. SF-36 scores were calculated for the eight dimensions
from data from a large-scale population survey, the Oxford
Healthy Lifestyle Survey (OHLS).?® These data were factor
analysed in accordance with the recommendations of the
MCS-PCS developers, using principal components analysis
and orthogonal rotation.?® Each of the eight individual scales of
the SF-36 was then standardized using a z-score transformation
using means and standard deviations calculated for all
respondents in the OHLS. Each z-score was calculated by
subtracting the OHLS mean from each individual respondent’s
scale score and dividing the difference by the corresponding
scale’s standard deviation from the OHLS. After the z-scores
had been calculated for each scale the aggregate scores for the
physical and mental component scale scores were computed. In
the case of the PCS, this involved multiplying each SF-36 scale
z-score by its respective factor score coefficient. Similarly, in
the case of the MCS, this involved multiplying each SF-36 scale
z-score by its respective factor score coefficient. Finally, these
scores were standardized to a T-score where the mean was set to
50 and the SD to 10. It is these factor loadings and calculation
algorithms that are applied to datasets reported in this paper.

Construction of SF-12 summary measures

The methods for deriving the summary scale scores have been
published in full elsewhere.”>~?” Briefly, the procedure was as
follows. Once again, the procedure is based upon the normative
OHLS dataset. The summary scores for the SF-12 were created
using procedures recommended by the developers.* The 12
items recommended for inclusion in the SF-12 were selected
from the SF-36. These are shown in Fig. 1. The first step in
creating the PCS-12 and MCS-12 was to reverse score four of
the 12 chosen items so that on all items a higher score indicates
better health. The second step was to create indicator variables
(1/0) for all but one response choice category for each item. A
one is assigned to the response choice if endorsed and a zero is
assigned if not endorsed. Indicator variables are not created for

the highest health state for each item. Therefore out of 48 total
response categories among the 12 items only 36 indicator
variables are created. It should be noted that this is one more
than in the US SF-12 summary scores owing to the fact that the
standard UK SF-36 is based upon the original questionnaire
made available from InterStudy in the United States. Minor
changes have altered the response categories in the US version,
now made available from the Medical Outcomes Trust, but, in
the United Kingdom, a network of users agreed to standardize
on the original questionnaire.>’ The indicator variables were
then weighted. This was undertaken by regressing the indicator
variables against the PCS-36 to gain PCS-12 indicator variable
weights, and the indicator vaniables against the MCS-36 to gain
MCS-12 indicator variable weights. Computation of PCS-12 is
achieved by multiplying each indicator variable by its
respective physical regression weight, and summing the 36
products. Similarly, MCS-12 is computed by multiplying each
indicator variable by its respective mental regression weight
and summing the 36 products. The summary scales are then
transformed to norm-based scoring, where the mean is set to 50
and the SD to 10. This is accomplished by adding the
constant, generated in the regression, for the PCS to the sum
of the 36 products gained from multiplying the indicator
variables by the PCS weights, and, similarly, by adding the
constant, generated in the regression, for the MCS to the sum
of the 36 products gained from multiplying the indicator
variables by the MCS weights. It is these regression loadings
and calculation algorithms that are applied to datasets
reported in this paper.

Results

The results reported here are based solely on cases where there
are both baseline data and follow-up data sufficient to calculate
the summary scores. The median age of patients with CHF was
82 (range 60-92 years; n=61). Eighteen patients were male and
43 female. The median age of patients with sleep apnoea was 50
(range 28-68 years; n=63). All patients recruited into this study
were male. The median age of patients randomized to open
repair was 47 (range 20-69 years; n=69) and for those
randomized to laparoscopic repair 47 (range 20-77 years;
n=66). Three patients randomized to open repair were female,
and one randomized to laparoscopic repair was female.
Descriptive statistics from the eight dimensions of the SF-36
for all treatment groups are reported in Table 2. Effect sizes
have been calculated to determine the magnitude of change
across dimensions in these patient groups (see Table 3). They
have been calculated as recommended by Kazis er al.,*® by
dividing the mean change by the baseline standard deviation.
Hakzis er al.>® suggested that as a benchmark for assessing the
relative magnitude of a change, an effect size of 0.20 is
regarded as small, 0.50 as moderate and 0.80 as large.”
Consequently, results suggest that ACE inhibitor therapy for
CHF in the elderly has limited impact on all eight dimensions,
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Table 2 SF-36 domain scores (mean, with standard deviation given in parentheses) for the four treatment groups: congestive
heart failure (CHF), sleep apnoea patients receiving CPAP, and patients before and after operations for inguinal hernia [open

and laparoscopic (lap.)]

CHF (n = 61) Apnoea (n = 63) Hernia, open (n = 69) Hernia, Lap. (n = 66)
SF-36 dimensions Time 1 Time 2 Time 1 Time 2 Time 1 Time 2 Time 1 Time 2
Physical functioning 34.43 29.75 74.60 79.68 86.32 61.45 80.51 65.99
(26.38) (24.55) (23.39) (22.09) (14.67) (27.04) (20 09) (22.38)
Social functioning 68 49 66.85 70.02 89.24 81.32 51.21 76.09 59.06
(31.96) (34.75) (27.12) (15.58) (165.42) (26.21) (20.56) (23.51)
Role - physical 3074 43.03 58.73 77.38 81.88 13.59 65.91 29.55
(39.63) (43.81) (37.34) (34.41) (31.76) (25 34) (38 64} (36.93)
Role - emotional 54.64 67.21 59.79 82.54 89.37 75.85 83.39 68.69
(48.70) (43.67) (42.82) (31.60) (25.24) (37 00} (25 59) (40.88)
Mental health (72.98) 75.93 68.25 76 83 79.94 80.59 77.82 80.27
(19.74) (21.29) (16.30) (15.12) (17.91) (17.57) (15 28} (1507)
Energy/vitality 50.33 4533 39.05 60.40 68.26 54.39 6508 59.67
(22.43) (25.80) (20.40) (20.25) (1977) (20.56) (17 53) (17 52)
Pain 71.77 71.58 73.37 80.60 73.59 44 .93 66.09 59.78
(28.15) (28.73) (24.24) (23.18) (21.57) (21.00) (23 64) (19 69)
General health 60.84 58.38 61.27 6319 80.04 75.67 74.79 7089
perception (20.35) (21.34) (22.33) (26 61) (15.29) (1817) (18 01) (16.55)

whereas treatment for sleep apnoea has a large impact on ‘social
functioning’ and ‘energy/vitality’, and a moderate impact on a
number of other dimensions (‘role limitations due to physical
problems’, ‘role limitations due to emotional problems’ and ‘mental
health’). At ten days the impact of surgery for inguinal hernia has
adversely affected a number of areas of functioning and well-being
dramatically, as one might expect. However, the level of adverse
outcome at this stage is lower, for the most part, for the laparoscopic
arm.

Table 3 Effect size calculations for the four treatment groups:
congestive heart failure (CHF), sleep apnoea patients receiv-
ing CPAP, and patients before and after operations for
inguinal hernia (open and laparoscopic (lap.}]

SF-36 dimensions CHF Apnoea Hernia, open Hernia, lap.
Physical -0.18 022 -1.70 -0.72
functioning

Social -0.05 07 -1.95 -0.83
functioning

Role — 0.31 0.50 -215 -0.94
physical

Role — 0.26 0.53 -0.54 -0.81
emotional

Mental 0.15 0.53 0.04 0.16
health

Energy/ 022 1.05 -0.70 -0.31
vitality

Pain -0.01 0.30 -1.33 -0.27
General health -0.12 0.09 -0.29 -0.22
perception

Negative effect sizes indicate a decline in reported health.

The summary scale scores were then calculated using the
SF-36 and SF-12. These results are reported in Table 4. What is
striking about these results is the high level of concordance
between PCS-36 and PCS-12 scores, and MCS-36 and MCS-12
scores. Means, standard deviations and 95% confidence
intervals (CIs) are calculated for both times across all treatment
groups. Mean scores are almost identical and 95 per cent Cls
always substantially overlap. Mean differences between the
PCS and MCS summary scores were computed using the SF-
12 and SF-36; paired r-tests did reveal some significant
differences between the scores gained from the two measures
(see Table 5). However, mean differences were never greater
than two and a half points in any illness group on either the
physical or mental component scores, and such a difference
would never be either subjectively or clinically meaningful.”
At the group level, the extent and direction of change
indicated by the effect size statistic are virtually identical for
summary scores calculated from the 36- or 12-item instru-
ment. Finally, although the summary scores tend to obscure
which exact factors are improving or worsening, the overall
story remains similar to that gained from the SF-36 eight
dimension scores: notably, that the CHF group have not
reported much change, the sleep apnoea group have improved
both on the physical summary score and, to a greater extent,
on the mental health summary score (the developers of the
SF-36 and summary scores claim that ‘social functioning’
and ‘energy/vitality’ are largely aspects of emotional/mental
health), and that soon after surgery for inguinal hernia there
is an overall decline in functioning and well-being for both
open and, to a lesser extent, laparoscopic surgery patients
across dimensions.
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Table 4 Comparison of summary scores calculated from the
SF-12 and SF-36: mean (SD, given in parentheses) 95% ClI

Table 5 Mean differences (with SD given in parentheses)
betwean PCS and MCS scores calculated using the SF-36 or

and effect sizes SF-12
Time 1 Time 2 Time 1 Time 2
Mean Mean Mean Mean
95% Cl 95% Ci Effect size 95% Ci 95% CI
CHF (h= 61) CHF fh = 61)
PCS-12 32.04 (11.76) 31.91 (14.19) ~0.01 PCS 0.57 (3.18) 0 (3.26)
29.0-35.1 28 3-35.5 -0.2-14 -0.8-0.8
PCS-36 31.47 (12.38) 31.91 (13.70) 0.04 MCS -0.64 (2.83) -1.47 (2.81)***
28.3-34.6 28.4-35.4 -1.3-0.0 -2.21t0-0.75
MCS-12 38.70 (12.31) 39.94 (14.01) 0.10 Sleep apnoea i = 63)
355-419 36.4-43.5 PCS -015(2.97) 0.19 (3.34)
MCS-36 3934 (13 30) 40.81 (13.89) 0.1 -06-1.0 -0.6-1.0
359-427 37.3-444 MCS 0.28 (2.43) -0.18 (2.79)
Sleep apnosa i = 63) -0.4-1.0 -0.8-0.4
PCS-12 39.21 (12.41) 46.75 (11.62) 0.61 Hernia (open arm)in = 69)
36.1-42.3 43.8-49.7 PCS -1.10 (2.56)** -2.47 (2.91)***
PCS-36 39.36 (12.31) 46.56 (12.35) 0.58 -17t0-05 -3.2t0-18
36.3-42.5 43.4-497 MCS -1.56 (1.93)*** 1.97 (2.53)***
MCS-12 39.97 (11.55) 48.83 (10.48) 0.77 -20to-1.1 -26to-1.4
371-429 46.2-51.5 Hernia (laparoscopic arm) (n = 66)
MCS-36 39.69 (11.51} 49.01 (10.30) 0.81 PCS -1.37 (3.23)*** -1.67 (3.87)***
36.8-42.6 46.4-51.6 -22t0-06 -2.6to -0.7
Hernia (open arm) i = 69) MCS -1.41 (2.15)*** -1.02 (376)*
PCS-12 47.61(9.22) 27.88 (9.97) -2.14 -191t0-0.9 -1.9-0.0
45.4-49.8 25.5-30.3
PCS-36 48.72 (9.20) 30 36 (9 75) -2.00 *£<0.05, ** p<001: *** p<0.001.
46.5-50.9 28.0-32.7
MCS-12 49 88 (9.05) 39 30(931) -117
MCS-36 23135(’5:3) 3}371;?2) 113 those gained from the SF-36 in a questionnaire which can be
49.2-53.6 38.9-43.6 produced on one or two pages of paper and is, for the most part,
Hernia (laparoscopic arm) i = 66) sufficient for self-completion in only a few minutes. Such a
PCS-12 42.69 (11.44) 33.25(1078) -083 questionnaire may be ideal in, for example, large-scale surveys
39.9-45.5 30.6-35.9 and ‘mega-trials’ where there is limited time and/or resources,
PCS-36 44.06 (11.76) 34.91 (10.59) -0.77 . .. . . .
41.3-46.9 324-375 or in studies in which respondent burden is already high and the
MCS-12 47.61 (9.22) 41.55 (10.16) ~0.66 inclusion of the 36-item questionnaire would be considered
45.4-49.8 39.1-44.0 excessive.
MCS-36 49.02 (9.65) 42.57 (10.38) -0.67 It should be borne in mind, however, that the SF-12 is not
46.6-51.4 40.1-451

Negative effect sizes indicate a decline in reported health.

Discussion

This paper has presented evidence for the suitability of the SF-
12 as a shorter form measure for the assessment of the summary
scales in longitudinal studies. The SF-12 health survey
represents a step forward in the attempt to find a short yet
meaningful measure of health status. The PCS-12 and MCS-12
show similar levels of precision to the summary scores derived
from the longer 36-item set. Furthermore, at the level of group
analysis, the level of change detected by the summary scores of
the SF-12 was, to all intents and purposes, the same as that
gained from the longer form instrument. Consequently, it is
possible to gain physical and mental health summary scale
scores which are within at most a few points difference from

without its limitations. First, the summary scores gained from
the SF-12 are not identical to those gained from the SF-36.
However, the level of difference is small and the developers
themselves have stated that differences of two to three points
are not meaningful either subjectively or clinically.” Second,
the questionnaire contains a number of areas of health tapped
with only a single item. Consequently, as the developers
themselves note, the SF-36 will provide a more reliable profile
of scores across the eight domains than could be gained using
the SF-12,%® hence producing the eight dimension summary
from the SF-12 is not recommended. After all, it was lack of
precision in the multi-dimensional 20-item short form (SF-
20),%° caused in part through single-item domains, which
brought about the development of the SF-36. Furthermore, the
scoring algorithms for the SF-12 are more complicated than
those used to gain the eight dimension scores from the SF-36. In
the United States, the developers have licensed certain
companies to produce software for the calculation of the






