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Abstract
Objective: To measure within-person change in
scores on the short form general health survey
(SF-36) by age, sex, employment grade, and disease
status.
Design: Longitudinal study with a mean of 36
months (range 23-59 months) follow up, with
screening examination and questionnaire to detect
physical and psychiatric morbidity.
Setting: 20 civil service departments originally located
in London.
Participants: 5070 male and 2197 female office based
civil servants aged 39-63 years.
Main outcome measures: Change in the eight scales
of the SF-36 (adjusted for baseline score and length of
follow up) and effect sizes (adjusted change/standard
deviation of differences).
Results: Within-person declines (worsening health)
with age were greater than estimated by cross
sectional data alone. General mental health showed
greater declines among younger participants (P for
linear trend < 0.001). Employment grade was
inversely related to change; lower grades had greater
deteriorations than higher grades (P < 0.001 for each
scale in men; P < 0.05 for each scale in women except
general health perceptions and role limitations due to
physical problems). The greatest declines were seen
among participants with disease at baseline, with the
effects of physical and psychiatric morbidity being
additive. Effect sizes ranged from 0.20 to 0.65 in
participants with both physical and psychiatric
morbidity.
Conclusions: Health functioning, as measured by the
SF-36, changed in hypothesised directions with age,
employment grade, and disease status. These changes
occurred within a short follow up period, in an
occupational, high functioning cohort which has not
been the subject of intervention, suggesting that the
SF-36 is sensitive to changes in health in general
populations.

Introduction
Measuring changes in population health is important
to evaluate interventions and to predict the need for
health and social care. The traditional measures of
mortality and morbidity, although useful, have
limitations: showing changes in mortality requires pro-
longed periods of observation or large numbers of
events, or both, and changes in morbidity are more
expensive to measure and do not take account of the
functional impact on a patient’s life. A given level of
objectively assessed morbidity may have widely
differing impacts on individuals’ physical, psychologi-
cal, and social functioning.1 Since levels of functioning
are important in predicting demand for services,
changes in such health related quality of life outcomes
might complement mortality and morbidity measures.

Although changes in quality of life are increasingly
used as outcome measures in clinical trials,2 3 they have
rarely been studied in populations other than patients.

The short form 36 health survey (SF-36)4–6 is a 36
item questionnaire which measures health functioning
on eight scales and is among the most widely used
measure of quality of life in studies of patients7 8 and
the general population.9–19 Cross sectional data from
population studies have shown that the SF-36 is
reliable and able to detect differences between groups
defined by age, sex, socioeconomic status, geographical
region, and clinical conditions. The SF-36 may
therefore be a useful tool for monitoring changes in
health in the population.

There are, however, no reports of using repeated
measures of the SF-36 in population studies, so it is not
known whether it is sensitive in detecting changes
within individuals over time. We report here individual
changes in SF-36 scores in the Whitehall II study of
British civil servants. On the basis of our previous cross
sectional data19 we hypothesised that over a three year
follow up period a decline in scale scores (worsening
health) would be associated with age (directly for
physical functioning, inversely for general mental
health); socioeconomic status (inversely); and the pres-
ence of chronic, progressive, or recurrent disease at
baseline.

Methods
Participants
All non-industrial civil servants aged 35 to 55 years
working in the London offices of 20 departments were
invited to participate in this study. The final cohort
consisted of 10 308, with an overall response rate of
73%, although the true response rate was probably
higher as 4% of those on the list of employees had
moved before the start of the study and were therefore
not eligible for inclusion. Employment grade within
the civil service was used as a measure of
socioeconomic status. On the basis of salary the civil
service identifies 12 non-industrial grades. To obtain
sufficient numbers for meaningful analysis we com-
bined the top six groups into grade 1 and the bottom
two groups into grade 6, thus producing six grade
categories. The salaries ranged from £6483-11 917
(grade 6) to £28 904-£87 620 (grade 1) in 1992.

Measures
Baseline SF-36 scores (UK standard version) were
measured at the third phase of the study, between
August 1991 and May 1993 on 8349 participants
(5763 men and 2586 women). At phase 4, between
April 1995 and June 1996, an identical version of the
SF-36 was completed by 7949 participants (5467 men
and 2482 women). For the purposes of this paper,
phase 3 measurements are referred to as baseline and
phase 4 measurements as follow up. Sixty seven
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participants died between the end of phase 3 and the
beginning of phase 4.

The SF-36 consists of 36 items scored in eight
scales: general health perceptions (5 items), physical
functioning (10), role limitations due to physical func-
tioning (4), bodily pain (2), general mental health (5),
role limitations due to emotional problems (3), vitality
(4), and social functioning (2). The remaining item,
relating to change in health, is not scored as a separate
dimension. As an example of scale content, the
physical functioning scale covers limitations during a
typical day (“a lot,” “a little,” “none”) in vigorous activi-
ties (strenuous sports, running, etc), moderate activities
(housework, playing golf, etc), lifting and carrying,
climbing stairs, bending, kneeling, and walking. Scores
for all scales were calculated using the medical
outcomes study (MOS) scoring system20 and ranged
from 0 (lowest wellbeing) to 100 (highest wellbeing).
These scales had high internal consistency at baseline
(Cronbach’s á 0.76-0.86). The mean percentage of
items missing across all scales was related to sex (0.38%
in men and 0.50% in women; P = 0.02), age (0.65% in
those 55 years and older and 0.14% in those 44 years
and younger; P < 0.001), and grade (0.60% in the low-
est and 0.25% in the highest grade; P < 0.001).

Participants were categorised into four mutually
exclusive groups according to their disease status at
baseline: healthy (free of the following conditions),
physical disease only, minor psychiatric disorder only,
and both physical disease and minor psychiatric disor-
der. Physical diseases (chosen on a priori grounds as
likely to affect physical functioning) were defined as
one or more of the following: angina (n = 450),21 self
report of doctor diagnosed heart attack or angina
(n = 150), probable or possible ischaemia on resting

electrocardiogram (Minnesota codes 1-1 to 1-3, 4-1 to
4-4, 5-1 to 5-3, and 7-1-1) (n = 707), hypertension
( > 160/90 or taking antihypertensive drugs)
(n = 1554), claudication (n = 125),21 diabetes (self
report or oral glucose tolerance test) (n = 222),22

chronic bronchitis (n = 914),23 musculoskeletal disor-
ders (self report) (n = 1257), and cancer (OPCS
registration or self report) (n = 128). Minor psychiatric
disorder, principally anxiety and depression, was
defined as a score of >5 on the 30 item general health
questionnaire (n = 1489).24

Statistical analysis
Changes in SF-36 were examined by age, employment
grade, and disease status separately for men and
women. A negative change reflects a decline in scores
and, if valid, a deterioration in health. As expected, par-
ticipants who had high scores at baseline had lower
scores at follow up and vice versa, a common phenom-
enon known as regression to the mean. Analysing such
data using simple differences is problematic as the
magnitude of the change would depend on the level at
baseline.25 26 Furthermore, the changes in scores, unlike
single measurements, are normally distributed. There-
fore, we used regression models separately for men
and women for each scale of the form:

follow up score − baseline score =
baseline score + covariate 1 + covariate 2 . . . etc

These models give a change score adjusted for the
potential bias of regression to the mean. Longitudinal
estimates of change per year were obtained using these
models from the coefficients for length of follow up in
which the intercept term was constrained to be zero.
Adjustment was made for the potential confounding of

Table 1 Absolute change in SF-36 scores between baseline and follow up (mean 36 months)

Men Women

Mean (SD) at
baseline

Mean at
follow up

Mean difference
(95% CI)

Mean (SD) at
baseline

Mean at
follow up

Mean difference
(95% CI)

Minium No of observations 5737 5384 5070 2570 2384 2197

General health perceptions 72.5 (17.6) 70.7 −2.0 (–2.4 to −1.6) 71.8 (19.1) 70.0 −1.9 (−2.5 to −1.3)

Physical functioning 91.9 (11.9) 89.7 −2.1 (−2.5 to −1.8) 83.7 (19.2) 80.3 −3.0 (−3.7 to −2.3)

Physical role limitation 91.9 (21.8) 86.0 −5.9 (−6.8 to −5.1) 84.4 (30.4) 77.1 −7.3 (−8.8 to −5.8)

Bodily pain 87.6 (16.5) 83.8 −3.7 (−4.3 to −3.2) 78.8 (21.9) 75.8 −2.5 (−3.4 to −1.6)

General mental health 77.0 (14.7) 75.6 −1.5 (−1.9 to −1.1) 73.6 (16.0) 72.0 −1.5 (−2.2 to −0.9)

Emotional role limitation 89.7 (24.7) 86.1 −3.8 (−4.6 to −2.9) 86.0 (29.1) 80.9 −4.5 (−6.0 to −3.1)

Vitality 63.8 (17.5) 61.5 −2.6 (−3.0 to −2.1) 57.8 (20.1) 55.9 −1.7 (−2.4 to −1.0)

Social functioning 91.3 (17.0) 87.3 −4.1 (−4.7 to −3.5) 82.0 (21.3) 81.4 −4.5 (−5.5 to −3.6)

P <0.05 (paired t test) for each difference.

Table 2 Mean change in SF-36 scores per year of follow up

Men Women

Cross sectional estimate
using baseline data

(95% CI)
Longitudinal estimate*

(95% CI)

Cross sectional estimate
using baseline data

(95% CI)
Longitudinal estimate*

(95% CI)

Minimum No of observations 5737 5070 2570 2197

General health perceptions 0.03 (−0.05 to 0.10) −0.38 (−0.97 to −0.21) −0.02 (−0.14 to −0.10) −0.69 (−1.67 to 0.29)

Physical functioning −0.34 (−0.39 to −0.29) −0.51 (−1.02 to 0.00) −0.72 (−0.84 to −0.60) −0.69 (−1.73 to 0.35)

Physical role limitation −0.09 (−0.18 to −0.00) −1.93 (−3.16 to 0.70) −0.16 (−0.37 to 0.03) −0.39 (−2.60 to 1.82)

Bodily pain −0.09 (−0.16 to −0.02) −0.88 (−3.16 to 0.70) −0.11 (−0.24 to 0.04) −1.00 (−2.29 to 0.29)

General mental health 0.39 (0.32 to 0.45) 0.29 (−0.28 to 0.86) 0.35 (0.25 to 0.45) −0.89 (−1.85 to 0.07)

Emotional role limitation 0.28 (0.18 to 0.39) 0.20 (−1.00 to 1.40) 0.40 (0.22 to 0.58) 0.62 (−1.44 to 2.68)

Vitality 0.38 (0.30 to 0.45) −0.17 (−0.82 to 0.48) 0.37 (0.24 to 0.50) −0.42 (−1.54 to 0.70)

Social functioning 0.11 (0.04 to 0.18) −0.37 (−1.19 to 0.45) 0.20 (0.07 to 0.33) −0.82 (−2.23 to 0.59)

* Adjusted for baseline score.
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differing lengths of follow up in all models, even
though age, grade, and disease status had only small
effects on length of follow up. Two tailed tests were
used throughout. Effect sizes for cross sectional data
comparing two groups were calculated by dividing the
difference between the means of the two groups by the
sex specific standard deviation for that scale. Effect
sizes for change were calculated by dividing the
adjusted change by the sex specific standard deviation
of the differences for that scale. A higher effect size
indicates greater sensitivity to change. All analyses
were performed using the SAS statistical package (SAS
Institute, Cary, NC).

Results
The median follow up was 36 months (range 23-59
months). The median age at follow up was 52 (42-65)
years for men and 53 (42-65) years for women. Partici-
pants who did not respond at follow up had lower
mean scores at baseline on all scales except the vitality
scale for women (data not shown).

Unadjusted mean scores on all scales were lower at
follow up (table 1). Table 2 shows a comparison of cross
sectional and longitudinal estimates of change in scale
score per year. The cross sectional data tended to
underestimate the within-person decline with increas-
ing age in general health perceptions, physical role

limitation, and bodily pain. While the cross sectional
data suggested improvement with age in general men-
tal health, emotional role limitation, vitality, and social
functioning, the longitudinal estimates showed that
only emotional role limitations (men and women) and
general mental health (men only) improved with age.

Table 3 shows the adjusted change within five year
age groups at baseline. Younger men had greater
declines in general mental health, emotional role limi-
tation, vitality, and social functioning than older men (P
for linear trend < 0.001). Among women, a similar
relation was seen in the vitality and general mental
health scales (P < 0.01). Indeed, adjusted change was
positive on general mental health and vitality in the
oldest age group. Older participants showed greater
declines in physical functioning than younger partici-
pants (P < 0.001).

Men in the lower employment grades had greater
declines on all scales than men in higher grades (P for
linear trend < 0.001), and women in the lower grades
had significantly greater declines on all scales except
physical role limitation and general health perceptions
(table 4). Women in the high grades showed positive
change for bodily pain, vitality, emotional role
limitation, and general mental health.

The figure shows the effect of civil service employ-
ment grade on age related declines in physical
functioning. For men there was evidence of an

Table 3 Mean change (adjusted for baseline score) in SF-36 scores per year of follow up within age groups

Men (age in years) Women (age in years)

39-44 45-49 50-54 >55
Test for

trend 39-44 45-49 50-54 >55
Test for

trend

Minimum No of observations 1368 1394 1006 1302 503 556 446 686

General health perceptions −2.8 −1.6 −1.6 −1.8 P=0.06 −1.3 −2.4 −3.2 −1.2 P=0.7

Physical functioning −1.0 −1.6 −3.1 −3.1 P<0.001 −0.8 −2.5 −4.4 −4.1 P<0.001

Physical role limitation −5.1 −3.8 −7.7 −7.8 P<0.01 −4.5 −8.1 −8.8 −7.6 P=0.2

Bodily pain −3.4 −3.0 −4.1 −4.5 P<0.05 −0.8 −3.1 −3.6 −2.6 P=0.2

General mental health −4.1 −2.8 −0.6 1.9 P<0.001 −2.4 −3.3 −1.6 0.6 P<0.001

Emotional role limitation −6.1 −4.2 −3.8 −0.8 P<0.001 −3.6 −6.8 −5.8 −2.5 P=0.3

Vitality −5.3 −3.6 −2.0 1.1 P<0.001 −3.2 −3.1 −2.5 1.1 P<0.001

Social functioning −6.3 −3.5 −4.4 −2.3 P<0.001 −3.7 −6.8 −4.6 −3.2 P=0.2

Table 4 Change (adjusted for baseline score, length of follow up, and age) in SF-36 scores by employment grade

1 (Highest) 2 3 4 5 6 (Lowest)
Test for

trend

Effect size (95% CI) (grade 6 v grade 1)

Change Cross sectional

Men

Minimum No of observations 1169 1349 856 885 813 290

General health perceptions −1.0 −1.9 −2.0 −1.8 −2.8 −5.0 P<0.001 0.28 (0.15 to 0.41) 0.28 (0.17 to 0.39)

Physical functioning −0.6 −2.0 −1.8 −2.2 −3.3 −6.8 p<0.001 0.49 (0.36 to 0.62) 0.57 (0.46 to 0.68)

Physical role limitation −3.7 −6.1 −4.3 −7.5 −7.9 −10.4 P<0.001 0.21 (0.08 to 0.34) 0.18 (0.07 to 0.29)

Bodily pain −1.8 −3.2 −3.5 −4.1 −6.2 −8.3 P<0.001 0.33 (0.20 to 0.46) 0.35 (0.24 to 0.46)

General mental health −0.8 −0.7 −0.9 −2.1 −3.1 −4.6 P<0.001 0.27 (0.14 to 0.40) 0.19 (0.08 to 0.30)

Emotional role limitation −1.7 −2.8 −2.2 −6.2 −6.6 −8.5 P<0.001 0.22 (0.09 to 0.35) 0.08 (−0.03 to 0.19)

Vitality −1.5 −2.2 −1.5 −3.8 −4.3 −4.4 P<0.001 0.19 (0.06 to 0.32) 0.00 (−0.11 to 0.11)

Social functioning −1.9 −3.0 −3.2 −5.4 −8.1 −10.0 P<0.001 0.39 (0.26 to 0.52) 0.37 (0.26 to 0.48)

Women

Minimum No of observations 142 223 184 340 506 799

General health perceptions −0.7 −1.8 −2.1 −1.2 −1.6 −2.6 P=0.2 0.12 (−0.06 to 0.30) 0.09 (−0.08 to 0.26)

Physical functioning −0.1 0.4 −0.1 −3.4 −2.8 −5.0 P<0.001 0.29 (0.11 to 0.47) 0.45 (0.28 to 0.62)

Physical role limitation −4.1 −5.1 −9.5 −6.8 −5.2 −9.6 P=0.07 0.15 (−0.03 to 0.33) 0.09 (−0.08 to 0.26)

Bodily pain 3.7 0.1 −1.1 −2.9 −1.6 −5.1 P<0.001 0.40 (0.23 to 0.57) 0.26 (0.09 to 0.43)

General mental health 1.7 −0.5 −0.7 −2.3 −1.6 −2.2 P<0.01 0.24 (0.06 to 0.42) 0.01 (−0.16 to 0.18)

Emotional role limitation −1.6 1.8 −3.7 −5.7 −6.5 −5.9 P<0.001 0.27 (0.09 to 0.45) 0.04 (−0.13 to 0.21)

Vitality 2.7 −1.3 −1.3 −2.3 −1.8 −2.4 P<0.01 0.28 (0.10 to 0.46) 0.09 (−0.08 to 0.26)

Social functioning −1.7 −3.1 −4.1 −4.5 −3.9 −6.0 P<0.05 0.18 (0.01 to 0.35) 0.08 (−0.09 to 0.25)
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interaction (P < 0.01), with the men in the highest
grade less likely than men in the lowest grade to show
declines with age.

Participants with both physical and psychiatric
morbidity had worse health at baseline than those with
either physical or psychiatric morbidity alone, with
effect sizes ranging from 0.99 to 1.31 (table 5). Table 6
shows the effect of baseline disease category on change
in SF-36 scores adjusting for baseline score, length of
follow up, and age. For both cross sectional and longi-
tudinal data, there was some evidence that physical dis-
eases predominantly affected physical scales (physical
functioning, physical role limitation, and pain) and
psychiatric morbidity predominantly affected psycho-
logical and social functioning. Participants who had
either physical disease or were defined as cases on the

general health questionnaire had greater declines than
those with no medical conditions (P for heterogeneity
< 0.01). The presence of physical disease or minor
psychiatric morbidity was associated with a similar
magnitude of effect for all scales except emotional role
limitations, for which the decline was larger among the
cases. The effects of physical disease and minor psychi-
atric morbidity were approximately additive; partici-
pants who had both of these experienced greater
decline on all scales than participants who had either
of these. Effect sizes in this group ranged from 0.20 to
0.65.

Discussion
This is the first report of the ability of the SF-36, a
simple and inexpensive measure of health outcomes,
to detect change in health in a general population. In
the high functioning, occupational cohort of the
Whitehall II study, each of the eight dimensions of
health measured by the SF-36 showed a mean decline
over three years of follow up. As hypothesised, employ-
ment grade was inversely related to decline, with lower
grades experiencing greater deteriorations than higher
grades. The greatest declines were seen among subjects
with disease (considered to be chronic, recurrent, or
progressive) at baseline, with the effects of physical and
psychiatric morbidity being additive.

Changes in health
Measuring health on continuous scales, rather than
dichotomising individuals as diseased or disabled or
not, allows elucidation of trajectories of change.
Decline in health and functioning has been assumed to
be the biologically inevitable consequence of aging,
although this concept is increasingly questioned27 by
the heterogenous patterns of change that are found in
populations aged over 65.28–30 Cross sectional results in
the Whitehall II study (participants aged 39-63) tended
to underestimate the longitudinal decline with age in
general perceptions of health, physical role limitation,
and bodily pain. Furthermore, while these cross
sectional data19 suggested improvement with age in
general mental health, emotional role limitations, vital-
ity, and social functioning, the longitudinal data
supported this improvement only for emotional role

Age group (years)

Ch
an

ge

-8

39-44 45-49 50-54 >55

-4

-2

0

Grade:

P for interaction < 0.01

Lowest Highest

-10

-12

Men

-6

Ch
an

ge

-8

-4

-2

0

2
Women

-6

Employment grade and age differences in change (adjusted for
baseline score and length of follow up) in physical functioning
measured by SF-36 questionnaire

Table 5 Cross sectional mean SF-36 scores (adjusted for age) by disease category at baseline

Men Women

Healthy*

Physical
disease
only†

Minor
psychiatric
morbidity

only‡

Physical
disease and

minor
psychiatric
morbidity

Effect size (95% CI)
for physical disease

and minor
psychiatric morbidity Healthy*

Physical
disease
only†

Minor
psychiatric
morbidity

only ‡

Physical
disease and

minor
psychiatric
morbidity

Effect size (95% CI)
for physical disease

and minor
psychiatric
morbidity

Minimum No of observations 3120 597 1132 221 1227 261 569 140

General health perceptions 76.7 71.4 65.1 56.2 1.16 (1.02 to 1.30) 77.4 69.3 65.8 53.5 1.25 (1.08 to 1.42)

Physical functioning 94.1 87.5 90.4 81.4 1.07 (0.93 to 1.21) 88.2 75.5 82.2 66.3 1.14 (0.97 to 1.31)

Physical role limitation 95.4 90.7 87.0 74.3 0.97 (0.83 to 1.11) 92.1 78.2 76.5 61.8 1.00 (0.83 to 1.17)

Bodily pain 90.9 81.4 85.6 70.1 1.26 (1.12 to 1.40) 84.8 68.3 75.7 59.2 1.17 (1.00 to 1.34)

General mental health 82.1 82.1 63.6 62.8 1.31 (1.17 to 1.45) 80.3 79.0 60.3 60.0 1.27 (1.10 to 1.44)

Emotional role limitation 96.4 95.8 72.4 72.0 0.99 (0.85 to 1.13) 95.4 93.1 67.8 64.7 1.05 (0.88 to 1.22)

Vitality 68.7 66.9 51.8 49.2 1.11 (0.97 to 1.25) 65.1 59.1 45.4 42.1 1.14 (0.97 to 1.31)

Social functioning 95.9 93.2 80.9 77.4 1.09 (0.95 to 1.23) 93.0 87.8 75.4 69.0 1.13 (0.96 to 1.30)

P<0.01 for difference between disease categories for all scales (ANOVA).
*No physical disease or psychiatric morbidity.
†Angina, self report of doctor diagnosed ischaemia, probable or possible ischaemia on resting electrocardiogram, hypertension, claudication, diabetes, chronic bronchitis, musculoskeletal
disorders, cancer.
‡>5 on the 30 item general health questionnaire.
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limitations (men and women) and general mental
health (men). However, general mental health and
vitality showed greater declines among younger
participants. This is evidence against a simple age
effect and suggests the existence of cohort or period
effects, or both.31 Although further measures of the
SF-36 are required to distinguish between these, it is
plausible that increasing privatisation in the civil
service may constitute a relevant period effect.32 Sex
differences also showed a different pattern in cross sec-
tional and longitudinal results. In cross sectional
results,10 women consistently had lower SF-36 scores
than men whereas in longitudinal results there were no
such sex differences. Existing studies measuring
change in health functioning—all in elderly people—
have either used a simple measure of global health sta-
tus or have concentrated on physical functioning and
disability.33–36

Socioeconomic status is inversely associated with
both the risk of developing disease and the risk of
people with disease experiencing complications;
furthermore, there is a growing recognition that these
risks are mediated via mechanisms which may change
through the life course.37 Few studies have examined
the effects of socioeconomic status on changes in
health in individuals. Socioeconomic status was
inversely associated with baseline SF-36 and with
change in score after adjustment for baseline score.
The effect sizes for high versus low civil service
employment grade on change in health functioning
tended to be greater than for cross sectional effects at
baseline, particularly among women. Among men,
there was an interaction between age and grade in
changes in physical functioning, such that men in the
lowest grade showed greater declines with age than
men in the highest grade. This is consistent with the
hypothesis of environmental determinants of “success-
ful aging.”27

The impact (in terms of effect sizes) of physical and
psychiatric morbidity on baseline scores was similar to
that reported in other cross sectional studies in patient
populations.38 Effect sizes for change in score ranged
from 0.20 to 0.65 in participants with both physical
and psychiatric morbidity, and such changes are of
comparable magnitude to short term changes after
clinical interventions.39 40 It should not be assumed that

effect sizes of clinical and public health significance are
equivalent41; indeed, the latter may be smaller.42 The
disease groups were deliberately chosen to reflect mor-
bidity which was chronic, progressive, or recurrent.
However, in the absence of independent measures of
disease severity over time, it is not possible to say which
of these, or other, effects were responsible for the
observed changes.

The ability of the SF-36 to detect change in less
healthy general populations is likely to be greater than
that observed among Whitehall II participants. The
Whitehall II cohort is high functioning by virtue of the
comparatively young age of participants (none was
older than 65 years) and the fact that all were
employed as civil servants in non-industrial grades at
the start of the study (in terms of mortality the White-
hall II participants enjoy a healthy worker effect of 0.5).
The relatively short period of follow up (mean 36
months) and the absence of any systematic interven-
tion further suggest the potential for the SF-36 to
detect changes in health.

Potential limitations of study
Potential limitations of this study should be considered.
Non-response at follow up is likely to have biased the
effects conservatively, since non-responders tended to
be from lower employment grades and have lower
SF-36 scores at baseline. Since both the SF-36 and
some of the diseases were based on self reported
measures, it is possible that a reporting bias could arise.
However, the use of objectively defined disease catego-
ries as well as the similarity of effect sizes with other
studies which have used doctors’ diagnoses38 suggests
that this is unlikely to be important.

There is no gold standard measure of change in
health functioning. Changes in SF-36 scores, if valid,
may be expected to be associated quantitatively with
use of health services, sickness absence, morbidity, and
mortality and qualitatively with individuals’ own
accounts of their health. Quantitative studies are
required for interpreting the significance of a given
level of change in SF-36 score; it can not be assumed
that a small effect size (arbitrarily defined as 0.243) is
necessarily unimportant. Furthermore it is likely that
the sensitivity in detecting true change differs between
the scales of the SF-36. Future analyses within the

Table 6 Change (adjusted for baseline score, length of follow up, and age) in SF-36 scores by presence of disease at baseline

Men Women

Healthy*

Physical
disease
only†

Minor
psychiatric
morbidity

only‡

Physical
disease and

minor
psychiatric
morbidity

Effect size (95% CI)
for physical disease

and minor
psychiatric
morbidity Healthy*

Physical
disease
only†

Minor
psychiatric
morbidity

only‡

Physical
disease and

minor
psychiatric
morbidity

Effect size (95% CI)
for physical

disease and minor
psychiatric
morbidity

Minimum No of observations 3120 597 1132 221 1227 261 569 140

General health perceptions –1.0 –4.3 –2.8 –5.4 0.38 (0.24 to 0.52) –1.0 –4.0 –2.3 –4.4 0.29 (0.12 to 0.46)

Physical functioning –1.4 –3.4 –2.8 –5.7 0.49 (0.35 to 0.63) –1.5 –7.1 –3.1 –8.1 0.49 (0.32 to 0.66)

Physical role limitation –3.0 –10.8 –8.9 –18.5 0.59 (0.45 to 0.73) –2.4 –14.3 –11.3 –21.0 0.58 (0.41 to 0.75)

Bodily pain –1.9 –7.2 –5.4 –11.5 0.59 (0.45 to 0.73) –0.5 –5.9 –3.8 –8.6 0.39 (0.22 to 0.56)

General mental health –0.3 –1.7 –3.7 –6.5 0.46 (0.32 to 0.60) –0.3 –1.8 –3.5 –3.9 0.24 (0.07 to 0.41)

Emotional role limitation –1.1 –1.7 –10.0 –15.5 0.50 (0.36 to 0.64) –0.7 –5.1 –10.8 –11.7 0.33 (0.16 to 0.50)

Vitality –1.7 –4.3 –3.1 –6.6 0.42 (0.28 to 0.56) –0.4 –4.2 –2.9 –3.7 0.20 (0.03 to 0.37)

Social functioning –2.0 –5.1 –7.5 –13.7 0.65 (0.51 to 0.79) –2.1 –6.3 –7.2 –12.2 0.51 (0.34 to 0.68)

P<0.01 for difference between disease categories for all scales (ANOVA).
*No physical disease or psychiatric morbidity.
†Angina, self report of doctor diagnosed ischaemia, probable or possible ischaemia on resting electrocardiogram, hypertension, claudication, diabetes, chronic bronchitis, musculoskeletal
disorders, cancer.
‡>5 on the 30 item general health questionnaire.
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Whitehall II study will examine this and, by using
further repeated measures of the SF-36, the trajec-
tories and predictors of changes in health.

Implications
In the primary care led NHS, general practitioner and
health authority commissioners have responsibility for
evaluating the need for and effectiveness of health care
in populations defined by a general practitioner’s list or
residence in a health authority. Comparisons of health
outcome between differing patterns of primary care
(for example, between fundholders and non-
fundholders) have been limited by the lack of an
outcome measure sensitive to change and the inability
to adjust for differences in case mix. The SF-36 may
offer a partial solution. Assessing changes in health
functioning has the advantage of reflecting the impact
of all causes of morbidity44 on different dimensions of
health. Statistical adjustment of change in health
functioning for baseline values offers the potential of a
simple method for taking account of case mix,
although the validity of this approach needs testing.

Changes in health functioning in hypothesised
directions with age, employment grade, and disease
status were observed in this young, high functioning
population. These results provide sufficient support for
the validity of the SF-36 in measuring change in health
in populations to recommend this use in other studies,
with the caveat that the validity of change continues to
be tested.
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Deficient colour vision and interpretation of
histopathology slides: cross sectional study
C J M Poole, D J Hill, J L Christie, J Birch

Abstract
Objective: To determine whether histopathologists
with deficient colour vision make more errors in slide
interpretation than those with normal colour vision.
Design: Examination of projected transparencies of
histopathological slides under standardised
conditions by subjects whose colour discriminating
ability was accurately assessed.
Setting: Departments of histopathology in 45
hospitals in the United Kingdom.
Subjects: 270 male histopathologists and medical
laboratory scientific officers.
Main outcome measures: Number of slides correctly
identified by subjects whose colour vision was
measured on the Ishihara, City University, and
Farnsworth-Munsell 100 hue tests.
Results: Mean (SD) scores (out of 10) for doctors with
colour deficient vision were 9.4 (0.7) v 9.9 (0.4) for
controls (P < 0.01) and 7.5 (1.6) v 9.4 (0.7) for scientific
officers (P < 0.001). When subjects with colour
deficient vision were categorised into severe,
moderate, or mild, there was a significant trend
towards those with severe deficiency making more
mistakes (P < 0.001).
Conclusions: Histopathologists and medical
laboratory scientific officers should have their colour
vision tested; if they are found to have a severe protan
or deutan deficiency, they should be advised to adopt
a safe system of working.

Introduction
Histopathologists use a variety of coloured stains as an
aid to diagnosis. In some cases the additional
information provided by colour is superfluous and a
diagnosis can be made by pattern recognition in a
clinical context. Many of the stains use combinations of
pigments which may be difficult for people with
congenital red-green colour deficiency (dyschromat-
opsia) to distinguish, and there is evidence that doctors
with colour deficient vision have problems with
histopathological diagnoses.1–3 There are also anecdo-

tal accounts of trainee histopathologists leaving the
specialty because of difficulties with colour recognition.

If accurate colour discrimination is relevant to the
diagnostic process it is important to guide doctors with
colour deficient vision in the use, or avoidance, of par-
ticular stains and techniques that might cause difficulty.
Normal colour vision may also be important to medi-
cal laboratory scientific officers who prepare histologi-
cal specimens for diagnosis. As the prevalence of
congenital red-green colour deficiency is much greater
in males (8%) than in females (0.5%), we compared the
performance of male histopathologists and medical
laboratory scientific officers who had colour deficient
vision with that of their colleagues who had normal
colour vision in answering questions about stained
histopathological slides.

Methods
A total of 270 male histopathologists and medical
laboratory scientific officers in 45 hospitals across the
United Kingdom took part in the study. Letters and a
protocol were sent to the heads of departments of
histopathology explaining the project and asking for
volunteers who had spent more than a year in histopa-
thology to take part. Subjects were asked by DH to
answer questions on 20 projected (Kindermann)
35 mm transparencies of histopathological slides. The
slides were chosen because people with colour
deficient vision might confuse the colours in the stains.
Transparencies of specific features taken from slides
rather than the slides themselves were used so as to
standardise the process of observation and ensure that
each subject had the opportunity of seeing the same
features.

The slides (see table) were in pairs and consisted of
a true and false answer. Each correctly identified
slide was worth half a mark, and subjects were marked
out of 10.

After subjects answered questions about the
transparencies, an optometrist (DJH) assessed their
colour vision using the 38 plate, 1989 edition of the
Ishihara plates; the City University test, second edition;
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