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OBJECTIVES: (i) To investigate the effects of current obesity, steady weight change and weight ¯uctuation on
physical functioning and (ii) to determine whether associations are independent of coronary heart disease.
DESIGN: Prospective cohort study with body mass index (BMI) measurements at four time points between the ages of
25 and 63 y.
SETTING: British civil servants based in London of®ces at baseline.
PARTICIPANTS: 6895 men and 3413 women aged 35±55 y at baseline.
MAIN OUTCOME MEASURE: Physical functioning was assessed using the 10-item scale from the Short Form 36
Health Survey, with a score in the lowest quartile indicating poor physical functioning.
RESULTS: After adjustment for age and confounders (employment grade, smoking, alcohol, exercise and menopausal
status), current BMI was monotonically associated with poor physical functioning in women whereas a threshold
effect at a BMI of 27 kg=m2 was seen in men. The odds ratio of poor physical functioning was 1.55 (95% con®dence
interval (CI) 1.02±2.35) amongst women and 1.04 (95% CI 0.77±1.41) amongst men with BMI 23±24.9 kg=m2 compared
to those with BMI < 21 kg=m2. Women in the upper, compared to the lower, tertile of steady weight change, had an
odds ratio of poor physical functioning of 1.79 (1.24±2.60) after adjustment for age, confounders, current BMI and
weight ¯uctuation. Women in the upper, compared to the lower, tertile of weight ¯uctuation had an odds ratio of poor
physical functioning of 1.70 (1.23±2.34) adjusting for age, confounders, current BMI and steady weight change.
Adjustment for the presence of coronary heart disease did not substantially alter any of these associations. Steady
weight change and weight ¯uctuation had no independent effects in men.
CONCLUSION: Among women, current obesity, steady weight change and weight ¯uctuation are independently and
monotonically associated with poor physical functioning. Development of overt coronary heart disease is unlikely to
be the mechanism for these associations.
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Introduction

The prevalence of obesity and weight gain is increas-
ing in many developed countries1 3 and dieting
behaviours, which can lead to weight ¯uctuation as
successive dieting attempts fail, are widespread.4±6

Changes in weight may occur steadily or may ¯uc-
tuate with repeated losses and gains. Steady changes
in weight predict cardiovascular risk factors such as
hypertension, high cholesterol and glucose intoler-
ance7±10 and coronary heart disease,11,12 and these
effects are independent of attained weight. Further-
more, independent of steady weight change, ¯uctua-

tions in weight may predict mortality and morbidity
from coronary heart disease,13 16 although the
mechanisms are not clear.17

Independent of their effects on cardiovascular risk
factors, manifest disease and mortality, do obesity and
weight change in¯uence health? Perceived health is
lower amongst the obese,18,19 those who continuously
gained weight10 and those who lost and regained
weight.10,20 As part of the `outcomes' movement,
measurement of physical health functioning, a com-
ponent of perceived health, has become widespread in
clinical studies.21 However, few population studies
have examined the relationship between physical
functioning and obesity or weight change. Overweight
and obese subjects from the general population in
Sweden reported greater physical impairment and
reduced mobility.19 There is a reported inverse rela-
tionship between obesity and work capacity in
employed men and women22,23 and between obesity
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and physical well-being and loss of mobility in older
subjects.24,25 Weight loss between two time points has
been associated with increased risk of disability
among women but not men.24,26

The objectives of this study therefore were (i) to
investigate the effects of current obesity, steady
weight change and weight ¯uctuation on poor physi-
cal functioning and (ii) to determine whether these
associations were independent of coronary heart dis-
ease. All the participants in the Whitehall II study
were employed in the British Civil Service at recruit-
ment and therefore represent a comparatively young,
high functioning population. We used the physical
functioning scale of the Short Form 36 Health
Survey27 (SF-36), a measure which is widely used in
clinical outcome studies.

Methods

Study population

All non-industrial civil servants aged 35±55 y, work-
ing in the London of®ces of 20 departments, were
invited to participate in this study. The design of the
study is illustrated in Figure 1. Between 1985 and
1988 (Phase 1), a total of 10 308 subjects (6895 men
and 3413 women) were enrolled into the study,
completing a self-administered health questionnaire
and attending for screening. Between 1989 and 1990,
the ®rst follow-up (Phase 2), was undertaken, in the
form of a postal questionnaire only. At the second
follow-up (Phase 3), between 1991 and 1993, subjects
completed a third questionnaire and attended for a
second screening. Full details of the screening exam-
inations are reported elsewhere.28,29 Before Phase 3
was completed, 197 participants died. A total of 4918
men (89.4% male respondents at Phase 3), and 2194
women (90.3% female respondents at Phase 3) had
complete data on physical functioning, height and
weight at Phase 3, at least two measures of body
mass index (BMI), and were included in these ana-
lyses.

Measurements of weight (with indoor clothing),
and height (without shoes), were taken at Phase 1
and Phase 3 screening. Weights at the age of 25 y and
Phase 2 were obtained from self-reports at Phase 1
and Phase 2, respectively, and BMI at these time
points was calculated using measured height at
Phase 1. Height was assumed on the basis of a

previous study30 not to have changed between the
age of 25 y and Phase 2. Categories of BMI at Phase 3
(current BMI), were calculated using the following
cut-off points: < 21 kg=m2, 21±22.9 kg=m2, 23±
24.9 kg=m2, 25±26.9 kg=m2, 27±28.9 kg=m2 and
� 29 kg=m2. These were chosen in order to investigate
the effects of BMI within the so-called `normal' range
and have been used previously.11

Physical functioning was assessed using the 10-
item scale of the Short Form 36 Health Survey (SF-
36) at Phase 3 and was scored with the MOS scoring
system.27 The reliability and validity of the SF-36 has
been extensively reported.31±33 The physical function-
ing scale had high internal consistency (Cronbach's 34

a� 0.86). Subjects were asked `The following items
are about activities you might do during a typical day.
Does your health now limit you in these activities? If
so, how much? a) vigorous activities, such as running,
lifting heavy objects, participating in strenuous sports;
b) moderate activities, such as moving a table, push-
ing a vacuum cleaner, bowling or playing golf;
c) lifting or carrying groceries; d) climbing several
¯ights of stairs; e) climbing one ¯ight of stairs;
f) bending, kneeling or stooping; g) walking more
than 1 mile; h) walking half a mile; i) walking one
hundred yards; j) bathing and dressing yourself.' The
physical functioning scores ranged from a possible 0
(indicating severe limitation in performing all physi-
cal activities) to 100 (indicating no limitation in
performing all types of physical activities including
the most vigorous).

Responses to questions concerning employment
grade, smoking status, amount smoked, alcohol
intake, physical activity and menopausal status were
obtained from the questionnaires in all three phases.
Employment grade within the civil service was used
as a measure of socio-economic status. Details are
given elsewhere.28 These factors have been associated
with physical functioning35 and obesity or weight
change, and were considered as confounders. Adjust-
ment was made for employment grade, physical
activity, smoking status and menopausal status, all
reported at the same time as physical functioning.
Total amount smoked and average alcohol intake
throughout follow-up were also adjusted for.

Coronary heart disease was identi®ed at Phase 3
(numbers in brackets indicate number of subjects with
disease) by: Rose angina questionnaire36 (n� 301),
self report of doctor diagnosed ischaemia (n� 150)
and probable or possible ischaemia on resting electro-

Figure 1 Whitehall II study design.
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cardiogram (Minnesota codes 1-1 to 1-3, 4-1 to 4-4, 5-
1 to 5-3 and 7-1-1 (n� 380)). A total of 478 men and
247 women satis®ed one or more of the above de®ni-
tions. Other obesity related disorders were identi®ed:
hypertension (systolic blood pressure � 160 mmHg
and=or diastolic blood pressure � 90 mmHg or the
subject using anti-hypertensive medication (n �
1497)), diabetes (self report or on oral glucose toler-
ance test37 (n� 206)) and musculoskeletal disorders
(self report (n� 838)). A total of 1832 (37.3%) men
and 785 (35.8%) women had coronary heart disease
and=or other obesity related diseases. In order to
determine whether the effects of obesity and weight
change on physical functioning were independent of
disease, adjustment was made for the above disorders,
and for cholesterol and triglyceride levels.

Statistical Methods

Estimates of steady weight change between the age of
25 y and Phase 3 were obtained by regressing up to
four measures of BMI on age, for each individual
using a linear model with intercept. Weight ¯uctua-
tion was estimated using the coef®cient of variation of
BMI:� the standard deviation of each individual's
BMI value from the age of 25 y to Phase 3 (up to
four BMI values) divided by the mean BMI for that
subject.14 The coef®cient of variation re¯ects the
extent to which each individual's BMI ¯uctuated
around their own mean value. A high coef®cient of
variation indicates many changes in weight or large
changes, whereas a low value indicates stability. This
measure incorporates a component of steady weight
change as well as a component of ¯uctuation; there-
fore demonstration of the independent effect of ¯uc-
tuation requires a separate adjustment for steady
weight change. This was achieved by including
steady weight change and weight ¯uctuation in a
multiple regression model.

The distribution of physical functioning scores was
skewed to the left and a large proportion of subjects
attained the maximum possible score. To overcome
the distributional problems due to this ceiling effect,
subjects were categorised according to whether or not
they had poor physical functioning, de®ned as a score
in the lowest gender-speci®c quartile. Using logistic
regression, the odds ratio of poor physical functioning
by current BMI was estimated in ®ve models:

Model 1: Adjusted for age.
Model 2: As Model 1� employment grade, smok-

ing status, amount smoked, alcohol intake, phy-
sical activity and menopausal status.

Model 3: As Model 2� steady weight change and
weight ¯uctuation.

Model 4: As Model 3� coronary heart disease.
Model 5: As Model 4� other obesity related dis-

orders.

The relationships between physical functioning,
steady weight change and weight ¯uctuation were

examined in the same way. Tests for linear trend
were performed on continuous variables, but results
are presented using categorical variables for ease of
presentation. The reference groups were de®ned as
subjects with BMI < 21 kg=m2, and subjects in the
lowest tertiles of steady weight change and weight
¯uctuation. The lowest tertile of steady weight change
included both subjects that had an overall loss in
weight over the course of the study and subjects that
had an overall gain, but no difference in physical
functioning was found between them. All analyses
were performed using the statistical package SAS,
with separate analyses for men and women. Two-
tailed tests were used throughout and a probability of
less than 0.05 was taken to be statistically signi®cant.

Results

The median age (range) of participants at Phase 3 was
49 y (39±63) for men and 50 y (39±63) for women.
Over 20% of men and 30% of women had a BMI
� 27 kg=m2. A greater proportion of women had a
BMI � 29 kg=m2. The majority of subjects gained at
least 5 kg in weight between age 25 y and Phase 3, as
shown in Table 1. A greater proportion of women
gained 20 kg or more during that time. Women had a
higher mean and greater variation in steady weight
change (mean slope� s.d.� 0.105� 0.122 kg=m2 per
year for men and 0.137� 0.175 kg=m2 per year for
women). Similarly, women had a higher mean and
greater variation in weight ¯uctuation (mean coef®-
cient of variation� s.d.� 0.064� 0.040 for men and
0.090� 0.058 for women). Subjects tended to under-
estimate their weight, with mean (s.d.) underestima-
tion at Phase 1 of 0.51 kg (2.91) for men and 0.89 kg
(3.03) for women. The degree of underestimation
increased with increasing weight, but as a proportion
of actual body weight the differences between self-
reported and measured weights were small.

Mean physical functioning score in the lowest
quartile was 74.2 (range 0±89) for men and 57.1 (0±
75) for women compared with a mean of 96.4 (90±
100) for men and 93.2 (80±100) for women not in the

Table 1 Weight change between age 25 y and Phase 3 (1991±
1993) in British civil servants, with median follow-up time (range)
49 y (39±64 y)

Men Women

Weight change n (%) n (%)

Lost >5 kg 173 (3.3) 82 (3.5)
No overall change 1745 (33.3) 714 (30.9)

(75 kg±4.9 kg difference)
Gained

5±9.9 kg 1525 (29.1) 590 (25.5)
10±19.9 kg 1505 (28.8) 638 (27.6)
� 20 kg 285 (5.4) 286 (12.4)
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lowest quartile (Figure 2). Subjects who were in the
lowest quartile of physical functioning, tended to
report that their ability to perform vigorous activities
and to climb several ¯ights of stairs was limited a lot.
Their ability to perform moderate activities such as
lift and carry, bend and kneel, and walk more than 1
mile, tended to be a little limited.

Table 2 shows the effects of current BMI on the
odds of having poor physical functioning (both mea-
sures taken at Phase 3). The odds ratios of being in the
lowest quartile of physical functioning increased with

increasing BMI in all models (test for linear trend
P< 0.01). This relationship was monotonic for
women in models 1 and 2; with each increment of
BMI above 21 kg=m2 the odds of poor physical
functioning increased. Adjusting for age and confoun-
ders, the odds ratio of poor physical functioning was
1.55 (95% con®dence interval (CI) 1.02±2.35)
amongst those with BMI 23±24.9 kg=m2 compared
to those with BMI < 21 kg=m2. In men there was
evidence of a threshold effect at a BMI of 27 kg=m2.
Men with a BMI � 29 kg=m2 vs < 21 kg=m2 had an

Figure 2 Distribution of physical functioning scores by gender.

Table 2 Odds ratio (95% con®dence interval of poor physical functioning at Phase 3 (1991±1993) by current body mass index (BMI),
taking subjects with BMI < 21 kg=m2 as the reference group. Model 1: adjusted for age; Model 2: as Model 1� confoundersa; Model 3:
as Model 2� steady weight change and weight ¯uctuation; Model 4: as Model 3� coronary heart diseaseb and Model 5: as Model
4�other obesity related disordersc

n Model1 Model 2 Model 3 Model 4 Model 5

Men
< 21 kg=m2 424 1.00 1.00 1.00 1.00 1.00
21±22.9 kg=m2 905 0.96 (0.69,1.32) 1.02 (0.73,1.41) 0.97 (0.70.1.34) 0.96 (0.69,1.34) 0.90 (0.64,1.26)
23±24.9 kg=m2 1559 1.00 (0.74,1.34) 1.04 (0.77,1.41) 0.94 (0.69,1.29) 0.93 (0.68,1.26) 0.83 (0.61,1.14)
25±26.9 kg=m2 1266 1.08 (0.80,1.46) 1.11 (0.81,1.51) 0.95 (0.69,1.31) 0.94 (0.68,1.29) 0.81 (0.59,1.12)
27±28.9 kg=m2 715 1.45 (1.06,2.00) 1.41 (1.02,1.96) 1.15 (0.81,1.62) 1.12 (0.80,1.59) 0.93 (0.65,1.32)
� 29 kg=m2 580 2.41 (1.75,3.31) 2.35 (1.67,3.26) 1.78 (1.25,2.55) 1.69 (1.18,2.42) 1.41 (0.98,2.03)

** ** ** ** **
Women
< 21 kg=m2 293 1.00 1.00 1.00 1.00 1.00
21±22.9 kg=m2 448 1.02 (0.67,1.47) 1.07 (0.68,1.67) 0.97 (0.62,1.53) 0.95 (0.61,1.50) 0.93 (0.59,1.47)
23±24.9 kg=m2 506 1.53 (1.03,2.28) 1.55 (1.02,2.35) 1.29 (0.84,1.98) 1.29 (0.84,1.98) 1.17 (0.76,1.80)
25±26.9 kg=m2 415 1.71 (1.14,2.56) 1.65 (1.08,2.53) 1.23 (0.79,1.92) 1.24 (0.79,1.93) 1.08 (0.69,1.70)
27±28.9 kg=m2 266 2.73 (1.79,4.17) 2.66 (1.70,4.15) 1.76 (1.10,2.84) 1.72 (1.07,2.77) 1.50 (0.93,2.42)
� 29 kg=m2 484 3.84 (2.62,5.63) 3.73 (2.49,5.58) 2.09 (1.31,3.32) 2.04 (1.28,3.25) 1.70 (1.06,2.72)

** ** ** ** *

Test for linear trend: *P<0.01, **P<0.001.
aConfounders adjusted for are employment grade (6 levels from administrative to clerical), smoking status (never, ex and current),
amount smoked (packyears), alcohol intake (units per week), physical activity (vigorous, moderate, mild=none) and menopausal status
(pre-menopausal, natural menopause, hysterectomy ± women only).
bAngina, doctor diagnosed ischaemia and possible or probable ischaemia on resting electrocardiogram.
cHypertension, diabetes, musculoskeletal disorders, cholesterol and triglycerides.
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odds ratio of 2.35 (95% (CI) 1.67±3.26) for poor
physical functioning. The corresponding odds ratio
for women was 3.73 (95% CI 2.49±5.58). On further
adjustment for steady weight change and weight
¯uctuation, these odds ratios were attenuated to 1.78
(95% CI 1.25±2.55) in men and 2.09 (95% CI 1.31±
3.32) in women.

Participants with steady weight change in the upper
tertile were more likely to have poor physical func-
tioning compared with those in the lower tertile in age
and confounder adjusted models (Table 3). These
associations were smaller among men and were abol-
ished on adjustment for current BMI and weight
¯uctuation. In contrast, women in the upper, com-
pared to the lower, tertile of steady weight change had

an odds ratio of poor physical functioning of 1.79
(95% CI 1.24±2.60) after adjustment for age, con-
founders, current BMI and weight ¯uctuation. Adjust-
ment for the presence of coronary heart disease or
other obesity related diseases had little effect on this
estimate. Figure 3 shows the effect of steady weight
change on physical functioning, separately for sub-
jects with BMI < 27 kg=m2 and � 27 kg=m2. In
women, the effect of steady weight change appeared
to be greater for those whose attained BMI was
< 27 kg=m2, although the test for interaction did not
achieve signi®cance (P� 0.1).

Increasing weight ¯uctuation was associated with
odds of poor physical functioning in all models (test
for linear trend P< 0.05, Table 4). The odds ratio of

Table 3 Odds ratio (95% con®dence interval of poor physical functioning at Phase 3 (1991±1993) by steady weight change, taking
subjects in the lower tertile as the reference group. Model 1: adjusted for age; Model 2: as Model 1� confoundersa; Model 3: as Model
2� current BMI and weight ¯uctuation; Model 4: as Model 3� coronary heart diseaseb and Model 5: as Model 4�other obesity related
disordersc

Tertile Model1 Model 2 Model 3 Model 4 Model 5

Men
Lower (71.05±0.05 kg=m2=y) 1.00 1.00 1.00 1.00 1.00
Middle (0.06±0.13 kg=m2=y) 1.23 (0.95,1.32) 1.09 (0.92,1.29) 0.90 (0.75,1.08) 0.91 (0.75,1.09) 0.90 (0.75,1.08)
Upper (0.14±1.40 kg=m2=y) 1.75 (1.49,2.07) 1.53 (1.29,1.81) 0.91 (0.71,1.17) 0.93 (0.72,1.19) 0.89 (0.69,1.14)

** **
Women

Lower (72.58±0.06 kg=m2=y) 1.00 1.00 1.00 1.00 1.00
Middle (0.07±0.18 kg=m2=y) 1.42 (1.11,1.79) 1.41 (1.10,1.81) 1.23 (0.94,1.63) 1.24 (0.94,1.64) 1.19 (0.89,1.57)
Upper (0.18±1.28 kg=m2=y) 3.12 (2.48,3.94) 2.98 (2.34,3.80) 1.79 (1.24,2.60) 1.78 (1.23,2.59) 1.68 (1.15,2.44)

** ** * * (*)

Test for linear trend: (*)P<0.1, *P<0.05, **P<0.001
aConfounders adjusted for are employment grade (six levels from administrative to clerical), smoking status (never, ex and current),
amount smoked (pack=y), alcohol intake (units per week), physical activity (vigorous, moderate, mild=none) and menopausal status
(pre-menopausal, natural menopause, hysterectomy±women only).
bAngina, doctor diagnosed ischaemia and possible or probable ischaemia on resting electrocardiogram.
cHypertension, diabetes, musculoskeletal disorders, cholesterol and triglycerides.

Figure 3 Effect of steady weight change on physical functioning by current body mass index (BMI). P-values indicate test for trend in
steady weight change for BMI < 27 kg=m2 and BMI � 27 kg=m2 adjusted for age, employment grade, smoking, physical activity, alcohol
intake, weight ¯uctuation, coronary heart disease and other obesity related disorders.
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poor physical functioning in the upper tertile of
weight ¯uctuation was 1.16 (95% CI 0.94±1.43) for
men and 1.70 (95% CI 1.23±2.34) for women com-
pared to subjects in the lower tertile, adjusting for age,
confounders, current BMI and steady weight change.
Adjustment for the presence of disease did not sub-
stantially alter these associations. Figure 4 shows the
effects of weight ¯uctuation on physical functioning
separately for subjects with BMI < 27 kg=m2 and
� 27 kg=m2. In women, the effect of weight ¯uctua-
tion appeared to be greater for those whose attained
BMI was < 27 kg=m2.

Discussion

Current BMI was monotonically associated with poor
physical functioning in women. Additionally, there
were independent effects of steady weight change and
weight ¯uctuation. Amongst men, there was evidence
of a threshold effect of current BMI at 27 kg=m2 but
no independent effects of steady change or weight
¯uctuation on poor physical functioning. Coronary
heart disease and other obesity related disorders did
not explain these associations. The effect of weight

Table 4 Odds ratio (95% con®dence interval of poor physical functioning at Phase 3 (1991±1993) by weight ¯uctuation, taking subjects
in the lower tertile as the reference group. Model 1: adjusted for age; Model 2: as Model 1� confoundersa; Model 3: as Model
2� current BMI and steady weight change; Model 4: as Model 3� coronary heart diseaseb and Model 5: as Model 4�other obesity
related disordersc

Tertile Model1 Model 2 Model 3 Model 4 Model 5

Men
Lower (0.00±0.03) 1.00 1.00 1.00 1.00 1.00
Middle (0.04±0.07) 1.21 (1.02,1.43) 1.15 (0.96,1.37) 1.00 (0.83,1.20) 1.01 (0.84,1.22) 0.99 (0.82,1.19)
Upper (0.07±0.59) 1.86 (1.48,2.18) 1.61 (1.36,1.90) 1.16 (0.94,1.43) 1.18 (0.95,1.46) 1.11 (0.90,1.38)

** ** * * *
Women

Lower (0.00±0.05) 1.00 1.00 1.00 1.00 1.00
Middle (0.06±0.09) 1.75 (1.37,2.24) 1.70 (1.32,2.20) 1.43 (1.08.1.88) 1.42 (1.08,1.88) 1.38 (1.04,1.83)
Upper (0.10±0.46) 3.02 (2.39,3.82) 2.92 (2.28,3.74) 1.70 (1.23,2.34) 1.65 (1.20,2.28) 1.59 (1.15,2.20)

** ** * * *

Test for linear trend: *P<0.05, **P<0.001.
aConfounders adjusted for are employment grade (six levels from administrative to clerical), smoking status (never, ex and current),
amount smoked (pack=y), alcohol intake (units per week), physical activity (vigorous, moderate, mild=none) and menopausal status
(pre-menopausal, natural menopause, hysterectomy±women only).
bAngina, doctor diagnosed ischaemia and possible or probable ischaemia on resting electrocardiogram.

Figure 4 Effect of weight ¯uctuation on physical functioning by current body mass index (BMI). P-values indicate test for trend in
weight ¯uctuation for BMI < 27 kg=m2 and BMI � 27 kg=m2 adjusted for age, employment grade, smoking, physical activity, alcohol
intake, steady weight change, coronary heart disease and other obesity related disorders.
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¯uctuation appeared to be greater amongst women
with BMI < 27 kg=m2. This is consistent with other
studies,20,38,39 where greater adverse effects of weight
change on health were seen amongst those that were
not overweight (where weight loss is more likely to be
unintentional),40 than amongst those who were over-
weight.

The gender differences in associations between
weight change and physical functioning were striking.
Even when poor physical functioning was de®ned as a
score of less than 50, associations between physical
functioning, steady weight change and weight ¯uctua-
tion were not seen in men (data not shown). Women
demonstrated greater impairment on the physical
functioning scale as well as a greater tendency to
steady weight change and weight ¯uctuation. To our
knowledge, there are no data on gender differences in
unintentional weight loss, but both the point preva-
lence and the cumulative number of episodes of
dieting with the intention of weight loss are more
common in women.4 This may explain the lack of
independent effects of steady weight change and
weight ¯uctuation in men. Patterns of weight change
are an alternative explanation. Using the coef®cient of
variation to estimate ¯uctuation does not allow us to
distinguish between patterns of weight change (for
example, repeated gains and losses, gain then main-
tenance). Men may demonstrate different patterns of
change, which may not be associated with poor
physical functioning. For example, women who
experienced continuous weight gain or weight loss
followed by regain were more likely to rate their
health as poor than women who maintained a stable
weight or lost or gained weight and then reached a
stable weight.10 The gender differences were not due
to the menopause (which is not associated with weight
change independently of age in these data or in other
studies),41 or parity. Gender differences could, how-
ever, be explained by differential associations
between mental health, obesity and weight change.
Much of the evidence that mental health is associated
with obesity and weight change relates to
women.18,42±45 Mental health is also associated with
physical functioning.46 Thus greater effects of obesity
and weight change on mental health in women may
result in greater effects on physical functioning.

The importance of assessing functional health out-
comes, as well as disease status, has recently been
strongly emphasised, particularly as the population
prevalence of physical disability is increasing.47 In
this comparatively young, occupational cohort, poor
physical functioning was de®ned by relatively mild
impairments. Few participants would be categorised
as dependent on others for the activities of daily living
scales widely used in studies of older populations. We
would expect to see effects of morbid obesity and
extreme weight gain on functioning. The fact that we
see smaller impairments in the presence of a lesser
degree of obesity and weight change indicates that the
SF-36 is a sensitive instrument, although the large

proportion of subjects attaining the maximum score
decreases the power to detect differences. Other
studies have used a physical component summary
measure,48 derived analytically and incorporating
scores on other scales. Whilst this summary may be
useful for avoiding multiple comparison problems, we
were speci®cally interested in physical functioning, a
scale which has been validated.49 The causes and
consequences of impaired physical functioning
within a middle aged, high functioning population
have rarely been studied, yet the public health impor-
tance (in terms of health service utilisation and sick-
ness absence alone) of identifying factors which offer
the potential for preventing decline in physical func-
tioning before old age is likely to be great.

It is not yet clear how weight ¯uctuation increases
the risk of morbidity and mortality, or indeed whether
this relationship is causal, although plausible mechan-
isms have been proposed.17 We found that adjustment
for the presence of coronary heart disease and other
obesity related disorders did not account for the
association between weight ¯uctuation and physical
functioning. Since physical functioning provides an
assessment of the integrated impact of both the
number and severity of the comorbidities of study
participants, results from this study suggest a mechan-
ism which involves early or pre-clinical vascular
disease50 or direct physiologic effects (such as
increased wear and tear on joints, loss of ¯exibility
and limited cardio-pulmonary function51) in the
absence of disease.

Potential limitations of this study should be con-
sidered. We cannot distinguish between intentional
and unintentional changes in weight. We have
adjusted for disease status, which may explain a
degree of unintentional weight change. However, we
did not adjust for other causes of unintentional weight
loss such as stress and depression. As physical func-
tioning was not measured at baseline, we cannot
directly address the question of whether poor physical
functioning may have preceded, rather than been a
result of, obesity and weight change. However, sub-
jects were in employment and aged 35±55 y at base-
line so the prevalence of physical disability should
have been low. Further phases of data collection will
enable us to examine the effects of obesity and weight
change on changes in physical functioning. The pos-
sibility of reporting bias must also be considered when
interpreting these results. Subjects with high BMI
and=or weight change may report more limitations
irrespective of actual functional ability. Since two
measures of weight were self-reported, weight ¯uc-
tuation and steady weight change may have been
under- or overestimated. However, we found no
differences in the relationship between BMI at base-
line, and physical functioning between subjects who
underestimated their weight and those who did not.
Subjects excluded because of missing values tended to
be older, with higher mean BMI, weight ¯uctuation
and steady weight change and lower mean physical

Obesity, steady weight change, weight ¯uctuation and physical functioning
M Stafford et al

29



functioning. This is likely to have biased the odds
ratios towards unity.

The data presented here for physical functioning,
extend those in relation to fatal and non-fatal coronary
heart disease,11 indicating that there is a graded, rather
than threshold, effect of current BMI amongst women.
It appears that the desirable range of BMI may be
different for men and women. Previous recommenda-
tions52 concerning the health consequences of obesity
proposed that a BMI between 21 kg=m2 and 27 kg=m2

is desirable and made no comment on absolute
changes in body weight. Recent guidelines53 specify
a healthy weight target of BMI < 25 kg=m2 and a 10%
reduction in weight amongst the overweight. The
abolition of a lower limit of BMI recognises that,
among the disease-free, there is a monotonic effect of
BMI on health, although this and other studies11,54

suggest that an upper limit of 25 kg=m2 may still be
too high. Our results add to the evidence from
observational studies that weight ¯uctuation may
have an adverse effect on health, particularly amongst
those that are not currently overweight, and re-iterate
the need for further investigation into the effects of
intentional and unintentional weight loss. The levels
of weight and weight change at which odds of poor
physical functioning are increased are by no means
con®ned to the extremes of the population. For exam-
ple, taking the average height to be 1.75 m for men
and 1.60 m for women, a BMI of 29 kg=m2 corre-
sponds to a weight of 89 kg for men and 74 kg for
women. Steady changes in BMI of 0.14 kg=m2=y for
men and 0.18 kg=m2=y for women correspond to
weight gains of 0.4 kg=y for men and 0.5 kg=y for
women. Weight ¯uctuation in the upper tertile was at
least 0.07 for men and 0.10 for women, corresponding
to variations in weight of 7% and 10% of mean body
weight.

These ®ndings suggest that for women, maintaining
a steady, moderate weight may reduce not only the
temporally distant risk of coronary heart disease, but
also the more immediate risk of poor physical func-
tioning. The mechanisms by which obesity, steady
weight change and weight ¯uctuation may affect the
risk of poor physical functioning, and the reasons for
gender differences in these associations are not yet
understood. Physical functioning may be a useful
outcome for interventions designed to in¯uence
favourable patterns of weight change or stability.
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