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Abstract
Objective: To examine whether weight history and weight transitions over adult
lifespan contribute to physical impairment among postmenopausal women.
Design: BMI categories were calculated among postmenopausal women who
reported their weight and height at age 18 years. Multiple-variable logistic regression
was used to determine the association between BMI at age 18 years and
BMI transitions over adulthood on severe physical impairment (SPI), deﬁned as
scoring <60 on the Physical Functioning subscale of the Rand thirty-six-item
Short-Form Health Survey.
Setting: Participants were part of the Women’s Health Initiative Observational Study
(WHI OS), where participants’ health was followed over time via questionnaires and
clinical assessments.
Subjects: Postmenopausal women (n 76 016; mean age 63·5 (SD 7·3) years).
Results: Women with overweight (BMI = 25·0–29·9 kg/m2) or obesity (BMI
≥ 30·0 kg/m2) at 18 years had greater odds (OR (95 % CI)) of SPI (1·51
(1·35, 1·69) and 2·14 (1·72, 2·65), respectively) than normal-weight (BMI = 18·5–
24·9 kg/m2) counterparts. Transitions from normal weight to overweight/obese
or to underweight (BMI < 18·5 kg/m2) were associated with greater odds of SPI
(1·97 (1·84, 2·11) and 1·35 (1·06, 1·71), respectively) compared with weight
stability. Shifting from underweight to overweight/obese also had increased odds
of SPI (1·52 (1·11, 2·09)). Overweight/obese to normal BMI transitions resulted in a
reduced SPI odds (0·52 (0·39, 0·71)).
Conclusions: Higher weight history and transitions into higher weight classes were
associated with higher likelihood of SPI, while transitioning into lower weight classes
for those with overweight/obesity was protective among postmenopausal women.

Excess weight is prevalent among older adults in the USA,
where over 70 % of adults aged 60 years and older are
classiﬁed as overweight (BMI = 25·0–29·9 kg/m2) or obese
(BMI ≥ 30·0 kg/m2)(1). This is an important public health
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issue because obesity has been shown to increase the risk of
morbidity and mortality and to reduce quality of life in
adults(2,3). Speciﬁcally, older adults with overweight or
obesity have higher rates of physical impairments as a result
© The Authors 2016
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of increased load on weight-bearing joints . Additionally,
obesity-related metabolic dysfunction is known to impact
the bioenergetic capacity of skeletal muscle that could
indirectly contribute to physical impairment(5–8). Evidence
also links obesity to increases in co-morbidities such
as CVD(9), depression(10) and diabetes(11), all of which
potentially limit physical function. The combination of these
direct and indirect effects of obesity on increased rates of
physical impairment in older adults is a major public health
challenge that has a large impact on costs and quality of care
in health systems.
Current studies have shown that body weight increases
gradually over the lifespan and then plateaus at about
60 years of age(12,13). Emerging literature links early history
of increased weight and weight changes across the life
course with physical impairment later in life. A few studies
have shown that individuals with overweight or obesity
in middle age have greater difﬁculty performing activities
of daily living later in life than their normal-weight
counterparts(14–16). Another study reported that weight
gains leading to obesity over 20 years were associated with
higher disability in activities of daily living(17). Moreover,
history of obesity in middle adulthood has been noted as a
predictive marker of mobility disability(18) and low muscle
strength(19) later in life. Weight history across the lifespan in
women is particularly important because women live longer
and experience greater rates of physical impairments for
prolonged periods compared with men(20,21). Additionally,
initial evidence suggests that a history of obesity impacts
health and physical capacity to a greater extent in women
following menopause, suggesting this group is particularly
vulnerable to physical impairment(22). Lastly, while body
weight seems to plateau after the age of 60 years, the
prevalence of obesity among women in this age group
has risen from 31·5 to 38·1 % between 2003 and 2012(1). This
ﬁnding raises the question of whether maintenance of
normal weight throughout life is associated with better
physical function later in life among postmenopausal
women. Weight history and weight transitions over the
lifespan, and the effects on later-life physical impairment,
could inform the development of novel prevention
strategies and therapeutic interventions towards preserving
functional independence among postmenopausal women.
To address this knowledge gap, the primary aim of the
present study was to evaluate the association of weight
status at age 18 years with severe physical impairment

(SPI) in a prospective cohort of postmenopausal women.
We hypothesized that higher BMI at age 18 years would
be associated with higher likelihood of SPI in later life.
The secondary aim of the study was to investigate the
association between weight transitions during young
adulthood and middle age and SPI later in life. We
hypothesized that women who gained weight would have
a higher likelihood of SPI later in life compared with
women who maintained their weight. We also hypothesized that women who lost weight over time would be less
likely to have SPI compared with women who remained of
normal weight.

Methods
Study population
The Women’s Health Initiative (WHI) Observational Study
(OS) addresses major causes of morbidity and mortality
and their risk factors in postmenopausal women. Details of
the study have been reported elsewhere(23). Brieﬂy, a total
of 161 808 eligible women aged 50–79 years old were
involved with either a clinical trial or the OS. The current
analysis focused on OS participants (n 93 676), enrolled
between 1994 and 1998. About 19 % of the sample did
not have self-reported weight/height history (n 5448) or
self-reported physical function (n 12 212) and were
excluded from the analysis, resulting in an analytic sample
of 76 016 postmenopausal women. Those who were
excluded were younger, non-white, less educated, and
reported less income. The protocol and consent forms
were approved by the institutional review board at each
site and all participants provided written informed consent
prior to participation.

Weight history
At baseline, participants reported their height and weight at
age 18 years old. Weight transitions were calculated using
weight measured at the ﬁrst year of follow-up, which was
self-reported by participants to maintain the same mode
of measurement with the historical assessments (Fig. 1).
BMI (kg/m2) was calculated and categorized according to
the WHO classiﬁcations: underweight (BMI < 18·50 kg/m2),
normal weight (18·5 ≤ BMI < 25·0 kg/m2), overweight
(25·0 ≤ BMI < 30·0 kg/m2) and obese (BMI ≥ 30·0 kg/m2).
Current reported BMI

Recalled BMI
18 years old

SPI

WHI enrolment

Mean age:
63·6 (SD 7·3) years
Post-enrolment: 1 year

Post-enrolment: 3 years

Fig. 1 BMI and severe physical impairment (SPI) assessment timeline among Women’s Health Initiative (WHI) participants,
depicting when measures used to calculate BMI and SPI were collected
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Adult lifespan BMI class change was calculated based on a
shift in BMI class starting from age 18 years to current weight
at the ﬁrst WHI follow-up visit. Overweight and obese BMI
classes at age 18 years were collapsed due to a low number
of obese women at youth and few women who transitioned
to other BMI classes over time.
Severe physical impairment
SPI was assessed using the Physical Functioning subscale
of the Rand thirty-six-item Short-Form Health Survey
(SF-36). The SF-36 was initially collected at the third year
of follow-up. Participants were asked ten questions about
engagement in daily activities. These questions evaluated
limitations in vigorous activities (i.e. running, lifting a
heavy object or engaging in strenuous sports), moderate
activities (i.e. moving a table, vacuuming, bowling or
golﬁng), lifting or carrying groceries, climbing several
ﬂights of stairs, climbing one ﬂight of stairs, bending/
kneeling/stooping, walking more than a mile, walking
several blocks, walking one block and bathing/dressing.
Participants indicated whether they had no, little or a lot
of limitation for each question. Each question was scored
0 to 10, where no, little or a lot of limitation garnered a
score of 10, 5 and 0, respectively. A total summary score
of 0 to 100 was calculated from the questions where a
higher score indicated better physical function(24). As
an example, someone who reported a lot of limitation in
climbing several ﬂights of stairs, bending/kneeling/
stooping and walking more than a mile, while reporting
a little limitation in all other categories, would receive
a score of 35. SPI was calculated as a physical function
score of less than 60(24,25).
Covariates for analysis
Covariates included demographic factors, lifestyle factors,
medical history items and current medications. Race/ethnicity
was self-described as white (non-Hispanic), American
Indian/Alaskan native, Asian/Paciﬁc Islander, Black/African
American or Hispanic/Latina. Marital status was deﬁned as
never married, divorced/separated/widowed or presently
married/living as married. Education was deﬁned as no
education to high-school diploma, education after high
school, or college degree and higher. Income was stratiﬁed
into ﬁve categories: less than $US 20 000; $US 20 000–34 999;
$US 35 000–49 999; $US 50 000–74 999; or $US 75 000 and
greater. Occupation was stratiﬁed into four roles: manager,
administrative, service/labour or homemaker. Living status
was deﬁned as currently living alone or not.
Lifestyle factors included excessive alcohol consumption (deﬁned as >7 drinks/week), history of tobacco
smoking and health status (i.e. excellent, very good, good,
fair or poor). Self-reported physical activity was derived
as two covariates: participation in moderate and strenuous
recreational physical activity (minutes/week) at WHI
baseline and whether the participant engaged in strenuous
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physical activity between the ages of 15 and 19 years.
Total energy intake was measured by daily kilocalories
from the FFQ recalled over the past 3 months(26).
Additionally, medical history items included as covariates
were: menopause age; number of pregnancies lasting at
least 6 months; depressive-like symptoms measured on the
shortened Center for Epidemiologic Studies–Depression
(CES-D) scale ranging from 0 to 1 where higher scores
indicate higher likelihood of depression; number of falls in
the past year; history of CVD deﬁned as having coronary
revascularization, myocardial infarction or angina; history
of congestive heart failure; history of hypertension as
never, currently untreated or currently treated; history of
diabetes as ever been treated for diabetes with pills or
shots; chronic obstructive pulmonary disease deﬁned as
having emphysema, chronic bronchitis or asthma; history of
stroke; history of thyroid gland problems; history of any
type of cancer; history of arthritis; and history of any type
of fracture. Cardiovascular, cancer and stroke events
were adjudicated locally and centrally during the WHI
study. Current medications known to inﬂuence body
weight were also included as they would theoretically
inﬂuence the lifetime weight difference calculation. These
included hormone therapy deﬁned as using oestrogen
or progesterone from only pills and patches; oral use of
glucocorticosteroids; contraceptives; psychotropic drugs
(antipsychotics, antidepressants and mood stabilizers);
beta-blockers; anticonvulsants; and anti-migraine drugs.
Validity of self-reported body weight and height
We examined the accuracy of self-reported body weight
by comparing self-reported body weight by women aged
50 years old at the time of weight recall (for their weight at
age 50) and clinically measured weight using calibrated
scales in the clinic by certiﬁed staff (sub-sample of 1926
women). There was a high correlation (r = 0·91) between
self-reported weight and measured weight; however,
these women systematically under-reported their weight
by a mean of 1·89 (SD 0·20) kg.
Statistical analysis
Baseline characteristics were stratiﬁed by BMI (i.e.
underweight, normal weight, overweight and obese) at
age 18 years. Groups were compared using χ2 analysis for
categorical variables and one-way ANOVA for age at
menopause, a continuous variable veriﬁed to be normally
distributed. Logistic regression models estimated the
association of BMI at age 18 years and current SPI (odds
ratio and 95 % conﬁdence interval). Logistic regression
models were also used to examine the likelihood of SPI for
becoming underweight, normal weight or overweight/
obese at Year 1 of follow-up compared with maintaining
weight from 18 years old. Models were constructed in four
successive stages to evaluate the effect of the covariates.
The ﬁrst model adjusted for demographics, the second

3172

AA Wanigatunga et al.

model adjusted for demographics with lifestyle factors, the
third model adjusted for demographics, lifestyle factors
and medical history items, and the ﬁnal model adjusted for
demographics, lifestyle factors, medical history items and
current medications. Statistical analyses were performed
using the statistical software package STATA version 13.
Results
Characteristics
Participant characteristics are shown in Table 1. Postmenopausal women reporting overweight or obesity at age

18 years tended to be younger, African American,
non-Hispanic, not married, obtained less than a high-school
education, had low income and lived alone. They were also
more likely to report a history of tobacco smoking, poorer
health status, being physically inactive, having higher
energy intake, and being physically inactive between
15 and 19 years of age. Participants with overweight or
obesity at age 18 years were more likely to have a history
of medical conditions such as thyroid disorder, CHD,
congestive heart failure, stroke, diabetes, hypertension,
arthritis, depressive-like symptoms, and tended not to have
pregnancies lasting 6 months or more. They also tended to

Table 1 Characteristics of postmenopausal women (n 76 016) by BMI class at age 18 years, Women’s Health Initiative Observational Study
Underweight at
18 years
(n 13 966)

Baseline age
50–59 years
60–69 years
70–79 years
White (non-Hispanic)
Married
Education, <high school
Income, <$US 20 000
Occupation
Manager
Administrative
Service or labour
Homemaker
Living alone
Behavioural factors
Alcohol, >7 drinks/week
Current smoker
No MVPA currently
No strenuous PA in youth
Report of excellent or very good health
High energy intake*
Medical factors
Age at menopause (years), mean and SD
No term pregnancies
History of
CHD
Congestive heart failure
Stroke
Diabetes
Hypertension
Arthritis
Cancer
Lung disease
Thyroid disorder
Depressive-like symptoms (CES-D ≥0·06)
Any bone fracture†
1 + falls in the past year
Medications
Hormone therapy
Glucocorticosteroids
Psychotropic drugs
Beta-blockers
Anticonvulsants
Anti-migraine drugs

Normal weight at
18 years
(n 58 016)

Overweight at
18 years
(n 3338)

Obese at
18 years
(n 696)

n

%

n

%

n

%

n

%

P value

2835
5729
5402
11 747
8530
566
1947

20·3
41·0
38·7
84·1
61·1
4·1
13·9

11 352
24 557
22 107
51 370
35 534
2159
7405

19·6
42·3
38·1
88·5
61·3
3·7
12·8

744
1489
1105
2820
1826
190
595

22·3
44·6
33·1
84·5
54·7
5·7
17·8

187
314
195
581
321
56
169

26·8
45·1
28·0
83·5
46·1
8·1
24·3

<0·001

5599
4114
2148
1480
3515

42·0
30·8
16·1
11·1
25·3

25 160
15 764
8937
5745
14 816

45·3
28·4
16·1
10·3
25·7

1483
837
588
263
934

46·8
26·4
18·5
8·3
28·2

275
181
151
52
225

44·7
27·5
22·9
7·9
32·4

<0·001

1913
720
5444
1263
7800
4483

13·7
5·2
39·0
9·0
55·9
32·1

8636
3032
20 392
4963
34 104
19 353

14·9
5·2
35·2
8·6
58·9
33·4

353
209
1367
350
1608
1205

10·6
6·3
41·0
10·5
48·2
36·1

42
68
349
101
271
297

6·1
9·8
50·1
14·5
39·1
42·7

<0·001
<0·001
<0·001
<0·001
<0·001
<0·001

47·9
1834

6·5
13·1

48·2
7055

6·5
12·2

48·2
559

6·5
16·8

47·6
191

6·7
27·4

<0·001
<0·001

1189
154
241
672
4972
7425
2138
1487
2183
1390
107
3204

8·5
1·1
1·7
4·8
35·6
53·2
15·3
10·7
15·6
10·2
0·8
22·9

4532
731
914
2791
20 059
31 098
8960
5638
10 607
5363
306
13 501

7·8
1·3
1·6
4·8
34·6
53·6
15·4
9·7
18·3
9·5
0·5
23·3

349
90
83
383
1477
2050
509
397
777
1608
10
922

10·5
2·7
2·5
11·5
44·3
61·4
15·3
11·9
23·3
48·2
0·3
27·6

80
26
23
11
349
468
101
84
159
271
5
201

11·5
3·7
3·3
16·1
50·1
67·2
14·5
12·1
22·8
39·1
0·7
28·9

<0·001

<0·001
0·001
<0·001

8252
184
1338
1703
290
105

59·1
1·4
9·6
12·9
2·2
0·8

33 084
715
5247
6384
981
418

57·0
1·3
9·0
11·6
1·8
0·8

1710
59
369
420
73
21

51·2
1·9
11·1
13·4
2·3
0·7

342
6
98
96
25
6

49·1
0·9
14·1
14·6
3·8
0·9

<0·001
0·032
<0·001
<0·001
<0·001
0·862

<0·001
<0·001
<0·001
<0·001

<0·001

MVPA, moderate-to-vigorous physical activity; PA, physical activity; CES-D, Center for Epidemiologic Studies–Depression scale.
*High energy intake defined as ≥7226 kJ/d (≥1727 kcal/d), where this range represents the highest tertile of dietary intake.
†Fracture defined as any fracture of the hip, upper leg, pelvis, knee, lower leg, ankle, foot, tailbone, spine or back, lower arm or wrist, hand, elbow, upper arm,
shoulder or other.
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take more medications known to affect weight such as
psychotropic drugs, beta-blockers and anticonvulsants.
BMI at age 18 years and severe physical
impairment at older age
After adjusting for demographic factors, the odds ratio of
SPI for those with underweight at 18 years old was not
signiﬁcantly different from that among participants with
normal BMI at 18 years old (Table 2). The odds ratio
of SPI for participants with overweight or obesity was
signiﬁcantly greater than that for participants with normal
weight at 18 years. After fully adjusting for lifestyle
factors, medical history and medications, the effects
decreased slightly but remained signiﬁcant in women with
overweight and obesity.
Distribution of weight change transitions
Approximately 61 % participants who self-reported being
underweight at 18 years old transitioned into the normal
BMI category at the Year 1 follow-up, while 26 %
transitioned into the overweight BMI class (Table 3). Most
participants who self-reported having normal weight at 18
years old either stayed normal or transitioned to overweight
or obese at Year 1. Nearly half of the participants who
self-reported being overweight at 18 years old transitioned
to the obese BMI class or maintained an overweight BMI.
Participants with self-reported obesity at age 18 years

generally maintained obesity or transitioned into the
overweight class. Only 13 % with self-reported obesity at age
18 years shifted to the normal BMI class over time.
A sensitivity analysis that adjusted for body weight changes
occurring between the ascertainment of current weight
and SPI (from Year 1 to Year 3) did not alter the results
(data not shown).
Weight change transitions over lifetime and severe
physical impairment at older age
The odds of SPI at Year 3 follow-up was greater for
women who transitioned from early-age underweight
status to overweight/obese compared with those who
remained in the underweight BMI class, with successive
adjustment for demographic factors, behavioural factors,
medical factors and medications (Table 4). Women who
transitioned from normal weight to either underweight or
overweight/obese had excess odds of SPI when compared
with those who maintained a normal weight. Women with
overweight/obesity who transitioned to a normal weight
had reduced odds of SPI when compared with those who
remained overweight/obese.

Discussion
The present analysis evaluated the association of weight
history and transitions between BMI classes with SPI among

Table 2 Severe physical impairment* in relation to BMI class at age 18 years among postmenopausal women, Women’s Health Initiative
Observational Study
Model 1 (n 69 806)
BMI class at 18 years

OR

Underweight
Normal
Overweight
Obese

1·04

95 % CI

0·99, 1·10
Reference
1·83
1·68, 2·00
3·29
2·78, 3·89

Model 2 (n 69 538)
OR

95 % CI

0·99

0·94, 1·05
Reference
1·68
1·52, 1·85
2·66
2·21, 3·21

Model 3 (n 66 110)
OR

95 % CI

1·01

0·95, 1·07
Reference
1·51
1·36, 1·67
2·27
1·85, 2·79

Model 4 (n 60 499)
OR

95 % CI

1·01

0·94, 1·08
Reference
1·51
1·35, 1·69
2·14
1·72, 2·65

Model 1 adjusted for demographic factors including age at baseline, race/ethnicity, marital status, income, education, occupation and living status.
Model 2 adjusted for model 1 covariates and behavioural factors including smoking status, alcohol intake, current physical activity, physical activity during youth,
total daily energy intake and self-reported health.
Model 3 adjusted for model 2 covariates and medical factors including history of CHD, congestive heart failure, stroke, diabetes, hypertension, arthritis, cancer,
chronic obstructive pulmonary disease, any fracture, falls in the last 12 months, depression, age at menopause and number of term pregnancies.
Model 4 adjusted for model 3 covariates and medications including contraception, hormone therapy, glucocorticosteroids, psychotropic drugs, beta-blockers,
anticonvulsants and anti-migraine drugs.
*Severe physical impairment defined as score of less than 60 on the Physical Functioning subscale of the Rand thirty-six-item Short-Form Health Survey.

Table 3 Cross-tabulation of BMI class in late life according to BMI class at age 18 years among postmenopausal women (n 76 016),
Women’s Health Initiative Observational Study
BMI class in late life
Underweight (n 1588)
BMI class at 18 years
Underweight (n 13 966)
Normal (n 58 016)
Overweight (n 3338)
Obese (n 696)

Normal (n 36 829)

Overweight (n 23 772)

Obese (n 13 827)

n

%

n

%

n

%

n

%

624
940
19
5

4·5
1·6
0·6
0·7

8475
27 603
664
87

60·7
47·6
19·9
12·5

3678
18 940
1015
139

26·3
32·7
30·4
20·0

1189
10 533
1640
465

8·5
18·2
49·1
66·8
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Table 4 Severe physical impairment* in relation to change in BMI class from age 18 years to late life among postmenopausal women
(n 76 016), Women’s Health Initiative Observational Study
Model 1
OR

95 % CI

Underweight BMI at 18 years
Staying underweight
Reference
Becoming normal weight
0·83
0·65, 1·06
Becoming overweight/obese
1·96
1·53, 2·51
Normal weight BMI at 18 years
Staying normal weight
Reference
Becoming underweight
1·69
1·40, 2·04
Becoming overweight/obese
2·71
1·68, 2·00
Overweight and obese BMI at 18 years
Staying overweight/obese
Reference
Becoming normal weight
0·37
0·29, 0·47

Model 2
OR

95 % CI

Model 3
OR

95 % CI

Model 4
OR

95 % CI

0·88
1·61

Reference
0·67, 1·14
1·23, 2·11

0·85
1·40

Reference
0·64, 1·13
1·05, 1·86

0·94
1·52

Reference
0·69, 1·28
1·11, 2·09

1·38
2·12

Reference
1·12, 1·69
2·00, 2·24

1·29
1·93

Reference
1·03, 1·62
1·81, 2·06

1·35
1·97

Reference
1·06, 1·71
1·84, 2·11

0·51

Reference
0·39, 0·66

0·55

Reference
0·42, 0·73

0·52

Reference
0·39, 0·71

Model 1 adjusted for demographic factors including age at baseline, race/ethnicity, marital status, income, education, occupation and living status.
Model 2 adjusted for model 1 covariates and behavioural factors including smoking status, alcohol intake, current physical activity, physical activity during youth,
total daily energy intake and self-reported health.
Model 3 adjusted for model 2 covariates and medical factors including history of CHD, congestive heart failure, stroke, diabetes, hypertension, arthritis, cancer,
chronic obstructive pulmonary disease, any fracture, falls in the last 12 months, depression, age at menopause and number of term pregnancies.
Model 4 adjusted for model 3 covariates and medications including contraception, hormone therapy, glucocorticosteroids, psychotropic drugs, beta-blockers,
anticonvulsants and anti-migraine drugs.
*Severe physical impairment defined as score of less than 60 on the Physical Functioning subscale of the Rand thirty-six-item Short-Form Health Survey.

postmenopausal women. We observed that women with
both overweight and obesity at 18 years of age had a higher
likelihood of SPI later in life. Moreover, underweight BMI
status at 18 years old was not associated with SPI later
in life. Women who transitioned from normal BMI to
overweight or obese, compared with women who retained
normal BMI, had greater odds of SPI. We also found
women with normal BMI at age 18 years who transitioned
into underweight status had a greater likelihood of SPI
as compared with women who maintained normal BMI.
It is important to note that a gain or loss in body weight is
associated with SPI, suggesting that body weight is a
powerful predictor of physical impairment.
The weight history ﬁndings are consistent with previous
work examining the effect of adulthood BMI on late-life
physical impairment. For example, one study found the
greatest risk of physical impairment occurred in women
who reported a history of middle-aged obesity(14). Another
study found that having higher BMI prior to old age
increased the risk for physical impairment among older
women(18). These effects are supported by previous work
demonstrating that longer exposure to excess body
weight is associated with a higher likelihood of muscle
weakness as measured by grip strength, a strong predictor
of physical function(19). Other studies which examined
early adulthood weight found similar effects across
various measures of physical function such as physical
performance and mobility limitation(15,27,28). Therefore,
the present study adds to the existing literature by further
supporting the modest to strong effect of excess body
weight in early life on late-life physical impairments.
Evaluating the consequences of body weight transitions
from early life to later age on SPI is an important
contribution of the present study. We found that

transitions from normal BMI in early age to either underweight or overweight/obese BMI increased the odds of SPI
compared with remaining within a normal BMI. These
results are supported by another study reporting similar
effects regarding weight gain over 4 years and increased
odds of physical impairment among older women(29). The
authors also noted that women with overweight who lost
weight improved physical functioning scores on the SF-36,
which was similar to our ﬁndings showing that participants
who transitioned from being overweight/obese had
reduced likelihood of SPI. Similarly, another study
demonstrated an association between weight gain from
early to middle adulthood and functional limitations in late
adulthood(15). Our results remain congruent with previous
work, noting that transitioning into higher BMI classes
increases the likelihood of SPI among postmenopausal
women. We also found that women who self-reported
being underweight in early adulthood and transitioned
to being either overweight or obese increased their
likelihood of late-life physical impairment. Additionally,
the literature has not fully examined how weight loss in
women with normal weight, particularly those who transition to a lower BMI class, can impact physical function.
This ﬁnding might be related to underlying clinical or
subclinical conditions associated with weight loss and the
onset of SPI(30). To our knowledge, this is a unique ﬁnding
in understanding the factors associated with late-life
physical impairment in postmenopausal women.
Obesity is known to increase the risk of developing a
variety of medical illnesses connected to onset of physical
impairment in later life. With regard to mobility, obesity is
clearly linked to the pathogenesis of cartilage degeneration in osteoarthritis, speciﬁcally in weight-bearing joints, a
major cause of physical impairment in older adults(31).
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Obesity early in life is also associated with structural
changes in the feet, plantar fat pad and plantar pressures
which are known to impair gait and mobility
function(31–33). Additionally, obesity during childhood
negatively impacts lower limb strength and power, where
additional mass requires more effort to move against
gravity, also interfering with normal gait mechanics
of carrying excess weight(34). Moreover, metabolic
dysfunction, another predictor of functional impairment in
older adults, is a hallmark condition of young adults
with obesity(35). Other obesity-linked conditions such
as hypertension, CVD, pulmonary disease, cancer and
cataracts are also associated with physical impairment in
older adults(3,36,37). Because obesity is associated with
earlier onset of co-morbidities, we speculate that lifetime
obesity increases this exposure and partly explains the
increases in odds of developing SPI in postmenopausal
women. Although we adjusted for disease factors, we
were unable to adjust for the onset or the duration of these
diseases, which would affect physical function later in life.
The underlying reasons for these associations are likely a
culmination of all these factors.
Main strengths of the present study included a large
sample size and the availability of many potential
confounders utilized to examine the association of weight
and physical impairment in postmenopausal women.
This allowed us to adjust for many important variables
including demographics, lifestyle factors, chronic illnesses,
depressed mood and medications. Another strength of the
study was the longitudinal collection of data, which
enabled examination of life-course weight class transitions
that are associated with later-life SPI likelihood.
There are limitations to our study that should be
acknowledged. Results should be considered in the
context of a retrospective cohort design that cannot fully
assess the temporality of an association (i.e. cause
and effect). Physical impairments were captured in late
life, thus the analysis does not consider pre-existing
impairments (i.e. onset before age 18 years or
before WHI enrolment). Also, factors causing physical
impairments and treatments that could positively impact
physical function (e.g. hip replacement) were not
ascertained between the assessments for self-report body
weight (Year 1) and physical function (Year 3). Similar to
most cohort studies, the WHI suffers from volunteer bias
where volunteers tend to have a higher education and
income than a representative sample(38). Additionally,
there were missing data that was more likely to occur in
less educated and non-white women, which should be
considered when generalizing these results. Information
bias is a concern for the study considering participants
were asked to recall their body weight. For example, we
noted that women under-reported their weight by 2 kg.
However, there are a few considerations that might
minimize this bias. First, there is extensive research to
support self-reported weight and height as sufﬁcient for
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and evidence suggests older
BMI categorization
women accurately recall their body weight at youth(42,43).
Second, there was a strong correlation between selfreported weight and actual weight in this sample
(r = 0·91). Third, the error in self-reported weight is
attenuated by examining the differences within
participants. Lastly, we expect that under-reporting would
occur in women who reported being underweight or
normal weight at 18 years of age. Under-reporting
directional bias is most likely to occur in women who
reporting being under- or normal weight at 18 years of
age. The transitions into higher BMI categories among
these groups as well as the effect on physical function
could impact the statistical estimates in the null direction.
Under-reporting bias could also accentuate the estimates if
women under-reported their weight at age 18 years
and subsequently transitioned into a higher body
weight class. Finally, weight changes that occurred over
adulthood were not known to be intentional or unintentional, leading to difﬁculty in interpreting whether weight
transitions were related to clinical and/or behavioural
changes that would aid in creating a more speciﬁc public
health recommendation.
Our ﬁndings suggest that maintenance of healthy weight
during adulthood might reduce the likelihood of SPI later
in life. Physical impairments and disability are a major
public health issue in older adults, and the present results
demonstrate that higher weight in early life and weight
gain throughout life are major contributors of physical
impairment in older women. Conversely, weight loss in
young women with overweight and obesity was strongly
connected to reduced likelihood of physical impairment in
later life. These results suggest that intervention strategies
to prevent weight gain early in life and to maintain a
healthy body weight throughout life will help to prevent
or delay the onset of SPI in postmenopausal women.

Acknowledgements
Acknowledgements: Program Ofﬁce (National Heart, Lung,
and Blood Institute, Bethesda, MD): Jacques Rossouw, Shari
Ludlam, Dale Burwen, Joan McGowan, Leslie Ford, Nancy
Geller; Clinical Coordinating Center (Fred Hutchinson Cancer
Research Center, Seattle, WA): Garnet Anderson, Ross
Prentice, Andrea LaCroix, Charles Kooperberg. Investigators
and academic centres (Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA): JoAnn E. Manson;
(MedStar Health Research Institute/Howard University,
Washington, DC): Barbara V. Howard; (Stanford Prevention
Research Center, Stanford, CA): Marcia L. Stefanick;
(The Ohio State University, Columbus, OH): Rebecca
Jackson; (University of Arizona, Tucson/Phoenix, AZ):
Cynthia A. Thomson; (University at Buffalo, Buffalo, NY):
Jean Wactawski-Wende; (University of Florida, Gainesville/
Jacksonville, FL): Marian Limacher; (University of Iowa, Iowa

3176

City/Davenport, IA): Robert Wallace; (University of Pittsburgh,
Pittsburgh, PA): Lewis Kuller; (Wake Forest University
School of Medicine, Winston-Salem, NC): Sally Shumaker;
Women’s Health Initiative Memory Study (Wake Forest
University School of Medicine, Winston-Salem, NC): Sally
Shumaker. Financial support: The WHI programme is funded by the National Heart, Lung, and Blood Institute,
National Institutes of Health, US Department of Health and
Human Services (contract numbers HHSN268201100046C,
HHSN268201100001C, HHSN268201100002C and HHSN268201100003C, HHSN268201100004C). M.E.W. was supported by the National Institutes of Health (grant number
KL2TR000160). Conﬂict of interest: A.A.W., S.S.S., R.N.,
L.G., J.W.B., J.K.O., R.A.S. and G.E.S. have nothing
disclose. M.J.L. (grant number R03DE022654), M.E.W.
(grant numbers KL2TR000160 and U01HL105268), M.L.S.
(grant numbers P30CA124435 and U01AR045583), M.L.
(grant number N01WH42129-24-01) and T.M.M. (grant
numbers R01AG042525 and P30AG028740) were
supported by the National Institutes of Health during
study conduct. Authorship: A.A.W., S.S. and T.M.M. worked
on study design and methods. A.A.W. and S.S. were
responsible for data analysis while T.M.M. supervised analysis. A.A.W. wrote the paper and all authors provided
feedback and approved the ﬁnal manuscript. Ethics of
human subject participation: The study protocol and
consent forms were approved by the institutional review
board at each WHI site, and all participants provided
written informed consent prior to participation.
References
1. Ogden CL, Carroll MD, Kit BK et al. (2014) Prevalence of
childhood and adult obesity in the United States, 2011–2012.
JAMA 311, 806–814.
2. Aronne LJ (2001) Epidemiology, morbidity, and treatment
of overweight and obesity. J Clin Psychiatry 62, Suppl. 23,
13–22.
3. Villareal DT, Apovian CM, Kushner RF et al. (2005) Obesity
in older adults: technical review and position statement of
the American Society for Nutrition and NAASO, The Obesity
Society. Obes Res 13, 1849–1863.
4. Runhaar J, Koes BW, Clockaerts S et al. (2011) A systematic
review on changed biomechanics of lower extremities in
obese individuals: a possible role in development of
osteoarthritis. Obes Rev 12, 1071–1082.
5. Furukawa S, Fujita T, Shimabukuro M et al. (2004) Increased
oxidative stress in obesity and its impact on metabolic
syndrome. J Clin Invest 114, 1752–1761.
6. Brinkley TE, Hsu FC, Beavers KM et al. (2012) Total and
abdominal adiposity are associated with inﬂammation in
older adults using a factor analysis approach. J Gerontol A
Biol Sci Med Sci 67, 1099–1106.
7. Stenholm S, Koster A, Alley DE et al. (2010) Joint association
of obesity and metabolic syndrome with incident mobility
limitation in older men and women – results from the
Health, Aging, and Body Composition Study. J Gerontol A
Biol Sci Med Sci 65, 84–92.
8. Beavers KM, Miller ME, Rejeski WJ et al. (2013) Fat mass
loss predicts gain in physical function with intentional
weight loss in older adults. J Gerontol A Biol Sci Med Sci 68,
80–86.

AA Wanigatunga et al.
9. Hubert HB, Feinleib M, McNamara PM et al. (1983) Obesity
as an independent risk factor for cardiovascular disease:
a 26-year follow-up of participants in the Framingham
Heart Study. Circulation 67, 968–977.
10. Faith MS, Matz PE & Jorge MA (2002) Obesity–depression
associations in the population. J Psychosom Res 53,
935–942.
11. Ford ES, Williamson DF & Liu S (1997) Weight change and
diabetes incidence: ﬁndings from a national cohort of
US adults. Am J Epidemiol 146, 214–222.
12. Flegal KM, Carroll MD, Ogden CL et al. (2010) Prevalence
and trends in obesity among US adults, 1999–2008. JAMA
303, 235–241.
13. Flegal KM, Carroll MD, Kit BD et al. (2012) Prevalence of
obesity and trends in the distribution of body mass index
among US adults, 1999–2010. JAMA 307, 491–497.
14. Backholer K, Pasupathi K, Wong E et al. (2012) The relationship between body mass index prior to old age and disability in
old age. Int J Obes Relat Metab Disord 36, 1180–1186.
15. Houston DK, Stevens J, Cai J et al. (2005) Role of weight
history on functional limitations and disability in late
adulthood: the ARIC study. Obes Res 13, 1793–1802.
16. Peeters A, Bonneux L, Nusselder WJ et al. (2004) Adult
obesity and the burden of disability throughout life. Obes
Res 12, 1145–1151.
17. Williams ED, Eastwood SV, Tillin T et al. (2014) The effects
of weight and physical activity change over 20 years
on later-life objective and self-reported disability. Int J
Epidemiol 43, 856–865.
18. Launer L, Harris T, Rumpel C et al. (1994) Body mass index,
weight change, and risk of mobility disability in middleaged and older women. The epidemiologic follow-up study
of NHANES I. JAMA 271, 1093–1098.
19. Stenholm S, Sallinen J, Koster A et al. (2011) Association
between obesity history and hand grip strength in older
adults – exploring the roles of inﬂammation and insulin
resistance as mediating factors. J Gerontol A Biol Sci Med Sci
66, 341–348.
20. Hung WW, Ross JS, Boockvar KS et al. (2011) Recent trends
in chronic disease, impairment and disability among older
adults in the United States. BMC Geriatr 11, 47.
21. Murtagh KN & Hubert HB (2004) Gender differences in
physical disability among an elderly cohort. Am J Public
Health 94, 1406–1411.
22. Bouchard DR, Senechal M, Slaught J et al. (2013) Obesity
history affects health proﬁle and physical capacity of
postmenopausal obese women; a pilot study. J Res Obes
2013, e1–e12.
23. The Women’s Health Initiative Study Group (1998) Design
of the Women’s Health Initiative clinical trial and
observational study. Control Clin Trials 19, 61–109.
24. Ware JE & Sherbourne CD (1992) The MOS 36-ltem ShortForm Health Survey (SF-36). Med Care 30, 473–483.
25. Bohannon RW & Depasquale L (2010) Physical Functioning
Scale of the Short-Form (SF) 36: internal consistency and validity
with older adults. J Geriatr Phys Ther 33, 16–18.
26. Patterson RE, Kristal AR, Tinker LF et al. (1999) Measurement
characteristics of the Women’s Health Initiative food
frequency questionnaire. Ann Epidemiol 9, 178–187.
27. Houston DK, Ding J, Nicklas BJ et al. (2007) The association
between weight history and physical performance in the
Health, Aging and Body Composition study. Int J Obes
(Lond) 31, 1680–1687.
28. Strandberg TE, Strandberg A, Salomaa VV et al. (2003)
Impact of midlife weight change on mortality and quality of
life in old age. Prospective cohort study. Int J Obes Relat
Metab Disord 27, 950–954.
29. Fine JT, Colditz GA, Coakley EH et al. (1999) A prospective
study of weight change and health-related quality of life
in women. JAMA 282, 2136.

Physical impairment and weight history
30. Marton KI, Harold CS & Krupp JR (1981) Involuntary weight
loss: diagnostic and prognostic signiﬁcance. Ann Intern
Med 95, 568–574.
31. Hart DJ & Spector TD (1993) The relationship of obesity, fat
distribution and osteoarthritis in women in the general
population: the Chingford Study. J Rheumatol 20, 331–335.
32. Hills AP, Hennig EM, Byrne NM et al. (2002) The biomechanics of adiposity – structural and functional limitations
of obesity and implications for movement. Obes Rev 3,
35–43.
33. Nass D, Henning EM & Van Treek R (1999) The thickness of
the heel pad loaded by bodyweight in obese and normal
weight adults. Women 1999, 6.
34. Hills AP, Hennig EM, McDonald M et al. (2001) Plantar
pressure differences between obese and non-obese adults:
a biomechanical analysis. Int J Obes Relat Metab Disord 25,
1674–1679.
35. Dowling AM, Steele JR & Baur LA (2001) Does obesity inﬂuence
foot structure and plantar pressure patterns in prepubescent
children? Int J Obes Relat Metab Disord 25, 845–852.

3177
36. Després JP (1997) Dyslipidaemia and obesity. Baillieres
Clin Endocrinol Metab 8, 629–660.
37. Sinclair AJ, Conroy SP & Bayer AJ (2008) Impact of diabetes on
physical function in older people. Diabetes Care 31, 233–235.
38. Boughner R (2010) Volunteer bias. In Encyclopedia of
Research Design, pp. 1609–1611 [NJ Salkind, editor].
Thousand Oaks, CA: SAGE Publications, Inc.
39. Stewart AL (1982) The reliability and validity of self-reported
weight and height. J Chronic Dis 35, 295–309.
40. Sutin AR (2013) Optimism, pessimism, and bias in
self-reported body weight among older adults. Obesity
(Silver Spring) 21, E508–E511.
41. Stunkard AJ & Albaum JM (1981) The accuracy of
self-reported weights. Am J Clin Nutr 34, 1593–1599.
42. Perry GS, Byers TE, Mokdad AH et al. (1995) The validity of
self-reports of past body weights by US adults. Epidemiology
6, 61–66.
43. Stevens J, Keil JE, Waid LR et al. (1990) Accuracy of current,
4-year, and 28-year self-reported body weight in an elderly
population. Am J Epidemiol 132, 1156–1163.

