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Studies have shown that body weight is a determinant of health-related quality of life (HRQoL). However, few
studies have examined long-term weight change with changes in HRQoL. We followed 52,682 women aged 46—
71 years in the Nurses’ Health Study (in 1992—-2000) and 52,587 women aged 29—46 years in the Nurses’ Health
Study Il (in 1993—2001). Body weight was self-reported, HRQoL was measured by the Medical Outcomes Study’s
36-Item Short Form Health Survey, and both were updated every 4 years. The relationship between changes in
weight and HRQoL scores was evaluated at 4-year intervals by using a generalized linear regression model with
multivariate adjustment for baseline age, ethnicity, menopausal status, and changes in comorbidities and lifestyle
factors. Weight gain of 15 Ibs (1 Ib =0.45 kg) or more over a 4-year period was associated with 2.05-point lower
(95% confidence interval: 2.14, 1.95) physical component scores, whereas weight loss of 15 Ibs or more was as-
sociated with 0.89-point higher (95% confidence interval: 0.75, 1.03) physical component scores. Inverse associ-
ations were also found between weight change and physical function, role limitations due to physical problems,
bodily pain, general health, and vitality. However, the relations of weight change with mental component scores,
social functioning, mental health, and role limitations due to emotional problems were small.

body weight; health-related quality of life; prospective cohort study; women

Abbreviations: BMI, body mass index; HRQoL, health-related quality of life; MCS, mental component score; NHS, Nurses’ Health
Study; NHS II, Nurses; Health Study Il; PCS, physical component score; SF-36, 36-Item Short Form Health Survey.

Health-related quality of life (HRQoL) is an individual’s
subjective perception of both positive and negative aspects
of life that are influenced by health status. It is a multidimen-
sional concept that usually includes subjective evaluations of
physical functioning, mental health, and social/role function-
ing. Mounting evidence from cross-sectional studies has
demonstrated that obesity is associated with worse HRQoL
in different populations (1-6), especially in the physical di-
mensions (1-3) and among women (4—6). However, cross-
sectional studies are limited to examining temporal relations
and are subject to reverse causation. Therefore, longitudinal
analyses have been conducted to partly overcome this limita-
tion. Findings from several prospective cohort studies have
consistently shown that baseline higher body mass index
(BMI) (calculated as weight (kg)/height (m)?) is related to
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mobility disability (7, 8), lower self-rated health (8), lower
HRQoL (9), and greater decline of HRQoL (10, 11). Several
studies have also shown that weight gain over time was asso-
ciated with lower HRQoL or with larger declines in HRQoL
than having a stable weight (12—18). Nevertheless, the sample
sizes in some studies were relatively small (1315, 17, 18), and
some studies did not include the full dimensions of HRQoL
(12, 16). Furthermore, few studies have tested changes in
body weight and concurrent impact on HRQoL. For example,
if obesity is related to worse physical functioning, could
weight loss improve function? Meanwhile, because many
community-dwelling individuals gain weight gradually over
time, does HRQoL worsen along with weight gain?

To answer these questions, we analyzed data from 2 cohort
studies—the Nurses’ Health Study (NHS) and the Nurses’

Am J Epidemiol. 2014;180(3):254-262



Weight Change and Health-Related Quality of Life 255

Table 1. Baseline Characteristics of US Women in the Nurses’ Health Study (in 1992) and the Nurses’ Health

Study II (in 1993)

Total (n=105,269) NHS (n=52,682) NHS Il (n=52,587)
Baseline Characteristic
Mean (SD) % Mean (SD) % Mean (SD) %
Age, years 48.2 (11.4) 57.9 (7.0) 38.4 (4.6)
Body mass index? 25.6 (5.3) 26.0 (4.9) 25.2 (5.7)
Physical activity, MET-hours/week 20.1 (24.7) 19.8 (23.1) 20.4 (26.1)
Alcohol intake, g/day 4.2 (8.0 52(9.5 3.2(6.2)
AHEI score® 50.8 (11.2) 52.8 (10.9) 48.7 (11.0)
White race 97.7 98.2 97.1
Current smoker 11.3 12,5 10.0
Menopausal status
Premenopausal 58.4 23.1 93.9
Postmenopausal + never hormone user 14.4 28.5 0.3
Postmenopausal + past hormone user 8.4 16.4 0.4
Postmenopausal + current hormone user 17.9 315 4.3
Missing data 0.8 0.5 1.2
Currently married 83.4 82.8 83.9
Living alone 9.9 10.8 9.1
Comorbidities
Cancer 7.2 12.6 1.9
Cardiovascular disease 6.3 9.1 3.4
Diabetes 2.8 45 1.1
Hypercholesterolemia 32.2 45.7 18.7
Hypertension 20.0 32.3 7.8
Respiratory diseases 10.4 11.2 9.5
Baseline health-related quality of life
Bodily pain 75.9 (19.5) 74.5 (20.1) 77.4(18.8)
General health 80.2 (17.4) 80.1 (17.5) 80.3(17.2)
Mental component score 50.0 (9.2) 52.0 (8.5) 47.9 (9.4)
Mental health 74.4 (14.9) 771 (14.2) 71.7 (15.1)
Physical component score 51.7 (8.4) 50.2 (8.8) 53.1(7.7)
Physical functioning 89.1 (15.8) 86.3(17.2) 91.9(13.8)
Role limitations—emotional 82.8 (29.8) 84.2 (28.8) 81.4 (30.7)
Role limitations—physical 79.8 (33.0) 76.3 (35.1) 83.4 (30.2)
Social functioning 87.9 (18.9) 89.5(18.2) 86.4 (19.4)
Vitality 59.8 (19.2) 64.2 (18.1) 55.4 (19.2)

Abbreviations: AHEI, Alternative Health Eating Index; MET, metabolic equivalent; NHS, Nurses’ Health Study;

NHS II, Nurses’ Health Study II; SD, standard deviation.
@ Weight (kg)/height (m)2.

b A diet score was calculated on the basis of the 2010 Alternative Healthy Eating Index (28), where a higher score

denotes better overall dietary quality.

Health Study II (NHS II)—in which we collected measure-
ments of HRQoL, as well as body weight, demographic char-
acteristics, lifestyle factors, and medical history every 4 years
on 3 occasions during 8 years of follow-up. These repeated
measurements and the long duration of follow-up enabled
us to investigate the association of dynamic changes in
body weight and HRQoL.

Am J Epidemiol. 2014;180(3):254-262

METHODS
Study population

The NHS consists of 121,700 female registered nurses, aged
30-55 years, who completed a baseline questionnaire about
lifestyle and medical history in 1976. The NHS II was estab-
lished in 1989 and comprised 116,671 younger female
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Table 2. Baseline Characteristics of Women in the Nurses’ Health Study (in 1992) and the Nurses’ Health Study Il (in 1993) According to

Weight-Change Pattern During the First 4 Years of Follow-up

Weight-Change Pattern

Relatively Stable

Baseline Characteristic Lost >15 Ibs Lost 5-14.9 Ibs (~4.9-4.9 Ibs) Gained 5-14.9 Ibs Gained >15 |bs
Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %
Nurses’ Health Study
No. of subjects 2,589% 7,749% 21,180° 15,6322 5,539%
Age, years 59.0 (7.1) 59.4 (7.0) 58.6 (7.0) 57.0 (6.9) 55.5 (6.6)
Body mass index® 30.8 (6.3) 26.9 (5.0) 24.8 (4.4) 25.7 (4.4) 27.6 (5.3)
Body weight change, Ibs® -23.7 (12.2) -7.9(2.7) 0.3(2.2) 8.1(2.7) 22.5(10.2)
Physical activity, MET-hours/week  14.5 (21.3) 18.3 (22.4) 21.1 (23.6) 19.9 (23.0) 18.6 (23.1)
Alcohol intake, g/day 4.7 (10.3) 5.2 (9.9) 5.5(9.4) 5.1(9.2) 4.4(9.2)
AHEI score? 51.6 (10.7) 52.4 (10.8) 53.4 (10.9) 52.6 (10.8) 52.2 (11.0)
White race 99.0 98.1 98.1 98.1 98.2
Current smoker 13.2 134 11.3 124 16.2
Premenopausal status 19.5 18.1 20.3 26.7 32.0
Currently married 81.3 81.8 84.0 83.4 79.0
Living alone 11.2 11.9 10.3 10.2 12.0
Comorbidity
Cancer 14.0 13.9 12.6 11.8 12.3
Cardiovascular disease 134 111 8.3 8.3 9.9
Diabetes 10.1 6.6 3.7 3.4 5.0
Hypercholesterolemia 49.3 471 45.3 45.4 44.0
Hypertension 46.9 37.3 29.2 30.6 34.9
Respiratory diseases 15.1 12.1 10.5 10.2 13.5
Changes in SF-36 score
Bodily pain 0.1 (21.2) -0.5(19.9) -0.9 (18.5) —1.6 (19.0) -3.7 (20.7)
General health -0.2(17.7) —0.6 (15.5) -0.7 (14.2) -1.2(14.8) -3.8(16.5)
Physical component score -1.3(9.1) -1.4 (8.1) -1.4(7.4) -2.0(7.7) -3.7 (8.7)
Mental component score 1.7 (9.2) 1.6 (8.5) 1.6 (7.6) 2.1(8.2) 25(9.2)
Mental health 2.4 (14.0) 2.2 (12.9) 2.5(11.8) 3.1 (12.5) 2.9 (14.0)
Physical functioning -3.9(19.4) -4.3 (16.7) -3.9(15.2) —4.8 (15.5) -8.5(17.8)
Role limitations—emotional 1.1 (35.5) 0.7 (33.6) 1.3 (30.3) 2.1 (32.2) 2.6 (35.3)
Role limitations—physical —2.5 (40.5) -1.3(39.1) —1.4 (35.7) -2.1(36.9) —5.7 (40.0)
Social functioning 0.7 (24.0) 1.2(21.2) 1.6 (18.0) 2.2 (19.1) 2.2 (21.6)
Vitality 3.2(17.7) 2.2 (16.0) 1.3 (14.3) 0.8 (15.1) -1.1(17.2)

registered nurses, aged 25-42 years, who responded to a base-
line questionnaire similar to the NHS questionnaire. Detailed
descriptions of the cohorts can be found elsewhere (19, 20). In
both cohorts, questionnaires were administered at baseline and
biennially thereafter to update information on lifestyle (e.g.,
body weight, smoking, physical activity) and occurrence of
chronic diseases. The cumulative follow-up rates in the 2 co-
horts exceeded 90% of potential person-years.

In the current analysis, we used the 1992 wave of the NHS
(n=104,064) and the 1993 wave of the NHS II (n = 107,721)
as the baseline, when we first assessed HRQoL by using the
Medical Outcomes Study’s 36-Item Short Form Health

Table continues

Survey (SF-36), version 1. The SF-36 was administered
again in 1996 and 2000 in the NHS and in 1997 and 2001
in the NHS II. Because we conducted a complete case anal-
ysis, we excluded women who responded only to the short-
version surveys, which did not include the SF-36, on any of
the 3 occasions (n =47,365 in the NHS, and n = 43,457 in the
NHS II). The shorter survey was sent to women who had not
responded to several mailings of the main long-version ques-
tionnaire. Women who were excluded because of missing
HRQoL data (mostly those who completed the shorter ver-
sion of the survey) were somewhat older, heavier, and more
sedentary, on average, than those who completed the longer

Am J Epidemiol. 2014;180(3):254-262
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Table 2. Continued

Weight-Change Pattern

Baseline Characteristic Lost >15 Ibs

Lost 5-14.9 Ibs

Relatively Stable

(~4.9-4.9 Ibs) Gained 5-14.9 Ibs

Gained >15 Ibs

Mean (SD) % Mean (SD)

% Mean (SD) % Mean (SD) % Mean (SD) %

Nurses’ Health Study I

No. of subjects 2,5442 5,598% 18,1052 17,0922 9,248%
Age, years 38.8 (4.5) 38.5 (4.6) 38.3 (4.6) 38.5 (4.6) 38.3 (4.6)
Body mass index® 31.9 (7.4) 26.2 (5.7) 23.5 (4.8) 24.4 (4.9) 27.3 (5.9)
Body weight change, lbs® —26.4 (15.5) -8.1(2.8) 0.6 (2.2) 8.4 (2.8) 24.3 (11.2)
Physical activity, MET-hours/week  16.6 (24.3) 20.3 (26.2) 21.9 (27.2) 20.3 (26.3) 18.9 (24.0)
Alcohol intake, g/day 2.7 (6.0) 3.2(6.3) 3.4 (6.1) 3.2(6.2) 2.8 (6.1)
AHEI score® 48.2 (11.3) 48.8 (11.1) 49.2 (11.1) 48.3 (10.9) 48.6 (11.0)
White race 97.7 97.0 96.9 97.2 97.5
Current smoker 10.8 11.1 8.8 9.5 12.3
Premenopausal status 91.7 93.7 94.6 93.9 93.1
Currently married 791 84.3 86.2 84.8 791
Living alone 11.3 8.2 8.0 8.7 12.2
Comorbidities
Cancer 1.9 2.6 1.7 1.9 1.8
Cardiovascular disease 5.4 3.7 3.0 2.9 4.5
Diabetes 3.2 1.6 0.9 0.8 1.1
Hypercholesterolemia 26.8 20.6 15.9 17.8 22.3
Hypertension 15.8 9.1 55 6.8 11.0
Respiratory diseases 134 9.5 8.5 9.1 11.2
Changes in SF-36 score
Bodily pain 0.8 (21.8) —0.5 (20.1) -1.5(18.8) -2.1(19.2) -4.1(21.1)
General health 3.3(16.7) 1.0 (15.2) 0.2 (13.4) —-0.8 (14.0) -4.3(16.2)
Mental component score 1.3(10.7) 1.2 (10.0) 1.2(9.2) 1.3 (9.5) 1.4 (10.6)
Mental health 2.2 (16.6) 1.7 (15.4) 1.7 (14.1) 2.0 (14.6) 2.0 (16.1)
Physical component score 1.2 (8.6) 0.1 (7.9) -0.5(7.1) -1.0(7.4) —2.6 (8.7)
Physical functioning 3.2(16.4) 0.9 (14.1) -0.1 (12.3) -0.7 (13.1) -3.4 (16.3)
Role limitations—emotional —0.1 (35.8) 0.3 (34.9) 1.5 (32.9) 2.0 (34.1) 1.2 (37.5)
Role limitations—physical 2.4 (38.0) 0.3 (35.9) —0.6 (33.0) -1.0 (34.2) -5.3 (38.6)
Social functioning 2.7 (25.0) 2.2 (22.1) 1.7 (19.7) 2.0 (20.5) 1.3 (24.0)
Vitality 7.9 (20.9) 4.4 (18.9) 2.5 (17.4) 0.8 (17.7) -2.1(19.3)

Abbreviations: AHEI, Alternative Health Eating Index; MET, metabolic equivalent; SD, standard deviation; SF-36, Medical Outcomes Study’s

36-Item Short Form Health Survey.
@ Value expressed as number of subjects.
® Weight (kg)/height (m)2.
°11lb=0.45kg.

4 A diet score was calculated on the basis of the 2010 Alternative Healthy Eating Index (28), where a higher score denotes better overall dietary

quality.

survey in the NHS. However, there was substantial overlap in
the distributions of these responses (data not shown). No sig-
nificant differences were found in the NHS II. This indicates
that our analyses are unlikely to be substantially biased by the
type of survey returned. We further excluded women who
had missing information on body weight on any of the 3 oc-
casions (n=4,557 in the NHS, and n = 6,658 in the NHS II).

Am J Epidemiol. 2014;180(3):254-262

In the NHS II, we also excluded women who reported that
they were pregnant at the time of returning any of the 3 ques-
tionnaires (n=5,019). After exclusions, data from 52,682
women in the NHS and 52,587 women in the NHS II were
available. The study protocol was approved by the institu-
tional review boards of Brigham and Women’s Hospital
and the Harvard School of Public Health.
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Table 3. Changes in Physical and Mental Component Scores® of Women in the Nurses’ Health Study (in 1992—2000) and the Nurses’ Health

Study Il (in 1993-2001) According to Weight-Change Pattern

Weight-Change Pattern®

HRQoL Measure by Studyb Lost >15 Ibs Lost 5-14.9 Ibs Gained 5-14.9 Ibs Gained >15 Ibs
B 95% ClI B 95% ClI B 95% CI B 95% CI
Physical component score
Nurses’ Health Study 0.33 0.14,0.52 0.17 0.04, 0.30 -0.59 —-0.70, —0.48 -2.12 -2.28, -1.96
Nurses’ Health Study Il 1.57 1.37,1.77 0.47 0.32, 0.61 —-0.46 -0.57, -0.36 -2.02 -2.15,-1.90
Pooled analysis 0.89 0.75, 1.03 0.30 0.20, 0.39 -0.52 —-0.60, —0.45 -2.05 -2.14, -1.95
Mental component score
Nurses’ Health Study —-0.60 -0.79, —0.41 -0.28 -0.41, -0.15 0.42 0.31,0.52 0.66 0.50, 0.81
Nurses’ Health Study I 0.02 —-0.23,0.26 —-0.06 —-0.24,0.12 0.19 0.07,0.32 0.41 0.26, 0.56
Pooled analysis -0.33 —-0.49, -0.18 -0.21 -0.32, -0.10 0.35 0.27,0.43 0.56 0.46, 0.67

Abbreviations: Cl, confidence interval; HRQoL, health-related quality of life.

& The multivariate linear regression model is adjusted for baseline age, race, menopausal status, changes in marital status (remained
nonmarried, nonmarried to married, remained married, or married to nonmarried), living status (remained living alone, living alone to living with
others, remained living with others, or living with others to living alone), smoking status (remained never smoker, from never to current smoker,
remained past smoker, past to current smoker, current to past smoker, remained current smoker, or missing indicator status), changes in
comorbidities (no disease, new-onset disease, or remained diseased (comorbidities were diabetes, hypertension, hypercholesterolemia,
cardiovascular disease, cancer, and respiratory diseases)), quintile of change in physical activity, alcohol intake, and Alternative Health Eating

Index (28) score.

b Reference group is subjects whose weight was relatively stable (change of —4.9-4.9 Ibs).

° 11b=0.45 Kg.

Assessment of HRQoL

The self-administered SF-36 questionnaire was used to as-
sess the following 8 domains of HRQoL (21): 1) physical
functioning, 2) role limitations due to physical health prob-
lems (herein, role limitations—physical), 3) bodily pain, 4) ge-
neral health perceptions, 5) vitality, 6) social functioning,
7) role limitations due to emotional problems, and 8) mental
health. The first 4 components are considered to reflect the
physical dimensions, and the last 4 components, the mental
dimensions of HRQoL. Each domain was scored separately
from O (lowest level of functioning) to 100 (highest level of
functioning), with higher scores reflecting better HRQOL.
Two component summary scores capturing the overall phys-
ical and mental health (physical component score (PCS) and
mental component score (MCS)) were calculated from the
8 subscale scores and transformed so that a mean score of
50 (standard deviation, 10) reflects the mean in the general
US population (22). The instrument has been validated ex-
tensively within the Medical Outcomes Study (23) and in
other settings (24—26). It has been demonstrated to have good
construct validity (25, 26), as well as high internal consis-
tency (24-26) and high test-retest reliability (24).

Assessment of body weight

Subjects were asked for their body height and weight on
the baseline questionnaires, and body weight was subse-
quently reported on each biennial questionnaire in the 2 co-
horts. BMI was calculated as the weight in kilograms divided
by the square of height in meters. The validity of self-
reported weight has been established previously (27): 184

women were weighed by technicians 6—12 months after com-
pleting a mailed questionnaire, and self-reported weight was
highly correlated with measured weight (Spearman r = 0.96).
Participants were categorized into the following 5 weight-
change groups according to their patterns of weight change
over the 4-year period: those who lost 15 Ibs or more (1 Ib=
0.45 kg), those who lost 5-14.9 1bs, women whose 4-year
weight change remained within 4.9 1bs, those who gained
5-14.9 1bs, and those who gained 15 Ibs or more.

Covariates

In the follow-up questionnaires, we obtained updated in-
formation on the following characteristics: age, ethnicity,
marital status, living status, menopausal status, postmeno-
pausal hormone use, cigarette smoking, alcohol intake, phys-
ical activity, and history of comorbid diseases (i.e., diabetes,
hypertension, hypercholesterolemia, cardiovascular disease,
cancer, respiratory diseases, and other major diseases). Die-
tary information (including alcohol intake) was collected by a
validated food frequency questionnaire in 1990 for the NHS
and in 1991 for the NHS II and was updated every 4 years
through similar food frequency questionnaires. To reduce
the potential variables in the model and to reflect overall
diet quality, we calculated a diet score on the basis of the
2010 Alternative Healthy Eating Index (28), where a higher
score denotes better overall dietary quality.

Statistical analysis

We examined the relation between 4-year changes in
weight and covariates with the concurrent changes in HRQoL

Am J Epidemiol. 2014;180(3):254-262
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Table 4. Changes in 8 Domains of Health-Related Quality of Life® of Women in the Nurses’ Health Study (in 1992—2000) and the Nurses’ Health

Study Il (in 1993—2001) According to Weight-Change Pattern

Weight-Change Pattern®

Measure of HRQoL Domains® Lost >15 Ibs Lost 5-14.9 Ibs Gained 5-14.9 Ibs Gained >15 Ibs
B 95% Cl B 95% Cl B 95% ClI B 95% Cl
Pooled analysis
Bodily pain 1.48 1.14,1.82 0.55 0.32,0.79 -0.70 —-0.88, —0.51 -2.60 —2.84, -2.37
General health 1.43 1.16, 1.69 0.29 0.11, 0.47 -0.68 -0.82, -0.54 -3.36 -3.54, -3.18
Mental health -0.39 —-0.63, —0.15 -0.45 -0.61, -0.28 0.50 0.38, 0.63 0.58 0.41,0.74
Physical functioning 1.51 1.23,1.79 0.22 0.02, 0.41 -0.96 -1.11, -0.81 —4.09 —4.29, -3.90
Role limitations—emotional -1.09 —1.66, —0.52 -0.62 -1.02, -0.22 0.84 0.53,1.15 0.68 0.29, 1.08
Role limitations—physical 1.04 0.41, 1.67 0.47 0.03, 0.90 -0.44 -0.77,-0.10 -3.39 -3.83, —2.96
Social functioning -1.11 -1.47, -0.76 —-0.51 -0.76, —0.27 0.36 0.17,0.55 -0.27 -0.52, —0.03
Vitality 2.76 2.47,3.06 1.04 0.83,1.24 -0.75 -0.90, -0.59 -2.84 -3.05, —-2.64
Nurses’ Health Study
Bodily pain 1.09 0.63, 1.55 0.54 0.24, 0.85 -0.69 -0.94, -0.43 -2.49 -2.87,-2.12
General health -0.15 -0.51,0.22 -0.09 -0.33,0.15 -0.50 -0.70, —0.30 —-2.58 -2.87,-2.28
Mental health -0.81 -1.11, -0.52 -0.57 -0.76, —0.37 0.54 0.37,0.70 0.50 0.26, 0.74
Physical functioning 0.39 —0.02, 0.80 -0.11 -0.39, 0.16 -1.29 -1.52, -1.06 —4.89 -5.22, —4.55
Role limitations—emotional -1.37 -2.12, -0.62 -0.52 —-1.02, —-0.01 0.78 0.36, 1.19 0.33 -0.29, 0.95
Role limitations—physical -0.18 -1.08, 0.71 0.37 -0.23, 0.97 -0.64 -1.13, -0.14 -3.54 —-4.27, -2.81
Social functioning -2.39 -2.85, -1.92 -0.87 -1.18, -0.56 0.52 0.27,0.78 0.16 -0.21,0.54
Vitality 1.39 1.02, 1.76 0.60 0.35, 0.84 —-0.66 —-0.86, —0.45 -2.57 -2.87,-2.27
Nurses’ Health Study Il
Bodily pain 2.01 1.50, 2.51 0.61 0.24,0.97 -0.77 —-1.03, -0.51 -2.74 -3.05, -2.43
General health 3.30 2.91, 3.68 0.84 0.57,1.12 -0.86 —-1.06, —0.66 -3.82 —4.06, —3.59
Mental health 0.16 -0.23, 0.54 -0.22 —-0.49, 0.06 0.34 0.14,0.54 0.48 0.25, 0.71
Physical functioning 2.87 2.49, 3.25 0.65 0.37,0.93 —-0.66 -0.86, —0.47 -3.70 -3.94, -3.47
Role limitations—emotional -0.66 —1.54,0.21 -0.64 -1.27, -0.01 0.64 0.19, 1.09 0.57 0.04, 1.11
Role limitations—physical 2.51 1.62, 3.39 0.64 0.00, 1.28 —-0.45 —-0.90, 0.00 -3.58 -4.12, -3.04
Social functioning 0.51 —0.03, 1.05 0.06 —-0.33, 0.45 0.08 -0.19,0.36 —0.66 -0.99, —0.33
Vitality 4.37 3.91,4.84 1.71 1.38, 2.05 -0.99 -1.23, -0.75 -3.19 -3.47, -2.90

Abbreviations: Cl, confidence interval; HRQoL, health-related quality of life.

2 The multivariate linear regression model is adjusted for baseline age, race, menopausal status, changes in marital status (remained
nonmarried, nonmarried to married, remained married, or married to nonmarried), living status (remained living alone, living alone to living with
others, remained living with others, or living with others to living alone), smoking status (remained never smoker, from never to current smoker,
remained past smoker, past to current smoker, current to past smoker, remained current smoker, or missing indicator status), changes in
comorbidities (no disease, new-onset disease, or remained diseased (comorbidities were diabetes, hypertension, hypercholesterolemia,
cardiovascular disease, cancer, and respiratory diseases)), quintile of change in physical activity, alcohol intake, and Alternative Health Eating

Index (28) score.

b Reference group is subjects whose weight was relatively stable (change of —4.9-4.9 lbs).

° 1 1b=0.45 kg.

scores. In this analysis, the 4-year changes in HRQoL scores
(PCS, MCS, and the 8 domains) were used as the outcomes
(i.e., changes from 1992/1993 to 1996/1997 and changes
from 1996/1997 to 2000/2001). We used 4-year weight change
(5 categories) as the predictor and adjusted for baseline age,
race, postmenopausal status, and menopausal hormone use.
We also adjusted for 4-year changes in other covariates in-
cluding marital status (remained nonmarried, nonmarried to
married, remained married, or married to nonmarried); living
status (remained living alone, living alone to living with
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others, remained living with others, or living with others to
living alone); smoking status (remained never smoker, never
to current smoker, remained past smoker, past to current
smoker, current to past smoker, remained current smoker, or
missing indicator status); changes in comorbidities including
diabetes, hypertension, hypercholesterolemia, cardiovascular
disease, cancer, and respiratory diseases (no disease, new-
onset disease, or remained diseased); and quintile of changes
in continuous variables of physical activity, alcohol intake,
and Alternative Healthy Eating Index score. We stratified
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the analysis by baseline body weight (normal weight, over-
weight, or obesity) and history of abovementioned comor-
bidities, because those characteristics could substantially
influence weight change and HRQoL.

All analyses were performed using SAS, version 9.2, soft-
ware (SAS Institute, Inc., Cary, North Carolina) with signifi-
cance indicated by a 2-tailed P value of 0.05. We used
multivariate linear regression (the GENMOD procedure in
SAS) starting from an unstructured correlation matrix to ac-
count for the correlated nature of within-person repeated
measurements, and we present the model-based covariance
estimates. The 2 cohorts were analyzed separately and also
combined because of similar study design, characteristics,
and follow-up strategies. There is still debate about the clin-
ical significance of HRQoL scores (29), but to be consistent
with our previous publications, we used 0.25 standard devi-
ations as the threshold to determine minimally important
changes in PCS and MCS (19). In our study, the standard de-
viations were approximately 8.0 and 9.0 for changes in PCS
and MCS, respectively; thus, we used 2.0 as the cutoff point
for minimally important changes. Considering only statisti-
cally significant differences was deemed to be misleading be-
cause of the large sample size.

RESULTS

Table 1 shows the baseline characteristics in the 2 cohorts.
The mean ages were 57.9 years (standard deviation, 7.0; range,
46-71) in the NHS and 38.4 years (standard deviation, 4.6;
range, 29-46) in the NHS II. Women in the NHS had higher
prevalence of metabolic disorders than those in the NHS II.
As for SF-36 components, women in the NHS reported
worse PCS, physical functioning, bodily pain, and role
limitations—physical than those in the NHS II. This was expected
because of the higher age of women in the NHS. Interestingly,
women in the NHS had better MCS, social functioning, mental
health, and vitality, as well as fewer role limitations due to
emotional functioning compared with women in the NHS
II. Women in the 2 cohorts had similar self-perceived general
health.

Table 2 shows the characteristics according to changes in
body weight during the first 4 years of follow-up. Weight
gain was related to younger age in the NHS but not in the
NHS II. Compared with the stable weight group, both weight
gain and weight loss were related to higher prevalence of
smoking, diabetes, hypertension, cardiovascular disease,
and respiratory diseases.

In the pooled multivariate analysis (Table 3), weight gain
of 15 Ibs or more was associated with a decrease in PCS
of 2.05 points (95% CI: 1.95, 2.14), whereas weight loss of
15 1bs or more was associated with an increase in PCS of 0.89
points (95% CI: 0.75, 1.03). Again, the relation between
weight change and MCS was modest. Weight gain was asso-
ciated with a concurrent decrease in physical dimensions
(physical functioning, role limitations—physical, bodily pain,
and general health) and vitality, whereas weight loss was as-
sociated with modestly higher scores in those components
(Table 4).

Weight gain was associated with lower PCS regardless of
baseline obesity status, although the relation was stronger

with higher initial BMI; however, weight loss was associated
with higher PCS among overweight/obese women but not
among women of normal weight (Web Table 1 available at
http:/aje.oxfordjournals.org/). The association between weight
change and PCS was not significantly different in women with
or without comorbidities (Web Table 2), except among women
with prevalent or incident cancers, for whom weight loss was
related to modestly lower PCS.

DISCUSSION

HRQoL has received increasing attention as an important
outcome measure for disease burden, health service research,
and evaluation of intervention effectiveness. In these 2 large
prospective cohorts of US women, we found an inverse asso-
ciation between weight gain and changes in physical health in
the dimensions of physical functioning, role limitations—
physical, bodily pain, general health, and vitality. The asso-
ciation between weight gain and mental health was more
modest and not clinically significant.

Obesity is consistently related to a range of adverse HRQoL
outcomes examined in cross-sectional studies (1-6). However,
cross-sectional studies are subject to reverse causation (i.e., the
association could result from poor health leading to obesity
rather than obesity and weight gain causing worse health).
Therefore, prospective design has the advantage of identifying
the correct temporal sequence, and a number of longitudinal
studies have been reported to date. Studies have found that
higher BMI at baseline is related to mobility disability (7, 8)
and self-rated health (8) in US adults. However, other domains
of HRQoL were not assessed. A recent study by Daviglus et al.
(9) found that obesity at midlife (ages 36—64 years) was asso-
ciated with lower HRQoL scores in all components measured
by the Medical Outcomes Study’s 12-Item Short Form Health
Survey at older ages in a 26-year follow-up study among 6,766
US adults. Another study of 3,014 US adults aged 18-30 years
found an inverse association between baseline BMI and PCS
but not MCS after 20 years of follow-up (14). Two other stud-
ies also found that baseline obesity was associated with a
greater deterioration in quality of life in 8,609 Canadian adults
(10) and 5,985 Australian adults (11).

One important advantage of our study over the previous
investigations is that we were able to examine changes in
body weight in relation to concurrent changes in HRQoL.
This “change-on-change” analysis approach builds on
the repeated measurements and long-term follow-up periods
in the 2 cohorts. This method has the feature of a quasi-
experimental design, although it lacks randomization as in
a clinical trial. Our findings are consistent with those of a
number of intervention studies in which the effects of weight
loss programs on the changes of HRQoL have been eval-
uated. A recent meta-analysis (30) summarized data from
53 trials and found that weight loss may be associated with
modest improvements in physical, but not mental, health.
The weight loss interventions were conducted primarily
among obese individuals with a variety of weight loss strate-
gies (i.e., drugs, diet, physical activity, education, or combi-
nations of these), and the sample sizes were generally small
(30). In a large study, Ackermann et al. (31) used data from
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the Diabetes Prevention Program (n = 3,046) and found that
each 5 kg of weight loss was associated with a 0.64-point in-
crease in PCS after 1 year (31). This is consistent with our
results in which weight loss of 5-14.9 Ibs was related to an
approximately 0.54-point increase in PCS among overweight
and obese women during a 4-year period.

However, clinical trials can only evaluate the effects of
weight loss on HRQoL, and the findings may not be directly
applied to community-dwelling individuals. Therefore, studies
with repeated measurements of weight and HRQoL are crucial
to test the impact of weight gain and changes in HRQoL. Our
previous analysis of the NHS (in 1992-1996) reported that
weight gain was associated with lower scores in physical func-
tioning, bodily pain, and vitality after 4 years of follow-up
(32). Thus, our current analysis extended the findings to a
younger cohort of women with longer follow-up duration and
assessed change in HRQoL as the outcome of interest. Our re-
sults are also consistent with those of several other studies re-
porting that weight gain is associated with lower physical
HRQoL over follow-up compared with those of stable weight
(12—18). For example, in the study by Ledn-Mufioz et al. (15),
weight gain over 2 years was associated with worse HRQoL
scores in older Spanish adults, and the associations were stron-
ger in women who were obese at baseline. In another study of
2,414 Dutch women with a mean age of 50.6 years, Verkleij
et al. (18) found that each 1-kg increase in body weight was
associated with a 0.10-point reduction in PCS.

In our study, the relations of weight change with MCS and
mental domains were very modest and generally below the
clinically significant level. Previous studies have also found
inconsistent results between obesity and mental components
(3). Clinical trials have found no significant improvement in
mental domains with weight loss (30). Our results are also
consistent with those of Kozak et al. (14) and Verkleij
et al. (18), in that weight change was associated with null
or clinically insignificant changes in MCS. This may be
due to the complexity of weight loss, including whether it
is intentional or unintentional. In the older population, weight
loss is more likely to be unintentional, being caused by the
presence of preclinical, subthreshold, or established chronic
diseases, which may be accompanied by worsening mental
health. For example, in our study, a modest decrease in
MCS related to weight loss was found in older women in
the NHS, whereas no change was found in younger women
in the NHS II. Furthermore, the impact of obesity on mental
health domains may also reflect the social stigma experienced
by overweight/obese individuals (33).

The strengths of the current study include a large sample
size, high follow-up rates, and repeated assessments of weight
and HRQoL variables during a long time period. To the best of
our knowledge, this is the largest prospective study investigat-
ing the association of weight gain and loss with changes in
HRQoL. Although randomized clinical trials may better ad-
dress the causal relationship, the effect depends on the modal-
ity for weight loss, and the results are not generalizable to
free-living individuals. Our “change-on-change” analysis ap-
proach is, to some extent, a natural experiment, in which indi-
viduals gained or lost weight by themselves; thus, the results
may be more externally generalizable compared with the re-
sults from a well-controlled experimental setting.
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We also acknowledge several limitations. First, our study
populations consisted primarily of educated white US women.
Although the homogeneity of socioeconomic status helps re-
duce confounding, the results may not be generalizable to
men or to other ethnic and socioeconomic groups. Some
studies have suggested that there might be sex-specific asso-
ciations between weight gain and HRQoL (5, 12, 13, 15).
Second, we did not ascertain the underlying reasons for
weight change during the follow-up period. Some people
may intentionally lose weight, and some may lose weight
unintentionally because of underlying medical conditions.
This may attenuate the association between weight loss and
changes in HRQoL. Third, some degree of measurement
error in the assessment of exposure and outcome is inevita-
ble. We adjusted for changes of multiple lifestyle factors
and comorbidities; however, residual and unmeasured con-
founding from other lifestyle behaviors or factors is still pos-
sible. For example, we did not collect the information on
diagnosis of depression, and studies have shown that some
antidepressants may have the side effect of weight gain (34).
Finally, most changes in HRQoL outcomes varied by only a
few points, and although some were in the range of minimally
important changes, the clinical and public health implications
are yet unclear.

CONCLUSIONS

In these 2 cohorts of US women, we found that weight gain
over a 4-year period was associated with worse HRQoL in the
physical functioning domains. Among overweight and obese
women, weight loss was associated with improved physical
health. Our results confirm the association between body
weight and HRQoL and add further evidence that avoiding
weight gain among all weight groups, as well as losing weight
in overweight and obese women, improves HRQoL.
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