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ABSTRACT

BACKGROUND
Specific dietary and other lifestyle behaviors may affect the success of the straight-
forward-sounding strategy “eat less and exercise more” for preventing long-term
weight gain.

METHODS

We performed prospective investigations involving three separate cohorts that in-
cluded 120,877 U.S. women and men who were free of chronic diseases and not obese
at baseline, with follow-up periods from 1986 to 2006, 1991 to 2003, and 1986 to 2006.
The relationships between changes in lifestyle factors and weight change were evalu-
ated at 4-year intervals, with multivariable adjustments made for age, baseline body-
mass index for each period, and all lifestyle factors simultaneously. Cohort-specific
and sex-specific results were similar and were pooled with the use of an inverse-
variance-weighted meta-analysis.

RESULTS

Within each 4-year period, participants gained an average of 3.35 Ib (5th to 95th
percentile, —4.1 to 12.4). On the basis of increased daily servings of individual dietary
components, 4-year weight change was most strongly associated with the intake of
potato chips (1.69 Ib), potatoes (1.28 Ib), sugar-sweetened beverages (1.00 1b), unpro-
cessed red meats (0.95 Ib), and processed meats (0.93 1b) and was inversely associated
with the intake of vegetables (—0.22 Ib), whole grains (—0.37 1b), fruits (—0.49 1b), nuts
(-0.57 Ib), and yogurt (—0.82 Ib) (P<0.005 for each comparison). Aggregate dietary
changes were associated with substantial differences in weight change (3.93 Ib across
quintiles of dietary change). Other lifestyle factors were also independently associated
with weight change (P<0.001), including physical activity (-1.76 lb across quintiles);
alcohol use (0.41 Ib per drink per day), smoking (new quitters, 5.17 lb; former smok-
ers, 0.14 1b), sleep (more weight gain with <6 or >8 hours of sleep), and television
watching (0.31 Ib per hour per day).

CONCLUSIONS

Specific dietary and lifestyle factors are independently associated with long-term weight
gain, with a substantial aggregate effect and implications for strategies to prevent obe-
sity. (Funded by the National Institutes of Health and others.)
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EFFECT OF LIFESTYLE ON WEIGHT GAIN

ECAUSE EFFORTS TO LOSE WEIGHT POSE
tremendous challenges, primary prevention
of weight gain is a global priority. Since
weight stability requires a balance between calo-
ries consumed and calories expended, the advice to
“eat less and exercise more” would seem to be
straightforward. However, weight gain often oc-
curs gradually over decades (about 1 Ib per year),
making it difficult for most people to perceive the
specific causes. Weight-loss trials'3 have typically
enrolled obese or overweight persons who attempt-
ed substantial short-term weight loss on special-
ized diets, thus limiting the generalizability of the
findings to nonobese populations and to the fac-
tors that determine long-term, gradual weight gain.
Several lifestyle behaviors may influence wheth-
er or not a person can maintain energy balance
over the long term. For instance, the consumption
of sugar-sweetened beverages, sweets, and pro-
cessed foods may make it harder to do so, whereas
the consumption of whole grains, fruits, and veg-
etables might make it easier.#1° Physical activity
should also influence long-term weight gain, but
evidence to support this expectation has been
surprisingly inconsistent.'**# In addition, the dura-
tion of television viewing and of sleep may influ-
ence energy consumption, energy expenditure, or
both.15-% Different lifestyle behaviors have often
been evaluated separately, thus limiting relative
comparisons or the quantification of combined
effects. In addition, most studies of long-term
weight gain have evaluated current behaviors, but
changes in behavior over time may be more rel-
evant in terms of both their biologic effects on
long-term weight gain and their translation into
prevention strategies. We investigated the relation-
ship between multiple lifestyle changes, both inde-
pendently and jointly, and long-term weight gain in
nonobese women and men participating in three
separate, prospective studies.

METHODS

STUDY DESIGN AND POPULATION

The Nurses’ Health Study (NHS) is a prospective
study of a cohort of 121,701 female registered nurs-
es from 11 U.S. states who were enrolled in 1976.
The Nurses’ Health Study II (NHS II) is a prospec-
tive study of a cohort of 116,686 younger female
registered nurses from 14 states who were enrolled
in 1989. The Health Professionals Follow-up Study

(HPES) is a prospective study of a cohort of 51,529
male health professionals from all 50 states, en-
rolled in 1986. Participants were followed with the
use of biennial validated questionnaires concern-
ing medical history, lifestyle, and health practices.
For this analysis, the baseline year was the first
year for which detailed information was available
on diet, physical activity, and smoking habits —
1986 in the NHS and HPFS and 1991 in the NHS
I1. We excluded participants with obesity, diabetes,
cancer, or cardiovascular, pulmonary, renal, or liv-
er disease at baseline; those for whom baseline
data on lifestyle habits were missing; those with an
implausible energy intake (<900 or >3500 kcal per
day); those with more than nine blank responses
on the diet questionnaire; those who were newly
pregnant during follow-up; and those who were
over 65 years of age, given possible confounding
due to age-related loss of lean muscle mass. The
final analyses included 50,422 women in the NHS,
47,898 women in the NHS II, and 22,557 men in the
HPES, all of whom were free of obesity and chron-
ic diseases and for whom data on weight and life-
style habits at baseline were complete. Cohort
members who were excluded because of missing
data had characteristics similar to those included
in the analysis (data not shown). The funders of
this study had no role in its design or conduct; in
the collection, management, analysis, or interpre-
tation of the data; or in the preparation, review,
or approval of the manuscript.

LIFESTYLE ASSESSMENT
Lifestyle habits of interest were physical activity,
television watching, alcohol use, sleep duration,
and diet, and cigarette smoking was a potential
confounding factor (Table 1, and Tables 1 and 2
in the Supplementary Appendix, available with the
full text of this article at NEJM.org). On the basis of
their plausible biologic effects, the dietary factors
we assessed included fruits, vegetables, whole
grains, refined grains, potatoes (including boiled
or mashed potatoes and french fries), potato chips,
whole-fat dairy products, low-fat dairy products,
sugar-sweetened beverages, sweets and desserts,
processed meats, unprocessed red meats, fried
foods, and trans fat (see Table 1 in the Supplemen-
tary Appendix). We also evaluated nuts, 100%-fruit
juices, diet sodas, and subtypes of dairy products
and potatoes. Different types of alcohol drinks
were also evaluated. To assess aggregate dietary
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Table 1. Baseline Characteristics and Average 4-Year Lifestyle Changes among 120,877 U.S. Women and Men in Three Prospective Cohorts.*

Health Professionals

Nurses’ Health Study Nurses’ Health Study II Follow-up Study

Variable (N=50,422 women) (N=47,898 women) (N=22,557 men)
Change within Each Change within Each Change within Each
4-Year Period 4-Year Period 4-Year Period
Baseline  (5th—95th percentile)} Baseline (5th-95th percentile)T Baseline (5th-95th percentile)

Age —yr 52.2+7.2 37.5+4.1 50.8+7.5
Weight — Ib 141:20 233 (-5.5t010.7)% 13820 524 (-23t016.3)% 175x20  1.63 (-5.0t0 8.0)%
Body-mass index 23.7+1.4 0.40 (-0.94t0 1.83)  23.0+2.7 0.69 (-1.05t02.82) 24.7+1.1 0.24 (-0.70 to 1.20)
Physical activity — MET-hr/wk{§ 14.8+9.9 1.78 (-9.24t0 15.3)  21.6+25.9 0.53 (-12.6t0 14.7)  22.9+15.1 6.7 (-8.90 to 33.6)
Alcohol — drinks/day 0.52+0.41 -0.02 (-0.35t00.22)  0.30+0.52  0.04 (-0.14t0 0.33)  0.87+0.60  0.00 (-0.45 to 0.43)
Total daily sleep — hr9] 7.0£0.5 — 7.0£1.0 — 7.1£0.5 —

Dietary intake — servings/day

Fruits 1.6+0.6  -0.10 (-0.96 to 0.59) 1.2+0.9 0.03 (-0.48 t0 0.57) 1.5:0.6 0.05 (-0.57 t0 0.72)
Vegetables 3.9+1.0 -0.45(-2.32t00.78) 3.3x1.9 0.19 (-0.84 to 1.41) 3.3x0.9 0.02 (-1.15 to 1.07)
Whole-fat dairy foods 1.2+0.5 -0.16 (-0.86 to 0.36) 0.8+0.7  -0.02 (-0.45 to 0.50) 0.9+0.5 -0.09 (-0.64 to 0.36)
Low-fat dairy foods 0.9+0.5 11 (-0.46 to 0.83) 1.1+0.9 0.02 (-0.59 to 0.64) 0.8+0.5 -0.05 (-0.64 to 0.43)
Potato chips 0.1x0.1  -0.01 (-0.09 to 0.07) 0.2£0.2  -0.01 (-0.12t0 0.10) 0.2+0.1  -0.01 (-0.11 to 0.09)
Potatoes 0.4+0.1 -0.01 (-0.19t0 0.18) 0.4+0.3 -0.02 (-0.17t0 0.12) 0.4+0.1 -0.01 (-0.18 t0 0.18)
Whole grains 0.5+0.2 0.12 (-0.22 t0 0.53) 0.7+0.5 0.10 (-0.23 to 0.49) 0.7+0.3 0.10 (-0.23 to 0.52)
Refined grains 1.2+0.4 -0.03 (-0.60t0 0.57) 1.3+0.8  -0.09 (-0.67 to 0.40) 1.2+0.5 -0.01 (-0.57 to 0.56)
Nuts 0.2+0.1 0.01 (-0.15 to 0.20) 0.1+0.1 0.06 (-0.05 t0 0.33) 0.2+0.2 0.02 (-0.22 t0 0.29)
Sugar-sweetened beverages  0.2+0.2  -0.00 (-0.14 to 0.11) 0.3+0.6  -0.03 (-0.31t0 0.14) 0.3+0.3  -0.02 (-0.22 t0 0.14)
Diet soda, 0 calories 0.5+0.4  -0.01 (-0.40to 0.38) 1.0£1.3  -0.06 (-0.73 t0 0.52) 0.5+0.5 0.00 (-0.35 to 0.36)
100%-fruit juice 0.8+0.4 0.06 (-0.43 to 0.64) 0.6+0.7  -0.03 (-0.45 t0 0.33) 0.8+0.4 0.01 (-0.44 to 0.50)
Sweets and desserts 1.3+0.6  -0.01 (-0.75 to 0.75) 1.3+1.1  -0.06 (-0.65 to 0.45) 1.5+0.7 -0.03 (-0.76 to 0.70)
Processed meats 0.3+0.1 -0.04 (-0.22t0 0.11) 0.2+0.2 0.01 (-0.14 to 0.19) 0.4+0.2 -0.02 (-0.22t0 0.17)
Unprocessed red meats 0.6+0.2  -0.06 (-0.32t0 0.14) 0.6+0.4 -0.01 (-0.24t0 0.21) 0.6+0.2 0.02 (-0.28 to 0.41)
Time spen:1 watkcHhing television  4.2+0.7 — 8.4+7.5 0.25 (-5.00t0 6.08)  10.5+4.0  -0.29 (-5.50to 5.00)
— hr/wl

* Plus—minus values are means +SD. Data are based on 20 years of follow-up (1986-2006) in the Nurses’ Health Study (NHS), 12 years of
follow-up (1991-2003) in the Nurses’ Health Study Il (NHS I1), and 20 years of follow-up (1986—2006) in the Health Professionals Follow-up
Study (HPFS). Usual dietary habits and alcohol use were assessed every 4 years with the use of validated, semiquantitative food-frequency
questionnaires. Alcohol included wine (5 0z), beer (1 glass, bottle, or can), and liquor (1 drink or shot). Other specific foods and beverages
in each category are listed in Table 1 in the Supplementary Appendix. Results for smoking habits (assessed with the use of biennial question-
naires), trans fat, and fried foods can be found in Table 2 in the Supplementary Appendix. To convert pounds to kilograms, divide by 0.45.

 Because serial assessments were limited, the 4-year changes could not be reliably quantified, and absolute levels at baseline were used for
cohort-specific analyses.

I The corresponding values for relative weight changes were 1.83% (5th to 95th percentile, -4.0 to 7.7) in the NHS, 3.60% (5th to 95th per-

centile, -1.80 to 10.7) in the NHS Il, and 1.00% (5th to 95th percentile, -3.11 to 5.09) in the HPFS.

Physical activity was assessed by means of validated questionnaires every 2 years, with average energy expenditure (metabolic-equivalent

[MET]-hours per week) for specific activities (e.g., walking, jogging, bicycling, swimming, racquet sports, and gardening). In the NHS I,

physical activity levels in 1997, 2001, and 2005 were used to impute the levels in 1995, 1999, and 2003, respectively.

9§ The average duration of sleep per 24-hour period was assessed in 1986, 2000, and 2002 in the NHS; in 2001 in the NHS II; and in 1987 and
2000 in the HPFS.

| The average number of hours per week spent watching television at home was assessed in 1992 and 2004 in the NHS; in 1991, 1997, and
2001 in the NHS IlI; and in 1998 and every 2 years thereafter in the HPFS.

(=)
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effects, changes in each dietary factor indepen-
dently associated with weight gain were catego-
rized in quintiles and assigned ascending values
(1 to 5) or descending values (5 to 1) for habits
inversely or positively associated with weight
gain, respectively; these ordinal values were
summed to generate an overall score for dietary
change.

WEIGHT CHANGES
Height and weight were assessed by questionnaire
at enrollment, and weight was requested on each
follow-up questionnaire. In a validation subsample,
questionnaire-reported and staff-measured weights
were highly correlated (r=0.96; mean difference,
3.3 Ib). Weight changes were evaluated every 4 years
as both absolute changes (pounds) and relative
changes (percentages). Anthropometric measure-
ments and weight changes strongly predict dis-
ease outcomes in these cohorts.2°-2

STATISTICAL ANALYSIS
We assessed the independent relationships between
changes in lifestyle behaviors and weight changes
within 4-year periods over a period of 20 years in
the NHS, 12 years in the NHS II, and 20 years in the
HPES (Table 1), using multivariable linear regression
with robust variance and accounting for within-
individual repeated measures. Lifestyle changes
were assessed either as continuous variables,
with censoring of data at the 0.5 and 99.5 percen-
tiles to minimize the influence of outliers, or as
indicator variables for categorical behaviors (e.g.,
smoking status). Potential nonlinear effects of de-
creases versus increases in each behavior were eval-
uated by modeling changes in indicator categories,
with “no change” as the reference. Any missing
lifestyle data during any follow-up period were
coded as a missing indicator category for cate-
gorical variables (e.g., smoking status) and with
carried-forward values for continuous variables. To
minimize confounding from the loss of lean mus-
cle mass at older ages or from loss of weight due
to undiagnosed chronic disease, we censored data
for participants after they reached 65 years of age
or if they received a diagnosis of chronic pulmo-
nary, renal, or liver disease or of cancer other than
nonmelanoma skin cancer (3 to 4% of participants);
data were censored 6 years before diagnosis to
account for preclinical disease. Multivariable mod-
els were used to adjust for age, baseline body-
mass index in each 4-year period, and all lifestyle

factors simultaneously. Total energy intake, bio-
logic factors (e.g., blood pressure), and medica-
tions were not included as covariables because such
factors could be mediators (in causal pathways)
or direct correlates of mediators of the effects of
lifestyle on weight gain. Sensitivity analyses were
performed to evaluate absolute physical activity
levels at the start of each 4-year period rather than
changes during the period, data among partici-
pants who never smoked, and data stratified ac-
cording to age and baseline body-mass index.
Findings across cohorts were pooled by means of
inverse-variance-weighted, random-effects meta-
analyses. Analyses were carried out with the use
of SAS software, version 9.1 (SAS Institute), at a
two-tailed alpha level of 0.05.

RESULTS

BASELINE CHARACTERISTICS AND WEIGHT GAIN
Weight and lifestyle characteristics at baseline and
changes during 1,570,808 person-years of follow-
up are shown in Table 1. The mean weight gain for
all the 4-year periods combined differed among the
three cohorts, a finding that may have been relat-
ed to cohort-specific differences in sex and age at
baseline. The mean weight gains were as follows:
1.63 Ib (5th to 95th percentile, —5.0 to 8.0) for the
men in the HPFS (mean age, 50.8+7.5 years), 2.33 b
(5th to 95th percentile, -5.5 to 10.7) for the women
in the NHS (mean age, 52.2+7.2), and 5.24 Ib (5th to
95th percentile, —2.3 to 16.3) for the women in the
NHS II (mean age, 37.5+4.1). The average weight
gain across the cohorts was 3.35 b (5th to 95th
percentile, —4.1 to 12.4), or 2.4% of body weight (Sth
to 95th percentile, —3.0 to 8.4), during each 4-year
period; this change corresponds to a weight gain
of 16.8 1b over a period of 20 years.

DIET AND LIFESTYLE CHANGES
Although the mean changes in lifestyle in the over-
all study population were small, the between-
individual changes were large (Table 1). In the
NHS, for example, the difference between persons
in the upper level of change and those in the lower
level of change (95th percentile minus 5th percen-
tile) was 3.1 servings per day for vegetable con-
sumption, 25.3 metabolic equivalents (METs) per
week for physical activity, and 0.66 drinks per day
for alcohol consumption. Correlations between
various lifestyle changes were generally small
(r<0.05). Positive correlations in changes were
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largest for fruits and vegetables (r=0.21) and
for processed meats and unprocessed red meats
(r=0.21), whereas inverse correlations in changes
were largest for whole-fat dairy products and low-
fat dairy products (r=-0.08).

RELATIONSHIPS BETWEEN DIETARY CHANGES
AND WEIGHT CHANGES
After multivariable adjustment, nearly every dietary
factor was independently related to weight change
(Table 2). Findings were similar, in direction and
magnitude, for men and women and across the
three cohorts (Fig. 1). (For additional detailed sex-
specific and cohort-specific results, see Tables 3, 4,
and 5 in the Supplementary Appendix.) The dietary
factors with the largest positive associations with
weight changes, per serving per day, were increases
in the consumption of potato chips (1.69 Ib), pota-
toes (1.28 Ib), sugar-sweetened beverages (1.00 Ib),
unprocessed red meats (0.95 Ib), and processed
meats (0.93 Ib). A secondary analysis of potato sub-
types showed that weight changes were positively
associated with increases in the consumption of
french fries (3.35 1b) and of boiled, baked, or
mashed potatoes (0.57 1b). Weight gain associated
with increased consumption of refined grains
(0.39 Ib per serving per day) was similar to that for
sweets and desserts (0.41 Ib per serving per day).
Inverse associations with weight gain, per serving
per day, were seen for increased consumption of
vegetables (—0.22 1b), whole grains (—0.37 Ib), fruits
(—0.49 Ib), nuts (-0.57 Ib), and yogurt (-0.82 Ib).
Categorical analyses of each dietary factor re-
vealed similar linear relationships for increased
versus decreased consumption (data not shown)
— that s, for each dietary factor, the weight change
with increased consumption was the inverse of
that with decreased consumption. Thus, less weight
gain occurred with decreased consumption of po-
tato chips, processed meats, sugar-sweetened bev-
erages, potatoes, or trans fat, and more weight gain
occurred with decreased consumption of vegeta-
bles, whole grains, fruits, nuts, or yogurt. Aggre-
gate dietary changes were robustly related to weight
gain in a dose-dependent fashion, with a 3.93-1b
greater weight gain across quintiles (Table 3).

RELATIONSHIPS BETWEEN OTHER LIFESTYLE
FACTORS AND WEIGHT CHANGES

Other lifestyle behaviors were also independently
related to weight change (Table 3), with similar
findings in men and women and across the three

cohorts. (For sex-specific and cohort-specific
results, see Tables 6, 7, and 8 in the Supplemen-
tary Appendix.) Across quintiles, participants
with greater increases in physical activity gained
1.76 fewer pounds within each 4-year period.
Absolute levels of physical activity, rather than
changes in these levels, were not associated with
weight change (data not shown). Overall, increas-
es in alcohol use (per drink per day) were posi-
tively associated with weight change (0.41 Ib), but
heterogeneity was evident with respect to both
the beverage type and the size and direction of
changes in use (see the figure in the Supplemen-
tary Appendix). Sleep duration had a U-shaped
association with weight gain, with greater weight
gain occurring with less than 6 hours or more than
8 hours of sleep per night. Increases in time spent
watching television (per hour per day) were in-
dependently associated with weight gain (0.31 Ib,
P<0.001).

As compared with persons who never smoked,
those who had quit smoking within the previous
4 years had a weight gain of 5.17 1b (Table 3). Sub-
sequent weight gain for former smokers was small
(0.14 Ib per 4-year period). Continued smoking was
inversely associated with weight gain (-0.70 Ib), a
finding that may have been related to undiagnosed
chronic disease. Initiation of smoking was not as-
sociated with weight change, but evaluation of this
category was limited by its rarity in these popula-
tions (accounting for <0.1% of person-years). Find-
ings for other lifestyle factors were similar when
restricted to persons who never smoked (Table 3).

ADDITIONAL ANALYSES
We categorized dietary changes more finely to
examine wider ranges of potential effects (Fig. 2).
As compared with participants in the top decile,
participants in each lower decile of dietary change
had greater weight gain, in a dose-dependent fash-
ion. Changes in diet and physical activity were
independently associated with weight gain (Fig. 2).
Findings for all lifestyle factors were generally sim-
ilar in analyses stratified according to age or base-
line body-mass index (the weight in kilograms
divided by the square of the height in meters) (<25
or 25 to 30), although the magnitude of associated
weight change was generally larger among over-
weight persons (Tables 9 and 10 in the Supplemen-
tary Appendix). All results were also similar when
we evaluated relative (percent) weight changes rath-
er than absolute weight changes (not shown).
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Table 2. Pooled, Multivariable-Adjusted Results for the Relationships between Changes in Dietary Habits and Weight Change.*
Increased Dietary Intaket Weight Change within Each 4-Year Period (95% Confidence Interval)j
Age-Adjusted Change PValue  Multivariable-Adjusted Change:: P Value
Ib Ib
Fruits -0.69 (-0.92 to -0.46) <0.001 -0.49 (-0.63 to -0.35) <0.001
Vegetables -0.25 (-0.37 t0 -0.12) <0.001 -0.22 (-0.34 to -0.11) <0.001
Nuts -0.78 (-1.31 to -0.26) <0.001 -0.57 (-0.97 to -0.17) 0.005
Whole-fat dairy foods§ 0.25 (0.05 to 0.45) 0.01 0.10 (-0.10 to 0.30) 0.31
Butter 0.47 (0.23 t0 0.71) <0.001 0.30 (0.15 to 0.45) <0.001
Cheese 0.13 (-0.08 to 0.34) 0.23 0.02 (-0.09 to 0.13) 0.75
Whole-fat milk 0.08 (-0.05 to 0.22) 0.24 -0.06 (-0.19 to 0.06) 0.32
Low-fat dairy foods§ -0.17 (-0.21 to -0.13) <0.001 -0.05 (-0.14 to 0.05) 0.33
Low-fat or skim milk -0.02 (-0.11 to 0.07) 0.69 0.06 (-0.07 to 0.20) 0.37
Yogurtq| -1.16 (~1.48 to -0.84) <0.001 -0.82 (~0.99 to -0.67) <0.001
Potato chips 3.01 (2.09 to 3.94) <0.001 1.69 (1.30 to 2.09) <0.001
Potatoes§ 2.14 (1.26 to 3.03) <0.001 1.28 (0.87 to 1.70) <0.001
French fried 6.59 (4.35 to 8.83) <0.001 3.35(2.29t0 4.42) <0.001
Boiled, baked, or mashed 0.99 (0.36 to 1.61) 0.002 0.57 (0.26 to 0.89) <0.001
Whole grains| -0.59 (-0.65 to -0.53) <0.001 -0.37 (-0.48 to -0.25) <0.001
Refined grains 0.56 (0.28 to 0.83) <0.001 0.39 (0.21 t0 0.58) <0.001
Sugar-sweetened beverages 1.32 (1.03 to 1.62) <0.001 1.00 (0.83 to 1.17) <0.001
100%-fruit juice 0.19 (0.07 to 0.31) 0.002 0.31 (0.14 to 0.47) <0.001
Diet soda -0.12 (-0.23 t0 -0.02) 0.02 -0.11 (-0.21 to -0.02) 0.02
Sweets or desserts 0.65 (0.31 to 1.00) <0.001 0.41 (0.16 to 0.66) 0.001
Processed meats 1.76 (1.43 to 2.09) <0.001 0.93 (0.79 to 1.08) <0.001
Unprocessed red meats 1.68 (1.08 to 2.28) <0.001 0.95 (0.55 to 1.34) <0.001
Trans fat 1.44 (0.95 to 1.94) <0.001 0.65 (0.41 to 0.89) <0.001
Fried foods
Consumed at home 0.49 (0.33 to 0.64) <0.001 0.36 (0.22 to 0.51) <0.001
Consumed away from home ~ 0.52 (0.27 to 0.76) <0.001 0.28 (0.08 to 0.48) 0.007

* Data are based on 20 years of follow-up (1986-2006) in the Nurses Health Study, 12 years of follow-up (1991-2003) in the
Nurses Health Study 11, and a 20 years of follow-up (1986-2006) in the Health Professionals Follow-up Study. Findings
according to sex and within each study were generally similar to the pooled results (see the tables in the Supplementary
Appendix). To convert pounds to kilograms, divide by 0.45.

i The weight changes shown are for increased consumption; decreased consumption would be associated with the inverse of
these weight changes. Increased consumption was defined as an increase in the number of servings per day for all items
except trans fat (an increase in the percent of energy) and fried foods consumed at home or away from home (an increase
in the number of servings per week).

i Values were adjusted for age, baseline body-mass index at the beginning of each 4-year period, and sleep duration, as well as

for changes in physical activity, alcohol use, television watching, smoking, and all the dietary factors in the table simultaneously.

For the categories of whole-fat dairy foods, low-fat dairy foods, and potatoes, subtypes were evaluated together in the

full, multivariable-adjusted model in place of the overall food group (e.g., butter, cheese, and whole-fat milk were evaluated

in place of total whole-fat dairy foods).

9§ We were unable to evaluate separately the different types of yogurt (e.g., nonfat, low-fat, or whole-fat; sweetened or un-
sweetened). U.S. consumption patterns would suggest that most participants chose nonfat or low-fat yogurt; however,
no inference could be made with regard to sweetened or unsweetened yogurt.

| Findings were similar when either total dietary fiber or cereal fiber was included in the analysis instead of whole grains.

=
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Figure 1. Relationships between Changes in Food and Beverage Consump-
tion and Weight Changes Every 4 Years, According to Study Cohort.

Study participants included 50,422 women in the Nurses’ Health Study
(NHS), followed for 20 years (1986 to 2006); 47,898 women in the Nurses’
Health Study Il (NHS II), followed for 12 years (1991 to 2003); and 22,557
men in the Health Professionals Follow-up Study (HPFS), followed for 20 years
(1986 to 2006). Weight changes are reported for each increase in the daily
serving of the food or beverage; decreased intake would be associated with
the inverse weight changes. There was little evidence of a significant inter-
action between diet and physical activity (P>0.10 for the interaction in each
cohort). All weight changes were adjusted simultaneously for age, baseline
body-mass index, sleep duration, and changes in smoking status, physical
activity, television watching, alcohol use, and all of the dietary factors
shown. The P value is less than 0.001 for all dietary factors with the excep-
tion of butter in the NHS Il, cheese in the NHS and NHS I, low-fat or skim
milk in the NHS and HPFS, diet soda in the NHS, and whole-fat milk in all
three cohorts.

DISCUSSION

We found that multiple lifestyle changes were in-
dependently associated with long-term weight gain,
including changes in the consumption of specific

2398 N ENGL J MED 364;25
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foods and beverages, physical activity, alcohol
use, television watching, and smoking habits. Aver-
age long-term weight gain in nonobese popula-
tions is gradual — in the cohorts we studied, about
0.8 Ib per year — but accumulated over time, even
modest increases in weight have implications for
long-term adiposity-related metabolic dysfunction,
diabetes, cardiovascular disease, and cancer.?124
Whereas weight changes associated with any sin-
gle lifestyle factor were relatively modest in our
three cohorts, in the aggregate, changes in diet and
physical activity accounted for large differences in
weight gain. The results were similar across the
three separate cohorts, increasing our confidence
in the validity and generalizability of the findings.

All these relationships must be mediated by
changes in energy intake, energy expenditure, or
both. Total energy intake is not well estimated
from dietary questionnaires, nor does it reflect
energy balance, which is necessarily codetermined
by energy expenditure. Thus, weight change is the
best population metric of energy imbalance and
at least partly captures energy intake after adjust-
ment for determinants of expenditure (e.g., age,
body-mass index, and physical activity).

Eating more or less of any one food or beverage
may change the total amount of energy consumed,
but the magnitude of associated weight gain var-
ied for specific foods and beverages. Differences
in weight gain seen for specific foods and bever-
ages could relate to varying portion sizes, patterns
of eating, effects on satiety, or displacement of
other foods or beverages. Strong positive associa-
tions with weight change were seen for starches,
refined grains, and processed foods. These find-
ings are consistent with those suggested by the
results in limited short-term trials: consumption of
starches and refined grains may be less satiating,
increasing subsequent hunger signals and total
caloric intake, as compared with equivalent num-
bers of calories obtained from less processed,
higher-fiber foods that also contain healthy fats
and protein.?” Consumption of processed foods
that are higher in starches, refined grains, fats,
and sugars can increase weight gain.28-3°

Some foods — vegetables, nuts, fruits, and
whole grains — were associated with less weight
gain when consumption was actually increased.
Obviously, such foods provide calories and cannot
violate thermodynamic laws. Their inverse asso-
ciations with weight gain suggest that the increase
in their consumption reduced the intake of other
foods to a greater (caloric) extent, decreasing the

JUNE 23, 2011

The New England Journal of Medicine
Downloaded from nejm.org on February 28, 2021. For personal use only. No other uses without permission.
Copyright © 2011 Massachusetts Medical Society. All rights reserved.



EFFECT OF LIFESTYLE ON WEIGHT GAIN

Table 3. Pooled, Multivariable-Adjusted Results for the Relationships between Changes in Lifestyle Habits and Weight Change.*

Lifestyle Habit Weight Change Every 4 Years (95% Confidence Interval)
Age-Adjusted Change P Value Multivariable-Adjusted Changej P Value
Ib Ib
Dietary change, median scorei:
Quintile 1: 42 3.97 (2.85t0 5.10) <0.001 3.93 (2.88 t0 4.98) <0.001
Quintile 2: 47 2.32 (1.99 to 2.66) <0.001 2.41 (1.96 to 2.87) <0.001
Quintile 3: 50 2.08 (1.35 to0 2.80) <0.001 2.10 (1.37 t0 2.83) <0.001
Quintile 4: 54 1.64 (1.22 to 2.06) <0.001 1.64 (1.22 to 2.05) <0.001
Quintile 5: 60 Reference Reference
Physical-activity change, median
change in MET-hr/wk
Quintile 1: -16.3 Reference Reference
Quintile 2: -2.59 -0.07 (-0.36 to 0.22) 0.64 -0.07 (-0.32t0 0.18) 0.60
Quintile 3: 1.59 -0.85 (-1.11t0-0.59)  <0.001 -0.81 (~1.02 to -0.60) <0.001
Quintile 4: 6.49 -1.00 (-1.10t0 -0.91)  <0.001 -0.92 (-1.02 to -0.83) <0.001
Quintile 5: 23.2 -1.86 (-2.31t0-1.41)  <0.001 -1.76 (-2.14 to -1.38) <0.001
Increase in no. of alcohol drinks/day§  0.39 (0.23 to 0.55) <0.001 0.41 (0.23 to 0.59) <0.001
Total daily hr of sleep€|
<6 Reference Reference
6to7 -0.36 (-0.43t0-0.29)  <0.001 -0.32 (-0.38 to -0.25) <0.001
>7t08 -0.35 (-0.48t0-0.22)  <0.001 -0.30 (-0.42 to ~0.18) <0.001
>8 -0.09 (-1.11t0 0.92) 0.86 -0.09 (-0.96 t0 0.78) 0.84
Missing data -0.49 (-0.93 to -0.06) 0.03 -0.41 (-0.72 to -0.10) 0.01
Increase in hr/day watching tele- 0.32 (0.13 t0 0.51) 0.001 0.31 (0.20 to 0.42) <0.001
vision|
Change in smoking status
Never smoked, no change Reference Reference
Former smoker, no change 0.19 (0.13 to 0.25) <0.001 0.14 (0.08 to 0.20) <0.001
Current smoker, no change -0.62 (-0.97 t0 -0.26)  <0.001 -0.70 (-1.10 to -0.31) <0.001
Current smoker, changed to for- 4.99 (3.89 to 6.09) <0.001 5.17 (4.06 to 6.29) <0.001
mer smoker
Former smoker, changed to cur-  -2.47 (-3.82t0-1.12)  <0.001 -2.81 (-4.24t0 -1.38) <0.001
rent smoker
Never smoked, changed to cur- 0.67 (-1.48 to 2.82) 0.02 0.32 (-2.31t0 2.95) 0.81

rent smoker

s

§

« Data are based on a 20-year follow-up (1986-2006) in the Nurses’ Health Study (NHS), a 12-year follow-up (1991-2003)

in the Nurses’ Health Study Il (NHS I1), and a 20-year follow-up (1986-2006) in the Health Professionals Follow-up Study
(HPFS). Findings within each study and restricted to persons who never smoked were generally similar to these pooled
results (see the tables in the Supplementary Appendix). To convert pounds to kilograms, divide by 0.45.

Values were adjusted for age, baseline body-mass index at the beginning of each 4-year period, and all the variables
shown in the table simultaneously.

i: Changes in dietary habits associated with weight change were derived by totaling the ordinal values for the quintiles of

change for each dietary habit in ascending order (1 to 5) or descending order (5 to 1) for habits that were inversely or
positively associated with weight gain, respectively. Scores ranged from 17 to 85.
Heterogeneity was evident across beverage types and changes (see the Supplementary Appendix for details).

9 Data are based on absolute levels, owing to limited data on serial assessments of sleep for each cohort to assess change in

each 4-year period.

Differences in weight change are for increased television watching; the inverse difference would be associated with de-
creased watching. Values are based on data from the NHS Il and the HPFS; limited serial assessments precluded an
analysis of changes in television watching in the NHS.
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overall amount of energy consumed. Higher fiber
content and slower digestion of these foods would
augment satiety, and their increased consumption
would also displace other, more highly processed
foods in the diet, providing plausible biologic
mechanisms whereby persons who eat more fruits,
nuts, vegetables, and whole grains would gain less
weight over time.

Yogurt consumption was also associated with
less weight gain in all three cohorts. Potential
mechanisms for these findings are unclear; in-

N ENGL J MED 364,25

Figure 2. Relationships between Changes in Diet
and Physical Activity and Weight Changes
within Each 4-Year Period in the Three Cohorts.

In a multivariable-adjusted analysis, overall dietary
changes among the 120,877 men and women in the
three cohorts were based on the sum of changes in the
intake of fruits, vegetables, whole grains, nuts, refined
grains, potatoes or french fries, potato chips, butter,
yogurt, sugar-sweetened beverages, 100%-fruit juice,
sweets and desserts, processed meats, unprocessed
red meats, trans fat, fried foods consumed at home,
and fried foods consumed away from home. Panel A
shows the relationship between deciles of dietary
change and weight change per 4-year period in the
three cohorts separately and combined. As compared
with persons in the top decile, persons in the bottom
decile had a 5.48-Ib greater weight gain (95% confi-
dence interval [Cl], 4.02 to 6.94). Panel B shows the re-
lationship between the cross-stratified quintiles of
changes in both dietary habits and physical activity
with weight changes per 4-year period for the com-
bined cohorts. As compared with persons in the top
quintiles of both dietary change and physical-activity
change, persons in the lowest quintiles had a 5.93-lb
greater weight gain (95% Cl, 4.35 to 7.52). There was
little evidence of a significant interaction between diet
and physical activity (P>0.10 for the interaction in each
cohort). All weight changes were adjusted for age,
baseline body-mass index, sleep duration, and changes
in smoking status, physical activity, television watch-
ing, and alcohol use. P<0.001 for all comparisons.

triguing evidence suggests that changes in colonic
bacteria might influence weight gain.?* It is also
possible that there is an unmeasured confound-
ing factor that tracks with yogurt consumption
(e.g., people who change their yogurt consump-
tion may have other weight-influencing behaviors
that were not measured by our instruments).
Our findings with regard to sugar-sweetened
beverages are consistent with the results of prior
observational studies and short-term interven-
tions.”3233 Consumption of 100%-fruit juice was
associated with weight gains of smaller magni-
tude, possibly because these beverages may be
consumed in smaller servings than are sugar-
sweetened beverages or in different patterns (i.e.,
single rather than multiple servings).?? Findings
have been inconsistent in prior studies of alco-
hol use and weight gain.?*3” In a previous analy-
sis of alcohol consumption in relation to weight
change in the NHS II cohort over a period of
8 years, the smallest weight gain was seen among
women who remained moderate drinkers.3¢ The
present findings suggest that the relationship
between alcohol use and weight change is com-
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plex, and further analyses are needed that address
potential heterogeneity with respect to sex, bever-
age type, baseline intake, direction of change,
and duration of follow-up. Short-term controlled
trials suggest that liquids are less satiating than
solid foods, increasing the total amount of energy
consumed.?® Overall, our analysis showed that
changes in the consumption of all liquids except
milk were positively associated with weight gain;
our findings for high-carbohydrate beverages
were consistent with those for refined carbohy-
drates and starches consumed in foods. Tempo-
ral trends render our findings especially relevant:
between 1965 and 2002, U.S. beverage consump-
tion increased from 11.8 to 21.0% of all calories
consumed — 222 more kilocalories per person
per day — with sugar-sweetened beverages and
alcohol accounting for 60% and 32% of the in-
crease, respectively.>®

Our analysis showed relatively neutral associa-
tions between change in the consumption of most
dairy foods and weight gains. Few prior studies
have evaluated these relationships. Prior analyses
of HPFS data showed associations similar to ours
for the overall categories of whole-fat and low-fat
dairy products,*® but subtypes (e.g., milk, cheese,
and butter) were not evaluated independently.
Among Swedish women, higher intakes of whole
milk and cheese were inversely associated with
weight gain; as in our study, significant associa-
tions with weight gain were not seen for other dairy
foods.** In several long-term studies, inverse asso-
ciations between dairy consumption and the risk of
insulin resistance, the metabolic syndrome, or dia-
betes were observed,*>#* but potential mediating
effects on weight change were not evaluated. Lim-
ited short-term studies of dairy foods and satiety
or weight change have had inconsistent results.*++>

Overall, our analysis showed divergent relation-
ships between specific foods or beverages and
long-term weight gain, suggesting that dietary
quality (the types of foods and beverages con-
sumed) influences dietary quantity (total calories).
Several dietary metrics that are currently empha-
sized, such as fat content, energy density, and
added sugars, would not have reliably identified
the dietary factors that we found to be associated
with long-term weight gain. For example, most of
the foods that were positively associated with
weight gain were starches or refined carbohy-
drates; no significant differences were seen for
low-fat and skim milk versus whole-fat milk, and

the consumption of nuts was inversely associated
with weight gain. Clear patterns were also not seen
in the relationship between weight change and the
energy density of dietary components (e.g., bev-
erages of low energy density were strongly associ-
ated with weight gain). Foods that contained
higher amounts of refined carbohydrates — wheth-
er these were added (e.g., in sweets and desserts)
or were not added (e.g., in refined grains) — were
associated with weight gain in similar ways, and
potato products (which are low in sugars and
high in starches) showed the strongest associa-
tions with weight gain. No single metric appears
to capture these complexities. Our findings high-
light gaps in our mechanistic understanding of
how particular dietary characteristics alter energy
balance, suggesting directions for future research
regarding pathways involved in hunger, satiety,
absorption, metabolism, and adipocyte growth or
hyperplasia. In general, changes in the consump-
tion of refined or processed foods and liquid car-
bohydrates or alcohol were positively associated
with weight gain, whereas changes in the con-
sumption of unprocessed foods such as whole
grains, fruits, nuts, and vegetables were inversely
associated with weight gain. These results suggest
that future policies and research efforts to prevent
obesity should consider food structure and pro-
cessing as potentially relevant dietary metrics.
Changes in physical activity were independently
related to long-term changes in weight, support-
ing the biologic plausibility of our overall find-
ings. Prior, smaller studies have shown inverse
associations between activity changes and weight
change.1%13 Prevalent (current) levels of physical
activity are inconsistently related to weight change,
with associations observed only for subgroups of
persons'4 or subtypes of activities.'? As seen in
prior analyses of sugar-sweetened beverages,33
changes in lifestyle may be most relevant for
weight gain. Persons may achieve a new steady-
state weight within months after a change in regu-
lar physical activity, diet, or other lifestyle habits,
highlighting the importance of repeated assess-
ments of over time to discern long-term effects.
Many prior studies of television watching and
obesity have been cross-sectional, limiting the abil-
ity to make inferences about which came first.*>
In controlled interventions, decreased television
watching reduced weight gain in children,®'” an
effect that was mediated more by improvements in
dietary habits than by a change in physical activity.

N ENGLJ MED 364;25 NEJM.ORG JUNE 23, 2011

The New England Journal of Medicine
Downloaded from nejm.org on February 28, 2021. For personal use only. No other uses without permission.
Copyright © 2011 Massachusetts Medical Society. All rights reserved.

2401



2402

The NEW ENGLAND JOURNAL of MEDICINE

Television watching appears to encourage snacking
during viewing and also influences food choices
both during viewing and at other times.*®-> Our
long-term prospective evaluation provides evidence
that both the duration of television viewing and
changes in the duration of viewing influence
weight gain in adults. Because these effects are
probably mediated by changes in diet and physical
activity, and may also be mediated by changes in
sleep, the multivariable (mediator)-adjusted as-
sociations may underestimate the full effects of
television watching.

Decreases in sleep duration are concordant with
the U.S. obesity epidemic.'®1953 Data from cross-
sectional studies and some prospective studies,
including a prior analysis of NHS data, support the
relationship of shorter sleep duration with obe-
sity.*® In short-term trials, reduced sleep alters
leptin, ghrelin, subjective hunger, and preferences
for calorie-dense, refined-carbohydrate foods.*®
Our results suggest that the association between
sleep duration and long-term weight gain is charac-
terized by a U-shaped curve — that is, weight gain
is lowest among persons who sleep 6 to 8 hours
a night and is higher among those who sleep less
than 6 hours or more than 8 hours. Future studies
should evaluate how changes in sleep over time
are related to weight gain.

Our long-term follow-up data confirm prior
observations that smoking cessation results in
weight gain initially but in little weight change
thereafter. The health benefits of cessation ex-
ceed any potential adverse effects — that is, ac-
tive smokers are at higher risk for cardiovascular
diseases, cancer, and diabetes than are former
smokers.>* Smoking may also adversely alter the
distribution of body fat, promoting visceral rather
than femoral or subcutaneous fat deposition; thus,
even in the setting of lower total weight, active
smoking has adverse metabolic consequences, as
evidenced, for example, by its links to a higher risk
of type 2 diabetes. 5> Any relative weight loss seen
with active smoking should not be considered ben-
eficial, nor should the relative weight gain soon
after smoking cessation be considered harmful.

Our study has some limitations. Although di-
etary questionnaires specified portion sizes, re-
sidual, unmeasured differences in portion sizes
among participants might account for additional
independent effects on energy balance. For exam-
ple, an average, large baked potato contains 278
calories, as compared with 500 to 600 calories

N ENGL J MED 364,25

for a large serving of french fries.>® The typical
portion size of a specific food or beverage may
therefore partly mediate its effects on weight gain
(i.e., both average portion sizes and biologic ef-
fects). As for lifestyle behaviors, each was mea-
sured with some degree of error, which, if random,
would underestimate their true relationships with
weight change. Lifestyle changes were self-select-
ed, and residual confounding from other lifestyle
behaviors is possible. However, in contrast to prev-
alent behaviors, changes in these behaviors were
generally not strongly correlated (r<|0.05|), which
suggests that different behaviors are often changed
relatively independently, thus minimizing potential
confounding. A person’s weight change could lead
to changes in lifestyle rather than vice versa. Such
reverse causation would generally underestimate
true effects. For example, persons who are gaining
weight might plausibly either reduce their intake of
sugar-sweetened beverages and sweets or increase
their consumption of vegetables, leading to reverse
bias with respect to the observed associations.
As is the case with any biologic finding or
medical intervention, our results represent the
average population effect, and intraindividual var-
iations exist. The cohorts studied here largely
comprised white, educated U.S. adults, which po-
tentially limits the generalizability of the findings.
Conversely, the ranges of dietary intakes were
broad and overlapped with national estimates. In
addition, our findings were broadly consistent with
cross-sectional national trends with respect to diet
and obesity: between 1971 and 2004, the average
dietary intake of calories in the United States in-
creased by 22% among women and by 10% among
men, primarily owing to the increased consump-
tion of refined carbohydrates, starches, and sugar-
sweetened beverages.>® Our findings were also
consistent among the three cohorts and in analyses
stratified according to smoking status, age, and
baseline body-mass index, and it seems plausible
that the biologic effects of many lifestyle factors
would be qualitatively similar in other populations.
A habitual energy imbalance of about 50 to
100 kcal per day may be sufficient to cause the
gradual weight gain seen in most persons.5”>#
This means that unintended weight gain occurs
easily but also that modest, sustained changes in
lifestyle could mitigate or reverse such an energy
imbalance. Our findings suggest that both indi-
vidual and population-based strategies to help
people consume fewer calories may be most effec-
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tive when particular foods and beverages are tar-
geted for decreased (or increased) consumption.
Aggregate dietary changes accounted for substan-
tial differences in weight gain, with additional
contributions from changes in physical activity and
television watching, thus highlighting specific life-
style changes that might be prioritized in obesity-
prevention strategies.
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