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Abstract Background. The proportion of U.S. adults
35 to 74 years of age who were overweight increased by
9.6 percent for men and 8.0 percent for women between
1978 and 1990. Since the prevalence of smoking de-
clined over the same period, smoking cessation has
been suggested as a factor contributing to the increasing
prevalence of overweight.

Methods. To estimate the influence of smoking cessa-
tion on the increase in the prevalence of overweight, we
analyzed data on current and past weight and smoking
status for a national sample of 5247 adults 35 years of
age or older who participated in the third National Health
and Nutrition Examination Survey, conducted from 1988
through 1991. The results were adjusted for age, socio-
demographic characteristics, level of physical activity, al-
cohol consumption, and (for women) parity.

HE proportion of adults in the United States who

were overweight increased markedly between 1978
and 1990." The reported prevalence of smoking in the
country declined steadily during the same period.?
These two important public health issues are interrelat-
ed, because smoking is associated with lower body
weight, on average, and the cessation of smoking is as-
sociated with weight gain.’> The decrease in the prev-
alence of smoking may thus be one factor contributing
to weight gain in the U.S. population.® We estimated
the association between smoking cessation and both
weight gain and the increase in the prevalence of over-
weight in the United States, using data on a represen-
tative sample of the population.

METHODS

Study Population and Design

Phase 1 of the third National Health and Nutrition Examination
Survey (NHANES III) was conducted from 1988 through 1991 by the
National Center for Health Statistics of the Centers for Disease Coon-
trol and Prevention.” A nationally representative sample of the civil-
ian, noninstitutionalized U.S. population was selected by means of a
complex, stratified, multistage probability-cluster sampling design.
Informed consent was obtained from all respondents, and the proto-
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Results. The weight gain over a 10-year period that
was associated with the cessation of smoking (i.e., the
gain among smokers who quit that was in excess of the
gain among continuing smokers) was 4.4 kg for men and
5.0 kg for women. Smokers who had quit within the past
10 years were significantly more likely than respondents
who had never smoked to become overweight (odds ra-
tios, 2.4 for men and 2.0 for women). For men, about a
quarter (2.3 of 9.6 percentage points) and for women,
about a sixth (1.3 of 8.0 percentage points) of the in-
crease in the prevalence of overweight could be attribut-
ed to smoking cessation within the past 10 years.

Conclusions. Although its health benefits are undeni-
able, smoking cessation may nevertheless be associated
with a small increase in the prevalence of overweight.
(N Engl J Med 1995;333:1165-70.)

col was reviewed and approved by the institutional review board at
the National Center for Health Statistics. For each participant, an in-
terview in the home was followed by a physical examination in a mo-
bile examination center.

Sociodemographic Characteristics

Each respondent’s race or ethnic group was categorized as non-His-
panic white, non-Hispanic black, Mexican American, or other, on the
basis of the respondent’s statement. The respondents were assigned to
one of the following age groups: 35 to 39, 40 to 49, 50 to 59, 60 to 69,
or 70 or more years. Educational level was categorized as less than 12,
12, or more than 12 completed years of schooling. The respondents’
marital status was categorized as either married or “other.” The re-
gions where the respondents lived were classified according to the U.S.
Clensus definitions as Northeast, Central, South, or West. The places
of residence were further classified according to the degree of urban-
ization, according to the U.S. Census definitions of central cities and
Standard Metropolitan Statistical Areas (SMSAs), as follows: central
city in an SMSA, non-central city in an SMSA, or non-SMSA.

Weight and Height

Weight and height were measured with standardized techniques
and equipment.! Overweight was defined as a body-mass index (the
weight in kilograms divided by the square of the height in meters) of
27.8 or higher for men and 27.3 or higher for women® During the
home interview, respondents were asked to report their current body
weight and their weight 10 years earlier. Data on weight 10 years ear-
lier were not collected for participants under 35 years of age. The cur-
rent reporting error was calculated as the difference between the re-
ported and the measured current weight, expressed as a percentage
of the measured weight. Each respondent’s past weight was adjusted
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by his or her current reporting error. Weight change was calculated
as the current measured weight minus the adjusted past weight.

Cigarette Smoking and Tobacco Use

We grouped the respondents into five categories according to their
reported use of tobacco products. Respondents who had smoked fewer
than 100 cigarettes in their lifetimes and had never used other forms
of tobacco (cigars, pipes, snuff, or chewing tobacco) were classified as
never having smoked. Others were classified as current cigarette
smokers if they currently smoked cigarettes regularly, as current users
of other forms of tobacco if they currently used some other form of
tobacco but did not smoke cigarettes, and as former smokers if they
had previously smoked cigarettes or used other forms of tobacco but
currently did neither. Former smokers were further classified as hav-
ing quit less than 10 years ago or 10 or more years ago, on the basis
of their reported age when they quit smoking cigarettes or stopped us-
ing snuff or chewing tobacco. Data on age at the time of quitting pipe
or cigar smoking were not available in the NHANES.

Other Covariates

Respondents were asked how often they engaged in walking and
specified leisure-time physical activities. The intensity of these activ-
ities was coded as moderate or high on the basis of the energy ex-
penditure they required, expressed as metabolic equivalents (MET;
1 MET is defined as the amount of energy expended per minute by
a subject resting quietly).’ The subjects were classified as engaging in
moderate activity (3 to 5 MET) fewer than five or five or more times
per week and as engaging in vigorous activity (>5 MET) fewer than
three or three or more times per week. Women were categorized as
having had 0, 1, 2, 3, 4, 5, or =6 live-born children, with births oc-
curring 10 or more years ago and less than 10 years ago coded sepa-
rately. The reported number of alcoholic drinks consumed per week
was included as a continuous variable. Respondents who reported
having consumed 5 or more drinks almost every day in the past but
fewer than 12 drinks in the previous year were categorized as former
heavy drinkers.

Statistical Analysis

Weight and height were measured for 5837 nonpregnant adults 35
years of age or older. We excluded respondents who had begun smok-
ing within the past 10 years (n=236), respondents with missing values
for past weight (n=2302) or reported current weight (n= 106), former
smokers for whom the age at smoking cessation was missing (n=29),
and former pipe or cigar smokers who had never smoked cigarettes
(n=117), leaving a sample of 5247 respondents for analysis.

Values were adjusted for the age distribution of the 1980 U.S. Cen-
sus population by the direct method. Mean differences among smok-
ing categories were adjusted by analysis of covariance for age (with
use of linear and quadratic terms), sociodemographic characteristics
(race or ethnic group, educational level, geographic region, marital
status, and degree of urbanization of residence), height, physical-
activity level, alcohol consumption, and parity (in the case of women);
these are referred to as fully adjusted differences. For categorical out-
comes, adjusted odds ratios, with subjects who had never smoked as
the reference category, were estimated from logistic-regression mod-
els with the same covariates. Some analyses also included past body-
mass index and the number of cigarettes the respondent had smoked
before quitting.

Logistic-regression models were fitted to estimate the probability of
being currently overweight according to age, sociodemographic fac-
tors, height, past body-mass index, physical-activity level, alcohol
consumption, parity, and smoking status. Two hypothetical conditions
were then simulated with these models. The first simulation estimated
the prevalence of overweight that would have been expected if those
who had quit smoking within the past 10 years had instead continued
to smoke, and the second estimated the expected prevalence of over-
weight if all current smokers had quit. For each simulation, the smok-
ing categories were modified to correspond to the simulated condition,
and the coefficients from the original logistic-regression models were
used to calculate a new probability of being overweight from each
subject’s modified smoking category and the other factors in the mod-
el. For the first simulation, those who had quit smoking within the
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past 10 years were reassigned to the current-smoker category. For the
second simulation, current smokers were reassigned to the category of
those who had quit smoking within the past 10 years.

Statistical analyses were carried out with SAS"” and SUDAAN!
software. All analyses incorporated sampling weights that took into
account the unequal probability of selection. The calculations of vari-
ance estimates took into account the complex sampling design. Nine-
ty-five percent confidence intervals were calculated with use of a t-sta-
tistic with 23 degrees of freedom.

RESULTS
Study Subjects

Selected characteristics of the study subjects are
shown in Table 1. On average, the current smokers
were less physically active than the other respondents
and drank somewhat more. Former smokers included a
higher proportion of non-Hispanic whites than current
smokers or those who had never smoked, were more
likely to be married, and drank less on average than
current smokers. The group that had never smoked had
the highest proportion of women, and its members, on
average, drank the least and were the least likely to be
former heavy drinkers. Users of other forms of tobacco
were predominantly male, tended to have lower educa-
tional levels than the other groups, were more likely to
reside in the South, and were less likely to reside in the
central city of an SMSA.

Overweight and Body-Mass Index, According to Smoking
Status

Age-adjusted values for the prevalence of over-
weight, mean body-mass index, and mean changes in
body-mass index and weight over the previous 10 years
are shown in Table 2. Current smokers, both male and
female, had the lowest age-adjusted prevalence of over-
weight and the lowest mean body-mass index of all
groups.

Those who had quit smoking within the previous 10
years had the highest age-adjusted changes in body-
mass index and weight. They had gained significantly
more weight than those who had never smoked; the
fully adjusted mean differences in weight gain were
3.6 kg (95 percent confidence interval, 1.5 to 5.6) for
men and 3.3 kg (95 percent confidence interval, 0.9 to
3.7) for women. Those who continued to smoke gained
less, but not significantly less, than those who had
never smoked; the fully adjusted mean differences in
weight gain were —0.9 kg (95 percent confidence in-
terval, —2.5 to 0.8) for men and —1.7 kg (93 percent
confidence interval, —3.6 to 0.3) for women. The age-
adjusted estimate of the amount of weight gain due to
smoking cessation (the difference between the weight
gain among those who stopped smoking and the
weight gain among continuing smokers) was 3.5 kg for
men and 5.5 kg for women. The fully adjusted estimate
of the amount of weight gain due to smoking cessation
was 4.4 kg (95 percent confidence interval, 2.5 to 6.3)
for men and 5.0 kg (95 percent confidence interval, 2.0
to 8.0) for women.

Sex-specific linear-regression models were used to
identify factors associated with weight gain among
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those who had quit smoking within
the past 10 years. For men, higher
past body-mass index, shorter
height, current residence in the
South, and current residence in the
central city of an SMSA were signifi-
cantly associated with lower weight
gain. For women, higher parity 10
years earlier and the number of ciga-
rettes smoked before quitting were
significantly associated with greater
weight gain. When variables that
could have changed within the past
10 years were excluded, the signifi-
cant predictors of greater weight gain
among those who had quit smoking
in the past 10 years were greater
height and lower past body-mass in-
dex for men and greater height for
wormen.

Weight Gain of 15 kg or More

Sixteen percent of the men and 21
percent of the women who had quit
smoking within the past 10 years
gained 15 kg or more. The adjusted
odds ratios for gaining 15 kg or
more in this group as compared with
subjects who had never smoked were
2.45 (95 percent confidence interval,
1.24 to 4.87) for men and 1.87 (95
percent confidence interval, 0.93 to
3.73) for women who had quit smok-
ing within the past 10 years; among
the men, the odds of gaining 15 kg
or more were significantly different
only from the odds of such a gain
among those who had never smoked.
In the other smoking-status groups,
the odds of gaining 15 kg or more
were not significantly different from
the odds among those who had nev-
er smoked. Among those who had
quit smoking in the past 10 years,
the significant predictors of a weight
gain of 15 kg or more were height
for men and, for women, the number
of cigarettes smoked per day before
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Table 1. Selected Characteristics of the Study Subjects, According to Smoking

Category.
CURRENT OTHER
NEVER Quit =10 YR Quit <10 YR  CIGARETTE ToBACco

CHARACTERISTIC SMOKED EARLIER EARLIER SMOKER USER
Unweighted sample size 1990 1063 609 1332 253
Male sex (%) 26.4 59.4 51.7 54.1 85.5
Mean age (yr) 54.3 59.0 53.2 50.2 57.7
Race or ethnic group (%)

Non-Hispanic white 78.3 87.5 86.4 78.2 86.4

Non-Hispanic black 9.4 7.0 6.3 13.0 11.2

Mexican American 4.1 3.0 3.7 2.8 0.4

Other 8.2 2.5 3.6 6.0 2.0
Educational level (%)

<12yr 24.9 25.3 30.2 325 49.9

12 yr 33.1 29.3 28.1 33.7 17.8

>12yr 42.1 45.4 41.8 33.8 323
Region (%)

Northeast 19.7 242 20.6 21.5 14.8

Central 24.3 22.7 21.7 24.5 24.1

South 339 30.6 37.4 35.0 55.2

West 222 22.5 20.3 19.1 59
Urbanization (%)

Central city in SMSA 26.6 239 22.6 23.7 10.9

Non-central city in SMSA 51.6 57.1 59.8 554 513

Non-SMSA 21.8 19.0 17.7 21.0 37.8
Married (%) 68.1 75.8 70.6 67.6 74.0
Physical-activity level (%)

Moderate (3—5 MET) =5 times/wk ~ 39-0 437 36.4 33.1 31.9

High (>5 MET) =3 times/wk 9.0 9.7 8.8 5.2 8.8
Alcohol consumption

Former heavy drinking (%) 0.7 5.4 7.9 7.6 72

Mean no. of drinks/wk 17 3.4 4.0 6.3 5.6
Mean parity (for women only) 2.5 2.4 2.5 2.6 32

Table 2. Age-Adjusted Prevalence of Overweight, Body-Mass Index, and Change in
the Body-Mass Index and Weight over the Past 10 Years, According to Sex and
Smoking Category.*

PREVALENCE OF

MEAN INCREASE

MEAN INCREASE

SEX AND SMOKING CATEGORY OVERWEIGHT MEAN BMI IN BMI IN WEIGHT
% kg

Men

Never smoked 36.6+2.88 26.9*0.35 0.45*0.15 1.49+0.44
Quit =10 yr earlier 40.4+2.32 27.3+0.24 0.74+0.14 2.39+0.43
Quit <10 yr earlier 46.5*x4.13 27.9%0.27 1.67%0.19 5.28+0.59
Current smoker 27.6+1.68 25.8+0.24 0.58+0.13 1.82+0.39
Other tobacco user 40.64.62 27.4%0.66 0.13%0.61 0.46x2.07
‘Women

Never smoked 41.6+2.48 27.2%0.26 1.42+0.15 3.75+0.41
Quit =10 yr earlier 35.3%5.00 26.7£0.52 1.80%+0.46 4.75+1.20
Quit <10 yr earlier 42.1%3.60 27.7£0.48 3.15+0.34 8.46+0.91
Current smoker 32.8%2.10 25.6+0.22 1.11x0.23 2.96*0.61
Other tobacco user 51.9%7.45 26.9£0.72 1.43+0.76 4.05£1.96

quitting (adjusted odds ratio per 10
cigarettes, 1.68; 95 percent confi-
dence interval, 1.17 to 2.40) and the number of children
born alive 10 or more years earlier (adjusted odds ratio
per live birth, 1.58; 95 percent confidence interval, 1.17
to 2.14).

Past and Current Overweight

The fully adjusted odds ratios for having been over-
weight 10 years earlier, remaining overweight (among
those who were overweight 10 years earlier), and be-
coming overweight (among those who were not over-

*Values are means == SE. BMI denotes body-mass index.

weight 10 years earlier) are shown in Table 3. Current
smokers were less likely than those who had never
smoked to have been overweight 10 years earlier, to
remain overweight, and to become overweight, al-
though not all these differences were statistically sig-
nificant. Former smokers who had quit more than 10
years earlier did not differ significantly from those
who had never smoked. However, former smokers who
had quit smoking within the past 10 years were sig-
nificantly more likely than those who had never
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Table 3. Adjusted Odds Ratios for Being Overweight 10 Years Earlier, Remaining
Overweight, or Becoming Overweight, According to Sex and Smoking Category.*
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women. These estimates represent
the part of the increase in the preva-

SEX AND VARIABLE QuIiT =10 YR EARLIER QuiT <10 YR EARLIER

odds ratio (95% confidence interval)

Men

Overweight 10 years earlier
Remaining overweight
Becoming overweight

1.17 (0.81-1.73)
1.03 (0.51-2.08)
1.08 (0.58-2.02)

0.92 (0.54—1.58)
1.50 (0.47-4.85)
2.42 (1.02-5.77)%

Women

Overweight 10 years earlier
Remaining overweight
Becoming overweight

0.89 (0.55-1.45)
0.83 (0.46-1.52)
1.32 (0.70-2.47)

0.96 (0.56—1.64)
1.45 (0.54-3.92)
2.02 (1.04-3.94)F

lence of overweight that can be at-
tributed to smoking cessation.

We also calculated the prevalence
of overweight that would have been
expected if all current smokers had
quit smoking within the past 10
years (Table 4). The predicted prev-
alence of overweight among current
smokers was 14.2 percentage points
higher than the actual prevalence

CURRENT SMOKER

0.69 (0.44—1.07)
0.52 (0.27-0.98)t
0.65 (0.33-1.31)

0.62 (0.43-0.89)F
0.50 (0.19—1.34)
0.90 (0.49-1.63)

*For all odds ratios, the reference category is respondents who never smoked. Odds ratios have been adjusted for age,
race or ethnic group, educational level, geographic region, degree of urbanization, marital status, height, physical-activity

level, alcohol consumption, and parity.
FSignificantly different from 1.00 (P<<0.05).

smoked to become overweight and also more likely to
remain overweight.

The Effect of Smoking Cessation on the Increase in the
Prevalence of Overweight

Between the second and third NHANES surveys
(NHANES II and NHANES III), the prevalence of over-
weight in the U.S. population increased by 9.6 percent
for men and 8.0 percent for women from 35 to 74 years
of age. To estimate the extent to which this increase was
due to smoking cessation, we calculated the prevalence
of overweight that would have been expected in
NHANES III if those who had quit smoking within the
past 10 years had instead continued to smoke (Table 4).
The predicted prevalence of overweight for this group
of former smokers was 15.7 percentage points lower
than the actual prevalence for men and 10.3 percent-
age points lower for women. The predicted age-adjust-
ed prevalence of overweight for the entire U.S. popu-
lation was 2.3 percentage points lower than the actual
prevalence for men and 1.3 percentage points lower for

Table 4. Actual and Predicted Prevalence of Overweight among Men and Women
35 to 74 Years of Age in the NHANES Il and NHANES Il Population Samples.*

for men and 8.9 percentage points
higher for women. The predicted
age-adjusted prevalence of over-
weight for the entire population was
3.9 percentage points higher than
the actual prevalence for men and 1.8 percentage
points higher for women. These estimates represent the
additional increase in the prevalence of overweight that
would have been expected if all current smokers had in-
stead quit smoking.

DISCUSSION

Smoking cessation has been suggested as a possible
contributing factor to the increase in the prevalence of
overweight in the United States.!® In our study, we esti-
mated the association between smoking cessation and
the increased prevalence of overweight in the U.S. pop-
ulation, using data from a representative national sam-
ple, with adjustments for age and for sociodemographic
and behavioral characteristics.

Among smokers who had quit within the past 10
years, there was a large increase in the prevalence of
overweight. However, because this group made up a
relatively small percentage of the population, the net
effect of smoking cessation on the prevalence of over-
weight in the population as a whole was small. Among
men, approximately a quarter of the
increase in overweight (2.3 of 9.6
percentage points) and among wom-

ORIGINAL CATEGORY MEN

en, approximately a sixth (1.3 of 8.0

PREDICTED PREDICTED

ACTUAL  IF NONE QUIT IF ALL QUIT ACTUAL
percent prevalence of overweight

NHANES 1II (1988-1991)

Never smoked 37.1 41.5
Quit =10 yr earlier 43.9 36.2
Quit <10 yr earlier 48.6 329 40.3
Current smoker 28.3 425 34.1
Other tobacco user 40.6 54.4
Other 34.8 48.3
Total 37.5 353 41.5 39.9
Age-adjusted total 38.2 359 42.1 41.1
NHANES II (1976-1980)
Age-adjusted total 28.6 33.1
Increase between 1976—1980 9.6 7.3 13.5 8.0

and 1988-1991

WoMEN percentage points) could be attrib-

PREDICTED PREDICTED : :

I NONE QUIT I ALL QUIT uted to the cessation of smoklpg.
These results suggest that smoking
cessation accounts for a small part
of the recent increase in the preva-
lence of overweight in the U.S. pop-

30.0 ulation. Boyle et al.? similarly con-
43.0 cluded that increasing weight among
Australians could not be explained
188 41.9 by decreases. in the prevalence of cig-
39.8 429 arette smoking.
Limitations of the Study
6.7 9.8

Because these data come from an

*The predicted prevalence values shown are those that would have been expected if all respondents who quit smoking
in the past 10 years had instead continued to smoke or if all who continued to smoke had quit. “Other” includes former

smokers for whom data were missing on age at cessation or past or current reported weight.

observational study, our inferences
are potentially biased by unmeas-
ured differences in behavioral or
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