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Introduction and objectives. Our aim was to investigate
prospectively the association between two major
cardiovascular risk factors: smoking and weight gain.
Methods. We prospectively evaluated 7565 individuals
taking part in a dynamic cohort study over a median
follow-up period of 50 months. Self-reported weight and
physical activity levels had been validated previously. The
adjusted mean difference in weight gain relative to neversmokers (the reference group) was estimated for different
levels of tobacco exposure.
Results. After adjusting for age, baseline body mass
index, sedentary lifestyle, changes in physical activity
level, total energy intake, fiber intake, food consumption
between meals, and sugary soft drink, fast food and
alcohol consumption, it was found that individuals who
stopped smoking during follow-up had a greater relative
weight gain: men 1.63 kg (95% confidence interval [CI],
1.07–2.19 kg), and women 1.51 kg (95% CI, 1.11–1.91
kg). In addition, active smokers had a greater weight gain
than never-smokers: men 0.49 kg (95% CI, 0.11–0.87 kg),
and women 0.36 kg (95% CI, 0.07–0.65 kg).
Conclusions. Individuals who stopped smoking
during follow-up and active smokers both experienced
significantly greater weight gains than never-smokers.
This association between cardiovascular risk factors
should be taken into account when developing prevention
programs.
Key words: Epidemiology. Obesity. Smoking. Body mass
index. Cohort.
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Evolución de los cambios en el peso corporal
según hábito tabáquico: análisis longitudinal
de la cohorte SUN
Introducción y objetivos. El objetivo de este estudio
fue evaluar prospectivamente la asociación de dos factores de riesgo cardiovascular, el hábito tabáquico y la
ganancia de peso.
Métodos. Se evaluó prospectivamente a 7.565 participantes de una cohorte dinámica durante una mediana
de seguimiento de 50 meses. El peso y la actividad física
declarados fueron validados previamente. Como referencia se usó a los nunca fumadores, calculándose diferencias ajustadas de ganancia media de peso para diferentes exposiciones al tabaco.
Resultados. Tras ajustar por edad, índice de masa
corporal inicial, sedentarismo, cambios de actividad física, ingesta energética y de fibra, comidas entre horas,
consumo de refrescos, de comida rápida y de alcohol,
los participantes que dejaron de fumar durante el seguimiento, presentaron una mayor ganancia relativa de
peso: hombres +1,63 kg (intervalo de confianza [IC] del
95%, 1,07 a 2,19); mujeres +1,51 kg (IC 95%, 1,11 a
1,91). Los fumadores activos presentaron también mayor
ganancia de peso que los nunca fumadores: hombres
+0,49 kg (IC del 95%, 0,11 a 0,87); mujeres +0,36 kg (IC
del 95%, 0,07 a 0,65).
Conclusiones. Los participantes que dejaron de fumar
durante el seguimiento y los fumadores activos experimentaron mayores ganancias de peso que los nunca fumadores. La asociación de estos dos factores de riesgo
cardiovascular debe ser tenida en cuenta en los programas de prevención.
Palabras clave: Epidemiología. Obesidad. Tabaquismo.
Índice de masa corporal. Cohorte.

INTRODUCTION
After hypertension, smoking is the second largest
general risk factor increasing mortality at the world
level.1 It is estimated that some 1250 million people
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ABBREVIATIONS
BMI: body mass index
C_0: baseline questionnaire
C_4: 4-year follow-up questionnaire
CI: confidence interval
OR: odds ratio
SUN: University of Navarre follow-up
(Seguimiento Universidad de Navarra)

smoke in the world.2 In Spain around 150 people die
each day due to smoking.3
As mortality attributable to smoking has begun to
decline slightly,3 due to a reduction in the prevalence
of smoking, the level of obesity has increased in
Spain.4 Unfortunately, the correlation between
being overweight and smoking is particularly
harmful to cardiovascular health. According to the
Framingham study, the life expectancy of obese
smokers was at least 13 years less than non-smokers
of normal weight.5
Stopping smoking has been associated with a
decreased risk of cardiovascular disease and cancer.6
However, weight gain after quitting is often given
as a reason for not stopping smoking, especially
among women.6-8 This is increasingly well-known
by the population at large and has been dealt with
in clinical practice after carrying out cardiovascular
prevention. Most studies have observed that there is
indeed an increase in weight after stopping smoking,
although the weight gain varied between them.6,9-11
Moreover, although of great importance, other
effects that smoking has on body weight are less
well known, as is the case for active smokers or exsmokers.
In Spain, long-term monitoring assessments of the
correlation between these 2 major cardiovascular
risk factors are scarce.12,13 The aim of our study was
to assess the weight gain over time for participants
in a Spanish cohort study, the SUN (Seguimiento
Universidad de Navarra) cohort study, and its
association with smoking.
METHODS

study is within the framework of this objective. The
objectives and methods of the SUN study have been
the object of specific publications.14
After responding to an initial extensive
questionnaire (C_0), a follow-up questionnaire
has been sent to all participants every 2 years. The
inclusion of participants, all university graduates,
started in 1999 and is permanently open (continuous
recruitment), as it was designed as a dynamic cohort
study.
As of February 2008, the SUN project included
19 037 participants (20%-25% participation rate)
who completed the baseline questionnaire (C_0).14
All participants who answered the baseline
questionnaire before June 2003 (n=11 707) were
eligible for this analysis. We used 9294 (79.4%) of
those who answered the questionnaire adequately
after 4 years (C_4), with a median follow-up of
50 months. The retention rate for analysis in this
study, with a follow-up of only 4 years (79.4%), is
lower than the overall SUN project retention rate
(>90%); the 4-year questionnaire is the longest of all
those used in the follow-up, which reduced participant
response. Participants followed in the cohort study
were increasingly less frequent smokers, more often
married, had a lower body mass index (BMI) and
were older.15 Following the recommendations for
nutritional epidemiology analysis,16 participants
with an extreme total calorie intake (<800 kcal/
day for men, <500 kcal/day for women, or >4000
kcal/day for men and >3500 kcal/day for women)
were excluded (n=942). Of the remaining 8352
participants, 278 women were excluded because
they were pregnant at the time of completing C_0 or
C_4. Another 62 participants were excluded because
they had extreme values for baseline BMI or BMI
change during follow-up. Extreme values were
considered to be those with a difference of >3 times
the interquartile range of the 25 percentile or the
75 percentile for baseline BMI values or for the change
of BMI. Finally, we excluded 324 participants who
were missing data for variables related to smoking
or who had inconsistent responses (a smoker in C_0
and never smoked in C_4, or never smoked in C_0
and ex-smoker in C_4). In total, data from 7565
participants were included in the analysis.
The study was approved by the Ethicas
Committee of the University of Navarra. Consent
for participation was assumed after voluntarily
completing the baseline questionnaire (C_0).

Studied Population

Smoking Assessment

The SUN study is a dynamic prospective cohort
study designed to assess the role of diet, smoking
and other factors in various chronic diseases, with
special emphasis on cardiovascular health. This

In C_0, participants summarised their smoking
habits into three categories: never smoked, current
smoker and ex-smoker. Current smokers gave their
ages (<15, 15-19, 20-29, 30-39, 40-49, 50-59, and ≥60
Rev Esp Cardiol. 2010;63(1):20-7   21
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years) and the number of cigarettes (1-4, 5-14, 15-24,
25-34, 35-44, and >45); while ex-smokers specified
the amount of time since stopping smoking (<1, 1-2,
3-5, 6-9, and >10 years). The baseline questionnaire
also asked if the participant smoked a pipe or
cigars.
C_4 again classified participants into the same
three categories: never smoked, current smoker and
ex-smoker. Current smokers said since when, and
the number of cigarettes, they smoked (as with C_0);
and ex-smokers specified the amount of time since
stopping smoking (as with C_0).
Participants who reported never smoking in both
C_0 and C_4 were included in the group of people
who had never smoked. Participants who declared
themselves to be ex-smokers in C_0 and either
ex-smokers or having never smoked in C_4 were
considered to be ex-smokers. Participants who
were smokers in C_4 but who had never smoked
in C_0 were considered to have started smoking.
Participants in C_4 who were active smokers
and ex-smokers or active smokers in C_0 were
included in the group of active smokers. Declared
ex-smokers in C_4 who were smokers in C_0 were
included in the group of participants who had
stopped smoking.
Assessment of Other Variables
Eating habits in the baseline questionnaire were
evaluated by food intake frequency (of 136 items),
which had been previously validated in Spain.17
Total fibre intake, alcohol, fast food (hamburgers,
pizza, and sausages) and sugary, soft drinks were
estimated from semi-quantitative food frequency
questionnaires, by applying the average size of the
ration given in the questionnaire to each frequency
(9 categories from “never or almost never” to
“6 or more times a day”). This was adjusted for total
energy (residual method).18
Physical inactivity was assessed by multiplying the
number of hours sitting down on a typical working
day by 5, then adding the average estimate for a
typical weekend day multiplied by 2.
Baseline physical activity during leisure time
was assessed through questions on participation
in 17 different activities. This estimate had been
previously validated by finding a good correlation
(Spearman’s rho ρ=+0.51, P<.001) with energy
expended, objectively measured in a subsample of
the cohort study.19
Changes in physical activity were evaluated
in C_4 using a qualitative variable that classified
participants into three possible categories: those
who had not changed physical exercise since C_0,
those who had increased it and those who had
decreased it.
22   Rev Esp Cardiol. 2010;63(1):20-7

Weight Gain Assessment
The declared weights were collected from
participants in C_0 and C_4. The follow-up
questionnaire (C_4) was completed at least four years
after the baseline questionnaire. The median followup was 50 months (mean [SD], 50.2 [4.6] months).
Weight was previously validated in a subsample of
the cohort study. A small mean relative error (1.45%)
was found, and a Pearson correlation coefficient
between measured and declared weight of 0.99 (95%
confidence interval [95% CI], 0.98-0.99).20
The dependent variables were body weight gain
during follow-up (continuous variable: C_4 weight
minus C_0 weight, in kg) and any weight gain ≥5 kg
at follow-up (dichotomous variable).
Statistical Analysis
Multiple regression models were used to assess the
association between the different smoking categories
and weight gain during follow-up, with the category
of people who had never smoked as the reference.
Therefore, their results show the average difference
in weight gain for each smoker category compared
to those who had never smoked.
Unconditional logistic regression models were
used to assess the relationship between different
categories of smokers and the risk of gaining ≥5 kg
at follow-up.
For both linear and logistic models, a crude model
was first calculated followed by a multivariate
one adjusted for age (continuous), baseline BMI
(continuous), physical inactivity (tertiles), physical
exercise during follow-up (increasing, unchanged or
decreasing), total energy intake (continuous), habit
of eating between meals (“snacking”), sugary drink
consumption (tertiles),21 total dietary fibre intake
(continuous), consumption of fast food (tertiles),21
and alcohol consumption (tertiles).
All models were prepared separately for men
and women. All P values shown are 2-tailed, and a
P<.05 value was considered a priori as statistically
significant.
RESULTS
The baseline average weight (standard deviation)
was 77.9 (10.2) kg for men and 58.3 (7.8) kg for
women. The mean baseline BMI was 25.2 (2.9) kg m-2
for men and 21.8 (2.7) kg m-2 for women. After the
follow-up (median of 50 months), the mean weight
gain was 1.03 (4.12) kg for men and 1.22 (3.66) kg
for women.
Table 1 shows the baseline characteristics of
participants by smoking category. Table 2 shows
the baseline BMI and age of smokers according to
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TABLE 1. Baseline Participant Characteristics, Smoking Habits, and Changes over time
Never
Smoked

Ex-Smokers at
C_0 and C_4

Stopped
Smoking

Started
Smoking

Active Smokers
at C_0 and C_4

Men						
Sample size
1438
927
239
25
639
Age, y
38.0 (12.3)
49.2 (11.7)
41.0 (12.7)
37.7 (13.4)
40.1 (11.9)
Weight, kg
76.7 (9.9)
79.0 (10.2)
78.8 (9.4)
76.4 (9)
78.9 (11.1)
BMI, kg/m-2
24.7 (2.7)
26.0 (2.8)
25.5 (3)
24.9 (2.7)
25.3 (3)
Snacking (yes)
29.1%
22.9%
25.4%
41.7%
28.9%
Sugary drinks (upper tertile)
30.3%
17.7%
38.5%
24.0%
35.4%
Fast food (upper tertile)
32.1%
21.3%
31.0%
36.0%
34.0%
Hours seated (upper tertile)
29.8%
31.2%
28.8%
17.6%
34.6%
Alcohol (upper tertile)
22.9%
36.9%
40.6%
36.0%
47.3%
Total fibre intake, g day-1
26 (12)
27 (12)
24 (10)
27 (10)
24 (10)
Total energy, kcal day -1
2510 (654)
2334 (654)
2470 (709)
2543 (661)
2482 (672)
Baseline physical activity, h/week
30.2 (26.8)
25.9 (22.6)
24.5 (20.2)
27.3 (28.3)
24.7 (23)
Increased physical activity during follow-up
10.9%
12.0%
10.0%
12.0%
8.5%
Women						
Sample size
2130
880
375
42
870
Age, y
33.5 (10.8)
40.1 (9.7)
32.5 (8.7)
27.4 (10.2)
33.4 (10)
Weight, kg
57.9 (7.7)
58.9 (7.7)
58.3 (8.4)
59.5 (9)
58.6 (7.9)
BMI, kg m-2
21.7 (2.6)
22.3 (2.7)
21.6 (2.6)
21.6 (2.7)
21.8 (2.7)
Snacking (yes)
38.6%
32.6%
41.8%
59.5%
40.2%
Sugary drinks (upper tertile)
19.8%
15.1%
26.4%
40.5%
27.5%
Fast food (upper tertile)
38.6%
30.5%
44.0%
28.6%
37.7%
Hours seated (upper tertile)
35.5%
28.5%
36.0%
44.8%
37.3%
Alcohol (upper tertile)
24.8%
39.3%
45.3%
31.0%
41.7%
Total fibre intake, g/day-1
28 (12)
29 (12)
26 (12)
25 (9)
26 (11)
Total energy, kcal/day-1
2338 (571)
2264 (588)
2294 (600)
2244 (703)
2289 (583)
Baseline physical activity, h/week
22.4 (18.2)
20.9 (17)
20.7 (17.3)
27.9 (23.4)
19.5 (16.1)
Increased physical activity during follow-up
13.4%
14.3%
14.4%
23.8%
15.9%

Total

3268
41.8 (13)
77.9 (10.2)
25.2 (2.9)
27.1%
28.2%
29.3%
31%
33.0%
26 (11)
2452 (666)
27.4 (24.6)
10.7%
4297
34.7 (10.6)
58.3 (7.8)
21.8 (2.7)
38.2%
21.2%
37.1%
34.3%
33.0%
27 (11.9)
2308 (581)
21.4 (17.6)
14.3

C0 indicates baseline questionnaire, C4, follow-up questionnaire at 4 years (50 months); BMI, body mass index.
Shows the mean (standard deviation) unless specified otherwise.

the number of cigarettes smoked at the start of the
study. Participants who smoked more cigarettes at
baseline had a significantly higher BMI at the start
of the study.
The weight gain in participants who had never
smoked was on average: +0.95 (3.99) kg in men
and +0.95 (3.53) kg in females. Using participants
who had never smoked as a reference, and adjusting
for potential confusors, participants who stopped
smoking during follow-up had a greater weight gain:
+1.63 kg (95% CI, 1.07-2.19 kg) for men and +1.51
kg (1.11-1.91) for women (Table 3). This equates to
an increase in baseline weight of 2.1% (1.4%-2.8%)
in men and 2.6% (1.9%-3.3%) in women, compared
to those who had never smoked. Active smokers
also had a higher weight gain during follow up when
compared to people who had never smoked: +0.49
kg (0.11-0.87) for men and +0.36 kg (0.07-0.65) for
women. Men who were ex-smokers at baseline did
not have a significant increase in weight at followup: +0.22 kg (-0.14 to 0.57). However, women who
were ex-smokers showed a significant increase over

those who had never smoked +0.39kg (0.10-0.68).
Participants who had started smoking were not
significantly different from non-smokers, although
in women the point estimate of the difference was
negative.
When a multivariate adjustment was applied
to assess weight change in participants who had
stopped smoking at the follow-up, using the baseline
smoking categories (1-4, 5-14 cigarettes a day, etc),
it was noted that going up a category involved a
weight gain of +1.16 kg (0.50-1.82) for men and
+0.81 kg (0.30-1.33) for women.
In assessing the weight gain of participants who
continued smoking at follow-up, according to
baseline smoking categories, there was no difference
between the different categories after adjusting for
potential confusion variables. The increase in a
category gave a weight gain difference of +0.13 kg
(-0.22-0.48) for men and +0.04 kg (-0.23-0.31) for
women.
Furthermore, when comparing the weight gain
of participants who stopped smoking to those who
Rev Esp Cardiol. 2010;63(1):20-7   23
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TABLE 2. Smokers’ BMI Distribution at Baseline, According to the Number of Cigarettes
Baseline Smoking Habit
1-4 Cigarettes

5-14 Cigarettes

15-24 Cigarettes

25-34 Cigarettes

35-44 Cigarettes

>45 Cigarettes

Pb

Pa

Men								
Sample size
158
196
246
49
21
4		
Age, y
40.9 (12.6)
37.9 (11.7)
36.9 (11.6)
41.5 (10.1)
43.9 (10.8)
50.6 (13)		
24.7 (2.4)
24.8 (2.9)
25.4 (3.1)
26.0 (3.4)
26.3 (2.9)
26.4 (3.4)
.007
BMI, kg/m-2
Women								
Sample size
304
413
262
34
22
4		
Age, y
32.4 (9.1)
32.0 (9.6)
32.6 (9.6)
36.0 (8.7)
39.9 (7.6)
32.8 (11.6)		
21.4 (2.5)
21.7 (2.5)
21.7 (2.8)
22.7 (3.5)
23.3 (3.6)
22.8 (1.8)
.001
BMI, kg/m-2

.003

.002

BMI indicates body mass index.
a
Crude linear regression.
b
Multivariate linear regression: data adjusted for age (continuous) snacking (yes/no), sugary drinks consumption (tertiles), total energy (continuous), hours seated (tertiles),
total fibre (continuous), fast food (tertiles), alcohol (tertiles).
c
No information was available about the number of cigarettes smoked for 204 men and 206 women smokers in the baseline questionnaire.
Shows the mean (standard deviation).

TABLE 3. Weight Gain (kg): Crude Absolute and Adjusted (Against the Reference Category) at 4-Year Follow-up
SUN Study
No.
		

Weight Change
P
(Crude Estimate)a		

Age-Adjusted Relative
P
Difference (95% CI)		

Multivariable Adjusted Relative
Difference (95% CI)

Men							
Never smoked
1438
0.95 (3.99)		
0 (ref)		
0 (ref)
Ex-smokers in C0 and C4
927
0.57 (3.91)
.009
0.11 (-0.24 to 0.46)
.53
0.22 (-0.14 to 0.57)
Stopped smoking
239
2.31 (5.09)
<.001
1.41 (0.86 to 1.96)
<.001
1.63 (1.07 to 2.19)
Started smoking
25
1.36 (4.18)
0.68
0.29 (-1.31 to 1.90)
.72
0.22 (-1.40 to 1.85)
Active smokers
639
1.41 (4.23)
.04
0.47 (0.09 to 0.84)
.01
0.49 (0.11 to 0.87)
WOMEN							
Never smoked
2130
0.95 (3.53)		
0 (ref)		
0 (ref)
Ex-smokers in C0 and C4
880
1.30 (3.52)
.03
0.40 (0.11 to 0.69)
.008
0.39 (0.10 to 0.68)
Stopped smoking
375
2.48 (4.26)
<.001
1.49 (1.10 to 1.89)
<.001
1.51 (1.11 to 1.91)
Started smoking
42
0.67 (4.29)
.59
-0.38 (-1.49 to 0.74)
.51
-0.32 (-1.42 to 0.79)
Active smokers
870
1.29 (3.72)
.03
0.31 (0.02 to 0.59)
.03
0.36 (0.07 to 0.65)

P

.23
<.001
.79
.01

.009
<.001
.57
.01

C0 indicates baseline questionnaire; C4, 4-year follow-up questionnaire (50 months); SD, standard deviation; CI, confidence interval.
Data adjusted for age (continuous), snacking (yes/no), sugary drinks consumption (tertiles), total energy (continuous), hours seated (tertiles), physical
exercise at follow-up (increase, no change, decrease), total fibre (continuous) fast food (tertiles), alcohol (tertiles), and baseline body mass index (continuous).
a
Mean (SD).

were still smoking, an adjusted difference in weight
gain of +1.08 kg (0.40-1.76) was obtained for men,
and +1.17 kg (0.69-1.64) for women.
When a multivariate model was used to evaluate
differences in weight gain for participants who
were ex-smokers in C_0, who had stopped smoking
within a year of completing the C_0 questionnaire,
a non-significant difference in weight gain of +0.63
kg (-0.26 to 1.52), was found for men. However,
for women a significant difference in weight gain of
+0.77 kg (0.04-1.50) was found.
Furthermore, using the participants who had
never smoked as reference, men and women who
had stopped smoking at follow-up had a statistically
significant probability of gaining ≥5 kg in body
weight: the adjusted odds ratio (OR) was 2.53 (1.8324   Rev Esp Cardiol. 2010;63(1):20-7

3.50) for men and 3.08 (2.35-4.03) for women (Table
4). In addition, participants who were smokers at
baseline and continued to smoke were also more
likely than people who had never smoked to gain 5
kg or more: OR=1.31 (1.02-1.68) for men, 1.70 (1.352.13) for women. Ex-smoking women, but not men,
at baseline were more likely to gain 5 kg or more
during follow-up: OR 1.32 (1.03-1.69).
DISCUSSION
In this prospective study, men and women who
smoked at baseline gained weight during the study,
and this was more marked for those who had stopped
smoking at the follow-up period. This weight gain in
participants who had stopped smoking was greater

Document downloaded from http://www.revespcardiol.org, day 27/05/2019. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Basterra FJ et al. Effect of Smoking on Body Weight: the SUN Cohort

TABLE 4. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Gaining ≥5 kg After 50 Months Follow-up
in the SUN Study
No.
OR (95% CI)
P
				

OR Age-Adjusted
P
(95% CI)		

OR, Multivariable Adjusted
(95% CI)a

Men							
Never smoked
1438
1 (ref)		
1 (ref)		
1 (ref)
Ex-smokers in C0 and C4
927
0.67 (0.53 to 0.85)
.001
1.03 (0.80 to 1.34)
.81
1.05 (0.80 to 1.36)
Stopped smoking
239
2.13 (1.57 to 2.90)
<.001
2.40 (1.75 to 3.29)
<.001
2.53 (1.83 to 3.50)
Started smoking
25
1.26 (0.47 to 3.39)
.65
1.21 (0.44 to 3.31)
.71
1.19 (0.42 to 3.32)
Active smokers
639
1.23 (0.97 to 1.55)
.09
1.31 (1.03 to 1.67)
.03
1.31 (1.02 to 1.68)
Women
2130
1 (ref)		
1 (ref)		
1 (ref)
Never smoked
880
1.16 (0.92 to 1.46)
.21
1.28 (1.01 to 1.62)
.04
1.32 (1.03 to 1.69)
Ex-smokers in C0 and C4
375
2.92 (2.25 to 3.78)
<.001
2.89 (2.23 to 3.74)
<.001
3.08 (2.35 to 4.03)
Stopped smoking
42
1.76 (0.81 to 3.85)
.15
1.62 (0.74 to 3.55)
.23
1.58 (0.71 to 3.51)
Started smoking
870
1.60 (1.29 to 1.99)
<.001
1.60 (1.29 to 1.99)
<.001
1.70 (1.35 to 2.13)

P

.74
<.001
.75
.04
.03
<.001
.26
<.001

C0 indicates baseline questionnaire; C4, 4-year follow-up questionnaire (50 months); CI, confidence interval; OR, odds ratio.
aData adjusted for age (continuous), snacking (yes/no), sugary drinks consumption (tertiles), total energy (continuous), hours seated (tertiles), physical exercise at follow-up
(increase, no change, decrease), total fibre (continuous) fast food (tertiles), alcohol (tertiles), and baseline body mass index (continuous).

the more cigarettes they used to smoke per day when
entering the cohort study. Women who stopped
smoking before the baseline questionnaire also
showed a greater weight gain at follow-up, when
compared with women who had never smoked.
In a cohort study with 10 years of follow-up,
Williamson et al11 also found that men gained on
average 2.8 kg in weight after stopping smoking, while
women gained 3.8 kg. Several studies have shown a
weight gain after quitting smoking, although the size
of this increase varies from one study to another.7,22
In our cohort study, participants who smoked more
at baseline had a higher weight gain after stopping.
This agrees with results from other studies.11,23 Some
studies have found that younger participants gain
more weight.10,11,24 However, our study found no
significant age differences for weight gain associated
with stopping smoking (data not shown). Other
studies have found that black people11 or those of a
lower socioeconomic class24 gain more weight after
stopping smoking. This phenomenon may have
meant that the weight gain in our cohort study was
somewhat lower, as the SUN study is composed of
Spanish university graduates.14
Ex-smokers at baseline in our cohort study, who
had stopped smoking within one year of filling out
the baseline questionnaire had greater weight gain at
follow-up than those who stopped smoking sooner.
This greater weight gain at follow-up was significant
only in women, however. These data are consistent
with studies indicating that much of the weight gain
that occurs after stopping smoking occurs within the
first year of doing so.10
Our study found no significantly higher weight gain
in participants who began smoking compared with
those who had never smoked, although the number

of participants who began smoking during follow-up
was small. In the literature, some prospective studies
found a lower weight gain among participants who
started smoking,25 others found a lower gain in
black people but no differences for white people,26
while others found a higher gain in participants who
started smoking.27
In our study, participants who smoked at baseline
and were still smoking at follow-up had a greater
weight gain than those who had never smoked; a
finding consistent with an American nurses cohort
study.27 It was also noted that both men and women
who smoked more at baseline had a higher BMI in
the questionnaire than those who smoked less. This
is consistent with other cross-sectional studies that
suggest an important correlation between the two
factors with serious implications for the future of
a cardiovascular epidemic.28,29 The reason for this
increased weight gain is not well known, but may
be related to the fact that heavy smokers may have
other lifestyle habits that promote weight gain. In
fact, a previous study in young men in Spain found
that subjects who had smoked had a poor BMI
development.13 However, despite the correlation
found in the baseline questionnaire, and although
smokers at follow-up gained significantly more
weight than those who had never smoked, we found
no clear association between the number of cigarettes
smoked at baseline and weight gain at follow-up,
unlike that observed in the nurse cohort study.27
Participants who had stopped smoking at followup and those who continued smoking had a greater
weight gain with respect to people who had never
smoked. This greater weight gain was significant
after adjusting for other confusor variables, which
could provide alternative explanations for the greater
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gain in weight. Admittedly, that residual confusion
may explain this phenomenon, but perhaps the fact
that smokers are less health-conscious and may have
less willpower in health matters than those who have
never smoked may make them more vulnerable to
a greater gain in weight.30 Because any inattention
to health matters is difficult to measure in a
questionnaire, it might partly explain our results.
There was no control over socioeconomic status,
and to control any confusion due to socioeconomic
level, all participants in this study are university
graduates. In addition, multivariate models were
adjusted for changes in the level of physical activity
during follow-up rather than baseline physical
activity, since previous work in this very cohort
study31 found that what matters, in explaining any
weight changes in participants during follow up,
was the change in physical exercise at follow-up, and
not the physical activity at baseline. When further
adjusted for baseline physical activity, the results
barely changed.
One possible limitation of the study is that the weight
data used was provided by the participants themselves.
The validity of weight information provided in this
way was studied in a representative sample of the
cohort study, which revealed a mean relative error of
1.45% in the declared weights.20 In any case, the fact of
using self-declared data may attenuate the relationship
between smoking and participant weight.
The SUN study is not representative of the
population in general as it is composed exclusively of
Spanish university graduates, where a higher cultural
level has been associated with a lower prevalence of
obesity.4 We recognise this lack of representativeness,
which prevents the absolute values of weight
gain observed from being accepted as definitive.
However, it seems biologically implausible that the
effect of smoking on weight gain can be modified by
educational level, and therefore there is no reason
to believe that the results observed are not valid.32
Moreover, the study has some strengths, such as the
prospective design, the prolonged follow-up time
and the availability of validation studies.
CONCLUSIONS
Smoking is not an effective way to prevent obesity,
and in fact increases it, especially among ex-smokers
and smokers who continue their habit. Essential
prevention of smoking would also help to prevent
the correlation between these two cardiovascular
risk factors, at least in middle-aged adults of a
high educational level. Future studies with a longer
follow-up period, with participants from other socioeconomic and educational backgrounds, will help to
confirm and extrapolate these results to other sectors
of the population.
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