
ABSTRACT
Background: Recent increases in the prevalence of obesity
worldwide are suggested to be caused largely by an environment
that promotes sedentariness and excessive food intake.
Objective: We investigated associations of body mass index
(BMI) and obesity with physical activity, food choices, alcohol
consumption, and smoking history. In addition, we examined the
consistency of these associations over time, with the aim of
assessing whether the significance of lifestyle variables as corre-
lates of obesity increased over a 15-y period.
Design: Independent cross-sectional surveys were carried out in
1982, 1987, 1992, and 1997. Altogether, 24604 randomly selected
men and women (aged 25–64 y) participated in these surveys. The
subjects’ weights and heights were measured, and data on lifestyle
were collected with self-administered questionnaires.
Results: In men and women, perceived general health, leisure-
time physical activity, and daily vegetable consumption were
inversely associated with obesity, as were bread consumption in
women and activity at work in men. Consumption of sausages,
milk, and sour milk and heavy work (in women only) were pos-
itively associated with obesity. Obesity was also associated with
alcohol consumption and smoking history. Most associations
were constant over the 15-y period. However, the inverse associ-
ations of BMI with physical activity in women and with per-
ceived health in men seemed to strengthen over time.
Conclusions: A physically active lifestyle with abstention from
smoking, moderate alcohol consumption, and consumption of
healthy foods maximizes the chances of having a normal weight.
The significance of avoiding sedentariness increases over time as
a factor associated with normal weight. Am J Clin Nutr
2002;75:809–17.
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INTRODUCTION

The determinants of weight gain and obesity have proved to
be multifactorial (1) but inconsistent (2, 3). In follow-up studies
of factors predicting weight change, for example, the observation
of dietary fat intake as a predictor of weight gain has been con-
tradictory (3, 4). A positive association between dietary fat
intake and weight gain was observed in both sexes (1, 5, 6), in

men only (7), in women only (8), and in genetically predisposed
women only (9). In contrast, in some studies no association at all
was observed (10). Similarly, an inverse association between
physical activity and weight gain was found in most, but not all,
studies (11, 12). Furthermore, studies focusing on the associa-
tions between relative weight and smoking habits or alcohol con-
sumption have yielded no conclusive evidence that these habits
either promote or prevent weight gain (13, 14).

Our society is becoming increasingly “obesogenic” (15). Thus,
although obesity has a strong genetic background (16), environ-
mental factors are commonly considered to be the underlying
cause of the increase in obesity by promoting or exacerbating the
problem (16, 17). In Britain, for example, the increase in the
prevalence of obesity was attributed to a reduced level of physi-
cal activity, which was determined to more plausibly represent
the dominant factor than was the intake of energy-dense food (18).
Analyses in these studies, however, are usually based on popula-
tion-level estimates of environmental factors. Surveys in which
an increase in body mass index (BMI) is examined in relation to
changes in lifestyle variables measured within the same popula-
tion are scarce.

In previous studies, we showed that the prevalence of obesity
in the Finnish working-age population is high: almost 20% of
both men and women are obese. Furthermore, an upward trend in
BMI was observed, especially in men, between 1982 and 1997 (19).
The purpose of the present study was, therefore, to investigate
the associations of BMI and obesity with lifestyle variables
(physical activity, food choices, alcohol consumption, and
smoking) in this population. A further aim was to examine
whether these associations changed over the 15-y period to assess
whether the significance of any of these lifestyle variables as
correlates of BMI and obesity had increased over this period.
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SUBJECTS AND METHODS

Subjects

Four independent, cross-sectional population surveys (the
FINRISK Studies) were carried out in Finland between 1982 and
1997, one every fifth year (20). The first 2 surveys were conducted
in 3 regions in Finland. Two of these regions, the provinces of
North Karelia and Kuopio, are located in the eastern part of Fin-
land; the third region is located in the southwestern part of Finland
and includes the cities of Turku and Loimaa and their nearby rural
communities. The surveys were expanded to other regions in 1992
and 1997. In this study, however, we used data from only the
first 3 regions mentioned because they were included in all 4 surveys.

An independent random sample was drawn from the population
register for each survey. The samples covered the age range of
25–64 y and were stratified according to the World Health Organi-
zation MONICA (Monitoring Trends and Determinants of Cardio-
vascular Disease) protocol (21), such that ≥250 subjects of both
sexes in each 10-y age group were chosen from each region. The
total sample included 15761 men and 15518 women (Table 1).
The participation rate varied across the years between 70.0%
and 79.1% in men and between 76.5% and 85.0% in women. The
final sample comprised 11857 men and 12747 women. The proto-
col was approved by the Ethical Committee of the National Public
Health Institute.

Measurements

The survey methods followed the World Health Organization
MONICA protocol (21). Weight and height were measured by
specially trained study nurses in a local health care center while
the subjects wore light clothing and no shoes: weight to an accu-
racy of 100 g and height to an accuracy of 0.5 cm. BMI was
computed as weight/height2 (kg/m2). In the analyses, we used
2 outcomes, mean BMI and being obese (BMI ≥ 30), to investi-
gate the associations of lifestyle with both relative weight and
obesity. Data on mean BMI and the prevalence of overweight
and obesity by survey year are presented in Table 2. The overall
changes in BMI and obesity over time are described and dis-
cussed in more detail elsewhere (19).

In each survey, a self-administered questionnaire was sent to
the subjects to be completed at home before their arrival at the
health care center, where the questionnaire was checked by
trained study nurses. The questionnaire covered socioeconomic
factors, medical history, perceived health, and lifestyle.

The measurement of physical activity in the questionnaire had
several components. Occupational activity was originally inquired
about in a question with 4 response categories, from physically
very light office work to strenuous work. In this study, we com-

bined the first 2 and the last 2 groups, defining the work of par-
ticipants as either physically light or physically heavy. To evalu-
ate physical activity during travel to and from work, the subjects
were asked whether they walked, cycled, or used motorized
transportation and the daily duration of this activity. Retired or
unemployed persons were kept separate in the analyses.

Leisure-time physical activity was assessed with 3 questions.
In the first question, the level of leisure-time physical activity was
measured with 4 alternatives ranging from no activity to heavy
competitive training several times per week. Because of the small
number of subjects reporting competitive training, the third and
fourth groups were combined. The frequency of leisure-time
physical activity was determined in a question with 6 response
alternatives, and the duration of these exercise sessions was deter-
mined in a question with 5 categories, ranging from 0 to ≥60 min
per session. Weekly time spent on leisure-time physical activity
was calculated as the product of frequency times duration. On the
basis of their total weekly time of leisure-time physical activity,
the subjects were divided into 4 groups: <20, 20–44, 45–150, and
>150 min/wk. Subjects reporting being unable to exercise as a
result of illness or injury were kept separate in the analyses of
weekly exercising.

The number of questions assessing the subjects’ diet and food
choices varied across the surveys. In this study, we used only
those questions (n = 10) included in all surveys. These questions
were of 3 types. First, the type of food usually consumed was
evaluated (eg, “What kind of milk, cooking fat, and fat on bread
do you usually choose?”). Second, the amount of food consumed
daily was assessed (eg, “How many glasses of milk and sour
milk, slices of bread, and cups of coffee and tea do you have
daily?”). Finally, the frequency of consumption of vegetables and
sausages over the past 12 mo was inquired about with 6 alterna-
tives ranging from “more seldom than once a month” to “daily.”

Alcohol consumption was assessed with questions on the
types (beer, wine, or liquor), frequency, and amount of alcohol
consumed during the previous week. On the basis of this infor-
mation, an alcohol index was calculated indicating the intake of
alcohol in grams per week.

Smoking history was assessed by using a standard set of ques-
tions. According to their responses, the participants were classi-
fied into 3 groups: those who had never smoked (never-smokers),
those who had quit smoking ≥ 6 mo ago (ex-smokers), and those
currently smoking (smokers). We also defined as smokers those
who had quit smoking < 6 mo ago.
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TABLE 2
BMI and the prevalence of overweight (25 ≤ BMI < 30) and obesity
(BMI ≥ 30) in each survey

1982 1987 1992 1997

Men
(n) 4609 2974 2174 2100
BMI (kg/m2) 26.3 ± 3.81 26.8 ± 3.8 26.8 ± 3.9 27.1 ± 4.1
Overweight (%) 45.5 48.2 45.1 48.0
Obese (%) 15.4 17.5 19.9 19.8

Women
(n) 4731 3258 2464 2294
BMI (kg/m2) 25.9 ± 4.7 26.3 ± 5.0 26.1 ± 5.0 26.2 ± 5.1
Overweight (%) 33.3 32.7 31.7 33.0
Obese (%) 17.2 20.2 19.5 19.4

1 x– ± SD.

TABLE 1
Number of subjects and participation rate in each survey

1982 1987 1992 1997 Total

Men
Sample (n) 5827 3962 2972 3000 15761
Participated (n) 4609 2974 2174 2100 11857
Participation rate (%) 79.1 75.1 73.1 70.0 75.2

Women
Sample (n) 5568 3970 2980 3000 15518
Participated (n) 4731 3258 2464 2294 12747
Participation rate (%) 85.0 82.1 82.7 76.5 82.1



Perceived general health was used as an indicator of health sta-
tus. It was measured by asking, “How would you assess your cur-
rent health?” There were 5 response alternatives: good, fairly good,
average, rather poor, and poor. The first 2 and the last 2 groups
were combined because the extreme classes were too infrequent for
data analyses.

Statistical analyses

Data from the 3 regions in Finland were pooled. Furthermore,
data from the 4 surveys were analyzed together, with survey
year used as a factor in all analyses. All analyses were carried
out separately for men and women and were controlled for age
and education. In this study, education level was measured as
the total number of school years, on the basis of which the sub-
jects were divided into 3 groups (low, middle, and high) within
each birth year.

The associations between lifestyle factors and obesity were
estimated by logistic regression analysis with use of the PROC
LOGISTIC procedure of SAS (version 6.12; SAS Institute Inc,
Cary, NC). In the series of logistic regressions, being obese was
used as a dependent variable and lifestyle factors (for which
binary variables were used to represent a categorical variable)
were used as independent variables. Both separate models for
each single lifestyle variable and a multivariate model were used.
The separate models included only a single lifestyle variable at a
time, controlled for age and education, whereas the multivariate
model included all the lifestyle variables together with age and
education. An association was defined as significant if the 95% CI
for an odds ratio did not include unity. In addition, to study any
inconsistencies in the associations of the variables with obesity
over time, the interactions between survey year and the variable
of interest were calculated from the logistic models by using the
PROC GENMOD procedure of SAS.

Linear regression analysis was used to estimate the independent
effect of single lifestyle variables on the variation in mean BMI as
well as the stability of the possible association between BMI and
this lifestyle variable over time. These analyses were carried out
by using the generalized linear model procedure of SAS, with
mean BMI as a dependent variable. In the first model, after adjust-
ment for age and education, year and the lifestyle variable were
included in the model to examine the main effects of these vari-
ables. In the second model, an interaction term, year by the vari-
able of interest, was added to test whether the possible association
between BMI and lifestyle variable varied across the survey years.

Perceived health summarizes a broad range of health-related
information on individuals (22) that is reliable enough to be used
in population surveys (23). Because the associations between
obesity and ill health are amply documented in the literature, and
general health is likely to covary with both lifestyle and BMI,
perceived health in the current study was considered mainly as a
confounding factor. Thus, all the analyses were also done by
adjusting for perceived health. The main results did not change
materially, however; thus, the final analyses were controlled for
age and education only. The adjusted mean BMI values were
obtained by using least-squares means.

RESULTS

Obesity was more prevalent in the men who performed physi-
cally light work than in the men who performed physically heavy
work, whereas the women who performed light work were less

likely to be obese than were the women who performed heavy
work or did not work (Table 3). The association of activity level
at work with obesity was constant in both sexes over time, as was
the association with mean BMI in the women (Figure 1). In the
men, however, the most prominent increase in the time trend of
mean BMI occurred in those outside the work force.

The women who usually walked or cycled to and from work
for ≥ 15 min/d were less likely to be obese than were the women
who commuted by motor vehicle or walked for a shorter duration
(Table 3). The pattern was less clear in men.

The subjects who were moderately or highly active at leisure
time were less likely to be obese than were the subjects with a low
level of activity, ie, those who spent their leisure time mostly read-
ing or watching television (Table 3). This association was constant
in both sexes over time. The phenomenon of being more active and
having a diminished likelihood for obesity was also seen when we
investigated the total weekly time of leisure-time physical activity
in a single-variable model. These associations, however, disap-
peared after we controlled for all the other lifestyle variables. The
association between obesity and weekly time of leisure-time phys-
ical activity did not vary across the survey years in the men,
whereas in the women, this association became stronger over time
(P value for interaction between year and weekly time of leisure-
time physical activity: 0.0023 for women).

In both the men and the women, the strongest upward trend in
mean BMI over time occurred in the group with the lowest level
of leisure-time physical activity (Figure 2). The association
between total weekly time of leisure-time physical activity and
mean BMI remained unchanged in men over the 15-y period,
whereas in women, an upward trend in mean BMI over time was
less likely in those exercising ≥ 45 min/wk (Figure 3).

The women who preferred skim milk and the men who chose
low-fat milk were more likely to be obese than were those who
did not drink milk at all. In the single-variable model, whole
milk in women and low-fat and skim milk in men were positively
associated with obesity (Table 3). No association was found
between type of cooking fat and obesity, but the men and women
who chose the butter-oil mixture or butter on bread and the men
who used margarine on bread were less likely to be obese than
were the subjects who ate bread without a fat spread. When the
type of fat used on bread was ignored, those who ate bread with-
out a fat were more likely to be obese than were the subjects who
used any fat on bread. These associations were invariable over
the 15-y period, as were those with mean BMI, the use of fat on
bread being an exception in women. The mean BMI of the
women who reported eating bread without fat was much higher
than that of fat users in the 1980s, but in the 1990s this differ-
ence disappeared.

Consumption of sausages, milk, and sour milk were associ-
ated with obesity in both sexes. In the women, consumption of
coffee also had a positive association and consumption of bread
an inverse association with obesity. In the single-variable mod-
els, inverse associations of obesity were observed with con-
sumption of vegetables in both sexes and consumption of tea in
the women, whereas in the men, consumption of coffee had a
positive association with obesity (Table 3). These associations
were constant over the 15-y period, as were those with mean
BMI, excluding consumption of milk and sour milk in women.
The association of mean BMI with milk consumption in women
strengthened over this period, whereas the association with con-
sumption of sour milk was no longer significant in 1997.
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TABLE 3
Associations between obesity (BMI > 30) and physical activity, food choices, alcohol consumption, and smoking history1

Men Women

Model 1 Model 2 Model 1 Model 2

n OR 95% CI OR 95% CI n OR 95% CI OR 95% CI

Activity level at work
Physically light 4882 1.00 1.00 6199 1.00 1.00
Physically heavy 4489 0.76 (0.67, 0.85) 0.70 (0.60, 0.80) 2869 1.60 (1.41, 1.81) 1.40 (1.21, 1.62)
Not working2 2464 1.05 (0.92, 1.21) 0.86 (0.73, 1.01) 3656 1.83 (1.63, 2.06) 1.29 (1.11, 1.50)

Walking or cycling to work
<15 min/d3 6456 1.00 1.00 4256 1.00 1.00
15–44 min/d 2184 0.83 (0.72, 0.96) 0.87 (0.74, 1.03) 3602 0.68 (0.59, 0.77) 0.71 (0.61, 0.82)
≥45 min/d 596 0.85 (0.67, 1.07) 0.96 (0.73, 1.27) 1040 0.55 (0.45, 0.68) 0.57 (0.45, 0.73)
Not working2 2464 1.15 (1.02, 1.31) 3656 1.22 (1.08, 1.37)

Activity level at leisure time
Low 3214 1.00 1.00 3972 1.00 1.00
Medium 5993 0.78 (0.70, 0.87) 0.82 (0.72, 0.94) 6706 0.59 (0.53, 0.65) 0.65 (0.57, 0.74)
High 2460 0.42 (0.36, 0.50) 0.47 (0.37, 0.58) 1808 0.31 (0.26, 0.38) 0.39 (0.31, 0.49)

Weekly time of leisure-time 
physical activity
<20 min 3709 1.00 1.00 3739 1.00 1.00
20–44 min 2168 1.06 (0.92, 1.22) 1.06 (0.90, 1.24) 2682 0.90 (0.78, 1.03) 1.01 (0.87, 1.18)
45–150 min 3021 0.87 (0.76, 0.99) 1.05 (0.88, 1.24) 3541 0.78 (0.68, 0.88) 1.00 (0.86, 1.18)
>150 min 2510 0.75 (0.65, 0.86) 0.95 (0.78, 1.15) 2316 0.69 (0.60, 0.80) 0.94 (0.79, 1.13)
Unable to exercise4 449 1.37 (1.10, 1.71) 1.03 (0.79, 1.35) 469 1.67 (1.36, 2.06) 1.11 (0.86, 1.42)

Type of milk consumed
No milk 2281 1.00 1.00 3607 1.00 1.00
Whole milk 3575 0.97 (0.84, 1.12) 0.83 (0.69, 1.00) 2456 1.27 (1.11, 1.45) 0.89 (0.74, 1.07)
Low-fat milk 5065 1.15 (1.01, 1.31) 0.96 (0.81, 1.14) 5339 1.05 (0.93, 1.18) 0.95 (0.81, 1.11)
Skim milk 875 1.51 (1.24, 1.85) 1.10 (0.86, 1.41) 1287 1.41 (1.18, 1.67) 1.25 (1.01, 1.54)

Type of fat used for cooking
No fat 141 1.00 1.00 107 1.00 1.00
Vegetable oil 1583 1.08 (0.77, 1.52) 1.12 (0.73, 1.70) 2011 0.76 (0.54, 1.06) 0.83 (0.56, 1.24)
Margarine 3995 1.25 (0.91, 1.72) 1.22 (0.82, 1.83) 4602 0.94 (0.68, 1.28) 0.93 (0.64, 1.37)
Butter-oil mixture 1481 1.22 (0.87, 1.72) 1.24 (0.81, 1.89) 1599 0.81 (0.58, 1.13) 0.90 (0.60, 1.34)
Butter 4486 1.07 (0.78, 1.46) 1.18 (0.79, 1.77) 4261 0.95 (0.69, 1.30) 1.01 (0.69, 1.48)

Type of fat used on bread
No fat 698 1.00 1.00 1192 1.00 1.00
Margarine 4702 0.84 (0.69, 1.02) 0.76 (0.61, 0.95) 5294 0.96 (0.81, 1.13) 0.95 (0.78, 1.15)
Butter-oil mixture 1699 0.75 (0.60, 0.93) 0.67 (0.52, 0.87) 2049 0.78 (0.64, 0.95) 0.79 (0.63, 0.99)
Butter 4723 0.64 (0.52, 0.79) 0.58 (0.45, 0.74) 4181 0.88 (0.74, 1.05) 0.73 (0.59, 0.90)

Frequency of vegetable 
consumption
Less than daily 8429 1.00 1.00 7273 1.00 1.00
Daily 3312 0.79 (0.70, 0.90) 0.88 (0.77, 1.01) 5287 0.75 (0.67, 0.84) 0.89 (0.79, 1.01)

Frequency of sausage 
consumption
<1 time/mo 630 1.00 1.00 1640 1.00 1.00
1–2 times/mo 2189 1.24 (0.99, 1.56) 1.27 (0.97, 1.65) 3634 1.11 (0.96, 1.29) 1.11 (0.94, 1.32)
1 time/wk 3496 1.39 (1.12, 1.73) 1.43 (1.11, 1.85) 4219 1.37 (1.18, 1.60) 1.31 (1.10, 1.56)
2 times/wk 3374 1.66 (1.33, 2.06) 1.62 (1.25, 2.10) 2341 1.50 (1.27, 1.77) 1.29 (1.06, 1.56)
Almost daily 2018 1.84 (1.46, 2.30) 1.87 (1.42, 2.45) 726 2.33 (1.88, 2.88) 1.84 (1.43, 2.36)

Bread consumption (slices/d)5 11833 0.99 (0.97, 1.01) 1.00 (0.98, 1.02) 12725 0.95 (0.92, 0.97) 0.94 (0.91, 0.96)
Milk consumption (glasses/d)5 11651 1.07 (1.04, 1.10) 1.12 (1.08, 1.16) 12515 1.10 (1.07, 1.14) 1.09 (1.04, 1.15)
Sour milk consumption 10697 1.09 (1.05, 1.13) 1.15 (1.10, 1.19) 11846 1.12 (1.07, 1.17) 1.14 (1.09, 1.20)
(glasses/d)5

Coffee consumption (cups/d)5 11740 1.01 (1.00, 1.03) 1.01 (0.99, 1.03) 12675 1.04 (1.02, 1.06) 1.03 (1.01, 1.06)
Tea consumption (cups/d)5 10455 0.98 (0.95, 1.01) 0.99 (0.95, 1.03) 11573 0.93 (0.90, 0.97) 0.96 (0.92, 1.01)
Alcohol consumption6

0 portions/wk 4192 1.24 (1.08, 1.42) 1.16 (0.99, 1.36) 7543 1.33 (1.18, 1.49) 1.19 (1.04, 1.36)
1–3 portions/wk 2235 1.00 1.00 3017 1.00 1.00
4–9 portions/wk 2588 1.15 (0.99, 1.35) 1.11 (0.93, 1.33) 1617 0.87 (0.72, 1.05) 0.82 (0.66, 1.01)
≥10 portions/wk 2656 1.50 (1.29, 1.75) 1.33 (1.12, 1.58) 399 1.38 (1.03, 1.86) 1.20 (0.86, 1.66)

(Continued)



The women who reported no alcohol use and the men who con-
sumed ≥10 portions during the previous week were more likely to
be obese than were those who consumed 1–3 portions/wk. In single-
variable models, these associations were observed both in the men
and the women (Table 3). When alcohol consumption was regarded
as a continuous variable, mean BMI increased with increasing alco-
hol consumption in the men, but decreased in the women. Com-
pared with the reference group, the men who consumed no alcohol
at all or ≥10 portions/wk were more likely to be obese and to be
heavier in 1997 than in 1982 (P value for interaction between year
and alcohol: 0.012 for obesity and 0.021 for mean BMI). In the
women, the associations of alcohol consumption with obesity and
mean BMI remained stable over the 15-y period.

Compared with never-smokers, obesity was more prevalent
among ex-smokers for both the men and the women, but less preva-
lent among the female smokers. In the single-variable model, male
smokers were more likely to be obese than were never-smokers
(Table 3). The association of smoking history with obesity in both
sexes and with mean BMI in men remained unchanged over the
15-y period (Figure 4). In women, the trend in mean BMI seemed to
increase in smokers and ex-smokers but decrease in never-smokers.

Perceived health was inversely associated with obesity in both
the men and the women (Table 3). These associations were constant
over the 15-y period, but the most prominent increase in mean BMI
over time occurred in those with poor perceived health (Figure 5).

DISCUSSION

Overall, it should be kept in mind that the cross-sectional design
of this study does not allow causal conclusions to be drawn. How-
ever, these repeated surveys carried out at the same time of year with
a large number of participants and a high participation rate do pro-
vide unique information on lifestyle and obesity over time. Another
strength of this study is that weight and height were measured by
trained personnel in a similar way throughout the survey years.

Leisure-time physical activity was inversely associated with
obesity and mean BMI in both the men and the women. Interest-
ingly, on the basis of repeated cross-sectional surveys, the
inverse associations of the level of leisure-time physical activity
with BMI significantly strengthened over the 15-y period in both
sexes, as did that of weekly time of leisure-time physical activ-
ity with BMI and obesity in the women.
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TABLE 3 (Continued)

Men Women

Model 1 Model 2 Model 1 Model 2

n OR 95% CI OR 95% CI n OR 95% CI OR 95% CI

Smoking history
Never-smoker 4171 1.00 1.00 8906 1.00 1.00
Ex-smoker 2908 1.74 (1.54, 1.97) 1.65 (1.44, 1.90) 1283 1.23 (1.05, 1.45) 1.30 (1.09, 1.56)
Smoker 4531 1.16 (1.03, 1.30) 0.92 (0.79, 1.06) 2415 0.87 (0.76, 1.00) 0.79 (0.68, 0.93)

Perceived health status
Good 5654 1.00 1.00 6862 1.00 1.00
Average 4739 1.66 (1.49, 1.86) 1.44 (1.27, 1.64) 4644 1.73 (1.56, 1.92) 1.55 (1.38, 1.75)
Poor 1362 2.14 (1.84, 2.49) 1.87 (1.55, 2.24) 1100 2.47 (2.12, 2.88) 1.87 (1.57, 2.24)

1 Odds ratios (ORs) were adjusted for age and education (model 1) and for all the variables presented in the table together with age and education (model 2).
2 Includes unemployed and retired persons as well as housewives.
3 Includes those commuting by motor vehicle.
4 Unable to exercise because of injury or illness.
5 ORs based on continuous variables were calculated for a change of one unit (eg, 1 slice, glass, or cup). 1 slice bread = 30 g, 1 glass milk or sour

milk = 200 mL, 1 cup coffee = 100 mL, and 1 cup tea = 200 mL.
6 1 portion = 12 g ethanol.

FIGURE 1. Association of mean BMI with activity level at work in men (n = 11 857) and women (n = 12 747) from 1982 to 1997. Mean values are
adjusted for age and education. P for interaction between year and activity level at work: 0.003 for men and 0.64 for women.



Our findings are consistent with the common observation
made in cross-sectional surveys that overweight subjects tend to
be physically inactive at leisure time (24–26), although in some
reports, only weak relations between physical activity and body
weight were found (27). Furthermore, in agreement with our
results, others observed a tendency for obesity to be less prevalent
among men who performed physically heavy work but more
prevalent among women who performed heavy work (25).

The more prominent increase in BMI over time observed in the
men who performed physically light work could be partly due to
changes in sedentariness varying across occupational groups over
the 15-y period. In 1982, 26% of the men who performed physi-
cally light work and 35% of the men who performed physically
heavy work reported being sedentary at leisure time. Fifteen years
later, these proportions had decreased to 23% and 21%, respec-
tively. Thus, although heavy work for men may have become less
physically demanding, the men seem to have compensated for this
decrease in energy expenditure by being more active at leisure
time. This would not have been the case for men performing
physically light work, not to mention those men not working at all.

The results of a recent cross-sectional study that examined the
effect of beliefs and behaviors on physical activity in Australians
attempting weight control suggest that the value of physical
activity, particularly moderate-intensity activity, is insufficiently

recognized, especially by men (28). As shown in the present
study, in our earlier studies (29), and in other studies carried out
in Finland (30), the proportion of persons reporting leisure-time
physical activity has increased. However, the prevalence of obe-
sity in Finnish men in particular has also increased, which may
be because the increase in leisure-time physical activity has not
been enough to compensate for the decrease in overall physical
activity (31).

The methods used to assess habitual physical activity in most
studies have been criticized as being crude and imprecise, espe-
cially concerning occupational and household activities (32). This
was the case in our study as well. We did not include a measure for
household activities and the definition used to classify participants
according to occupational activity was rather broad. In contrast,
our measure for leisure-time physical activity had several compo-
nents, which were consistent across the surveys. Regardless of the
measurement used, however, we observed a strong inverse associ-
ation of physical activity with obesity and BMI.

Even though also crude in type, the dietary questions could be
used as indicators to rank subjects according to food choices.
Not unexpectedly, sausage eaters were observed to be heavier
than others. Similarly, consumption of vegetables showed an
inverse association with obesity. This association, however, was
attenuated after other lifestyle variables were controlled for,
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FIGURE 2. Association of mean BMI with level of leisure-time activity in men (n = 11 857) and women (n = 12 747) from 1982 to 1997. Mean val-
ues are adjusted for age and education. P for interaction between year and level of leisure-time activity: 0.0027 for men and 0.0022 for women.

FIGURE 3. Association of mean BMI with weekly time of leisure-time physical activity in men (n = 11 857) and women (n = 12 747) from 1982
to 1997. Mean values are adjusted for age and education. P for interaction between year and weekly time of leisure-time physical activity: 0.077 for
men and 0.0001 for women.



which may have been because of overcontrol in the statistical
analysis. In the men, an interaction between the frequency of
sausage consumption and time (P = 0.069, data not shown) sug-
gested that consumption of sausages had become an increasingly
more important indicator of BMI. Our findings are in line with a
recent study showing that obese subjects appear to consume an
energy-dense diet that is particularly associated with salty rather
than sweet food items (33). Furthermore, high-fat food items
were shown to more likely belong to the top 10 favorite foods of
obese subjects, with men preferring meat dishes and women
sweet-fat combinations (34).

In contrast with our expectations, persons who avoided the use
of fats on bread or preferred skim milk were more obese than were
fat users or subjects who drank no milk. Probable explanations for
this are that obese subjects try to choose low-fat products and avoid
fat to control their weight or that they tend to give socially desir-
able responses (35–37). These results may also be an indicator of a
phenomenon presented by Rolls and Miller (38) that low-fat food
choices may give the consumer license to overeat. However, in a
recent Italian study, no significant differences were observed
between normal-weight and obese subjects in their beliefs and atti-
tudes toward the consumption of fat-containing foods (39).

Carbohydrate as well as fiber intake has been shown to be
inversely associated with body weight in cross-sectional surveys
(40–42). Our finding of an inverse association between bread

consumption and body weight supports this association. Bread
counts for the majority of cereal products consumed in Finland,
which in turn corresponds to �45% of total carbohydrate and
62% of fiber intake in the Finnish diet (43).

In contrast with our findings, no association between coffee
consumption and body weight was observed in other cross-
sectional (44, 45) or follow-up studies (8), although coffee drink-
ing was found to be associated with an unhealthy lifestyle (46).
Overall, consumption of nonalcoholic beverages in our study was
positively associated with obesity, tea being an exception (with a
tendency to an inverse association, especially in women). Drink-
ing tea could be related to general health consciousness and bet-
ter weight control (46).

Epidemiologic findings on the association between alcohol
consumption and body weight are controversial (47). This is
hardly surprising when bearing in mind that measurement of
alcohol consumption is prone to reporting error and may be
influenced by cultural differences (48, 49). Our findings, con-
sistent with some (50) but not all (45) cross-sectional studies,
suggest that men and women with low alcohol consumption
tend to weigh less than do nondrinkers or subjects with higher
alcohol consumption. In agreement with other reports (51), we
also found a positive association between alcohol consumption
and BMI in the men and a negative association in the women,
which may have been due to the much higher number of abstain-
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FIGURE 4. Association of mean BMI with smoking history in men (n = 11 857) and women (n = 12 747) from 1982 to 1997. Mean values are
adjusted for age and education. P for interaction between year and smoking history: 0.92 for men and 0.0054 for women.

FIGURE 5. Association of mean BMI with perceived health status in men (n = 11 857) and women (n = 12 747) from 1982 to 1997. Mean values
are adjusted for age and education. P for interaction between year and perceived health: 0.0001 for men and 0.020 for women.



ers among the women than among the men. These findings
should, however, be interpreted with caution, because the drink-
ing history of the respondents was not available. Thus, the
nondrinker group included both former drinkers and lifetime
abstainers with different reasons (eg, health, conviction, etc) for
not drinking (52).

In most populations, smokers weigh less than do nonsmokers
(13, 53). As suggested by Molarius et al (13), however, this may no
longer be true in populations such as Finland’s because of exten-
sive antismoking activities and a reduced prevalence of smoking. In
Finnish men, the relation between smoking and BMI was reported
to change from an inverse association to a positive one in the late
1980s by Marti et al (54), a finding confirmed by other Finnish
studies (55). The same tendency was seen in our results. Consis-
tent with the findings of some earlier cross-sectional studies (41,
56, 57), we observed ex-smokers to be heavier than nonsmokers
among both the men and the women. In many studies, this associ-
ation was found in men but not in women (13, 45, 51, 58), whereas
in some studies, no association was found in either sex (59).

To conclude, a physically active lifestyle together with absten-
tion from smoking, moderate alcohol consumption, and con-
sumption of healthy foods seems to offer the best chance of
avoiding obesity. Avoiding sedentariness has become an even
stronger factor during the past decades for the maintenance of
normal weight.
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