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Abstract

Background. Few European studies have investigated how cardiovascular risk factors (CRF) in adults relate to those observed in younger
generations.

Objective. To explore this issue in a Swiss region using two population health surveys of 3636 adolescents ages 9-19 years and 3299
adults ages 25-74 years.

Methods. Age patterns of continuous CRF were estimated by robust locally weighted regression and those of high-risk groups were
calculated using adult criteria with appropriate adjustment for children.

Results. Gender differences in height, weight, blood pressure, and HDL cholesterol observed in adults were found to emerge in
adolescents. Overweight, affecting 10—12% of adolescents, was increasing steeply in young adults (three times among males and twice
among females) in parallel with inactivity. Median age at smoking initiation was decreasing rapidly from 18 to 20 years in young adults
to 15 in adolescents. A statistically significant social gradient in disfavor of the lower education level was observed for overweight in all
age groups of women above 16 (odds ratios (ORs) 2.4 to 3.3, P < 0.01), for inactivity in adult males (ORs 1.6 to 2.0, P < 0.05), and for
regular smoking in older adolescents (OR 1.9 for males, 2.7 for females, P < 0.005), but not for elevated blood pressure.

Conclusion. Discontinuities in the cross-sectional age patterns of CRF indicated the emergence of a social gradient and the need for
preventive actions against the early adoption of persistent unhealthy behaviors, to which low-educated girls and women are particularly
exposed.
© 2003 American Health Foundation and Elsevier Science (USA). All rights reserved.
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Introduction observed later [7-9]. In addition, it has been demonstrated
that the lifestyles and behaviors (such as diet, exercise, and
smoking) that greatly determine the risk of CVD are often
learned and adopted early in life [10]. The interest of mea-

In developed countries, cardiovascular diseases (CVDs)
are the leading cause of mortality among adults, especialy
the elderly, and generate a major burden of morbidity ) X ) )
throughout life [1]. Besides the genetic components of suring the level of risk factorsin childhood and adolescence
CVD, many of the risk factors have been identified as early lies in the assessment of the immediate prevention potential
as in fetal life and early childhood [2-6]. Prospective and 1N @ given region, and in the subsequent possibility to
retrospective studies have shown that risk factor levels modify the natural course of disease by helping adolescents

found in childhood and adolescence correlated with those 10 make hedlthier choices [11-13].
Ideally, studies with mixed cross-sectional and longitu-

dina designs would best investigate the rapid changes in
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these changes. A large spectrum in the adult distribution of
the risk factors has been observed in Europe, with a North—
South gradient [14]. The causes and consequences of this
disparity remain unestablished, in particular with regard to
the early development of risk factors.

Our study region, located in the middle of Europe at the
crossroads of Nordic and Mediterranean cultures, may pro-
vide an interesting insight in this respect. In Europe, health
surveys similar to the National Health And Nutrition Ex-
amination Survey (NHANES) in the United States have
been carried out extensively within the framework of the
international MONICA project (MONItoring trends and de-
terminants in CArdiovascular diseases), but were restricted
to the middle adult-age range (35 to 64 years) [15]. In the
MONICA Swiss region of Vaud-Fribourg (800,000 resi-
dents), the age range was extended from 25 to 75 years. At
about the same time, a similar survey was conducted on a
large sample of children and adolescents, offering the op-
portunity to link the two data sets.

Adults from alow socioeconomic background (and chil-
dren through their parents) have been shown to adopt an
adverse lifestyle more often, and therefore display higher
levels of CVD risk factors [16,17]. If it appeared to be true
in Switzerland too, this information could be used to target
these groups for different types of interventions and to tailor
general population preventive strategies to their special
needs.

The objectives of this study were (1) to describe the
current gender-specific cardiovascular risk factor profiles
of the Swiss population over the widest possible age
range (9 to 74); (2) to determine the social gradient of
these risk factor profiles by considering two education
levels: and (3) to assess whether significant social differ-
ences in risk factors observed in adulthood are likewise
found in the younger age groups (which would give
credit to the hypothesis of a social origin of CVD), or
whether significant social differences are emerging
among children and adolescents that are not currently
observed in adulthood.

Populations and methods
Health examination survey of children and adolescents

A survey on sport and health in children and adoles-
cents was conducted from September 1996 to March
1997 in the schools of the Canton Vaud, Switzerland.
Details of the study design have been given previously
[18]. A two-stage cluster sampling procedure was used to
select school classes from the 4th, 6th, 8th, 10th, and 11th
grades stratified by region and type of school (high
school, professional school, etc.). The resulting sample
comprised 3,636 subjects drawn from the reference pop-
ulation of 30,754 children of ages 9 to 19. Despite miss-
ing grades, all ages were represented because academic

and calendar years overlap, and also because school fail-
ures generate age lags. The participation rate was 96.2%
(135 were absent from school and 3 refused), yielding
3,498 subjects for analysis. A self-administered question-
naire was distributed at school during a physical exercise
session, asking about physical and sport activities, life-
style, and socioeconomic environment. Anthropometric
measurements (weight wearing underwear only on a Ross
beam balance to the nearest 100 g, standing height with-
out shoes with a portable Harpenden stadiometer to the
nearest 0.1 cm) were taken by trained school nurses. Two
readings of blood pressure (BP) were taken with one of
three available cuff sizes according to the arm’s circum-
ference, using aregular sphygmomanometer (Erka), after
a15-minrest and in the sitting position, with diastolic BP
determined at the beginning of Korotkoff phase V. Only
the lowest value was recorded in the data base. A sub-
sample of 238 4th- and 6th-graders, ages 11 to 14 (every
sixth subject, with replacement of refusals by the next
child on the list), had a venous blood test including
fasting total serum cholesterol (TC) and high-density
lipoprotein cholesterol (HDL) using a Biomérieux Kit.

Health examination survey of adults (MONICA project)

Three population-based surveys (1985-1986, 1989—
1990, 1992-1993) were conducted in the canton of Vaud
and the adjacent small canton of Fribourg within the
framework of MONICA. Data presented here come from
the most recent survey. Methods have been described
elsewhere [19]. The two-stage sampling procedure first
consisted in drawing a sample of 51 out of 645 com-
munes after stratification according to their size and,
secondly, in drawing subjects from the population files of
the commune. A commune is an administrative division
comprising a village, a group of villages, or a city and
their surrounding territory. Selected subjects were invited
to attend a health examination and to answer a self-
administered questionnaire about their sociodemographic
and health-related characteristics. In Vaud and Fribourg,
3,299 individuals ages 2574 years were invited to par-
ticipate in the study, and 1,742 (53%) attended.

BP was measured twice consecutively on the right arm
using a random-zero sphygmomanometer, in a sitting posi-
tion after at least 15 min of rest. BP readings were recorded
to the nearest 2 mmHg, with diastolic BP determined at the
beginning of Korotkoff phase V. The same cuff size was
used for all subjects. The lowest of the two measures were
used in this analysis in order to comply with the children’s
survey. Standing height was measured on a SECA stadio-
meter to the nearest 0.5 cm, and weight to the nearest 100 g,
without shoes and heavy outer garments (SECA beam bal-
ance). Venous blood samples were obtained from nonfast-
ing participants, with TC and HDL measured in serum
(Boehringer kit).
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Definition of risk categories

Overweight and obesity were defined for adults as a body
mass index (BMI = weight (in kilograms)/squared height
(in meters)) greater than 25 and 30, respectively. As these
cut-off limits have been considered inappropriate for chil-
dren and adolescents [1,20—22], we adopted those recently
established in an international study and based for each
gender on the age-specific BMI centile curves reaching the
values of 25 and 30 at age 18 [23]. Elevated BP for adults
was defined as systolic BP = 140 and/or diastolic BP = 90,
according the latest international criteria [24]. Unfortu-
nately, these criteria do not apply to children, whose BP is
largely determined by body size and growth rate. Recently
published cut-off limits for elevated BP in children are
based on the 95th percentiles of the gender-, age-, and
height-specific distributions of systolic and diastolic BP
among American children [25], but they may not apply to
European populations with different anthropometric charac-
teristics. Therefore, we used a height-adjustment method for
BP which was developed in a French population [26]. Ex-
pected BP levelswere first calculated by linear regression of
systolic BP and diastolic BP on height, separately for each
gender. Second, projected height at age 18, given height at
current age, was based on the assumption that boys and girls
keep their rank in the age-specific distribution of height over
time, and expected BP at age 18 was estimated from the
regression model. Third, projected BP levels at age 18 were
estimated by transposing the difference between observed
BP and expected BP at current age. Finally, the same cri-
teria used for adults were applied to these projected BP
levels at age 18 to classify the children as having elevated or
norma BP.

Smoking habits and physical activity levels were classi-
fied the same way for children and adults on the basis of
common survey questions. Subjects smoking more than one
cigarette per day were considered regular smokers. The
guestion on physical activity was based on the frequency of
sport practice in general (i.e., at school and during leisure
time); those never practicing sports were categorized as
inactive. Information related to sport activity and smoking
were dlicited only from 8th-graders and over.

Social gradient

The educational system of the Canton of Vaud is based
on the selection of pupils for various tracts of study at age
11 (grade 7). From there on, about 30% of children are
admitted into classes leading to high school, and then to
college/university. Another third follows an intermediate
channel preparing either for high school or for professional
schools (apprenticeship), but not university. Thelast third is
enrolled in classes |eading to apprenticeships or to unskilled
jobs. Compulsory school ends at age 15, but 75% of ado-
lescents continue beyond that age in professional centers
(apprenticeship) or in high school. High school and college

were considered the “high” education level in this study,
and preapprenticeship and apprenticeship the “low” educa-
tion level. Since these levels have been shown to correlate
well with father’s occupation, they were used as a proxy for
socid class in this study [27—29]. Adults were classified in
the low or high education level according to whether they
had completed their highest degree respectively before or
after the age of 18 (the end of high schoal).

Satistical methods

The cross-sectional population profiles of the anthropo-
metric and physiological variables under study were ob-
tained by the smoothed curves of their individual values
across age, separately for each gender and educational level.
Robust locally weighted regression (LOWESS technique)
was used as a scatterplot smoothing method to determine
these curves [30]. Multivariate logistic regression assessed
the association between selected risk categories and educa-
tion level after adjustment for age within broad gender and
age groups. Statistical analyses were performed on SPSS
[31] and STATA [32] software.

Results

The population profile of the anthropometric measures
(height, weight and BMI) and physiological parameters
(SBP, DBP and blood lipids) are shown in figures 1 to 6. For
the former set of variables, median levels and frequency
prevalence rates of overweight and obesity, as well as those
of physical inactivity are presented in Table 1 according to
gender and age. For the latter set of variables, corresponding
figuresare givenin Table 2 while similar results on smoking
habits are displayed in Table 3 . The increased exposure to
selected risk categories (overweight, high blood pressure,
inactivity and regular smoking) of personsin the low edu-
cational level, as compared with those in the high level, are
shown for both genders and severa age groups in the form
of odds ratios (Table 4).

Height, weight, and body mass index

The population profile of height was characterized by a
steep increase across the childhood and adolescence age
range, followed by a stabilization and a dlight decrease
across adult cohorts (Fig. 1). The gender-specific height
curves were nearly superimposable in the age range 9-14
years, but diverged beyond. Considering median vaues,
height leveled off beyond age 14 at 164—165 cm in women
and beyond age 17 at 177-178 cm in men (Table 1). The
slow decrease in median height with age observed in adults
corresponded to a difference of 7 cm in men and 5 cm in
women between those of ages 25-34 and those of ages
65-74. A socia gradient in the height curves was apparent,
starting at adolescence and maintained throughout adult-
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Table 1

Median values of weight, height, BMI, and prevalence rates of overweight, obesity and inactivity by gender and age groups, Vaud—Fribourg 1992-1997

Age Sample Weight Height BMI Overweight [23] Obesity [23] Inactivity

(completed size (kg) (cm) (kg/m?) (%) (%) (%)

years) n (median) (median) (median)

Male
9 123 32.7 139.0 16.8 17.1 24 NA
10 178 34.2 142.0 17.2 14.6 0.6 NA
11 164 394 149.0 17.8 134 0.6 NA
12 180 42.5 153.0 18.0 139 28 NA
13 136 49.0 163.0 18.7 125 29 12.6
14 200 55.7 168.0 19.7 14.0 25 9.0
15 141 59.5 173.0 19.7 11.3 43 11.6
16 178 63.7 176.0 20.6 10.7 11 9.6
17 191 66.6 177.0 211 12.0 16 105
18-19 174 68.4 178.0 214 109 11 17.0
25-34 196 74.7 177.0 240 357 5.6 337
3544 230 79.3 176.0 25.6 55.7 135 46.7
45-54 194 79.8 174.0 26.4 67.5 20.1 52.8
55-64 137 81.6 173.0 271 715 175 50.7
65-74 86 79.4 170.0 273 76.7 30.2 61.2

Female
9 154 322 138.0 16.9 18.8 39 NA
10 194 338 141.0 16.9 16.5 4.6 NA
11 176 40.7 150.0 17.9 159 23 NA
12 196 453 155.0 18.7 11.7 20 NA
13 148 49.8 160.0 19.1 10.1 0.0 15.9
14 189 53.7 164.0 20.1 12.7 21 141
15 163 54.9 164.0 20.7 9.8 0.0 17.2
16 193 58.0 164.0 20.9 10.9 10 215
17 145 57.7 164.0 21.2 11.0 14 20.0
18-19 123 59.2 165.0 214 122 1.6 235
25-34 214 59.8 163.0 22.3 20.6 5.6 44.6
3544 244 59.4 163.0 22.6 28.3 53 44.3
4554 208 63.7 161.0 244 442 9.6 49.0
55-64 127 66.4 161.0 25.9 60.6 17.3 53.2
65-74 106 65.8 158.0 26.5 68.9 19.8 68.3

Note. NA, not available.

hood. With regard to median height, adults in the low
educational level were shorter by 3 cm than those in the
high educational level (data not shown).

The weight curve also showed a rapid increase across
childhood and adolescence, but with a clear separation of
the gender-specific curves starting in adolescence, and a
further increase throughout adulthood (Fig. 2). Maes were
heavier than females by about 0.5 kg at age 10 (median
weight), 4.5 kg at age 15, and 15 kg in the adult age groups
(25 to 74 years). There was an inversion of the socia
gradient in weight at age 20 in women and at age 40 in men.
Median weight was higher among the high-educated ado-
lescents (boys and girls) and men over 40 than among their
less-educated counterparts, while the opposite was true
among adult women.

The population profile of BMI followed the age pattern
of weight (Fig. 3). No consistent gender or social difference
in BMI was apparent in childhood and adolescence. A clear
Separation in gender-specific BMI curves was observed only
in adulthood, with men having higher BMI levels than

women. A social gradient emerged in young adults of both
genders in favor of the more educated group, which tended
to disappear with age for men but to widen for women.

Overweight, obesity, and physical inactivity

The prevalence rates of overweight (including obesity)
exhibited a Jshaped curve in relation with age, starting at
17-18% in children age 9, followed by 9-10% in adoles-
cents ages 15-16, and then jumping in early adulthood to
36% in men and 20% in women, followed by a gradual
increase in the adult age range up to 77% in men and 69%
in women. The proportion of obesity in the overweight
category increased between 35-44 and 6574 years, from
24 to 39% in men, and from 19 to 29% in women (from
Table 1). Adult men were much more frequently overweight
than women, especially in their main active years (between
25 and 44). Furthermore, the proportion of overweight sub-
jects increased faster across men’s cohorts, starting some-
where between 19 and 25 years, but only after 45 in women.
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Table 2

Median values of blood pressure and lipids, by gender and age groups, Vaud—Fribourg 1992-1997

Age Systolic Diastolic Elevated Sample Total HDL

(completed blood pressure blood pressure blood sizen cholesterol (mmol/liter)

years) (mmHg) (mmHg) pressure?® (%) (mmol/liter) (median)

(median) (median) (median)

Male
9 106 70 19.5 0 NA NA
10 104 70 15.6 0 NA NA
11 106 72 14.0 29 4.7 14
12 108 70 7.7 21 4.3 12
13 112 74 110 20 4.6 14
14 116 76 15.5 35 41 11
15 118 76 184 0 NA NA
16 120 80 19.3 0 NA NA
17 122 80 18.6 0 NA NA
18-19 124 80 238 0 NA NA
25-34 124 76 215 192 55 12
3544 126 80 25.8 223 6.0 12
4554 128 84 33.0 191 6.3 12
55-64 134 84 47.8 134 6.5 12
65-74 149 82 69.8 85 6.3 12

Female
9 104 72 137 0 NA NA
10 104 68 11.3 0 NA NA
11 106 70 85 15 49 13
12 106 72 6.1 30 4.6 14
13 110 74 4.7 37 43 13
14 108 76 8.4 27 4.7 14
15 110 76 9.8 0 NA NA
16 114 77 7.3 0 NA NA
17 117 80 15.2 0 NA NA
18-19 116 78 9.4 0 NA NA
25-34 112 70 19 205 52 15
3544 115 74 9.8 239 54 15
45-54 120 78 16.8 206 6.0 15
55-64 128 80 315 127 6.6 14
65-74 140 80 54.7 100 6.9 14

#SBP = 140 and/or DBP = 90, with adjustment to height for children and adolescents (see Populations and methods). The sample size for blood pressure

at each age is the same as in Table 1 (column 2).

From 35 years on, more than half of the men were found to be
overweight, while the same was true for women only after 55.

The prevalence rates of physical inactivity in men re-
mained constant around 9—12% in adol escents until age 17,
before steadily rising across higher age groups with a dou-
bling between 18 and 25 (from 17 to 34%). A similar pattern
prevailed in women with a more rapid take-off in adoles-
cence and comparable preval ence rates in middle-age (35 to
64 years). Overweight (including obesity) displayed a clear
socia gradient, with the odds of having a BMI over 25
being at least 50% higher among subjects from the low
educational level compared to those from the high level.
Odds ratios were highest in adults ages 25 to 44. After 44
years, the social gradient was only observed for women.
Similarly, physical inactivity tended to be more frequent in
the low education group, except for boys ages 16 to 19. The
highest social gradient, with odds ratios above 2, was found
for adults over 45 (Table 4).

Blood pressure and lipids

The population profile of systolic blood pressure (Fig. 4)
was characterized by arapid increase across childhood and
adolescence, a leveling-off in the young adult age range
(25—-45 years), and afurther risein older adults. The gender-
specific curves were similar for children, but started to
diverge in adolescence. They were then kept separate in
adults, with men having higher levels of systolic BP than
women (by a median of 8 mmHg). An inverse social gra
dient of systolic BP was observed in adolescents and young
adults ages 15-35 according to gender, with atendency toward
higher levels among low-educated men and high-educated
women. A crossover in the systolic BP curves between the two
educationa levels occurred in women after age 34.

In comparison to systolic BP, a similar age pattern was
observed for the gender-specific population profile of diastolic
BP, but a different socid gradient (Fig. 5). Low-educated
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Table 3

Smoking habits, by gender and age groups, Vaud-Fribourg 1992—-1997

Age Never smokers Ex-smokers Occasiona smokers Regular smokers Number of Median

(completed (%) (%) (%) cigarettes age a start®

years) per day®

(mean)

Mae
13 79.6 4.6 8.3 74 6.3 —
14 80.0 4.0 6.5 9.5 7.2 —
15 66.0 2.7 10.9 20.4 8.0 —
16 59.8 3.2 15.9 21.2 8.1 —
17 59.2 25 154 229 9.2 —
18-19 50.0 3.2 17.6 29.3 10.9 15.0
25-34 474 11.9 3.6 37.1 20.5 17.0
35-44 31.9 27.5 6.6 34.1 23.0 17.0
45-54 34.7 38.9 6.2 20.2 20.1 18.0
55-64 38.2 324 51 24.3 194 18.0
65-74 36.0 46.5 35 14.0 145 18.0

Female
13 73.1 7.7 12.3 6.9 4.8 —
14 68.0 7.1 16.2 8.6 53 —
15 63.1 57 13.6 17.6 85 —
16 54.7 6.4 20.2 18.7 8.8 —
17 57.5 55 15.1 21.9 9.0 —
18-19 54.1 3.0 14.8 28.1 9.2 15.0
25-34 43.2 155 7.0 34.3 16.5 17.0
35-44 449 15.6 8.2 31.3 18.1 19.5
4554 56.6 17.6 3.9 22.0 18.3 20.0
55-64 69.3 8.7 4.7 17.3 13.3 20.0
65-74 85.3 6.8 0 9.7 85 25.0

Note. The sample size at each age is the same as in Table 1 (column 2).

@ Smokers only.

P This variable was omitted below 18, because it would be biased toward lower ages, as many children have not yet been exposed to the risk of smoking.

adolescents and young adults of both sexes had higher level s of
diagtolic BP. This socia gradient tended to vanish in middle-
aged adults and emerged again in older adults.

The prevalence rates of elevated BP followed a J-shaped
curve in relation to age and paralelled overweight rates
(Table 2). Even after adjustment for height, elevated BP was
found relatively frequently in children (20% in boys and
14% in girls at age 9), then was least common among
preadolescents of ages 12-13, and became increasingly
prevalent across age groups in adolescence and adulthood.
Men had higher prevalence rates over women by about
15%. The social gradient of elevated BP was weak except
for young boys (Table 4).

Tota cholesterol followed aregular upward trend with age,
stabilizing after age 55 in men, and reaching a plateau between
ages 30 and 40, then increasing again and crossing the men's
curve a age 55 in women (Fig. 6). A clear separation of the
gender-specific HDL curves emerged at adolescence, with men
having lower levels of HDL than women.

Smoking

Adolescents at the time of the survey (1996-1997) reported
to have started smoking much younger (median age around 15)
than did adults from older cohorts (median age 18-25). At age
13, about 7% of children of both genders were smoking reg-

ularly, and 8% of boysand 12% of girlsoccasiondly (Table 3).
The proportion of regular smokers doubled between 14 and 15
years of age, whilethat of occasional smokers remained stable.
The peak in regular smoking occurred in young adults (age
range 25-34), and then the proportion of ex-smokers started to
increase among older cohorts, paralleling the dow decrease in
the proportion of regular smokers.

Overall, tobacco consumption was higher for men than
for women, although young low-educated women smoked
more heavily than young high-educated men (Fig. 7).
Adults of age 45 and over smoked about the same amount
of cigarettes whatever their level of education, but a social
gradient appeared in younger cohorts, with a higher daily
consumption in low-educated subjects (about 22 cigarettes
vs 16 for men, and 18 vs 14 for women). Controlling for
age, the odds of smoking doubled for low-educated boys
ages 16 to 19 compared to high-educated boys, and almost
tripled for girls this age (Table 2). This socia gradient was
present, but not significant, at al other ages.

Discussion
This study provides a direct comparison of the cardio-

vascular risk factor levels between children/adol escents and
adultsin Switzerland. Because it is based on cross-sectional
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Table 4
Age-adjusted odds ratios for selected cardiovascular risk categories by
educational level, Vaud—Fribourg 1992-1997

Agegroup  Overweight® Elevated Inactivity Regular
(years) blood smoker
pressure
(140/90)°
OrR® P OR® P OrR® P OR® P
Male
11-12 234 * 303 * NA NA NA NA
13-15 212 ** 133 NS 140 NS 129 NS
16-19 139 NS 108 NS 093 NS 192 =***
2544 226  *x* 101 NS 158 * 153 NS
45-64 132 NS 144 NS 201 ** 142 NS
Female
11-12 186 NS 143 NS NA NA NA NA
13-15 154 NS 109 NS 141 NS 106 NS
16-19 239 *** 084 NS 157 NS 270 ***
2544 327 xx* 249 NS 132 NS 117 NS
45-64 226  ** 162 NS 219 * 147 NS

2BMI = 25, with correction for children and adolescents according to
Cole et a. [23] (see Populations and methods).

b SBP = 140 and/or DBP = 90, with adjustment to height for children
and adolescents (see Populations and methods).

°ORs are given for the low educational level, with the high educa-
tiona level as the reference category.

Note. NA, not available; NS, not significant. Odds ratios were not
computed for children below 11 because there were all in the same
education level, or for adults above 64 because there were not enough
subjects in the high-risk categories (women in particular).

*p < 0.05.

** p < 0.01.
*** n < 0.005.

surveys, the age pattern of risk factors across consecutive
cohorts should not be mistaken for alife span perspective on
their natural development. However, as far as anthropomet-
ric and physiological parameters are concerned, cross-sec-

tional differences in risk factor levels between age groups
are more likely to reflect age effects than cohort effects.
First of al, the age-related evolution of these variables is
mainly driven by rapid physical changes during childhood
and adolescence, and at menopause for women, whereas it
may be affected to a greater extent by variations in envi-
ronment and lifestyle during adulthood. But then, only small
changes in age-specific mean levels have been observed in
the study region over the MONICA monitoring period
(1984-1993) [19]. This implies in particular that the time-
course development of these risk factorsin today’s children
and adolescents is likely to follow approximately the age
patterns observed in today’s adults.

For many variables (height, weight, BP, and HDL), av-
erage levels as well as gender differences increased rapidly
with age in adolescents and tended to stabilize among
adults. Such patterns reflect the predominant effect of so-
matic growth and sexual maturation, which proceed at dif-
ferent ratesin boys and girls. These processes determine not
only the development of height and weight, but also that of
many physiological and metabolic parameters (BP and
blood lipids) related to body size [33,34]. A socia gradient
in growth pattern was also observed, with children in the
higher education level growing faster and adults with higher
educational achievement being taller on average. These
differences could be partially explained by genetic factors,
as first- and second-generation immigrants from Southern
European countries tend toward both shorter stature and
lower education level. Unfavorable environmental and nu-
tritional conditions also affect children of lower socioeco-
nomic status more heavily during fetal life and infancy
[2,35]. These conditions seem to have generally improved
over time in Switzerland, since younger adult cohorts tend
to be on average taller than older ones (as mirrored by the
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Fig. 1. Smoothed curves of height according to age, gender and education level, Vaud-Fribourg 1992-1997.
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Fig. 2. Smoothed curves of weight according to age, gender and education level, Vaud-Fribourg 1992-1997.

slow regression in height with increasing age across these
cohorts).

The developmental stage (using height, for example)
should be accounted for in the assessment of CVD risk
factor levels in children and adolescents. However, appro-
priate adjustment turns out to be difficult, because weight-
for-height indicators commonly used for adults display
large fluctuations during the growth process and cannot be
used to define age-independent risk categories [9]. In this
study, we applied adult cut-off limits of BMI and BP to the
projected values at age 18 of observed values at earlier ages.
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20 + ”
19 (d

18 + y
17 + '

16

BMI

The use of these criteriaresulted in J-shape age patterns for
the prevalence rates of obesity and elevated BP, with more
children and older adolescents classified at risk than young
adolescents. The assumption of body development tracking
may be wrong, in that neither prepubertal height and weight
percentiles nor BP and BMI data may actually be predictive
of later rank. In any case, the transition from childhood to
adolescence appears to be a pivotal point in developing and
maintaining healthy lifestyle and dietary habits.
Disruptions were observed in our comparison of risk
factor levels between adolescents and young adults (other
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Fig. 3. Smoothed curves of BMI according to age, gender and education level, Vaud-Fribourg 1992-1997.
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Fig. 4. Smoothed curves of systolic blood pressure according to age, gender and education level, Vaud-Fribourg 1992-1997.

than the age gap in the data). The most important was the
steep rise in the prevalence rates of overweight and leisure-
time physical inactivity. The paralel age patterns of over-
weight and sedentary lifestyle strongly suggest a link be-
tween the two. Thislink was reinforced by the emergence of
an unfavorable social gradient concomitant to the abandon
of regular exercise during adolescence and young adult-
hood, somewhat delayed in boys who maintained physical
exercise for alonger time (around 90%) in both education
levels, while decreasing gradually with age for girls, as has
been shown in other studies [36]. Factors other than phys-
ical inactivity may contribute to the strong social gradient of
overweight observed in women, such as a higher compli-
ance to lean body standards and increased resources and
opportunities to achieve them for high-educated women,
who are likely to have higher incomes.

Diastolic blood pressure
(mmHg)

Cohort effects in smoking habits, i.e., the decreasing
prevalence of women who have never smoked and the
increasing precocity of initiation in the younger genera-
tions, are gradually exposing a larger proportion of ado-
lescents to a high risk of CVD (as well as cancer and
respiratory diseases), in particular among thosein the low
education level. The latter will presumably smoke greater
lifetime amounts of cigarettes than their counterparts in
high school and college, amplifying the pattern observed
in their parents’ generation. A comparable cross-sec-
tional age pattern in the rates of regular smokers was
found in both sexes, but the rate of ex-smokers was
higher in men, suggesting that women are more reluctant
to quit. Even if the prevalence of smoking is lower than
in other countries, unless the incentives to smoke are
strongly contended with, the prospects of tobacco con-
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Fig. 5. Smoothed curves of diastolic blood pressure according to age, gender and education level, Vaud-Fribourg 1992—-1997.
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Fig. 6. Smoothed curves of total cholesterol (TC) and HDL according to
age, gender and education level, Vaud-Fribourg 1992-1997.

sumption in Switzerland consist in the widening of the
observed social gradient and gender differences due to
the vulnerability of the less-educated adolescents to their
environment (peer pressure, advertising, and social
norms) [37]. Currently, a comprehensive strategy to pre-
vent smoking by youths is lacking in this country, with
no information campaigns, no price policy, and no re-
striction on advertising [38]. Switzerland even recently
appeared in a WHO report as one of the most favorable
places for the tobacco industry to develop its activities
[39].

To what extent the school selection system in Vaud
leads to the emergence of earlier and wider social differ-
ences in behaviors, lifestyles, and cardiovascular risk
is difficult to assess. Social gradients in leisure-time
physical inactivity, overweight, and smoking have been
reported to emerge at adolescence in several studies
[16,21,40]. Furthermore, adolescents who dropped out
of the educational system were not surveyed; a previous
study in Vaud showed that they adopt adverse life-
styles more frequently and, therefore, are likely to con-
tribute to the social gradient in cardiovascular risk factors
[41].

In the international context, the cardiovascular risk
profile of adults in the study region can be compared to
those observed in the other 38 MONICA collaborating
centers[14]. Swiss adults were characterized by low rates
of CVD incidence and mortality, and with respect to risk
factors, by low levels of BP, intermediate levels of BMI
and smoking, and high levels of TC. Similar international
data based on standardized measurements are scarce for
children and adolescents. Compared to American chil-
dren, Swiss children had comparable height-adjusted BP
levels, lower BMI levels, and higher TC [21,42,43]. As
for daily smoking between 11 and 15 years. Switzerland
ranked in the lowest tertile among the 28 participating
countries in the WHO international study on Health Be-
haviors in School Children [44]. These findings suggest

that the cardiovascular risk profile did not demonstrate a
substantial intergenerational shift at the international
level.

There are limitations to some of the indicators used in
this study. Our very general measure of physical activity
did not specify the intensity or amount of energy expen-
diture [45], and high-risk categories for risk factors in
adol escence were constructed on an experimental basisin
absence of well-established methods. There were also
slight differences in measurement techniques between the
two surveys. For blood lipids in particular, absolute lev-
els may not be strictly comparable, but differences in
measurement should not affect trends and gender differ-
ences which are the focus of this article, nor the emer-
gence of risk patterns in childhood that display a logical
continuity with adults’ curves. Finally, our definition of
social class only encompassed one of its dimensions
(education).

In conclusion, our study demonstrated that useful in-
formation can be drawn from the cross-sectional cardio-
vascular risk factor profiles of a given population over
the largest possible age range. There was evidence for the
emergence of asocial gradient in terms of CVD risks, and
for the need for preventive actions against the early
adoption of unhealthy behaviors and lifestyles. Exercise
in adolescence should be more vigorously promoted and
sustained, in particular among people who received alow
education, and this independently of the amount of phys-
ical activity they may have while working [46]. Environ-
mental measures should be emphasized, such as the di-
versification of the sports choices and curricula within
and outside the education system. In addition to its effect
on weight regulation, physical activity has been shown to
trigger bone mineral acquisition (reducing the risk of hip
fracture in the elderly) and to correlate with healthier
dietary habits and other positive health-related behaviors
[47-49].

Young girls and women from low social background in
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Fig. 7. Smoothed curves of the number of daily cigarettes consumption
according to age, gender and education level, Vaud-Fribourg 1992-1997.
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Vaud-Fribourg should be especially encouraged to adopt a
less sedentary lifestyle and healthier dietary habits. Since
diet and other hedth-related behaviors are transmitted by
parents as early as infancy, health promotion programs
directed to young families and starting at delivery should be
funded, with special— but nonexclusive—emphasis on low
socioeconomic groups. This study provides a much needed
attempt at continuity between children, adolescent, and
adult research, since asin clinical practice or in prevention
activities, these populations are usualy studied separately
[12].

Acknowledgments

The adolescent survey was supported by the Vaud Phys-
ical Education and Sports Department and the Swiss Federal
School of Gymnastics and Sports of Macolin. The Nestlé
Research Center (Nestec) carried out the adolescents’ blood
sample analyses. The Swiss MONICA Project was funded
by the Swiss National Science Foundation (Grants 3.856-
0.83, 3.938.0.85, 32-9271.87, 32-30110.90) and the Canton
of Vaud.

We acknowledge the contribution of the original sur-
veys collaborators; For the adolescent survey, Michel
Cauderay (IUMSP), and Claude Cavadini, Bernard De
Carli, and Janick Grin (Nestec): for MONICA, Martin Rick-
enbach (IUMSP).

References

[1] Labarthe DR. Epidemiology and prevention of cardiovascular dis-
eases: aglobal challenge. Gaitherburg, MD: Aspen Publishers, 1998.
[2] Barker DJ. Fetal origins of coronary heart disease. BMJ 1995;311:
171-4.
Gillman MW, Rich-Edwards JW. The fetal origins of adult dis-
ease: from sceptic to convert. Paediatr Perinat Epidemiol 2000;
14:192-3.
Labarthe DR, Nichaman MZ, Harrist RB, Grunbaum JA, Sai S.
Development of cardiovascular risk factors from age 8 to 18 in
Project HeartBeat Study. design and pattern of changes in plasma
total cholesterol. Circulation 1997;95:2636—42.
Mahoney LT, Burns TL, Stanford W, Thompson BH, Witt JD,
Rost CA, et al. Coronary risk factors measured in childhood and
young adult life are associated with coronary artery calcification in
young adults: the Muscatine Study. JAm Coll Cardiol 1996;27(2):
277-84.
Uiterwaal CS, Anthony S, Launer LJ, Witteman JC, Trouwborst AM,
Hofman A, et a. Birth weight, growth, and blood pressure: an annual
follow-up study of children aged 5 through 21 years. Hypertension
1997;30:267—71 (2 Part 1).
[7] Berenson GS, Srinivasan SR, Webber LS, Nicklas TA, Hunter SM,
Harsha DW, et a. Cardiovascular risk in early life: the Bogalusa
Heart Study. Current Concepts, a SCOPE publication. Kaamazoo.
The Upjohn Company. April 1991.
Eriksson JG, Forsen T, Tuomilehto J, Osmond C, Barker DJP. Early
growth and coronary heart disease in later life: longitudinal study.
BMJ 2001;322:949-53.
[9] Guo SS, Huang C, Demerath E, Towne B, Chumlea WC, Siervogel
RM. Body mass index during childhood, adolescence and young

(3

]

[4

[l

(5

—

6

]

8

—_

adulthood in relation to adult overweight and adiposity: the Fels
Longitudinal Study. Int J Obes 2000;24:1628-35.

[10] Kelder SH, Perry CL, Klepp K, Lytle LL. Longitudinal tracking of
adolescent smoking, physical activity, and food choice behaviors.
Am J Public Health 1994,84:1121—6.

[11] Perry CL. Cardiovascular disease prevention among youth: visioning
the future. Prev Med 1999;29:579-S83.

[12] Labarthe DR. Prevention of cardiovascular disease risk factorsin the
first place. Prev Med 1999;29:S72-S78.

[13] Paradis G, McCrindle B. Prevention and control of risk factors among
children and youths. Can J Cardiol 1999;15:25G-31G.

[14] Keil U, Kuulasmaa K. WHO MONICA Project: risk factors. Int J
Epidemiol 1989;18(3 Suppl. 1):S46—S55.

[15] Tunstall-Pedoe H, Kuulasmaa K, Mahdnen M, Tolonen H, Ruoko-
koski E, Amouyel P. Estimation of contribution of changes in coro-
nary-event rates across the WHO-MONICA Project populations. Lan-
cet 2000;353:1547-57.

[16] Leino M, Raitakari OT, Porkka KV, Tamela S, Vilkari JS. Associ-
ations of education with cardiovascular risk factors in young adults:
the Cardiovascular Risk in Young Finns Study. Int J Epidemiol
1999;28:667—75.

[17] Kaplan GA, Kell JE. Socioeconomic factors and cardiovascular dis-
ease: areview of the literature. Circulation 1993;88:1973-98.

[18] Narring F, Cauderay M, Cavadini C, Michaud PA. Physical fitness
and sport activity of children and adolescents: methodological aspects
of aregiona survey. Soz Praventivmed 1999;44:44-54.

[19] Wietlisbach V, Paccaud F, Rickenbach M, Gutzwiller F. Trends in
cardiovascular risk factors (1984—1993) in a Swiss region: results of
three population surveys. Prev Med 1997;26:523-33.

[20] National Heart, Lung, and Blood Institute. Nationa Institute of Dia-
betes and Digestive and Kidney Diseases. Clinical guidelines on the
identification, evaluation and treatment of overweight and obesity in
adults: the evidence report. Bethesda, MD: NHLBI, 1998.

[21] Troiano RP, Flegal KM. Overweight children and adolescents. de-
scription, epidemiology, and demographics. Pediatrics 1998;101:
497-504.

[22] Jebb SA, Lambert J. Overweight and obesity in European children
and adolescents. Eur J Pediatr 2000;159:S2—-5S4.

[23] ColeTJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard
definition for child overweight and obesity worldwide: international
survey. BMJ 2000;320:1240-3.

[24] 1999 World Health Organization—International Society of Hyper-
tension guidelines for the management of hypertension. Guidelines
subcommittee. J Hypert 1999;17:151-83.

[25] Update on the 1987 Task Force report on high blood pressure in
children and adolescents: a working group report from the National
High Blood Pressure Education Program. Working Group on Hyper-
tension Control in Children and Adolescents. Pediatrics 1996;98(4
Part 1):649-58.

[26] André JL, Deschamps JP, Gueguen R. Arterial blood pressure in
17,067 children and adolescents: variation with age and height
(French). Arch Fr Pediatr 1980;37:477—82.

[27] Muller B, Nicolet M. Etude sur la 5° secondaire: enquéte aupres de
parents. Lausanne: Centre vaudois de recherches pédagogiques,
1989.

[28] Bolognini-Chollet M, Statistiques scolaires 1968—-1969. Lausanne:
Département de I’ Instruction publique et des cultes du Canton de
Vaud 1969, p. 21-7.

[29] Gould JS. The mismeasure of man. New Y ork: Norton, 1981.

[30] Cleveland WS. Robust locally weighted regression and smoothing
scatterplots. JASA 1979;74:829-36.

[31] Statistical Package for the Socia Sciences. SPSS reference guide,
release 4.0. Chicago: SPSS, 1990.

[32] Stata Corp. Stata statistical software, release 6.0. College Station
(TX): Stata Press, 1999.



228

(33]

(34]

(39]

(36]

(37]

(38]

(39]

[40]

[41]

V. Addor et al. / Preventive Medicine 36 (2003) 217-228

Gerber LM, Stern PM. Relationship of body size and body mass to
blood pressure: sex-specific and developmental influences. Human
Biol 1999;71:505-28.

Freedman DS, Kettel-Khan L, Srinivasan SR, Berenson GS. Black/
white differences in relative weight and obesity among girls: the
Bogalusa Heart Study. Prev Med 2000;30(3):234—43.

Kuh D, Wadsworth M. Parental height: childhood environment and
subsequent adult height in a national birth cohort. Int J Epidemiol
1989;18:663-8.

Caspersen CJ, Pereira MA, Curran KM. Changes in physical activity
patterns in the United States, by sex and cross-sectional age. Med Sci
Sports Exerc 2000;32:1601-9.

Pederson LL, Kova JJ, McGrady GA, Tyas SL. The degree and type
of relationship between psychosocia variables and smoking status for
students in grade 8: is there a dose-response relationship? Prev Med
1998;27:337-47.

Pinget C, Cornuz J. Tobacco taxation: economic and public health
issues. Rev Epidemiol Santé Publique 1999;47:465-72.

LeeCY, Glantz SA, The tobacco industry successful effortsto control
tobacco policy making in Switzerland. San Fransisco: University of
California, 2001 Available from: URL: http://www.library.ucsf.edu/
tobacco/swiss.

Van Horn LV, Ballew C, Liu K, Ruth K, McDonald A, Hilner JE,
et a. Diet, body size, and plasma lipids-lipoproteins in young
adults: differences by race and sex. The Coronary Artery Risk
Development in Y oung Adults (CARDIA) Study. Am J Epidemiol
1991;133:9-23.

Delbos-Piot I, Narring F, Michaud PA. La santé des jeunes hors
formation: comparaison entre jeunes hors formation et en formation

(42

(43]

[44]

]

(45]

[46]

[47]

(48]

[49]

dans le cadre de I’ enquéte sur la santé et les styles de vie des 15-20
ans en Suisse romande. Santé Publique 1995;1:59—-72.

Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. The rela-
tion of overweight to cardiovascular risk factors among children
and adolescents: the Bogalusa Heart Study. Pediatrics 1999;103:
1175-82.

Rosner B, Prineas R, Daniels SR, Loggle J. Blood pressure differ-
ences between Blacks and Whites in relation to body size among US
children and adolescents. Am J Epidemiol 2000;151:1007-19.
Currie C, Hurrelmann K, Settertobulte W, Smith R, Todd J. Health
and health behaviour among young people: health behaviour in
school-aged children: a WHO cross-national study (HBSC) interna-
tiona report. Copenhagen: WHO Regiona Office for Europe, 2000.
(Health policy for children and adolescents series; 1).

Molnér D, Livingstone B. Physical activity in relation to overweight
and obesity in children. Eur J Pediatr 2000;159: S45-S55.
Baranowski T, Mendlein J, Resnicow K, Frank E, Cullen KW, Bara-
nowski J. Physical activity and nutrition in children and youth: an
overview of obesity prevention. Prev Med 2000;31:S1-S10.

Bailey DA, Faulkner RA, McKay HA. Growth, physical activity and
bone mineral acquisition. Exerc Sport Sci Rev 1996;24:233—66.
Cavadini C, Decarli B, Grin J, Narring F, Michaud PA. Food habits
and sport activity during adolescence: differences between athletic
and non-athletic teenagers in Switzerland. Eur J Clin Nutr 2000;54:
S16-S20.

Ferron C, Narring F, Cauderay M, Michaud PA. Sport activity in
adolescence: associations with health perceptions and experimental
behaviors. Health Educ Res 1999;14(2):225-33.



	Cardiovascular risk factor profiles and their social gradient from adolescence to age 74 in a Swiss region
	Introduction
	Populations and methods
	Health examination survey of children and adolescents
	Health examination survey of adults (MONICA project)
	Definition of risk categories
	Social gradient
	Statistical methods

	Results
	Height, weight, and body mass index
	Overweight, obesity, and physical inactivity
	Blood pressure and lipids
	Smoking

	Discussion
	References


