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Increases in obesity, hypercho-
lesterolemia, and diabetes may be
under way in Europe. We have re-
ported the only data available from
the 1990s for continuous monitor-
ing of chronic disease risk factors in
random samples of a general Euro-
pean population. In random surveys
(1993–2003) of 6164 men and 6107
women in Geneva, overweight and
obesity combined increased in both
men and women; hypercholesterol-
emia prevalence also rose; diabetes
treatment increased in men. Only
population-based interventions can
prevent the impending epidemic
of obesity-related disorders. (Am J
Public Health. 2005;95:632–635. doi:
10.2105/2004.047877)

Increasing relative weight trends in popula-
tions have caused much concern among
health care providers.1,2 Prevalence rates of
obesity and sedentary life have been escalat-
ing in the United States, where the National
Health and Nutrition Examination Surveys,
performed about every 10 years since 1960,
showed obesity rates doubling between 1976
through 1980 and 1990 through 2000.3 In-
creased relative weight coincides with lipid
and glucose metabolism disruptions, which
translate into higher hypercholesterolemia

and diabetes prevalence rates.4–6 However,
very little evidence has been reported that
similar trends are under way in Europe.7 In
Geneva, smoking, obesity, high blood pres-
sure, and physical inactivity are more preva-
lent among persons of low socioeconomic
status, and most socioeconomic risk factor
differences remained stable in the 1990s.8

A wider epidemic of metabolic disorders
may be under way in Geneva, characterized
by concurrent, parallel trends in obesity, hy-
percholesterolemia, and diabetes. Geneva has
a relatively low prevalence of obesity,9 so the
situation may be worse in other European
populations.

METHODS

A risk factor surveillance system (Bus Santé)
has been collecting information continuously
from nonoverlapping random samples of
adults aged 35 to 74, representative of the Ge-
neva (city and canton) general population,
since 1993. Through 2003, 12271 subjects
(6164 men and 6107 women) have been in-
terviewed and examined. Sampling methods,
questionnaires, and examination techniques
have been standardized and are described in
detail elsewhere.8 Annual response rates were
57% to 65%. These are accurate participation
estimates because the target population is well
defined and enumerated. Residents unable to
participate because they either worked outside
the canton, were too sick to come, or did not
understand French well enough to respond to
the questionnaires were counted as refusals.

On the day of the mobile clinic appointment,
each participant undergoes a physical examina-
tion. Weight and standing height are measured
in subjects who are dressed but not wearing
shoes (medical scale, precision=0.5 kg; medical
gauge, precision=1 cm). Until 1998, total cho-
lesterol was measured in plasma from capillary
blood taken from the fingertip of nonfasting
subjects with dry chemistry analyzers (Re-
flotron, Roche Diagnostic, Basel, Switzerland).
Thereafter, it was assayed in fasting venous
blood (Bayer Technicon Diagnostics, Brussels,
Belgium) because substantial progressive un-
derestimation in Reflotron capillary total cho-
lesterol compared with the nondry chemistry
laboratory measurement was observed (biases
+0.08, −0.17, −0.27, and −0.60 mmol/L in
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Note. Overweight = 25 ≤ body mass index (BMI) < 30 kg/m2; obese = BMI ≥ 30 kg/m2; hypercholesterolemia = total plasma cholesterol ≥ 6.5 mmol/L (approximately 250 mg/dL) or self-report of
taking medication for high cholesterol; diabetes treatment: self-reported.

FIGURE 1—Eleven-year trends (1993–2003, mean age-adjusted linear regression) in overweight (only), obesity, overweight and obesity combined,
hypercholesterolemia, and diabetes treatment among a random sample of 6164 male residents of Geneva, Switzerland, aged 35 to 74 years.

1999–200210). Overall, 57% of the Reflotron
capillary total cholesterol measurements for
894 hypercholesterolemic (see next para-
graph) patients underestimated laboratory ve-
nous total cholesterol (2%, 57%, 71%, and
98% in 1999–200210). Monthly quality con-
trols for both methods were performed by the
Swiss Center for Quality Control in Clinical
Chemistry and Hematology.

The risk factors were defined as follows:
(1) relative weight in terms of body mass index
(BMI, kg/m2)—overweight=25≤BMI<30,
obese=BMI≥30; and (2) hypercholesterol-
emia: total plasma cholesterol≥6.5 mmol/L
(approximately 250 mg/dL) or self-report of
taking medication for high cholesterol. Partici-
pants also were asked if they were receiving a
drug therapy for diabetes.

Risk factor prevalence trends (individual-
level data, mean age adjusted) were assessed
with both quarterly (44 time points) and an-
nual (11 time points) linear regression models.
The results were very similar, so annual trends
are reported here. The linear regression slope
represented the annual change in prevalence,
and the associated (2-tailed) P value tested the
null hypothesis that the slope was 0 (no trend).
In addition, annual, mean age-adjusted preva-
lences (aggregated data) provided some idea of
background sampling fluctuations.11

Six gender-specific prevalence rates of
being at risk due to having (1) both high rela-
tive weight (i.e., being either overweight
(only), obese, or overweight/obese) and hy-
percholesterolemia or (2) high relative weight
or hypercholesterolemia were compared be-

tween the diabetes treatment (no or yes) sub-
groups with Fisher exact tests.

RESULTS

Among men, respective overweight (only)
and obesity prevalence rates increased
significantly—from 35% and 9%, respectively,
in 1993 to 44% and 15%, respectively, in
2003 (trend P < .02; Figure 1). Likewise, the
combined prevalence of overweight and obe-
sity increased significantly (from 44% to
59%; trend P < .001).

Among women, borderline trends in over-
weight (only) (from 18% to 26%; trend
P<.06) and obesity (from 7% to 11%; trend
P < .07; Figure 2) were seen. However, the
increase in overweight and obesity combined
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Note. Overweight = 25 ≤ body mass index (BMI) < 30 kg/m2; obese = BMI ≥ 30 kg/m2; hypercholesterolemia = total plasma cholesterol ≥ 6.5 mmol/L (approximately 250 mg/dL) or self-report of
taking medication for high cholesterol; diabetes treatment: self-reported.

FIGURE 2—Eleven-year trends (1993–2003, mean age-adjusted linear regression) in overweight (only), obesity, overweight and obesity combined,
hypercholesterolemia, and diabetes treatment among a random sample of 6107 female residents of Geneva, Switzerland, aged 35 to 74 years.

was statistically significant (from 24% to
37%; trend P<.01).

Hypercholesterolemia increased signifi-
cantly in both genders (men: from 21% to
30%; trend P<.01; women: from 18% to
26%; trend P<.001).

Among men, diabetes treatment prevalence
increased significantly (from 2% to 5%; trend
P<.001). Among women, there was no evi-
dence of a sustained increase in diabetes
treatment prevalence (all prevalence rates=
1%; trend P=.56).

The small fraction of either gender receiving
treatment for diabetes was significantly more
likely to have at least 1 of the other 2 risk fac-
tors (high relative weight, high cholesterol) com-
pared with their nontreated counterparts (men:
P<.05 for all 6 comparisons; women: P<.01
for 5 of 6 comparisons; not shown otherwise).

DISCUSSION

This is the first strong evidence of concur-
rent, increasing 11-year trends through 2003
in overweight and/or obesity, hypercholester-
olemia, and diabetes treatment in a popula-
tion of European general adult men. Among
adult women in Geneva, an increasing trend
in hypercholesterolemia was accompanied by
an increase in being either overweight or
obese, with no evidence of a change in dia-
betes treatment prevalence. The parallel ris-
ing trends are related because overweight or
obesity and hypercholesterolemia occurred
more frequently among subjects receiving a
drug treatment for diabetes. The Geneva
adult population is one of the leanest of those
that participated in the EURALIM (EURope
ALIMentation) project.9,12 Therefore, this evi-

dence is also likely to be relevant for other
European communities.

These trends might have been overlooked
without the unique, ongoing system of contin-
uous surveillance of health determinants in
Geneva. Reports on trends normally rely on
periodic local or national surveys, usually re-
peated within intervals of years.13 Because of
random sampling variation in survey re-
sponses, reliance on data from a limited num-
ber of time points in a decade can be mis-
leading. However, trends based on many
more closely spaced time points can be identi-
fied clearly and interpreted with more confi-
dence than if they were based on fewer time
points spaced at much longer intervals.

The “obesity epidemic” might be a harbin-
ger of a wider epidemic of metabolic disor-
ders. The health effects of overweight and
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obesity on hypercholesterolemia, hyperten-
sion, and diabetes are well established.3 They
incur increases in a wide range of chronic dis-
orders and declines in life expectancy.

Feasible ways to combat the impending
epidemic exist. It has been proposed that an
excess intake of 420 kJ/day (100 kcal/day)
is responsible for the increasing relative
weight observed in many populations. The
latter amount of energy can be expended, on
average, only if the public health objective is
to make populations become globally more
active.14
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