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Abstract
Background: To examine the association of education with body mass index (BMI) and waist circumference (WC)
in the European Prospective Investigation into Cancer and Nutrition (EPIC).
Method: This study included 141,230 male and 336,637 female EPIC-participants, who were recruited between
1992 and 2000. Education, which was assessed by questionnaire, was classified into four categories; BMI and WC,
measured by trained personnel in most participating centers, were modeled as continuous dependent variables.
Associations were estimated using multilevel mixed effects linear regression models.
Results: Compared with the lowest education level, BMI and WC were significantly lower for all three higher
education categories, which was consistent for all countries. Women with university degree had a 2.1 kg/m2 lower
BMI compared with women with lowest education level. For men, a statistically significant, but less pronounced
difference was observed (1.3 kg/m2). The association between WC and education level was also of greater
magnitude for women: compared with the lowest education level, average WC of women was lower by 5.2 cm for
women in the highest category. For men the difference was 2.9 cm.
Conclusion: In this European cohort, there is an inverse association between higher BMI as well as higher WC and
lower education level. Public Health Programs that aim to reduce overweight and obesity should primarily focus
on the lower educated population.
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Background
Overweight and obesity are growing problems worldwide with a prevalence of overweight and obesity of 60%
for European women and 70% for men in the age group
of 45-59 years [1]. Being overweight or obese increases
the risk of some types of cancer, cardiovascular disease,
hypertension, diabetes mellitus type 2, gallstones,
osteoarthritis, or sleep apnea [2]. In most Western
countries, there is a clear association between socioeconomic status (SES) and the risk of becoming overweight
or obese as pointed out by McLaren [3]. Data from
NHANES 1999/2000 survey have shown a higher prevalence of obesity in low educated men and women compared with high educated subjects, although the
difference between these groups decreased between the
survey in the early 1970s and the 1999/2000 survey [4].
In the WHO MONICA project, years of schooling and
BMI were also significantly inversely associated [5]. In
contrast to the US results, MONICA results indicate an
increase in the gap between obesity in less and better
educated subjects in most of the participating centers. It
is interesting to note that in both surveys a trend
towards a higher education in the survey populations
has been observed.
Although body mass index (BMI) is the most commonly used anthropometric measure of obesity, other
measures such as waist circumference (WC) are increasingly being used. WC is of special interest since previous
evaluations of the European Prospective Investigation
into Cancer and Nutrition (EPIC) have shown that WC
was stronger related to overall mortality than BMI [6].
EPIC-PANACEA (Physical Activity, Nutrition, Alcohol,
Cessation of smoking, Eating out of home And obesity)
offers the opportunity to evaluate the association
between highest educational level attained and measurements of BMI and WC in a large European population.
Methods
Population and study design

EPIC is an ongoing multi-centre prospective cohort
study consisting of 23 centres in 10 countries (Denmark,
France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden and the United Kingdom). From
1992 to 2000, more than 500,000 individuals (in majority 35 to 70 years of age) were recruited from the population living in a defined geographical region.
Recruitment procedures have been described in detail
by Riboli et al. [7]. The cohort of France is based on
female members of a health insurance plan for school
employees; parts of the Italian and Spanish cohorts
included members of local blood donors associations;
the cohorts from Utrecht (The Netherlands) and Florence (Italy) recruited participants of breast cancer
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screening programs; and the Oxford cohort consisted of
vegetarians, vegans and other health-conscious individuals. In France, Norway, Utrecht (The Netherlands)
and Naples (Italy) only women were recruited [7]. Baseline information on education, occupation, medical history, tobacco smoking, physical activity and reproductive
history were assessed using questionnaires and/or interviews. Usual diet was measured by country-specific
assessment instruments. Seven countries adopted an
extensive self-administered dietary questionnaire. In
Greece, Spain and Ragusa a dietary questionnaire was
administered by direct interview. A food frequency
questionnaire and a seven-day record were adopted in
the UK. In Malmö, Sweden, a quantitative questionnaire
combined with a 7-day menu book and an interview
was used [7]. Approval for this study was obtained from
the ethical review boards of all participating institutions.
Of the total cohort of 519,931 apparently healthy subjects, we excluded subjects with missing information on
dietary and non-dietary variables (n = 6,675), BMI (n =
4,011), or education (n = 20,170), subjects with an
extreme ratio of energy intake to energy expenditure
(n = 10,209), pregnant women (n = 623), and subjects
with implausible anthropometric measurements (n =
376). The analytical cohort consisted of 141,230 men
and 336,637 women.
Anthropometric measurements

In most EPIC centres height and weight were measured
at recruitment following a standardized procedure and
is described in detail elsewhere [8]. In France, Oxford
and Norway, self-reported data were obtained from all
individuals. For part of the Oxford (UK) cohort, for
which measured data were not available, linear regression models were used to predict sex- and age-specific
values from subjects with both measured and selfreported body measures [9,10]. In each centre, WC was
measured either at the narrowest torso circumference or
midway between the lower ribs and the iliac crest. To
reduce heterogeneity due to protocol differences in
clothing worn during measurement, correction factors
of - 1.5 kg for weight and - 2.0 cm for WC were
adopted for subjects who were normally dressed and
without shoes, while an adjustment for weight of 1.0 kg was applied for subjects in light clothing [8].
While BMI information (measured or self-reported) was
available for all subjects, WC measurements were only
available for 73% of the subjects as waist circumference
has not been measured in Norway, Umea (Sweden), and
in the majority of the French cohort.
BMI was calculated as weight (kg) divided by height
(m) squared. We used the following BMI categories: <
18.5 kg/m 2 , underweight; BMI ≥ 18.5 to < 25 kg/m 2 ,
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normal weight; BMI ≥ 25 to < 30 kg/m 2 , overweight;
BMI ≥ 30 kg/m2, obese.
Highest Level of Education

Educational level, based on highest school level reached
(university, secondary, technical or professional, primary,
or none), was used as a proxy for SES. This variable was
categorized into: (1) primary school or less; (2) vocational secondary education; (3) other secondary education; and (4) university degree.
Covariates

Recruitment age, smoking, physical activity, alcohol consumption, total energy intake and marital status were
taken into account as co-variables. Smoking status was
categorized as current, former, never and missing. To
adjust for the level of physical activity, a five-level validated variable (inactive, moderately inactive, moderately
active, active, and missing) was created [11]. Information
on alcohol consumption reflected the amount of alcohol
consumed daily during the 12 months prior to recruitment. This information was summarized in a six-level
variable for women (non consumers, 1-6, 7-18, 19-30,
31-60, > 60 g/day) and a seven-level variable for men
(non consumers, 1-6, 7-18, 19-30, 31-60 g/day, 61-96, >
96 g/day). Total energy intake was computed from the
dietary assessment instruments. Marital status was categorised as single/separated/widowed, living together/
married and missing.
Statistical methods

The associations between BMI, WC and education were
examined for the total EPIC cohort and by country. All
analyses were carried out by sex. The association
between education and BMI or WC across all countries
was estimated using multilevel mixed linear models with
random intercepts and coefficients both at the centre
and country level. The analysis by countries was done
depending on the number of study centres per country.
For countries with only one centre (i.e., the Netherlands
[men], France, Norway, and Greece), adjusted linear
models were run. For countries with more than one
study centre (i.e., Italy, Spain, the Netherlands [women],
Sweden, Denmark, Germany, and United Kingdom,),
adjusted mixed linear models with random intercept at
centre level were used to assess the association between
highest education level and BMI/WC.
In all models, BMI and WC were modelled as continuous variables. Education level was the independent
variable and modelled using a categorical variable. Age
at recruitment and total energy intake were entered in
the models as continuous variables while physical activity, smoking, and alcohol consumption were entered in
the models as categorical variables. Further adjusting for
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marital status did not change our results and was not
included in the final models. Secondary analyses were
performed by age group (age at recruitment </≥
60 years), smoking status, categories of alcohol consumption (0-<6/≥6 g/day), as well as by BMI (</≥25 kg/m2)
and WC (</≥88 cm in women; </≥102 cm in men [12]).
All statistical analyses were performed with SAS software
version 9.1 (SAS Institute, Cary, NC, USA).

Results
The distribution of educational levels varies widely in
the EPIC cohort (Table 1). The percentage of men having only completed primary school ranged from 10.9%
(Dutch cohorts) to 38.7% (Spanish centers); in women,
the country with the lowest percentage of subjects that
have only completed primary school was in the French
cohort, which consists of female school employees
(11.1%) and highest in the Spanish cohorts (41.8%). In
the Italian cohorts, 14.4% of men had a university
degree compared to 42.5% in the two German cohorts;
in women, the lowest percentage of women with university degree was observed in the Spanish cohorts (10.0%)
and the highest in the British cohorts (39.5%). Besides
the Greek and the Spanish cohorts, only few study participants fell into the category with no formal educational
degree. Therefore, we had combined the categories “no
degree” and “primary school completed” into “primary
school or less”.
Baseline characteristics of the study participants are
shown in Table 2. Subjects with a low educational level
were oldest at time of recruitment, had the highest prevalence of overweight and obesity of all education categories, and reported the lowest level of physical activity.
Men and women with a university degree were less
often current smokers than participants who were less
educated. Women with the lowest education also had
the lowest alcohol consumption.
Compared to women with lowest education, women
with a university degree had a 2.12 kg/m 2 lower BMI
(Table 3). For men, result was similar although less pronounced (1.28 kg/m2). Crude results were similar compared with fully adjusted models. The difference
between lowest and highest education group was larger
in younger than in older women. The difference in BMI
was also stronger in younger men, but less pronounced
than in women. In women, the difference between highest and lowest educational group was stronger in never
than in current smokers, but the confidence intervals
were wide and overlapping. We observed strongly attenuated associations of education with BMI in non-obese
subjects. In women, but not in men, the difference
between highest and lowest education status was still
statistically significant in non-obese subjects, but the difference was merely 0.5 BMI units.
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Table 1 Distribution of EPIC participants by sex, country, and highest level of education attained

France

n

Men

Women

Educational Level

Educational Level

1

2

3

4

Total

1

2

3

4

Total

–

–

–

–

–

7944

–

35437

25699

69080

%

–

–

–

–

–

11.5

–

51.3

37.2

n

2426

2130

7626

2041

14223

9270

3461

14317

4172

%

17.1

15.0

53.6

14.4

29.7

11.1

45.9

13.4

Spain

n

9308

1952

1206

2232

14698

18651

1375

1390

2385

23801

United Kingdom

%
n

63.3
3214

13.3
6514

8.2
2514

15.2
7827

20069

78.4
5457

5.8
14471

5.8
7152

10.0
17699

44779

%

16

32.5

12.5

39.0

12.2

32.3

16.0

39.5

5213

9425

8797

5253

18.2

32.9

30.7

18.3

9557

1007

2891

1816

62.6

6.6

18.9

11.9

22251

7017

12260

2316

7833

29426

22829

23.9
10064

41.7
7715

7.9
4685

26.6
6982

29446

34.2

26.2

15.9

23.7

9128

13568

3455

2996

31.3

46.6

11.9

10.3

8206

12800

10306

4467

22.9

35.8

28.8

12.5

90507

76082

90746

79302

Italy

The Netherlands

n

1093

4136

2079

2681

%

10.9

41.4

20.8

26.8

n

5393

1962

1581

1718

%

50.6

18.4

14.8

16.1

Germany

n

5512

6137

1156

9446

Sweden

%
n

24.8
8460

27.6
4930

5.20
4790

42.5
4649

%

37.1

21.6

20.98

20.4

n

9193

7769

2054

7501

%

34.7

29.3

7.8

28.3

–

–

–

Greece

Denmark
Norway
Total

n

–

%

–

n

44599

35530

23006

38095

9989
10654

26517
–
141230

31220

28688
15271

29147
35779
336637

1 = no formal degree or primary school completed ("primary school or less”); 2 = vocational secondary training; 3 = other secondary education; 4 = university.

The direction of the overall association between BMI
and education was consistent in all countries, although
the strength of the association differed between countries. In women the association was weakest in the
French cohort and strongest in the Greek cohort (Figure 1).
In men, the weakest association was observed in the
British centers, while the association was most pronounced in the Italian centers (Figure 2). For all countries, but men of the Greek and Danish cohorts there was
a clear trend between level of education and BMI; however, in all countries, BMI was significantly lower for all
three higher education categories compared with the
lowest education level (data not shown).
The association between WC and education level was
stronger for women than for men: compared with the
lowest education level, the average waist circumference
was statistically significantly lower by 5.20 cm for female
participants in the highest category (Table 4). For men
the respective difference was 2.94 cm. Crude associations were similar to the fully adjusted models. Age stratification revealed a stronger difference in WC with
education in elderly men compared to younger men.
However, for women the difference was larger in the
younger than in the older age group. As seen for BMI,
the difference between highest and lowest educational
group was stronger in never than in current smokers,

but again with wide and overlapping confidence intervals. The observed differences were similar between
non- or occasional consumers of alcoholic beverages
and regular consumers (≥6 g ethanol/day). Even among
women with a waist circumference < 88 cm, the difference between highest and lowest educated women was
statistically significant, but not among men with normal
waist (< 102 cm). When adding BMI to the statistical
model, all associations for WC were attenuated and lost
statistical significance (data not shown).
These associations were observed in most countries,
but the magnitude of the effect differed between countries. In females, the association was weakest in the British centers and strongest in women of the Greek cohort;
no statistically significant difference was observed in
French women (Figure 3). In almost all centers besides
France, women with secondary school or technical/professional school also had significant lower waist circumference compared to women with low education. For
men, the relation was smallest in the Danish cohorts
and strongest in the Dutch centers (Figure 4). Men of
the Greek and the Swedish cohorts had a non-significant difference in waist circumference in participants
with secondary school and technical/professional school;
for all other centers, the difference was statistically significant (data not shown).

Men

n (%)

Women

Primary school
or less

Vocational
Other secondary
secondary education education

University

Primary school
or less

Vocational
Other secondary
secondary education education

University

44599 (31.6)

35530 (25.2)

23006 (16.3)

38095 (27.0)

90507 (26.9)

76082 (22.6)

90746 (27.0)

79302 (23.6)

Median (interquartile range)
Age at recruitment (years)
Total energy intake (kcal/
day)
Alcohol consumption at
baseline (g/d)
BMI (kg/m2)

56.7 (50.6-61.8)
2381 (1954-2877)

52.1 (45.5-58.5)
2341 (1938-2806)

48.7 (40.4-56.0)
2439 (2008-2931)

51.4 (43.5-57.7)
2304 (1927-2730)

54.7 (48.7-60.9)
1823 (1498-2209)

51.1 (44.4-56.7)
1807 (1508-2157)

50.2 (44.5-56.1)
1958 (1620-2355)

48.3 (42.9-54.3)
1935 (1608-2311)

12.6 (3.0-32.6)

12.8 (4.2-29.4)

12.1 (3.7-28.1)

15.0 (6.1-30.9)

1.5 (0.0-7.3)

3.8 (1.0-10.6)

4.0 (0.7-11.9)

6.2 (1.6-13.8)

27.2 (24.9-29.7)

26.1 (24.1-28.4)

25.7 (23.6-28.0)

25.4 (23.4-27.6)

26.3 (23.6-29.8)

24.3 (22.1-27.2)

23.3 (21.3-25.8)

22.7 (20.9-25.1)

WC (cm)

97.0 (91.0-104.0)

94.0 (87.5-100.0)

92.3 (86.3-99.0)

92.0 (86.0-98.0)

85.0 (77.0-93.0)

77.5 (71.2-85.3)

77.0 (71.0-84.0)

74.0 (69.0-80.8)

51.8

50.0

46.5

45.1

38.2

31.2

24.4

20.1

Prevalence of obesity (%)a 22.5

14.2

12.1

9.9

23.9

11.7

7.4

5.4

Percent
Prevalence of overweight
(%)a
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Table 2 Baseline Characteristics of EPIC participants by sex and highest level of education; 1992-2000

Smoking status
Never

27.4

30.2

34.8

40.8

60.9

46.5

56.4

56.3

Former

37.0

37.9

34.6

35.7

16.3

26.8

22.5

26.2

Smoker
Missing

34.6
1.0

31.1
0.8

29.5
1.1

22.6
0.9

21.3
1.5

25.4
1.2

18.2
3.0

15.2
2.4

Inactive

20.5

14.8

14.9

16.3

33.6

13.9

18.0

14.1

Moderately inactive

23.7

25.6

28.7

35.1

27.8

27.9

32.3

34.2

Moderately active

22.4

22.0

19.4

23.0

14.4

18.5

22.3

27.0

Active

24.8

26.8

19.7

18.4

10.7

17.9

11.3

14.5

Missing

8.6

10.8

17.2

7.3

13.6

21.8

18.2

10.2

9.4

13.2

15.9

15.8

12.8

15.8

17.0

24.9

Married/living
together

48.3

58.4

65.8

58.3

54.5

61.5

74.8

66.5

Missing

42.3

28.4

18.3

25.9

32.7

22.7

8.2

8.6

Physical activity

Marital status
Single/divorced/
separated/widowed

overweight defined as BMI ≥ 25 and < 30, obesity defined as BMI ≥ 30.
does not add up to 100% due to missing information.

a

b
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Table 3 Associationa,b between level of education and BMI (kg/m2) in EPIC by sex and subgroups; EPIC participants
interviewed between 1992 and 2000
Primary school or less Vocational secondary training Other secondary education
Estimate

University

95% CI

Estimate

95% Ci

Estimate

95% CI

BMI (kg/m2)
Women
Overall crude

ref.

-1.16

-2.46 to 0.14

-1.58

-2.69 to -0.47

-2.25

-3.39 to -1.10

Overall adjusteda

ref.

-0.98

-1.11 to -0.85

-1.44

-1.69 to -1.20

-2.12

-2.49 to -1.76

Age > = 60

ref.

-0.84

-0.98 to -0.70

-1.25

-1.47 to -1.03

-1.56

-1.88 to -1.24

Age < 60

ref.

-1.30

-1.56 to -1.04

-1.46

-1.72 to -1.20

-2.13

-2.48 to -1.78

Never smoker

ref.

-1.19

-3.45 to 1.08

-1.68

-3.70 to 0.35

-2.37

-4.42 to -0.32

Former smoker

ref.

-1.03

-2.16 to 0.10

-1.51

-2.56 to -0.45

-2.04

-3.08 to -0.99

Current smoker

ref.

-0.90

-1.52 to -0.29

-1.05

-1.65 to -0.45

-1.59

-2.23 to -0.95

ref.
ref.
ref.

-1.10
-1.05
-0.15

-2.40 to 0.20
-2.14 to 0.04
-0.65 to 0.35

-1.54
-1.42
-0.27

-2.67 to -0.41
-2.35 to -0.50
-0.72 to 0.19

-2.23
-1.97
-0.47

-3.38 to -1.08
-2.91 to -1.03
-0.92 to -0.02

ref.

-0.57

-1.16 to 0.01

-0.76

-1.25 to -0.27

-1.08

-1.64 to -0.53

Overall crude

ref.

-0.56

-1.68 to 0.56

-0.81

-1.91 to 0.29

-1.28

-2.45 to -0.10

Overall adj.

ref.

-0.52

-0.61 to -0.44

-0.84

-1.00 to -0.69

-1.28

-1.50 to -1.07

ref.
ref.

-0.61
-0.55

-0.79 to -0.44
-0.68 to -0.43

-0.70
-0.84

-0.90 to -0.49
-1.01 to -0.67

-0.97
-1.36

-1.16 to -0.77
-1.55 to -1.18

Never smoker

ref.

-0.66

-1.27 to -0.06

-0.95

-1.59 to -0.31

-1.52

-2.23 to -0.82

Former smoker

ref.

-0.63

-0.99 to -0.27

-0.83

-1.24 to -0.42

-1.28

-1.80 to -0.75

Current smoker

ref.

-0.50

-1.67 to 0.67

-0.85

-2.03 to 0.33

-1.14

-2.34 to 0.05

Alcohol intake 0- < 6 g/day

ref.

-0.67

-1.83 to 0.49

-0.89

-2.06 to 0.28

-1.42

-2.68 to -0.15

Alcohol intake ≥ 6 g/day

ref.
ref.

-0.56
-0.01

-1.16 to 0.04
-0.16 to 0.15

-0.87
-0.02

-1.46 to -0.28
-0.20 to 0.15

-1.33
-0.04

-2.02 to -0.64
-0.24 to 0.15

ref.

-0.52

-0.79 to -0.24

-0.62

-0.88 to -0.37

-0.95

-1.25 to -0.66

Alcohol intake 0- < 6 g/day
Alcohol intake ≥ 6 g/day
BMI < 25 kg/m2
BMI ≥ 25 kg/m2
Men

Age > = 60
Age < 60

BMI < 25 kg/m2
BMI ≥ 25 kg/m2
a

adjusted for recruitment age, smoking, physical activity, alcohol consumption, total energy intake (when applicable).
b
the association between education and BMI or WC across all countries was estimated using multilevel mixed linear models with random intercepts and
coefficients both at the centre and country level.

Discussion
WC is a measure of central adiposity, while BMI is generally considered as an indicator of overall obesity. In
this European cohort, we observed that higher educated
participants had lower BMI and as well as smaller WC.
However, when adjusting WC for BMI, the association
of education with WC was strongly attenuated, indicating that BMI is a good indicator of the association
between education and obesity.
This inverse association between BMI and educational
level is in line with results in other studies [2,3,13-15],
some also showing a stronger association for women
than for men [3,5,16,17]. However, the reason for this
difference is still mostly unclear. Differences between
SES categories in physical activity and energy intake
might explain part of the association between SES and
BMI [18], but this is not observed in our and other studies [19]. Furthermore, it could not be shown that SES
status affects either total energy intake or macronutrients composition of the diet [20]. Similarly, in EPIC

total energy intake did not differ strongly between the
education categories (see Table 2). Another explanation
is that underreporting might be more common in less
educated subjects. Individuals with a higher BMI as well
as those who want to reduce weight tend to underreport
dietary intake to a greater degree than individuals with
lower BMI [21-23]. This behaviour seems to be more
common among women than among men in EPIC [24].
Since 74% of the subjects in the lowest education category are either overweight or obese, the impact of dietary underreporting may be more meaningful among less
educated people. The observed inverse SES gradients in
BMI and WC are, thus, likely underestimated. Furthermore, it can be speculated that foods with a high energy
density and an unhealthy image are underreported.
Energy expenditure is a further important factor that
influences BMI. Subjects in the lowest education level
stated to be inactive most frequently (22.4% of men and
38.9% of females). It has also been shown that individuals who overestimated energy expenditure on the
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Figure 1 Difference (mean and 95% CI) in BMI (in kg/m2) between highest and lowest educational level in women; EPIC participants
interviewed between 1992 and 2000. The dotted vertical line indicates the overall mean difference between highest and lowest educational
level.

Figure 2 Difference (mean and 95% CI) in BMI (in kg/m2) between highest and lowest educational level in men; EPIC participants
interviewed between 1992 and 2000. The dotted vertical line indicates the overall mean difference between highest and lowest educational
level.
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Table 4 Associationa,b between level of education and waist circumference (cm) in EPIC by sex and subgroups; EPIC
participants interviewed between 1992 and 2000
Primary school or less

Vocational secondary
education

Other secondary
education

University

Estimate

95% CI

Estimate

95% Ci

Estimate

95% CI

ref.
ref.

-3.23
-2.62

-5.72 to -0.74
-2.94 to -2.30

-3.98
-3.71

-6.10 to -1.87
-4.32 to -3.10

-5.43
-5.20

-7.76 to -3.10
-6.10 to -4.30

Age > = 60

ref.

-2.06

-2.54 to -1.58

-3.02

-3.49 to -2.56

-3.83

-4.74 to -2.91

Age < 60

ref.

-3.39

-3.99 to -2.80

-4.09

-4.57 to -3.62

-5.47

-6.19 to -4.76

Never smoker

ref.

-3.66

-5.84 to -1.48

-4.44

-6.38 to -2.50

-5.85

-7.98 to -3.72

Waist (cm)
Women
Overall crude
Overall adj.

Former smoker

ref.

-2.94

-4.96 to -0.91

-3.73

-5.77 to -1.70

-5.06

-7.05 to -3.07

Current smoker

ref.

-2.69

-3.85 to -1.54

-2.88

-4.04 to -1.72

-4.11

-5.29 to -2.92

Alcohol intake 0- < 6 g/day

ref.

-3.21

-5.59 to -0.83

-3.95

-6.02 to -1.89

-5.41

-7.73 to -3.09

Alcohol intake ≥ 6 g/day
waist circumf. < 88 cm

ref.
ref.

-3.37
-1.28

-5.07 to -1.68
-2.57 to 0.01

-4.02
-1.65

-5.68 to -2.37
-2.91 to -0.40

-5.19
-2.25

-6.84 to -3.54
-3.51 to -0.98

waist circumf. ≥ 88 cm

ref.

-0.85

-1.47 to -0.23

-1.31

-1.70 to -0.91

-1.63

-2.32 to -0.94

Overall crude

ref.

-1.49

-3.28 to 0.30

-1.75

-3.58 to 0.07

-2.84

-4.90 to -0.78

Overall adj.

ref.

-1.25

-1.50 to -1.01

-1.97

-2.41 to -1.54

-2.94

-3.55 to -2.33

ref.

-1.44

-1.95 to -0.93

-1.53

-2.07 to -.99

-2.15

-2.70 to -1.61

ref.
ref.

-1.39
-1.93

-1.71 to -1.08
-3.64 to -0.22

-1.96
-2.29

-2.39 to -1.53
-4.03 to -0.55

-1.96
-3.70

-3.63 to -2.67
-5.60 to -1.80

Men

Age > = 60
Age < 60
Never smoker
Former smoker

ref.

-1.51

-3.17 to 0.14

-1.92

-3.71 to -0.14

-3.06

-4.99 to -1.12

Current smoker

ref.

-1.33

-4.66 to 2.01

-2.08

-5.48 to 1.32

-2.51

-5.88 to 0.86

Alcohol intake 0- < 6 g/day

ref.

-1.67

-4.95 to 1.61

-2.05

-5.50 to 1.40

-3.26

-6.78 to 0.26

Alcohol intake ≥ 6 g/day

ref.

-1.53

-3.26 to 0.21

-2.15

-3.88 to -0.42

-3.14

-5.07 to -1.22

Waist circumf. < 102 cm

ref.

-0.40

-1.61 to 0.82

-0.76

-2.10 to 0.57

-1.29

-2.67 to 0.09

Waist circumf. ≥ 102 cm

ref.

-0.60

-0.98 to -0.22

-0.54

-0.99 to -0.10

-1.03

-1.40 to -0.66

a

adjusted for recruitment age, smoking, physical activity, alcohol consumption, total energy intake (when applicable).
the association between education and BMI or WC across all countries was estimated using multilevel mixed linear models with random intercepts and
coefficients both at the centre and country level.
b

physical activity records had a significantly higher BMI
and percentage of body fat compared with those that
accurately estimated their energy expenditure [25,26].
Overall, we observed a difference in BMI of 2.12 kg/m2
in women and of 1.28 kg/m 2 in men when comparing
highest with lowest educational level. Although Molarius
et al. [5,27] did not estimate an overall difference in the
MONICA surveys, our results are comparable with the
MONICA results in range. It is interesting to note that
the association between education and BMI was smallest
in women from the Scandinavian centers as well as the
UK cohort and the French. However, for France this
could be explained by the relative homogenous SES level
at study intake, because only teachers and other school
employees were recruited. So, although at younger age
the educational level might have differed, later on
inequalities in SES disappeared. The association was
strongest in Greece, but associations in the Spanish and

Italian cohorts were more comparable to associations in
centers from Middle Europe. Recently, Roskam et al. [27]
showed that educational inequalities in overweight and
obesity were largest in Mediterranean women, whereas
they were largest in French, German, Belgian, and Czech
women in the MONICA surveys [5]. For men, the
inequalities are in general smaller and no clear geographical pattern emerge for Southern, Central, and Northern Europe [5,27]. In our analysis, it has to be taken into
account, that although most cohorts were recruited from
the general population, the cohorts are in the majority
not representative of a country. Furthermore, as some
cohorts have been recruited from specific subgroups of
the population such as blood donors comparisons
between the cohorts should be interpreted with caution.
Our study includes a large sample size and participants from ten European countries. However, for some
centers, i.e., France, Oxford, and Norway, only self-
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Figure 3 Difference (mean and 95% CI) in waist circumference (in cm) between highest and lowest educational level in women; EPIC
participants interviewed between 1992 and 2000. The dotted vertical line indicates the overall mean difference between highest and lowest
educational level.

reported information was available. Assuming an underreporting of weight and WC in these centers that is
stronger in less than better educated individuals, this
would cause a weaker association between BMI and WC
and SES compared with other centers. This is what we
indeed observed (Figures 1, 2, 3 and 4), although we still
observed statistically significant relations between BMI
and education in these centers. Differences in measurement of waist circumference between centers might also
partly explain differences in the association between
waist circumference and education between the centers.
The EPIC participants were recruited over a time period
of eight years (from 1992 to 2000). Changes in the prevalence of obesity and changes in the structure of the
educational system (i.e., a trend towards a higher education in the general population) might lead to a small
cohort effect, such that the association between SES and
BMI could be different between subjects that have been
recruited at the beginning of this period and subjects
that have been recruited towards the end. Our data was
too limited to study this.
Education was used in our analysis as an indicator of
SES. Low educational levels may influence obesity-

related behaviour such as diet and physical activity,
which may be caused by lack of knowledge [28]. Compared to occupation and income, education is stable
throughout life and reflects childhood conditions. However, stability can be a limitation because it does not
take social advancements and status later in life into
account [29]. In addition, SES of the spouse may be
important, too. Neglecting this may result in an error
that is probably more severe in older women, who
adapted the SES of their partners after marriage. This
may also explain the stronger effect seen in younger
subjects (< 60 years of age). However, adjusting for marital status did not change our study results. Further variables to better capture a subject’s SES such as household
income have not consistently been assessed in all EPIC
centers. The fact that the educational systems are
diverse in the various European countries may lead to
further misclassification. However, the lowest (primary
school or less) as well as the highest educational level
(university degree) should be rather comparable for all
countries. Also, efforts have been made to correct for
misclassification by comparing highest school level with
years of schooling.
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Figure 4 Difference (mean and 95% CI) in waist circumference (in cm) between highest and lowest educational level in men; EPIC
participants interviewed between 1992 and 2000. The dotted vertical line indicates the overall mean difference between highest and lowest
educational level.

Conclusion
In all European EPIC cohorts, there was an inverse association seen between BMI as well as WC and education
level. Our results confirm previous literature on SES
and BMI; as well add new information for the association between WC and level of education.
Public Health Programs that aim to reduce overweight
and obesity should primarily focus on the lower educated population, such that these programs are better
targeted to the addressed population group.
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