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Abstract Non-participation in population studies is likely

to be a source of bias in many types of epidemiologic

studies, including those describing social disparities in

health. The objective of this paper is to present a non-

attendance analysis evaluating the possible impact of

selection bias, when investigating the association between

education level and cardiovascular risk factors. Data from

the INTERGENE research programme including 3,610

randomly selected individuals aged 25–74 (1,908 women

and 1,702 men), in West Sweden were used. Only 42% of

the invited population participated. Non-attendance analy-

ses were done by comparing data from official registries

(Statistics Sweden) covering the entire invited study pop-

ulation. This analysis revealed that participants were more

likely to be women, have university education, high

income, be married and of Nordic origin compared to non-

participants. Among participants, all health behaviours

studied were significantly related to education. Physical

activity, alcohol use and breakfast consumption were

higher in the more educated group, while there were more

smokers in the less educated group. Central obesity,

obesity and hypertension were also significantly associated

with lower education level. Weaker associations were

observed for blood lipids, diabetes, high plasma glucose

level and perceived stress. The socio-demographic differ-

ences between participants and non-participants indicated

by the register analysis imply potential biases in epidemi-

ological research. For instance, the positive association

between education level and frequent alcohol consumption,

may, in part be explained by participation bias. For other

risk factors studied, an underestimation of the importance

of low socioeconomic status may be more likely.

Keywords Cardiovascular disease risk factors �
Education � Selection bias � Socioeconomic status

Introduction

Social inequality in health remains a major political concern

and reducing health inequalities is one of the main chal-

lenges within the public health sector in Europe [1]. Even in
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a country like Sweden with a relatively narrow income

distribution, there are health differences between social

groups [2–5]. Social inequalities in self-reported health have

actually been reported to be larger in Sweden compared to

some other European countries [6] and inequalities in the

risk of coronary heart disease seems to be greater in northern

European countries compared with southern Europe [7].

Adequate public health measures tackling these

inequalities depend upon valid information and monitoring

of the existing health situation including life-style in the

population. Monitoring health inequalities can be based

upon different sources such as linkage between socio-eco-

nomic registries to health-related registries and national or

local (e.g. regional) health surveys. Sweden is among rel-

atively few countries where personal id numbers can be

employed in epidemiological studies. For instance, these

registries provide information ranging from sociodemo-

graphics to disease status in participants and non-partici-

pants. For instance, linkage to a registry enables researchers

in Sweden to assess the achieved level of education in

survey participants and in the source population.

The validity of the data and the estimates of the strength

and direction of health inequality measures will depend

upon representative attendance in the study populations with

regard to the variables under study. Participation rates in

epidemiological studies have declined in recent years [8],

and non-participants have been shown to have lower

socioeconomic status than participants [9–12]. Such dif-

ferences as well as unwillingness and lower possibility to

participate may result in biased estimates of morbidity,

mortality, risk factor levels and their association to social

class. Harald et al. [10] demonstrated that non-participants

in FINRISK in Finland had higher cardiovascular disease

(CVD) mortality than participants, and proposed that the

higher risk of CVD death by lower education might be

underestimated due to selection bias. The ideal way to assess

whether the effect estimates in a survey are systematically

deviating from the truth and representing a selection bias

would be to compare the information gained in the surveyed

sample with the same information from the source popula-

tion. This however, is usually not possible, but linkage to

socio-economic registries may provide insight in the

direction and likely magnitude of a probably biased result.

The present study is a cross-sectional assessment of the

relation of socioeconomic indicators with cardiovascular

risk factors and life-style variables in a population based

randomly selected sample. We have used education as a

proxy for social class as this is most frequently studied

indicator of socioeconomic status, is easy to measure and

remains fairly stable through adulthood [13]. A key

objective of this paper is to present a non-attendance

analysis evaluating possible selection bias, when

investigating the association between education level and

cardiovascular risk factors, self reported health status, life-

style and stress and socio-economic indicators in a west

Swedish population.

Methods

The INTERGENE research programme

The subjects in this prevalence study were recruited from

the INTERGENE study cohort. INTERGENE is a popu-

lation-based research programme assessing the INTERplay

between GENEtic susceptibility, environmental factors,

lifestyle, biological and psychosocial background for the

risk of chronic diseases, as well as the trends in cardio-

vascular disease and risk factors in the Västra Götaland

Region in the south-western part of Sweden. The survey

started in April 2001 and continued until the end of 2004.

The INTERGENE study population consists of three sub-

groups: coronary heart disease (CHD) patients, their first

degree relatives, and a population-based randomly selected

sample aged 25–74 years living in the region. Details of

this study have been published by Berg [14–16].

Study procedure

The selected individuals in the population-based sample

received a postal invitation and information about the study.

On the screening day they gave their written consent,

underwent a clinical examination, and filled in question-

naires which were checked by a research nurse. The clinical

examination included measures of blood pressure using an

inflationary oscillometric blood pressure apparatus (Omron

711 Automatic IS), body weight and height (measured to

the nearest 0.1 kg and centimetre with the subjects in light

clothing and without shoes), waist (measured at a level

midway between the lower rib margin and iliac crest) and

hip circumference (the maximum perimeter over the but-

tocks), ECG, heart rate and biometric impedance. Blood

samples were collected after 4-h fast, into tubes containing

0.1% EDTA for immediate serum lipid (total cholesterol,

triglycerides, HDL-cholesterol), and plasma glucose anal-

ysis. Serum total cholesterol (TC) and triglyceride con-

centrations were determined by using enzymatic assays.

Serum HDL-C concentrations were measured after dextran

sulphate-magnesium precipitation of apoB-containing

lipoproteins. LDL cholesterol levels were estimated for all

subjects with triglyceride levels under 4.00 mmol/L, using

the Friedewald equation. In order to be classified as par-

ticipants subjects were required to have valid measures of

weight, height and blood pressure.
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Cardiovascular risk markers, lifestyle indicators and

socioeconomic factors

The prevalence of elevated cardiovascular risk factors is

based upon the European guidelines on cardiovascular

disease prevention and World Health Organisation [17, 18].

The frequency of the following cardiovascular risk factors

was studied:

• high serum triglycerides: [1.7 mmol/L

• low HDL cholesterol: men \1.0 mmol/L, women

\1.2 mmol/L

• high LDL cholesterol: [3 mmol/L

• high p-glucose: C6.1 mmol/L

• hypertension: C140/90 or treatment

• high waist hip ratio: men [ 1.0, women [ 0.85

• obesity: Body Mass Index C 30

A number of self-reported variables on health status,

socioeconomic status, life style, and education were ascer-

tained through a questionnaire. Education alternatives were

primary and middle school only, different forms of high

school (gymnasium), university education, or other educa-

tion. These alternatives were collapsed into two categories,

lower and higher education. Higher education was defined

as any university degree. The other variables and response

categories used in this prevalence study are listed below:

• self-reported diabetes, debut after age 30, yes/no

• poor self-rated health: level 3–4 (fair or poor vs. very

good or good)

• current smoker, yes/no

• leisure time physical inactivity: lowest level of 4

categories (e.g. passive leisure time, most time spent

reading, watching TV, computer, movies or other)

• frequent alcohol intake: strong beer, wine or spirits C3

t/week, yes/no

• stress: two highest levels of 6 categories (continual

stress during the last year or continual stress during the

last 5 years at home and/or at work)

• regularly skipping breakfast, yes/no

• small economic buffer: not able to, in 1 week, obtain

1,500 € if necessary, yes/no

• economic imbalance: continuous problems with run-

ning expenses, yes/no

• unmarried, yes/no

• unemployed, yes/no

Registry data

Information on age, gender, education, income, civil status

and country of origin was provided by Statistics Sweden

for both participants and non-participants in the INTER-

GENE programme. The individual’s unique 10-digit

personal identification numbers were used to link the IN-

TERGENE file with the official registry in order to produce

anonymous tables comparing participants and non-partici-

pants with regard to the above mentioned characteristics.

For the purposes of this study data was obtained for the

year 2002. It was not possible to validate the self-reported

data against the official data as the information obtained

from Statistics Sweden was anonymous at group level. The

available demographic data was divided into sex and age-

group categories using age of the participants and non-

participants in 2002. This allowed us to estimate the pro-

portion of ‘‘exposed’’ subjects in the source population who

actually participated in the study sample.

Statistical methods

The statistical analyses were performed using Statistical

Analysis Software version 9.1 (SAS Institute Inc., Cary,

NC, USA.). Participants and non-participants were com-

pared with regard to available registry data using Pearson

chi-square test. All analyses were stratified by sex. A uni-

variate (model 1) and a sex and age-group adjusted (model

2) logistic regression model were used to estimate the effect

of each of the registry variables on the odds of participating

and non-participating. A two-way interaction between sex

and age-group was also included in an additional model, but

the results did not differ significantly from the results in

model 2, so the interaction factor was left out. Age-adjusted

prevalence for women and men separately was generated

for each cardiovascular risk factor and the self-reported

health status and social characteristics for the low and high

education groups using PROC GLM. Logistic regression

analyses stratified by sex were used to estimate age-adjusted

odds ratios (OR) and corresponding 95% confidence inter-

vals (CI) of the prevalence estimates. In Tables 3 and 4, age

adjustment was done by including age as a linear predictor

in the logistic regression equation.

Subjects classified as participants but with missing data

on individual variables were excluded from analyses, when

needed. All tests were two-sided, with a P-value of 0.05 or

less considered statistically significant.

Results

Non-attendance analyses, registry data

A total of 8,820 individuals were invited to participate in

the study, of whom 194 were found to be deceased, had

moved to another part of the country, another country or

had an unknown address. Of the remaining 8,626 eligible

individuals 3,610 (1,908 women and 1,702 men) partici-

pated yielding a participation rate of 41.9% (Fig. 1).
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The left columns of Table 1 show participation in the

survey stratified by gender and age. Participation was

consistently more frequent among women than men across

all age-groups except for subjects above 65 years. Partic-

ipants were older than the non-participants. The right col-

umns are based upon information from the registry

(Statistics Sweden) and show frequency of university

education in: (1) all eligible individuals and: (2) in par-

ticipants. Comparison between these columns reveals that

the frequency of university education was higher in par-

ticipants than in the study population across all age groups

in both sexes.

Table 2 confirms that attendance was significantly more

likely among subjects with more education (OR 1.42, 95%

CI 1.29–1.56) and high income (OR 2.57, 95% CI 2.23–

2.97), even after adjustment for age and sex. Participation

was also higher in subjects from Nordic countries (OR 1.8,

95% CI 1.31–1.56) and subjects who were married (OR 1.43

95% CI 1.31–1.56). Participation was lower in the city of

Gothenburg than in the rest of Western Sweden, which is a

more rural area (39.7% vs. 44.0%, P \ 0.0001), not shown.

Cardiovascular risk factors in relation to education

level, survey data

Among attendees, a number of CVD risk factors showed a

favourable pattern with increasing education level. The

adjusted ORs and 95% CIs for the different cardiovascular

risk factors, and lifestyle and socio-economic markers

according to level of education are shown in Table 3 for

women and 4 for men. The upper parts of Tables 3 and 4

show the following objectively measured risk factors to be

less favourable in the lower education group: high serum

triglycerides (men only), low HDL and high LDL choles-

terol (women only), hypertension, high waist-hip ratio and

obesity. The lower portions of the tables show that lower

education level is associated with poor self-rated health,

smoking, low physical activity, abstaining from breakfast,

less frequent alcohol intake and small economic buffer.

In Fig. 2 (left panel) we illustrate how low alcohol intake

appears to be associated with less education among partici-

pants. In women, around half as many of those in low-income

category reported three or more drinking occasions per week,

resulting in OR = 0.47 (95% CI 0.32–0.67). A similar

association was seen for men: OR = 0.62 (95% CI 0.46–

0.83). The right panel shows how this biased result could

occur, if those with low education and frequent alcohol

consumption were less likely to participate. If the true number

of individuals in this category is higher than observed, the OR

will shift to the right, in the direction of the null.

Fig. 1 Flow chart for the INTERGENE study cohort

Table 1 Participation by age

and sex based on survey data

(left columns), and percentage

with university education

among: (1) all eligible

individuals and: (2) study

participants,) based on registry

data (missing information,

n = 181; right columns)

Participation in survey data Education level in registry data

Eligible (n) Participants

n (%)

(i) Eligible with university

education, n (%)

(ii) Participants with

university education,

n (%)

Women (age)

25–34 883 247 (31.5) 328 (42.6) 126 (52.5)

35–44 1,052 415 (39.5) 406 (38.8) 173 (41.6)

45–54 925 420 (45.4) 327 (35.5) 165 (39.4)

55–64 838 466 (55.6) 227 (27.4) 144 (31.0)

[65 694 360 (51.9) 103 (16.2) 71 (20.6)

Total 4,292 1,908 (44.5) 1,391 (32.4) 679 (36.0)

Men (age)

25–34 794 198 (24.9) 291 (37.4) 88 (46.8)

35–44 1,058 351 (33.1) 367 (35.3) 144 (41.6)

45–54 1,015 377 (37.1) 315 (31.0) 125 (32.8)

55–64 878 458 (52.2) 239 (27.2) 129 (27.8)

[65 783 318 (54.5) 83 (15.8) 57 (19.6)

Total 4,329 1,702 (39.3) 1,295 (30.6) 543 (32.5)
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The distribution of risk factors by sex, age and level of

education is given in the appendix. Generally, individuals with

low education had a more unfavourable cardiovascular risk

profile compared to individuals with university education.

Discussion

Cross-sectional studies serve two major purposes: to

describe the prevalence of clearly defined characteristics;

and/or to assess associations aiming at generating hypothesis

to be addressed in other types of studies. Both objectives are

highly sensitive to attendance and may therefore be biased.

The second aim however may be more robust and less

affected by low attendance. This will depend upon the (dis)-

similarities of the fractions of the exposed and un-exposed as

well as affected and un-affected of the source population

actually included in the final study sample.

In our survey the non-participants were more likely to be

young, men, unmarried, less educated, of lower income

group, and of foreign origin, consistent with other studies

[11, 12]. This study also confirms that high education is

associated with lower levels of some cardiovascular risk

factors [5]. We have shown significant differences for many

of the risk factors between the two educational groups, with

similar patterns in both sexes. One clear finding is that the

differences in CVD risk factors measured by objective

means (blood lipids, blood glucose and between high and

low educated) were minor compared to the lifestyle indica-

tors assessed via the questionnaires. This may be due to an

information bias as individuals with high versus low edu-

cation may interpret and answer the questionnaire in

Table 2 Registry data on participants and non-participants of 8,621 men and women aged 25–74 years enrolled the Intergene cohort

Participants (n = 3610)* Non-participants (n = 5011)* Odds of participation response vs. non-response

n (%) n (%) OR 95% CI P-value

Sex Model 1**

Male 1,702 (47.1%) 2,626 (52.4%) Reference

Female 1,908 (52.9%) 2,385 (47.6%) 1.23 (1.13–1.35) \0.0001

Age group (years)

25–34 431 (11.9%) 1,132 (22.6%) Reference

35–44 763 (21.1%) 1,345 (26.8%) 1.49 (1.29–1.72) \0.0001

45–54 802 (22.2%) 1,144 (22.8%) 1.85 (1.61–2.14) \0.0001

55–64 932 (25.8%) 792 (15.8%) 3.11 (2.68–3.60) \0.0001

[65 682 (18.9%) 598 (11.9%) 2.97 (2.54–3.48) \0.0001

Education Model 2**

Lower education 2,332 (65.6%) 3,422 (70.0%) Reference

University education 1,222 (34.4%) 1,464 (30.0%) 1.42 (1.29–1.56) \0.0001

Incomea

Quartile I 407 (11.3%) 947 (19.7%) Reference

Quartile II 836 (23.3%) 1,185 (24.6%) 1.71 (1.47–1.98) \0.0001

Quartile III 760 (21.2%) 1,011 (21.1%) 2.02 (1.73–2.37) \0.0001

Quartile IV 1,587 (44.2%) 1,667 (34.6%) 2.57 (2.23–2.97) \0.0001

Civil status

Unmarried 1,451 (40.2%) 2,638 (52.9%) Reference

Married 2,154 (59.8%) 2,351 (47.1%) 1.43 (1.31–1.56) \0.0001

Native country

Not Nordic countries 305 (8.5%) 821 (16.5%) Reference

Nordic countriesb 3,300 (91.5%) 4,168 (83.5%) 1.98 (1.72–2.28) \0.0001

Odds of participation according to age, sex and socioeconomic variables
a Quartiles defined by Statistics Sweden: Quartile I: Women: under 10,000 €/year; Men: under 15,000 €/years. Quartile II: Women: 10,000–

14,999 €/year; Men: 15,000–24,999 €/years. Quartile III: Women: 15,000–19,999 €/year; Men: 25,000–29,999 €/years. Quartile IV: Women:

over 20,000 €/year; Men: over 30,000 €/years
b Sweden, Norway, Denmark, Finland or Iceland

* Numbers in each category may not add to total due to missing values

** Model 1: univariate logistic regression; Model 2: Sex and age group adjusted logistic regression

OR = odds ratio; CI = confidence interval; NS = non significant
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different ways [19]. However, it should be emphasized that

blood pressure and different measures of obesity, which are

objectively assessed, also varied strongly, and corresponded

with the life style habits in this study [16].

One of the strongest education gradients involved fre-

quent alcohol intake, which was far less commonly reported

in the less educated group. The observed effect estimate of

OR equal to 0.47 for women would indicate a negative bias if

there is no effect of education on alcohol consumption. This

possible bias due to a skewed distribution of the participants

regarding self reported alcohol intake (see methods for

definition) and education level is illustrated in Fig. 2. The

present result might occur if those with low education and

frequent alcohol consumption (a) and/or high education and

low alcohol consumption (d) were less likely to attend the

study (selection bias) than the two other groups as displayed

in the two by two table. If so, the magnitude of the fractions

of attendees in the four groups differs from the corre-

sponding fractions in the underlying source population.

An odds ratio closer to 1 could be achieved by increasing

the participation of those subjects characterized by (a) and/or

(d). It was seen from the registry data that the attendees had a

higher education level than the non-attendees and it is known

from earlier studies that individuals with high education have

a more frequent consumption of alcohol [20, 21]. The direc-

tion of the effect is consistent with the Danish study [21], but

we may have an overestimation of the prevalence of frequent

alcohol consumption in those with high education. While it is

possible that individuals with lower education are more likely

to be binge drinkers with a low frequency of alcohol intake but

high consumption at one or two occasions/week, the available

data does not allow us to speculate any further.

Limitations and strengths of the study should be noted.

Regarding the alcohol example, we have no objective data

on participation among drinkers, nor on the actual intake

among the participants. Socioeconomic status may influence

both whether alcohol drinkers attend and how much they

report. On the other hand, this study has the advantage of

being based in part on complete data from the population

registry. This is a fairly unique resource in Nordic epide-

miology, which may be exploited in various ways. In the

future, these registries will make it possible to follow up the

participating and source populations for cardiovascular

events, also included in the Swedish medical registry system.

Table 3 Age adjusted prevalence and age adjusted odds ratio (OR) for cardiovascular risk factors and other socioeconomic indicators, according

to education level, in women (n = 1,896)

Risk factor * Low education level

n = 1,250

University education

n = 646

Low education vs.

university education

% (95% CI) % (95% CI) OR (95% CI)

Objectively measured

High serum triglycerides 16.8 (14.7–19.0) 14.3 (11.3–17.4) 1.22 (0.90–1.66)

Low HDL cholesterol 18.0 (15.8–20.1) 10.5 (7.6–13.5) 1.84 (1.35–2.52)

High LDL cholesterol 63.4 (60.7–66.1) 57.3 (53.5–61.0) 1.34 (1.07–1.68)

High p-glucose 4.5 (3.3–5.7) 3.8 (2.2–5.5) 1.18 (0.66–2.13)

Hypertension 26.7 (24.4–29.0) 22.5 (19.3–25.7) 1.31 (1.01–1.70)

High waist hip ratio 29.9 (27.4–32.3) 20.7 (17.2–24.2) 1.69 (1.32–2.17)

Obesity 17.0 (15.1–19.0) 10.3 (7.5–13.0) 1.89 (1.37–2.60)

Self-reported

Diabetes (debut [ 30 years) 2.2 (1.5–3.0) 1.0 (0.0–2.0) 2.68 (0.92–7.80)

Poor self-rated health 29.1 (26.7–31.5) 19.1 (15.7–22.5) 1.78 (1.39–2.27)

Current smoking 24.3 (22.1–26.5) 10.6 (7.5–13.7) 2.60 (1.96–3.43)

Low physical activity 9.9 (8.3–11.5) 6.9 (4.6–9.1) 1.47 (1.03–2.12)

No breakfast 10.2 (8.6–11.8) 6.3 (4.1–8.6) 1.70 (1.16–2.49)

Frequent alcohol intake 5.7 (4.3–7.2) 11.1 (9.0–13.2) 0.47 (0.32–0.67)

Stress 19.1 (16.9–21.3) 19.1 (16.0–22.1) 1.00 (0.78–1.28)

Small economic buffer 18.9 (17.0–20.8) 4.8 (2.1–7.5) 4.05 (2.82–5.81)

Economic imbalance 13.0 (11.3–14.8) 8.7 (6.2–11.2) 1.52 (1.11–2.08)

Unmarried 10.7 (9.0–12.5) 13.0 (10.6–15.5) 0.80 (0.59–1.08)

Unemployment 3.8 (2.8–4.8) 2.0 (0.7–3.4) 1.78 (0.99–3.18)

* Definitions [17, 18]: high serum triglycerides: [1.7 mmol/L, low HDL cholesterol: men \ 1 mmol/L, women \ 1.2 mmol/L, high LDL

cholesterol: [3 mmol/L, high plasma glucose: C6.1 mmol/L, hypertension: C140/90 or diagnosis or treatment, high waist hip ratio: Men [ 1.0,

women [ 0.85, obesity: Body Mass Index C 30, frequent alcohol intake: strong beer, wine and spirits C 3 t/week, Small economic buffer: no

ability to, in 1 week, obtain 1,500 € if necessary, Economic imbalance: problem with running expenses
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In conclusion, the study confirms the associations

between education level and cardiovascular risk and the

non-participants are more likely to be young, male,

unmarried, have lower education level, lower income, and

of foreign origin. Public registries on selected background

variables can be used to assess the distribution of attendees

and non-attendees, and thereby shed light on the possibility

of selection bias.
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Appendix

See Table 5.

Table 4 Age adjusted prevalence and age adjusted odds ratio (OR) for cardiovascular risk factors and other socioeconomic indicators, according

to education level, in men (n = 1,685)

Risk factor* Low education level,

n = 1,225

University education,

n = 460

Low education vs.

university education

% (95% CI) % (95% CI) OR (95% CI)

Objectively measured

High serum triglycerides 32.8 (30.0–35.5) 24.8 (20.2–29.3) 1.49 (1.14–1.94)

Low HDL cholesterol 18.0 (15.7–20.3) 18.6 (14.8–22.5) 0.96 (0.71–1.30)

High LDL cholesterol 68.9 (66.1–71.7) 65.4 (60.7–70.0) 1.17 (0.91–1.51)

High p-glucose 10.9 (9.1–12.7) 10.5 (7.5–13.5) 1.07 (0.71–1.61)

Hypertension 30.2 (27.9–32.6) 23.8 (19.9–27.6) 1.56 (1.17–2.08)

High waist hip ratio 14.4 (12.6–16.3) 8.1 (5.1–11.2) 2.17 (1.42–3.34)

Obesity 17.8 (15.7–19.8) 9.4 (6.0–12.7) 2.17 (1.51–3.13)

Self-reported

Diabetes (debut after 30 years) 3.9 (2.8–5.0) 3.8 (2.0–5.6) 1.05 (0.55–2.03)

Poor self-rated health 24.5 (22.2–26.9) 16.9 (13.1–20.8) 1.64 (1.23–2.20)

Current smoking 18.8 (16.7–20.8) 7.9 (4.6–11.3) 2.63 (1.82–3.81)

Low physical activity 13.4 (11.6–15.2) 8.0 (5.0–11.0) 1.72 (1.19–2.50)

No breakfast 12.9 (11.1–14.7) 8.5 (5.5–11.5) 1.61 (1.10–2.36)

Frequent alcohol intake 13.4 (11.4–15.4) 19.8 (16.4–23.1) 0.62 (0.46–0.83)

Stress 14.0 (12.1–15.9) 12.6 (9.4–15.7) 1.13 (0.82–1.56)

Small economic buffer 10.6 (9.0–12.2) 4.2 (1.6–6.8) 2.60 (1.61–4.22)

Economic imbalance 9.6 (7.9–11.2) 9.0 (6.3–11.6) 1.08 (0.75–1.57)

Unmarried 12.1 (10.3–14.0) 14.6 (11.5–17.6) 0.82 (0.60–1.13)

Unemployment 3.6 (2.6–4.6) 2.0 (0.4–3.7) 1.67 (0.86–3.25)

* Definitions [17, 18]: high serum triglycerides: [1.7 mmol/L, low HDL cholesterol: men \ 1 mmol/L, women \ 1.2 mmol/L, high LDL

cholesterol: [3 mmol/L, high p—glucose: C6.1 mmol/L, hypertension: C140/90 or treatment, high waist hip ratio: men [ 1.0, women [ 0.85,

obesity: Body Mass Index C 30, frequent alcohol intake: strong beer, wine and spirits C 3 t/week, Small economic buffer: no ability to, in

1 week, obtain 1,500 € if necessary, Economic imbalance: problem with running expenses

No effect OR=1

true valueestimate

precision

0.32   0.47   0.67
OR =

axd
bxc

a/c
b/d

=

dc
High 

education level

ba
Low 

education level

Not frequent 
alcohol cons.

Frequent alcohol 
consumption

Fig. 2 Left panel shows an illustration of a possibly biased estimate

showing a negative effect when the true effect is nil (OR = 1), with

95% CI (precision) in brackets. Values for women are used as an

example. Right panel shows how this biased result will occur, if those

with low education and frequent alcohol consumption. a have a

tendency to attend to a lower extent. If the true value of (a) is higher

than observed, the OR will shift to the right as shown by the arrow in

the left panel
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