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Abstract 

Socioeconomic differences in overweight are well documented, but most studies have only 

used one or two indicators of socioeconomic position. The aim of this study was to explore 

the relative importance of indicators of socioeconomic position (occupation, education and 30 

income) in explaining variation in body mass index (BMI) and waist/hip ratio (WHR), and 

the mediating effect of work control and lifestyle factors (dietary patterns, smoking and 

physical activity). The Oslo Health Study, a cross sectional study, was carried out in 2000-

2001, Oslo, Norway. Our sample included 9235 adult working Oslo citizens, who attended a 

health examination and filled in two complementary food frequency questionnaires with less 35 

than 20 % missing responses to food items. Four dietary patterns were identified through 

factor analyses and named ‘modern’, ‘Western’, ‘traditional’ and ‘sweet’. In multivariate 

models, BMI and WHR were inversely associated with education (p<0·001/p<0·001) and 

occupation (p=0·002/p<0·001), whereas there were no significant associations with income or 

the work control question. The ‘modern’ (p<0·001) and the ‘sweet’ (p<0·001) dietary patterns 40 

and physical activity level (p<0·001) were inversely associated, while the ‘Western’ dietary 

pattern was positively associated (p<0·001), with both BMI and WHR. These lifestyle factors 

could not fully explain the socioeconomic differences in BMI or WHR. However, together 

with socioeconomic factors, they explained more of the variation in WHR among men (21%) 

than among women (7%). 45 
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Introduction 

The increasing prevalence of overweight and obesity has become a major health challenge 

worldwide(1). Obesity is associated with increased incidence of several chronic diseases, like 

cardiovascular disease, type 2 diabetes and some cancers(2-6), and the increased risk seems to 

be particularly associated with central obesity(7;8). Thus, combating the rise in obesity is a key 50 

to disease prevention. Both the prevalence of overweight and obesity, and increase in body 

weight, show socioeconomic differences in developed countries, with less favourable 

outcomes in the lowest socioeconomic groups(9-12). However, most of these studies explore 

only one or two of the most widely used indicators of socioeconomic position (SEP), 

education, income or occupation. These indicators are related, but reflect different aspects of 55 

the association between SEP and health. Education represents an individual`s knowledge-

related assets, and is a strong predictor of occupation and income(13). Income reflects material 

circumstances which may form the basis for a health promoting environment and access to 

health care(13). Occupation is a predictor of social relations and different privileges and 

facilities(13). Psychosocial working conditions are found to vary with occupation(14). 60 

Employees with lower SEP are more likely than others to experience job insecurity, lower 

work control and heavier work strain(15). Previous research suggests that low work control 

and work strain is associated with overweight(16-19), possibly due to elevated cortisol levels 

over time(20;21). However, the evidence regarding the association between work control and 

weight is unclear(22;23). 65 

 

Change in body weight is a function of dietary intake and physical activity patterns. Dietary 

pattern analysis has become a commonly used method to study diet-disease relationships, as 

it aims at characterising and examining health effects of the overall diet rather than single 

food-items or nutrients(24). Several studies have shown that the distributions of dietary 70 
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patterns vary with SEP, and that higher SEP tends to be associated with healthier dietary 

patterns(25-28). A few studies have investigated the relationship between overweight, SEP and 

single dietary indicators(18;29;30), but few have explored the overall diet, using dietary pattern 

analyses(27;31).  

 75 

There is general agreement that the way societies are organized can impact health(32). Social 

Democratic welfare state models are characterized by egalitarian institutional features 

producing egalitarian outcomes. They are expected to have on average good health and small 

differences in health between different socioeconomic groups(32). However, the results from 

studies on health inequalities in such countries are inconsistent. Whether such a state model 80 

can serve as a positive example on how health is depending on organisation of society, and 

which factors are the most influential in determining health and health inequalities, is still 

unclear(32). In this paper, we have used data from the Oslo Health Study to explore the 

relative importance of three indicators of SEP (education, income and occupation) in 

explaining the variation in body mass index (BMI) and waist/hip-ratio (WHR), and the 85 

possible mediating effect of work control and lifestyle variables (dietary patterns, smoking 

and physical activity) in a welfare society like Norway. We hypothesize that all three 

indicators of SEP are inversely related to BMI and WHR, with education being the most 

important. Furthermore, we assume that work control can to a large extent mediate the 

differences in BMI and WHR related to occupation, while the lifestyle factors can explain a 90 

significant proportion of the variation associated with all three indicators of SEP. 

 

 

 

 95 
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Experimental methods 

Design 

The Oslo Health Study was conducted in 2000-2001 by the National Institute of Public 

Health, the Oslo City Council and the University of Oslo. An invitation to participate in the 

health survey was sent to all men and women born in the following years: 1924, 1925, 1940, 100 

1941, 1955, 1960 and 1970 who had been residing in Oslo on December 31, 1999. Those 

moving into Oslo between this date and 03.03.2000 were invited as part of the follow up 

reminder. A health examination was conducted at a central screening station and included 

anthropometric measurements. The participants received a questionnaire with the letter of 

invitation by mail and another two questionnaires at the screening station which they 105 

completed at home and returned in a prepaid envelope. The study is described in detail at 

http://www.fhi.no/hubro-en.  

 

This study was conducted according to the guidelines laid down in the Declaration of 

Helsinki, approved by The Norwegian Data Inspectorate and cleared by the Regional 110 

Committee for Medical Research Ethics. Written informed consent was obtained from all 

subjects/patients. 

 

Sample 

Since this study included variables related to work, only people of working age (30-60 years, 115 

the birth cohorts from 1940, 1941, 1955, 1960 or 1970) were selected. This is also an age 

range were most have completed their education. Of 34.151 invited persons, 15.186 came to 

the health examination and/or answered at least one of the questionnaires. The overall 

attendance rate was 44·5 %, and varied from 55·4 % among the oldest to 36·1 % among the 

youngest participants. For this analysis, 19 % were excluded because they had not returned 120 
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both questionnaires containing food frequency questions, and a further 8% were excluded due 

to ≥20 % missing responses to the food frequency items. The excluded participants were less 

likely than those included to be female (p <0.001), born in 1940/41 (p<0.001), and from the 

highest educational group (p<0.001). However, the two groups were similar in income 

distribution. Participants of non-Western origin (687 persons) were excluded due to expected 125 

ethnic differences in distribution of body fat(33) and in dietary patterns (ref: Råberg, Holmboe-

Ottesen & Wandel, 2009 unpublished). Those with no reported work (1154 persons) were 

also excluded. There were no significant differences in BMI or WHR between those with and 

without reported work (data not shown). The sample without work had a larger proportion in 

the lowest educational group than the others (p=0.019). The findings were similar regarding 130 

income groups (p<0.001). The total number of persons included in the analyses was 9235.  

 

Anthropometry 

Body weight (in kg, one decimal) and height (in cm, one decimal) were measured with an 

electronic Height and Weight Scale, with the participants wearing light clothing without 135 

shoes. BMI (kg/m2) was calculated based on weight and height. Both waist and hip were 

measured with a measuring tape of steel. Waist circumference was measured at the umbilicus 

to the nearest cm with the subject standing and breathing normally. In obese individuals, 

waist circumference was defined as the midpoint between the iliac crest and lower margin of 

ribs. Hip circumference was measured as the maximum circumference around the buttocks. 140 

Waist and hip circumference were used to calculate the waist/hip-ratio (WHR), using the 

formula waist (cm)/hip circumference (cm). 

 

 

 145 
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Food frequency questions 

The questionnaires contained questions about 82 food related items (68 food items, 13 drink 

categories and 2 categories of supplements). The questions covered intake of bread (slices per 

day for three categories), bread spreads (no portion size, response categories: ‘seldom/never’, 

‘1-2t/week’, ‘3-4t/week’, ‘5-7t/week’ and ‘several t/day’), dinner dishes, sauces/dressings, 150 

cakes/sweets, fats (no portion size, response categories ‘seldom/never’, ‘1-3t/month’, ‘1-

2t/week’, ‘3-4t/week’, ‘5-7t/week’), fruit, vegetables (no portion size, response categories 

‘seldom/never’, ‘1-3t/month’, ‘1-3t/week’, ‘4-6t/week’, ‘1-2t/day’, ‘≥3t/day’) and milk, fruit 

juice, soft drinks (in glasses, response categories ‘seldom/never’, ‘1-6/week’, ‘1/day’, ‘2-

3/day’, ‘≥4/day’). The food frequency questions have earlier been validated against intake of 155 

the matching food/food group based on a 14-days diet diary(34). The Spearman rank 

correlation coefficients between responses to the FFQ items and corresponding intake over 14 

days were in the ranges of 0.3-0.7 for the items included in the food pattern analyses. All 

items were recoded into times/week before entered into the factor analysis. Missing values 

(2.3 % of values) for the food items were replaced with the lowest value (‘seldom/never’). 67 160 

non-overlapping food items from the food frequency questions were included in the factor 

analyses.  

 

Socioeconomic and demographic factors 

Education was recoded from number of years into 3 groups according to the Norwegian 165 

education system: ‘≤ high school’ (≤ 12 years), ‘lower college/university’ (13-16 years), 

‘higher college/university’ (≥17 years). Personal annual income was recorded in eight 

categories and recoded into 3 groups: ‘0-200.000 NOK’ (0-25.000 €), ‘200.000-300.000 

NOK’ (25.000 – 38.000 €) and ’> 300.000 NOK’ (>38,000 €). The occupational groups were 

constructed after the Erikson-Goldthorpe`s scheme, with 7 categories(35): 170 
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I. Higher-grade professionals, administrators, and officials; managers in large industrial        

establishments; large proprietors. 

II. Lower-grade professionals, administrators, and officials; higher grade technicians; 

managers in small industrial establishments; supervisors of non-manual employees. 175 

III. Routine non-manual employees, higher and lower grade. 

IV. Small proprietors, artisans, farmers, and smallholders; other self-employed workers in 

primary production. 

V. Lower grade technicians, supervisors of manual workers 

VI. Skilled manual workers 180 

VII. Semi- and unskilled manual workers. 

 

The seven occupational groups were collapsed into four categories for use in regression 

analyses; higher- or lower grade professionals (group I & II), routine non-manual employees 

(group III), artisans and self employed workers in primary production (group IV) and manual 185 

workers (group V-VII). Control over own working situation was assessed through a question 

about being able to make decisions about how you organise own work and recoded from four 

categories to 1=’never/seldom’, 2=’most often’ and 3=’always’. 

 

In addition to gender, the following demographic and lifestyle variables were used: Birth 190 

cohorts were divided into 3 categories, labelled according to age at the time the study was 

carried out: ’30 yrs’, ‘40/45 yrs’ and ‘59/60 yrs’. Number of children born was controlled for 

as a continuous variable (women only) due to it`s possible effects on weight status and 

especially WHR. Physical activity was assessed through the question ‘can you describe your 

spare time activity?’, with the answer categories ‘read, watch TV, other activities done 195 
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sitting’, ‘walk, cycle or move in other ways ≥ 4 hours/week’, ‘exercise, heavy garden work ≥ 

4 hours/week’ and ‘competitive sports or heavy exercise several times a week’. The two last 

categories were merged into one in the analyses. Smoking was recoded to 0=‘no’ (never or 

former smoker), 1=‘yes’ (current smoker). 

 200 

Analyses 

Data were analysed in SPSS 14.0. The dietary patterns were identified using factor analysis 

with Varimax rotation. A Scree plot was used to decide a four factor solution, and all factors 

had an eigenvalue > 2. Each food item used to characterize a pattern had factor loadings of 

0·35 or more. Labelling of the factors was based on our interpretation of the factor structures. 205 

Factor scores were divided into tertiles.  

 

Chi-square and one-way ANOVA tests were used to find differences between men and 

women and participants in different tertiles of dietary patterns. Multiple linear regressions 

were carried out to explore the associations between BMI/WHR and SEP, with BMI or WHR 210 

respectively as the dependent variables. Model 1 included demographic variables (gender, 

birth cohort and number of children born) as independent variables, model 2 included in 

addition SEP indicators (education, income and occupation), and model 3 also work control 

and lifestyle variables (dietary patterns, physical activity and smoking). The dietary patterns 

were analysed as linear variables in the regression analyses. The associations between 215 

BMI/WHR and the independent variables were also analysed in crude models and adjusted 

for demographic variables only, but the results are not shown in the tables. For the trend tests, 

the number of years with education, and the eight initial response categories for income were 

used. For trend analyses of occupational status, the self-employed were excluded because 

they do not fit a hierarchical order. All independent variables were checked for 220 
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multicollinearity and there were no problems with this. Significance level was set to p<0·05. 

It should be kept in mind that because of the large number of observations, statistical tests of 

significance are quite sensitive. 

 

Results 225 

Characterization of sample 

The sample distribution into socioeconomic groups and weight status is described in table 1. 

About one third had lower, and one third higher, education from university/college (both 

genders). More than half of the men and about a quarter of the women had an annual income 

above 300.000 NOK. Almost two thirds of the women were employed in routine non-manual 230 

work while close to one third of the men were employed in the highest occupational group. 

More men than women had always control over how their work was organised, while almost 

one third of the women seldom/never had such control. The largest proportion of persons 

with complete control over organisation of own work was found among the self employed 

(women 53·5 %, men 55·4 %), followed by the higher- and lower grade professionals 235 

(women 18·3 %, men 23·1 %). The highest proportions of participants reporting seldom/never 

to be able to organise own working situation was recorded among manual workers (women 

51·2 %, men 34·5 %) (data not shown). About one quarter of the women and almost half of 

the men were overweight, and obesity was seen in about 15 % of the men and slightly less 

among women. Mean BMI was 25·0 kg/m2 (SD 4·28) among women and 26·5 kg/m2
 (SD 240 

3·66) among men, and mean WHR was 0·79 (SD 0·07) among women and 0·90 (SD 0·07) 

among men. Number of children born per women was on average 1·3 (SD 1·17).  

 

 

 245 
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Characterization of dietary patterns 

We identified four dietary patterns through factor analysis: The ‘modern’ dietary pattern was 

characterized by high factor-loadings for frequency use of vinaigrette, oil for cooking, sour 

cream, raw vegetables, spaghetti/macaroni/pasta, dishes with chicken, and rice (table 2). The 

‘Western’ dietary pattern loaded high on béarnaise sauce, coleslaw, mayonnaise, gravy, hot 250 

dog/hamburger, salami, chips, melted butter on dinner dishes, potato salad/mashed potato, red 

meat and cream-based sauce. The ‘traditional’ diet was characterized by boiled potatoes, 

dishes with fish, cooked vegetables and fish as sandwich spread and negative loadings for 

chips, spaghetti/macaroni/pasta, crisps and pizza. The ‘sweet’ pattern had high factor-

loadings for cakes/sweet biscuits, desserts, buns, jam, chocolate/sweets, ice cream, Danish 255 

pastry and waffles. These four patterns explained 20 % of the total variance. 

 

Figure 1 shows the mean BMI in the tertiles of the different dietary patterns. The ‘modern’ 

and the ‘sweet’ dietary pattern were inversely associated with BMI, whereas the ‘Western’ 

and the ‘traditional’ pattern were positively associated. 260 

 

BMI and WHR 

Table 3 shows the associations between BMI and the demographic, socioeconomic and 

mediating factors in three multiple regression models. Men had higher BMI than women, and 

BMI was higher in the older birth cohorts (model 1). Length of education and occupational 265 

group were inversely associated with BMI when adjusted for each other and for income 

(model 2), and also when further adjusted for the mediating factors (model 3). Income was 

positively associated with BMI in the bivariate analyses (p for trend=0·002), but not when 

adjusted for demographic factors (model 1) and further for socioeconomic factors (model 2). 

The explained variance when adding only education to model 1 was 0.07 (data not shown). 270 
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Adding occupation and income to the model did not change this figure significantly. Work 

control was significantly associated with BMI when adjusted for demographic factors only 

(p=0·021, data not shown), but not (p=0.729) in a model with the socioeconomic variables 

included. The four dietary pattern scores, physical activity level and smoking status 

contributed independently to the variation in BMI in the full model. The ‘modern’, the 275 

‘traditional’ and the ‘sweet’ dietary patterns were inversely associated with BMI, whereas the 

‘Western’ pattern was positively associated. 

 

The models exploring the variation in WHR in relation to demographic, socioeconomic and 

mediating factors were similar to the analyses of BMI in the magnitude and direction of 280 

associations (table 4). Unlike for BMI, however, the traditional dietary pattern was not 

significantly associated with WHR. Adding only education to model 1 to gave an explained 

variance of 0.45 (data not shown). This figure increased to 0.46 when adding occupation into 

the model. Work control was significantly associated with WHR when adjusted for 

demographic factors (p=0.027), but not after additional adjustment for socioeconomic factors 285 

(p=0.31).  

 

The analyses were also repeated stratified by gender, and all the significant associations were 

similar for each sex separately. However, the R2 for the full model was 0.07 for WHR among 

the women and 0.21 among the men. The R2 for the full model was 0.09 for BMI among 290 

women and 0.10 among men. In addition, for BMI the incremental R2 from model 1 to model 

3 was 6 % for women and 8 % for men, whereas the incremental R2 for WHR was 3 % for 

women and 8 % for men. 
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To illustrate what these results would mean in real terms, we have calculated the difference in 295 

kg between persons in different categories of the variables in model 3, table 3, using mean 

height for the sample. Being in the reference categories for all other variables, the difference 

in kg between two persons in the highest and lowest educational group would be 2.3 kg. If we 

consider a person in the highest educational-, income- and occupational group, compared to a 

person in the lowest groups, the difference would be 4.0 kg. Running the same analyses with 300 

the dietary patterns in tertiles, we calculated that the difference between two persons in the 

highest and the lowest tertile of the Western pattern, being similar in all other variables, 

would be 1.1 kg.  

 

Discussion 305 

The results showed significant socioeconomic differences in BMI and WHR. However, the 

associations with income were to some extent mediated by occupation and education. 

Lifestyle factors contributed independently to the variation, but could not alone explain the 

socioeconomic differences.  

 310 

The strength of the Oslo Health Study is the large population-based sample from different 

birth-cohorts, with the extensive data collection including food frequency questions, factual 

and not reported anthropometric measures and questions about working conditions and SEP. 

An analysis of the non-attendants found a somewhat higher attendance rate among females 

(OR 1.32) and persons with higher age (OR 2.20 for 59-60 years compared to 30 years), 315 

education (OR 1.46 for education from college or university compared to ≤9 years) and 

annual income (OR 1.52 for ≥400.000 NOK compared to <100.000 NOK), but the results 

were concluded to be viewed to be robust(36). Furthermore, since the focus of this study is 

associations rather than prevalence, the low response rate should be of less concern. 
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However, the lower attendance rates among the lower socioeconomic groups, together with a 320 

higher likelihood of excluded participants to belong to lower educational and income groups, 

may have resulted in an underestimation of the socioeconomic differences in weight status. 

This situation may also have influenced the cut-offs for education, as the number reporting 

education ≤9 years were too few to make a separate category. Previous research has shown 

that the association between weight status and education level in Norway is relatively linear 325 

down to 9 years of education(37). The occupational groups were adapted from Erikson 

Goldthorpe`s scheme and not aggregated according to numbers in each group. Regarding 

income, the cut off for the lowest group is rather low. Thus, the lower attendance in lower 

SEP groups is not likely to have impacted the categorization of occupation and income in the 

same way as with education. With regard to the dietary patterns, factor analysis is an a 330 

posteriori research approach, which means that the results reflect observed, rather than 

optimal dietary patterns. Given the cross sectional design of the study, causal inference 

should be done with care. For example, we do not know if the dietary patterns observed cause 

overweight or if weight status leads people to adopt certain eating habits. Neither can we 

conclude whether SEP influences body weight, or vice versa. 335 

 

Socioeconomic position 

Our study confirms previous findings that there are socioeconomic differences in BMI/WHR, 

with more overweight and obesity in lower socioeconomic groups(9;10;12;38). It also confirms 

that these socioeconomic inequalities are more strongly associated with education or 340 

occupation than by income in Norway(39). However, even if occupation was significantly 

associated with BMI/WHR, occupation could not explain variation in BMI/WHR beyond 

what was explained by education. The strong predictive value of education on occupation, 

and thereby also on income, may explain the absent or small incremental R2 when adding the 
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latter two variables to model 1. Income is possibly associated with age, reflecting years in 345 

work life, and gender, which may explain the attenuation of the association between income 

and BMI.  

 

A Spanish study(40) analysed the relationship between education, employment status 

(employed, unemployed, retired, domestic work, student), income and marital status with the 350 

presence of overweight using logistic regression. They found inverse associations between 

overweight and both education and income. They also found an inverse relationship between 

overweight and being employed. Our study included only the working population, but a one-

way ANOVA test between those with and without a reported work, showed no significant 

difference in BMI between the two groups. However, the group without any reported work 355 

may have other characteristics and correlates with BMI that have to be taken into account 

when considering factors influencing overweight for the whole population.    

 

The variables in model 3 explained more of the variation in WHR than in BMI, but when 

stratified for gender, the explained variance in WHR was larger than for BMI only for men. A 360 

possible explanation for this finding can be the tendency of central obesity to be more of a 

problem among men than women. Furthermore, the incremental R2 from model 1 to model 3 

was larger for men than for women regarding both BMI and WHR, which may be due to a 

more general awareness about healthy eating and ideal of slimness among women than men, 

regardless of socioeconomic position. 365 

 

Control over own working situation 

Perceived work control was inversely associated with BMI and WHR when adjusted for 

demographic factors, but not so when adjusted for socioeconomic factors. Overgaard et al(41) 
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did a review regarding work control and BMI/central obesity. They found no evidence to 370 

conclude that low job control is associated with BMI and few and inconsistent associations 

between work control and central obesity. In the Whitehall II study(17), a dose-response 

relationship between job stress and BMI was found, and also a significant association 

between job stress and central obesity. The measure of work stress in the Whitehall II study 

was a composite measure of decision latitude, job demands and social support at work, taking 375 

into account a wider range of the psychosocial circumstances at work than in the present 

study. Analysing the association between central obesity and decision latitude only, it was not 

significant(17). The diverging results may also be due to the way in which work control has 

been measured, and other factors controlled for.  In addition to stress hormones(21), the 

relationship between BMI/WHR and work control may be mediated by lifestyle factors. 380 

Results from a qualitative study of men in three different occupations revealed that control 

over the work situation could have an impact on both when and what to eat(42). In the present 

study, the significant associations between work control and BMI disappeared when entering 

SEP indicators into the model, suggesting that the effect of work control to some extent is 

determined by SEP. We also reanalysed the data using the lifestyle factors, demographic 385 

factors and work control, but not the SEP variables, as independent variables (data not 

shown). Both the association between work control and BMI and between work control and 

WHR then turned non-significant. This suggests that the effect of working conditions on 

BMI/WHR is mediated by lifestyle factors. However, as SEP is also associated with 

lifestyle(25;43;44), lifestyle may mediate the effect of both SEP and work control on BMI/WHR. 390 

 

Dietary patterns 

The ‘traditional’ dietary pattern was positively associated with BMI in the bivariate analyses 

(figure 1), but was inversely associated with BMI in the multivariate model (table 3). This 
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pattern is probably associated with several variables in the multivariate model. Boiled 395 

potatoes and cooked vegetables are traditional foods in Norway, and more likely to be 

consumed by elder people. In addition, previous research has shown that these food items are 

more frequently consumed by those in lower socioeconomic groups(45).   

 

The most unexpected association was the inverse association between a sweet dietary pattern 400 

and BMI/WHR. It may be that slim subjects are less restricted than overweight persons in 

eating sweets foods generally perceived as unhealthy, but this could also be due to more 

under reporting in general and selective under reporting of such foods among heavier 

subjects. A similar sweet dietary pattern has been seen in several studies(46), however with 

inconsistent associations with weight status. Shi et al.(47) found an inverse association 405 

between a sweet dietary pattern and central obesity, and suggested that it may be due to a 

negative association between this pattern and total energy intake. An inverse association has 

also been reported by Schultze et al.(48), whereas others have found no significant 

association(49).  

 410 

The positive association between BMI and a Western dietary pattern supports previous 

findings from studies describing similar patterns loading high on high-fat foods and red and 

processed meat(50;51). Several previous analyses of dietary patterns have found that prudent or 

healthy patterns are associated with lower BMI(51-55). Our two patterns labelled ‘modern’ and 

‘traditional’ have similarities with these patterns, with high loadings of vegetables(51;53-55) and 415 

poultry(53;55) and of vegetables(51;53-55), fish(55) and less fast food(52), respectively. Some of 

these studies have found associations with weight status over time; larger increases in BMI 

for those adhering to dietary patterns characterized by high intake of fats, sweets, desserts, 

meat, mixed dishes and sweetened beverages and smaller increases among those adhering to 
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patterns characterised by high loadings for food items such as fruit, vegetables, low-fat- and 420 

high-fibre foods(52;53). This indicates that weight change is following lifestyle dietary changes. 

Furthermore, Newby et al.(56), found favourable changes in BMI over time in persons 

increasing their intake of vegetables and other foods with high loadings in a healthy dietary 

pattern. However, research regarding associations between dietary patterns and weight status 

is inconsistent(57). For example, Kesse-Guyot et al.(27) found a prudent diet to be inversely 425 

associated with waist circumference, but positively associated with overweight. Newby et 

al.(52) found a healthy dietary pattern, with similarities to our ‘traditional’ pattern, to be 

associated with lower waist circumference, which was not seen in the present study.  

 

All dietary patterns in our study were significantly associated with BMI and/or WHR in 430 

different ways. Still, they could not, together with physical activity and smoking, fully 

explain the socioeconomic differences in BMI/WHR. Among civil servants in the Whitehall 

II study(29), a larger gain in BMI over time in the lower socioeconomic groups was partly 

explained by differences in dietary patterns and physical activity. Both the Whitehall II study 

and the present study confirm that various lifestyle factors, but also other factors and 435 

circumstances are important contributors to socioeconomic inequalities in weight and central 

obesity. However, our four dietary patterns explained about 20 % of the variation in the diet 

and may not fully capture all important aspects of how diet can be related to the 

socioeconomic disparities in health. The demographic- and socioeconomic factors, together 

with work control and traditional lifestyle factors, explained more of the variation in WHR 440 

than in BMI. WHR has been found to be more strongly associated with the risk of chronic 

diseases than has BMI(59;60), implying that it can be more useful to focus on factors associated 

with WHR in health promotion work. 
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Conclusions 445 

BMI and WHR are more strongly associated with education and occupation than income, and 

the latter was to some extent mediated by the other two measures of SEP. There were no 

strong associations between work control and BMI/WHR beyond what could be explained by 

SEP. Traditional lifestyle factors, such as dietary patterns, physical activity and smoking 

could not fully explain socioeconomic differences in weight, even if they are independently 450 

associated with BMI/WHR. Further research is needed to explore other factors which can 

explain socioeconomic differences in BMI and WHR.  
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 Women 
n=5112  

 

 

Men 
n=4123 

 

p-value* 

 % %  

Age 

 

  0·001 
   30 yrs 26·3 26·9     
   40/45 yrs 43·1 39·4    
   59/60 yrs 30·6 33·7   
Education   0·004 
  ≤ high school (12 yrs) 33·1 30·9  
   Lower college/university education (13-16 yrs) 33·8 34·0   
   Higher college/university education (≥17 yrs) 33·1 35·1  
Personal income   <0·001 
   0-200.000 NOK 28·1 11·0    
   200.000-300.000 NOK 46·4 26·9   
   ≥ 300.000 NOK 25·5 62·1   
Occupational group   <0·001 
   I 15·3 30·6   
   II 10·2 13·8   
   III 62·8 26·4   
   IV 5·9 11·4     
   V 0·5 3·8      
   VI 3·7 6·9       
   VII 4·4 7·1      
Work control   <0·001 
   Seldom/never 30·6 17·9    
   Most often 55·9 59·7     
   Always 13·5 22·4     
Physical activity level in spare time   <0·001 
   Inactive (read, watch TV) 18·2 22·1    
   Walk, cycle ≥4 h/week 68·04 52·1    

   Exercise ≥4 h/week/competitive sport 13·8 25·8    
Smoking 28·5 25·0   <0·001 
Overweight (BMI 25.0-29.9) 28·7 47·9  <0·001 
Obesity (BMI ≥30) 12·0 15·1  <0·001 
* Difference in distribution between women and men 620 
 

 

Table 1. Distribution of demographic- and socioeconomic groups, control over 
own working situation, proportion overweight and obese, by gender. 
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 625 

 
 

Interpreted dietary pattern Food item Loading 
coefficient 

Cumulative percentage 
of variance explained 

modern   6·4 
 Vinaigrette 0·65  
 Oil for cooking 0·62  
 Sour cream 0·59  
 Raw vegetables 0·49  
 Spagetthi, macaroni, pasta 0·46  
 Dishes with chicken 0·46  
 Rice 0·44  
Western   11·9 
 Bernaise 0·50  
 Coleslaw 0·47  
 Mayonnaise 0·45  
 Gravy 0·44  
 Hot dog, hamburger 0·42  
 Salami 0·41  
 Chips 0·40  
 Melted butter on dinner dishes 0·37  
 Potato salad, mashed potato 0·37  
 Red meat 0·36  
 Cream sauce 0·36  
traditional   16·5 
 Boiled potato 0·65  
 Dishes with fish 0·61  
 Cooked vegetables 0·51  
 Fish as sandwich spread 0·37  
 Chips -0·36  
 Spagetthi, macaroni, pasta -0·36  
 Crisps -0·41  
 Pizza -0·45  
    
sweet   19·5 
 Cake, sweet biscuit 0·60  
 Dessert 0·51  
 Bun 0·50  
 Jam 0·48  
 Chocolate, sweets 0·41  
 Icecream 0·41  
 Danish pastry 0·41  
 Waffle 0·38  

Table 2. Results from factor analysis. Factor loadings of ≥0·35 are presented 
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 Model 1  n=9125 Model 2  n=8914 Model 3  n=8345 
 B (95 % CI)    p for trend B (95 % CI)  p for trend B (95 % CI)   p for trend 

Gender (ref: men) -1·45  (-1·66  -1·24)  -1·43  (-1·67  -1·21)  -1·38  (-1·62  -1·14)  
Age (ref: 30 yrs)   <0·001  <0·001  <0·001 
   40/45 yrs 0·67  (0·46  0·88)  0·46  (0·24  0·67)  0·77  (0·55  1·00)  
   59/60 yrs 1·598  (1·37  1·83)  1·16  (0·92  1·39)  1·61  (1·31  1·90)  
Number of children born -0·01  (-0·11  0·09)  -0·03  (-0·13  0·07)  -0·05  (-0·15  0·05)  
Education (ref: ≤ 12 yrs)    <0·001  <0·001 
   13-16 yrs   -0·61  (-0·83  -0·40)  -0·37  (-0·59  -0·15)  
   ≥ 17 yrs   -1·27  (-1·50  -1·04)  -0·77  (-1·01  -0·53)  
Personal income (ref: 0-200.000 NOK)    0·13  0·50 
   200.000-300.000 NOK   -0·05  (-0·28  0·18)  -0·07  (-0·31  0·17)  
   >300.000 NOK   0·20  (-0·05  0·45)  0·09  (-0·17  0·35)  
Occupational group(ref: V-VII)    0·003  0·005 
   IV   -0·49  (-0·80  -0·18)  -0·52  (-0·85  -0·20)  
   III   -0·23  (-0·52  0·06)  -0·24  (-0·54  0·06)  
   I+II   -0·59  (-0·97  -0·20)  -0·67  (-1·08  -0·27)  
Work control (ref: never/seldom)      0·89 
   Most often     -0·14  (-0·35  0·06)  
   Always     0·10  (-0·18  0·37)  
Dietary patterns       
   modern     -0·17  (-0·27  -0·08)  
   Western     0·22  (0·13  0·31)  
   traditional     -0·19  (-0·29  -0·09)  
   sweet     -0·69 (-0·78  -0·61)  
Physical activity (ref: inactive)      <0·001 
   Walk, cycle ≥4 h/week     -0·91  (-1·12  -0·69)  
   Exercise ≥4 h/week/competitive sports     -1·21  (1·47  -0·94)  
Smoking (ref: no)     -0·93  (-1·12  -0·73)  
 R2 =  0·06  R2 = 0·07  R2 =  0·12  

Table 3. Associations between measured BMI and demographic factors (model 1), SEP (model 2) and mediating factors (model 3). Multiple linear regressions. 
 

Bold numbers: p<0·001 for difference from reference category for each variable. Mutually adjusted for all variables entered in each model.   
 



             
 

 Model 1  n=9149 Model 2  n=8938 Model 3  n=8366 

 B (95 % CI)  p for trend B (95 % CI)  p for trend B (95 % CI)  
 p for trend 

Gender (ref: men) -0·11  (-0·11  -0·11)  -0·11  (-0·12  -0·11)  -0·11  (-0·13  -0·11)  
Age (ref: 30 yrs)   <0·001  <0·001  <0·001 
   40/45 yrs 0·02  (0·02  0·03)  0·19  (0·02  0·02)  0·02  (0·02 0·02)  
   59/60 yrs 0·05  (0·04  0·05)  0·40  (0·04  0·04)  0·04  (0·04  0·05)  
Number of children born 0·000  (-0·002  0·002)  -0·001  (-0·003  0·001)  -0·001  (-0·003  0·000)  
Education (ref: ≤ 12 yrs)    <0·001  <0·001 
   13-16 yrs   -0·010  (-0·014 -0·007)  -0·01  (-0·010  -0·003)  
   ≥ 17 yrs   -0·02  (-0·02  -0·02)  -0·01  (-0·016  -0·008)  
Personal income (ref: 0-200.000 NOK)    0·08  0·21 
   200.000-300.000 NOK   -0·003  (-0·007  0·001)  -0·002  (-0·006  0·002)  
   >300.000 NOK   -0·004  (-0·008  0·000)  -0·003  (-0·008  0·001)  
Occupational group(ref: V-VII)    <0·001  0·001 
   IV   -0·011  (-0·016  -0·006)  -0·01  (-0·016  -0·005)     
   III   -0·008  (-0·013  -0·003)  -0·007  (-0·012  -0·002)  
   I+II   -0·011  (-0·017  -0·005)  -0·011  (-0·018  -0·005)  
Work control (ref: never/seldom)      0·23 
   Most often     0·000  (-0·004  0·003)  
   Always     0·004  (-0·001  0·008)  
Dietary patterns       
   modern      -0·003  (-0·004  -0·001)  
   Western     0·005  (0·003  0·006)  
   traditional     0·000  (-0·002  0·001)  
   sweet     -0·008  (-0·009  -0·006)  
Physical activity (ref: inactive)      <0·001 
   Walk, cycle ≥4 h/week     -0·014  (-0·018  -0·011)  
    Exercise ≥4 h/week/competitive sports     -0·02  (-0·03  -0·02)  
Smoking (ref: no)     -0·002  (-0·005  0·001)  
 R2 = 0·44        R2 = 0·46    R2 = 0·48    

Table 4. Associations between measured WHR and demographic factors (model 1), SEP (model 2) and mediating factors (model 3). Multiple linear regressions. 
 

Bold numbers: p<0·001 for difference from reference category for each variable. Mutually adjusted for all variables entered in each model.   
 



Figure captions 

 

Fig. 1. Mean measured BMI (unadjusted) in each tertile of different dietary patterns. 

Note below the figure: Trend for difference between tertiles: 

‘modern ’, ‘Western’ and ‘sweet’: p<0·001 

‘traditional ’: p=0·003 
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