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Abstract 

Type 2 diabetes (T2D) has no cure, but can be controlled by medication, diet and lifestyle 

changes. It has been suggested that diabetes dietary self-management is more difficult for 

people with socioeconomic difficulties. The objective of our study was to test the hypothesis 

that socioeconomic factors impact the change of diet after T2D diagnosis. The 57,304 French 

women included in the present study answered food frequency questionnaires (FFQ) in 1993 

and 2005, questionnaires on socioeconomic factors, and were free from T2D in 1993. 

Between 1993 and 2005, 1,249 women developed T2D. Linear regression models evaluated 

whether having T2D diagnosed had an impact on energy and nutrient intakes and whether 

socioeconomic factors were implicated. T2D was associated with a reduction of energy (β=-

74.70kcal/day, p<0.001), carbohydrate (β=-9.29g/day, p<0.001), lipid (β=-2.01g/day, 

p<0.001) and alcohol (β=-2.74 g/day, p=0.002) intakes, while there was no association with 

changes in protein or fiber intakes. The main socioeconomic factors that had an impact on 

dietary change were the level of education of T2D patients and whether or not they had a 

family (having a partner and/or children). The present study provides evidence that 

socioeconomic factors impact the way people with T2D change their dietary habits after 

diagnosis. Further; the family plays a crucial role in dietary self-management, probably 

encouraging T2D patients to follow dietary recommendations. 

Keywords: Type 2 diabetes, socioeconomic factors, diet, food frequency questionnaires, E3N 

study.
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1. Introduction  

In 2014, 422 million adults worldwide (or 8.5% of the global population) had diabetes, 

compared with 108 million (4.7%) in 1980, and it has been estimated that diabetes caused 1.5 

million deaths in 2012 [1]. Diabetes can lead to serious complications and comorbidities that 

severely diminish the quality of life and ultimately lead to premature death [2]. Although it 

has no cure, diabetes can be controlled by medications along with an appropriate diet and 

lifestyle such as reducing energy intake, lowering carbohydrate intake, increasing fiber intake, 

reducing alcohol consumption, eating regular meals, maintaining a healthy weight, and 

engaging in physical activity [3, 4]. Nevertheless, people with diabetes may have difficulties 

in changing well-established habits, have a negative perception of the recommended regimen, 

encounter barriers related to social circumstances and to the practicalities of making lifestyle 

changes, and may lack the knowledge and understanding of the recommendations [5]. These 

barriers are usually greater in socioeconomically disadvantaged populations, in particular for 

changes in dietary habits [6]. Indeed several authors have reported that, in high-income 

countries, type 2 diabetes mellitus (T2D) mortality is higher in lower socioeconomic groups, 

as defined by the level of education, occupation, income, or the deprivation level of the area 

of residence [7-9]. 

The prevention of complications associated with diabetes is important as they are a burden on 

the health care system and are associated with higher mortality rates [10]. From a public 

health point of view, the overall objective is that T2D patients should self-manage their 

disease; however, not all people affected by T2D comply with medical recommendations 

[11, 12]. Weaver et al. (2014) reported that changing the diet in T2D patients from low 

socioeconomic groups is challenged by limited access to healthy food, no household support 

for a healthy diet, financial restrictions, low motivation, and limited access to information 
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about dietary management [6].  It is thus crucial to monitor if health policies that aim to 

improve the self-management of people with diabetes are actually effective.  

The main objective of the study was to test the hypothesis that socioeconomic factors impact 

on the change of diet after T2D diagnosis, in the women participating in the prospective E3N 

(Etude Epidémiologique auprès des femmes de la Mutuelle Générale de l’Education 

Nationale) cohort study.  

2. Methods and materials 

2.1 Study population  

E3N is a prospective cohort study initiated in 1990 and involving 98,995 women born in 

1925-1950 and living in metropolitan France at inclusion [13]. E3N is the French part of the 

European Prospective Investigation into Cancer and Nutrition (EPIC), and the EPIC sub-study 

devoted to diabetes: Interaction of genetic and lifestyle factors on the incidence of type 2 

diabetes (InterAct) [14]. In E3N, data are available from mailed questionnaires sent every 2-3 

years, as well as from a drug-reimbursement claims database that has been available since 

2004. The average follow-up per each questionnaire cycle has been 83%, and to date, the 

overall loss to follow-up since 1990 has been 3%. All women signed letters of informed 

consent, in compliance with the French National Commission for Computerized Data and 

Individual Freedom (CNIL). 

The flow-chart in Figure 1 shows how the study population was selected. Briefly, from the 

98,995 women in the cohort, we excluded women who had not completed the first food 

frequency questionnaire (FFQ) in 1993 and/or to the second FFQ in 2005 (n=38,614). Women 

with extreme values for the ratio between energy intake and required energy (below the 1st 

and above the 99th percentiles of the distribution in the population) (n=2188) and women 

with diabetes diagnosed before the first FFQ (n=889) were also excluded. Our analysis 
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included 57,304 women, among whom 1,249 had T2D diagnosed between the first and the 

second FFQ (group of interest), 12,713 did not have T2D but were validated incident cases of 

other major chronic diseases (OCD), such as cancer, cardiovascular disease, hypertension; 

finally 43,342 women were classed as healthy. The validation process for OCD cases has 

already been described [13].  

2.2 Ascertainment of Diabetes 

Within the E3N cohort, diabetes cases were validated using a specific algorithm in two steps. 

First, potential T2D cases were identified through self-reporting of diabetes, diabetes-specific 

diet, anti-diabetic drugs, or hospitalization for diabetes in any of the nine follow-up cohort 

questionnaires, or through the drug reimbursement file obtained from the insurance every 

three months since January 1st, 2004. All potential cases were then sent a detailed 

questionnaire that included questions on circumstances of diagnosis (year of diagnosis, 

symptoms, biological exams, fasting or random glucose concentrations at diagnosis), current 

diabetes therapy (recommendation of a medical diet or physical activity, glucose-lowering 

treatments), last measurement of fasting glucose and HbA1c levels. Cases were considered 

validated when positive for at least two of the following three sources: self-reported diabetes 

in the follow-up questionnaires and/or positive answer to the specific diabetes questionnaire 

(i.e. fasting plasma glucose ≥1.26 g/L or random glucose ≥2.00 g/L at diagnosis and/or 

current fasting plasma glucose ≥1.26 g/L and/or current HbA1c ≥7% and/or reporting of 

glucose-lowering drug use) and/or glucose-lowering drugs reimbursed by the health insurance 

over the period 1/1/2004 to 1/1/2012. Women identified through the drug reimbursement file, 

but who were reimbursed for glucose-lowering drugs only once during the period and who 

had declared to be non-diabetic, were considered as non-cases.  
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2.3 Dietary data and socioeconomic factors  

Dietary data were collected in 1993 and in 2005 using a validated FFQ [15]. In the first FFQ, 

questions on 64 food groups, with 236 food items, were completed for 8 consumption 

occasions, from breakfast to after-dinner snacks (including the aperitif before lunch and 

dinner). In the second FFQ, 11 food groups were further subdivided into more specific food 

items and10 food groups were added (soya milk, soya yogurt, soya steak, dried fruit, 

infusions, chips, smoked fish, charcuterie, “mini-sausages” and meal substitutes), resulting in 

290 food items. Conversion of foods into nutrients used a French food composition table 

compiled ad hoc for this study; it was derived from the major French food composition table 

(CIQUAL and updated version)[16], the McCance and Widdowson’s food composition table 

[17] and several other published sources. Individual average daily dietary intakes of energy 

and nutrients (carbohydrates, proteins, dietary fiber, alcohol, and lipids) were estimated for 

the two FFQs. 

Socioeconomic data collected in the E3N study included having or not a partner, level of 

education of the women and their partners, occupation, age at delivery of the first child, and 

number of children. Based on the women’s professional activity, their salary was estimated 

from data provided by the French National Institute of Statistics and Economics Studies for 

salaries in 1992 (source: www.insee.fr) [18]. The deprivation index ‘FDep99’ was also 

computed for each woman. This is based on the socio-economic level of their residential 

commune (the smallest administrative district in France), using four variables from the 1999 

population census (source: www.insee.fr) and the tax authority’s 2001 household income data 

(source: www.insee.fr): median household income, percentage of high school graduates in the 

population aged 15 years and older, percentage of blue-collar workers in the active 

population, and unemployment rate. The mean value of the FDep99 index in France is 0 and 

the more an area is deprived, the higher the FDep99 index [19].  

http://www.insee.fr/
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Information on age, body mass index (BMI), level of physical activity and smoking status, 

were collected from the questionnaires and were used as covariates in the statistical analyses.  

2.4 Statistical analyses   

The average daily intakes of energy and nutrients are presented as medians (minimum, 

maximum) and they were compared for each FFQ, between the three health status groups 

(healthy, OCD, and T2D women) using the Kruskal Wallis test, and between FFQs within the 

same health status group using the Wilcoxon–Mann–Whitney test.  

For each woman we calculated the difference in the daily intake of energy (kcal/day), 

carbohydrates (g/day), proteins (g/day), dietary fiber (g/day), alcohol (g/day), and lipids 

(g/day) between 1993 and 2005. Changes between the first and second FFQ are tabulated 

according to various strata. 

Linear regression models estimated if being an incident case of T2D had an impact on the 

changes in energy and nutrient intakes between the two FFQs. Two dummy variables were 

created, one for the OCD group and one for the T2D group, and used in the models as 

independent variables, while the healthy group was used as the reference group. We first 

performed univariate analyses (Model 0), then we adjusted for age (years), BMI, physical 

activity (in metabolic equivalents, MET-hours/week), and smoking status (non-smoker, ex-

smoker, and current smoker) at baseline, and having a personal history of chronic disease 

(cancer, cardiovascular disease, or hypertension) before the first FFQ (Model 1). For variables 

with <5% of values missing during follow-up, missing values were imputed with the median 

(quantitative variables) or the mode (qualitative variables) of the study population.  In the case 

of ≥ 5% of missing values, a “missing” category was created. 

In order to determine which socioeconomic variables had an impact on the changes in diet for 

incident T2D cases, we ran Model 1 including the investigated socioeconomic variables one-
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by-one, and an interaction term between the socioeconomic variable and the health status 

group (healthy subjects, OCD and T2D). Due to the fact that previous research has 

demonstrated that statistical power to detect interactions is lower than for main effects [20-

22], Model 1 was stratified on all socioeconomic factors for which the interaction term had a 

P value below 0.25. Moreover, Model 3 was stratified also according to those variables 

considered crucial determinants of socioeconomic status [6-9], independently from the P 

value associated to the interaction [20-22].  

All statistical analyses used SAS 9.4 software (SAS Institute Inc.). For all statistical analysis 

significance was set at P<0.05.  

3. Results  

3.1 Baseline Characteristics 

The main characteristics of the study population are summarized in Table 1, according to the 

health status. Women with incident T2D (n= 1,249) were older, had a higher BMI, and 

reported lower physical activity than women from the healthy or the OCD group. Moreover, 

those diagnosed with T2D reported more frequently, a personal history of cardiovascular 

disease or hypertension before the first FFQ. 

3.2 Estimated daily intakes by health status groups 

Between 1993 and 2005, the healthy group increased significantly their intakes of energy and 

all nutrients, with the exception of proteins, which decreased. For the OCD group, energy 

intake, carbohydrates, and dietary fiber intakes increased, protein decreased and there was no 

change in alcohol or lipid intake. In contrast, for the T2D group, alcohol and lipid intakes 

were lower in the second FFQ compared with the first one, while no difference was found for 

energy intake. As for the healthy and OCD groups, the T2D group reported a lower intake of 
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protein and a higher intake of carbohydrates in the second compared to the first FFQ 

(Table 2). 

When comparing intakes reported by the three health status groups in 1993 (first FFQ), the 

group with later incident T2D had significantly higher intakes of energy, proteins and lipids 

compared to those reported from the healthy and OCD groups, while no difference was found 

for carbohydrates, dietary fiber, or alcohol intake. For the second FFQ (in 2005) women in the 

T2D group reported higher intakes of proteins and lower intakes of carbohydrates and alcohol 

compared with the healthy and OCD groups. There were no differences between the reported 

intakes of energy, dietary fiber and lipids between the three health status groups at the second 

FFQ (Table 2). 

3.3 Impact of T2D diagnosis on dietary changes  

Because results obtained with both the univariate (Model 0) and multivariable (Model 1) 

linear regression models did not substantially change, only the results from the latter model 

will be commented. As reported in Table 3, diagnosis of T2D was associated with a decrease 

of energy, carbohydrates, lipids, and alcohol intakes, while no variation was observed with 

proteins and fiber intake.  

3.4 Interaction terms between socioeconomic variables and T2D  

We calculated interaction terms between socioeconomic variables and T2D. The 

socioeconomic factors that had an impact on the diet changes in incident T2D cases were “not 

having children/having at least one child”, independently of the “age at delivery”, and 

“having/not having a partner”, independently from the education level of the partner. Indeed 

these last two variables were the only two, among all the socioeconomic variables included in 

this study, for which the interaction term had a P-value below 0.25. Therefore, the variable 

"having/not having children" and the variable "having/not having a partner" were merged into 
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a third variable "having/not having a family" (where "not having a family" included women 

without a partner and without children). Model 1 was then stratified on this last variable 

(Table 3).  

3.5 Impact of T2D diagnosis on dietary changes analyzed separately for each 

socioeconomic factor  

3.5.1 Family  

As reported in table 3, for the women with incident T2D, those with a family decreased their 

intakes of energy (β=-84.31 kcal/day, P<0.001), carbohydrates (β=-10.21 g/day, P<0.001), 

alcohol (β=-2.12 g/day, P<0.001), and lipids (β=-3.20 g/day, P=0.001) while women without 

a family, only their fiber intake was increased (β=2.53 g/day, P=0.01). There was no variation 

in protein intake for either of the two groups.  

3.5.2 Education Level  

Due to the fact that the education level is a crucial determinant of socioeconomic status, by 

default we stratified on the level of education, independently from the P value of the 

interaction term. When stratifying according to the education level, for women that did not 

achieve a high school diploma, there no changes in diet were observed. For women with an 

education level between high school and a two-year university diploma, there were decreased 

intakes of energy (β=-85.57 kcal/day, P=0.001), carbohydrates (β=-12.17 g/day, P<0.001), 

alcohol (β=-1.82 g/day; P<0.001), and lipids (β=-3.20 g/day; P=0.011). Similar associations 

were seen for women with an education level above a two-year university diploma, except for 

changes in carbohydrate intake (Table 3).  

3.5.3 Deprivation index of the area of residence  

As for the education level, by default we performed the analysis stratified according to the 

deprivation index of the area of residence, independently from the P value of the interaction 
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term. When dividing the study population into two groups according to the deprivation index 

of the area of residence (FDep99 above or below 0), there was a decrease in intakes of energy 

(β=-60.62 kcal/day, P=0.032 in less deprived areas; β=-87.80 kcal/day, P=0.001 in more 

deprived areas), carbohydrates (β=-7.76 g/day, p=0.029 and β=-10.61 g/day, P=0.002 in less 

and more deprived areas, respectively) and alcohol (β=-1.94 g/day, P<0.001 and β=-2.07 

g/day, P<0.001 in less and more deprived areas, respectively) in both strata. No association 

was observed for changes in protein and fiber intakes. Finally, there was a decrease in lipid 

intake only in women living in more deprived areas (β=-3.38 g/day, P<0.007) (Table 3).         

3.6 Impact of T2D diagnosis on dietary changes in different socioeconomic groups   

Model 1 was simultaneously stratified for the level of education, FDep99 index, and family 

status (Table 4). For women who did not have a high school diploma, incident T2D had no 

impact on changes in the diet, independently of the FDep99 index and having or not a family.  

For women with an education level between high school and a two-year university diploma, 

T2D was associated with a decrease in energy intake (β=-88.5 kcal/day, P=0.035 and β=-85.8 

kcal/day, P=0.017 in less and more deprived areas, respectively ), carbohydrates (β=-37.7 

g/day, P=0.009 in less deprived areas; β=-11.2 g/day, P=0.014 in more deprived areas), and 

alcohol (β=-2.4 g/day, P=0.003 and; β=-1.7 g/day, P=0.010 in less and more deprived areas, 

respectively) exclusively in women with a family, independently from the FDep99 index, 

while T2D was associated with a decrease in lipid intake, but only in women with a family 

and living in more deprived areas (β=-3.5 g/day, P=0.037). Finally for women with an 

education level above a two-year university diploma, there was a decrease in energy intake 

(β=-202.3 kcal/day, P=0.001), carbohydrates (β=-20.4 g/day, P=0.006), proteins (β=-5.0 

g/day, p=0.05), alcohol (β=-4.4 g/day, p<0.001), and lipids (β=-7.8 g/day, p<0.005) in women 

with a family and living in more deprived areas. An increase in protein and fiber intake was 
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seen for the women with an education level above a two-year university diploma, no family 

and living in less deprived areas (respectively β=13.5 g/day, P=0.02; β=6.4 g/day, P=0.001).  

4. Discussion  

In the large E3N cohort, our study investigated if women’s dietary habits changed after a 

diagnosis of T2D and whether socioeconomic factors have an impact on these changes.  

Our results show that energy and all nutrient intakes, with the exception of protein intake, 

increased in the general healthy population, as well as in women with incident chronic 

diseases other thanT2D, in a time span of 12 years between 1993 and 2005. This increase is 

likely due to changes in the population’s dietary habits during the last decades [23-26], but 

could also be explained in part by the fact that in the second FFQ, specific questions on 54 

specific food items were added. In contrast, for women with an incident T2D, the overall 

intake of energy and all nutrients decreased or at least any increase was less pronounced.  

The global multivariable linear regression models highlight that women with a T2D diagnosis 

had a decrease of energy, carbohydrates, lipids, and alcohol intakes. These results are in line 

with the dietary recommendations provided to people with T2D [7, 8], although no significant 

increase in fiber intake was observed. Our results show that protein intake did not change 

after T2D diagnosis; this probably reflects the contradictory recommendations provided with 

regard to the protein intake for people with T2D [27-29]. 

Our study highlights how having a family and the education level impact on women’s 

capacity to change their diet after T2D diagnosis. In particular, women with middle or high 

education levels and those with a family reduced their intakes of energy, carbohydrates, 

lipids, and alcohol after T2D diagnosis. The deprivation level of the area of residence did not 

seem relevant with regard to diet changes, except for women with a high education level and 
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with a family, who decreased energy, carbohydrates, proteins, and lipids only when living in 

more deprived areas.  

The level of education appears to be the most important socioeconomic factor, but not the 

only one, to impact on the capacity to change the diet after T2D diagnosis. Considering that 

the education level is a reliable proxy of the socioeconomic group, there is a need to address 

health interventions specifically for the lower socioeconomic groups who have a poor health 

literacy, which is an important barrier to chronic-disease care [30]. Moreover, our results 

confirm what has already been suggested by other authors: the family plays a crucial role in 

diabetes self-management, in particular regarding following dietary recommendations. It is 

plausible that, in women from the middle and high socioeconomic groups, the family context 

offers encouragement to follow dietary recommendations and dissuades them from unhealthy 

behaviors. In contrast, it has been pointed out by other authors how low socioeconomic group 

families often undermine the capacity of T2D patients to follow a healthy diet and this 

condition is probably reflected in our results [12, 31].   

We are aware of some limitations of our study. Although the household income is an 

important variable when defining socioeconomic status; we could not include the women's 

salary in our analysis as there was a high percentage of missing values, and data on the overall 

household income were not available.  Using only the women's salary as a proxy of the 

overall household income, could introduce a consistent bias in the analysis. But, since we 

considered other variables strongly correlated with income, we are confident that information 

concerning the household income would not change the results. Moreover, the two FFQ used 

in the present study had some differences due to the fact that some questions on individual 

food items were added in the second FFQ. It has been reported by previous authors that food 

questionnaires including more food items are more likely to result in greater calculated intake 

simply due to the available questions [32]. However, this should not affect the overall 
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reliability of our results: indeed women in the three health groups in the present study 

answered the same FFQs, so any potential bias in the intake measurements is equally present 

in all groups, leading to a non-differential measurement bias. 

Finally, other confounders may remain unmeasured in our study, even though we included 

most of the known and potential variables that may have an impact on a woman’s capacity to 

modify her diet after T2D diagnosis. 

Our study has several strengths. To our knowledge this is the first large study investigating 

the dietary changes adopted by people after diagnosis of T2D over a 12- year period. We 

combined dietary information provided by extensive FFQs with data on a number of 

socioeconomic factors providing a comprehensive picture of the capacities of T2D patients to 

follow the dietary recommendations necessary to reduce the risk of complications or 

premature death. Finally our study included a large number of T2D cases so the statistical 

power was high in our analyses.  

 

The present study provides evidence that socioeconomic factors impact the way T2D patients 

change their dietary habits after diagnosis. In particular, our study highlights how, besides the 

educational level, the family plays a crucial role in dietary self-management, probably 

encouraging T2D patients to follow dietary recommendations. It is therefore important to 

provide better health interventions focused on socio-economically disadvantaged groups and 

those that do not have a family.  
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Table 1.  Study population characteristics, stratified by health status. The E3N Study (n=57304). 

 
  Health status groups 

Variable 
 

Healthy (N=43342) 
Other chronic  diseases  

(N=12713) 

Type 2 diabetes 

(N= 1249) 

  Means (SD) 

Age (years) 
 

52.3 (6.4) 53.1 (6.5) 54.2 (6.5) 

BMI (kg/m²) 
 

22.6 (3.0) 23.1 (3.2) 26.9 (4.8) 

Physical activity 

(Met-h/week) 1  
46.2 (49.7) 45.9 (45.0) 45.7 (47.1) 

Prevalent cancer before 

the first FFQ  
696 (1.61) 126 (0.99) 24 (1.92) 

Prevalent hypertension 

before the first FFQ  
17173 (39.62) 2617 (20.59) 724 (57.97) 

Prevalent CVD2 before 

the first FFQ  
1996 (4.61) 799 (6.28) 108 (8.65) 

Smokes 
 

5512 (12.72) 1631 (12.83) 162 (12.97) 

Deprivation index 

(FDepp99)<0 
 22620 (52.2) 6668 (52.5) 583 (46.7) 

Age at first birth 

(years) 
 24.9 (3.9) 25.0 (4.0) 24.7 (4.1) 

  N (%) 

Education level   

< high school diploma  5785 (13.35) 1836 (14.44) 248 (19.86) 

high school diploma - 

two-year university  
21523 (49.66) 6419 (50.49) 659 (52.76) 

>two-year university 

diploma 
16034 (36.99) 4458 (35.07) 342 (27.38) 

Number of children 

none 4977 (11.48) 1440 (11.33) 143 (11.45) 

1 child 6685 (15.42) 1882 (14.8) 183 (14.65) 

2 children 19189 (44.27) 5648 (44.43) 497 (39.79) 

more than 2 children 12491 (28.82) 3743 (29.44) 426 (34.11) 

Education level of the 

partner 

< high school diploma  12230 (28.22) 3588 (28.22) 437 (34.99) 

high school diploma - 

two-year university  
11868 (27.38) 3452 (27.15) 329 (26.34) 

>two-year university 

diploma 
14589 (33.66) 4223 (33.22) 319 (25.54) 

No partner 4655 (10.74) 1450 (11.41) 164 (13.13) 

Women's salary 

(francs) 

<111270  4362 (10.06) 1315 (10.34) 143 (11.45) 

from 111270 to 116190  12176 (28.09) 3605 (28.36) 378 (30.26) 

from 1161890 to 158450  8616 (19.88) 2555 (20.1) 252 (20.18) 

>158450 12764 (29.45) 3558 (27.99) 293 (23.46) 

info missing 5424 (12.51) 1680 (13.21) 183 (14.65) 
 1 MET: Metabolic Equivalent of Task; 2 CVD: Cardio Vascular Disease
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Table 2. Intake of energy and the main nutrients reported in the first and second Food Frequency 

Questionnaires (FFQ) stratified by health group.  The E3N Study (n=57304). 

 
Health groups 

  Healthy Other chronic diseases Type 2 diabetes   

  Median (min-max) Median (min-max) Median (min-max) P value** 

FFQ1 : Energy (kcal/day) 2157.9 (816.1-4887.6) 2159.9 (892.2-4553.6) 2231.5 (990.2-4403.3) 0.0004 

FFQ2 : Energy (kcal/day) 2227.4 (669.5-5890.9) 2224.2 (716.7-5911.5) 2226.9 (773.2-5512.3) 0.5497 

P value* <0.0001 <0.0001 0.7788   

FFQ1 : Carbohydrates 

(g/day) 
229.1 (37.9-625.2) 229.6 (40.5-592.6) 229.9 (82.9-594.6) 0.5810 

FFQ2 : Carbohydrates 

(g/day) 
248.1 (28.4-717.4) 248.3 (31.6-693.2) 242.2 (78.6-663.5) <.0001 

P value* <0.0001 <0.0001 <0.0001   

FFQ1 : Protein (g/day) 95.1 (22.8-230.8) 95.8 (24.8-238.8) 101.9 (41.0-228.9) <0.0001 

FFQ2 : Protein (g/day) 91.1 (14.9-310.1) 91.6 (13.0-302.8) 97.4 (21.2-279.7) <0.0001 

P value* <0.0001 <0.0001 0.0013   

FFQ1 : Fibre (g/day) 24.2 (2.9-85.4) 24.1 (4.0-69.6) 24.5 (5.6-55.6) 0.0870 

FFQ2 : Fibre (g/day) 26.3 (3.4-120.4) 26.4 (2.5-87.8) 26.6 (6.3-74.8) 0.2670 

P value* <0.0001 <0.0001 0.0002   

FFQ1 : Alcohol (g/day) 6.8 (0.0-143.5) 6.9 (0.0-140.7) 6.5 (0.0-113.5) 0.4446 

FFQ2 : Alcohol (g/day) 7.4 (0.0-191.6) 7.1 (0.0-191.3) 4.9 (0.0-111.4) <.0001 

P value* <0.0001 0.6562 0.0004   

FFQ1 : Lipids (g/day) 85.7 (23.5-259.6) 85.6 (22.4-228.2) 89.9 (27.4-213.0) <.0001 

FFQ2 : Lipids (g/day) 86.3 (13.1-322.5) 85.4 (10.8-286.1) 87.0 (23.9-261.9) 0.3002 

P value* 0.0095 0.6105 0.0042   

 * Wilcoxon-Mann-Whitney test 

** Krsukal-Wallis test 
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Table 3. Associations between the differences in daily intake reported in the first and second Food 

Frequency Questionnaires (Δ) of energy and nutrients and type 2 diabetes and stratified by 

socioeconomic factors individually. The E3N Study (n=57304). 

  
  

Δ Energy 

(kcal/day)  

Δ Carbohydrates 

(g/day) 

Δ Proteins 

(g/day) 

Δ Fibres 

(g/day) 

Δ Alcool 

(g/day) 

Δ Lipids 

(g/day) 

    β P value β P value β P value β 
P 

value 
β 

P 

value 
β 

P 

value 

Model 

0 
- -78.66 

<0.000

1 
-7.95 0.001 0.33 0.694 0.03 0.913 -2.56 

<0.00

01 

-

3.36 
0.000 

Model 

1 
- -74.70 0.000 -9.29 0.000 0.41 0.636 0.34 0.221 -2.01 

<0.00

01 

-

2.79 
0.002 

Model 

1 strata 

women

's 

family 

no  43.49 0.532 1.99 0.818 4.79 0.117 2.53 0.010 -0.63 0.618 2.31 0.487 

yes -84.31 <.0001 -10.21 <.0001 0.04 0.961 0.15 0.598 -2.12 
<.000

1 

-

3.20 
0.001 

Model 

1  

strata 

women

's 

educati

on level  

< high 

school  
-33.68 0.477 -6.05 0.314 0.55 0.793 0.18 0.787 -1.14 0.151 

-

0.41 
0.853 

high 

school- 

two-

year 

univers

ity  

-85.57 0.001 -12.17 0.000 1.17 0.318 0.37 0.321 -1.82 0.000 
-

3.20 
0.011 

>two-

year 

univers

ity < 

-83.42 0.020 -6.34 0.161 
-

1.14 
0.475 0.31 0.541 -2.97 

<.000

1 

-

3.64 
0.035 

Model 

1  

strata 

FDep9

9 index 

 

FDep99

<0 

-60.62 0.032 -7.76 0.029 0.93 0.462 0.12 0.764 -1.94 0.000 
-

2.18 
0.106 

FDep99

>0 
-87.80 0.001 -10.61 0.002 

-

0.11 
0.928 0.52 0.166 -2.07 

<.000

1 

-

3.38 
0.007 

Model 0 univariate linear regression model; 

Model 1 multivariable linear regression model adjusted for age, body mass index (BMI), physical activity (in metabolic 

equivalents, MET-hours/week) and smoking status (non-smoker, ex-smoker and currant smoker) at baseline and having a 

personal history of chronic disease (cancer, cardiovascular disease or hypertension) before the first FFQ. 
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Table 4. Relations between the changes in daily intake reported in the first and second Food 

Frequency Questionnaires (Δ) of energy and nutrients and type 2 diabetes stratified by socioeconomic 

factors simultaneously. The E3N Study (n=57304). 

 

 

 

Model 1 multivariable linear regression model adjusted for age, body mass index (BMI), physical activity (in metabolic 

equivalents, MET-hours/week) and smoking status (non-smoker, ex-smoker and currant smoker) at baseline and having a 

personal history of chronic disease (cancer, cardiovascular disease or hypertension) before the first FFQ 
  

  
wome

n's 

educat

ion 

level 

FDep9

9 

index 

Fam

ily  

Δ Energy 

(kcal/day) 

Δ Carbohydrates 

(g/day) 

Δ Proteins 

(g/day) 

Δ Fibres 

(g/day) 

Δ Alcohol 

(g/day) 

Δ Lipids 

(g/day) 

  
β 

P 

value 
β P value β 

P 

value 
β 

P 

value 
β 

P 

value 
β 

P 

value 

Mo

del 

1  

< high 

school  

  

FDep9

9<0 

No  
172.1

9 
0.667 -8.15 0.861 4.2 0.798 1.38 0.808 2.35 0.756 

19.0

8 

0.31

9 

Yes  -97.03 0.185 -12.48 0.178 -1.6 0.620 
-

0.83 
0.412 

-

1.11 
0.365 

-

3.66 

0.28

7 

FDep9

9>0 

No  
155.0

6 
0.588 -0.71 0.984 -0.8 0.948 2.85 0.483 

-

7.06 
0.102 

23.3

8 

0.09

5 

Yes  -3.96 0.951 -2.08 0.800 2.2 0.442 0.80 0.379 
-

1.00 
0.357 0.28 

0.92

8 

high 

school 

to two 

years 

of 

univer

sity   

FDep9

9<0 

No  -25.9 0.871 -2.7 0.897 6.5 0.368 0.5 0.817 0.4 0.870 -4.9 
0.51

6 

Yes  -88.5 0.035 -13.7 0.009 1.3 0.494 0.0 0.938 -2.4 0.003 -2.5 
0.21

9 

FDep9

9>0 

No  -100.5 0.485 -15.8 0.399 1.3 0.840 -0.7 0.752 1.2 0.615 -5.6 
0.40

5 

Yes  -85.8 0.017 -11.2 0.014 0.8 0.628 0.7 0.164 -1.7 0.010 -3.5 
0.03

7 

> two 

years 

of 

univer

sity 

FDep9

9<0 

No  193.7 0.607 17.8 0.282 13.5 0.025 6.4 0.001 -1.2 0.681 8.5 
0.19

5 

Yes  -40.6 0.426 -0.2 0.979 -0.4 0.848 -0.1 0.879 -2.3 0.030 -2.5 
0.31

1 

FDep9

9>0 

No  -17.3 0.909 3.2 0.863 -1.1 0.872 2.7 0.198 -1.0 0.721 -2.1 
0.77

8 

Yes  -202.3 0.001 -20.4 0.006 -5.0 0.052 -0.7 0.429 -4.4 0.000 -7.8 
0.00

5 
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Figure1: Flowchart illustrating the selection process of the study population. The E3N Study.  

 

FFQ: food frequency questionnaire; 

T2D: Type 2 diabetes; 

OCD: other major chronic diseases such as such as cancer, cardiovascular disease, and hypertension 




