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Abstract
Background
Adolescence is an important life stage for the development of dietary preferences and health behaviour. Longitudinal studies indicated that cardiovascular status in adolescence predicts cardiovascular risk marker values in adulthood. Several diet quality indices for adolescents have been developed in the past, but literature concerning associations between indices and biomarkers of dietary exposure and cardiovascular status is rather sparse. Hence, the aim of this study was to analyse associations of dietary indices with biomarkers of dietary exposure and cardiovascular status.

Methods
For the present analysis, data from the German Health Interview and Examination Survey for Children and Adolescents (KiGGS 2003–2006) were used. The analysis included 5,198 adolescents, aged 12 to 17 years. The Healthy Food Diversity Index (HFD), the Healthy Nutrition Score for Kids and Youth (HuSKY), the Indicator Food Index (IFI) and a simple fruit/vegetable intake index were derived from food frequency questionnaire information to indicate a healthy diet. Adjusted mean values for homocysteine, uric acid, CRP, total cholesterol, HDL-C, ferritin, HbA1c, folate, vitamin B12 and BMI were calculated using complex-samples general linear models for quintiles of the different indices. Furthermore, the agreement in ranking between the different indices was calculated by weighted kappa. All statistical analyses were conducted for boys and girls separately, and were adjusted for potential confounders.

Results
Folate was positively associated with the HFD, the HuSKY, and fruit/vegetable intake for both boys and girls and with IFI for boys. Among girls, positive associations were seen between vitamin B12 and the IFI and between diastolic blood pressure and the IFI as well as fruit/vegetable intake. A negative association was found between homocysteine and the HFD, the HuSKY, and the IFI for both boys and girls and with fruit/vegetable intake for boys. Among boys, uric acid and HbA1c were negatively and prevalence of obesity positively associated with the IFI.

Conclusions
Overall, the indices, even the simpler ones, seem to have a similar general capability in predicting biomarkers of dietary exposure. To predict risk of cardiovascular disease dietary indices may have to be more specific.
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Background
Adolescence is an important life stage for the establishment of health behaviour and could therefore also affect nutrition and health status later in life [1, 2]. While longitudinal studies have indicated that biomarkers of cardiovascular disease predict biomarker values in adulthood [3–5], findings about the association of diet during adolescence and these biomarkers still remain inconsistent [3]. In the last decades, dietary indices have been used to study the relationship between food intake and disease [6–8]. The dietary index approach tries to account for the complex contribution of the human diet to health. Among adolescents, several indices to assess diet quality in adolescence exist [9–16], but literature concerning associations between such indices and biomarkers, which are used as indicators of the current health status, are rather sparse [17, 18]. During the last years we developed several dietary indices, intended to reflect a healthy diet on basis of food based dietary guidelines for German children and adolescents [19]: the Healthy Food Diversity Index (HFD) [20], the Healthy Nutrition Score for Kids and Youth (HuSKY) [21], and the Indicator Food Index (IFI) [22]. Since the intake of fruits and vegetables is used as an indicator for a healthy diet in the national health monitoring in Germany, a simple index of fruit/vegetable intake was also developed. The aim of this study was to analyse the associations of these dietary indices with biomarkers of dietary exposure and cardiovascular status among adolescents in a nationally representative sample of German adolescents. Furthermore, the strength of the associations with biomarkers was compared for the mentioned indices.

Methods
Study design and study population
The nationally representative German Health Interview and Examination Survey for Children and Adolescents (KiGGS) was performed between 2003 and 2006 by the Robert Koch Institute. The aim of the KiGGS survey was to collect comprehensive data on the health status of children and adolescents aged 0 to 17 years. Participants were enrolled in two steps, in the first step, 167 sample points were randomly drawn stratified by federal state and community size. In the second step, participants were randomly selected from local population registries stratified by age. Children and adolescents with a migration background were also included. The final net sample included 17,641 participants, who lived in Germany [23]. The survey was approved by the German federal data protection office and by the ethics committee of Charité - University Medicine Berlin. Participants were informed in detail about the study objectives, interview and examination procedures as well as the handling of data records and analysis under pseudonymous conditions, and gave their written consent. Design and methods are described in detail elsewhere [24].

Data collection and adaption of study variables
KiGGS includes several physical examinations, conducted by trained staff, among them blood pressure, body height and body weight measurements. Systolic and diastolic blood pressure (BP) were measured using an automated oscillometric device at an interval of two minutes. The arithmetic mean of two consecutive measurements was used for the analysis. Body height was measured according to a standardized protocol to the nearest 0.1 cm using a portable stadiometer. Body weight was measured in underwear to the nearest 0.1 kg with an electronic scale [24]. Since the body mass index (BMI) is dependent on growth related changes in body composition, a relative measure of BMI is more appropriate for adolescents. Therefore, BMI z-scores of the body mass index percentiles were calculated according to Schaffrath Rosario et al. [25]. For the analysis of biomarkers, blood samples were collected, separated into aliquots, frozen and stored at −40°C [26]. The fasting period was documented for every participant. To assess the usual intake of selected foods, a Food Frequency Questionnaire (FFQ) was used [27]. An energy intake index was calculated, summarising the multiplied amounts and mean energy contents of the FFQ items. Health-related behaviour like alcohol consumption, physical activity and smoking status of the participants were assessed with a self-administered questionnaire. Medication and supplement use of adolescents during the last seven days were determined with a standardised interview conducted by a physician [28]. Additionally, parents were asked about their income, occupational status and education. With this information a family socio-economic status index was calculated as described previously [29].

Biochemical measures
In this study associations of dietary indices with biomarkers of long term nutrition were analysed. These biomarkers were selected from the biomarkers available for the study population. Since dietary indices are used to evaluate the accordance of an individual’s diet with nutritional recommendations, a positive association with biomarkers of dietary exposure (ferritin, HbA1c, folate, vitamin B12) was expected. Biomarkers of cardiovascular status (homocysteine, uric acid, C - reactive protein, total cholesterol, high-density lipoprotein cholesterol) were selected, which are predictive for levels in adulthood [2]. Homocysteine was determined with fluorescent particle immunoassay (Axsym; Abbott, Wiesbaden, Germany). Uric acid was determined by the uricase-PAP method (Hitachi 917; Roche, Mannheim, Germany). Total cholesterol was analysed using an enzymatic assay (cholesterol oxidase-PAP method) produced by Roche. High-density lipoprotein cholesterol (HDL-C) was determined directly with a homogenous enzymatic colorimetric assay (Roche). Serum C-reactive protein (CRP) was measured by Immunoturbidimetry (Hitachi 917). During the course of the survey the reagent produced by SCIL (Martinsried, Germany) was replaced by Roche. Due to parallel measurement, data derived with the SCIL reagent could be converted into a CRP value that corresponds with the new method. Serum vitamin B12, serum ferritin, and serum folate were measured by electrochemi luminescence immunoassay (Elecsys E2010; Roche). During the survey, the method for determination of folate was changed by the manufacturer. In the present analysis data obtained with both methods were analysed separately (first/second period), since conversion of the data was not feasible. HbA1c was analysed using high-performance liquid chromatography (Diastad; Biorad, Munich, Germany). Biochemical measures in the KiGGS study were described in detail elsewhere [26].

Dietary assessment and construction of dietary indices
Usual consumption of several food groups during the “last few weeks” was assessed using a self-administered, semi quantitative FFQ[27]. The questionnaire was developed by the Robert Koch Institute and includes 45 food items. The frequency of consumption was assessed within ten categories, similar for all food items: never, once a month, two to three times a month, one to two times a week, three to four times a week, five to six times a week, one time per day, two to three times a day, four to five times a day, more than five times a day. In addition, participants had to estimate the usual portion size of the food item, which was given in five item specific categories. Several pictures were used to illustrate the portion sizes. The FFQ and a covering letter were sent by postal mail to the participants, several weeks prior the examination visit. The first page of the FFQ provides instructions about the completion of the questionnaire. Additionally, a telephone hotline was offered for any support in completing the questionnaire. At the examination visit the questionnaire was checked for completeness, and further support was offered. The FFQ was validated in comparison to the dietary history method DISHES and showed fair to moderate ranking validity for most food items (Spearman correlation coefficients from .35 to .69 with most values above .5), except for pasta/rice (.22) and white bread (.31) [30]. The validity of the FFQ is comparable to other FFQs for adolescents [30].
The food based dietary guidelines “Optimized Mixed Diet” (OMD) were developed to facilitate the adoption of a healthy diet to children and adolescents. The concept was described in detail elsewhere [19]. For this study, three dietary indices were selected, since these were developed especially for children and adolescents in Germany, taking into account the OMD recommendations. While the Healthy Nutrition Score for Kids and Youth (HuSKY) and the Indicator Food Index (IFI) were originally developed for KiGGS, the Healthy Food Diversity Index (HFD) was initially developed for adults and then adapted to adolescents. Additionally, for this study, a simple index of fruit and vegetable intake was calculated to compare with the more complex ones, since in the German national health monitoring these food groups are used as a main indicator of a healthy diet. For all dietary indices an increasing score is associated with a healthier diet.

Healthy Nutrition Score for Kids and Youth (HuSKY)
The HuSKY was developed for the KiGGS study to compare eating habits of children and adolescents with the OMD guidelines [19]. To develop the index, 38 FFQ items were aggregated into eleven food groups corresponding to the guidelines [21]. Then, the ratio of food intake to food intake recommendation was calculated for each food group. On base of the sex and age-specific guidelines the ratio was allocated with points. For most food groups, intakes below the recommendation were proportionally allocated up to 100 points. If participants exceed the double recommended amount, points were proportionally subtracted from 100. The points of all food groups were summarized and afterwards, the HuSKY was standardized on a scale from 0 to 100. The HuSKY offers a valuable instrument to evaluate overall eating habits in a population, but is not intended to assess specific aspects of dietary behaviour in detail.

Healthy Food Diversity Index (HFD)
The HFD was originally developed for the German Nutrition Survey (GeNuS) of 1998 among adults to assess the food diversity and the health value of an individual diet [20]. It considers three aspects: the number, distribution, and health value of all consumed foods. The index increases when the variation in food intake becomes healthier. Therefore the Berry-Index [31], which was applied in economic food diversity studies, was multiplied by a food-specific health factor based on the food consumption guidelines of the German Nutrition Society [32]. For our study, the HFD was adapted to adolescent’s diet. The intake of 41 FFQ items was used to calculate the index score. The food specific health factors were calculated according to the OMD guidelines [19]. Higher values of the HFD reflect a healthier diet. The consideration of both diversity and dietary recommendations seems to be the advantage of the HFD.

Indicator Food Index (IFI)
A further, relatively simple index was developed previously in the research group [22]. Consumption of seven food groups of the KiGGS FFQ (fruits, vegetables, brown bread, soft drinks, fast food, chocolate, and salty snacks) was used as an indicator of a favourable or unfavourable diet. Therefore, frequency of each food group intake was categorized as healthy (2 points), neutral (1 point) and unfavourable (0 points). The points were defined using dietary guidelines and as a consensus of nutrition experts during a dietary indices expert meeting at a KiGGS symposium. By adding the points of all seven indicator food items an index with a scale from 0 to 14 was calculated. A score from 0 to 5 points was rated as an unfavourable, 6 to 10 points as a neutral and 11 to 14 points as a favourable diet. It should be emphasized, that this index covers only a few foods and therefore reflects only a selected proportion of the diet and not an overall dietary pattern. Furthermore, in comparison with HFD and HuSKY the estimation of health values for single food groups is relatively simple.

Fruit/vegetable intake
As part of the continuous national health monitoring, the Robert Koch Institute regularly conducts telephone health interview surveys in representative samples of the German adult population (GEDA) [33]. Since the number of questions in a telephone interview is limited, only questions concerning the consumption of fruits, vegetables and fruit/vegetable beverages were included. These items can be used to build a simple indicator for a healthy diet but not to represent the general diet [34]. For the present study, a similar fruit/vegetable index was calculated to compare it with the more complex dietary indices. Standardised portions per day were calculated for six FFQ items (cooked, raw, frozen and tinned vegetables; fresh and tinned fruits). Subsequently, the portions were summarised. According to the nutritional recommendations of the German Nutrition Society up to one portion juice per day was added to fruit and vegetable consumption [32].

Statistical analysis
For the present analyses we excluded participants without blood samples (N=292) and those, who did not completed the FFQ (N=263). Furthermore, pregnant participants were excluded from the analyses (N=2). Overall, out of 5,755 KiGGS participants our analyses included 5,198 participants. To avoid bias by medication use we excluded participants with diabetes and antidiabetic medication in the analyses for glycohaemoglobin (HbA1c; N=77). Furthermore, we excluded participants who used oral contraceptives in the analyses of serum lipids (N=432) and those who used oral contraceptives and antihypertensive medication in the analyses of blood pressure (N=468).
The sample of the KiGGS study was drawn by a clustered and stratified design, therefore all analyses were performed with complex-samples procedures of SPSS version 18.0 (SPSS Inc., Chicago, Illinois, USA). Since sex differences in dietary habits and pubertal status may be expected in this age group, we conducted separate analyses for boys and girls. To enhance representativeness for the German population structure, statistical analyses were weighted. For the comparison of the different dietary indices, scores were grouped into quintiles. Consequently the interpretation of the scales was similar for the indices, with higher quintiles indicating a healthier diet. The biomarkers values were generally not normally distributed. After a log transformation a normal distribution was also not achieved for all biomarkers but the results of the models did not change. Therefore the untransformed data are presented. Mean values of biomarkers with 95% confidence intervals were calculated according to quintiles of dietary indices, using complex-samples general linear model (CSGLM), and tested for trends. Additionally, regression coefficients for the association between biomarkers and indices were calculated by including the ranked index score as a continuous variable. All analyses were stratified for sex and adjusted for age (continuous), energy intake (continuous), BMI z-scores (continuous), alcohol consumption (yes, no), season of data collection (spring, summer, autumn, winter), physical activity (every day, 3–5 times/week, 1–2 times/week, 1–2 times/month, never), smoking status (yes, no), and family socio-economic index (low, medium, high status). The prevalence of obesity [35] was calculated for each quintile of the dietary indices. A trend test was conducted by logistic regression analysis, including the ranked index score as a continuous variable. Cronbach’s alpha [36], which is a function of the correlation and the number of items in a scale [37], was calculated to estimate the internal consistency of the dietary indices. The degree of agreement in ranking classification of the dietary indices was evaluated with calculation of the weighted kappa coefficient (κw) using the formula [38]:[image: A12986_2012_Article_491_Equ1_HTML.gif]

 (1)


A cross table (5x5) of frequencies was calculated to derive the observed proportion of agreement (Ow) and the expected proportion of agreement by chance (Cw). The weighting factors were 1 for complete agreement, .75 for people differing one category, .5 for people differing two categories, .25 for people differing three categories, and 0 for complete disagreement. P-values less than .05 and non-overlapping 95% confidence intervals were considered statistical significant.


Results
The study population is presented in Table 1 and includes boys (N=2,646) and girls (N=2,552) in nearly equal proportions. The mean age of all participants was 15.1, with a standard deviation of 1.7. Mean dietary index scores for girls were significantly higher than for boys, while energy intake for girls was lower than for boys. The prevalence of overweight and obesity was similar for both sexes. Alcohol consumption was significantly higher for boys than for girls, while smoking activity was similar for boys and girls. More boys (65%) than girls (42%) were physical active more than two times per week. Nearly 25% had a low or high socio-economic status and 50% had a medium socio-economic status. The survey was conducted during all seasons with some more examinations in autumn (30%) and winter (26%).Table 1
                        Sample characteristics stratified for sex (mean values or percentages and 95%
                        CI
                        )*
                      


	 	All participants N=5,198
	Boys N=2,646
	Girls N=2,552

	Age
	15.1
	15.1 (15.0-15.1)
	15.1 (15.0-15.1)

	Energy intake
	2,871
	3,150 (3,089-3,211)
	2,582 (2,529-2,634)

	Index scores

	
                            HFD
                          
	0.51
	0.49 (0.48-.049)
	0.54 (0.53-0.54)

	
                            HuSKY
                          
	53.1
	51.8 (51.4-52.2)
	54.5 (54.1-54.9)

	
                            IFI
                          
	9.03
	8.58 (8.49-8.66)
	9.50 (9.41-9.58)

	Fruit/vegetable intake
	3.30
	3.02 (2.90-3.11)
	3.59 (3.48-3.72)

	Obesity status (%)$
	17.2
	17.2 (15.8-18.7)
	17.2 (15.8-18.7)

	Overweight
	9.2
	9.4 (8.4-10.6)
	9.0 (7.9-10.1)

	Obese
	8.0
	7.8 (6.8-8.9)
	8.2 (7.2-9.3)

	Alcohol consumption (%)
	22.9
	29.0 (27.3-30.7)
	16.5 (15.1-18.0)

	Smoking (%)
	22.5
	22.3 (20.7-23.9)
	22.7 (20.8-23.9)

	Physical activity (%)

	Every day
	21.6
	27.1 (25.5-28.9)
	15.8 (14.4-17.2)

	3-5times/week
	32.2
	37.9 (36.1-39.8)
	26.2 (24.5-27.9)

	1-2times/week
	30.6
	25.2 (23.6-26.9)
	36.2 (34.4-38.1)

	1-2times/day
	5.5
	3.8 (3.1-6.4)
	7.3 (6.4-8.4)

	Never
	10.1
	5.9 (5.0-6.9)
	14.5 (19.1-22.2)

	SES (%)$$

	Low
	25.8
	25.9 (24.3-27.6)
	25.7 (24.0-27.4)

	Medium
	48.1
	47.6 (45.7-49.5)
	48.7 (46.8-50.6)

	High
	26.0
	26.5 (24.8-28.2)
	25.6 (24.0-27.4)

	Season (%)

	Spring
	21.9
	22.4 (20.8-24.0)
	21.4 (19.9-23.1)

	Summer
	21.8
	21.8 (20.3-23.4)
	21.8 (20.2-23.4)

	Autumn
	30.3
	30.2 (28.5-32.0)
	30.3 (28.5-32.1)

	Winter
	26.0
	25.6 (24.0-27.3)
	26.5 (24.8-28.2)


Abbreviation: CI (Confidence interval), HFD (Healthy Food Diversity Index), HuSKY (Healthy Nutrition Score for Kids and Youth), IFI (Indicator Food Index), SES (Socio-economic status).
*Non-overlapping 95% confidence intervals were considered statistical significant.
$calculated according to Kromeyer-Hauschild et al. [35].
$$calculated according to Winkler and Stolzenberg [29].



Dietary indices and biomarkers of dietary exposure
The association of dietary indices with biomarkers of dietary exposure for girls are presented in Table 2. Mean values of folate increased for increasing quintiles of the HFD (p=.010/<.001) and the fruit/vegetable intake (p=.017/.044) in both study periods. For the HuSKY, mean values of folate increased only in the second study period. The mean value of vitamin B12 increased across increasing quintiles of the IFI (p=.003). The association of dietary indices with biomarkers of dietary exposure for boys are presented in Table 3. Borderline significant decreasing HbA1c values were observed across increasing quintiles of the IFI (p=.049). Mean values of folate increased across increasing quintiles for all indices, within the first study period. The strongest association showed the IFI (p=.006). The results for the second study period showed only in tendency a linear association between folate and the indices.Table 2
                          Biomarkers
                          
                            #
                          
                          of dietary exposure by quintiles of dietary indices for girls (mean and 95%
                          CI
                          )*
                        


	 	Index
	1. Quintile
	3. Quintile
	5. Quintile
	ß
	p

	Ferritin μg/l
	
                              HFD
                            
	35.2
	32.6
	33.5
	−0.354
	.328

	N=2,523
	32.8-37.5
	30.1-35.1
	31.1-36.0
	 	 
	
                              HuSKY
                            
	35.1
	34.0
	33.7
	−0.183
	.589

	32.6-37.5
	31.4-36.6
	31.3-36.1
	 	 
	
                              IFI
                            
	33.9
	34.8
	34.1
	−0.127
	.782

	31.3-36.5
	31.7-37.9
	31.4-36.7
	 	 
	Fruit/vegetable intake
	33.0
	34.6
	33.6
	0.240
	.529

	30.4-35.7
	31.5-37.8
	31.3-35.9
	 	 
	HbA1c %
	
                              HFD
                            
	4.80
	4.84
	4.81
	−0.002
	.891

	N=2,494
	4.74-4.86
	4.79-4.89
	4.76-4.85
	 	 
	
                              HuSKY
                            
	4.84
	4.80
	4.80
	−0.009
	.212

	4.78-4.90
	4.75-4.86
	4.74-4.85
	 	 
	
                              IFI
                            
	4.83
	4.80
	4.83
	0.005
	.528

	4.77-4.88
	4.74-4.85
	4.78-4.89
	 	 
	Fruit/vegetable intake
	4.83
	4.83
	4.80
	−0.011
	.136

	4.77-4.88
	4.77-4.89
	4.75-4.86
	 	 
	Folate (First period) ng/ml
	
                              HFD
                            
	450.7
	482.6
	490.5
	9.859
	
                              .010
                            

	N=1,502
	423.6-477.8
	457.9-507.3
	463.5-517.5
	 	 
	
                              HuSKY
                            
	468.8
	466.8
	471.8
	−0.929
	.786

	442.1-495.6
	434.4-499.2
	448.0-495.6
	 	 
	
                              IFI
                            
	471.6
	458.0
	490.0
	4.700
	.142

	446.0-497.2
	434.9-481.1
	460.9-519.1
	 	 
	Fruit/vegetable intake
	435.4
	482.3
	489.4
	7.814
	
                              .017
                            

	410.6-460.3
	457.0-507.6
	464.8-514.0
	 	 
	Folate (Second period) ng/ml
	
                              HFD
                            
	608.5
	668.7
	675.9
	15.784
	
                              <.001
                            

	N=947
	570.2-646.8
	630.9-706.5
	649.1-702.8
	 	 
	
                              HuSKY
                            
	622.3
	665.4
	675.6
	13.293
	
                              <.001
                            

	587.0-657.7
	624.8-706.1
	671.4-709.5
	 	 
	
                              IFI
                            
	629.9
	670.6
	648.8
	8.685
	.094

	593.5-666.3
	634.8-706.4
	620.5-677.1
	 	 
	Fruit/vegetable intake
	624.4
	643.1
	679.0
	9.936
	
                              .044
                            

	582.9-665.8
	607.3-679.0
	643.4-714.6
	 	 
	Vitamin B12 ng/1
	
                              HFD
                            
	445.0
	485.7
	457.0
	0.962
	.455

	N=2,518

	421.4-468.5
	463.5-507.8
	436.4-477.6
	 	 
	
                              HuSKY
                            
	474.8
	458.3
	471.5
	−0.751
	.857

	443.6-505.7
	432.2-484.4
	445.8-497.3
	 	 
	
                              IFI
                            
	444.9
	488.4
	486.1
	10.870
	
                              .003
                            

	419.9-469.9
	457.6-519.1
	460.7-511.5
	 	 
	Fruit/vegetable intake
	479.9
	464.7
	458.8
	−3.606
	.060

	453.9-505.9
	437.6-491.9
	436.0-481.6
	 	 

Abbreviation: CI (Confidence interval), HbA1c (Glycohaemoglobin), HFD (Healthy Food Diversity Index), HuSKY (Healthy Nutrition Score for Kids and Youth), IFI (Indicator Food Index).
*P values less than 0.05 (bold) were considered statistically significant.
#adjusted for age, energy intake, BMI, alcohol consumption, season, physical activity, smoking status, and family socio-economic index.


Table 3
                          Biomarkers
                          
                            #
                          
                          of dietary exposure by quintiles of dietary indices for boys (mean and 95%
                          CI
                          )*
                        


	 	Index
	1. Quintile
	3. Quintile
	5. Quintile
	ß
	p

	Ferritin μg/l
	
                              HFD
                            
	53.3
	52.2
	58.7
	0.808
	.109

	N=2,630
	49.9-56.7
	48.6-55.7
	52.7-64.8
	 	 
	
                              HuSKY
                            
	53.2
	53.4
	59.4
	0.806
	.130

	49.3-57.2
	49.7-57.2
	52.8-66.0
	 	 
	
                              IFI
                            
	53.2
	52.6
	55.8
	0.646
	.136

	49.2-57.2
	48.6-56.6
	50.9-60.7
	 	 
	Fruit/vegetable intake
	54.3
	53.3
	53.3
	−0.227
	.808

	50.6-58.0
	49.6-57.0
	47.2-59.5
	 	 
	HbA1c %
	
                              HFD
                            
	4.93
	4.89
	4.89
	−0.010
	.106

	N=2,592
	4.89-4.97
	4.84-4.93
	4.83-4.94
	 	 
	
                              HuSKY
                            
	4.91
	4.92
	4.88
	−0.002
	.574

	4.86-4.96
	4.87-4.96
	4.82-4.94
	 	 
	
                              IFI
                            
	4.91
	4.92
	4.86
	−0.012
	
                              .049
                            

	4.86-4.95
	4.87-4.98
	4.78-4.93
	 	 
	Fruit/vegetable intake
	4.91
	4.91
	4.89
	0.003
	.677

	4.87-4.96
	4.86-4.96
	4.82-4.95
	 	 
	Folate (First period) ng/ml
	
                              HFD
                            
	462.3
	481.2
	507.1
	10.260
	
                              .009
                            

	436.3-488.2
	456.6-505.8
	475.2-539.0
	 	 
	N=1,604

	
                              HuSKY
                            
	460.7
	457.0
	493.2
	6.801
	
                              .030
                            

	434.6-486.8
	429.0-484.9
	463.1-523.3
	 	 
	
                              IFI
                            
	451.1
	465.0
	501.0
	27.671
	
                              .006
                            

	429.4-472.7
	438.3-491.6
	464.3-537.8
	 	 
	Fruit/vegetable intake
	446.3
	464.0
	496.0
	10.057
	
                              .005
                            

	422.5-470.0
	437.0-491.0
	466.9-525.1
	 	 
	Folate (Second period) ng/ml
	
                              HFD
                            
	625.6
	677.2
	630.4
	0.860
	.949

	N=953
	592.7-658.5
	646.9-707.5
	586.5-674.3
	 	 
	
                              HuSKY
                            
	638.7
	643.5
	656.8
	3.095
	.502

	605.4-672.0
	615.1-671.9
	619.7-693.9
	 	 
	
                              IFI
                            
	635.6
	658.9
	639.6
	3.692
	.763

	603.4-667.7
	625.4-692.3
	598.1-681.1
	 	 
	Fruit/vegetable intake
	638.4
	672.2
	663.4
	6.901
	.185

	608.9-667.8
	641.8-702.6
	625.4-701.4
	 	 
	Vitamin B12 ng/l
	
                              HFD
                            
	471.6
	476.9
	477.6
	1.464
	.766

	N=2,609
	451.3-491.8
	454.2-499.7
	450.1-505.0
	 	 
	
                              HuSKY
                            
	487.0
	488.7
	484.3
	−3.660
	.742

	459.0-514.9
	462.8-514.7
	451.4-517.2
	 	 
	
                              IFI
                            
	474.2
	499.1
	477.7
	6.227
	.259

	451.4-497.0
	478.0-520.2
	446.4-509.0
	 	 
	Fruit/vegetable intake
	486.3
	473.8
	474.2
	−1.992
	.569

	463.0-509.5
	453.3-494.4
	446.4-502.0
	 	 

Abbreviation: CI (Confidence interval), HbA1c (Glycohaemoglobin), HFD (Healthy Food Diversity Index), HuSKY (Healthy Nutrition Score for Kids and Youth), IFI (Indicator Food Index).
*P values less than 0.05 (bold) were considered statistically significant.
#adjusted for age, energy intake, BMI, alcohol consumption, season, physical activity, smoking status, and family socio-economic index.




Dietary indices and biomarkers of cardiovascular status
The association of dietary indices with biomarkers of cardiovascular status for girls are presented in Table 4. Mean values of homocysteine decreased across increasing quintiles of the HFD, the HuSKY, and the IFI. The strongest association was observed for the HuSKY (p=.007) and the IFI (p=.027). Mean values of CRP decreased significantly across increasing quintiles for the IFI (p=.007). Mean values of the diastolic BP increased significantly across increasing quintiles of the IFI (p=.018) and fruit/vegetable intake (p=.046). The association of dietary indices with biomarkers of cardiovascular status for boys are presented in Table 5. Mean values of homocysteine decreased across increasing quintiles of the HFD, the HuSKY, the IFI, and fruit/vegetable intake. The strongest associations were found for the IFI (p=.001). Additionally, mean values of uric acid decreased for increasing quintiles of the HFD (p=.001) and the IFI (p<.001). Mean values of CRP decreased significantly across increasing quintiles for the HuSKY (p=.034).Table 4
                          Biomarkers
                          
                            #
                          
                          of cardiovascular status by quintiles of dietary indices for girls (mean and 95%
                          CI
                          )*
                        


	 	Index
	1. Quintile
	3. Quintile
	5. Quintile
	ß
	p

	Homocysteine μmol/l
	
                              HFD
                            
	8.09
	7.88
	7.69
	−0.074
	
                              .038
                            

	N=2,522
	7.80-8.39
	7.60-8.16
	7.49-7.89
	 	 
	
                              HuSKY
                            
	8.37
	7.88
	7.83
	−0.108
	
                              .007
                            

	8.03-8.71
	7.62-8.14
	7.58-8.09
	 	 
	
                              IFI
                            
	8.11
	8.01
	7.71
	−0.098
	
                              .027
                            

	7.83-8.39
	7.74-8.28
	7.42-7.99
	 	 
	Fruit/vegetable intake
	8.13
	7.84
	7.79
	−0.058
	.165

	7.82-8.45
	7.59-8.08
	7.50-8.08
	 	 
	Uric acid mg/dl
	
                              HFD
                            
	4.28
	4.26
	4.34
	0.015
	.336

	N=2,537
	4.18-4.38
	4.15-4.37
	4.25-4.43
	 	 
	
                              HuSKY
                            
	4.39
	4.26
	4.30
	−0.011
	.331

	4.29-4.50
	4.15-4.37
	4.21-4.40
	 	 
	
                              IFI
                            
	4.25
	4.31
	4.37
	0.027
	.099

	4.14-4.35
	4.20-4.43
	4.25-4.48
	 	 
	Fruit/vegetable intake
	4.27
	4.33
	4.38
	0.024
	.182

	4.16-4.38
	4.22-4.43
	4.27-4.50
	 	 
	CRP μg/dl
	
                              HFD
                            
	196.1
	151.8
	162.5
	−6.073
	.175

	N=2,438
	148.7-243.5
	115.7-187.9
	123.7-201.4
	 	 
	
                              HuSKY
                            
	193.9
	166.5
	154.9
	−8.215
	.051

	150.4-237.4
	112.5-220.5
	115.9-194.0
	 	 
	
                              IFI
                            
	205.8
	164.6
	155.5
	−14.005
	
                              .007
                            

	148.1-263.6
	121.3-207.9
	112.7-198.4
	 	 
	Fruit/vegetable intake
	178.4
	158.2
	154.8
	−2.283
	.586

	137.1-219.7
	119.4-197.0
	116.5-193.2
	 	 
	Total cholesterol μg/dl
	
                              HFD
                            
	158.9
	160.6
	161.6
	0.634
	.190

	N=2,104
	155.1-162.7
	156.9-164.2
	157.9-165.3
	 	 
	
                              HuSKY
                            
	160.6
	162.0
	160.5
	−0.033
	.930

	156.5-164.7
	158.2-165.8
	156.6-164.3
	 	 
	
                              IFI
                            
	161.6
	162.3
	161.4
	0.033
	.790

	157.8-165.4
	158.4-166.2
	157.4-165.4
	 	 
	Fruit/vegetable intake
	159.9
	160.1
	158.8
	0.099
	.869

	155.8-163.9
	155.5-164.6
	154.8-162.8
	 	 
	HDL-C μg/dl
	
                              HFD
                            
	58.2
	57.5
	57.3
	−0.359
	.108

	N=2,104
	56.5-60.0
	56.0-59.0
	55.8-58.8
	 	 
	
                              HuSKY
                            
	58.4
	58.1
	56.7
	−0.278
	.205

	56.8-60.0
	56.5-59.7
	55.3-58.1
	 	 
	
                              IFI
                            
	58.2
	57.3
	57.5
	−0.184
	.418

	56.3-60.1
	55.7-58.8
	56.2-58.9
	 	 
	Fruit/vegetable intake
	58.3
	57.0
	56.9
	−0.202
	.291

	56.6-60.1
	55.4-58.6
	55.5-58.2
	 	 
	Systolic BP mmHg
	
                              HFD
                            
	111.8
	112.0
	112.9
	0.223
	.205

	N=2,100
	110.2-113.3
	110.7-113.3
	111.7-114.1
	 	 
	
                              HuSKY
                            
	111.8
	112.7
	112.6
	0.057
	.287

	110.4-113.1
	111.5-113.9
	111.4-113.9
	 	 
	
                              IFI
                            
	112.2
	111.2
	113.4
	0.394
	.052

	110.8-113.6
	109.9-112.4
	112.0-114.8
	 	 
	Fruit/vegetable intake
	111.6
	113.3
	112.1
	0.099
	.485

	110.2-113.0
	111.8-114.7
	110.8-113.4
	 	 
	Diastolic BP mmHg
	
                              HFD
                            
	66.5
	67.6
	67.7
	0.128
	.235

	N=2,100

	65.7-67.4
	66.7-68.4
	66.8-68.6
	 	 
	
                              HuSKY
                            
	67.5
	67.6
	67.8
	0.096
	.564

	66.6-68.3
	66.7-68.4
	66.9-68.8
	 	 
	
                              IFI
                            
	67.2
	66.5
	68.3
	0.326
	
                              .018
                            

	66.3-68.0
	65.5-67.5
	67.3-69.3
	 	 
	Fruit/vegetable intake
	66.7
	67.7
	67.8
	0.255
	
                              .046
                            

	65.8-67.5
	66.7-68.8
	66.8-68.8
	 	 

Abbreviation: BP (Blood pressure), CI (Confidence interval), CRP (C - reactive protein), HDL-C (high-density lipoprotein cholesterol), HFD (Healthy Food Diversity Index), HuSKY (Healthy Nutrition Score for Kids and Youth), IFI (Indicator Food Index).
*P values less than 0.05 (bold) were considered statistically significant.
#adjusted for age, energy intake, BMI, alcohol consumption, season, physical activity, smoking status, and family socio-economic index.


Table 5
                          Biomarkers
                          
                            #
                          
                          of cardiovascular status by quintiles of dietary indices for boys (mean and 95%
                          CI
                          )*
                        


	 	Index
	1. Quintile
	3. Quintile
	5. Quintile
	ß
	P

	Homocysteine μmol/l
	
                              HFD
                            
	9.48
	9.20
	8.77
	−0.164
	
                              .001
                            

	N=2,625
	 	9.03-9.93
	8.78-9.63
	8.32-9.21
	 	 
	
                              HuSKY
                            
	9.69
	9.09
	8.89
	−0.147
	
                              .018
                            

	 	9.19-10.19
	8.65-9.53
	8.45-9.32
	 	 
	
                              IFI
                            
	9.84
	9.40
	8.79
	−0.250
	
                              .001
                            

	 	9.33-10.35
	8.92-9.89
	8.27-9.31
	 	 
	Fruit/vegetable intake
	9.83
	9.05
	9.20
	−0.189
	
                              .037
                            

	 	9.39-10.28
	8.67-9.42
	8.61-9.79
	 	 
	Uric acid mg/dl
	
                              HFD
                            
	5.72
	5.46
	5.45
	−0.068
	
                              .001
                            

	N=2,635
	 	5.60-5.84
	5.35-5.57
	5.31-5.59
	 	 
	
                              HuSKY
                            
	5.58
	5.48
	5.52
	−0.020
	.273

	 	5.47-5.70
	5.36-5.60
	5.38-5.66
	 	 
	
                              IFI
                            
	5.64
	5.57
	5.31
	−0.064
	
                              <.001
                            

	 	5.53-5.75
	5.44-5.69
	5.16-5.46
	 	 
	Fruit/vegetable intake
	5.56
	5.58
	5.59
	0.001
	.916

	 	5.44-5.69
	5.47-5.69
	5.45-5.73
	 	 
	CRP μg/dl
	
                              HFD
                            
	130.0
	109.0
	120.3
	−3.846
	.430

	N=2,554
	 	95.4-164.6
	82.5-135.5
	83.2-157.4
	 	 
	
                              HuSKY
                            
	124.5
	143.6
	108.8
	−8.205
	
                              .034
                            

	 	99.1-149.9
	107.5-179.6
	79.5-138.1
	 	 
	
                              IFI
                            
	132.3
	112.5
	123.1
	−5.034
	.528

	 	104.9-159.7
	84.9-140.1
	86.5-159.6
	 	 
	Fruit/vegetable intake
	133.1
	126.2
	127.8
	−2.528
	.654

	 	103.0-163.1
	87.3-165.1
	92.7-162.9
	 	 
	Total cholesterol μg/dl
	
                              HFD
                            
	153.5
	154.7
	154.4
	−0.044
	.842

	N=2,634
	 	150.6-156.4
	151.0-158.3
	150.5-158.3
	 	 
	
                              HuSKY
                            
	153.9
	156.8
	154.4
	0.372
	.538

	 	150.7-157.0
	153.2-160.4
	150.8-158.4
	 	 
	
                              IFI
                            
	153.9
	156.5
	155.0
	0.414
	.559

	 	150.8-157.0
	152.8-160.1
	150.6-159.5
	 	 
	Fruit/vegetable intake
	154.8
	157.4
	153.0
	−0.225
	.533

	 	151.4-158.2
	154.3-160.5
	148.7-157.2
	 	 
	HDL-C μg/dl
	
                              HFD
                            
	52.0
	53.4
	52.9
	0.144
	.557

	N=2,634
	 	50.8-53.3
	52.1-54.8
	51.3-54.4
	 	 
	
                              HuSKY
                            
	54.2
	52.9
	52.2
	−0.374
	.051

	 	52.9-55.5
	51.4-54.3
	50.7-53.8
	 	 
	
                              IFI
                            
	53.1
	52.7
	51.7
	−0.148
	.218

	 	52.0-54.3
	51.3-54.1
	50.1-53.4
	 	 
	Fruit/vegetable intake
	53.3
	53.3
	51.7
	−0.271
	.143

	 	52.0-54.6
	52.1-54.5
	50.1-53.3
	 	 
	Systolic BP mmHg
	
                              HFD
                            
	117.4
	117.5
	118.3
	0.100
	.552

	N=2,624
	 	116.3-118.5
	116.1-119.0
	116.9-119.7
	 	 
	
                              HuSKY
                            
	118.3
	117.9
	117.5
	−0.224
	.221

	 	117.1-119.4
	116.7-119.1
	116.2-118.9
	 	 
	
                              IFI
                            
	117.1
	118.5
	117.9
	0.309
	.265

	 	116.1-118.1
	117.3-119.8
	116.2-119.6
	 	 
	Fruit/vegetable intake
	118.1
	118.0
	118.1
	0.011
	.865

	 	116.8-119.3
	117.0-119.1
	116.5-119.6
	 	 
	Diastolic BP mmHg
	
                              HFD
                            
	69.3
	68.7
	69.5
	−0.018
	.991

	N=2,624
	 	68.5-70.1
	67.7-69.7
	68.3-70.6
	 	 
	
                              HuSKY
                            
	69.4
	69.1
	69.1
	−0.087
	.599

	 	68.6-70.3
	68.2-70.0
	68.0-70.2
	 	 
	
                              IFI
                            
	69.0
	69.4
	70.2
	0.247
	.121

	 	68.3-69.7
	68.5-70.3
	68.6-71.8
	 	 
	Fruit/vegetable intake
	69.3
	69.7
	69.4
	−0.015
	.981

	 	68.5-70.1
	68.9-70.6
	68.1-70.6
	 	 

Abbreviation: BP (Blood pressure), CI (Confidence interval), CRP (C - reactive protein), HDL-C (high-density lipoprotein cholesterol), HFD (Healthy Food Diversity Index), HuSKY (Healthy Nutrition Score for Kids and Youth), IFI (Indicator Food Index).
*P values less than 0.05 (bold) were considered statistically significant.
#adjusted for age, energy intake, BMI, alcohol consumption, season, physical activity, smoking status, and family socio-economic index.



Table 6 shows the prevalence of obesity according to quintiles of dietary indices stratified for sex. There is a tendency to higher percentages of obesity for higher quintiles of dietary indices. Only for the IFI among boys, the trend was significant.Table 6
                          Obese adolescents
                          
                            $
                          
                          (percentages and 95%
                          CI
                          ) according to quintiles of dietary indices*
                        


	 	Index
	1. Quintile
	3. Quintile
	5. Quintile
	ß
	p

	Girls
	
                              HFD
                            
	20.5
	17.1
	16.9
	−0.061
	.162

	N=2,544
	16.7-24.6
	14.0-20.6
	14.1-20.0
	 	 
	
                              HuSKY
                            
	16.2
	16.2
	18.7
	0.063
	.159

	12.9-20.0
	13.1-19.8
	15.8-22.0
	 	 
	
                              IFI
                            
	12.7
	20.3
	18.4
	0.078
	.092

	9.8-16.1
	16.5-24.5
	14.9-22.3
	 	 
	Fruit/vegetable intake
	18.8
	18.7
	19.2
	0.044
	.382

	 	15.2-22.9
	15.3-22.4
	16.1-22.6
	 	 
	Boys
	
                              HFD
                            
	14.0
	17.6
	17.6
	0.041
	.364

	N=2,634
	11.4-16.9
	14.5-21.1
	14.1-21.6
	 	 
	
                              HuSKY
                            
	15.9
	18.0
	19.2
	0.051
	.267

	13.0-19.1
	14.8-21.5
	15.4-23.4
	 	 
	
                              IFI
                            
	13.6
	19.4
	21.0
	0.158
	
                              .001
                            

	11.4-16.2
	15.9-23.3
	16.4-26.3
	 	 
	Fruit/vegetable intake
	19.0
	15.7
	19.6
	0.009
	.847

	 	15.9-22.3
	12.8-19.0
	15.9-23.7
	 	 

Abbreviation: CI (Confidence interval), HFD (Healthy Food Diversity Index), HuSKY (Healthy Nutrition Score for Kids and Youth), IFI (Indicator Food Index).
*P values less than 0.05 (bold) were considered statistically significant.
$calculated according to Kromeyer-Hauschild et al. [35].



The values of Cronbach’s alpha are similar for the HuSKY (.81) and HFD (.80), while values for fruit/vegetable intake (.67) and IFI (.62) are somewhat lower. To compare ranking agreement of the dietary indices weighted kappa coefficients were calculated. Most indices showed coefficients between .30 and .35 in ranking of participants. The HuSKY index and fruit/vegetable intake showed the highest agreement (κw=.42). Spearman’s correlation coefficients showed similar results (data not presented).


Discussion
Among German adolescents, the higher quintiles of the HFD, HuSKY, IFI and fruit/vegetable intake were associated with a more favourable biomarker profile, including higher ferritin, higher folate, higher vitamin B12; lower HbA1c, lower homocysteine, lower uric acid and lower CRP mean values. Most significant associations between dietary indices and biomarkers were observed for folate and homocysteine. Overall, the biomarkers of cardiovascular status showed less significant associations with the dietary indices than biomarkers of dietary exposure.
Dietary indices and biomarkers of dietary exposure
Serum levels of folate, HbA1c, Ferritin, and vitamin B12 are indicators of the current status for specific nutrients. Furthermore, folate, ferritin and vitamin B12 were associated with the risk of developing chronic diseases [39, 40]. Considering biomarkers of dietary exposure, most significant associations with dietary indices were found for folate. This may be due to the fact, that fruits and leafy vegetables, which are the main sources of folate [41], have a clear positive impact in all examined indices. The main sources of vitamin B12 are animal source foods like meat and dairy products [41, 42]. Since intake of these products is generally high in Germany, a diet rich in those will reduce the index values of HFD and HuSKY and may therefore weaken the association with vitamin B12. The two simpler indices do not contain these animal source food groups. The main source of heme iron, a metabolic precursor of ferritin, is red meat [43]. Overall, the dietary indices may show no significant association with ferritin, since high meat consumption either reduces the score or meat consumption is not included. Furthermore, both HFD and HuSKY do not distinct between different heme contents of meat sources (beef vs. poultry). HbA1c is a biomarker of long-term glycaemic control and it is used as a diabetes screening indicator [44]. Diets, which are low in whole grains or dietary fibre may increase HbA1c values and are associated with a higher risk of type 2 diabetes [45]. Only the IFI was significantly associated to HbA1c, among boys. This is not surprising, since the analysed indices, except the IFI, do not account for fibre content. Overall, the dietary indices seem to be useful to predict serum concentration of folate. Biomarkers which are associated with intake of meat or dietary fibre are not well reflected by these indices of an overall healthy diet. Other studies among adults observed similar associations [46–48].

Dietary indices and biomarkers of cardiovascular status
In previous studies, blood concentrations of homocysteine [5], uric acid [49], CRP[50], blood pressure and blood lipids [51] were associated with cardiovascular disease risk. Serum total cholesterol shows a positive relationship with cardiovascular disease risk whereas HDL-C is inversely related. Overall, independent of other factors like physical activity, the risk of cardiovascular disease may increase by high consumption of saturated fats, salt and refined carbohydrates, as well as low consumption of fruits and vegetables [5]. As described above, the analysed indices are based on a relatively simple FFQ (45 food items) and rank the diet of participants according to a consensus of an overall healthy diet. In the indices, for instance, saturated fats, salt and fibre intake are not well reflected and most associations between dietary indices and biomarkers of cardiovascular status are not significant. However, in most cases dietary indices and biomarkers of cardiovascular risk are in tendency inversely associated. The associations between dietary indices and homocysteine were most often significant. This result is not surprising, since all analysed indices are positively associated to serum concentrations of folate and folate is required for metabolism of homocysteine to methionine [52]. High intake of carbohydrates may increase blood levels of CRP[53]. All analysed indices showed in tendency a negative association with CRP. Only among girls, the association with IFI was significant. This may be due to the fact that the IFI score increases when consumption of brown bread is high but decreases when consumption of other grain sources, like fast food and salty snacks, is high. A modified version of the IFI may better predict carbohydrate intake and CRP values. The association with HbA1c, the long term marker of carbohydrate intake, was only significant for IFI, among boys. The main sources of cholesterol are dairy fat and meat [5]. The fact that fat content of dairy products was not accounted for in the index scores, could be a reason why no significant association was observed for dietary indices and blood lipids (total cholesterol and HDL-C). Low fat milk and milk products lower the risk of hypertension [54]. Among girls, diastolic blood pressure increased significantly with increasing index scores for IFI and fruit/vegetable intake. The reason may be that milk and milk products are not included in the calculation of IFI and fruit/vegetable intake. Overall, the biomarkers of cardiovascular status showed less significant associations with the indices than biomarkers of dietary exposure. This may be because the intake of the relevant food groups for cardiovascular disease risk is not well represented in the analysed indices. As mentioned above, studies concerning the association of dietary indices and biomarkers of cardiovascular status are rather sparse. Among Cypriot children [17] increasing CRP levels were significantly associated with a dietary inflammation index, since this index included fried foods, sweets, junk and fatty foods. In contrary to our findings the E-KINDEX score [18], an index that has been developed to identify children, whose dietary habits can predict obesity, showed a significant negative association with blood pressure. Among adults, several studies observed an inverse association between dietary indices and biomarkers of cardiovascular status [55–57]. Maybe, adolescents are too young to observe already clear associations between dietary indices and biomarkers of cardiovascular disease status.

Influence of other factors
The onset of puberty may influence dietary habits, food intake reporting and biomarker values. Girls as well as boys may reduce their food intake or misreport consumption because of weight concerns [58]. Additionally, levels of biomarkers of cardiovascular disease are associated with the onset of puberty [3]. Considering that in general puberty starts at different ages in girls and boys [59] this may have an impact on sex differences. For example, among girls at pubertal age HDL-C levels are higher than among boys of the same age [60]. These differences may result in effect modification of the associations and therefore the analyses were stratified for sex.
Obesity is a risk factor for cardiovascular disease and has influence on serum levels of biomarkers e.g. CRP[17], cholesterol and it is associated with hypertension [61]. For all dietary indices, there was a tendency for higher proportions of obese adolescents with increasing quintiles of indices. This association seems unexpected, but this is observed for many dietary indices [62]. A part of the explanation is that people, who consume higher amounts of food, tend to meet the recommendation for adequate intake more often than people, who eat less food. Therefore persons, who eat more, tend to have higher scores. Because of the mentioned associations, analyses between dietary indices and biomarkers were adjusted for BMI.

Agreement of dietary indices
The analysed dietary indices differ in the underlying assumptions of what characterises a healthy diet, which is reflected in the poor range of the weighted kappa coefficients between the indices. For example, the HuSKY index focusses on the accordance with quantities of recommended food intake of the OMD guidelines, while the HFD additionally takes the diversity of diet into account. The fair agreement between the HuSKY index and fruit/vegetable intake may be due to the importance of fruit and vegetable intake for the HuSKY score. For most food items, points were proportionally subtracted from 100 when intake exceeds the double recommended amount, but the intake of fruits and vegetables is allocated with 100 points either if a participant reaches or exceeds the recommendation. The internal consistency of the dietary indices is comparable to the reported reliability of other dietary scales among adolescents [18] and adults [63, 64]. Somewhat lower values of Cronbach’s alpha for the IFI and Fruit/vegetable intake may be due to the small number of food items. However, these simple tools may be useful in large population studies.

Study limitations and methodological considerations
Some limitations of the present study must be acknowledged. The cross-sectional study design may be a limitation for the estimation of the true association between indices and biomarkers of cardiovascular status, since the biomarkers are affected by long-term diet. This may blur the association and biomarkers of cardiovascular status may show less significant associations with the dietary indices. Furthermore, the diet was assessed by a FFQ with its well-known limitations [65]. Dietary indices are used to evaluate a healthy diet by calculating a one-dimensional index score. Since the overall diet of an individual is characterised by many aspects, like meal structure, foods consumed and frequency of consumption, one single value may reflect many different dietary patterns [66]. Biomarker values are an objective tool to evaluate the dietary status and disease risk. However, especially the association between biomarkers of cardiovascular status and cardiovascular disease need to be critically evaluated [49]. For example, the elevation of plasma homocysteine may be rather a consequence than a cause of atherosclerosis.
We adjusted our models for possible confounders of the association between dietary variables and biomarkers. However, some biomarkers are influenced by other factors, which could not be completely considered. For example, both physical activity and energy intake may confound the observed association between a healthy diet and blood pressure. In this survey physical activity and energy intake were assessed from self-reports and allow only a rough estimate. Similar, the association between dietary indices and biomarker values may be influenced by supplement use. Since only data on supplement use of the last seven days are available, corrections for the associations with biomarkers of long term nutrition could be insufficient.


Conclusions
Not many studies investigated the association of dietary indices and biomarkers of dietary exposure and cardiovascular status among adolescents. This study is based on a large representative sample of German adolescents. The associations with dietary indices were most pronounced for folate and homocysteine. Overall, the indices, even the simpler ones, may have a similar general capability in predicting biomarkers of dietary exposure. The biomarkers of cardiovascular status showed less significant associations with the indices. To predict risk of cardiovascular disease dietary indices have to be more specific, for instance with regard to specific intakes of meat and dairy products. Other foods, which are not relevant for a specific outcome, may be excluded.
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