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 Abstract 
  Objective:  The objective of the study was to identify predictors of BMI in German adults by 
considering the BMI distribution and to determine whether the association between BMI and 
its predictors varies along the BMI distribution.  Methods:  The sample included 9,214 adults 
aged 18–80 years from the German National Nutrition Survey II (NVS II). Quantile regression 
analyses were conducted to examine the association between BMI and the following predic-
tors: age, sports activities, socio-economic status (SES), healthy eating index-NVS II (HEI-NVS 
II), dietary knowledge, sleeping duration and energy intake as well as status of smoking, part-
ner relationship and self-reported health.  Results:  Age, SES, self-reported health status, 
sports activities and energy intake were the strongest predictors of BMI. The important out-
come of this study is that the association between BMI and its predictors varies along the BMI 
distribution. Especially, energy intake, health status and SES were marginally associated with 
BMI in normal-weight subjects; this relationships became stronger in the range of overweight, 
and were strongest in the range of obesity.  Conclusions:  Predictors of BMI and the strength 
of these associations vary across the BMI distribution in German adults. Consequently, to 
identify predictors of BMI, the entire BMI distribution should be considered. 
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 Introduction 

 One of the major public health problems world-wide and also in Germany is the high 
prevalence of overweight and obesity  [1] . Recent data from the World Health Organization 
show that since 1980 the prevalence of obesity has nearly doubled world-wide  [2] , and in 
2014 for adults aged 18 years and older the prevalence of overweight and obesity was 39% 
and 13%, respectively. In Germany, the prevalence of overweight was 44% for adult men and 
29% for adult women, while the prevalence of obesity was 23% for men and 24% for women 
 [3] .

  The aetiology of overweight and obesity is complex and multifactorial  [4] . Factors asso-
ciated with BMI are age, sex, socio-economic status (SES), nutritional behaviour, physical 
activity, smoking and sleeping behaviour  [5–10] . Results of numerous studies investigating 
the association between BMI and its predictors are partly inconsistent, e.g., regarding the 
association between energy intake and BMI. Some studies show high energy intakes in 
subjects with high BMI  [11, 12] , some authors did not find such an association  [13, 14] , and 
few studies observed lower energy intake with higher BMI  [15, 16] . Reasons for contra-
dicting results could be different study designs, study populations or methods of 
measurement. Another reason could be underreporting. Different percentages of underre-
porters in previous studies may bias the results concerning the association between BMI 
and energy intake. Furthermore, most of the studies are based on the assessment of mean 
BMI, and analyses are mainly carried out without differentiation across the entire BMI 
distribution.

  The aim of the present study was to identify predictors of the BMI by including a large set 
of potential predictor variables and to determine whether the association between BMI and 
its predictors varies along the range of BMI in the German adult population using data of the 
German National Nutrition Survey II (NVS II). For this, a quantile regression model was 
applied which allows identifying predictors of BMI along the BMI distribution. In contrast to 
conventional statistical methods, such as multiple linear or logistic regressions, which are 
inconsistent in the presence of heteroscedasticity  [17, 18] , the quantile regression is robust 
against outliers, and no subjects need to be excluded. Therefore, this statistical method is 
suitable for population studies with a broad range of BMI.

  Material and Methods 

 Data of NVS II, a representative cross-sectional study of the German population conducted in 2005–
2007, were used. The aim of the study was to evaluate food consumption and other aspects of nutritional 
behaviour of a representative sample of the German population. The participants were 14–80 years of age, 
German speaking and living in private households. A detailed description of the NVS II study design was 
published previously  [19] . Methods (instruments, measurements and statistics) relating to the analysis of 
the association between BMI and predictors of BMI are described below.

  Anthropometric Measurements 
 Body height (in cm, with a precision of 0.1 cm) and weight (in kg, with a precision of 0.1 kg) were 

measured according to Lohmann et al.    [20]  with a portable Harpenden Stadiometer (Holtain Ltd., Crymych, 
UK) and the calibrated scale seca 862 (Seca Vogel & Halke, Hamburg, Germany) after shoes, coats and 
sweaters had been taken off. In addition, an amount of 1 kg was subtracted from the body weight to exclude 
the weight of light clothing. BMI was calculated using the formula body weight (in kg) / body height (in m) 2 . 
According to the World Health Organization Growth Reference, normal-weight participants have a BMI 
between 18.5 and 24.9 kg/m 2 , overweight participants have a BMI between 25.0 and 29.9 kg/m 2 , and obese 
participants have a BMI of 30.0 kg/m 2  or higher  [2] .
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  Dietary Assessment 
 The usual food consumption of the past 4 weeks (15, 371 individuals) was assessed face-to-face by a 

computer-assisted diet history interview in a study centre using the dietary assessment programme DISHES 
(Diet Interview Software for Health Examination Studies). Tableware models (cups, glasses, spoons, plates 
and bowls) and a picture book with different portion sizes of food items were used for quantification of 
consumed amounts  [19, 21] . In order to calculate energy intake the food consumption data were matched 
with the energy contents of the German Nutrient Database (BLS 3.02)  [22] . The healthy eating index-NVS II 
(HEI-NVS II) was developed in the frame of the NVS II to measure how well diets meet food-based dietary 
guidelines of the German Nutrition Society  [23, 24] . The HEI-NVS II is composed of 10 food components 
(grains, vegetables, fruit, milk, meat, fish, eggs, spreadable fats, non-alcoholic beverages and alcohol), each 
with a maximum score of 10 points, except for the components fruit and vegetables with a maximum of 15 
points each (total range 0 to 110).

  Predictors of BMI and Study Group 
 A computer-assisted personal interview and, complementary, a self-administered questionnaire were 

applied to obtain socio-demographic data as well as information on time spent with sports activities, dietary 
knowledge, sleeping behaviour, smoking status, partner relationship status and self-reported health status. 
Only sports activities like hiking, swimming or playing tennis were assessed which represent a part of daily 
physical activities.

  An index of SES was created based on the ‘Winkler-Index’  [25] , using school education of the participant 
and employment status of the principal earner of the household, which were each coded as 1 = lowest and 8 =
highest. Additionally, net monthly income of the household, which was coded as 1 = lowest and 9 = highest 
(total range 3–25), completed the SES index. The dietary knowledge index was developed using a point 
system with questionnaire items about general knowledge on food and healthy nutrition (maximum 18 
points). The average daily sleeping duration was calculated with the average number of hours participants 
slept on weekdays and weekends. Smoking status was categorized as 0 = current smoker and 1 = non-smoker 
(including ex-smokers). The partner relationship status was classified as 0 = living with a partner (married 
or cohabiting) and 1 = living alone (single, widowed or divorced). The self-reported heath status of the 
subjects was categorized as 0 = good and 1 = fair or poor health.

  For the present analyses, only subjects with complete data sets on measured body weight and height 
and all selected predictors of BMI were included (n = 13,079 from 15,371). In addition, adolescents 14–17 
years of age, pregnant and nursing women (n = 1,328) as well as underreporters based on the method by 
Goldberg et al.    [26]  and Black  [27]  (n = 2,537) were excluded. This resulted in a final study population of 
9,214 subjects 18–80 years of age. The analyses were carried out by sex, because men and women might have 
different predictors of BMI.

  Statistical Analyses 
 Quantile regression  [18]  was applied to assess the predictors of BMI. In the models, the conditional 

quantile functions at different quantiles were estimated from the 5th to 95th quantile with 5% distance. In 
the regression model, the dependent variable was BMI and the independent variables were age, sports, SES 
index, HEI-NVS II, dietary knowledge index, sleeping duration, energy intake, smoking status, partner rela-
tionship status and self-reported health status. The variable squared age was additionally included because 
a quadratic effect of age on BMI is shown in a wide age range of the study population. The estimated variance 
inflation factors for the independent variables ranged from 1.01 to 1.62, suggesting that multicollinearity was 
not a problem in these analyses. The mean values of the mentioned variables in women and men were tested 
using standard error of the means at 5% probability level. The quantile regression was carried out using 
PROC QUANTREG in SAS Version 9.3 (SAS Institute, Cary, NC, USA) and considered significant at p   < 0.05. A 
Markov chain marginal bootstrap was used to calculate confidence intervals for quantiles.

  Results 

 A total of 9,214 participants were included in the present study (4,268 men and 4,946 
women). The average BMI of the study population was 26.5 kg/m² in men and 25.2 kg/m² in 
women ( table 1 ). The prevalence of overweight was about 47% in men and 29% in women, 
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and the prevalence of obesity was 17% in men and 15% in women. The mean values of sports 
activities, SES index and energy intake were higher in men than in women, whereas mean 
values of HEI-NVS II, dietary knowledge index and sleep duration were higher in women.

  Results of selected quantile regression estimates at the 5th, 25th, 50th, 75th and 95th 
quantiles for all variables including t-value are presented in  table 2  for men and in  table 3  for 
women. Full details of the quantile regression including 95% confidence intervals based on 
bootstrap standard errors are provided in  figures 1  and  2 . 

  Across the entire BMI range of men, age was positively associated with BMI ( table 2 ). The 
association of BMI and age across all age groups was not linear but rather quadratic, which 
indicates that the BMI becomes higher until middle age and remains relatively stable in older 
subjects. There was also a positive association between age and BMI for women ( table 3 ). A 
negative quadratic effect of age on BMI was shown in women with overweight and obesity, 
but not in normal-weight women. 

  A negative association between duration of weekly sports activities and BMI exists: a high 
BMI was associated with less time spent with sports activities in men (BMI quantile 35th–
90th;  fig. 1 ) and for women (BMI quantile 5th–90th;  fig. 2 ). At the 95th BMI quantile, no asso-
ciation of BMI with sports was observed in either sex. 

  The SES index was negatively associated with BMI for both sexes across the entire BMI 
distribution. This association became stronger towards the upper tail of the BMI range. In the 
range of normal weight, SES was stronger associated with BMI than other predictors. 
Moreover, among women who are at the lowest part of normal weight, SES is the strongest 
predictor.

  There was no association between HEI-NVS II and BMI in men (except for the 5th quantile), 
whereas a positive association was shown in women.

  Results of quantile regression showed no association between the dietary knowledge 
index and BMI for both sexes. 

 Table 1.  Distribution of BMI and BMI predictors by sex

Men (n = 4,268)  Women (n = 4,946)

mean SE median 5–95 percentiles me an SE median 5–95 percentiles

BMI, kg/m2 26.5 0.06 26.2 20.6–33.3 25.2 0.07 24.3 19.2–34.1
Age, years 49 0.3 49 20–74 48 0.2 48 21–73
SES index (range 3–25)† 16 0.1 16 9–23 15 0.1 16 8–22
Energy intake, kcal/day† 2,837 11.8 2,675 1,975–4,242 2,148 7.3 2,063 1,512–3,074
Sports, h/week† 5.6 0.12 3 0–20 3.8 0.08 2 0–14
HEI-NVS II (range 0–110)‡ 79 0.2 80 61–96 85 0.1 86 69–99
Sleep duration, h/day‡ 7.2 0.02 7.1 5.5–8.6 7.3 0.01 7.3 5.5–8.7
Dietary knowledge index 

(range 0–18)‡
11 0.1 11 5–17 13 0.1 14 7–18

Good health / fair or poor 
health, %

77.2 / 22.8 78.7 / 21.3

Smoker / non-smoker, % 28.1 / 71.9 21.1 / 78.9
Living with partner / living 

alone, %
74.6 / 25.4 71.1 / 28.9

 SES = Socio-economic status; HEI-NVS II = healthy eating index-NVS II.
†The mean value is significantly higher in men than in women (p < 0.05).
‡The mean value is significantly higher in women than in men (p < 0.05).
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  For sleep duration and BMI, there was a statistically significant weak negative associ-
ation for men, particularly at the middle and high BMI quantiles. In women, a slight negative 
association was observed across the 45th–85th quantiles of the BMI range. 

  For both sexes, the association between energy intake and BMI varied across the BMI 
distribution. In men, a positive association between energy intake and BMI was observed at 

 Table 2.  Association between BMI and predictors at selected quantiles of the quantile regression (men, n = 4,268)

0.05 Quantile
(BMI 20.6 kg/m²)

0.25 Quantile
(BMI 23.8 kg/m²)

0.50 Quantile
(BMI 26.2 kg/m²)

0.75 Quantile
(BMI 28.9 kg/m²)

0.95 Quantile
 (BMI 33.3 kg/m²)

estimate t-value estimate t-value estimate t-value estimate t-value estim ate  t-value

Intercept 17.84*** 17.81 22.89*** 25.56 25.50*** 22.16 28.54*** 25.60 33.21*** 15.52
Age, years 0.05*** 10.89 0.06*** 12.33 0.06*** 13.45 0.06*** 9.45 0.07*** 4.97
Age × age –0.27*** –3.67 –0.32*** –4.40 –0.43*** –6.49 –0.55*** –6.23 –0.50* –2.36
SES index –0.04* –2.48 –0.07*** –4.20 –0.09*** –5.68 –0.09*** –4.80 –0.14*** –3.81
Good health† 0.19 0.93 –0.71*** –3.72 –0.97*** –5.95 –1.22*** –4.97 –1.77*** –4.14
Energy intake, kcal/day –0.0000 –0.28 0.0001 0.72 0.0001 1.75 0.0004** 3.07 0.0014***4.53
Sports, h/week 0.001 0.04 –0.004 –0.51 –0.02** –3.06 –0.05*** –5.89 –0.03 –1.47
Smoker† –0.74*** –3.83 –0.67*** –4.20 –0.55*** –3.72 –0.62** –2.91 –1.19*** –3.41
Living with partner† 0.70*** 3.36 0.70*** 3.58 0.90*** 5.28 0.54* 2.03 0.26 0.57
HEI-NVS II 0.02** 2.65 0.003 0.50 0.005 0.72 0.006 0.65 –0.03 –1.66
Dietary knowledge index –0.01 –0.43 –0.03 –1.33 –0.02 –1.08 –0.02 –0.68 0.01 0.28
Sleep duration, h/day –0.01 –0.18 –0.05 –0.67 –0.11 –1.72 –0.16 –1.82 –0.17 –0.97

 SES = Socio-economic status; HEI-NVS II = healthy eating index-NVS II. 
†Reference categories are as follows: smoker vs. non-smoker, living with partner vs. living alone, good health vs. poor or fair 

health.
*p < 0.05, **p < 0.01, ***p < 0.001.

 Table 3.  Association between BMI and predictors at selected quantiles of the quantile regression (women, n = 4,946)

0.05 Quantile
(BMI 19.2 kg/m²)

0.25 Quantile
(BMI 21.8 kg/m²)

0.50 Quantile
(BMI 24.3 kg/m²)

0.75 Quantile
(BMI 27.7 kg/m²)

0.95 Quantile
 (BMI 34.1 kg/m²)

estimate t-value estimate t-value estimate t-value estimate t-value e stimate t-value

Intercept 16.99*** 21.79 19.99*** 24.83 22.91*** 23.18 24.45*** 20.22 24.90*** 10.25
Age, years 0.05*** 11.86 0.07*** 16.38 0.08*** 15.80 0.09*** 13.95 0.07*** 5.74
Age × age 0.10 1.49 –0.10 –1.63 –0.07 –0.96 –0.18 –1.91 –0.61** –3.12
SES index –0.06*** –4.24 –0.11*** –7.92 –0.16*** –9.37 –0.22*** –9.79 –0.29*** –6.59
Good health† –0.17 –0.66 –0.83*** –4.63 –1.28*** –6.31 –1.98*** –8.53 –3.65*** –7.54
Energy intake, kcal/day –0.0001 –0.53 0.0001 1.09 0.0005** 3.08 0.0016***7.59 0.0042*** 9.71
Sports, h/week –0.02** –3.07 –0.03* –2.37 –0.04*** –4.81 –0.07*** –5.58 –0.06 –1.44
Smoker† –0.40* –2.21 –0.39** –3.07 –0.55*** –3.44 –0.84*** –4.05 –0.53 –1.23
Living with partner† 0.43** 2.84 0.42** 3.22 0.36* 2.18 0.41* 1.97 0.36 0.72
HEI-NVS II 0.02** 3.12 0.02** 3.27 0.02** 2.61 0.02* 2.35 0.04 1.86
Dietary knowledge index –0.01 –0.62 –0.03 –1.76 –0.01 –0.67 –0.01 –0.46 0.01 0.25
Sleep duration, h/day –0.04 –0.85 –0.04 –0.64 –0.16* –2.27 –0.19* –2.10 0.02 0.11

 SES = Socio-economic status; HEI-NVS II = healthy eating index-NVS II.
†Reference categories are as follows: smoker vs. non-smoker, living with partner vs. living alone, good health vs. poor or fair 

health.
*p < 0.05, **p < 0.01, ** p < 0.001.
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higher BMI quantiles beyond the 60th quantile (BMI 27.2 kg/m²), but not at the lower and 
middle quantiles. This means that the BMI is only associated with energy intake in men with 
overweight and obesity. In women, the positive association was statistically significant in the 
45th quantile (BMI 23.8 kg/m²) and was stronger associated towards the upper tail of the 
BMI range. 

  A negative association was observed between smoking and BMI. Smokers had a lower 
BMI than non-smokers, except at the uppermost tail of the BMI range in women where no 
association with regard to smoking was detected. 

  Fig. 1.  Quantile regression esti-
mation for predictors of BMI in 
men. The solid line indicates the 
quantile regression estimates and 
the shaded area the 95% confi-
dence interval. 
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  At the lower and middle BMI quantiles, women and men living with a partner showed a 
higher BMI than people living alone. At higher BMI quantiles, representing obesity, no differ-
ences between the two groups were observed. 

  Beyond the 20th BMI quantile in men (BMI 23.2 kg/m²) and women (BMI 21.3 kg/m²), 
there was an association between self-reported health status and BMI. The participants who 
described themselves as being in good health had a lower BMI than those describing them-
selves as being in fair or poor health. Differences in BMI regarding the two categories of self-
reported health status increased continuously up to highest BMI quantiles and were largest 

  Fig. 2.  Quantile regression esti-
mation for predictors of BMI in 
women. The solid line indicates 
the quantile regression estimates 
and the shaded area the 95% con-
fidence interval. 
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at the uppermost BMI range where men and women with good health status showed a reduced 
BMI (–1.77 kg/m² and –3.65 kg/m², respectively). At lower BMI quantiles, there was no asso-
ciation between health status and BMI. 

  Discussion 

 The present cross-sectional study identified predictors of BMI in the German adult popu-
lation considering the distribution of BMI. Results indicate that the BMI is strongly associated 
with energy intake (in the range of overweight and obesity), age, SES, self-reported health 
status, and sports activities. An important outcome of the present study is that the strength 
of the association between BMI and these factors varies substantially across the BMI distri-
bution. These associations are generally stronger towards the higher BMI ranges. Sex differ-
ences were only observed at lower and middle BMI ranges. 

  Many studies including a systematic review suggested that the BMI is positively asso-
ciated with energy intake  [11, 12] ; however, other studies found no  [13, 14]  or negative  [15, 
16]  associations. These latter findings might partially be caused by underreporting in self-
reported dietary intake. It is known that individuals with overweight and obesity tend to 
underreport their food consumption which leads to an underestimation of total energy intake 
 [28] . In the NVS II participants, the proportion of underreporters was also higher in subjects 
with overweight and obesity than in normal-weight subjects.

  The proportionally higher rate of underreporting in subjects with overweight and 
obesity than in those with normal weight would bias the association of energy intake and 
BMI. Independent of outcome, in studies investigating the impact of food consumption or 
nutrient intake on BMI, frequently the number of underreporters in the study population 
was not determined  [11–15] . Furthermore, in other studies, the associations between energy 
intake and BMI are usually analysed by conventional statistical approaches, which are based 
on mean value analysis. These statistics suffer from a lack of sensitivity for outliers, values 
distant from the mean, which could have a strong influence on the results. Accordingly, the 
present study investigated the statistical model of quantile regression which is robust against 
outliers and considers the entire BMI distribution. The results furthermore suggested that 
the association of BMI and energy intake differs not only between BMI categories (normal 
weight, overweight and obesity), but also within in each BMI category which consists of 
several quantiles. To our knowledge there is only one other study  [7]  in which the predictors 
of BMI were examined along the BMI distribution in a population-based survey using the 
quantile regression method. The study by Shankar  [7]  with 3,407 Chinese adults 20–45 
years of age also showed a positive association between energy intake and BMI for most 
quantiles in the overweight and obesity range, but not for all quantiles in the normal-weight 
range. 

  In most previous studies BMI was calculated from self-reported height and weight. 
Studies comparing self-reported and measured BMI showed that subjects with overweight 
and obesity tend to underestimate BMI values  [29, 30] . This may lead to an incorrect classifi-
cation of subjects with overweight and obesity and may thereby influence the results regarding 
the association between BMI and energy intake. 

  The exclusion of underreporters as well as the use of the statistical model of quantile 
regression and of measured BMI data in the present study delivered more detailed infor-
mation regarding the association between BMI and energy intake than previous studies based 
on the use of mean values and the data of self-reported BMI without exclusion of underre-
porters. The design of the present cross-sectional study does not allow interpreting the 
results as causal associations; it is not clear whether a higher energy intake leads to a higher 
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BMI or, conversely, whether a higher BMI generally means more mass and hence higher 
energy intake to maintain body weight.

  Despite differences in study design and statistical methods of numerous studies and the 
present study, the results regarding the association of BMI and various predicting factors 
(age, SES, health status, sports activities and smoking) headed in the same direction. Addi-
tionally, the findings of the present study provided more detailed information regarding 
these associations for each BMI quantile. 

  In agreement with previous studies  [7, 31, 32] , the present study demonstrated a positive 
linear association of BMI with age. The quadratic effect of age on the BMI had also been consis-
tently observed in other studies  [5, 33] . Moreover, the present investigation showed that age 
is the strongest predictors of BMI in all BMI ranges in both sexes.

  SES was found to be a significant predictor of obesity  [10, 34] . Studies in the literature 
reported that individuals with a high SES which means a high education  [35, 36] , high-level 
of employment  [37, 38]  and high household income  [37, 39] , are likeky to have more oppor-
tunities for healthy eating and physical activity which resulted in a lower prevalence of 
obesity. Previous analyses of NVS II data showed that participants with a higher SES consumed 
more food with a lower energy density like vegetables and fruit, while participants with a 
lower SES ate more food with a higher energy density like meat and meat products  [19] . The 
negative association between BMI and SES was reported in several previous studies  [10, 
34–39] . Also in the present study, the negative association was observed across the entire 
BMI distribution of the study population but differentiated results are provided. The associ-
ation turned progressively stronger towards overweight and obesity.

  Previous investigations reported that subjects with obesity were more likely to have a 
poor self-reported health status  [40, 41] . Likewise, in the present study a negative association 
between self-reported health status and BMI was observed in subjects with overweight and 
obesity, but not in all normal-weight subjects. 

  Higher levels of physical activity are associated with lower BMI  [8, 42] . For participants 
of the present study, this negative association between duration of weekly sports activities 
and BMI was also shown. By differentiating the BMI distribution, sports activities are one of 
the strongest predictors of BMI in the range of overweight and obesity (except at the highest 
BMI range), whereas no or a weak association was found in the range of normal weight. Sports 
activities are only one aspect of total physical activity. Other aspects, such as household 
chores or occupational activities, which also contribute to total physical activity, were not 
assessed in the present study. Therefore, these results should be interpreted with caution. 

  The negative association between smoking and BMI in the present study is consistent 
with some studies  [9, 43] . This association is shown across the entire BMI distribution, except 
for obese women. Similar results were observed in the study of Shankar  [7]  who found a 
negative association of smoking with BMI in the range of normal weight and overweight, but 
not in all ranges of obesity. 

  Previous studies found a higher BMI in individuals living with a partner than in those 
living alone and suggested that this may be due to the influence of marriage and divorce on 
change in health behaviours, for example, inducements to eat or motivation for weight control 
 [44, 45] . The results of the present study which considered the differentiation of BMI distri-
bution showed that the status of partner relationship was associated with BMI only among 
persons with normal weight and overweight. 

  A positive association between HEI-NVS II, a measure of the overall quality of diet, and 
BMI was observed in women, but not in men. This means that women eating foods in amounts 
according to the dietary guidelines of the German Nutrition Society have a higher BMI. At first 
glance this finding is in contrast to studies that found a negative association between US-HEI 
and BMI  [46, 47] . At second glance, however, this may be explained by the diverging back-
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ground of the indexes: While the HEI-NVS II is based on the absolute amounts recommended 
in the German dietary guidelines which do not consider energy intake, the US-HEI applied in 
the cited literature is based on food consumption and nutrient intake in relation to energy 
intake. For the HEI-NVS II this means that the consumption of large amounts independent of 
energy intake (and therefore overeating) may lead to high scores. Since the US-HEI takes into 
account energy intake, persons with favourable consumption and adequate energy intake 
more easily reach high scores.

  The strength of the present study is the use of representative population data from the 
NVS II. Because of the large sample size, it was possible to exclude underreporters and to 
stratify for sex and to provide thereby the statistical power to determine the associations with 
BMI. In contrast to previous studies, only subjects with measured body height and weight 
data were included in the present study.

  A limitation of the present study is the cross-sectional design of the NVS II, which does 
not allow analysis of causes and effects regarding the association between BMI and the 
predictors. In this regard, longitudinal studies will be useful to explore the cause-effect asso-
ciations, especially for the aspects of BMI and energy intake or health status. Moreover, the 
data of NVS II, which was collected from 2005 to 2007, provides information regarding the 
predictors of BMI at that point in time. These results therefore need to be interpreted with 
caution. Another limitation is that all variables, except of body height and weight, are self-
reported, which could lead to errors in reporting. Also, the assessment of weekly sports activ-
ities by a self-reported questionnaire provides no information regarding total energy expen-
diture. Therefore, energy balance could not be considered in the present study. Food 
consumption was assessed using a diet history interview. This method is more suitable to 
estimate usual energy intake for the investigation of long-term effects on body weight than 
short-term methods (e.g. 24-hour recall). However, it requires high cognitive skills of the 
study participants to remember the consumption of the past 4 weeks, which could lead to 
inaccurate estimations of energy intake and therefore influence the associations with BMI 
 [48] .

  In summary, in the German adult population predictors of BMI and the strength of the 
associations varied across the BMI distribution. The associations were generally stronger in 
the range of overweight and obesity than in the range of normal weight. In the overweight 
and obese subjects, energy intake, age, health status and SES were the most relevant predictors 
of BMI. Energy intake and age showed a positive association with BMI, whereas health status 
and SES were negatively associated with BMI. In all BMI ranges, strong associations of age and 
BMI were observed. The other three predictors were marginal in normal-weight subjects, 
became stronger in overweight and were strongest in obese subjects. Furthermore, the 
strength regarding the associations between BMI and the predictors differed between men 
and women with normal weight and overweight, but no differences were found between 
obese men and women. These findings support target group-specific nutrition counselling 
and policy guidance. Additionally, the results underline that the differentiation between BMI 
ranges is a prerequisite for future research on overweight and obesity.
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