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Abstract
Background: Nuclear families are a promising aim for detecting and modifying cardiovascular risk factors. Therefore, we applied simple, inexpensive and risk less 
anthropometric and laboratory screening procedures to evaluate cardiovascular risk factors in urban families for early intervention.

Subjects and methods: We measured five silent risk factors (hypertension, high triglycerides, high LDL-, high non-HDL-, and low HDL-cholesterol) and two 
clinical apparent risk factors (general and central adiposity) in 2720 German child–parent pairs. Furthermore, we assessed in 2001 biological child–parent pairs 
from 852 families height, weight, body mass index, waist circumference, blood pressure, and fasting lipid levels. Within-family associations were calculated using 
generalized estimating equations (GEE).

Results: All clinical apparent and silent risk factors were significantly correlated between children and their parents. General and abdominal adiposity conferred a 
significant 2.9-fold and a 2.6-fold enhanced risk among parents of carrying the same risk factors. Similarly, abnormal LDL, HDL, or non-HDL among children 
conferred a significant 3.0-fold, 2.0-fold, or 2.9-fold increased odds among parents. Among these 412 adolescents with central adiposity, risk factor clustering was 3–4 
times more frequent than in the 2626 adolescents without central obesity. Central obesity was the only anthropometric variable that significantly predicted increased 
risk for all seven non-anthropometric CVD risk factors: hypertension (Odds ratio 2.5), elevated triglycerides (OR 4.9), LDL-C (OR 2.0), non-HDL-C (OR 2.1), 
triglyceride/HDL-C ratio ≥3.5 (OR 7.2), low HDL-C (OR 1.6), fasting glucose (OR 1.3), and risk factor clustering (OR 3.8). Only general adiposity detected 
hyperglycemia (OR 1.8) and hypertension (OR 4.9), WHR indicated hypertriglyceridemia (OR 2.3).

Conclusions: Cardiovascular risk factors can be easily identified by central adiposity. The inclusion of silent risk factors in a screening of school children might 
enhance the case-finding potential among their parents.
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Introduction
The American Heart Association (AHA) recommends as Impact 

Goals 2020 to improve cardiovascular health of all Americans by 20% 
[1]. Because the most effective means for avoiding clinical events is to 
detect cardiovascular disease risk factors (CVDRF) early in life [2]. 
Because the Australian Busselton Population Health Studies considered 
the nuclear family as a point of intervention by modifying risk factors 
[3] we used the families of the Prevention Education Program (PEP) 
Nuremberg [4] for screening school children for prediction of CVDRF 
in their parents and adolescents for detecting their CVD risk by 
screening for silent risk factors [5-8].

The aim of this urban prospective long-term observational study 
was first to detect cardiometabolic risk factors using easily available, safe, 
non-invasive and inexpensive traditional measurement procedures and 
second to intervene by regularly controlled sustained lifestyle change in 
terms of healthy nutritional intake, leisure time physical activity (LTPA) 
and non-smoking in young adults and their children.

Subjects and methods
Study design

The PEP Family Heart Study is a 15-year prospective community-
based urban study designed to assess and improve cardiovascular health 
in children and their families through examining CVD risk factors and 

lifestyle behavior in families [4-6]. The Prevention Education Program 
(PEP) was approved by the ethical committee for the medical faculty 
of the Ludwig Maximilians University of Munich (Germany), the 
Bavarian Ministry of Science and Education, and the local school 
authorities.

Study population

We selected 2001 natural child–parent pairs from 852 same 
household families with complete lifestyle data from the previous study 
of volunteer biological families [7,8]. The 2690 individuals consisted of 
661 fathers (mean age 38.5±5.2 years), 833 mothers (34.8±11.1 years), 
614 sons (6.8±1.7 years), and 582 daughters (6.8±1.7 years).

Exclusion criteria

The analysis was restricted to German children and their biological 
parents to avoid complicating ethnic factors, thus excluding 2.6% 
of the participants from 17 other or mixed ethnic groups. Further 
exclusion criteria were extreme physical activity, special nutritional 
habits, medication, and clinically apparent cardiovascular, metabolic, 
endocrine, and malignant diseases.
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Measurements

All measurements were performed according to protocols 
contained in the study manual by regularly trained research assistants 
[5,6]. Briefly, personal and familial medical history, socioeconomic 
data, medication, smoking habits, and PA were assessed by interviewer-
assisted questionnaires. Height, weight, waist circumference (WC), and 
blood pressure (BP) were measured; body mass index (BMI) and waist-
to-height ratio (WHtR) were calculated. Fasting lipid concentrations 
were measured as previously described [5].

Definition of CVD risk factors

CVD risk factors were defined as previously described [7, 8] 
for adults/children: overweight, BMI ≥25 to ≤30 kg/m2 (86th to 
95th percentile); general obesity, BMI≥30 kg/m2 (>95th percentile); 
abdominal adiposity, WC >102cm in males, >88cm in females (≥90th 
percentile); hypertension, BP ≥130/85mmHg (≥95th percentile); 
dyslipidemia: triglycerides ≥150 mg/dL in males, SBP and/or DBP 
≥110 mg/dL in females; LDL-cholesterol (LDL-C) ≥130 mg/dL in 
males, ≥110 mg/dL in females; HDL-cholesterol (HDL-C) <40 mg/dL 
in males, <50 mg/dL in females; non-HDL-C ≥160 mg/dL ≥123 mg/dL. 
To convert cholesterol to millimol per liter, multiply by 0.0259, and to 
convert triglycerides to millimol per liter, multiply by 0.0113.

Statistical analysis

All statistical analyses were performed in PASW 17.0 (SPSS Inc., 
Chicago, Illinois) according to a predefined analysis plan and program. 
Bivariate and multivariate analyses were implemented, and multivariate 
regression analysis was used for age and gender adjustments or 
confounders. As some families had more than one child in the 
analysis and/or child pairs with both the biological father and mother, 
generalized estimating equations (GEE) [8,9] were used to generate 
adjusted p-values that accounted for correlation among multiple 
within-family observations and adjusted for child age and parent age 
and gender. GEE based on the binomial distribution and log it was 
used to estimate age and gender odds ratios (OR) for child–parent 

associations for lifestyle parameters categorized as discrete variables. 
Analyses were also stratified by child–parent pairs and specified 
between-subject gender associations by calculating estimated marginal 
means [9,10]. All statistical tests were two-sided, and p-values less than 
0.05 were considered statistically significant.

Results
In this community-based study 83% of fathers, 60.4% of mothers, 

19.7% of sons, and 40.7% of daughters had at least one cardiovascular 
risk factor, while 56.6% of fathers, 28.6% of mothers, 3.9% of sons, and 
7.8% of daughters had two or more risk factors. The most prevalent 
cardiovascular risk factors were hypertension (54.9%) in fathers, high 
WC (32.2%) in mothers, high non-HDL-cholesterol (13.2% in sons 
and 18.4% in daughters) and high LDL-C (12.5%) in sons and 17.8% 
in daughters. 

Among the 2,270 parents and children all correlations between 
silent and overt risk factors were highly significant (p<0.01) as shown 
in Table 1. We observed the strongest correlations for the silent risk 
factors LDL-cholesterol, HDL-cholesterol, and non-HDL cholesterol.

Three silent and two clinical apparent age- and gender-adjusted 
cardiovascular risk factors among 1,559 children were associated 
with a significantly 2–3-fold higher association among parents for the 
same risk factors (Table 2). Parents of children with abnormal LDL-
cholesterol had a 2.99-fold increased odds of having abnormal LDL-
cholesterol (OR 2.99)

We found similar results for abnormal HDL-cholesterol (OR 
1.99), and abnormal non-HDL-cholesterol (OR 2.90). Parents of obese 
children had a 2.91-fold enhanced odds of being obese (OR 2.91), and 
parents of children with an abnormal WC had a 2.55-fold enhanced 
odds of carrying the same risk factor (OR 2.55).

Analyzing the data gender-specifically the odds of having a clinical 
apparent risk factor appeared to be somewhat higher if the child–parent 
pair had the same gender. Fathers of obese sons had a 3.8-fold (95% CI 

  Father-Son Father-Daughter Mother-Son Mother-Daughter Parents-Children
n=603 n=606 n=752 n=759 n=2720

Body Mass Index 0.16** 0.17** 0.23** 0.31** 0.22**
Waist Circumference 0.19** 0.20** 0.22** 0.26** 0.17**
Systolic Blood Pressure 0.15** 0.12** 0.25** 0.21** 0.17**
Diastolic Blood Pressure 0.08** 0.09** 0.16** 0.16** 0.11*
Triglycerides 0.07 0.16** 0.09* 0.19** 0.11**
LDL-Cholesterol 0.34** 0.38** 0.31** 0.22** 0.28**
NonHDL-Cholesterol 0.34** 0.32** 0.28** 0.23** 0.26**
HDL-Cholesterol 0.17** 0.15** 0.29** 0.24** 0.20**

CV: indicates cardiovascular; LDL: low-density lipoproteins; HDL: high-density lipoproteins
*p<0.05
**p<0.01

Table 1. Correlations between cardiovascular risk factors for children and parents as continuous variables

Children with n Odds Ratio 95% CI PV(+) PV(-)
Obesity 145 2.91 1.96-4.34 19.6 92.3
High WC 146 2.55 1.80-3.62 17.5 92.4
Hypertension 83 1.30 0.89-1.90 6.3 94.9
High Triglycerides 95 1.38 0.92-2.07 7.4 94.2
Low HDL-C 458 1.99 1.61-2.46 36.2 7.5
High LDL-C 236 2.99 2.36-3.79 24.3 89.7
High NonHDL-C 430 2.90 2.12-3.96 25.1 59.7

Table 2. Age-and gender-adjusted odds ratios for parents based on CVD risk factors in children

CVD: indicates cardiovascular disease; +: positive and −: negative predictive value (PV); HDL: high-density lipoproteins; LDL: low-density lipoproteins
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1.91-747) increased risk of being obese, while mothers of obese sons had 
a 2.6-fold (95% CI 1.27-5.39) increased risk of being obese. Similarly, 
the risk of mothers of obese daughters being obese was 4.0-fold (95% 
CI 2.14-7.89) while fathers of obese daughters had a non- significant 
1.3-fold (95% CI 0.48-3.31) increased odds of being obese. The pattern 
was somewhat similar, although less pronounced, for abnormal waist 
circumference. Concerning the silent risk factors the odds are not 
much different: Fathers of sons with increased LDL-C had a 3.7-fold 
(95% CI 2.09-6.41) increased odds of having increased LDL-cholesterol 
and similar risk (OR 3.5; 95% CI 2.07-6.01) of having increased non-
HDL-cholesterol. Similarly, mothers of dyslipoproteinemic sons had 
increased odds for low HDL-cholesterol (OR 3.3), increased LDL-
cholesterol (OR 3.5) and increased non-HDL-cholesterol (OR 3.4). 
Fathers of dyslipoproteinemic daughters had an increased odds having 
elevated LDL-cholesterol (OR 3.4) and elevated Non-HDL-cholesterol 
(OR 3.2) while mothers of dyslipoproteinemic daughters had lower 
odds of having elevated LDL-cholesterol (OR 2.3) and lower HDL-
cholesterol (OR 2.1). Prevalence of hypertension among children was 
small, and none of the sex specific or gender-adjusted comparisons 
reached significance with odds ratios ranging between 0.96 and 1.63.

Among 3,038 adolescents cardio-metabolic risk variables are 
presented in Table 3. Mean BMI (20.5 kg/m2) as an indicator of general 

adiposity and mean WHtR (0.44±0.05) as a component of central 
adiposity were identical in both genders. Compared with females, 
males had significantly higher WC, WHR, and blood pressure. Hip 
circumference and lipid levels were higher in females compared to 
males.

Compared with 2,626 adolescents without central obesity, the 
prevalence of non-anthropometric risk factor clustering was three times 
higher in 412 centrally obese adolescents (Table 4). Approximately half 
of the centrally obese adolescents roughly a quarter had a BMI at or 
above the 90th percentile.

Age- and gender-adjusted odds ratios for the five anthropometric 
variables that were increased (waist circumference, body mass index, 
waist/height ratio, waist/hip ratio and central adiposity) as well as six 
non-anthropometric risk factors that were abnormal are shown in 
Table 5. Contrary to the five other anthropometric measures, central 
adiposity was the only predictor of all silent risk factors, indicating a 1.6 
to 7.2-fold higher risk for dyslipidemia and hypertension as well as a 2.7 
(95%CI 1.6-4.-6) times higher risk for increased WHtR. Furthermore, 
we found a significant positive linear association between the degree 
of risk factors and central adiposity with age- and gender-adjusted 
regression coefficients of 0.156 for WHtR and of 0.115 for WC. General 

Males Females
Variables

n mean SD n mean SD
Age (years) 1639 14.3 1.9 1399 14.3 1.9
Body Mass Index (kg/m²) 1633 20.5 3.2 1384 20.5 3.2
Waist Circumference (cm) 1633 74.0* 9.3 1393 71.4 9.3
Hip Circumference (cm) 1633 89.0 9.2 1393 91.0* 8.5
Waist-to-Hip-Ratio 1633 0.83* 0.05 1393 0.78 0.06
Waist-to-Height-Ratio 1633 0.44 0.05 1391 0.44 0.05
Systolic Blood Pressure (mm Hg) 1634 114.7* 11.5 1393 109.5 9.3
Diastolic Blood Pressure (mm Hg) 1634 71.5* 8.0 1393 69.7 7.8
Total Cholesterol 8mg/dL) 1638 153 27.7 1399 161.9* 29.3
Low DensityLipoprotein-C (mg/dL 1638 86.8 24 1399 91.6* 25.4
High Density lipoptotein C (mg/dL) 1639 52.2 11.3 1399 55.1* 11.3
NonHDL-C (mg/dL) 1638 100.7 27.6 1399 106.8 27.5
Triglycerides (mg/dL) 1639 69.7 29.5 1399 76.1* 32.9
Ratio Triglycerides /HDL-C 1639 1.43 0.78 1399 1.47 0.86

Table 3. Anthropometric and laboratory variables in 3038 German adolescents aged 12-18 years

HDL: High density lipoproteins, C: Cholesterol. *p<0.05 significant between genders

Central Obesity a Central Obesity a
Males without with Females without with

n=1414 n=225(13,7%) n=1212 187(13,4%)
n n n n

WC≥90th ptl. 0 189(84.0%) 0 128(68.4%)
WHtR≥0,5 0 174(77.3%) 0 174(93.0%)
BMI≥90th ptl. 4 62(27.6%) 14 50(26.7%)
Hypertension b 118 35(15.6%) 45 24(12.8%)
NonHDL-C≥126mg/dL 193 62(27.6%) 227 56(29.9%)
HDL-C≤40mg/dL 157 35(15.6%) 59 16(8.6%)
LDL-C≥130mg/dL 55 21(9.3%) 73 17(9.1%)
TG≥150mg/dL 19 13(5.8%) 28 21(11.2%)
TG/HDL-C≥3,5 4 4(1.8%) 5 6(3.2%)
≥3 CVD risk factors 47 24(10.7%) 34 20(10.7%)

Table 4. Age-adjusted prevalence of cardio-metabolic risk factors in 3038 adolescents with and without central obesitya

LDL-C: low density lipoprotein cholesterol; HDL: high density lipoprotein cholesterol; TG: triglycerides
aWC≥90th percentile and/or WHtR≥0.5
bSystolic and/or diastolic blood pressure≥95th percentile
cNon anthropometric
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adiposity in terms of increased BMI predicted hypertension (OR 4.9), 
WC predicted an elevated TG/HDL-C ratio (OR 6.1), LDL-C (OR 1.7), 
and WHtR indicated elevated LDL-C (3.0) and non-HDL-C (OR 2.7). 
Thus, central adiposity in terms of combined measurement of WHtR 
and WC detected all silent cardio-metabolic risk factors.

Discussion
Recent studies suggest that cardiovascular disease begins during 

childhood [11]. Therefore, the family is an optimal target for early 
detection of cardiovascular risk factors [2,3] because children have 
frequent contact with the health care system while their young parents 
very often do not. Thus, we could demonstrate that screening of school 
children for silent risk factors detects risk in their parents where 
general and abdominal adiposity conferred a significant 2.9-fold and 
a 2.6-fold enhanced odds among parents of carrying the same risk 
factors. Reis et al. described correlations of cardiovascular risk factors 
between 170 child–parent pairs living in the US [12]. However, in this 
study 69% of children were black and 52% were classified overweight 
or obese. Regarding public health practice, the early age focus of 
universal cardiovascular screening may be appealing as screening of 
school children is in place in many Western countries, while adults 
are less likely to receive regular screening exams. In addition, the high 
prevalence of children with at least one cardiovascular risk factor, the 
growing obesity epidemic in children of Western countries, and the 
correlation of risk between children and parents observed in this large 
study support screening efforts in children.

Greater central fat deposition determined by dual-energy X-ray 
absorptiometry is associated with less favourable plasma lipid profile 
and blood pressure [13]. In the present study, central adiposity, in terms 
of increased WHtR and/or increased WC in or above the 90th percentile, 
significantly predicted an increased risk of risk factor clustering (OR 
3.8). The prediction of an increased TG/HDL-C ratio (OR 7.2) might 
have additional importance as a sign for insulin resistance. Iranian 
[14] adolescents, BMI, WC, and WHtR were shown to comparably 
detect cardio-metabolic risk factors. The Bogalusa Heart Study [15] 
found a similar association of BMI and WHtR with CVD risk factors, 
and WC was shown to be a better predictor of risk than WHtR and 
BMI in Greek-Cypriote children [16]. WHtR was the most significant 
predictor of TG, LDL-C, and Apo A-I levels in a multiple regression 
analysis of five anthropometric indices in Japanese school children [17]. 
Increased WC was independently associated with CVD risk factors in 
Italian children [18] and strongly correlated with the percentage of fat 
and CVD risk factors in US children [10]. In Chinese children, WC 
was associated most strongly with TG, HDL-C, and BP, but only weakly 
with LDL-C, and insignificantly with glucose [20].

Strengths and limitations
The strengths of this urban study performed in the city of 

Nuremberg is the homogeneous German population, the large sample 
size, which has adequate power to detect potentially smaller, but 
significant relationships. Further strengths are the mono-ethnicity, 
the gender balance and the use of simple, well-established surrogate 
methods that permit easy and inexpensive use in any health care 
practice. Furthermore, the continuously trained study staff, which 
changed by less than 11% over the course of ten years, used the same 
laboratory equipment and external quality-controlled procedures. 
The limitations of this observational study include the cross-sectional 
design that does not permit the conclusion of causality from the 
associations. Furthermore, central obesity was not measured with 
imaging techniques. Our results are restricted to German children with 
a relatively low prevalence (4.5–4.9%) of general and abdominal obesity 
in both genders. This may have caused a conservative bias, especially if 
we compare our results to the biracial and high-risk children enrolled 
in the smaller US study [12].

Conclusions
Our study suggests that screening elementary school children 

for cardio-metabolic risk factors may be an efficient case-finding 
strategy for families allowing for early intervention in children and 
parents. Notably, 19.7% of boys, and 40.7% of girls had at least one 
cardiovascular risk factor, plus their risk conferred a 2–4-fold risk 
among their parents. As ultimately, the decision of who to screen for 
cardiovascular risk factors is based on available sources, the focus on 
children appears attractive. Optimally, the screening effort may include 
a blood test for silent risk factors among children to enhance efficacy 
of the family case finding screening effort. The inclusion of silent risk 
factors in a screening program of children may be warranted for the 
high prevalence among children and enhance case-finding potential 
among parents.
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WC BMI WHtR WHR Central obesity
All (n=3038)
LDL-C≥130 mg/dL 1.7(1.1-2.8) 3.0 (1.7-5.3) 2.0 (1.4-2.9)
HDL-C≤40 mg/dL 1.6 (1.1-2.2)
TG≥150 mg/dL 2.3 (1.2-4.4) 4.9 (3.1-7.7)
TG/HDL-C≥3,5 6.1(1.9-19.8) 7.2 (2.9-17.9)
NonHDL-C≥126mg/dL 2.7 (.8-4.0) 2.1 (1.7-2.7)
Hypertension 4.9(2.8-8.4) 2.5 (1.8-3.5)
≥3 CVD non anthrop. 2.7 (1.6-4.6) 3.9 (2.6-5.5)

Table 5. Age- and gender-adjusted significant (p < 0.05) odds ratios and 95% confidence interval between cardio-metabolic risk factors and waist circumference (WC), body mass index 
(BMI), waist-to-height ratio (WHtR), waist-to-hip ratio (WHR) in 3038 adolescents

Central adiposity was defined as WC in or above the 90th percentile and/or WHtR≥0.5
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