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INTRODUCTION

ABSTRACT

Objectives: Increased central adiposity is associated with increased
risk of cardiovascular disease (CVD) in youths. Since simple and inex-
pensive but accurate diagnostic tools are required for general use in
clinical practice, we examined body mass index (BMI), waist circumfe-
rence (WC), waist-to-height ratio (WHtR) and skin-fold thickness
(SFT) for their utility in predicting CVD risk factors in children.

Methods: A representative sample of 3850 children (1981 males) aged,
3-1lyears, participated in this cross-sectional study. The association of
CVD risk factors with BMI > 85t WC > 90t WHtR > 90t and
SFT > 90 percentile was examined by multivariate logistic regression
models. SPSSi7 was used for statistical analyses; P < 0.05 was consi-
dered statistically significant.

Results: In studied children the prevalence of increased general adi-
posity (BMI 4.1%) was considerably lower than the prevalence of high
central adiposity (WC 11.8%, WHtR 9.5% and SFT sum 9.8%). Girls
had more adverse lipid profiles and CVD risk factors than boys. Age-
and gender- adjusted hypertension was significantly associated with
adiposity (OR: 2.8) and increased skin-fold thickness (OR: 1.7). Among
the four fat patterning variables WHtR > 90 percentile had the
strongest association with increased LDL-C (OR: 2.0), Non HDL-C
(OR: 2.1), LDL-C/HDL-C ratio (OR: 3.3), TG/HDL-C ratio (OR: 2.0)
and risk factor clustering (OR: 1.7).

Conclusions: Among the children studied, increased (WtHR) was the
strongest predictor of traditional CDV risk factors, followed by in-
creased skin-fold thickness and BMI.

Keywords: Anthropometric indices; prediction; cardiovascular risk
factors; youth.
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correctly identified weight status in some pre-

The prevalence of abdominal obesity defined
by increased waist circumference (WC) or waist-
to-height ratio (WHtR) has increased continuous-
ly among children and adolescents in the last two
decades in USA and UK;'? whereas no signifi-
cant trend is reported for high body mass index
(BMI) during 1999 and 2004.° This divergent
development of general (BMI) and central (WC,
WHItR) adiposity is of special concern since body
fat distribution is one of the important determi-
nants of cardiovascular disease (CVD) risk fac-
tors.* Furthermore, CVD risk factor screening in
children can predict CVD in young parents.’ This
case finding strategy would improve general risk
factor screening since only 38% of 8464 adoles-
cents had a preventive care visit within 12
months and only 58% of medical care providers
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vious studies.®” After having shown that anthro-
pometric indices assessment for CVD risk factors
predicts CVD risk factors in adolescents,® we
examined whether fat patterning parameters like
BMI > 85™ percentile, WC > 90™ percentile,
WHtR > 90™ percentile and skin fold thickness
(SFT) > 90™ percentile are able to predict tradi-
tional CVD risk factors in a large mono-ethnic
community-based sample of children.

METHODS

Studied population

The Prevention Education Program (PEP)
Family Heart Study is a prospective, community-
based family study of CVD risk factors and life-
style behaviors in children and parents, which has
been conducted since 1995 in the city of Nurem-
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berg, Germany.® Here we report the findings of
3850 German children who participated in yearly
cross-sectional surveys from 2000 to 2007.
Among them, 1981 were men and the mean (SD)
age was 8.7 (1.7) years (age range; 3—11 years).
Wiritten informed consent, excluding assessment
of the pubertal status, was obtained from all par-
ents/guardians together with oral consent from
children. PEP was approved according to the
guidelines of the Helsinki Declaration by the Eth-
ical Committee of the Medical Faculty of the
Ludwig Maximilians University of Munich, the
Bavarian Ministry of Science and Education, and
the local school authorities. Exclusion criteria
were non-European German ethnicity; incom-
plete datasets; apparent cardiovascular, metabol-
ic, endocrine, or malignant diseases; and/or tak-
ing any medication.

Measurements

All measurements were performed by trained
staff as described previously.®® Briefly, data
composed of personal and familial medical his-
tory; socioeconomic data, medication, smoking
habits, and physical activity were collected and
assessed using interviewer-assisted question-
naires. Physical examination included mea-
surements of height and WC (to the nearest 0.1
cm), weight, SFT and blood pressure (BP); body
mass index (BMI) as weight in kilograms di-
vided by the square of height in meters, waist-to-
height ratio (WHtR), the sum triceps, biceps and
subscapular SFT and percent body fat (BF%)
were calculated. Fasting veonous blood samples
for lipid and glucose assessments were collected,
processed and stored at -20°C every year during
November and December.

Statistical analysis

Statistical analyses were performed using
PASW 17.0 version for Windows (SPSS, Chica-
go, IL) according to a predefined analysis plan
and program. Continuous variables are presented
as the mean = standard deviation (SD).
Smoothed age- and gender-specific curves were
constructed for WC, WHtR, SFT and BMI"
using the software package LMS Chart Maker
Pro, version 2.3. The associations between anth-
ropometric indices and CVD risk factors were
evaluated by multivariate logistic regression using
the backward Likelihood Quotient Model. All of
the tests were 2-sided, and P values of < 0.05
were considered to be statistically significant.
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RESULTS

Anthropometric variables were significantly
different among children. Boys had significantly
higher mean values of BMI, WC, waist-to-hip
ratio (WHR), WHItR, systolic blood pressure
(SBP) and diastolic blood pressure (DBP) whe-
reas SFT was significantly higher in girls (Table
1). Furthermore, girls had higher blood lipid
levels except for HDL-C and fasting glucose,
which were significantly higher in boys.

The prevalence of anthropometric risk factors
was comparable in both genders. However, the
prevalence of general adiposity, presented by
BMI, (4.1%) in children was considerably lower
than the prevalence of central adiposity (WC
11.8%, WHtR 9.5% and SFT sum 9.8%) (Table
2). Clustering of CVD risk factors was higher in
girls who had also a more adverse lipid profile
than boys. The prevalence of fasting hypergly-
caemia was considerably higher in boys; hyper-
tension was comparable in both genders.

As shown in table 3, age and gender adjusted
hypertension is significantly associated with
adiposity (OR: 2.8) and increased skin-fold
thickness (OR: 1.7). However, among the four
different fat patterns, WHtR > 90" percentile
was the strongest predictor of increased LDL-C
(OR: 2.0), non HDL-C (OR: 2.1), LDL-
C/HDL-C ratio (OR: 3.3), TG/HDL-C ratio
(OR: 2.0) and risk factor clustering (OR: 1.7),
whereas increased BMI and SFT could predict
the risk of two parameters. Increased WC only,
hypertriglyceridemia (OR: 3.3) and fasting
hyperglycaemia were not associated with fat
patterning.

DISCUSSION

The present study demonstrates that different
fat patterns would predict CVD risk factors in
children. WHtR > 90™ percentile was the strong-
est anthropometric index detecting 4 out of 8 risk
factors together with risk factor clustering. This is
consistent with the study of 10-14-year-old child-
ren from Cyprus showing that WC and WHtR
were better predictors of CVD risk factors than
BMIL." Another study evaluating 9-13-year-old
Japanese children indicated that WHtR was the
most significant predictor among the anthropo-
metric indices for CVD risk factor clustering, and
dyslipoproteinemia.'? Maffeis et al showed that 3-
11-year-old Italian children with WC > 90th per-
centile were more likely to have multiple risk
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Table 1. Characteristics of studied children
Children and adolescents

Boys (n = 1981)

Girls(n = 1869)

Variables mean SD mean SD
Age (years) 8.7 1.7 8.7 1.7
BMI (kg/m?) 17.3* 2.6 17.0 2.7
Waist circumference (cm) 62.0* 7.5 60.7 7.5
Hip circumference (cm) 72.1 0.2 72.4 0.2
WHR 0.8607* 0.0 0.8391 0.1
WHItR 0.4520* 0.04027 0.4449 0.04265
SFThiceps  (Mm) 5.3 2.7 6.0* 25
SFThiceps (MM 9.2 4.1 10.5* 4.0
SFT sub scapulaMM) 6.6 3.7 7.4* 3.8
SFT sum (mm) 21.1 9.8 23.9* 9.5
Ratiosub scapular/ triceps 0.7 0.2 0.7 0.2
SBP (mm Hg) 104.7* 8.5 103.7 8.6
DBP (mm Hg) 67.0* 7.6 66.1 7.7
Total Cholesterol (mg/dl) 167.8 29.2 169.1 27.7
LDL-C (mg/dl) 97.1 25.9 99.8* 24.7
HDL-C (mg/dl) 58.5* 11.8 55.8 11.8
LDL-C to HDL-C ratio 1.7 0.01 1.9* 0.01
Non HDL-C (mg/dl) 109.3 27.6 113.3* 25.9
Triglycerides (mg/dl) 60.7 24.4 67.4* 26.3
Triglycerides/HDL-C ratio 1.1 0.6 1.3* 0.8
Fasting plasma glucose (mg/dl) 94.2* 10.2 92.5 12.5

*P < 0.05 significant between genders

BMI: Body mass index, WHtR: Waist-to-height rat®F T: Skin-fold thickness,
CVD: Cardiovascular disease, C: Cholesterol, LDLwldensity lipoprotein,
HDL: High Density Lipoprotein, TG: Triglycerides, ORdds ratio, ns = Not significant.

factors of CVD/and a strong association existed
with triceps and sub-scapular SFT."” In Hong
Kong Chinese children, aged 6-12 years, WC
correlated slightly more than BMI with CVD
risk factors especially with elevated TG, de-
creased HDL-C and high BP but poorly with

elevated LDL-C and impaired blood glucose;
the latter is also consistent with our findings.'
The Bogalusa Heart Study demonstrated that
WHItR had a slightly stronger association with
impaired lipid levels than BMI and that BMI-
for-age was slightly more associated with BMI.

Table 2. Prevalence (%) of cardiovascular risk factors irdi&d children.

Risk factors & 3-1lyears Q 3-1lyears
WHtR>90" percentile 9.8 9.2
WC > 90" percentile 12.2 11.4
BMI > 90" percentile 4.4 3.7
SFTsum>98percentile 10.7 8.8
LDL-C >130 mg/dl 9.3 10.7
HDL < 40 mg/dI 4.6 8.7
TG > 150 mg/dl 0.8 15
Non HDL-C > 123 mg/dI 27.5 33.2
TG/HDL-C-Ratio > 1.5 27.8 33.9
Glucose >100 mg/dI 27.9 21.6
Hypertension 9.3 8.3
> 3 risk factors 17.5 20.9

BMI: Body mass index, WC: Waist circumference, WHRaist-to-height ratio, SFT: Skin-fold thickness,
CVD: Cardiovascular disease, C: Cholesterol, LDL: Ldsmsity lipoprotein,
HDL: High Density Lipoprotein, TG: Triglycerides, ORddSs ratio, ns = Not significant.

*P <0.05

International Journal of Preventive Medicine, VoNb 1, Jan 2011

17



Cardiovascular Risk Factor Prediction and Fat Rattan Children

Table 3. Age- and gender-adjusted associations betweerhBogaimetric indices and cardiovascular risk factors
______________________________________________________________________________________________________________________________|]

Anthropometric variables CVD risk factor OR Cl 95%
Hypertension

BMI > 85" percentile 2.8* 1.4-4.7
WC > 90" percentile ns
WHItR > 90" percentile ns
SFT sum > 98 percentile 1.7* 1.1-2.7

LDL-C < 130mg/dI
BMI > 85" percentile 0.4* 0.2-0.8
WC > 90" percentile ns
WHtR > 90" percentile 2.0* 1.2-3.3
SFT sum > 98 percentile ns

HDL-C < 40mg/dl
BMI > 85" percentile 1.9* 1.2-3.2
WC > 90" percentile ns
WHIR > 90" percentile ns
SFT sum > 98 percentile ns
TG > 150mg/dl

BMI > 85" percentile ns
WC > 90" percentile 3.3* 1.1-9.8
WHtR > 90" percentile ns
SFT sum > 98 percentile ns

Glucose > 100mg/dI
BMI > 85" percentile ns
WC > 90" percentile ns
WHIR > 90" percentile ns
SFT sum > 98 percentile ns

Non HDL-C > 123mg/dl

BMI > 85" percentile 0.5* 0.3-0.7
WC >90" percentile ns
WHItR > 90" percentile 2.1* 1.5-3.0
SFT sum > 98 percentile ns

TG/HDL-Ratio > 1.5
BMI > 85" percentile 0.5* 0.3-0.7
WC > 90" percentile ns
WHtR > 90" percentile 2.0* 1.4-2.0
SFT sum > 98 percentile ns

LDL/HDL-Ratio > 3
BMI > 85" percentile ns
WC > 90" percentile ns
WHItR > 90" percentile 3.2% 1.6-6.3
SFT sum > 98 percentile ns

Risk Cluster 3RF
BMI > 85" percentile ns
WC > 90" percentile ns
WHtR > 90" percentile 1.7* 1.1-2.4
SFT sum > 98 percentile 1.6* 1.1-2.2

BMI: Body mass index, WC: Waist circumference, WHWRaist-to-height ratio, SFT: Skin-fold thickness,
CVD: Cardiovascular disease, C: Cholesterol, LDL: ldmmsity lipoprotein,
HDL: High Density Lipoprotein, TG: Triglycerides, ORddSs ratio, ns = Not significant.

*P <0.05

In overweight children, the association of WHtR
with adverse CVD risk factors was stronger than
of BMI and SFT."'® The comparison between
the PEP Family Heart Study and the Bogalusa
Heart Study might be biased by age (3-11 years
vs. and 5-17 years) and race (German children
vs. biracial youths).
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Strengths of this observational study were the
homogeneous urban population of German
children without co-morbidities, its large gender-
balanced size, constancy of staff and methods
over seven years in this mono-centric study and
the use of simple, well-established surrogate
methods permitting easy and inexpensive appli-
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cation in clinical practice. Limitations were the
cross-sectional design of the study which does
not allow any decision about casual relation-
ships of the associations and the lack of interna-
tionally agreed cut-off values of WHtR, WC,
and SFT.

CONCLUSION

In our study, increased WHtR was the
strongest predictor of CVD risk factors in 3-11-
year-old children, together with increased SFT
and BMI additionally predicting high BP, hyper-
triglyceridemia and low HDL-C.
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