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Short Communication

Waist circumference as an indicator of high blood
pressure in preschool obese children

Bin Chen MD, Hai-fei L1 MD

Department of Children Healthcare, Shenzhen Maternal and Child Healthcare Hospital, Shenzhen, China

Objective: To investigate the relationship between waist circumference and blood pressure (BP) to determine if
waist circumference was an indicator of BP in preschool children. Methods: Body weight, height, waist circum-
ference (WC), hip circumference, and blood pressure of 939 3-6-year-old preschool children were collected. Re-
sults: Systolic blood pressure (SBP) and diastolic blood pressure (DBP) in obese children were significantly
higher than that in normal weight children in both sexes (p<0.001). Overweight children had significantly higher
SBP and DBP than normal weight boys (p<0.01). Age- and sex-adjusted Body mass index (BMI) correlated sig-
nificantly with SBP and DBP. In children aged 3-6 years, age-, sex-and BMI-adjusted waist circumference corre-
lated significantly with SBP, but not with DBP. Receiver operating characteristic (ROC) curves showed a sig-
nificant ability of BMI, WC and waist-to-height ratio (WtHr) to discriminate high blood pressure in children of
both sexes. Multiple linear stepwise regression analysis using SBP as the dependent variable showed that BMI
and WC were significant independent factors that influence high blood pressure adjusted for age, WtHr and
waist-to-hip circumference ratio (WHr) in boys. When using DBP as the dependent variable, BMI was the only
significant independent factor that influenced high blood pressure adjusted for age, WtHr and WHTr, in both sex-
es. Conclusion: Waist circumference was independently associated with high blood pressure in boys aged 3-6
years. In addition to BMI, increased waist circumference was found to be an indicator of high blood pressure in

the preschool children, especially in boys.
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INTRODUCTION

The prevalence of childhood and adolescents obesity has
increased substantially in the developed and developing
countries in the last few decades, and it is probable that
this trend will continue.! China has joined the world epi-
demic of obesity.” Previous studies have suggested that
obese children are at approximately threefold higher risk
for hypertension than non-obese children.” Moreover, in
the pediatric age group and especially in obese children,
hypertension has already been associated with end-organ
damage such as left ventricular hypertrophy, carotid ar-
tery intima-media thickness, endothelial dysfunction, ear-
ly renal involvement or obstructive sleep apnoea.*®
Therefore, an early management of hypertensive children
is now considered to be of major clinical importance for
the effective prevention of associated morbidity.”

Visceral adiposity is clearly linked with cardiovascular
risk both in adults and in children, and the estimation of
fat distribution is considered mandatory in evaluation of
obese patients.® Although waist circumference (WC) have
been shown to be associated with hypertension in some
age group in some studies,”'*to our knowledge, few data
are available for the preschool period. The aim of the pre-
sent study, therefore, was to determine the prevalence of
high blood pressure in a representative sample of 3- to 6-
year-old preschool normal weight, overweight and obese
children; and to investigate the relationship between waist
circumference and BP, to determine whether it is an indi-
cator of high blood pressure in this population.

MATERIALS AND METHODS

A cross-sectional survey was conducted in 2006 on Chi-
nese children aged 3-6 years. Study children were se-
lected from kindergartens in Shenzhen, China. There are
six districts in Shenzhen. All districts participated in this
study. Two kindergartens with over 250 children and at
least one trained child healthcare doctor or nurse were
randomly recruited from every district. The reason that
the children dropped-out were: missing kindergarten, tak-
ing medicine on the day when measurements were taken
or not compliable for anthropometric and blood measures.
Data from 271 obese children (male, 161; female, 110)
and 139 overweight children (male, 56; female, 83) were
collected. None of the obese children were found to have
an organic cause for their obesity, and none were taking
any medication that might interfere with growth and
blood pressure. At the same time, 529 normal weight
(male, 423; female, 106) children of the same age and
similar social economical conditions as the obese and
overweight group were selected, as the control group.
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Data on anthropometric measure and BP of 939 3-6 years
old children (male, 640; female, 299) were collected. Par-
ents provided written consent for their children’s partici-
pation before data collection. All children enrolled in this
study underwent a physical examination to obtain anthro-
pometric measures (weight, height, waist circumference,
and hip circumference) according to standard guidelines.
All anthropometric measures were performed by pediatri-
cian specifically trained for this project, in the kindergar-
ten setting. Body weight was measured in light clothes
and without shoes and was approximated to the nearest
0.1 kg on a mobile lever scale (Hengxing, Wuxi, China),
and height was measured to the nearest 0.1 cm using a
wall-mounted stadiometer (Hengxing, Wuxi, China).
Waist circumference was measured by a non-elastic flex-
ible tape in the standing position. The tape was applied
horizontally midway between the lowest rib margin and
the iliac crest. Hip circumference was measured at maxi-
mal protrusion of the buttocks. The mean of two meas-
urements to the nearest 0.1 cm were documented. BP was
measured in the classroom by the same pediatrician on
the same occasion as the anthropometric measurements,
while children were sitting and with the cubital fossa sup-
ported at heart level, after at least 5 min of rest. BP was
measured using a mercury sphygmomanometer, with the
appropriate cuff for the children upper arm size. The cuffs
used hand bladders long enough to circle at least half of
the upper arm without overlapping, and widths that cov-
ered at least two-thirds of the upper arm. Systolic BP was
defined by the onset of the first Korotkoff sound, and
diastolic BP was indicated by the fifth Korotkoff sound
(disappearance of Korotkoff sound).

BMI was calculated in each participant as weight (kg)
over squared height (m?). BMI was categorized by using
the 2006 standard of The National Task force on child-
hood obesity of China (NTFCOC) for boys and girls aged
3-6 (normal weight: 5™-85™ percentiles; overweight: 85™-
95%percentiles; obese: >95" percentiles).”” WtHr was
calculated as waist circumference divided by height.
WHR was calculated as waist circumference divided by
hip circumference. High BP was defined as either the
systolic or diastolic BP values or both exceeding the 95th
percentile according to sex, age and height based on the
US normative BP tables published by the National High
Blood Pressure Education Program Working Group. '

Table 1. Descriptive characteristics by sex and weight status

Statistical analysis
Descriptive statistics were computed by sex for age,
weight, height, BMI, waist circumference, WTHR, WHR,
systolic and diastolic BP, expressed as mean and standard
deviation (SD). Student-t test was used to compare the
average between two groups. Percentages of hypertension
and weight-class distribution were compared between
sexes and among weight classes by chi-square test. Partial
correlation analysis was used to examine the relationship
between WC, WtHr, WHr and blood pressure after con-
trolling age, sex, and BMI. It was also used to examine
the relationship between age- and sex-adjusted BMI and
blood pressure. The tendency of BMI, waist circumfer-
ence, WtHr and WHr as single markers to discriminate
hypertensive children was assessed by receiver operating
characteristic methodology. A multiple stepwise regres-
sion, adjusted for sex and age, was used to examine the
influence of waist circumference, WtHr, WHr and BMI
on the risk of hypertension in both sexes, respectively.
Statistical analysis was conducted with software package
SPSS (version 16.0, SPSS Inc, Chicago, USA). Differ-
ences were considered statistically significant with a p-
value <0.05.

This protocol of the study was approved by the Ethical
Committee of Shenzhen maternal and child healthcare
hospital.

RESULTS

The characteristics of the study population are shown in
Table 1 according to sex and weight. Systolic BP and
diastolic BP in obese children were significantly higher
than that in normal weight children in both sexes
(p<0.001). Overweight children have significantly higher
systolic and diastolic BP than normal weight children in
boys (p<0.01). Systolic BP and diastolic BP were not
significantly difference between overweight and normal
children in girls (SBP, p=0.127; DBP, p=0.113).

The prevalence of high blood pressure in the overall
group of 939 children was 23% (n=216) and was not sig-
nificantly different between sexes, with 23.8% in boys
and 21.4% in girls (p=0.67). A significant difference be-
tween normal weight (boys, 17.5%; girl, 14.2%) and ob-
ese children (boys, 38.5%; girl, 33.6%) was observed for
both sexes (p<0.01). This difference was significant be-
tween overweight (14.5%) and obese (33.6%) groups in

Boys (n=640)

Girls (n=299)

Variables

NW (n=423) OW (n=56) OB (n=161)  NW (n=106) OW (n=83) OB (n=110)
Age (years) 4.2(0.9) 42(0.9) 42(0.8) 4.1(0.8) 42(0.7) 42(0.8)
Weight (kg) 18.3 (2.7) 23.1 (3.8) 26.9 (4.7) 16.5 (2.0) 19.0 (2.3) 25.7 (4.7)
Height (cm) 108 (6.8) 111 (8.0) 112 (6.5) 106 (6.7) 108 (5.6) 111 (6.5)
BMI (kg/em?) 15.6 (1.1) 18.5 (0.8) 21.3(2.7) 14.6 (0.7) 16.3 (0.8) 20.8 (2.1)
WC (cm) 51.0 (3.9) 57.6 (4.6) 63.4 (5.8) 48.7 (2.8) 51.3 (4.6) 61.4 (6.1)
WHr 0.91 (0.06) 0.90 (0.04) 0.93 (0.05) 0.88 (0.06) 0.88 (0.08) 0.90 (0.05)
WiHr 0.47 (0.04) 0.51 (0.03) 0.57 (0.05) 0.46 (0.03) 0.47 (0.04) 0.55 (0.05)
SBP (mmHg) 92.9 (9.8) 99.2 (10.5) 101 (12.1) 91.7 (10) 93.9 (11.1) 99.6 (10.3)
DBP (mmHg) 60.3 (8.6) 62.9 (8.5) 66.2 (9.4) 58.7(9.3) 60.6 (8.2) 65.5 (9.6)

Values are expressed as mean (standard deviation). NW, normal weight; OW, overweight; OB, obese; BMI, body mass index; WC, waist
circumference; WHr, waist-to-hip circumference ratio ; WtHr, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic blood pres-

sure.
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girls (p<0.01), but not in boys (overweight, 28.6%; obese,
38.5%; p=0.23). There was no significant difference be-
tween the normal weight and overweight group for both
sexes (boys, p=0.07; girls, p=1).

Partial correlation coefficients between age-, sex- and
BMI- adjusted WC, WtHr, WHr, and blood pressure; be-
tween age- and sex-adjusted BMI and blood pressure-
correlation coefficients are shown in Table 2. In children
aged 3-6years, age- and sex-adjusted BMI correlated sig-
nificantly with SBP and DBP. Age-, sex- and BMI-
adjusted WC correlated significantly with SBP, but not
with DBP. There were no significant associations be-
tween age-, sex- and BMI-adjusted WtHr and blood pres-
sure. No significant association was observed between
age, sex- and BMI-adjusted WHr and blood pressure.

The univariate analysis by receiver operating charac-
teristic (ROC) curves showed a significant ability of BMI
[area under the curve (AUC) 0.663,95% confidence inter-
val (CI) (0.585, 0.741), p<0.001for girls and AUC 0.62,
95% CI (0.567, 0.673), p<0.001 for boys], waist circum-
ference [AUC 0.622, 95% CI (0.538, 0.706) , p<0.001for
girls and AUC 0.580, 95% CI (0.524, 0.636) , p<0.001for
boys] and WtHr [AUC 0.647, 95% CI (0.565, 0.729) ,
p<0.001for girls and AUC 0.631, 95% CI (0.580, 0.683) ,
p<0.001for boys], to discriminate high blood pressure in
children of both sexes. While, WHr [area under the curve
(AUC) 0.576, 95% confidence interval (CI) (0.498,
0.655), p=0.065 for girls and AUC 0.551, 95% CI (0.497,
0.605), p=0.058 for boys] did not have the ability of dis-
criminate high blood pressure in children of both sexes.

Multiple linear stepwise regression analysis using SBP
as the dependent variable showed that BMI and WC were

significant independent factors that influenced high blood
pressure adjusted for age, WtHr and WHr in boys; but
WC was not a significant independent factor that influ-
enced high blood pressure in girls. When using DBP as
the dependent variable, only BMI was the significant in-
dependent influencing factor for high blood pressure ad-
justed for age, WtHr and WHr in both sexes (Table 3).

DISCUSSION

The prevalence of hypertension in the pediatric popula-
tion is rising, and the increase is believed to be related to
the epidemic of childhood obesity."” Childhood hyperten-
sion can proceed into adulthood .Since children with BMI
and waist circumference values exceeding the established
criterion values are at increased risk for the metabolic
syndrome and the cardiovascular disease when they be-
come adults,'® the pediatrician must pay more attention to
the evaluation of hypertension in obese children.

The association between pediatric obesity and hyper-
tension has been reported in many studies. In one Ameri-
can study, 33% of obese children were hypertensive com-
pared with 11% of lean children.'” In a cohort of Irish
overweight and obese children aged 2-18 years, 51% of
the boys and 49% of the girls had initial blood pressure
measurements in the hypertensive range according to the
US normative BP tables published by the National High
Blood Pressure Education Program Working Group.'® The
present study showed a very high prevalence of high
blood pressure in overweight and obese children. The
prevalence of high blood pressure in obese preschool
children was higher than that in the normal weight chil-
dren in both boys and girls, even in children aged 3-

Table 2. Partial correlation coefficients between WC, WtHr, WHr, BMI and blood pressure

SBP DBP .
Model correlation coefficients (p-value) correlation coefficients (p-value) Adjusted factor
wC 0.073 (0.026) 0.06 (0.067)
1 WtHr 0.011 (0.732) -0.027 (0.403) Age, sex, BMI
WHr 0.054 (0.099) -0.026 (0.433)
2 BMI 0.334 (<0.001) 0.260 (<0.001) Age, sex

Abbreviations: BMI, body mass index; WC, waist circumference; WHr, waist-to-hip circumference ratio ;WtHr, waist-to-height ratio; SBP,

systolic blood pressure; DBP, diastolic blood pressure.

Table 3. Stepwise multiple regression analysis examining the independent contribution of WC, BMI, WtHr and WHr to

SBP and DBP
Sex Dependent variable Model R? B coefficient p-value 95% confidence interval for B
Boys  SBP constant 69.6 0.00 63.2-75.9
BMI 0.107 0.872 0.00 0.45-1.3
WC 0.114 0.198 0.029 0.21-0.376
DBP constant 49.2 0.00 45.1-53.3
BMI 0.058 0.743 0.00 0.51-0.976
Girls SBP constant 73.1 0.00 66.4-79.8
BMI 0.127 1.28 0.00 0.894-1.66
DBP constant 45.1 0.00 39.1-51.0
BMI 0.095 0.958 0.00 0.62-1.3

Abbreviations: BMI, body mass index; WC, waist circumference; WHr, waist-to-hip circumference ratio; WtHr, waist-to-height ratio; SBP,

systolic blood pressure; DBP, diastolic blood pressure
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6years. Obese children with hypertension often develop
left ventricular hypertrophy, which also increases the risk
of cardiovascular morbidity and mortality." In addition,
obese hypertensive patients also frequently have other
components of the metabolic syndrome, including dyslip-
idemia, insulin resistance, and hyperinsulinemia.*

The impairment of hypertensive obese children lead to
increasing attention on obesity related hypertension. The
need for early diagnosis of hypertension of obesity has
encouraged researchers to find simple but sensitive and
accurate indexes of indicating hypertension in childhood.
BMI is the recommended index of adiposity for epidemi-
ological studies, as well as for clinical practice.”’ Some
studies had shown that increase in BMI was associated
with an increase in the blood pressure in children.”**
However BMI has some limitations. The age-,gender-,
and ethnic-specific standards of BMI are less feasible for
parents and non-professional use. Studies in adults have
revealed that health risks were mainly associated with
body fat distribution, more so than adiposity per se.**
Therefore, it was suggested that anthropometric measures,
other than BMI, were suitable as indexes of body fat dis-
tribution and morbidity, such as waist circumference.
Waist circumference was proposed as a good index of
intra-abdominal fat.”’ Intra-abdominal fat is strictly asso-
ciated with metabolic complications of obesity and car-
diovascular risks in adults.”® In children, the relationship
between waist circumference and hypertension was dem-
onstrated in some studies.””*® But most of subjects previ-
ously focused on were school children. Our study found
that waist circumference was associated with systolic BP
in preschool children aged 3-6 years, adjusted to age, sex,
and BMI. ROC curve analysis also confirmed that waist
circumference has the ability of discriminating high blood
pressure in preschool children aged 3-6 years in both sex-
es.

WHr has been widely used to evaluate body fat distri-
bution and related health risks. Although obese and nor-
mal weight children could have different WHr values,
which was confirmed in our study, we could not find any
correlation between WHr and blood pressure. A multiple
stepwise regression analysis of the systolic BP showed a
significant influence of waist circumference on systolic
BP in boys. WHr was not found to significantly influence
systolic and diastolic BP in both sexes. The present study
is consistent with previous descriptions in adolescents.”
This study also shows that waist index correlate with SBP
absolute values, regardless of BMI. Although using mul-
tiple stepwise regression analysis, we could not find a
significant influence of waist circumference on BP in
girls, we still consider the finding that waist circumfer-
ence is a significant influence factor on systolic BP in
boys could have important clinic significance, because
waist circumference is a simple measurement which can
be done by the parents at home. Especially in preschool
children aged 3-6 years who have lower compliance, it
would be a simple and practical indicator of high blood
pressure. Further larger sample studies and examining the
different influence of waist circumference on BP in boys
and girls are necessary.

Because the BP reading was recorded on one occasion,
high blood pressure category in the analysis can only rep-

resent a general idea of the extent of elevated BP in the
studied children, rather than diagnose the presence of
hypertension among them. The cross-sectional design of
our study allows us to demonstrate the associations be-
tween waist circumference and high blood pressure in
children aged 3-6 years. Only a prospective long-term
study could assess whether the factor can predict the oc-
currence of hypertension in this population. Further stud-
ies with larger samples to determine a cut-off value of
waist circumference should be conducted.

In conclusion, our study demonstrates that, in addition
to BMI, increased waist circumference is an indicator of
high blood pressure in the preschool age group. This
seems particularly useful in obese boys aged 3-6years.
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