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5 53 37 111.6 110.2 17.3 17.1 23.9 23.4 15.0 15.1 100.6 102.3 61.3 59.4 13.9 14.0

6.1 6.7 2.1 3.0 1.4 1.5 0.8 1.2 11.7 13.3 8.3 9.5 0.9 1.4

6 64 58 116.9 116.5 18.9 18.7 24.1 23.6 15.1 15.5 102.1 98.4 61.3 59.7 13.8 13.7

   5.1 5.8 2.2 2.7 1.2 1.3 1 1.2 13.8 13.8 10.9 9.2 0.9 1.1

7 97 73 122.2 122.7 20.9 20.8 24.8 24.3 15.7 15.8 96.9 96.3 59.7 57.5 13.9 13.8

   5.6 6.4 2.8 3 1.3 1.4 1.1 1.1 12.2 12.8 9.3 8.4 1.1 1.1

8 117 115 127.7 127.3 23.4 22.8 25.3 24.6 16.1 16.2 97.3 96.4 59.1 59 14.3 14

   6.5 5.3 3.2 3 3 1.2 1.1 1.2 10.2 10 9.1 9.7 1.2 1.1

9 184 180 133.5 133.1 25.5 25.4 25.6* 25* 16.5 16.5 99.7 99 61.9 61 14.3 14.3

   6.2 5.3 3.3 4.1 1.3 1.5 1.2 1.4 10.7 11.3 9.9 9.8 1.1 2

10 231 220 137.7 137.1 27.6 27.5 26* 25.3* 17 17.1 99.5 99.7 60.2 59.8 14.5 14.6

   6.1 6.1 3.7 4.5 1.4 1.3 1.4 1.6 9.7 10.2 9.4 9.2 1.2 1.6

11 187 178 141 142.1 29.3* 30.4* 26.2



11 187





children age 5-12 years (ǋ: Beta, CI: Confidence Interval, SBP: Systolic
Blood Pressure; DBP: Diastolic Blood Pressure).

Discussion
The relationship between anthropometric indicators and BP is

important in evaluating the health of children and adolescents, since
cardiovascular abnormalities are becoming more common these days.
In this present study, we found that the prevalence of underweight
(severe, moderate and mild) was high while overweight and obese by
BMI was low amongst these children. NC and MUAC significantly
discriminated boys with both high SBP and DBP, while in girls NC
and MUAC only identified high SBP. However, BMI discriminated
boys with only high SBP.

In this study, we measured NC and MUAC to describe underweight
defined by BMI. We recommend that each country must determine
their own cutoff points for NC, MUAC and BMI. While the use of
BMI as a surrogate for fat distribution among children raises debates,
NC and MUAC are increasingly recognized as a useful indexes
refletive of both fat distribution and risk of metabolic syndrome. The
primary contribution of this present study was that both NC and
MUAC can be substituted for one another as an additional evaluation
tool next to BMI in detecting underweight in the Ellisras rural
children.

The results showed a strong positive significant association between
BP and anthropometric indices (NC and MUAC) in this sample
though the association of DBP and NC disappeared after adjustments
for age and gender. Similar findings do exist in literature that supports
our results [5]. However, it seems that the prevalence of overweight,
obesity and high BP of the cited studies were high compared with the
current study, which showed high prevalence of underweight (Table
2). These differences may be due to the fact that those studies were
carried out in developed countries in contrast to our study which is
exclusively based on under-resourced rural settings. According to
WHO [20], the prevalence of overweight or obesity increases as a
country develops. It is possible that nowadays the aforementioned
changes and developments in South Africa have resulted in increased
prevalence of overweight and obesity [21].

Few studies have reported the association of high BP and several
anthropometric indicators. However, it is still controversial whether
absolute (general adiposity) or relative body fat (central adiposity) is a
better predictor for hypertension [22]. Most studies are supporting
central adiposity as the good predictor for high BP [23,24]. NC and
waist circumference (WC) as a marker of central adiposity appeared to
have the accuracy of discriminating children with high BP in America
[5,25]. Moreover, compared with waist circumference, NC seems to be
an ideal measure as it does not change during the day [26]. The
present study agree with the previous studies as NC discriminated
children with high BP and also added that MUAC can also be used to
identify children with high BP.

For the association of anthropometrics and BP, Nafiu et al. [5]
found a positive association between BP and NC in American children
aged 6-18 years. NC showed an independent association with various
cardiometabolic risk markers including BP [27] and had strong
correlation with BMI [28]. Mazicioglu et al. [4] reported that MUAC is
strongly associated with both SBP and DBP in adolescents aged 11-17
years from Turkey. Bassaroe et al. [29] also reported that MAUC had a
significant relationship with systolic BP but not diastolic BP in

Sardinian children aged 11-14 years. Therefore present study concurs
with previous studies on the association of NC and MUAC with BP.

Study Limitations
In our study we did not consider the socioeconomic status of

families of the participants in the analysis. Insulin resistence as
metabolic condition characterized by an impaired ability of plasma
insulin at normal concentrations to promote peripheral glucose
clearance, suppress glucoseneogenesis in the liver and inhibits very low
density lipoprotein output. This condition together with an increase in
BMI values worsen the endothelial parameters, independent of
malnutrition of children were not investigated in our study [30-32].
Furthermore, even though the data of the study was collected in year
1999, it is possible that prevalence of overweight and obesity has
increased, at present time, due to developments and changes in South
Africa [21].

The anthropometric and BP measurements were taken directly, and
hence recall or estimation bias will not prevail in our study. In
addition, we measured BP during early childhood, demonstrating that
proper monitoring should be started from childrenβs early days from a
viewpoint of screening for vulnerable individuals [33].

Conclusion
The prevalence of underweight (severe, moderate and mild) was

high, while overweight was low amongst Ellisras rural children. NC
and MUAC can predict both high SBP and DBP in boys while in girls
NC and MUAC can only predict high SBP. However, BMI can only
predict high SBP for boys only. There was a positive significant
association between BP and anthropometric indicators in this study
population, though the association of DBP and NC disappeared after
adjustments for age and gender. Further research is recommended to
establish the NC and MUAC cutoff points for overweight, especially in
low-resourced settings as these indices are inexpensive to use and can
be used in larger populations.
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