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Abstract: The need for a simple, cheap, readily available and time-saving screening measure that
could be used to identify overweight and obesity in developing countries cannot be overemphasized.
This study examined the relationship of thigh circumference with other anthropometric and blood
pressure indices and cardiovascular disease risk in the Ibos of Nigeria. MATERIAL AND METHOD
325 males and 245 females were randomly selected for this study. Study sample was broken into two
groups; those with normal and those with abnormal blood pressure and anthropometric parameters.
Blood pressure and various anthropometric parameters were obtained. RESULTS Apart from age and
Waist Hip Ratio, Thigh circumference (TC) was seen to correlate significantly with Weight, Waist
Circumference, Hip Circumference, various Skin folds, Arm circumference, Forearm Circumference,
Systolic and Diastolic Blood Pressures, Body Mass Index, waist-Height Ratio. Various levels of
association were noted for the various parameters and amongst men and women and also amongst
individuals between both groups. Upper and lower cut-off points of obesity and cardiovascular disease
risks for thigh circumference and other anthropometric and blood pressure indicators were established.
Various models for predicting TC were generated for healthy Nigerian Igbos DISCUSSION AND
CONCLUSION Nigerian Igbos showed lower TC when compared with reported Caucasian values.
This work established the threshold values of normal TC amongst healthy Nigerian Igbos, and also
the relationship between it and the rest anthropometric and blood pressure parameters. It also
established TC as one of the reliable and simple and cheap ways of determining obesity and
cardiovascular disease amongst the Igbos of Nigeria.

Key words: Thigh circumference, Igbos, Anthropometry, Blood pressure parameters, cardiovascular
disease risk.

INTRODUCTION

Various  anthropometric measurements such as body mass index (BMI) waist circumference (WC) waist
hip ratio (WHR), waist height ratio (WHTR) and various skin fold thicknesses have been studied in relation
to the health and nutritional status of individuals. (Lahti-Koski et al., 2000; Teixeira et al., 2001; Despres et
al., 2001; Cox and Whichelow, 1996) A number of associations have also been established between these body
ratios and dimensions with health and nutritional status. (Anyanwu et al., 2007) Jean Vague (1956) was the
first to make association between body dimensions and health risks associated with obesity. Obesities in the
various regions of the body can be assessed using some of these ratios and measurements. Some of these ratios
have been proved to predict adiposity in certain regions of the body more than the others. Where total
adiposity index is accessed better, using Body Mass Index, (Ben-Noun and Laor, 2003) upper body obesity
is assessed using neck circumference (NC), waist circumference (WC), waist-to-hip ratio, waist-to-thigh ratio,
abdominal sagittal diameter and subscapular, and triceps skin fold thicknesses, (Ben-Noun and Laor, 2003;
Sjostrom et al., 1997; Kissebach et al., 1982; Sjostrom et al., 1995; Jensen, 1997) and lower –body obesity
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is accessed using thigh circumference. (Heitmann and Frederiksen, 2009)
Studies have associated both high body fat mass and very low fat free mass with both morbidity and

mortality. (Heitmann et al., 2000) Upper body obesity has been strongly associated with glucose intolerance,
hyperinsulinemia, diabetes, hypertriglyceridemia, gout, calculous disease than lower body  obesity. (Vague,
1956; Kissebach et al., 1982; Peiris et al., 1988) More recent studies have reported that insulin resistance could
be provoked in lower body muscle such as leg muscle, but not arm muscle. (Sacchetti et al., 2005; Olsen et
al., 2005) Heitmann et al., (2004)  in their ground breaking study; ‘Thigh Circumference And Risk of Heart
Disease and premature death: prospective cohort study’, concluded that a low thigh circumference seems to
be associated with an increased risk of developing heart disease or premature death.

A number of reports have established the influence of age, gender, and ethnic differences on
anthropometric-metabolic risk relationship. (Anyanwu and Agwuna, 2009; Anyanwu and Agwuna, 2008; Khader
et al., 2010) The predictive power of some anthropometric indices  has been proved to be population-
dependent, (Molarius et al., 2000) varying with different ethnic groups. (Ko et al., 2001; 1999) With the
establishment of population-dependent variation with the level of risk associated with a particular
anthropometric measure, establishing gender- and ethnicity-specific cutoffs is necessary and should be based
on their relationship with obesity-related CVD risk factors. (Khader et al., 2010)

Above report, and other reports associating thigh circumference with cardio-protection prepared the grounds
for this work. This is also considered important at the face of the obvious need for a simple, cheap, readily
available and time-saving screening measure that could be used to identify overweight and obesity in
developing countries with limited budgets on health and health related issues. This study therefore was
designed to determine the relationship of thigh circumference with other anthropometric and blood pressure
indices and cardiovascular disease risk. 

MATERIALS AND METHODS 

Study design:
This was based on a simple random sampling of 600 Nigerians from the Igbo ethnicity. Only 570 subjects

 (325 males and 245 females) were included in the data analysis. The study sample was broken into two major
groups. The first group (group A) consisted of Ibos with anthropometric and blood pressure values that are
below the cut off -points for obesity and cardiovascular disease risk for all the anthropometric and blood
pressure parameters used in the study. This group consisted of 226 males and 132 females. The second group,
(group B) consisted of Igbos at various levels of obesity and cardiovascular disease risk in any of the various
anthropometric and blood pressure parameters used in the study. This group was made up of 99 males and
113 females.

With the consent of the participants, BP measurement was taken. Pregnant women and hypertensive
patients and apparently unhealthy sick individuals were excluded from the measurement.

Blood Pressure Measurement (BP):
BP measurements were taken following standard protocol. (Beevers et al., 2001) Participants were allowed

to rest at least for 20 minutes in a seated position and arm supported at the level of the heart before the blood
pressure measurements were taken. The BP was measured three times with the cuff completely evacuated and
recovery allowed between readings. The average of the readings was recorded for the systolic blood pressure
(SBP) and diastolic blood pressure (DBP).

Anthropometry:
Height (HT) was measured to the nearest 0.5cm using a vertical scale of portable stadiometer with the

participant in erect position  without shoes and head held in the frank fort plane. Weight was measured to the
nearest 0.1kg using a bathroom scale with the participant lightly clothed. BMI was calculated as weight divided
by square of height (kg/m2). Waist circumference (WC) was measured in centimetres at the narrowest waist.26

Hip circumference (HC) was measured at the largest posterior extension of the buttocks. WHR was calculated
by dividing the WC with HC. Thigh circumference (TC) was measured at the midpoint of the thigh. Waist-
height ratio (WHtR) was calculated by dividing WC with HT. Arm circumference (AC) and forearm
circumference (FAC) were taken at the midpoints respectively. Skin fold thickness was measured on the
subject’s body at 3 sites (triceps, subscapular and calf) with a large skin fold calliper (Cambridge, MD). The
triceps skin fold (TSF) was measured in midline of the posterior aspect of the arm over the triceps muscles,
midway between the lateral projections of acromion process of the scapula and the inferior margin of the ulna
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olecranon process. The subscapular skin folds (SSF) was taken beneath the inferior angle of the scapula. Calf
skin fold thickness was measured in the midline over the level of maximum protrusion. In each case a double
thickness of skin and underlying tissue were raised and measured. A sum of the three skin folds (STS) was
calculated. All measurements were taken on the right side.

Measurement Cut-off Points:
Based on the WHO definition for cardiovascular disease risk (World Health Organization consultation on

obesity, 1998) the following were accepted as cut-of points for obesity, BMI > 29.9 Kg/m2, WC>102cm for
men and 88cm for women, WHR > 1.0 in men and 0.85 in women. WHTR > 0.05 was used as a cut-off
point. (Hsieh and Muto, 2004) Following WHO standard for definition of elevated blood pressure (WHO-ISH
Mild, 1999) the following were accepted as elevated BP; SBP > 140mmHg or DBP > 90mmHg or both.

Statistical Analyses:
Data were analysed using SPSS 15.0. The population characteristics, anthropometric indicators, SBP and

DBP are shown as means and standard deviations. The frequencies and percentage frequencies of adiposity
indication by the various indicators noted. Pearson correlation between the blood pressure indicators and
adiposity indicators were carried out. Regression analysis to determine the various models to predict thigh
circumference were also was also carried out.

RESULTS AND DISCUSSION

A total of 570 Nigerians with mean age of 33.6+13 were used for this work. Mean ages of men and
women respectively were 33.7+13 and 33.5+14. Mean age of subjects in group A for both sexes gave
33.1+14, 33.2+13 for men and 32.9+15 for women. The number of participants in group A, accounted for 63%
(358) of the total number of samples used for this study. Group was made up of 63% (226) men and 37%
(132) women. Mean age of participants in group B for both sexes gave 37.3+11, 39.5+10 for men, and
36.2+12 for women. 47% (99) of the number of participants in this group were made up of men and the rest
women.

Table 1 showed a summary of the Pearson correlation of the various anthropometric and blood pressure
parameters with thigh circumference in group A. Apart from age and WHR, thigh circumference was seen to
correlate significantly with all the measured and calculated parameters. Various levels of association was noted
for the various parameters and amongst men and women.

The results of Table 2 showed the upper and lower cut-off points of obesity and cardiovascular disease
risks  for thigh circumference and other anthropometric and blood pressure indicators. Apart from the indicators
for subcutaneous fat, higher cut-off points where noted for indicators for general adiposity,  upper body obesity
and abdominal obesity and blood pressure in the males than in the female samples.  

Table 3, gave a summary of the distribution of mean thigh circumference within the various age sub-
groups in Group A. Pearson correlation coefficients between thigh circumference and the rest parameters of
individuals in Group B at various levels of cardiovascular risks have been summarised in Table 4.These
correlations unlike the samples in group A, that showed positive and significant relationship, the correlations
in group B, were insignificant and negative except for DBP which was positive and still insignificant. This
table also summarised the corresponding  mean values of TC the various mean values of some of the indicators
for samples in group B with body dimension and blood pressure parameters at various levels of cardiovascular
risk.

With the observed strong correlations between TC and the other parameter (see Table 1), various models
for predicting TC were generated for healthy Nigerian Igbos (Group A) using regression analysis. The
independent variables used in these models are the various adiposity and blood pressure indicators. These
models are as shown below:

TC = 9.04   + (HC   * 0.39) + (WC * 0.73)    ……….            (P < 0.03)
TC = 14.96 + (AC   * 1.18)  +  (FAC * 0.09)    ……….          (P < 0.01)
TC = 22.74 + (BMI * 1.18)  +  (STF * 0.01)    ……….           (P < 0.01)
TC = 73.74 + (STF * 0.77)   -  (WHTR * 16.42)    ……….     (P < 0.01)
TC = 41.28 + (SBP * 0.06)  + (DBP * 0.038)    ……….         (P < 0.01)
TC = 57.24 +  (WT  * 0.42) -  (HT * 20.12)    ……….           (P < 0.03)
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Table 1: Pearson Correlation (R) Table Between the Thigh Circumference and Other Parameters in Group A.
Parameters R for Males R for Females R for Both
Age -0.93 0.004 -0.052
Weight .669(**) .640(**) .656(**)
waist circumference .501(**) .197(*) .390(**)
Hip circumference .645(**) .485(**) .583(**)
Subscap. skin fold thickness .218(**) .353(**) .209(**)
Triceps skin fold thickness .335(**) .514(**) .222(**)
Calf skin fold thickness .413(**) .472(**) .248(**)
Arm circumference .647(**) .644(**) .656(**)
Forearm circumference .354(**) .354(**) .390(**)
Systolic bld pressure .110 .116 .159(**)
Diastolic bld pressure .120 .072 .132(*)
Height .274(**) .088 .270(**)
Body mass index .667(**) .662(**) .674(**)
Sum of 3 skinfolds .411(**) .551(**) .291(**)
Waist hip ratio -.037 -.096 -.041
Waist thigh ratio -.578(**) -.595(**) -.574(**)
** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Table 2: Statistical Summaries of the Various Normal  Anthropometric and Blood Pressure Parameters in Group A. 
MALES (226) FEMALES (132)

----------------------------------------------------------------------------- ---------------------------------------------------------------------------------
Mean Median Mode 10th Pct 90th Pct Mean Median Mode 10th Pct 90th Pct

WT 68.3+10.0 67.0 65.0 56.7 82.2 58.0+8.2 56.9.0 54.0 48.0
WC 79.7+6.8 79.0 75.0 71.2 90.0 77.3+8.4 77.2 87.0 70.0 87.0
HC 91.8+7.7 91.0 90.0 85 91.0 91.5+6.8 91.0 89.0 83.2 100.7
SSF 9.8+9.4 7.4 6.2 5.2 16.4 12.3+5.2 10.9 8.0 6.8 20.0
TSF 6.2+3.6 5.2 4.8 3.8 9.2 12.5+5.4 11.3 7.8 6.9 20.5
CSF 9.1+5.5 7.2 6.4 4.0 17.2 17.7+7.0 16.4 10.8 9.6 27.5
AC 28.8+2.5 28.8 30.0 26.0 32.0 26.7+2.4 26.5 28.0 23.5 30.0
FAC 24.0+3.1 23.6 22.0 21.0 27.0 21.6+2.0 21.2 21.0 19.5 24.0
TC 51.0+4.9 51.0 50.0 44.0 57.0 49.2+4.8 49.0 46.0 43.1 55.0
SBP 112+10 115.0 110 99.8 125 106.0+11.0 108.3 110.0 90.0 120.0
DBP 75.6+7.6 80.0 80.0 62.0 80.0 72.2+8.7 72.5 80.0 60.0 80.0
HT 171.1+7.3 171.1 169.1 161.0 180.5 161.1+7.0 160.4 158.0 153.0 169.0
BMI 23.3+2.7 22.8.0 19.5 20.0 27.4 22.4+2.8 22.3 25.3 18.6 25.9
STF 25.1+13.5 21.2 17.6 14.4 40.3 42.5+14.4 39.8 33.4 26.0 66.4
WHR 0.88+0.16 0.86 0.82 0.81 0.92 0.85+0.10 0.85 0.82 0.79 0.92
WHTR 1.57+0.14 1.56 1.56 1.40 1.78 1.58+0.2 1.57 1.47 1.39 1.84
[Weight (WT) Waist Circumference (WC), Hip Circumference (HC), Subscapular Skinfolds (SSF), Triceps Skinfold (TSF), Calf  Skinfold
(CSF), Arm circumference (AC), Forearm Circumference (FAC), Thigh Circumference (TC), Systolic Blood  Pressure (SBP), Diastolic
Blood Pressure (DBP), Body Mass Index (BMI), Sum Of The three skin  folds (STF), Waist Hip Ratio (WHR), waist-height Ratio
(WHTR) Percentile (Pct)]

Table 3: Distribution of the Mean Values of Normal Thigh Circumference of 358 Igbos of Nigeria by Age.
Age Males (n=226) Females (132) Both (358)
18-29 50.9+ 4.8 48.0 + 40 49.2 + 4.5
30-39 51.5+ 4.8 50.1 + 5.1 51.0 + 4.9
40-49 51.2 +4.7 48.5 + 4.6 50.3 + 4.8
50-59 51.4+ 4.9 49.3 + 3.7 51.0 + 4.6
60 & above 48.1+ 5.4 47.8 + 8.8 48.0 + 5.6
Mean 51.0+ 4.9 49.2 + 48 50.3 + 4.9

Table 4: Relationship of Thigh Circumference with Other Anthropometric Measures of Igbos and Corresponding Values of Thigh
Circumferecnce at Various Leves of Cardiovascular Risk (Group b) 

MALES FEMALES
------------------------------------- ---------------------------------------

Anthropometric measures Corr. R No Mean No Mean 
Bmi>29.9 -0.190 25 57.3+4.1 45 58.6+7.2
Sbp>140 -0.101 43 51.3+6.0 38 53.0+9.2
DBP>90 0.091 89 51.6+5.7 45 53.3+8.4
WC>102  for men WC>88 for women -0.059 7 58.0+6.3 87 54.8+7.0
Whr>1 for men WC>0.85 for women -0.474 8 51.4+3.9 154 51.3+6.9

Discussion:
Studies have associated lower body muscle mass with the development of type 2 diabetes. (Olsen et al.,

2005) With the association of a cross sectional area of mid thigh muscle with mortality (Marquis et al., 2002)
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and development of type 2 diabetes, (Kissebach et al., 1982; Olsen et al., 2005; Snijder et al., 2005), low fat
free mass, low fat mass and lower body mass have become issues of study. (Heitmann and Frederiksen, 2009;
Goodpaster et al., 2008; Zhu et al., ),

Heitmann & Frederiksen13 in a recent study, correlated low thigh circumference with increased risk of
developing heart disease and premature death. This adverse effects of small thighs were related to too little
muscle mass in the region.

The result of our study showed lower values of thigh circumference compared with the results of Heitmann
& Frederiksen. (Heitmann and Frederiksen, 2009) This could be as a result of ethnic and racial variation
associated with anthropometric and blood pressure indicators. (Molarius et al., 2000; Ko et al., 2001; 1999;
Deshmuk et al., 2006; Kubena et al., 1991; Woo et al., 1997) Our study noted higher TC in the men.
Thresholds of normalcy used for this study based on the 10th and 90th percentiles for men and women
respectively are (44.0-57) and (43.1-55.0). Various thresholds for the rest cardiovascular risk have also been
noted. All other anthropometric  indicators apart from indicators for subcutaneous adiposity, were also noted
to be higher in the men than in the women. 

When we compared anthropometric measures in regression analysis, the strength of the association varied
according to gender and anthropometric index. Various formulas for determining TC using the various
anthropometric and blood pressure indices have been presented. In the Pearson correlation analysis of TC with
other parameters in this study, a negative correlation was noted with age although not significant. This could
be due to the adult population used in this study where change in the lower body mass will not be as a result
of growth process but either due to development of the muscle mass, accumulation of fat or attrition of either
or both. Table 1 shows that TC can be used as an index for total body adiposity (correlates with BMI) upper
body adiposity (correlates with HC,WC), subcutaneous adiposity (correlates with SSF, TSF, CSF, STF) and
blood pressure (correlates with SBP and DBP). Correlation with blood pressure was insignificant when the
population of men and women were separated but significant in the combined population. Weight followed by
BMI, then AC correlated most with TC in both men and women. Subcutaneous adiposity correlated stronger
in women than in the men while the rest adiposity and blood pressure measures were stronger in men.

This study noted a significant correlation between thigh circumference and the rest anthropometric and
blood pressure indicators for samples with these parameters below the cutoffs for cardiovascular disease risk,
which ceased as soon as these anthropometric and blood pressure parameters exceeded the cutoff points for
cardiovascular disease risks. At the upper limit of the threshold for cardiovascular disease risk, BMI, SBP,WC
correlated negatively but insignificantly with thigh circumference. The negative correlation noted between TC
and the other adiposity and blood pressure for participants in Group B, supports the report of a recent study
that states that a low thigh circumference is associated with an increased risk of developing heart disease and
premature death. (Heitmann and Frederiksen, 2009) There the authors suggested that the adverse effects of
small thighs might be related to too little muscle mass in the region. The mean values of TC for this group
for both men and women were above the upper limit of normal TC for this study. The same observation was
also noted in men at the excess of the upper limit of WC, while the women showed TC within normal value.
At the excess of the upper limits of the blood pressure indicators, the mean values of TC were noted to be
within normal range for both sexes.

Various methods of assessing overweight and obesity exist. (Teixeira et al., 2001; Cox and Whichelow,
1996; Vague, 1956; Ben-Noun and Laor, 2003; Lohman, 1988) Also the importance of simple, non-invasive,
easily affordable and  time-saving screening methods for assessing obesity and cardiovascular disease risk can
not be over-emphasized. (Ben-Noun and Laor, 2003; Anyanwu  and Agwuna, 2009) Establishment of such
simple measures become so important in developing countries such as Africa, with many rural areas that may
not afford more accurate but sophisticated and expensive methods such as ultrasound, computed tomography,
and magnetic resonance imaging, which are primarily used for research purposes.

With the rising rate of obesity and cardiovascular disease rate in most developing counties, coupled with
the high susceptibility to raised blood pressure and adiposity reported for Africans, (Cooper and Rotimi, 1997)
this study becomes very pertinent.

TC of 57.3 cm in men and 58.6cm in women  identified subjects with BMI that is greater than 29.9.  
This work has determined the threshold values of normal TC amongst health Nigerian Igbos. It has

established a relationship between thigh circumference and the rest anthropometric and blood pressure
parameters, thereby establishing TC as one of the reliable and simple and cheap ways of determining obesity.
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