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Assessment of anthropometric indices among
residents of Calabar, South-East Nigeria
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Background: Obesity is a risk factor for type 2 diabetes mellitus which may be addressed by application of intensive lifestyle
interventions. Thus, establishing normative values of anthropometric indices in our environment is crucial. This study aimed to
determine normative values of anthropometric indices of nutrition among residents of Calabar. Materials and Methods: This
cross sectional observational study recruited residents of Calabar aged between 15-79 years using a multistage sampling
method. Trained research assistants collected socio-demographic data and did anthropometric measurements. Results: There
were 645 (56.5%) males and 489 (43.1%) females. Males had significantly lower general adiposity and hip circumference (HC)
than females while females had significantly lower waist circumference (WC) and waist hip ratio (WHR) than males. The WHR
increased with age particularly among males. Body mass index (BMI) also increased with age in both males and females with a
peak in the middle age bracket, followed by a decline among the elderly. The mean (SD) BMI was 27.7 (5.0) kg/m2. Males had a
mean (SD) BMI of 27.0 (4.4) kg/m?, while females had a mean (SD) BMI of 28.5 (5.5) kg/m? respectively. WC correlated positively
and significantly with BMI and WHR in males and females. WHR correlated positively and significantly with BMI in males and
females. Conclusion: There are positive linear inter relationships between the indices of nutrition which is strongest between WC
and BMI. In view of the strong independent association of DM with indices of nutrition, it is appropriate to derive normal cut-off
values for WC, WHR and BMI nationally.
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INTRODUCTION

Anthropometric indices are important clinical parameters
which can be easily assessed at a low cost. Obesity has been
implicated as a risk factor for type 2 diabetes mellitus (IDM)
with the pattern of centrally distributed body fat (visceral
adiposity) conferring a greater risk than a similar degree of
excess that is more uniformly distributed."”l The proven
link between anthropometric indices and dysglycaemiahas
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immense public health implications. Dysglycaemia refers
to the continuum of impaired glucose tolerance (IGT),
impaired fasting glucose (IFG) and type 2 DM.1Y Application
of intensive lifestyle interventions among pre-diabetic
populations with IGT and IFG could potentially reduce
the occurrence of DM. Thus, establishing normative values
of anthropometric indices in our environment may be an
important first step.

This study aimed to determine normative values of
anthropometric indices of nutrition among residents of
Calabar.

MATERIALS AND METHODS

Study area
The research was carried out in Calabar, the capital of
Cross River State of Nigetia with a population of 371,022.1!
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Study design

This cross sectional observational study recruited residents
of Calabar aged between 15-79 years. Pregnant or breast
feeding women were excluded.

Ethical considerations

Ethical approval was obtained from the Health Research and
Ethics Committee of the Cross River State Ministry of Health,
Nigeria. High ethical standards were maintained throughout
the entire duration of the study. A signed informed consent
was obtained from each participant after detailed explanation
of the study objectives and they were free to withdraw from
the study at any point. For participants between the age range
of 15-18 years, parental consent was obtained.

Sampling

A multistage sampling method was applied to a sampling
frame of 22 wards in Calabar. A random sampling
technique was used to select four wards. A table of
random numbers was utilized to select 50 house-holds
from each of the four wards using the census enumeration
list from the 2006 national population census. From each
of the 200 house-holds selected, eligible individuals were
selected.

Study procedure
Trained research assistants comprising medical
doctors and medical students were involved in data
collection using the World Health Organization (WHO)
STEPS instrument.! A detailed description of the
study objectives, examination process and study
confidentiality was provided in English and Efik after
which socio-demographic data was obtained. Participants
were then requested to come to designated health centres
within their vicinity for anthropometry. The following
physical measurements were carried out:

*  Weight: This was done with a weighing scale Detecto
PD300DHR Digital-ProDoc (USA) without shoes
and with the participants wearing light clothing to the
nearest 0.1 kg

* Height: This was done with a stadiometre Prestige
HMO0016D (India) and to the nearest 0.1 metre

*  WC: With the aid of a non-stretch tape, the WC was
taken midway between the inferior margin of the last
rib and the iliac crest in a horizontal plane to the nearest
0.1 cm at the end of normal expiration

e Hip circumference (HC): This was measured at the
level of the greater trochanters with the participants
wearing light clothing to the nearest 0.1 cm.

The following definitions were utilized:
e Central obesity: WC 2102 cm (males) 288 cm (females)
or WHR 20.90 (males) 20.85 (females)

¢ BMI category
*  Underweight:
*  Normal weight:
e Overweight:

BMI <18.5 kg/m’
BMI 18.5-24.9 ke /m’
BMI 25.0-29.9 kg /m?

e Obesity: BMI 230 kg/m?*
* Age category
*  Young Age: Age 15 to 39 years

*  Middle Age:

e Elderly Age:

*  Normal Range:
of anthropometric indices was defined as mean
values * 2SD or 95% confidence interval.

Age 40 to 59 years
Age 2060 years
The normal range for values

Statistical analysis was done using the statistical package
for social sciences (SPSS) version 20.0 (SPSS Inc, Chicago,
IL, USA). Comparison of means between two groups was
done using the student’s test. Chi-square ()?) test was used
to find associations between categorical variables and to
test for differences in proportion. The level of significance
was taken as P < 0.05.

REsuLTts

Socio-demographic characteristics

A total of 645 (56.5%) males and 489 (43.1%) females
participated in the study. Majority were in their third and
fourth decade of life as shown in Table 1. There were more
females among the elderly and the young age group, and
more males than females among the middle age group.

The ethnic representations were Efik (33%), Ekoi (25.6%),
and other ethnicities made up 41.1%. About one third of
the participants were single and about two thirds were
married. Male civil servants made up 32%, female civil
servants 21% and about 14% were students while the
unemployment rate was 12.4% (males 6.4%0; females 6.0%)
as shown in Table 2. There was a preponderance of females
with no formal education than males, while 35% had at
least post-secondary education and more than half the
participants had at least tertiary education.

The mean (SD) age of the participants was 38.9 (11.1)
years. The mean (SD) ages of the males and females were

Table 1: Distribution of participants by age and sex

Age group n (%) P
(years) Male Female

15-24 21(26.9) 57 (73.1) <0.001
25-34 153 (50.0) 153 (50.0) 0.99
35-44 297 (65.6) 156 (34.4) <0.001
45-54 117 (60.0) 78 (40.0) 0.001
55-64 42 (60.9) 27 (39.1) 0.63
65 and above 15 (45.5) 18 (54.6) 0.46
Total 645 (56.9) 489 (43.1)
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Table 2: Distribution of study participants by other
demographic characteristics and sex

Table 3: Comparison of the anthropometric and clinical
indices of participants

Variables N (%) Row total
Male Female

Ethnic group
Efik 161 (14.2) 220 (19.4) 381 (33.6)
Qua 30 (2.6) 42 (3.7) 72 (6.3)
Ejagham 69 (6.1) 36 (3.2) 105 (9.3)
Ekoi 178 (15.7) 112 (9.9) 290 (25.6)
Ibibio 99 (8.7) 36 (3.2) 135 (11.9)
Other 108 (9.5) 43 (3.8) 151 (13.3)
Column total 645 (56.9) 489 (43.1) 1134 (100)

Marital status
Single 207 (18.3) 168 (19.4) 375 (33.1)
Married 405 (35.7) 300 (26.5) 705 (62.2)
Widowed 9(0.8) 12 (1.1) 21(1.9)
Separated 9(0.8) 9(0.8) 18 (1.6)
Divorced 15 (1.3) 0(0) 15 (1.3)
Column total 645 (56.9) 489 (43.1) 1134 (100)

Occupation
Civil servant 366 (32.3) 243 (21.4) 609 (53.7)
Business 111 (9.8) 42 (3.7) 153 (13.5)
Student 72 (11.2) 87 (17.8) 159 (14.0)
Trading 15 (1.3) 39 (2.5) 54 (4.8)
Farming 9(0.8) 9(0.8) 18 (1.6)
Unemployed 72 (6.4) 69 (6.0) 141 (12.4)
Column total 645 (56.9) 489 (43.1) 1134 (100)

Education
None 6 (0.5) 15 (1.4) 21(1.9)
Primary 15 (1.3) 66 (5.8) 81(7.1)
Secondary 90 (7.9) 114 (10.1) 204 (18.0)
Post secondary 84 (7.4) 111 (10.2) 195 (17.2)
Tertiary 450 (39.7) 183 (16.1) 633 (55.8)
Column total 645 (56.9) 489 (43.1) 1134 (100)

39.7 (10.2) and 37.7 (12.2) years respectively, with the former
being older; P < 0.001. Table 3 shows the distribution of
the study participants by sex. Males had significantly
lower general adiposity (27.0 kg/m? Vs 28.5 kg/m?); and
HC (101 cm Vs 106 cm) than females while females had
significantly lower WC (90 cm Vs 91 cm) and WHR (0.85
Vs 0.89) than males.

Normative values of indices of anthropometry

Table 4 shows the normative values of indices of
anthropometry in male participants. The mean height,
weight and BMI of males were 1.7 m (0.08), 78.8 kg (14.8)
and 27.0 kg/m? (4.4) respectively as shown in Table 4. The
median of anthropometric indices in males was similar to
the mean. The shortest male participant was 1.45 m tall
and the heaviest weighed 119 kg.

Table 5 shows the normative values of indices of
anthropometry in female participants. The mean WC, HC,
and WHR of females were 89.8 cm (11.5), 105.6 cm (11.0)
and 0.85 (0.00) respectively. The median of anthropometric
indices in males were similar to the mean. The shortest
female participant was 1.49 m tall and the heaviest weighed
131 kg.

Male Female Total Student P value
N=645 N=489 1134 ttest
Weight (Kg) 78.8 (14.8) 77.4(15.8) 78.2(15.2) 1.49 0.12
Height (m) 1.7 (0.08) 1.6 (0.07) 1.68(0.08) 13.6 <0.01
BMI (kg/m?) 27.0 (4.4) 28.5(5.5) 27.7(5.0) -5.3 <0.01
WC (cm) 91.0(10.3) 89.8(11.5) 90.5(10.9) 1.8 <0.01
HC (cm) 101.1 (9.0) 105.6 (11.0) 103.0(10.2) -7.7 <0.01

WHR 0.89 (0.05) 0.85(0.06) 0.88(0.06) 12.0

BMI: Body mass index, WC: Waist circumference, HC: Hip circumference,
WHR: Waist hip ratio

<0.01

Table 4: Normative values of anthropometry in males

Variables Mean Mean Mean Median 92.5% confidence
-2SD (SD) +2SD interval

Weight (Kg) 1.54 1.7(0.08) 1.86 1.71 1.70-1.72

Height (m) 49.2 78.8(14.8) 108.4 78.7 77.7-79.9

BMI (kg/m?) 18.2 27.0(4.4) 358  26.9 26.5-27.2

WC (cm) 70.4 91.0(10.3) 111.6 913 90.2-91.8

HC (cm) 83.4 1011 (9.0) 119.1 103.6 102.8-104.4

WHR 0.79 0.89(0.05) 0.99 0.89 0.88-0.89

BMI: Body mass index, WC: Waist circumference, HC: Hip circumference,
WHR: Waist hip ratio, SD: Standard deviation

Table 5: Normative values of anthropometry in females

Variables Mean Mean Mean Median 92.5% confidence
-2SD (SD) +2SD interval

Weight (Kg) 146 1.6(0.07) 174 1.64 1.64-1.65

Height (m) 45.8 77.4(15.8) 109.0 77.0 76.0-78.8

BMI (kg/m?) 175 28.5(5.5) 39.5 28.3 28.0-29.0

WC (cm) 66.8 89.8(11.5) 112.8 92.0 88.8-90.8

HC (cm) 83.6 105.6(11.0) 127.6 103.0 101.5-103.3

WHR 0.73 0.85(0.06) 0.97 0.89 0.87-0.89

BMI: Body mass index, WC: Waist circumference, HC: Hip circumference,
WHR: Waist hip ratio, SD: Standard deviation

WC distributed by age and sex

Table 6 shows the mean (SD) WC of the study participants
according to age and sex. The mean (SD) WC was 91.0 (10.3)
cm in males and 89.8 (11.5) cm in females (P = 0.07). The
largest WC values in both sexes were seen in the middle age
bracket. Among elderly participants, females had larger WC
than males, but the difference was not statistically significant.

WHR distributed by age and sex

The mean (SD) WHR for males and females were 0.90 (0.06)
and 0.85 (0.06) respectively. The WHR increased with age
particularly among males as shown in Table 7. The highest
values of mean WHR were also observed in the middle
age group in both sexes.

Distribution of WC quartiles by sex

The WC was divided into four groups based on quartiles
of distribution [Table 8]. Participants with WC values
greater than the highest quartile were considered abnormal.
Accordingly, 155 (24.0%) males had abnormal WC, while
106 (21.7%) females had abnormal WC.
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Table 6: Waist circumference distributed by age and sex
among study participants

Table 9: Quartiles of waist to hip ratio by sex among the
study participants

Age group Male WC Female WC P Males Females
15-24 78.0(10.6) 84.3 (13.7) 0.06 <0.86 (171) <0.81 (111)
25-34 90.4 (9.5) 90.0 (11.5) 0.74 20.86-0.89 (141) 0.81-0.85 (129)
35-44 91.5 (10.2) 89.8 (10.3) 0.09 0.90-0.93 (141) 0.86-0.89 (87)
45-54 91.6 (10.0) 94.6 (11.0) 0.05 >0.93 (159) >0.89 (135)
55-64 95.6(10.2) 85.7 (9.9) 0.00 Group 1 has participants in the lowest quartile (WHR<0.86 and <0.81), while

65 and above 89.9 (8.4) 91.4 (10.2) 0.65 group 4 has participants in the highest quartile (>0.93 and >0.89)

Total 91.0 (10.3) 89.8 (11.5) 0.07

WC: Waist circumference

Table 10: Distribution of body mass index by sex among
the study participants

Table 7: Waist hip ratio distributed by age and sex Age group Male n Female n P
among the study participants mean (Sd) mean (Sd)
Age group Male Female 15-24 21.2(3.00) 21 245(5.3) 57  0.009
504 0.87(0.04) 0.86 (0.06) 25-34 271(4.3) 153 28.2(5.4) 153  0.049
0534 0.88(0.04) 0.85 (0.07) 35-44 26.9 (4.4) 297  29.5(49) 156  <0.001
35-44 0.90 (0.07) 0.85 (0.06) 45-54 28.2(4.0) 117  30.9(5.8) 78  <0.001
1554 0.91(0.05) 0.87 (0.06) 55-64 278 (45) 42 27.7(6.3) 27 0.94
5564 0.92(0.05) 0.82 (0.06) 65and above  26.2 (3.0) 15 28.3 (1.4) 18 0.01
65 and above 0.89 (0.05) 0.87 (0.05) Total 270 (4.4) 645  28.6(55) 489  <0.001
Total 0.90 (0.06) 0.85(0.06)  Sd: Standard deviation

— - - Table 11: Body mass index categories by sex
Tabl_e _8. Distribution of WC quartiles by sex in the study BMI Frequency (%) p
participants categories Male Female
Males Females Underweight 15 (2.3) 12 (2.4) 0.91
<83 (149) <84 (122) Normal 164 (25.4) 106 (21.7) 0.15
83-92 (191) 84-92 (157) Overweight 322 (49.9) 204 (41.7) 0.006
92.1-97 (130) 92.1-98 (104) Obese 144 (22.4) 149 (30.5) 0.002
>97 (155) >98 (106) Morbid obesity 0 (0.0) 18 (3.7)

Group 1 has participants in the lowest quartile (WC<83 cm and <84 cm), while
group 4 has participants in the highest quartile (WC>97 cm and >98 cm).
WC: Waist circumference

Quartiles of WHR

The WHR was also divided into four groups based on
quartiles of distribution [Table 9]. Participants with WHR
greater than the highest quartile were considered abnormal.
159 (24.7%) males had abnormal WHR, while 135 (27.6%)
female participants had abnormal WHR.

BMI by sex

BMI also increased with age in both males and females
with a peak in the middle age bracket followed by a decline
among elderly a shown in Table 10. There were significant
differences in the BMI values in the age range 35-44 and
45-54 years with the females having significantly higher
BMI than their male counterparts. Overall, BMI, WC and
WHR increased with age in both sexes, with peaks in the
middle age group.

BMI categories by sex

The distribution of participants according to BMI
categories by sex is shown in Table 11. The mean (SD)
BMI was 27.7 (5.0) kg/m?* Males had a mean (SD)

BMI: Body mass index

BMI of 27.0 (4.4) kg/m?, while females had a mean
(SD) BMI of 28.5 (5.5) kg/m? respectively, the
difference being statistically significant (P < 0.01). Of
the male participants, 2.3% had BMI <18.5 kg/m?
(underweight), while 25.4% had BMI in the range 18.5
to 24.9 kg/m?* (normal weight). About 50% of the males
were overweight (BMI 225 kg/m?) and 22.4% were obese
(BMI =30 kg/m?). Correspondingly, females had lower
percentages in the underweight, normal and overweight
categories while there were more obese females (30.5%)
than males (P < 0.001).

Relationship between WC and BMI in males
Figure 1 shows that WC correlated positively and
significantly with BMI (» = +0.70, P < 0.001) in males.

Relationship between WC and WHR in males
Figure 2 shows that WC correlated positively and moderately
with WHR (= +0.49, P < 0.001) in males.

Relationship between WHR and BMI in males
WHR correlated positively and significantly with BMI
(r=+0.65, P < 0.001) in males as shown in Figure 3.
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Figure 1: Relationship between waist circumference and body mass index
in male Calabar residents. Waist circumference correlated strongly with BMI
(R?=0.493; r=+ 0.70) and the WC can be predicted from BMI using the
regression equation: WC = 68 + 0.85 BMI
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Figure 3: Relationship between waist hip ratio and body mass index in male
Calabar residents. Waist Hip Ratio correlated strongly with BMI (R? = 0.425;
r=+ 0.65) and the WHR can be predicted from BMI using the regression
equation: WHR= 0.78 + 0.004 BMI

Relationship between WC and BMI in females
WC correlated positively and significantly with BMI
(r=40.70, P < 0.001) in females as shown in Figure 4.

Relationship between WC and WHR in females
WC correlated positively and moderately with WHR
(r=+0.49, P < 0.001) in females as shown in Figure 5.

Relationship between WHR and BMI in females

The relationship between WHR and BMI is that WHR
correlated positively and significantly with BMI (r= +0.65,
P < 0.001) in females as shown in Figure 6.

DiscussioN

BMI
The mean BMI of males in this study was lower than
that of females which is consistent with findings in other
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Figure 2: Relationship between waist circumference and waist hip ratio in
male Calabar residents. Waist circumference correlated moderately with
WHR (R2=0.241; r=+ 0.49) and the WC can be predicted from WHR using
the regression equation: WC= 72 + 0.73WHR
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Figure 4: Relationship between waist circumference and body mass index
in female Calabar residents. Waist circumference correlated strongly with
BMI (R? = 0.493; r=+ 0.70) and the WC can be predicted from BMI using
the regression equation: WC= 68 + 0.75 BMI

studies.” These matkers provide common benchmarks
for assessment, but the risks of disease in all populations
can increase progressively from lower BMI levels.!"”
The mean BMI of 28 kg/m?* found in this study is an
indication that there might be need to review the WHO’s
one-size-fits-all scheme for BMI which may not be
applicable to Africa as has been shown in Asia.¥l Although
BMI is the most frequently used index, it does not reflect
body fatness uniformly in all populations, and inter-ethnic
extrapolations are not justified.""! For a given age, sex,
and body fat level, Caucasians have higher BMI than the
Chinese, Ethiopians, and Polynesians.'” Epidemiological
studies have shown that the ideal BMI may differ for
different populations.”! A positive association between
obesity and the risk of developing type 2 DM has been
consistently observed in many populations."*

The results of prospective and cross-sectional studies that
have attempted to find the best anthropometric index are
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Figure 5: Relationship between waist circumference and waist hip ratio in
female Calabar residents. Waist circumference correlated moderately with
WHR (R2=0.241; r=+ 0.49) and the WC can be predicted from WHR using
the regression equation: WC= 72 + 0.62 WHR

not uniform."*"¥ Studies from the Eastern Mediterranean
region also do not agree on the best anthropometric index
to predict cardio-metabolic risk.!!

The mean BMI for males was 27.0 kg/m? (95% CI 26.5-27.2)
and 28.5 kg/m?* (95% CI 28.0-29.0) for females. This was
higher than those found in studies by Raimi" in South West
Nigeria (23.5 kg/m*vs 23.8 kg/m?), Okafor!' in Eastern
Nigeria, Gezawa!'” in North East Nigeria (24.3 kg/m?
vs 25.6 kg/m?), and Sabit” in North West Nigeria but
similar to findings in Germany.'” The mean BMI of
urban dwellers in Sokoto was 24.0 kg/m?, 23.6 kg/m?
in Sagamul™, 26.7 kg/m? in Enugu!"” and 24.7 kg/m? in
Maiduguri.' The mean BMI in this study of 27.7 kg/m?
was lower compared with the current definitions of obesity
recommended by WHO (BMI =230 kg/m?).!""

For the equivalent incidence rate of diabetes at BMI 30 kg/m?
in white participants, the BMIcut-off values were 24 kg/m?
for South Asians, 25 kg/m?* for Chinese, and 26 kg/m? for
black participants!'® which is similar to that found in this study.
Adult males have greater muscle mass, larger and stronger
bones than women who have a more peripheral distribution
of fat. Therefore the differences in BMI of males and females
are attributable primarily to the action of sex steroidsand
lower level of physical activity among females.

WC

The NHANES!™ study found that WC was larger in
males compared to females as was found in this study.
WC is influenced by body weight, body composition and
fat distribution and there is no universal agreement to
define a healthy WC, and none of the common guidelines
is age-specific.*”
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Figure 6: Relationship between waist hip ratio and body mass index in
female Calabar residents. Waist Hip Ratio correlated strongly with BMI
(R®=0.425; r=+ 0.65) and the WHR can be predicted from BMI using the
regression equation: WHR= 0.78 + 0.002 BMI

The cut-off point for WC recommended by IDF remains
controversial.?’! The African-specific WC cut-off points
for central obesity which wetre adopted in IDF! definition
were 94 cm for men and 80cm for women. However,
this study found a lower cut-off of 92 cm for males and
a higher cut-off of 91 cm for females. This finding is
dissimilar to that in a study among Asian Indian adults™
and in other parts of Nigerial'®'*'"” but similar to findings
by Schneider in Germans® with cut-off point WC for
men of 2103 cm and 294 cm for women. The mean WC
in this study was 90.5cm which was similar to the 90.8cm
found in Enugu.l'? The other findings in Nigeria show
differences when compared to this study as mean WC in
Sokoto, Sagamu and Maiduguri were 84.3 cm, 81.3 cm and
96.5 cm respectively. These differences may be related to
the influences of westernization on the participants who
reside in a coastal shore line in addition to the high rate
of physical inactivity among the participants who were
largely civil servants.

WHR

Most cross sectional studies showed that WC or WHR
discriminated better the cases with diabetes from those
without, as compared to BMLP The mean (95% CI)
values of WHR for males was 0.90 (95% CI 0.88-0.89)
and for females 0.85 (95% CI 0.87-0.89) from this study.
This finding is similar to those from other studies®*#]
but different from a study by Kamadjeu in an urban
Cameroon population.

The mean WHR from other studies in Nigeria show WHR
of 0.94 for males and 0.90 for females in Maiduguri,!'?
0.94 for males and 0.91 for females in Enugu,'” 0.90 for
males and 0.90 and 0.88 for males and females respectively

Indian Journal of Endocrinology and Metabolism / May-Jun 2014 / Vol 18 | Issue 3



Egbe, et al.: Assessment of anthropometric indices among residents of Calabar, South-East Nigeria

in Sagamu.!" In this study, the cut-off value of WHR for
males and females was 0.90. The WHR cut-off from a
study in North Fast Nigeria was =0.94 and 0.90 for males
and females respectively and Oka for!'” reported =0.95 for
males and =0.93 for females. Age might play a significant
role in this issue as the mean age in other studies were
higher. Also, the differences in sampling methods may be
a factor.

Inter- relationships between indices of nutrition

All other anthropometric measurements except WHR
correlated positively and significantly with each other. The
correlation of general and central obesity is suggestive
of an association between increased general adiposity (as
measured by BMI) with increased visceral fat (WC).
BMI and WC are highly correlated as was found in this
study and gender and age associations with BMI, body
composition and fat deposition were all pertinent to WC.
High correlation between BMI and WC suggests that
obesity based on these parameters will provide comparable
information. However, WHR showed weaker correlation
with other anthropometric measurements. It is likely that
BMI and WHR provide different measures of the same
phenomenon.

WC correlated strongly with BMI (» = +0.63, P < 0.01)
similar to findings of Xhiaosal®”! thus suggesting that WC
is not only an indicator of abdominal adiposity but also
overall obesity. Xhiaosa’s study showed a weaker correlation
between that WHR and BMI (= 0.30, P < 0.001) and the
present study also found the same (» =+0.27, P < 0.01)
perhaps indicating that WHR provides more unique
information on fat distribution. WC reflects abdominal
or intra-abdominal fat, whereas HC reflects glutero-femoral
muscle, bone and fat mass. It is the biological significance
of the latter that is hard to deduce and consequently the
exact meaning of WHR is unclear.”** The present study
showed a positive relationship between WC and WHR
(r=0.50, P < 0.001) similar to findings in Australia.”*

BMI is a measure of overall obesity but with known
limitations, including the inability to reflect body fat
distribution. This has prompted the use of WC or WHR,
both alternative indices that are believed to be proxies
for abdominal adiposity."® WC measures intra-abdominal
adiposity and is the putative best predictor of cardiovascular
risk; hence it has stronger correlations with other indices
of nutrition while WHR has poor correlations with other
anthropometric indices.

The epidemic of obesity extends to developing countries
as it ranks fifth in the list of leading risk factors in these

countries.'"®***l This may be related to rapid changes

in environmental obesogenic factors and individuals’
lifestyles.™l However, obesity is one of the most
modifiable tisk factors in the aetiology of type 2 DM.P>*!
The prevalence of obesity using BMI in this study was
27.4%, (males 22.3%; females 34.2%0) which is higher than
the figures reported by Bakari® in Northern Nigeria and
Sabit® in North West Nigeria, but lower than the 30.4%
found in a study by Baskin™ in the United States of
America, Rennie in Great Britain and Yumuk?” in Turkey.
The higher BMI in females when compared to males in
the present study corroborates findings in other studies.™
The mean BMI of 27.6 in this study was higher than that
found by Sabir in Sokoto! but similar to that reported in
Pima Indians.P"

The mean WC in this study was higher than that reported
by Sabir!"”l and males had a higher mean WC than females.
The differences in the indices of nutrition in this study
compared to those found in other studies especially in
Northern Nigeria may be explained by differences in
lifestyle, genetic and cultural practices. The Fulanis in
Northern Nigeria are essentially herdsmen and thus are
more active whereas the Efiks in South East Nigeria are
mainly civil servants who lead sedentary lifestyles and still
have a culture that equates corpulence to affluence. The
prevalence of obesity in Nigeria® ranged from 4% in 1993
to 9% in 2000 but it was 27.4% in this study.

CoNcLUSION

There are positive linear inter relationships between the
indices of nutrition which is strongest between WC and
BMI. In view of the strong independent association of
DM with indices of nutrition, it is appropriate to derive
normal cut-off values for WC, WHR and BMI nationally.

Study limitations

Surrogate markers were used to assess some indices
of nutrition during anthropometric measurements. For
example, the tape measure was used to measure WC
when computerised tomography measurement of visceral
adipose tissue (VAT) or bio impedance electrical analysis
for fat distribution or obesity would have been more
accurate.
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