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Abstract Background: Skin fold UK Ltd; 2004) were used respec-
thickness (SFT) at selected areastively to measure the triceps SFT
offers a simple method of subcuta- and body fat content (%) according
neous fat assessment and provides ao the manufacturer’s instructions.

good estimate of obesity and body Results:The mean triceps SFT val-
fat distribution. The triceps SFT has ues were 8.9mm (+4.7) for males
been shown to be one of the best and 12.9mm (+4.6) for the females
and most popular sites for SFT (p<0.001). Mean % BF values were

measurement in children.
Objective:To assess the body fat of

8.2 + 4.1% for the males, and 20.0
*+ 6.8% for the females (p<0.001).

school adolescents and to compare The triceps SFT gave a prevalence

the performance of triceps SFT
with Bioelectrical impedance
method in the detection of over-
weight (OW) and obesity (OB)
among the subjects

Methods:The study was cross sec-
tional; involving secondary school
students within Sokoto metropolis.
Subjects were selected by a multi-
stage random sampling method.
Harpenden skin fold caliper
(ASSIST Creative Resources Ltd,
LL13 9UG, UK) and Tanita Body
fat scale (model UM-030, Tanita,

of overweight of 2.5%, while that
of obesity was 0.8%. With the BIA
method, 2.5% of the subjects were
classified as overweight and 1.7%
as obese.

Conclusion: Triceps SFT remain a
fair surrogate for the assessment of
adiposity, the component of over-
weight that leads to pathology.
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Introduction

Nutrition transition is increasingly evident in rdig
income and low income countriés.Together with re-
duced energy expenditure and sedentary life stytes;
has contributed to rises in the incidence of olyesitd
non communicable diseaseSkin fold thickness (SFT)
at selected areas offers a simple method of subeates

Skin fold thickness has been used to estimate lfatdy
ness and this has gained more populdtitfhere are

suprailiac,

different recognized areas for the measurementaf, S
which includes the triceps SFT, biceps, subscapular
abdominal
(quadriceps) skin folds. If only one skin fold isas-
ured, it is usually the triceps SEF® Therefore, the
triceps area was chosen to assess body fat inutur s

(flank), chest and thigh

fat assessment and provides a good estimate oftybes jects. In addition, this site is easy to expose iantore
and body fat distributiofr® Skin fold thickness measure- convenient to the subjects (particularly adolescemid
ments are a well established means of assessing traults) than the other areiddt has also been shown to

thickness of subcutaneous fat at all ages; inctudm

give better results for obesity screening in admats

fancy and neonatal perio88.Direct assessment of adi- compared to other sité3.
posity, the component of overweight that leads @ p

thology, represent a significant advance over bodgs

A number of equations have been proposed whereby

index.® The measurement is relatively easy, fast, non-SFT can be used to predict total body fat from igns

invasive and requires little equipmériit does not re-
quire a high degree of technical sKikhlthough a simple
training is required to standardize the measuremént
properly trained individual can attain a precisioh

within 5% easily*°

derived estimate,

both for adults, children andlesto

cents?**® These equations are population-based, and
they relate the sum of two or more SFT measurements
the body density. For this reason, these methadssu-

ally not effective for a population that differsbstian-
tially from the original reference population, doe
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cross-population differences in the parameters éinat the coeducational schools, students were stratifieal
used in the equation. groups of boys and girls, for each selected class)|-
Bioelectrical impedance analyg¢BIA) on the other Ilow for equal gender representation.
hand is a simple, portable, non-invasive, safelagtly
acceptable to patient technique that measurestiothl  Triceps skin fold thickness percentile values bigdi-
electrical conductivity by electrical impedanceersby  chd™ and percentage body fat (%BF) cut-off values ac-
providing an assessment of the body compostfion. cording to McCarthyet al® were used to classify sub-

jects as overweight or obese. Overweight and opesit
Since the pathology associated with obesity isediribdy ~ were respectively defined as triceps SFT and %BF va
the excess fat mass, the ideal assessment tooldshouues at or greater than 8% <95" and>95" percentiles
directly assess adiposity. Many of the availablelso for the age and gender.
that can do that are complex and expensiB@electri-
cal impedance is one of the simple and cheap @®is Ethical Consideration
veloped, that can distinguish fat and lean tissasanlt
also offer the advantage of increased speed, ehse &thical approval for the study was obtained frore th
measurement as well as high inter- and intra-oleserv Ethical Committee of Usmanu Danfodiyo University
reliability.®*® Therefore, BIA was employed (in the ab- Teaching Hospital, Sokoto, Ministry of Education
sence of gold standard methods of body compositiorSokoto State, and the affected school authorities.
analysis - hydrodensitometry and/or dual energyayX- formed consent was also obtained from parents/
absorptiometry) to compared the performance of SFTguardians of day school students.
method in assessing body fatness.

Data collection and measurements

Questionnaires were used to record each subjeitt’s b

data including ethnicity, school, class level amdental
Objective socioeconomic class (SEC) according to Oyedeji.
Three (3) trained research assistants (all gradpaied
To compare the performance of triceps SFT with Bio-author administered the study questionnaires. Hewev
electrical impedance analysis (in the absence ¢ go all measurements were carried out by the first @uth
standard methods of body composition analysishen t (AMM) so as to avoid inter-observer errors.
assessment of body fat among school adolescents.
Harpenden skin fold caliper (ASSIST Creative Re-
sources Ltd, LL13 9UG, UK) and Tanita Body fat scal
(model UM-030, Tanita, UK Ltd; 2004) were used re-
spectively to measure the triceps SFT and bodgdat

Subjects and Methods tent (%) according to the manufacturer’'s instrutdio
Subjects’ heights were also measured using stadésme
This was a cross-sectional study conducted over-a s scale (Seca 213, UK). The height in centimeter agel
week period (from 10 February to 28 March, 2010).  in years were first entered into the digital BlAakcand
Three hundred and sixty adolescent students aged 10 the appropriate gender option selected, for thessss
18 years were enrolled. ment of percentage body fat (%BF) by BIA. Body
The subjects were drawn from both public and pevat weight and %BF were simultaneously measured as the
schools within Sokoto metropolis, by a multistaga-r  subjects bare feet make pressure contact with lde e
dom sampling as follows: There were 32 secondarytrodes and the digital scale. Fat mass was defied
schools within the metropolis (from the Statistifisit of the percentage body fat (%BF) and body weight &s fo
the State’s Ministry of Education). Of these schopol lows: FM = %BF x Body weight (kg).
twenty-one (21) were public schools while elevef)(1
were privately owned.

The schools were grouped into private and pubkeigs
based on the 3 local government areas (LGAs) withinResults

the metropolis. A total of six (6) secondary sclsookre

selected for the study, two from each of the 3 LGAs Of the three hundred and sixty subjects studiedy on
public; and a private school). For each group (ocudt hundred and ninety eight (55%) belonged to the Baus
private) in an LGA, the names of the schools weré-w ethnic group, 48 (13.3%) were Fulanis, 40 (11.1%jewn
ten on pieces of paper which were folded and miyed Yorubas, 33 (9.2%) were lbos and 41 (11.4%) were
One school was picked at random, from each ofwlee t from other minor ethnic groups. The predominanugro
groups and was subsequently enrolled. were the Hausas ¢¢9.341, df=4, p=0.05). The age and
At the school level, sixty (60) students were seléper  gender distribution of the subjects is depictetignl

school (10 at each class level) by systematic rando

sampling. Where there was more than one arm pss cla

level, one of the arms was selected by ballotingoAg
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Fig 1: Age and gender distribution of the subjects Table 3: Mean % Body fat + SD according to age and gender
0 Males Females
s Age “BF (%) “BF (%)
35 = (yr) n Mean (¥SD) n Mean$b) t P

%0 10 3 1253+0.71 2 17.10841 -3.194 0.193

11 5 966+348 8 150638 -1528  0.201
12 13  905+294 19 17.36@1 -4.057  0.002
19 13 28  9.80+462 18 202257 -5970 <0.001
@Female 14 24 8.39+220 30 20.4083% -8.535 <0.001
15 24  826+535 31 222826 -7.020 <0.001
16 35  7.29+458 30 21.65%4. -10.782 <0.001
17 32  755+353 23 159388 -5.907 <0.001
18 16  594+300 19 2244@79 -5.810 <0.001
Total 180 823+4.10 180 19.97+6.8519.817 <0.001

25

No of patients
r
o
©

1 12 13 14 15 16 17 18 *%BF= percentage body fat; SD= standard deviation

The % BF values were generally lower in our sulgject
compared to the values reported by McCaghgl®
among children in the UK. Females showed more
progressive increase in %BF with age as showngr2Fi

Age group 10 years had the least number of paaticig
subjects (1.4%), as majority of pupils in this ageup
may still be in the primary school. Age 16 yeard bz
highest number of subjects (18% of study population
The mean ages of the male and female subjects Mere Fig 2: Comparison of the mean values of %BF as found by
(x2.50) and 14.8 (+2.58) years, respectivelyX8095,  McCarthyet al® with those of the present study.

df=2, p=0.667). 30

Table 1: Distribution of subjects according to type of scho 25 E———

and socio-economic class
SEC Public schools Private schools Total (%) * —

w TT—V . . S [——Mcom

Upper 22 65 87 (24.2) g n = MeCF
Middle 79 92 171 (47.5) § 4 STUDM
Lower 79 23 102 (28.3) STUDF
Total 180 180 360 (100) s

SEC= socioeconomic class  2=%2.986, df=2, p<0.0001 0

10 M 12 13 14 15 16 17 18
Middle SEC formed the predominant group in the gtud Age bm)
population (47.5%), with a fair distribution of thmeid- Study Mean % BF compared to the McCarthy %BF values

dle class subjects between public and private dshoo _
McCM= mean %BF for males in McCarthy study; McCFean for %

. BF females in McCarthy study; STUDM= mean %BF fales in
The mean triceps SFT values were 8.9mm (+4.7) fOlpresent study; STUDF= mean %BF for females in presteidy

males and 12.9mm (+4.6) for the females (p<0.001).
Mean % BF values were 8.2 + 4.1% for the males, and : - -
20.0 + 6.8% for the females (p<0.001). Tables 2 and Table 4: Prevalence of overweight and obesity based on the

respectively depict the mean triceps SFT and % &8F v LA SICE L

- Overweight Obese Combined
ues for the specific age groups based on gender. (OW) (OB) (OW+OB)
Method used  n (%) n (%) n (%)
Table 2: Mean triceps skin fold thickness £ SD accordingto  %BF 9 (2.5) 6 (1.7) 15 (4.2%)
age and gender SFT 9 (2.5) 3(0.8) 12 (3.3%)
Males Females %BF= %body fat; SFT= skin fold thickness 2=)0.765, p= 0.682
Age *SFT (mm) *SFT (mm)
(y) n Mean(*xSD) n Mean (xSD t B .
Based on the BIA (% body fat) as criteria, 9 (2.586)
10 3 580+100 2 8.620%5 -3.500 0.177 H fi ; h h
11 5 7008102 8  10003% 0044 0555 the sub!ects were classified as over\_/v_e|ghf (85<95th
12 13 679+192 19 1058839 -2.772 0.017 percentile) and 6 (1.7%), were classified as olfe98
13 28 793:4.09 18 1238374  -2.942 0.009 percentile). With the use of triceps SFT, Nine ¢2)of
14 24 6.83+1.45 30 13.14a84. -6.731 <0.001 . . 0
15 24 782+486 31 141685,  -3.697 0.001 the subjects were overweight and 3 (0.8%) wereabes
16 35 7.25+285 30 13.44 +3.58 -6.544 <0.001
17 32 757+261 23 1277¥4. -5.088 <0.001 . .
18 16 78012927 19 14704551 3715 0.002 For the obesity prevalence however, higher valuesew
Total 180 8.86+4.66 180 12.95+4.61 -8.571 <0.001 recorded with the use of BIA (1.7%), and lower £8)8

with the use of triceps SFT. There were some opsrla
between the methods, in the classification of stbjas
overweight or obese (BIA and SFT simultaneously

*SFT= skin fold thickness; SD= standard deviation



classified six subjects as overweight and 3 ase)b&k
subject was singly classified as overweight or ebeg
either the BIA or SFT method alone, without beitase
sified as either OW or obese by the other method.

Table 5: Correlation coefficients (r) between SFT and BIA

methods

Gender N r p- value
Males 180 0.69 <0.001
Females 180 0.81 <0. 001

The correlation between the two methods was betterlue
approaching 1) among the females, compared to &tesm

Table 6: Two-way analysis of variance (ANOVA) for the
assessed parameters in relation to age and gender

Parameter F-value  F-value for p-value p-value
for age gender forage for gender
SFT 2.86 93.70 0.079 <0.001
%Body fat (BF)  0.36 57.61 0.917 <0.001
Fat mass (FM) 1.33 36.63 0.349 <0.001

*SFT, %BF and fat mass (FM) varied significanthtwgender, being
higher in the females than males (p< 0.001). Tipasameters did not
vary significantly with age (p>0.05).

Discussion

The mean triceps SFT values in our subjects wemerge
ally lower among the males and did not vary unifigrm
with increasing age in the males, unlike in the d&n
where the values increased steadily with age. ilfis
ference was statistically significant.

A similar study by Akesode and Ajibotin Abeokuta,
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triceps skin folds and other measures of body &&ne
have been reported in the literatdré.

The mean percentage body fat (%BF) for boys in this
study was found to be highest at 10years (though th
number of subjects in this age group was very 9mall
The %BF in boys continued to fluctuate down wards
with increasing age. This finding is consistenthathat

of Sunget al*® in Hong Kong, which showed an in-
crease in %BF in boys from age 8, peaked at agmd1
subsequently maintained linear values (leveled fodn

age l4years.

In contrast to the %BF values in boys, the mean %BF
values in girls increased steadily and significantith
increase in age. This observed increase in %BF agth

in the females is in agreement with the reportya
and Adejiyugb&? Sung et al’® as well as that of
McCarthy et al®Fat gain has been shown to occur in
both boys and girls early in adolescence, but dses
and may even temporarily reverse in boys, whileoit-
tinues throughout adolescence in gifisThis is as a
result of the effect of sex hormones induced sexital
morphism. The females lay down fat as a natural gfar
the ontogeny of their sexual and reproductive milysi
ogy, whereas the males gain proportionately mors-mu
cle mass rather than fat?

A significant gender difference in correlation (og-
tween the 2 methods of body fat assessment wasd.note
The correlation between the methods were generally
better (r value approaching 1) among the females
(r=0.81), compared to the males (r=0.69). Thisediff
ence was statistically significant.

Highest prevalence of overweight/obesity in fenslb-
jects was recorded among the age group 18years, fol
lowed by those aged 15 and 16 years. This finding i
consistent with that of Akesoa al? who demonstrated

South Western Nigeria, also did not show significan that highest frequencies of obesity and overweight
change in the SFT values with age, among their maldemales occurred in age groups 18 and 17 yearggesp

subjects, as corroborated by our findings. Howetrez,

tively. In contrast, the highest prevalence of dlyes

mean triceps SFT values obtained in our study wereéoverweight among the male subjects in this studg wa
higher than those reported by Akesode and Ajibode found in the age groups 13 and 15 years.

among school students aged 6 to 19 years. The latte

study was carried out about three decades agothend When both overweight and obese subjects were com-

age limit of the study groups differ (6 to 19yeagainst

bined in relation to their socioeconomic classiiioa,

10 to 18 years in the present study). The higheF SF only 26.3% of the overweight/obese subjects beldnge

values in the present study may indicate a gradual
crease in body fat content in these children oirae,t

to the upper SEC, 42.1% belonged to the middleosoci
economic class, whereas, the remaining 31.6% came

which may connote some secular trend in the body fafrom the lower SEC. However, this distribution wast

content as a result of changes in lifestyle andadye
habits.

statistically significant. A negative associatioatuween
lower SEC and obesity may be related to lack ofrawa
ness of the problems of obesity (ignorance) as all

Conversely, the mean triceps SFT values in theeptes €xcessive eating of cheaper, high calorie diet oy t

study were generally lower as compared to tHe -

lower SEC groups, who are usually poorer and lesdf w

centile values obtained from age- and gender mdtcheinformed members of the community. However, this
U.S children® Factors such as demography, lifestyles Study did not look at the dietary habits and otfigk
and socioeconomic differences may be responsible fofactors for obesity among the study subjects.

the lower figures seen in our subjects comparethé¢o
‘western children.” These differences in anthroptiioe

dimensions among age groups and gender as wdleas t
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Conclusion

Triceps skin fold thickness remains a fair surregiatr
body fat estimation as compared to BIA, in the ssse
ment of overweight and obesity among adolescent subLimitation of the study
jects. The body fat content, in terms of SFT, % a3

fat mass varied significantly with gender (but math .
age), being higher in female subjects than the snale
Based on the prevalence of overweight and obesity i,
this study, it seemed that obesity is not yet aomaj
health problem in the study area. However, thereed

for continuous vigilance so that early detectiord an
prompt intervention can be made.

The eating habits and activity levels of the sutsjec
were not assessed in relation to the body fat

The ‘gold standard’ methods of body composition
analysis (hydrodensitometry and/or dual energy X-
ray absorptiometry) could not be used as standards
for comparison due to non availability and lack of

expertise.
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