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Introduction

Turner syndrome  (TS) is one of the most common 
chromosomal abnormalities, its incidence being 
between 1/2500 and 1/5000 live births among girls.[1] In 
approximately 50% of the cases, the karyotype anomaly 
is 45 × monosomy; however, a variety of other anomalies, 
including mosaicism, Xp or Xq deletion, and isochromy 

of the X long arm are known.[2] Turner females are 
primarily growth retarded along the longitudinal axis. 
The short stature in TS is attributed in a large part to 
haploinsufficiency for the pseudoautosomal gene Short 
stature homeobox protein SHOX. Although girls with TS 
are not usually growth hormone (GH) deficient, treatment 
with exogenous recombinant human GH is widely used to 
augment adult height.[3] Body composition is altered in TS. 
Numerous factors seem to influence the decreased lean 
body mass (LBM) and the increased fat mass (FM), such 
as sex hormones, the growth hormone (GH)/insulin‑like 
growth factor 1  (IGF‑1)  (GH/IGF) system, maximal 
oxygen uptake (or physical fitness), insulin sensitivity, 
ghrelin and leptin, and possibly other factors.[4] Distinct 
differences in the regional body composition were 
present in young TS girls  (9‑15  years) in comparison 
with age‑ and body mass index (BMI)‑matched controls.[5] 
Therefore, TS has been characterized as a syndrome of 
disproportionate body composition.[6]

The aim of this study was to construct the new body 
fat centiles for Egyptian untreated TS and to present the 
body fat references.

Materials and Methods

The study included 70 females with TS recruited from 
the out‑patient clinic of Clinical Genetics Department, 
National Research Centre  (NRC). Upon entry in the 
study, all subjects received oral and written information 
concerning the study, before giving written informed 
consent. The protocol was approved by the NRC ethical 
scientific committee. Each patient was subjected to 
history taking, pedigree construction and analysis, 
meticulous clinical examination of all body systems and 
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OBJECTIVE: This cross‑sectional study was undertaken 
to construct the new body fat % curve and provide body 
composition reference data for adolescent girls with Turner 
syndrome (TS). They diagnosed cytogenetically by blood 
karyotyping and not treated with growth hormone (GH).
MATERIALS AND METHODS: The study included 70 TS 
girls from age 13 years to age 17 years. Body composition 
was measured by bioelectrical impedance. Smoothed 
centile charts were derived by using the least mean square 
(LMS) method.
RESULTS: The new body fat curves reflect the increase 
of body fat mass (FM) from age 13 years to age 17 years. 
Body FM % of Egyptian TS girls was lower when compared 
with age‑matched American untreated TS girls.
CONCLUSION: This study presents the new body fat 
curves and reference values of body composition for 
untreated Egyptian TS adolescent girls. The present 
charts can be used for direct assessment of body FM % for 
Egyptian TS girls and evaluation for cases on GH treatment 
or other growth promoting therapy.
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essential body anthropometric measurements. Standard 
cytogenetic analysis following GiemsaTequnique Banding 
GTG banding technique was carried out for all patients 
on metaphases derived from the phytohemagglutinin 
stimulated peripheral blood lymphocytes by standard 
methods.[7] A total of 50 metaphases were karyotyped 
and analyzed according to International System of 
Human Cytogenetic Nomenclature (ISCN)[8] (2005).

Classic TS 45, X karyotype was found in 78.6% of 
cases  (n  = 55), 45, X/46, XX in 14.3%  (n  = 10), 45, 
X/46, X, i (Xq) in 4.3% (n = 3) and 45, X/46, X, r (X) in 
2.8% (n = 2).

Body composition analyzer  (Tanita Corporation, 
Tokyo, Japan) with correction for light indoor clothing was 
used to measure the body composition parameters. The 
measurement procedure required the subject to stand in 
bare feet on the analyzer and to hold a pair of handgrips, 
one in each hand. The bio‑impedance component of the 
measurements took approximately 30 s/subject. BMI 
was calculated as weight (kg)/height2 (m). Bioelectrical 
impedance analysis (BIA) can measure the electrical 
properties of living things. The prediction equations 
used in this model are based on bio‑impedance, weight, 
height, and age and were derived from the calibration 
studies against whole‑body dual X‑ray absorptiometry. 
The bioelectrical impedance was used to measure 
conductivity in the body. The method is based on the 
fact that the lean tissue of the body is much more 
conductive due to its higher water content than fat 
tissue. The BIA can measure and track changes in the 
amounts of body fluids, fat, and LBM, which includes 
muscles and organs. The BIA distinguishes where 
the water is located in body‑either intracellular or 
extracellular. Functionally, the BIA assesses how much 
of the body is acting as functioning cells, transport tissue 
or storage cells (fat).

Statistics

Data is presented as means with the standard 
deviation (SD) or as proportions. Statistical analysis and 
centile curves for body fat percentage were constructed 
for TS girls using the least Mean Square LMS method, 
which summarizes the data in terms of three smooth 
age‑specific curves, namely L  (lambda), M  (mu), and 
S (sigma). The M and S curves correspond to the median 

and co‑efficient of variation of body fat percentage at each 
age whereas, the L curve allows for the age‑dependent 
skewness in the distribution of body fat percentage. 
For the construction of the percentile curves, data were 
imported into the LMS software (version 1.25) and the 
L, M, and S curves estimated. Five centiles curves were 
calculated from the 2nd to the 98th.

Results

Table 1 shows the means and SD reference values 
of body composition of TS girls aged from 13 years to 
17 years. Body FM % increased up to age 14 year with a 
marked increase after age 15 year. Fat free mass (FFM) 
% increases slightly by age, while lean/fat ratio and total 
body water percentage  (TBW %) decrease up to age 
17 years.

Figure 1 illustrates curves of body fat % at 2nd, 75th, 
50th, 25th, and 98th centiles for Egyptian untreated TS girls 
aged 13‑17 years. The 50th centile continues to rise, and 
the other centiles diverge from the 50th centile. TS girls 
show a relatively flat 50th centile ranged between 24% and 
28% body fat over the entire age range. BMI was ranged 
between 20 kg/m2 and 27 kg/m2 over the entire age range.

Table 1: Body compositional reference values of 
Egyptian TS girls by age groups
Body 
composition

Age 
 (years)

Mean SD Minimum Maximum

Lean/fat ratio 13 5.91 2.06 4.32 9.00
14 4.59 0.99 3.05 5.21
15 4.61 1.86 1.59 7.20
16 4.33 2.55 1.59 7.20
17 2.95 0.492 1.34 2.50

FFM % 13 25.38 1.310 23.91 26.80
14 26.59 1.65 23.91 27.49
15 30.92 1.75 28.53 32.53
16 31.87 1.022 30.39 32.53
17 32.70 2.12 30.80 35.46

Fat % 13 24.10 3.79 23.00 24.79
14 25.68 3.97 24.11 26.68
15 26.35 3.72 25.19 29.61
16 27.45 4.52 26.19 30.61
17 28.60 5.19 28.37 42.81

TBW % 13 63.05 3.05 59.65 66.29
14 55.07 4.04 52.89 61.62
15 48.61 9.05 55.98 64.97
16 44.11 7.32 54.98 64.97
17 47.14 4.35 41.52 61.72

BMI (kg/m2) 13 20.89 3.02 17.32 24.11
14 21.19 1.94 19.66 21.70
15 19.49 3.65 16.63 28.41
16 22.60 4.19 18.90 28.41
17 27.43 4.07 23.59 32.89

TS: Turner syndrome, FFM: Fat free mass, TBW: Total body water, BMI: Body 
mass index, SD: Standard deviation
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Discussion

In this study, we found no relation between karyotype 
and any of the measured variables. The present data 
showed that body composition in the untreated TS 
girls is profoundly changed, with increased amounts 
of body fat when compared with normal standard 
Egyptian controls.[9] On the other hand, the present 
study showed that body FM % was lower in our cases 
compared with age‑matched American untreated TS 
girls.[10] It has shown that GH‑treated individuals had 
on average 15% less adipose tissue and approximately 
8% more lean mass compared with untreated girls. GH 
treatment is well‑known to promote anabolism of lean 
tissue and reduce adiposity in adults, with or without 
GH deficiency.[11] Two small longitudinal studies showing 
that GH treatment increased lean mass and decreased 
adiposity in girls with TS. Leger et al.[12] found increased 
thigh muscle volume in eight girls with TS over 12 months 
of GH treatment, and Gravholt et al.[5] observed increased 
muscle and decreased fat after 2 months of GH treatment. 
Body composition, gender, age, and spontaneous GH 
secretion have been shown to be interrelated. Obesity is 
associated with low circulating levels of GH,[13] a situation 
that can be reversed by weight loss.[14,15]

BMI in Turner’s syndrome was unchanged by treatment 
with sex hormone, whereas significant increases in FFM 
and the TBW/FFM ratio were seen with sex hormone 
treatment.[16] The average BMI in this study was between 
20  kg/m2 and 27  kg/m2 over the entire age range. 

The present data showed that TS girls were overweight 
when compared with age matched  Egyptian controls, with 
a higher FM.[9] FM and BMI have been found to be higher 
in adult Turner patients compared with age matched 
controls, and LBM is inappropriately low, which is similar 
to the present findings.[17]

Previous studies reported marked differences in 
regional body composition in young TS girls (9‑15 years), 
in comparison with age‑and BMI‑matched controls in 
two different study groups.[5] The authors reported that 
overweight TS girls have smaller skinfold thickness 
compared to equally overweight girls and suggested that 
this difference may be due to either to hidden fat on the 
trunk, or to increased LBM.[18] Gravholt et al.[4] reported 
that females with UTS are overweight as a group when 
compared with a group of normal women, with a higher 
FM, a lower LBM, however, with a comparable amount 
of total body water (in %). However, the present study 
found decreased total body water %, in TS girls. Previous 
studies reported decreased subcutaneous fat content 
and the body composition in TS.[19,20]

This study provides body fat references, which can be 
used to base a clinical judgment for obesity in Egyptian 
TS children and provides data to compare with other 
countries.

Conclusion

The present study presents a new centile curve for body 
fat body for untreated TS girls from 13 years to 17 years. 
This curve might use for clinical monitoring of body fat for 
TS girls, whereas the 2nd centile and the 98th centile as 
cut‑off points for under‑fat and over‑fat girls, respectively.
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