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Abstract: To inves tigate the impact of obes ity and growth hormone deficiency (GHD) on whole  a n d

regional body fat dis tribution. Nineteen obese children (aged, 8.7±0.7 years ) with BMI s tandard deviation
s c o re  (SDS), 4.1±0.3, fifteen GHD children (aged, 10.1±0.7) with BMI SDS, 2.8±0.2, and thirteen norma l

children (aged, 8.6±0.6) wit h  BM I SDS, 0.5±0.3. All children were prepubertal and were subjected to

detailed his tory, full clinical examination, and anthropometric measurements . Lean Body Mass , fat mass ,
a nd regional body fat dis tribution were assessed by Dual Energy x-ray Absropitometry. W a is t

circumference was  greater in obese and GHD children (75.13±13.74 and 61.0±13.02 c m) t h an controls

49.5±1.6 (P<0.01). Moreover, wais t/hip ratio (W HR) was  greater in obese and GHD child re n  (0.824±0.03
and 0.819±0.002), than controls  0.73±0.03 (P<0.001). Total fat mass  % was  higher in obese and GHD

children (51.9±0.7 and 38.0±2.6% , respectively) than in controls  26.7±1.3% (P<0.001). There is  no
d ifference found in pattern of fat dis tribution between the three groups . Mostly, fat depot was  of trunc a l

type including abdominal fat. W ais t circumference , W HR, and total fat mass  were higher in obese and

GHD children than in normal control. The main depos ition of fat was  truncal and  t h is  ma y exposes
children to the risk of cardiovascular diseases .
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INTRODUCTION

The prevalence and s e v e rity of childhood obes ity
are increas ing world wid e  a nd severely obese children

have a higher risk of becoming obese adults  even when
they receive obes ity treatment in childhood . Given the[1]

lipolytic and protein anabolic a c t io n s  of GH , it has [2]

been sugges ted that suppresse d GH may serve to 

promote additional weight gain, th e reby helping to 

promote a vicious  cycle . Both spontaneous  and[3]

s timulated growth hormone secretions  a re  impaired in
obes ity which is  revers ible upon weigh t  lo ss  and thus

cons idered a consequence rather than the cause of the

obese s tate. Despite the low GH levels , normal or
increased IGF1 levels  have been observed and growth

v e lo c it y is  normal or increased in obese children [4 , 5]

and GH treatment of obese adults  and children reduces

abdominal obes ity .[6-8]

Children with growth hormon e  deficiency are
c h a racterized by short s tature, poor growth velocity,

immature facial appearanc e  with frontal boss ing

(prominence), poor appetite, dela y e d bone age, and
increased su b c u taneous  fat. Reflecting the metabolic

effects , GH deficiency is  associa t ed with fas ting

hypoglycemia and unfavorable lipid profile . GH[9]

treatment reduces  body fat, poss ibly, via s timulation of

catecholamine-induced lipolys is , without negative

effects  on glucose homeos tas is  [7,10].

An excess ive depos ition of intra-abdominal fat has

been known t o  be associated with an increase in

various  metabolic complications  such as  glucose
intolerance, hyper-lip id e mia , a n d  c a rd io vascular

disorders  . [11]

The aim of this  s tudy was  to inves tigate the impact

o f o b es ity and growth hormone deficiency (GHD) o n

who le and regional body fat dis tribution in Egyptian
children.

MATERIALS AND METHODS

Subjects: The s tudy include d  n ineteen obese subjects

(aged, 8.7±0.7 years ) with BMI s tandard deviation
score (SDS), 4.1±0.3, fift e en GHD subjects  (aged,

10.1±0.7) with BMI SDS, 2.8±0.2, and thirteen age-an d
sex-matched controls  (aged, 8.6±0.6) with BMI SDS,

0.5±0.3. All childre n  were pre-pubertal, Tanner s tage 1.

Exclus ion criteria include children with dysmorphic
features  sugges tive a s y n d ro me , c h ild re n  on

corticos teroids  tre a t ment, and children with GHD on

replacement treatment.  Participants  were recruited from
the outpatient Pediatric Endocrine Unit, Pediatric

Department, Cairo Univers ity. Parenta l consent was

obtaine d  for all participants , and the procedures  were
explained to the child participants .

Anthropometry: Height was  measured to the neares t
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0.5 cm us ing a wall-mounted s tadiome ter and weight
was  measured us ing a clinical scale. Body mass  index

(BMI) was  c a lculated as  kilograms per square meter,

height SDS and weight SDS were calculated with a
growth calculator as  previous ly described , BMI SDS [12]

was  expressed with data as  previous ly describe d  .[13]

W ais t circumference was  me asured between the lower

rib superiorly and iliac cres t inferiorly and taken a s  the

smalles t circumferential dis tance. Hip circumference
was  measured at the level of the anterior iliac spines .

Skin thickness  was  measured us ing Harpenden skin

fold calipers  over the triceps  and imme d ia tely below
the scapula . M e asurement of height, wais t, hip, arm

circumference, and skin t hickness  were performed by

a s ingle observer.

Dual Energy X-ray Absorpitome tr y (DEXA): DEXA
is  a sca n n ing technique that measures  the differential

attenuatio n  o f t wo x-rays  as  they pass  through the

body. The procedure differentiates  bone mineral content
from soft tis sue and subsequently divides  the latter into

fat and lean tissue. Total body comp os ition analys is

with DEXA (Norland–XR-46, USA) was  performe d
with patients  in the supine pos ition. Body fat content

was  expressed in b o t h kg (fat mass) and percentage of

body weight (% fat). Lean soft tis sue mass  was
expressed in kg. The relation be t we e n  fat mass  and

lean mass  was  es timated  by the ratio of fat mass  and

lean mass  (fat: lean).

Data Analys is : All data are pre s e nted as  mean ± SD.
Differences  betwee n  groups  were examined us ing

ANOVA tes ting.

RESULTS AND DISCUSSION

Anthropometry: In Table 1 no difference in weight
was  detected between controls  and GHD children. The

weight of the obese c h ildren was  s ignificantly higher

than the GHD and controls  (P<0.0001). No difference
in height was  detected between obese and controls . The

GHD children were shorter in s tature than the obese
and contro ls  (P<0.0001). Accordingly, BMI (SDS) was

higher in o b ese 4.1±0.3 than in both GHD children

2.8±0.2 and controls  0.5±0.3 (P<0.01). Also , BMI
(SDS) was  higher in GHD children than in  controls

(P<0.01).

W ais t circumference was  great e r in obese and
GHD groups  (75.13±13.74 and 61.0±13.02 cm) than in

c o n t ro ls  49.5±1.6  ( P < 0 . 0 1 ) .  S imila rly , h ip

circumference was  greater in obese and GHD groups
(91.0±16.0 and 73.07±15.57 c m, respectively) than in

controls  63.9±1.8 (P<0.001 and P<0.05, respectively).

W ais t hip ratio (W HR) was  s ignificantly greater in both
obese and GHD children (0.824±0.03 and 0.819±0.002,

respectively), compared with the controls  (0.73±0.03,
P<0.001). 

Triceps  skin fo ld s  thickness  (SDS) was  higher in

obese and GHD gro u p s  (5.1±0.6 and 2.8±0.3,
respectively), compared with the controls  0.9±0.2

(P<0.001). Sub-scapular skin fold (SDS) was  higher in
obese and GHD groups  (5.1±0.6 and 2.8±0.3,

respectively), compared with the controls  0.9±0.2

(P<0.001).

DEXA: Total fat mass  expressed both in Kg and as  a

percentage in ( T ables  2&3 )were higher in obese and
GHD groups  (30.7±10.7 Kg , 51.9±0.7% and 23.6±6.5

Kg, 38.0±2.6%, respectively) compared to the control

group 19.6±7.8 Kg, 26.7±1.3%, (P<0.001 and P<0.01,
respectively). Accordingly, tota l lean mass  percentage

was  lower in obese and GHD groups  (45.1±2.9% and
61.5%±2.9%, respectively) compared to the control

group 73.3±1.3% (P<0.001). A s  a result, Fat/lean ratio

was  higher in obese and GHD group s  (1.2±0.03 and
0.7±0.07, respec t iv e ly) compared to the control group

(0.37±0.2, (P <0.0001). Also, Fat/lean ratio was  higher

in obese children than in GHD children (P<0.0001).
W e found no difference in the p a t tern of fat

dis tribution between the  t hree groups . Mostly the fat

depot  wa s  of the truncal type. Trunk fat % including
abdominal fat was  52.5±0.07% in obese subjects ,

49.1±0.07% in GHD, and 47.8±0.07% in healthy

control. The leg was  the second area where fat was
accumulated. Leg fat %  including the buttocks  was

31.8±0.02% in obese, 33.4±0.04%  in GHD, and
29.5±0.05% in healthy controls .

Discuss ion: Adverse lev e ls  of cardiovascular disease
(CVD) risk factors  such as  t otal choles terol, low-

dens ity lipoprotein (LDL) choles terol, high-dens ity

lipoprotein (HDL) choles terol, triglycerides , fas ting
insulin, and sys tolic blood pressure are associated with

adipos ity in children . The ea rly identification of[14 ,15]

at-risk ind iv iduals  is  a necessary firs t s tep in the
prevention of CVD .[16]

In this  s tudy, it was  found that wais t circumference
(W C), hip circumference, W HR, triceps  skin folds

(SDS), and subscapular skin fo ld (SDS) were greater in

both o b e s e  and GHD groups  than in controls . W ais t
circumference was  75.13±13.7 cm and 62.0 ± 13.02 cm

in both obese and GHD children, respec t iv e ly. W ais t

circumference previous ly has  b een shown to be highly
predictive of CVD ris k factors  in children  and[17]

pro v id e s  a measure of central adipose tis sue,

independent of total body fat. Therefore, W C cut-points
associated with CVD risk factors  are p re s e nted as  an

eas ily obtained anthropometric alternative to the DXA-

derived percentage of fat cut-points . Children with W C
$71  cm  we re   more  likely to have an adverse risk
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Table 1: Demographics of obese children (n=19), growth hormone deficient children (n=15), and controls (n=13).

Variable Obese children GHD children Control children P–value<

Age (years) 8.7±0.7 10.1±0.7 8.6±0.6 N.S

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

W t (SDS) 9.6±1.3(a, b) 0.8±0.4 0.8±0.4 0.0001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ht (SDS) 2.7±0.5(a, b) -3.1±0.5(c) 0.9±0.3 0.0001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BMI(SDS) 4.1±0.3(a, b) 2.8±0.2(c) 0.5±0.3 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

W aist (cm) 75.13±13.74(a, b) 62.0±13.02(c) 49.5±1.6 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hip (cm) 91.0±16.0(a, b) 73.07±15.57(c) 63.9±1.8 (b) 0.0001 (a, c) 0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

W /h ratio 0.824±0.03(b) 0.819±0.002(c) 0.73±0.03 0.0001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T riceps skin fold (SDS) 5.1±0.6(a, b) 2.8±0.3(c) 0.9±0.2 0.001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sub scapular skin fold (SDS) 7.7±1.2(a, b) 2.8±0.4(c) 0.7±0.1 0.001

N.S not significant

a difference between obese children and GHD children

b difference between obese children and control children

c difference between GHD children and control children

Table 2: Body composition using DEXA for obese children (n=19), GHD children (n=15), and controls (n=13).

Variable Obese children GHD children Control children P–value<

T otal lean mass (%) 45.1±2.9 (a, b) 61.5±2.6 (c) 73.3±1.3 0.001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T otal fat mass (kg) 30.7±10.7 (a, b) 23.6±6.5 (c) 19.6±7.8 (a, b) 0.001 (c) 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T otal fat mass (%) 53.9±0.7 (a, b) 38.5±2.6 (c) 26.7±1.3 (a, b) 0.001 (c) 0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fat / lean ratio 1.2±0.03 (a, b) 0.7±0.07 (c) 0.37±0.2 0.001

a difference between obese children and GHD children

b difference between obese children and control children

c difference between GHD children and control children

Table 3: Regional body fat distribution using DEXA for obese children (n=19), GHD children (n=15), and controls (n=13).

Variable Obese children GHD children Control children P - value

Head (%) 6.4±0.02 6.5±0.01 9.3±0.05 N.S

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T runk including abdomen (%) 52.5±0.03 49.1±0.04 47.8±0.04 N.S

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Arm (%) 9.4±0.03 11.0±0.01 13.5±0.04 N.S

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Leg including buttocks (%) 31.8±0.02 33.4±0.04 29.5±0.05 N.S

N.S not significant

profile than a norma l risk profile and children with a

wais t circumference <61 cm were  le ss  likely to have

an adverse risk profile  than a normal risk profile .[18]

T h e  W HR was  higher in obese children and  GHD

childre n  than in controls . W HR has  been sugges ted to

be a predictor of CVD risk because it inclu d e s  a 

measurement of hip circumference, which is  inversely 

associated with dysglycaemia, dys lipidaemia, diabetes ,

hypertens ion, CVD, and death . In a small s tudy[19-21]

of Swedish men , it  wa s  observed that a high wais t-to- 

hip ratio, after adjus tment for age and body mas s  index 

(BMI), was  a s sociated with an increased visceral fat 

area and a decreased thig h  mu s cle area . For a 1 cm[22]

increase in W C, the re lative risk (RR) of a CVD event
incre ased by 2% and these results  were cons is tent in

men and women .[23]

Express ion of the GH recep t o r in adipose tissue

h as  long been demons trated and treatment of Prad e r-

W illi synd rome or GH deficient patients  with GH
results  in up regulation of adipose tis sue receptor gene

express ion, resulting in th e identification of adipose

tissue as  a direct target tis sue for GH Consequently,[24]. 

GH has  been proposed to possess  a  ro le in the

regulation of metabolic effects  on lipolys is  and

liopgenes is , as  well as  in differen tiation of the pre-
adipocyte GH secretion is  decreased in obes ity with[25]. 

subsequent loss  of its  lipolytic effect. In accordance
with these actions  on adipocytes , GH treatment

markedly decreases  adipose tissue mass  reflecting a

poss ible therapeutic role fo r GH in obes ity [7,26].

Previous  s tudies  es tablished health-related definitions  of

child h ood obes ity us ing percentage of body fat
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predicted fro m skin fold equations . W illiams et al. [27]

es tablished percentage of body fat cut-poin t s  of 28%

a nd 30% in boys  and girls , respectively. Both sets  of

cut-points  are c o mparable with the percentage of body
fat cut-points  derived us ing DXA; cut-point of 33%

was  related with adverse levels  o f CVD risk factors  [28 ,

Total fat mass  % and fat/lean ratio were highe r in2 9 ]. 

obese and GHD children than in controls . Accordingly,

both obese and GHD children in our s tudy are at risk
of CVD s ince total fat mass  % was  52.9±0.7 and

38.0±2.6 in obese and GHD children, respectively.

Th e  actual fat dis tribution as  a percentage of total

body fat appears  to be of lo we r impact. W e found no

difference in pattern of fat dis tribution between the
three  groups . In all participants , fat depot was  of

truncal type including abdominal fat. The second area
where fat accumulated was  the leg. There is  differential

express ion of GH receptor, depending on th e  location

of the adipose tis sue depot. For example, in the rat, a
h ig h  level of express ion of GH receptor is  observed in

the epididymal fat pad, whereas  the retroperitoneal fat

pad in comparison expresses  a lo w le vel of GH
receptor . Such lo c a tion-dependent express ion of[30 , 31]

the GH receptor may explain the fat dis trib u t ion ability

of GH adminis tered to obese subjects  and GHD
patients  to selectively reduce the abdominal fat mass  in

preference of other fat depots  .[7 ,26 ,32 ,33]

It is  fundamental to underline that an enlarged
ab d o me n and higher amount of trunk fat depos ition in

comparison to hip ratio in obese as  well as  in GHD
children and adolescents  are cons is tently related with a

deterioration of lipid  a n d  metabolic profiles  . In[34]

child ren and adolescents , insulin sens itivity and
h y p e rin s u linemia are independently  re la t e d  t o

circulating lipid after adjus ting for adipos ity and this

relation could be exacerbated by high accumu la t ion of
intra-abdominal fat Us ing imaging techniques , a[35,36]. 

tremendous  variation  in  the amount of intra-abdominal

fat wa s  found. Total fat mass  % and fat/lean ratio were
higher in obese and GHD children than in controls  a nd

visceral fat b e gins  to accumulate in early childhood.
This  implies  that to be effective, intervention to prevent

obes ity in  c h ildhood and adolescence mus t begin at a

very early s tage.
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