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ABSTRACT

Introduction: Children born small for gestational age (SGA) have increased prevalence of metabolic
syndrome, diabetes mellitus type 2 (DM2), hypertension and cardiovascular and cerebrovascular events
in adulthood.

Patients and Methods: In 100 children born SGA, and in second cohort having 32 obese children born
in term with normal birth weight and height, anthropometric measurements and biochemical metabolic
profiles were analysed. The Homeostasis Model Assessment - Insulin Resistance and Sensitivity (HO-
MA-IR and IS) were calculated.

Results: Four overweight/obese children (M:F=3:1) with normal height were found among 100 SGA
children. The body mass index (BMI) in all 4 children was above the 98th percentile and the mean BMI
z-score was (2.04+0.30 SDS). The HOMA-IR index in all four children was increased: 1.26-2.65 (>1).
Two teenagers had significant hyperinsulinemia (198.00 ulU/ml and 275 ulU/ml) and were treated with
metformin. Two girls needed only a diet and increased physical activity. The mean values of HOMA-IR
(1.26-2.65; N< 1) and IS (58 #£17.12) in fo-ur SGA overweight/obese children who caught-up growth had
indistinguishable values with the group of 32 (M: F=21:11) obese children (HOMA-IR 1.83+1.2 SDS; IS
82.99+64.53 SDS) born in term with normal birth weight and height.

Conclusions: SGA born children are usually thin; nevertheless we found overweight and obesity in 4%
of the patients. Two of those children have metabolic syndrome. Excess weight, obesity and metabolic
syndrome in SGA children result with increase of their inherent risk for DM2, cardiovascular and cere-
brovascular diseases in adulthood.

Keywords: small for gestational age, overweight, obesity, cardiovascular and cerebrovascular diseases,
type 2 diabetes mellitus

INTRODUCTION

Worldwide, there were 15.5% of children
born on term with body weight (BW) less than
2500 grams (WHO and UNICEF) [1]. Develop-
ing countries had higher SGA incidence, 16.5%
compared to the developed countries 5-7%. [1-4]
In fact, worldwide there are more than 2 million

children born with low birth weight (LBW) year-
ly. [1] About 10% of SGA children remain short
after the age of 4 years. SGA children have a
higher risk for obesity, hypertension and insulin
resistance during childhood and adolescence and
diabetes, osteoporosis and cardiovascular and
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cerebrovascular diseases in adult age [5]. Obe-
sity is an additional risk factor for all those SGA
consequences. There are more than 2.1 billion
adults and children on Earth who are overweight
or obese. [6] An estimated worldwide prevalence
of obesity in children and adolescents aged 2-19
years was 5%, or about 110 million. [7]

Body mass index (BMI) in adults less than
18.5 kg/m2 is considered underweight, BMI
18.5-24.9 kg/m2 1s within normal weight range,
overweight if BMI is 25-29.9 kg/m2, obese if
BMI >30 kg/m2, and BMI above 40 kg/m2 is
extremely obese (WHO classification). [8] For
children, the BMI z-score for sex, age and eth-
nicity is more precise and a more often used tool
than BMI. Children with body mass index (BMI)
at or above the 95th percentile are considered to
be “overweight” (2007 WHO Reference).

PATIENTS AND METHODS

100 children born SGA in term, irrespec-
tive whether they caught up appropriate height
after the age of 4 years, were investigated. SGA
was defined as BW and/or BL at least 2 standard
deviations (SD) below the mean for gestational
age (GA). [9] A second cohort was 32 obese chil-
dren born in term with normal birth weight and
lenght and height.

Birth length (BL), birth weight (BW), BL
standard deviation score (SDS) and BW SDS,
as well as chronological age, gender, height,
weight, body mass index (BMI) and BMI z-score
was assessed in all children. A Harpenden stadi-
ometer, a wall mounted digital rod, was used for
measurement of height. Weight was determined
with a precision scale.

Oral glucose tolerance test (OGTT) was
done in owerweight and obese children. The
definiti-on for impaired fasting glycaemia (IFG)
was fasting blood glucose >6.1 and <7.0 mmol/l,
while the definition of impaired glucose toler-
ance (IGT) was fasting plasma glucose <7.0
mmol/l and the 2-hour sample 7.8-11.1 mmol/l
(WHO 2007, ADA 2005). [10, 11]

IInsulin secretion and sensitivity was es-
timated by the Homeostasis Model Assessment
(HOMA). HOMA2 model based on non-linear
solutions is widely accepted. [12, 13] Values of
HOMA-IR and IS are dependent on ethnicity,
gender, age, metabolic state of the investigated

patient and the clinical methods of calculation.
Therefore, cut-off levels are difficult to compare
among publications. [14, 15] A standard version
of the HOMA Calculator is using a computerised
HOMA2 model for estimation of insulin resis-
tance (HOMA-IR) and insulin sensitivity (IS)
from fasting plasma glucose and fasting plasma
insulin concentrations.

Statistical analysis

The Kolmogorov-Smirnov test (KS test) is
used to check whether the values have normal
(Gaussian) distribution. A confidence interval
(CD) is calculated for the mean of each of the
quantities. For the comparison of 2 groups, Fish-
er’s test is used to check the equivalence of vari-
ances. The result of this test is relevant for ap-
plying the test for equivalence of means. If the 2
samples have a size greater than 30, the z-test is
used, otherwise the t-test. All tests are with 99%
significance or a=0.01.

RESULTS

Our cohort of 100 SGA children consists of
64 (64%) short children and 36 (36%) children
who managed to catch up growth after 4y of age.
In the 36/100 SGA born children four were over-
weight or obese. Those 32 SGA born non-obese
children who caught-up growth (M:F=12:20) had
BW (2490cm#2.19 SDS) and BL (50.97cm+1.58
SDS), their mean height was (118.51cm=+0.10
SDS), weight (23.18kg+0.01 SDS) and BMI
z-score (-0.24+1.61SDS) (Table 1).

The control group of 35 children
(M:F=13:22) born appropriate for gestation-
al age (AGA; BW (3572.22gr+0.21 SDS), BL
(50.97cm=0.41 SDS) had appropriate for age and
sex weight, height, BMI (height 140.70cm=+0.92
SDS), weight (41.60kg+2.18 SDS) and BMI
z-score (0.70£0.62 SDS) (Table 1).

In addition, a fourth group of children were
obese. Those 32 children (M:F=21:11; mean age
11.7 year, within range 5.3-15.41y) were born
in term AGA (birth weight 3399.76gr+0.01
SDS), birth length (51.32cm+0.66 SDS) (Table
1). Kolmogorov-Smirnov test (KS-test) showed
normal distribution of values in all four groups.

Those four (4.0%) SGA children caught up
growth by the fourth year, but their weight were
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above normal sex and age-related standards. Mean
BW was 2665gr+181.0 SDS and BW SDS was
(-1.89+0.31 SDS), while BL was (46.75cm=0.95
SDS) and BL SDS (-1.784+0.48 SDS). Three girls
and a boy were overweight with BMI above the
98th percentile, and mean BMI z-score (2.04+0.30
SDS) for age and sex. Two girls aged 6.6y and
8.15y had BMI-z score 2.25 and 1.73. Further, a
boy aged 14,25y and girl 14,85y had BMI z-score
2.36 and 1.83 for age and sex. Therefore, the 3
girls were overweight and the boy was obese
(2007 WHO Reference). It is noted that the BMI
z-score values in obese children were similar to
those seen in SGA overweight/obese children
(2.39 versus 2.04) (table 1).

None of four children had impaired fasting
glycaemia. Glycaemia at the 2h sample was with-
in normal range: 4.42-5.86 mmol/l. Normal HO-
MA-IR value is 1, values above 1 are conside-red
abnormal. HOMA-IR index in all 4 children was
high: 1.26-2.65. Three girls had HOMA-IR val-
ues from 1.26 to 1.79, and the boy 2.65. The cal-
culated value of IS in the four obese children was
significantly decreased: 37.80-79.60%.

Strikingly, mean values of HOMA-IR
(p-value 0.97) and insulin sensitivity (p-value
0.45) in four SGA overweight/obese children
with normal height were similar with the esti-
mated values of 2 parameters in a group of obese

children (table 2 and Figures 1 and 2).

Two teenagers, a boy aged 14,25y and a
girl 14,85y, had very high insulin concentration
0f 275.00 ulU/ml and 198 ulU/ml at 2h of OGTT
and were treated with metformin. Those two chil-
ren had acanthosis nigricans, striae and central
fat distribution. The girls aged 6.6 and 8.15 year,
had hyperinsulinemia of 77.50 and 70.20 ulU/ml
and got a recommendation for a dietary regime
and physical activity. HbAlc values in all four
children were within normal range (N <5.7%).

Impaired fasting glycaemia has not been
detected in a group of obese children as well
as in overweight/obese SGA born children. In
31 obese children the value of glycaemia at 2h
was within the normal reference range, with the
exception of an 8-year-old girl with a value 8.1
mmol/l. In addition the obese children had nor-
mal HbAlc, values.

Table 1. Birth weight (BW), BW standard deviation score (SDS), birth length (BL) and BL SDS, height (H) and
height SDS (H SDS), weight (W) and weight SDS (W SDS), BMI and BMI z-score in 4 groups of children: SGA over-
weight/obese children with normal height, 32 SGA children with normal height, but not obese, 35 children born appro-

priate for gestational age (AGA) and 32 obese children

SGA children

5GA overweight
Jobese children

PARAMET-ERS

with
normal weight
and height

Dhbese children

mean e mean f mean S mean f
2490 3572.22 3300.76
+ w ", "
2065+181.0 0.68 +321.87 0.98 +451.30 0.91 +475.22 0.91
-2.19
-1.8040.31 0.89 +0.57 0.49 0.21:0.96 0.98 0.0620.78 0.88
46.62
46.75+0.95 0.94 +2.93 0.90 50.97+1.23 0.56 51.32+1.00 0.57
-1.58
-1.78+0.48 0.58 +1.17 0.97 0.41+2.15 0.85 0.7+0.99 0.99
118.41
150.42+14.97 0.93 +16.65 070 1407022175 0.83 149991678 0.50
010
1.04+1.51 0.86 1R 0.67 0.86=1.10 0.78 1.52+1.61 0.95
23.18
63.2+23.97 0.98 s0.61 044 41601813 073 69.4:20.51 0.94
-0.01
2.64=0.47 0.88 +1.54 0.73 2.01+2 .30 0.88 7.64:4.14 0.32
16.06
27.0845.63 0.79 +2.96 0.95 20.19+4.52 0.38 30.2224.56 0.09
-0.24
2.04=0.30 0.79 +1.61 0.54 0.70=1.01 0.59 2.359:0.62 0.50
n=1 n=12 n=13 n=21
n=3 n= 20 n= 22 n=11
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Table 2. HOMA-IR and Insulin sensitivity estimated values in 2 groups of children: group of 4 SGA overweight/obese

children and group of 32 obese children

SGA overweight

Jobese children

e mean prvalue Cl 99% mean p-value Cl99%
HOMAIR = 1.85 +0.58 0.79 0.15 = 3.54 183412 0.52 1.29:2.36
bartn % 58 +17.12 0.04 7.09:108.00 82.90+6433 0.08  54.48 = 11150
Sensitivity

Boxplot 3a HOMA-IR

T
SGA obese children

Figure 1. Boxplot for HOMA-IR

T
Obese chidren

Boxplot 3a Insulin sensitivity

300

250

200

T
SGA obese children

Figure 2. Boxplot for Insulin Sensitivity

DISCUSSION

SGA born children are usually thin regard-
less of their height or sex. Increased BMI is rare
and predominantly found in girls. [16, 17]. Lon-
gitudinal analysys in Italian children observed
a tendency of weight gain in childhood in SGA

T
Obese children

born children compared to their AGA peers.
After 2 years of age SGA children are found to
be overweight/obese 5-6 times more than their
AGA peers (5.2% at 2 years versus 29.12% at 10
y). [18] Again, this is more frequent in girls.

In 18 SGA born girls in term, who caught-
up growth and 13 AGA girls aged between 2 and
8 year with normal height, there were no difer-
ences in auxology parameters at the age of 2y.
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[19] However, increased body and visceral ad-
iposity and metabolic disturbancies have been
detected at the age of 8y only in SGA born girls.

In 111 SGA children (with and without
catch-up growth) and 52 AGA born children
the highest BMI SDS values with increased
body and visceral fat were found in group of 40
SGA born children (M:F=17:23) who caught up
growth and weight by the age of two year. [20]

A study performed in young adults aged
around 20y born IUGR have shown higher mean
BMI and triglyceride values with decreased in-
sulin sensitivity as early signs of impaired glu-
cose metabolism. [21]

We also observed higher frequency of
overweight/obese children among girls (3:1).
They were all children who cought-up growth
measured at the age of referral. The height,
weight and BMI z-scores values in all 4 over-
weight/obese SGA children were comparable
with BMI z-scores values of the group of 32
obese children.

A three-fold increased metabolic distur-
bances in AGA obese children, twice-fold in
SGA children compared to the AGA non obese
children were reported. [22]

Deng et al. [2012; 20] found significantly
higher values of HOMA-IR in SGA born children
which caught up growth by 2 years of age, com-
pared to AGA children. The insulin resistance in-
creased with height and BMI catch-up growth in
SGA born children. Values of HOMA-IR index
in SGA born children without catch up growth
have been comparable to HOMA-IR values in
AGA born children.

Others have shown similar glucose ho-
meosthasis in SGA children before and after ces-
sation of treatment with growth hormone (GH)
[23, 24]. The insulin resistance was found in 8% of
short SGA born children before the GH treatment
and in 10% of patients 6 months after discontinua-
tion of GH treatment. [23] SGA born young adults
have had similar fat mass distribution 5 years after
discontinuation of GH treatment, insulin sensitivi-
ty and pancreatic -cell function with the group of
untreated short SGA adults. [24]

In this study of two groups of children with
excessive weight gain (the 4 overweight/obese
SGA born children with catch up growth and
group of 32 obese children) the results of HO-
MA-IR in both groups were abnormal with de-
creased insulin sensitivity.

The difficulties in diagnosing metabol-
ic syndrome (MetS) are widely discussed. [25]
Strikingly, only 2% of patients [26] met the
criteria although overall prevalence of MetS in
children and adolescents ranged between 6% and
39%. [26] The metabolic syndrome diag-nostic
criteria (at least 3) [25] we found that 2/4 over-
weight/obese SGA born children children ful-
filled at least 3 criteria. In fact, all 4 children
have BMI greater than the 98th percentile with
abdominal fat tissue distribution, 2 of them have
BMI z-score > 2 SDS (+2.25 and +2.36 SDS),
but the other 2 children have BMI z-score be-
tween 1.5-2.0 SDS (1.73 and 1.83 SDS), HO-
MA-IR 1in all 4 children is also abnormal, 1 child
had HOMA-IR 1.25 and 3 children between 1.7-
2.65, and 2 children have insulin >104 ulU/ml
(198.00 and 275.00).

CONCLUSIONS

Contrary to the perception of lean SGA
children, some SGA children are overweight or
obese. They often have metabolic syndrome, in-
creased insulin resistance and decreased insulin
sensitivity. Therefore, their inherent risk of late
severe complications is significantly increased.
A follow-up and counceling would help decrease
the chances of severe late complications.
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Pe3ume

MOJEJI 3A TPOIIEHKA HA XOMEOCTA3ATA - HTHIEKC HA UTHCYJIMHCKA PE3UCTEHLIAJA
N CEH3UTHUBHOCT (XOMA-UP 1 UC) KAJ JELHATA CO IPEKYMEPHA TEKUHA, POAEHU
MAJIA 3A BO3PACTA

Anexcanapa JanueBcka', 3opan I'yues!, Bean6op Tacuxk!, Momup IonenakoBuk?

! YHuBep3uTeTCKa KIMHKKA 33 IETCKU Oonectr, MeauuuHcku pakynret, Cromje, Perryonuka Makenonuja

2 MakeoHCKa aKajieMuja Ha HaykuTe u ymeTHocTute, Cromje, PeryOnika Makenonuja

BoBen: /lenara ponenn Manu 3a recramnuckara Bo3pacT (CI'A) nMaar 3rojemMeHa mpeBajieHIIa 3a
MeTaboJIeH CHHAPOM, Aujaderec menutyc Tam 2 (JIM2), xunepreHsuja, KapAHOBaCKyITapHHU U 1epedpo-
BacKyJapHH IIpo0IeMH BO aIy/ITHAa BO3PACT.

HanuenTn u Mmeroau: Bo rpyna on 100 neua poneHu manu 3a Bo3pacta U BO Apyra rpymna of 32
00e3HHM [iena, pOJeHH BO TEPMHUH, CO HOPMaJIHA IOPOAMIIHA TEXHMHA U BUCHHA, Oea HalpaBeHU aHTPOIIO-
METPHUCKHU Mepera U OMOXEMIICKH aHAITM3H 32 IPOIIEHKA Ha MeTaboIMdKaTa cocTojoa. Mozmenor 3a mporeHka
Ha XoMeocTa3ara Oellie yrmorpeOeH 3a IpolieHKa Ha HHCYJIMHCKA PE3UCTEHIMja M HHCYITHHCKA CEH3UTHBHOCT.

Pesyaratu: Bo rpymnara on 100 CI'A poxenu nera HajaoBMe YETHPH CO IPeKyMepHa TexXHHa/00e3-
uu gena (M : )K =3 : 1), a co HopmanHa BucuHa. MHIEeKcOT Ha TenecHara maca (BMU) kaj cute uetnpu
nera Oemre Hax 98-mot mepuenT, a BMU 3-ckopot (+2,04 + 0,30 CHAC). Bpearocra Ha MozmesoT 3a
MpOIIeHKa Ha XOMeOocTa3ara — HHJEeKC Ha HHCYAHCKa pesncteHnnja (XOMA-UP) kaj cure yetnpu nena
Oemre mokaueH, 1,26-2,65 (>1). JlBajua TrHEjIepr nMaa 3HaunTeNHA XunepuacyarnaeMuja (198 ulU/ml
275 ulU/ml) u 6ea nexyBanu co MetdopmuH. [Ipyrute aBe neBojunmpa 6ea caMo Ha TUETANICH PEXKUM U
3rojemMena (pusmuka akTuBHOCT. [IponienernTe BpenqHoctu Ha nHAEKCOT XOMA-UP (1,26-2,65; N< 1) n
nHcynmHekara oceTnuBocT (MC) (58 +£17,12) kaj wetnpure o6e3an CI'A ponenn fera co HopMaiHa BHCHHA
HE Ce pa3NrKyBaa Off HCTUTE MapaMeTpu Kaj rpymara o 32 o6eznn (M : XK = 21 : 11) nemma (XOMA-NP
1,83 £ 1,2 CAC u UUC 82,99 + 64,53 CIAC), poneHu BO TEPMUH CO HOpMaITHA POJMITHA TEKIHA U JOJDKHHA
U aKTyeJHa BUCHHA.

3axuyyoun: CI'A ponenute neua oonyHo ce TeHKU. Cenak, Hue Kaj 4% ol MalueHTUTe Hajl0BMe
IIpeKyMepHa TeJIeCHA TEe)XUHa, [1a IypHu 1 00e3HOCT. [IBe 011 0BHE Aelia UMaaT MeTa0osIeH CHHAPOM. [peky-
MepHaTa TeXHHa, A1e0eInHaTa 1 MeTabomHIOT cuHApoM kaj CI'A poneHunTe aena ro 3rojeMyBaar pU3HKOT
3a aujabeTec TN 2, CBOJCTBEH 3a HUB, KaKO W 32 KapAMOBACKYIApHH U mepeOpoBacKyaapHu OOIECTH U
nmujaberec THIT 2 BO 3perocTa.

Kayuynu 360poBu: May 3a TecTarickara BO3pacT, IpeKyMepHa TelecHa TeKHHA, edeanHa, Kap-
JMOBacKynapHU OonecTy, meKkepHa 0onect THM 2






