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Assessment of insulin resistance in preterm children appropriate for gestational

age versus term and preterm children with intrauterine growth restriction
Insulinooporno$¢ u wezesniakéw urodzonych jako AGA w poréwnaniu z grupa SCA urodzona
o czasie i przedwczesnie
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Abstract

Aim of the study: Estimation of carbohydrate metabolism parameters in the groups: AGA preterm, SGA term, SGA preterm and AGA
term.

Material and methods: 89 children were qualified: group A — AGA preterm 22, group B — SGA preterm 26, SGA term group C —
30 children, AGA — term group D — 11 children; at the age of 6-7 years. Insulin and fasting glucose levels were measure. HOMA IR
and QUICKI, lipid profile were calculated.

Results: Higher insulin concentration were found in groups C vs. A (6.93 vs. 3.68 ulU/ml, p = 0.00005); B vs A (5.49 vs. 3.68 ulU/ml,
p = 0.02). HOMA IR was significantly higher in the C vs A group (1.38 vs. 0.73, p = 0.00014); and B vs A (1.11 vs. 0.73, p = 0.03).
Quicki were lower in C vs. A (0.7 vs. 0.96, p = 0.00068).

Conclusions: The risk of insulin resistance appears to be more associated with lower birth weight than time of birth. No greater risk
of insulin resistance has been established in preterm births with AGA.
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Streszczenie

Cel pracy: Estymacja parametrow gospodarki weglowodanowej w grupach: AGA preterm, SGA term, SCA preterm i AGA term.
Materiat i metody: Do badanej grupy zakwalifikowano 89 dzieci: w grupie A — AGA preterm 22, w grupie B — SGA preterm 26,
SGA term — grupa C — 30 dzieci, AGA-term grupa D — 11 dzieci; w wieku 6-7 lat. U wszystkich pacjentéw wykonano pomiary stezei
insuliny, glukozy na czczo. Wyliczono wartosci wskaznikéw insulinoopornosci: HOMA IR QUICKI, profilu lipidowego.

Wyniki: Stwierdzono wyzsze stezenia insuliny w grupach C vs A (6,93 vs 3,68 ulU/ml, p = 0,00005); B vs A (5,49 vs 3,68 ulU/ml,
p = 0,02). HOMA IR byt istotnie wyzszy w grupie C vs A (1,38 vs 0,73, p = 0,00014); oraz Bvs A (1,11 vs 0,73, p = 0,03). QUICKI
istotnie nizsze stwierdzono w grupie C vs A (0,7 vs 0,96, p = 0,00068).

Whioski: Ryzyko insulinoopornosci wydaje sie bardziej zwiazane z nizszq masa urodzeniowa niz czasem urodzenia. Nie potwierdzo-
no wiekszego ryzyka insulinoopornosci u wezesniakéw urodzonych z prawidtowa masa ciafa.

Stowa kluczowe:

insulinoopornos¢, AGA preterm, SGA term, SGA preterm.

Introduction

Children born with SGA are at a higher risk of insulin re-
sistance and dyslipidaemia. SGA (small for gestational age)
means impairment of intrauterine foetal growth, most often
leading to birth with insufficient weight (lower than — 2 SDS) with
reference to standards for a given gestational age and sex. Re-
sults of a study conducted between 2004 and 2007 in the group

of 118 Polish children with SGA confirmed scientific reports on
the risk of insulin resistance [1]. Numerous papers report the
occurrence of insulin resistance also in the group of children
born preterm with normal weight for a given gestational age
(AGA — appropriate for gestational age) and for sex [2, 3].

The aim of the study was to compare carbohydrate metab-
olism parameters in the groups of AGA preterm children with
SGA preterm and SGA term, as well as with AGA term children.

Received: 12.02.2021
Accepted: 16.05.2021
Conflict of interests: none declared.

Alicja Korpysz 249
Department of Endocrinology and Diabetology

The Children’s Memorial Health Institute

Al. Dzieci Polskich 20

04-730 Warsaw, Poland

e-mail: alakorp@poczta.onet.pl



Pediatr Endocrinol Diabetes Metab 2021

Korpysz A., Wysocka-Mincewicz M., Szalecki M.

Material and methods

Eighty-nine children were qualified: group A — AGA preterm
22, group B — SGA preterm 26, SGA term — group C — 30 chil-
dren, AGA term —group D — 11 children; at the age of 6-7 years.
Children from the group A — AGA preterm born at 33.6 weeks
with a weight of 1973.6 g (-0.76 SDS), B — asymmetric SGA
preterm at 32.8 weeks with a weight of 1303.3 g (-3.26 SDS),
C - SGA term at 39.2 weeks with a weight of 2268.6 g (-3.8 SDS)
and D — AGA term, born at 38.8 weeks with a weight of 3273.8 g
(-0.25 SDS; Table I). The value of BMI SDS in the groups was
as follows: group A: =1.2, B: =1.7, C: —1.4, D: —1.4. SGA with
normal growth since birth, with no “catch up growth”.

All the patients had insulin and fasting glucose levels mea-
sured. Glucose concentrations were measured at the Blood
Chemistry Laboratory, Department of Laboratory Diagnostics
the Children’s Memorial Health Institute. Serum glucose con-
centrations were determined using an enzymatic assay. The
determinations and readings were conducted according to
a standard procedure of the Dimension system. The reference
range for glucose levels comprised the values of 70-110 mg/dl.
Insulin concentrations were determined at the Department of
Radioimmunology the Children’s Memorial Health Institute. In-
sulin levels were determined using an immunoradiometric as-
say (IRMA), with the use of a kit from BioSource Europe S.A.,
Nivelles, Belgium. Method sensitivity was 1 miU/ ml.

Also, insulin resistance indices were calculated: HOMA IR
(Homoeostasis Assessment Model) and QUICKI. HOMA IR
was calculated with the formula: glucose 0’ (mmol/l) X insu-
lin 0’(MIU/mI)/22.5; Quicki — (Quantitative insulin check index),
was calculated with the formula: 1/log (insulin 0') + log (glu-
cose 0’). The lipid profile was also determined. Lipid levels were
determined using and enzymatic assay. The whole study was
based on the standard procedure of the Dimension apparatus.
The reference values were as follows: cholesterol < 200 mg/dl,
triglycerides < 150 mg/dl, LDL cholesterol < 130 mg/dl. HDL
cholesterol levels were determined with a direct method, and
the reference value was HDL cholesterol > 60 mg/dl.

Table I. Group characteristic

Parameter AGA SGA SGA AGA
preterm  preterm  preterm  preterm
A B C D

Age (years) 6 7 7 7

Number 22 26 30 1

Pregnancy 33.6 32.8 39.2 38.8

duration (Hbd)

Birth weight (g) 1973.6  1303.3 22686  3272.8

SDS -0.76 -3.26 -3.8 -0.25
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The above-mentioned parameters were compared in
groups A and C (AGA preterm and SGA term); A and B (AGA
preterm and SGA preterm); B and C (SGA preterm and SGA
term); and A and D (AGA preterm and AGA-term).

Results

Insulin levels were significantly higher in the group SGA term
as compared with AGA preterm — C vs. A (6.93 vs. 3.68 ulU/m,
p = 0.00005), Table II and in children from group B vs. A —
SGA preterm vs. AGA preterm (5.49 vs. 3.68 ulU/ml, p = 0.02),
Table Ill. HOMA IR was significantly higher in SGA term chil-
dren as compared with AGA preterm — C vs A (1.38 vs. 0.73,
p = 0.00014), Table Il and in the group SGA preterm in com-
parison with AGA preterm — B vs. A (1.11 vs. 0.73, p = 0.03)
Table Ill. Quicki (insulin sensitivity) were lower in SGA term vs.
AGA preterm — C vs. A (0.7 vs. 0.96, p = 0.00068), Table II.

No significant differences in insulin resistance and insulin
sensitivity were observed in the group AGA preterm as com-
pared with AGA term, A vs D, respectively (HOMA IR 0.76 vs.
1.1, p = 0.15; Quicki 0.94 vs. 0.8, p = 0.28).

Total cholesterol concentration was significantly higher in
SGA term in comparison with SGA preterm, C vs. B (175.5 vs.
159 mg/dl, p = 0.05), Table IV, and LDL levels were significantly

Table Il. Average insulin resistance, lipidogram, BMI, height,
body weight in groups A and C

Parameter AGA SGA P
preterm term
A C
Glucose (mg/dl) 79.6 82.8 0.38
Insuline (ulU/ml) 3.68 6.93 0.00005
HOMA IR 0.73 1.38 0.00014
QUICKI 0.96 0.7 0.00068
Cholesterol (mg/dl)  165.9 175.5 0.27
HDL (mg/dl) 51.8 55.2 0.44
LDL(mg/dl) 98.3 108.8 0.21
TG (mg/dl) 77.3 63.7 0.13
BMI (m?/kg) (SDS) 14 (-117) 141 (-1.4) 0.69 (0.5)
Height (cm) 107.5 1141 0.1
Weight (kg) 16.4 18.7 0.1

HOMA IR — Homeostasis Assesment Model; QUICKI — Quantitative
insulin check index
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Table lll. Average insulin resistance, lipidogram, BMI, height,
body weight in groups A and B

Table IV. Average insulin resistance, lipidogram, BMI, height,
body weight in groups B and C

Parameter AGA SGA p Parameter SGA SGA p

preterm term preterm term

A B B C
Glucose (mg/dl) 79.7 79.9 0.95 Glucose (mg/dl) 79.9 82.8 0.51
Insuline (ulU/ml) 3.68 5.49 0.02 Insuline (ulU/ml) 5.49 6.93 0.07
HOMA IR 0.73 1.1 0.03 HOMA IR 1.1 1.38 0.12
QUICKI 0.96 09 0.63 QUICKI 0.9 0.7 0.09
Cholesterol (mg/dl)  165.9 159.7 0.55 Cholesterol (mg/dl) 159.7 175.5 0.05
HDL (mg/dl) 51.8 55.7 0.49 HDL (mg/dl) 55.7 55.17 0.9
LDL(mg/dl) 98.3 90.7 0.42 LDL (mg/dl) 90.6 108.8 0.02
TG (mg/dl) 77.3 75 0.84 TG (mg/dl) 75 63.74 0.18
BMI (SDS) 14 (-1.17) 13.9(-1.68) 0.94 (0.17) BMI 13.9(-1.6) 14.1(-1.38) 0.68 (0.4)
Height (cm) 107.4 109.7 0.6 Height (cm) 109.7 114.3 0.23
Weight (kg) 16.4 17.5 0.5 Weight (kg) 17.5 18.7 0.45

HOMA IR — Homeostasis Assesment Model; QUICKI — Quantitative
insulin check index

higher in SGA term children as compared with SGA preterm,
Cvs. B (108.8 vs. 90.6 mg/dl, p = 0.02), Table IV.

BMI SDS did not significantly differ in all groups, similarly to
mean height and body weight, Tables I, IlI, IV.

Discussion

In the group of 35 AGA term newborns and 35 AGA pre-
term newborns, Ahmad studied: insulin, glucose, HOMA IR,
Quicki in umbilical cord blood, based on an enzymatic method
and ELISA. He showed higher insulin concentrations in AGA
preterm compared with AGA term children [2]. Markopoulou
emphasised that adults (> 18 years old) born as AGA preterm
would represent metabolic syndrome and cardiac disorders
in the future. In the study group AGA-preterm he observed
higher BMI and HOMA IR, and higher levels of glucose, insulin
and total cholesterol than in the control group AGA term [3].
Similarly, Bagnoli observed a higher HOMA IR value in AGA
preterm vs AGA term children [4]. In our study, we did not ob-
serve higher HOMA values in AGA preterm versus AGA term
children. The study groups differed with regard to age from the
compared groups of the above-mentioned authors. Therefore,
it is difficult to draw final conclusions, although both HOMA
IR and Quicki were obviously not significantly higher in AGA
preterm and AGA term in our study.

HOMA IR — Homeostasis Assesment Model; QUICKI — Quantitative
insulin check index

On the other hand, Payal studied insulin resistance in AGA
preterm and SGA preterm, as well as AGA term infants. He
compared fasting insulin and glucose levels, and HOMA IR.
He did not observe insulin resistance in preterm groups (SGA
and AGA), but both groups differed significantly with the term
group (AGA) [5]. Similarly, Yanni did not find significant differ-
ences in HOMA IR, and leptin, adiponectin, visfatin levels in
AGA preterm versus SGA preterm children [6]. In our group,
SGA preterm children had significantly higher insulin levels
and HOMA IR than AGA preterm infants. Insulin resistance in-
dices in the groups AGA preterm and AGA term did not differ,
either.

Kajantie studied 107 adults born preterm as VLBW (very
low birth weight) — SGA and 100 born at term — SGA, the
study subjects age was 25 years. She observed lower Si
(insulin sensitivity) in adults born preterm than in SGA term
adults [7]. According to Balasurya preterm VLBW adults had
higher HOMA IR and cholesterol levels than SGA term [8].
The author assessed 189 adults, 55 with VLBW, 59 with SGA
and 75 control subjects. In our study, SGA term children had
higher HOMA IR values, insulin and cholesterol, LDL levels
than preterm SGA. In this case, the age of the study subjects
of both these authors were different than in our study. Simi-
lar to ours results were achieved by Sipola-Leppanen. His
adults born late preterm with SGA had a tendency to a higher
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amount of adipose tissue than those born ealier with low birth
weight [9].

Studies on the above issues show quite different results.

There is no doubt that huge differences in age of particu-
lar groups are quite a serious problem, making it difficult to
draw final conclusions. Our studies show unequivocally that
the greatest risk of insulin resistance and hypercholesterolae-
mia concerns children born as IUGR term and IUGR preterm
concerning AGA preterm.
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The risk of insulin resistance appears to be more associ-
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