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Abstract

Introduction: Women with gestational diabetes mellitus (GDM) often deliver newborns large for
their gestational age (LGA). The aim of the study was to evaluate the effect of lipid parameters in the
second half of pregnancy on foetal growth in GDM pregnancies.

Material and methods: In two hundred consecutive women with GDM the age, body mass index
before pregnancy, body mass index before delivery, gestational week of GDM diagnosis, lipid
parameters after 24 weeks of pregnancy, fasting glycaemia, HbAlc in the second and third trimester
of pregnancy, gestational age at delivery, mode of delivery, and baby birth weight were analyzed.
Results: Of the 200 GDM pregnancies, 50 (25%) women delivered LGA newborns, 135 (67.5%)
women delivered newborns appropriate for gestational age (AGA), and 15 (7.5%) women delivered
newborns small for gestational age (SGA). Maternal triglyceride levels and HbAlc in the second
trimester were higher, and HDL-C was significantly lower, in the LGA group than in the AGA group
(3.8+ 1.8 vs. 3.1 = 1.1 mmol/L, 6.1 + 1.1 vs. 5.5 + 0.8%, and 1.3 + 0.4 vs. 1.6 + 0.4 mmol/L, p <
0.05). Also, maternal triglyceride levels and HbAlc in the second trimester were significantly higher
in the SGA group than in the AGA group (3.8 £ 1.9 vs. 3.1 = 1.1 mmol/L and 6.8 + 0.8 vs. 5.5
0.8%, p < 0.05). Maternal triglycerides were independent predictors for delivering LGA newborns in
GDM women.

Conclusion: In GDM pregnancies, maternal triglycerides in the second half of pregnancy may
indentify women who will deliver LGA newborns. Thus, with good regulation of lipid profile, we
can avoid macrosomia from GDM pregnancies.

Key words: lipid parameters, triglycerides, gestational diabetes mellitus, large for gestational age newborns.

values for lipids according to gestational weeks

[4].

Introduction
Maternal lipid metabolism is altered du-

ring pregnancy with increased tissue lipolysis
and associated hyperlipidaemia [1, 2]. Hyperli-
pidaemia is common in the second half of preg-
nancy as a physiologically required mechanism
to maintain stable fuel supplementation to the
foetus [3]. In normal pregnancy, as the preg-
nancy progresses, there is evidence of reference

It is known that women with gestational
diabetes mellitus (GDM) often deliver new-
borns large for their gestational age (LGA). This
is due to maternal hyperglycaemia, but there is
evidence that not only glucose but also distur-
bance in the maternal lipid metabolism may
contribute to foetal overgrowth [5].
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Variation of birth weight is strongly de-
termined by neonatal fat mass, and it is likely
that foetal growth disorders might also result
from variations in maternal and foetal lipid me-
tabolism. In nondiabetic pregnancies, maternal
triglycerides have been shown to be correlated
with birth weight [4, 6-8].

The aim of the study was to evaluate the
effect of lipid parameters in the second half of
pregnancy on foetal growth in GDM pregnan-
cies.

Material and methods

Two hundred consecutive women with
GDM who visited the Outpatient Department
of the University Endocrinology, Diabetes and
Metabolic Disorders Clinic were analysed. All
were with singleton pregnancies, and the neona-
tes were delivered at the University Gynaeco-
logy and Obstetrics Clinic. The criteria for
GDM were at least one out of three abnormally
high plasma glucose value measurements du-
ring the 2-hour 75 g. oral glucose tolerance test
(OGTT) (normal values: fasting level < 5.1, 1-h
level < 10.0, 2-h level < 8.5 mmol/L). Venous
blood glucose levels were measured by glucose
oxidase (Glucose Analyzer; Beckman, Brea, CA).

In the second half of pregnancy maternal
fasting serum triglycerides, total cholesterol
(TCh), high-density lipoprotein (HDL-C), and
low-density lipoprotein cholesterol (LDL-C)
levels were determined. Maternal HbAlc in the
second and third trimester of pregnancy were
measured. The BMI of women with GDM was
calculated by dividing the weight by the height
squared (kilograms/metres®). Pre-pregnancy body
mass index (BMI 1) was calculated from self-
reported pre-pregnancy height and weight. Pre-
delivery body mass index (BMI 2) was mea-
sured on delivery admission day in the Univer-
sity Gynecology and Obstetrics Clinic. The
gestational age was estimated from the date of
the last menstrual period (all patients had
regular menstrual cycles). The babies’ birth
weights were classified as LGA, appropriate
for gestational age (AGA), and small for
gestational age (SGA). We defined LGA as a
birth weight above the 90th percentile, SGA as
a birth weight below the 10th percentile for
gestational age and AGA between the two.

Blood samples for HbAlc and lipid as-
sessment were taken after overnight fasting.
The blood samples for lipoproteins were analy-
zed using Cobas Integra 700, according to stan-
dard methods. TCh and triglycerides were deter-
mined by full enzymatic methods (TCh-CHOD-
POD-PAP and triglycerides-GPO; Cobas Integra
700, Hoffmann-La Roche, Basel, Switzerland).
HDL-C was measured by the polyanion preci-
pitation method, while LDL-C was calculated
using the Friedewald formula. LDL-C were frac-
tioned using ultracentrifugation in cases of
triglycerides exceeding 4mmol/l. HbAlc was
measured by an ionexchange HPL-C instrument
(DS5; Drew, USA) with a reference range of
4.2— 6%.

The study was carried out according to
the Declaration of Helsinki.

Statistical analyses were performed using
SPSS software for Windows, version 14.0. For
analysis, t-test, Chi-square test, correlation, and
linear multiple regression were used. p < 0.05
was considered statistically significant.

Results

Of the 200 GDM pregnancies, 50 (25%)
women delivered LGA newborns, 135 (67.5%)
women delivered appropriate for gestational
age (AGA) newborns, and 15 (7.5%) women
delivered small for gestational age (SGA) new-
borns. The characteristics among women who
delivered LGA, AGA, and SGA newborns are
shown in Tablel.

Maternal BMI 1 and BMI 2 were signify-
cantly higher in the LGA group than in the
AGA and SGA groups (28.4 + 6.1 vs. 26.5 £
49,28.4+6.1vs.25.0+4.6,and 33.1 £6.1 vs.
31.1 £4.9,33.1+6.1vs.29.3+44 kg/mz, res-
pectively, p < 0.05). Maternal triglyceride le-
vels and HbAlc in the second trimester were
significantly higher, and HDL-C was signifi-
cantly lower in the LGA and SGA groups than
in the AGA group (Table 1, p < 0.05). The per-
centage of caesarean section in the SGA group
was significantly lower than in the LGA and
AGA groups, but it was not different between
LGA and AGA groups. Gestational weeks of
delivery were lower in the SGA group, and
higher in the LGA group.
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Table 1

Comparison of characteristics between women with GDM who delivered LGA, AGA, and SGA newborns

LGA AGA SGA P P P
n=>50 n=135 n=15 (LGA vs. AGA) | (LGA vs. SGA) [(AGA vs. SGA)
Age (years) 314+56 31.1+56 329+5.1 NS NS NS
BMI_1 (kg/m?) 284+6.1 26,5+49 250446 0.029 0.011 NS
BMI_2 (kg/m?) 33.1+6.1 31,1449 293+44 0.039 0.030 NS
Total lipids 11.0£2.1 10.8 2.0 114424 NS NS NS
(mmol/L)
Triglicerides 38+18 31+1.1 38+19 0.012 NS 0.012
(mmol/L)
TCh (mmol/L) 6.0+1.0 6.5+1.4 63+13 NS NS NS
HDL-C (mmol/L) 13+04 1.6+04 15+05 0.001 NS NS
LDL-C (mmol/L) 38+1.0 35+12 37414 NS NS NS
Glucaemia 55414 52411 54413 NS NS NS
(mmol/L)
HbAlc 2nd (%) 6.1+1.1 55408 6.8+0.8 0.032 0.0003 0.0003
HbAlc 3th (%) 61+12 57+1.0 6.0+08 NS NS NS
B. Birth Weight 4390 + 332 3345 + 424 2358 + 423 <0.0001 <0.0001 <0.0001
(grams)
Gest age at diag. 28.647.7 28.0+7.1 238476 NS 0.040 0.040
(weeks)
Mode of delivery 45 (90%)* 118 (87.5%)* | 7 (47.7%)* NS* 0.0005* 0.0005*
(caesarean section)*
Gest week of 39315 382419 36.4+3.7 0.001 0.0001 0.002
delivery

Given data are means + SD, t-test was used
*given data are percentages, chi-square was used

Maternal triglycerides statistically signi-
ficantly correlated with BMI 1 and HbAlc in
the second trimester (r = 0.25, p=0.07 and r =
0.31, p = 0.04). No significant correlation was
found between maternal triglycerides and baby
birth weight (r = 0.16, p = 0.077), but p value
was close to statistical significance. Baby birth
weight correlated statistically significantly with
HbAlc in the second trimester (r = 0.30, p =
0.04).

Table 2

Univariant analysis showed a statistical
significance between baby birth weight and
BMI 1, BMI 2, HbAlc in the second trimester,
HDL-C and triglycerides.

To determine independent predictors of
LGA we used linear multiple regression
analysis with LGA as a dependent variable.
Analysis (Table 2) showed that triglycerides
were independent predictors for delivering
LGA newborns in GDM women.

Predictors of LGA newborns in GDM pregnancies

Standardized ¢ P value
coefficients Beta
(Constant) 0.339 0.737
BMI 1 -0.089 -0.229 0.820
BMI 2 0.039 0.101 0.920
Triglicerides 0.326 2.077 0.045
TCh -0.230 -1.419 0.164
HbAlc II trimester 0.165 1.026 0.312

Dependent variable: LGA

Discussion
The results of the study showed that tri-
glycerides in the second half of pregnancy and

HbAlc in the second trimester were significant
risk factors for delivering LGA newborns in
GDM pregnancies.
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It is known that maternal obesity is a
major risk factor for LGA newborns especially
in GDM pregnancies [9-11]. Our results con-
firm this. Women who delivered LGA new-
borns had a higher BMI 1 and BMI 2. But later
triglyceride levels were shown as predictors for
LGA, independently of BMI.

Our findings are in accordance with those
of Kitijama et al. and Knopp et al. [4, 6], who
showed that high maternal triglyceride levels
predicted macrosomia independently of mater-
nal BMI. Schaefer-Graf et al. [12] demonstra-
ted that maternal lipids were strong determi-
nants of foetal growth in pregnant women with
GDM. In arterial cord blood serum they found
higher free fatty acids levels in women with
GDM. Our study confirms that triglycerides
were significantly higher and an independent
predictor for LGA in GDM pregnancies. They
can predict LGA newborns independently of
maternal BMI 1, BMI 2, and HbAlc in the se-
cond trimester of pregnancy. These results sug-
gest including lifestyle programmes for women
of reproductive age with a focus on lowering
triglyceride levels: diet, weight reduction, and
physical activity. Routine measurement of ma-
ternal serum triglyceride levels at the beginning
of the second half of pregnancy may show wo-
men who have acquired an adequate and balan-
ced diet.

A statistically significant positive corre-
lation between triglycerides and baby birth
weight was not found, but p value (p = 0.07)
was very close to significance. Maybe in a
larger population this correlation will be sta-
tistically significant.

The mechanism by which pregnancy
alters lipid metabolism is not fully understood.
Oestrogens can increase levels of triglycerides
by stimulating hepatic production of very low
density lipoproteins and by inhibition of he-
patic and adipose tissue lipoprotein lipase. Pro-
gesterone has the opposite action on lipoprotein
metabolism. It has therefore been suggested
that the oestrogen-progesterone ratio is higher
in the second half of pregnancy and that ex-
plains the higher triglyceride levels as preg-
nancy progresses. Triglyceride clearance is re-
duced due to decreased lipoprotein lipase acti-
vity [3]. These changes coincide with reduced
insulin sensitivity, which may also contribute

to the increase in triglycerides. Because mater-
nal triglyceride does not cross the placenta,
enhanced insulin resistance in GDM pregnan-
cies may explain the relationship between ma-
ternal triglyceride levels and foetal growth [13].
The statistically significant correlation between
triglycerides and BMI 1, and between trigly-
cerides and HbA ¢ in the second trimester, can
be explained by decreased insulin sensitivity,
which is already known and has been shown in
previous studies in women with GDM.

Surprisingly, only HbAlc in the second
trimester, not in the third trimester, was
statistically significantly higher in the LGA and
SGA groups than in the AGA group. HbAlc in
the third trimester was also higher in the LGA
and SGA groups than in the AGA group, but
without statistical significance. Maybe good
glycaemic control in the third trimester of preg-
nancy is responsible for lowering the HbAlc in
the LGA and SGA groups.

Triglyceride levels in the SGA group
were statistically significantly higher than in
the AGA group. This cannot be explained by
BMI, because these groups were not signifi-
cantly different in BMI 1 or BMI 2. Schaefer-
Graf UM et al. [12] also found significantly
higher triglycerides in SGA newborns compa-
red with AGA or LGA newborns. They explain
these results by endothelial dysfunction in the
placenta. Endothelial dysfunction in the pla-
centa is reported to be associated with maternal
complications and newborns’ growth retarda-
tion. Increasing evidence suggests that elevated
plasma lipids, including triglycerides or their
related remnants, may induce endothelial dys-
function [14]. Increased peroxidation of these
elevated plasma lipids causes enhanced oxida-
tive stress by progressively producing free radi-
cals and lipid peroxides. Lipid peroxides are
toxic compounds that have the potential to da-
mage endothelial cells [15].

Catov et al. [16] showed that high cho-
lesterol or triglycerides before the 15 gestatio-
nal weeks were associated with a 2.0-fold in-
creased risk for preterm birth. They propose
maternal hyperlipidaemia could increase the
oxidative stress in the foetus resulting not only
in vessel wall damage, but also in disruption of
normal placentation. Infection and inflamma-
tion induce the acute-phase response, leading
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to multiple alterations in lipid and lipoprotein
metabolism, especially hypertriglyceridaemia
[17]. So, inflammation, subclinical infection,
and some metabolic factors such as hypertri-
glyceridaemia and obesity in pregnancy are
associated with preterm birth risk. This could
be the explanation for higher triglycerides,
HDL-C, and early delivery in women with
GDM which deliver SGA newborns. Maybe
the effect on the placenta is different in dif-
ferent periods of pregnancy. In early pregnancy
triglycerides affect vascular development and
in late pregnancy they have a direct harmful ef-
fect on the endothelium of placental vascula-
ture. But we did not analyse lipid parameters in
different periods of pregnancy to confirm this.

Excessive mother to foetus glucose
transfer increases not only the risk of large, but
also the risk of small for gestational age new-
borns [18]. In our study women who delivered
SGA newborns had a statistically significant
higher HbAlc in the second trimester in
comparison with AGA. Thus GDM increases
the risk of LGA and also the risk of SGA
newborns.

Time of delivery was significantly differ-
rent in the three study groups, but all were in
term. Surprisingly, LGA were delivered in
normal term, but statistically significantly later
than AGA.

We were not able to explain the higher
percentage of section cesarean in the AGA
group. Maybe the fact of existing GDM was
responsible for the high percentage.

Additional studies which compare the
lipid parameters in different pregnancy periods
and their contribution to foetal growth are
needed to give true answers.

Conclusion

In GDM pregnancies, maternal triglyceri-
des in the second half of pregnancy may in-
dentify women who will deliver LGA newborns.
Thus, with a good regulation of lipid profile we
can avoid macrosomia in GDM pregnancies.
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Pesume

BJIMJAHUE HA JIMIIUIHUTE
ITAPAMETPH BP3 ®ETAJTHUOT PACT KAJ
BPEMEHMU CO I'ECTAIMCKHA TUJABETEC

Cnarana Cumeonosa-Kpcerescka', Bpanknna
Kpcrescka’, Banentnna Benkocka-Hakopa®,
Mapuja Xapu Jlera', Mrop Camapumncku’,
Baagumup Cepapumocknu®, Becna JIuspunosa’,
Hpena TogopoBcka', Anera Cuma'

1 .
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Bogeo: XKenute co rectamucku aujaderec
Menutyc (I'ZIM) "ecto paraat HOBOPOJICHU TOJIEMH

3a recraickara Bospact (JICA). Llen Ha cryaujara
Oelle 1a TO eBayupaMe BJIMjaHUETO HA JIMIHUIHUTE
napamMeTpy BO BTOpaTra IOJIOBHHA Ha OpeMeHOCTa
Bp3 eTATHUOT pacT Kaj skeHu co ['/IM.

Maitepujan u meitioou: Kaj 200 >xeHu co
mujarnoctuiiupan ['JIM mocnemoBarenHo Oea aHa-
TU3UpaHH CJICTHUBE MapaMeTpH: BO3PAcT, MHICKC
Ha TemecHa Mmaca (MTM) mpen 3abpeMeHyBame,
NUTM npen nopoayBame, recTallicka Hezella Ha
nvjarno3a Ha [JIM, nununHu mapamerpu o 24.
Hezena o1 OpeMeHoCTa, TIMKEMHja Ha TIaIHO, TIIH-
konuzupan xemornooun (HbAlc) Bo BTopoTo U BO
TPETOTO TpHMeEcedje OJ] OpeMEeHOCTa, TecTalrcKa
He/lena Ha MOpOoJlyBame, HAUYMH Ha TOPOAYBamkE H
POIMIIHA TeKUHA HA HOBOPOAEHOTO.

Pesynitaitu: On 200 6pemenoctu co I'/IM, 50
(25%) >xenn pomuja HoBOpoaeHo JIT'A, 135 (67,5%)
poaMja HOBOPOJCHO COOJBETHO 3a recTalucKaTta
Bo3pact (AI'A) u 15 (7,5%) poauja HOBOpOAEHO
Mayo 3a recranuckara Bo3pacT (CI'A). MajunanTe
tpurmunepuan 1 HbAlc Bo BTOpoTOo TpmMmecedje
on OpemeHocra Oea moBucoku u HDL-C Oeme
3HA4YajHO MOHW30K BO Tpymara >KEHH MITO POAMIIC
HoBopoaeHo JII'A Bo cmopemba CO JKEHHUTE IITO
ponwune HoBoponeHo AI'A (3,8 = 1,8 vs. 3,1 + 1,1
mmol/L, 6,1 + 1,1 vs. 55+ 0,8 % u 1,3 £ 0,4 vs.
1,6 £ 0,4 mmol/L, p <0,05). UcTo Taka, MmajunHnTE
tpuraunepuaun 1 HbAlc Bo BTOpoTO TpuMecedje
o1 OpeMeHocTa Oea 3HauajHO IMOBUCOKH Kaj )KEHUTE
mro pomwie HoBoponeno CI'A Bo cmopemba co
KeHHUTe mTo ponuie HoBopoaeHo AI'A (3,8 £ 1,9
vs. 3,1 £ 1,1 mmol/L u 6,8 + 0,8 vs. 5,5+ 0,8%, p <
0,05). MajunauTe TpUTIUIEpUAN Oea HE3aBUCHU
MPEIMKTOPH 3a parame HOBopojeHO JI['A kaj xeHu
co I'’ZIM.

3axnyuok: Kaj opemenoct co ['JIM, majun-
HUTE TPUIIIMLEPUAN BO BTOpaTa MOJOBUHA Ha Ope-
MEHOCTa MOXe€ J]a ' HACHTH(HKYBaaT )KEHUTE IITO
ke poxat HoBopoaeHo JII'A. 3aroa, co moOpa pery-
JlaIyja Ha JIMIUIHUOT MPO(UI MOXKeE J1a ce n30erHe
Makpocomuja on1 6pemenoctute co I'JIM.

Kiay4ynu 300poBH: JTUIUAHU HapaMeTpH, TPUIIIHLEPU-
1M, TeCTalCKU aujabeTec, HOBOPOJEHH TOJIeMH 3a rec-
TalMCKaTa BO3pacT.



