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Summary

Introduction: A fetus with fetal growth restriction (FGR), characterized by not reaching its intrauterine growth potential
as a result of multiple risk factors, is prone to high morbidity and mortality compared to healthy infants.

The aim of the present study was to evaluate the influence of risk factors hypothesized to negatively affect FGR.

Materials and Methods: The design of this study was a retrospective study, occurring between 1 January 2016 and 31
December 2021. The Inclusion criteria: the presence of ultrasound screening of the first trimester of pregnancy at 10-14
weeks, single pregnancy, pregnancy between 22 and 42 weeks gestation. The exclusion criteria included multiple
pregnancies, pregnancies complicated by neonatal chromosomal or structural anomalies of the fetus.

Statistical analysis. All variables were examined to determine whether they were normally distributed. Descriptive
statistics included median (Q1 - Q3) for the continuous non-normally distributed variables. Results were compared between
newborns with FGR and without FGR. The Mann-Whitney test was used between two groups to compare the means of non-
normally variables. The x2 test was performed for comparing differences in categorical variables between groups. All
confidence intervals (Cl) were 95%. Statistical significance was defined as p<0.05 for a single test.

Results: In this study, 3211 girls and 3336 boys were born, out of which 85 girls and 75 boys had FGR. 6355 newborns
were born alive and 192 newborns were stillborn, of which 136 newborns with FGR were born alive and 24 newborns with
FGR were stillborn (p = 0.001). Pregnancies with pre-eclampsia had significantly higher odds of developing FGR than
pregnancies without pre-eclampsia (p < 0.001). Placental abruption of normally located placenta; Disorder of maternal-
placental blood flow according to Doppler results; fetal distress and oligohydramnios were more common in newborns with
FGR than newborns without FGR (p < 0.001). Umbilical cord anomaly in this pregnancy, newborns with FGR occurred more
frequently compared to newborns without umbilical cord anomaly (p = 0.029). Low-lying placenta and complete placenta
previa according to the ultrasound scan were more common in newborns with FGR compared to newborns without FGR (p =
0.006) and (p = 0.001), respectively.

Conclusions: In our study, FGR was more common in pregnant women with AH, cardiac rhythm disturbance, pulmonary
and bronchial diseases and syphilis than in pregnant women without these diseases. FGR was associated with pre-
eclampsia, presence of uterine scar, HELLP, placental abruption of a normally located placenta, disorder of maternal-
placental blood flow according to Doppler results, oligohydramnios, fetal distress, umbilical cord anomalies, Low-lying
placenta and complete placenta previa according to the ultrasound scan.

Keywords: Fetal growth restriction, maternal and perinatal risk factors, perinatal outcomes, low fetal weight.
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Beepenue: lnop ¢ 3agepxkon pocta nnoga (3BYP), xapaktepusyeTcss Tem, YTO He LOCTUr MOTEeHUWana CBOEro
BHYTPUYTPOGHOrO pocTa B pesynbTaTe BAWSHWS MHOXECTBa (DaKTOpOB puCKa, MOABEPKEH BbICOKOW 3abonesaemocTi u
CMEPTHOCTM N0 CPABHEHMIO CO 340POBbLIMW MNaAEHLaMM.

Llenb: Llenbto HacToswero uccrnegoBaHus Obino OLEHUTb BIMsiHWE (HaKTOPOB piuCKa, KOTOPbIE, COMMACcHO rMMnoTese,
MOTyT HeraTMBHO BNMsATL Ha 3BYP.

Matepuansl n metoabl: PeTpocnekTuBHoe uccnenoBaHue, npoeefeHHoe B nepuog ¢ 1 sHBaps 2016 roga no 31
Aekabps 2021 roga. Kpumepuu 8KHOYEHUS: Hanuume ynbTpasByKOBOTO CKPUHMHIA MEPBOro TpumecTpa BepemMeHHOCTH Ha
cpoke 10-14 Hepenb, opHonnogHas GepemMeHHOCTb, BepeMeHHOCTb B Cpoke OT 22 o 42 Hepenb rectaumn. Kputepuw
WCKMKOYEHNS: MHOTONNOAHas 6epeMeHHOCTb, 6epeMeHHOCTb, OCMOXHEHHAs XPOMOCOMHbIMU UMM CTPYKTYPHBLIMM
aHomanuamu nnoga. Cmamucmuveckuli aHanu3. Bce nepemeHHble Bbinv MCCeAOBaHbl HA MPEAMET MX HOPMAIbHOMo
pacnpegenenns. OnucaTenbHas cratucTvka Bkniovana megwady (Q1 - Q3) Ana  HenpepbiBHBIX  HEHOpPMAnbHO
pacnpegeneHHbx NepemMerHbIX. PesynbTatbl CpaBHUBaNM Mexay HoBOpoxaeHHbIMu ¢ 3BYP u 6es 3BYP. [ina cpasHeHus
CpeaHMX HEHOpManbHO pacnpefeneHHbIX NepeMeHHbIX Mexay AByMS rpynnamu ucnonb3osancs Tect ManHa-Yuthu. [ngs
CPaBHEHMS Pa3NUuYMIA KaTeropuanbHbIX MEPEMEHHbIX MEeXy rpynnamu ucnonb3oBancs TecT x2. Bce poBeputenbHble
nHtepansl (W) coctaensnm 95%. CraTucTuyeckast 3HauMMocTb onpegensnacs kak p<0,05 ans ogHoro TecTa.

PesynbTatbl: B atom uccnegoBaHun pogunock 3211 gesovek u 3336 ManbymkoB, M3 koTopbix 85 pgesoudek u 75
ManbumkoB umer 3BYP. 6355 HOBOpOXAEHHbIX POAMNMCL XuBbiMM U 192 - MepTBOPOXAEHHbIMM, M3 HUX 136
HoBOpOXaeHHbIX ¢ 3BYP pogumuchk xwmBbiMu 1 24 HoBOpOxAaeHHbIx co 3BYP - mepTBopoxageHHbiMu (p = 0,001). Y
BepemeHHbIX C MpeaknaMncuein BeposTHOCTb passutus 3BYP 6bina 3HaunTenbHO Boblwe, Yem y GepemeHHbix bes
npeaknamncumn (p <0,001). MpexaeBpemeHHas OTCNOAKA HOPMANbHO PACMONOXEHHON MMALEHTLI, HapyLieHe MaToqHO-
NNaLeHTapHOro KPOBOTOKA MO [aHHbIM Aonnieporpaduv; AMCTPECC Mnoja M ManoBogue Yalle BCTpevanmcb Y
HoBOpOXaeHHbIX ¢ 3BYP, uem y HoBopoxaeHHbIx 6e3 3BYP (p <0,001). MaTonorus nynosuHbI Npy AaHHOM 6epeMeHHOCTH Y
HOBOpOXAeHHbIX co 3BYP BcTpeyanach Yalye no CpaBHEHMO C HOBOPOXAEHHbIMW Be3 aHomanum (p = 0,029). AHomanuu
NPUKPENNeHus nnaueHTbl, No gaHHbiM Y3W, vawe BCTpeyanucb Yy HOBOPOXAEHHbIX cO 3BYP no cpaBHeHM ¢
HoBopoxaeHHbIMu 6e3 3BYP (p = 0,006) u (p = 0,001), COOTBETCTBEHHO.

BbiBoabI: B Hawem nccneposaHun 3BYP yalle BcTpevanack y GepemMeHHbIX ¢ AT, HapyLIEHNSIMW CEPAEYHOMO pUTMa,
3aboneBaHusiMM nerkux M OpoHxoB, cudunmucom, yem y OepemeHHbIx Oe3 aTux 3abonmesaHui. Takke onpeaeneHa
accoumaums ¢ npeaknamncuen, Hanwumem pybua Ha matke, HELLP, npexgeBpeMeHHO OTCMOMKOW HOPMarbHO
PacroNOXeHHON NNaLeHTbI, HAPYLIEHMEM MaTOYHO-NNALEHTapHOTO KPOBOTOKA MO AaHHbIM Aonnneporpadun, MarnoBOAUEM,
LVUCTPECCOM NMNoAa, aHoOManusiMM NynoBMHbI, HW3KO PACMONOXEHHO! MALEHTON W MOMHLIM NpELIeXaHNeM NNaLeHTbl Mo
JaHHbIM Y3M.

Knrovesble crnoea: HapyweHus pocma nio0a, MamepuHcKue U nepuHamarbHble (hakmopbl pucka, nepuHamarsnbHble
ucxodkbl, HU3Kas mMacca nmnoda.
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Kipicne: ¥pblk gamybiHbiH, Texenyi (¥OT) kentereH kayin caktopnap OCepiHiH, HOTUXECIHAE ©3iHIH Kypcakillinik
noTeHUManblHa XeTneyiMeH, cay HOpecTenepMeH CanbICTbipFaHaa aypyllaHablKk neH enimre aca GedimainiriMeH
cunattanagsl.

MakcartbI: bi3giH, 3epTTeyaiH, MakcaTbl — runoTesara comkec YT HeraTuBTi acep eTeTiH Kayin dhaktopnapablH acepiH
Garanay.

Matepuangap meH Tacingep: Ocbl 3epTTeyadiH amsanHbl — 2016 xbigbiH 1 kaHTapbiHaH 2021 xbingbiH 31
XENTOKCaHbIHA JeliH ©TKeH PETPOCMEKTUBTI 3epTTey. 3epTTeyre KOCy KpUTEPUANepI: XYKTINIKTIH anFawkbl yw anbiHga 10-
14 anta mep3simgeri Y3 CKkpuHUHT Gonybl, XKYKTiNiKTiH, ackbiHbaFaH afbiMbl, Bip YPbIKTBI XYKTiNiK. 3epTTeyre Kocnay
KpUTEpUIANEpi: KON YPbIKTbI XYKTINK, YPbIKTbIH, ambacneH opHanacybl, YpbIKTbIH AyPbIC EMEC XaFdailga opHanacybl
(kenpeHeH, KuFaw), ypbiKTbiH, canmarbl 2500 rpamm geiiiH Hemece 4000 rpamMmMHaH XoFapbl, yakblTbiHaH epTe BocaHy,
TMNEepTEH3VNANbIK XaFaainap, YPbIKTbiH, aHTeHaTanabl enyi, YPbIKTbIH, XaTbIpilinik akaynapsl, karaHak CyblHbIH, KONTIri,
KaFaHak CyblHbIH a34blfbl, KCTpareHuTanbl natonorus.

CmamucmukarnblK aHanu3. bapnblk aitHanMmanap onapablH, KanbinTbl TapanybliHa Tekcepingi. CypeTTenTiH cratuctuka
Y3EiKCi3 KanbinTbl EMeC TapanfaH anHanManap ywiH meguaratsl (Q1 - Q3) koctbl. Hatwxenepai ¥OT 6ap xaHe ¥OT xoK
HOpecTenep apacbiHaa canbICTbipblnabl. KanbinTbl eMec TapanfaH anHanmanapga opralla MaHAEpiH CanbICTbIpy YLLUH exi
TONTbIH apacbiHaa MaHHa-YWTHU TecTi KongaHbinabl. TonTap apacbliHAa KaTeropusnblk anHanmanap aiblpmMallbinbIKTapbiH
canbICTbIpy YLiH X2 KonaaHbingbl. bapnbik ceHimainik uHtepangapsl (CU) 95% Kypagabl. bip TeCT yLWiH cTaTMCTMKanbIK
MaHpI3abInbIk p<0,05 peTiHae anbiHabI.

Hotuxenep: Ocbl 3epTTeyre 3211 kb3 6eH 3336 yn Tyabl, OHbIH iwiHae 85 Kbi3 BeH 75 ynaapaa ¥OT GonfFaH. 6355
HopecTe Tipi TyFaH xoHe 192 — eni TyFaH, oHbIH iwiHae ¥AT 6ap 136 Hopecte Tipi TyraH, an ¥AT 6ap 24 napecte — eni
TyFaH (p = 0,001). MNMpeaknamncuscsl 6ap xykTi oiengepae ¥AT aamy MyMKiHAir Npeaknamncuschl KoK XyKTi anengepmeH
canbICTbipfaHga aHarypnbiM - kofapbl  6onabl  (p<0,001). KanbinTbl OpHanackaH MnaHUeHTaHblH,  XbIPTbIybI;
ponnneporpacus ManimeTTepi BOMbIHIWLA aHa-nnaHUeHTanblK KaHalHambIMHbIH, 6y3binybl; YPbIKTbIH, OUCTPECCi XoHe
onurorngpamunos ¥OT Gap Hopectenepae ¥[OT ok HopecTenepmeH canbiCTbipFaHaa xui kesgecti (p <0,001). Ocbi
XYKTINiK kesiHaeri KiHaikTiH, aHomanusicel 6ap HopecTenepae YAT KiHAIKTIH aHOManuChl X0K HopecTeNnepre KapaFaHaa Xui
ke3gecTi (p = 0,029). Y13 6oiibiHIwa TOMEH OpHanackaH nnaweHTa XaHe nnaweHTaHbIH ToMblK TeMeH opHanacybl YT bap
HopecTenepae YT oK HOpecTENepMeH carnbICTbipFaHaa xwi keagecTi, caikeciHwe (p = 0,006) xaHe (p = 0,001).

KopbITbIHAbI: bi3giH 3epTTeyae ¥OAT AT, Xypek bipFaFbiHblH, Oy3binybl, ©kne MeH OpoHX aypynapbl, Mepe3 6ap XykTi
oilenfepae ocbl aypynapbl XOK SilengepMeH canbiCTbipFaHfa i kesgecti. ¥OT npesknamncusiMeH, xaTblpaarbl
ThIPTbIKTBIH, - 6onybiMeH, HELLP-neH, KanbinTbl OpHanmackaH MnaHUEHTaHblH, KbIPTbINYbIMEH, aHa-MnaHLEeHTanbIK
KaHanHanbIMHbIH By3blnybIMeH, OnurornapamH1o3teH, YpbIKTbIH AUCTPECCIMEH, KiHOik aHoMmanusackiMeH, Y3 6oibiHwa
TOMEH OpHanackaH nnaleHTaMeH XaHe NnnaleHTaHbIH TONbIK TOMEH OpHanacybiMeH bannaHbicTsl 6ongpl.

Tylindi ce3dep: ypbiKk OaMybiHbiH O6Y3biybl, XeKeneHeeH epaghukmep, aHanblK neH nepuHamandb! Kayin
thakmopanaps!, nepuHamandbl HOMUXesnep, YpbIKMbIH MOMEH CanMarbl.
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Introduction fetuses that have a weight greater than the 10th percentile,

A fetus with fetal growth restriction (FGR), but it has also not realized its growth potential and
characterized by not reaching its intrauterine growth conversely leads to over diagnosis of FGR in
potential as a result of multiple risk factors, is prone to high constitutionally  small, healthy fetuses. Conversely,
morbidity and mortality compared to healthy infants [1]. misdiagnosis of FGR for some constitutionally small
Defining FGR as a fetal weight that is less than the 10th fetuses may result [1]. The overall incidence of FGR
percentile for gestational age does not provide a way to ranges from 3% to 9% of pregnancies in the developed
account for the individual growth potential of each fetus [7]. world and up to 25% of pregnancies in low- and middle-
Because it may not be detected in a timely manner in income countries [12]. The causes of FGR can be divided
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into maternal (gestational diabetes mellitus (DM), renal
failure, autoimmune disease, erythematous disease,
cyanotic heart defects, pregnancy-related arterial
hypertension (AH) (hypertension, gestational hypertension
(GH) or pre-eclampsia), antiphospholipid syndrome,
substance use and abuse, multiple pregnancies, exposure
to teratogens, infectious diseases), fetal (genetic and
structural disorders of the fetus) and placental factors
(placental disorders and umbilical cord anomalies) [1].

The development of FGR in a healthy fetus is the result
of the pathophysiological mechanism of placental
insufficiency, where the fetus is unable to fulfill its internal
growth potential due to impaired placental function [25, 34].
Placental insufficiency occurs most commonly due to poor
remodelling of the uterine spiral arteries in early
pregnancy, leading to hypoperfusion of maternal vessels,
but there are many other types of causative placental
damage as well [10]. High flow resistance in the
fetoplacental circulation, reduced villous surface area
(hypoplasia), secondary shear stress injury and placental
infarcts reduce oxygen and nutrient delivery in maternal
vascular malperfusion [34]. This all leads to impaired fetal
development throughout pregnancy. During birth, the
combination of uterine contractions and placental
dysfunction leads to hypoxic shock and birth asphyxia of
the fetus [12].

FGR is a major contributor to morbidity and mortality of
perinatal age and increases the risk of long-term
neurological and neurodevelopmental complications in the
future [9, 17, 45]. Also, newborns with FGR have an
increased risk of developing cardiovascular disease in
adulthood [5, 28]. Fetal growth retardation is assessed by
ultrasonography, which can deviate from birth weight by
20% in 95% of cases and in the remaining 5% of cases the
deviation is even more than 20% [11, 15, 42]. When fetal
ultrasound weight is below the 10th percentile of
gestational age, evaluation of amniotic fluid and Doppler
examination of umbilical artery blood flow are
recommended [41]. Since the incidence of structural and
genetic anomalies is high in fetuses with FGR, ultrasound
examination of the fetal anatomy should be performed if it
has not already been done [2]. Therefore, the aim of this
study is to evaluate the influence of risk factors
hypothesized to negatively affect FGR R.

Materials and methods

Study population

The retrospective data collection includes 6547
materials of the study were individual cards f No. 077/y,
No. 111/y, birth histories f No. 096/y, 001/y, which were
selected from women's consultations and maternity
hospitals in Semey city and nearby settlements Zyryanovsk
city, Astana city, Aksu city, Almaty city, Atyrau city,
Republic of Kazakhstan occurring between 1 January 2016
and 31 December 2021. The consultations and maternity
hospitals serve a population of similar ethnic and social
background and have similar clinical management
standards for pregnant women.

The Inclusion criteria: the presence of ultrasound
screening of the first trimester of pregnancy at 10-14
weeks, single pregnancy, pregnancy between 22 and 42
weeks gestation. The exclusion criteria included multiple
pregnancies, pregnancies complicated by neonatal
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chromosomal or structural anomalies of the fetus. The
gestation period was calculated from the first day of the
last menstrual period and was corrected the index of the
coccygeal-parietal size at the first screening ultrasound
according to the Clinical Protocol of the Ministry of Health
of the Republic of Kazakhstan "Management of
physiological pregnancy" dated September 19, 2013. The
present study complied with the principles outlined in the
Helsinki Declaration of the World Medical Organization.
This study was approved by the Ethics Committee of the
Semey Medical University approved the research protocol
(Protocol # 2 of from 10/25/2018).

Data collection

Clinical data were obtained from individual cards f No.
0771y, No. 111/y, birth histories f No. 096/y, 001/y. Relevant
demographic and clinical characteristics were included
maternal age, height, weight, pre-pregnancy body mass
index (BMI), parity, obstetrical history, life history, known
diseases (anemia, hypertension, other cardiovascular
diseases, pulmonary and bronchial diseases, diabetes
mellitus, thyroid diseases, viral hepatitis, epilepsy, syphilis,
myoma of the uterus, uterine anomalies), smoking status,
neonatal characteristics. Body mass index (BMI) was
calculated by the formula: weight (kg)/ height (m2). The
group of pulmonary and bronchial diseases included
pregnancies with chronic obstructive pulmonary disease,
bronchial asthma, bronchitis, pneumonia. In this study,
preterm birth was defined as birth at more than 22 full
gestation weeks to 37 full gestation weeks. Newborns with
FGR include both live born and still born newborns whose
birth weight was below 2500 grams and who were >22
completed gestation weeks. In our study, 10 pregnant
women had early or latent form of syphilis. Fetal distress was
defined as a compromised condition of the fetus, discovered
during birth or intrapartum period, characterized by a
markedly abnormal heart rate or rhythm.

Statistical analysis

All statistical analyses were performed using the Stat
Tech v. 3.0.9 program (developed by Stattech LLC,
Russia). Cases without complete maternal and neonatal
parameters were excluded. All variables were examined to
determine whether they were normally distributed.
Descriptive statistics included median (Q1 - Q3) for the
continuous non-normally distributed variables. Results
were compared between newborns with FGR and without
FGR. The Mann-Whitney test was used between two
groups to compare the means of non-normally variables.
The 2 test was performed for comparing differences in
categorical variables between groups. All confidence
intervals (Cl) were 95%. Statistical significance was
defined as p<0.05 for a single test.

Results

Comparisons of the subjects, general information

The study population included 6547 pregnancies aged
at onset from 18 to 47 years, which fulfilled the inclusion
criteria and qualified for data analysis (age: Me (Q1,-Qs) =
28 years (24-32)). Table 1 shows neonatal characteristics
of the study participants comparing fetal growth groups. In
terms of birth, weight significantly statistical differences
between fetal growth groups. In our study, 3211 girls and
3336 boys were born, out of which 85 girls and 75 boys
had FGR (Tab. 1). FGR occurred irrespective of fetal sex
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(p=0.296). According to our result, 6355 newborns were
born alive and 192 newborns were stillborn, of which 136
newborns with FGR were born alive and 24 newborns with
FGR were stillborn (p=0.001) (Tab. 1). The odds of being
stillborn increased OR = 6.53 (95% CI: 4.12 - 10.35) in the
presence of FGR (p=0.001). 604 newborns were
premature born, of which 73 newborns with FGR were

premature born (p=0.001) (Tab. 1). The odds of premature
born increased OR = 9.25 (95% CI: 6.7 - 12.79) in the
presence of FGR (p=0.001). The mean fetal weight of
newborns without FGR was Me = 3420 grams (Q1,-Q3 =
3080 grams - 3750 grams) and the mean weight of
newborns with FGR was Me = 2200 grams (Q1,-Q3 = 1413
grams - 2420 grams) (p=0.001) (Tab. 1).

Table 1.
Neonatal characteristics between fetal growth groups (n=6547).
Normal fetal growth; Fetal Growth Restriction;
n=6387 n=160 p-value*
n (%) n (%)
e Males (n=3336) 3261 (49.81) 75(1.14)
Gender; n (%) Females (n=3211) 3126 (47.75) 85 (1.3) 0.296
e Live (n=6355) 6219 (94.99) 136 (2.08)
Birth; n (%) Still (n=192) 168 (257) 24 (0.36) 0.001
p o No 5856 (89.45) 87 (1.33)
remature birth; n (%) Ves 531 (8.11) 73 (1.41) 0.001
Weight; (grams) Me (Q1 - Q3) 3420 (3080 - 3750) 2200 (1413 — 2420) 0.001**

Note: Median (Q1-Q3) for weight. Those p-values less than 0.05 were considered statistically significant.

* - X2 test. ** - Mann - Whitney test.

Statistically significant differences were found when
studying the presence of FGR depending on maternal parity
(p<0.001) (Tab. 2). The odds of developing FGR after 1st
delivery and 2nd delivery were lower compared to pregnancies
who had their first bith (OR = 049 (95% CI: 0.33-0.73)
(p=0.002) and OR =043 (95% CI. 2.67-0.7) (p=0.002),
respectively). The pregnancies who have had three or more
deliveries lower OR =0.92 (95% Cl: 0.58-1.47) (p=0.039). The

social status of the mother in marriage did not influence the
FGR (p=0.184) (Tab. 2). In our study, only 87 pregnancies said
they smoked, of which only 3 pregnancies gave birth to a
newborn with FGR (Tab. 2). Out of 6460 non-smoking
pregnancies, only 157 pregnancies gave birth to newborns with
FGR. Maternal smoking had no effect on the newborn's FGR
(p=0.541). 26 pregnancies used in vitro fertilisation and they did
not have newborns with FGR (p=0.419) (Tab. 2).

Table 2.
Maternal socio-demographic characteristics between fetal growth groups (n=6547).
Normal fetal growth; Fetal Growth p-value*
n=6387 Restriction; n=160
Me (Q1-Q3) Me (Q1-Q3)

Age; (years) 28 (20 - 36) 27 (18 - 36) 0.28
BMI; (kg/m2) 23 (20 - 26) 22 (20 - 26) 0.340
Marriage; n (%) Registered 5805 (88.67) 139 (2.12) 0.184

Not registered 467 (7.13) 16 (0.24)

Single 115 (1.76) 5(0.08)
Parity; n (%) 0 birth 2076 (31.71) 75 (1.14) 0.001*

1 birth 2180 (33.3) 39 (0.59)

2 births 1409 (21.52) 22 (0.34)

3 or more 722 (11.03) 24(0.37)
Smoking; n (%) No 6303 (96.27) 157 (2.41) 0.541*

Yes 84 (1.28) 3 (0.04)
Extracorporeal No 6361 (97.16) 160 (2.44) 0.419*
insemination; n (%) Yes 26 (0.4) 0 (0)

Note: Median (Q1-Q3) for age, BMI. Those p-values less than 0.05 were considered statistically significant.

* - Mann - Whitney test. ** - x2 test.

As shown in Table 3, if the pregnancy was complicated
by pre-eclampsia, the newborn had a higher incidence of
FGR compared to pregnancies without pre-eclampsia
(p=0.001). Pregnancies with pre-eclampsia had significantly
higher odds of developing FGR than pregnancies without
pre-eclampsia, adjusted OR = 6.33 (95% CI: 4.41 - 9.07)
(p=0.001) (Tab. 3). Depending on the severity of pre-

eclampsia, moderate degree of pre-eclampsia and severe
degree of pre-eclampsia compared to pregnancies without
pre-eclampsia had a higher incidence of FGR by OR = 2.49
(1.08 - 5.77) (p=0.027) and OR = 8.29 (5.64 - 12.18)
(p=0.001), respectively (Tab. 3). In our study 4 pregnancies
had a complication of HELLP, in both cases newborns were
born with FGR (p=0.003) (Tab. 3).
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Table 3.
The frequency of complication of this pregnancy in the groups fetal growth groups (n=6547).
Normal fetal Fetal Growth
growth Restriction OR (95% ClI) p-value*
n=6387 n=160

Pre-eclampsia; n (%) No 6015 (91.87) 115 (1.76) 1.0 0.001

Yes 372 (5.68) 45 (0.69) 6.33 (4.41-9.07) '
Pre-eclampsia; n (%) No 6015 (91.87) 115 (1.76) 1.0

Moderate [126 (1.92) 6 (0.09) 2.49 (1.08-5.77) 0.027

Severe 246 (3.76) 39 (0.6) 8.29 (5.64 —12.18)  [0.001
HELLP; n (%) No 6385 (97.53) 158 (2.41) 1.0 0.003

Yes 2(0.03) 2(0.03) 40.41 (5.65-288.72)
Placental abruption of a normally No 6269 (95.75) 147 (2.25) 1.0 0.001
located placenta; n (%) Yes 118 (1.8) 13(0.2) 4,7 (2,59 - 8,52) '
Disorder of‘maternal-placental blood No 6289 (96.06) 113 (1.72) 1.0 0.001
flow according to Doppler results; n (%) |Yes 98 (1.5) 47 (0.72) 26.69 (17.99-39.6) |~
Polyhydramnios; n (%) No 6280 (95.92) 156 (2.38) -

Yes 107 (1.63) 4 (0.06) - 0425
Oligohydramnios; n (%) No 6271 (95.78) 113 (1.72) 1.0

Yes 116 (1.77) 47 (0.72) 22.48 (15.28 - 33.1) 0.001
Fetal distress; n (%) No 6214 (94.91) 140 (2.14) 1.0

Yes 173 (2.64) 20(0.3) 5.13 (3.14-8.39) 0.001
Umbilical cord anomalies; n (%) No 6352 (97.02) 157 (2.4)

Yes 35 (0.53) 3(0.04) 3.47 (1.05-11.39) 0.029
Chorioamnionitis; n (%) No 6338 (96.81) 160 (2.44) -

Yes  [49(0.75) 000) : 0266
Meconium leaking into the amniotic No 6137 (93.74) 151 (2.31) -
fluid; n (%) Yes 250 (3.82) 9 (0.14) - 0273
Placenta accreta; n (%) No 6382 (97.48) 160 (2.44) -

Yes 5(0.08) 0(0) - 10
Low-lying placenta according to the No 6327 (96.64) 155 (2.37) 1.0
ultrasound scan; n (%) Yes 60 (0.92) 5(0.08) 3.4 (1.35-8.59) 0.006
Battledore placenta previa according to |No 6376 (97.39) 159 (2.43) -
the ultrasound scan; n (%) Yes 11 (0.17) 1(0.01) - 0.186
Complete placenta previa according to  |No 6377 (97.4) 158 (2.41)
the ultrasound scan; n (%) Yes  [10(0.15) 2(0.03) 807 (175-37.14) |00

* - x2 test OR (95% ClI) - Odds ratio (95% confidence interval)

Placental abruption of normally located placenta was
more common in pregnancies with FGR than newborns
without FGR, adjusted OR = 4.7 (95% Cl: 2.59 - 8.52)
(p=0.001) (Tab. 3). Placental insufficiency was more
common in pregnancies with FGR OR = 26.69 (95% ClI:
17.99 - 39.6) compared to pregnancies without FGR
(p=0.001) (Tab. 3). The presence of oligohydramnios in a
present pregnancy increased the odds of FGR compared to
pregnancies without oligohydramnios, adjusted OR = 22.48
(95% CI: 15.28 - 33.1) (p=0.001) (Tab. 3). Fetal distress
occurred more frequently in pregnancies with FGR
compared to pregnancies without FGR, adjusted OR = 5.13
(95% CI: 3.14 - 8.39) (p=0.001) (Tab. 3). And for umbilical
cord anomaly in this pregnancy, newborns with FGR
occurred more frequently compared to newborns without
umbilical cord anomaly, adjusted OR = 3.47 (95% ClI: 1.05 -
11.39) (p=0.029) (Tab. 3). The development of FGR in
present pregnancy was not influenced by polyhydramnios
(p=0.425), placenta accrete (p = 1.000), chorioamnionitis
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(p=0.266), and meconium discharge into amniotic fluid
(p=0.273) (Tab. 3).

Low-lying placenta according to the ultrasound scan
was more common in newborns with FGR compared to
newborns without FGR, adjusted OR = 3.4 (95% CI: 1.35 -
8.59) (p=0.006) (Tab. 3). Complete placenta previa
according to the ultrasound scan was more common in
newborns with FGR compared to newborns without FGR,
adjusted OR = 8.07 (95% CI: 1.75 - 37.14) (p=0.001) (Tab.
3). Battledore placenta previa according to the ultrasound
scan had no effect on the development of FGR (p=0.186)
(Tab. 3).

Women with anemia (Iron deficiency anemia and B12
vitamin deficiency anemia) before pregnancy were less
likely to have newborns with FGR compared to women
without anemia (p=0.001) (Tab. 4). Women with anemia
had lower odds of developing FGR compared to women
without anemia, adjusted (OR = 0.56; 95% CI: 0.41 to 0.77)
(p=0.001). Women with previous pulmonary and bronchial
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diseases had higher odds of developing FGR compared to
women without previous pulmonary and bronchial diseases,
adjusted (OR = 6.21; 95% CI: 2.39 to 16.12) (p=0.001). The
development of FGR was not influenced by the presence of
gestational DM (p = 0.327), gestational AH (p=0.608),
prediabetes (p=0.526), type 1 and type 2 DM (p=0.808) and
congenital and acquired heart defects of the mother
(p=0.392) (Tab. 4). Women who had a heart rhythm
abnormality before pregnancy were more likely to give birth
to newborns with a FGR compared to women with a heart
rhythm normality (p=0.001) (Tab. 4). There was a higher
odds of developing FGR compared to women without a
heart rhythm disorder, adjusted OR = 4.79 (95% CI: 1.68 -
13.67) (p=0.001). Whereas, women who had a history of

AH before pregnancy were more likely to have newborns
with FGR compared to women without AH (p=0.049) (Tab.
4). Women with AH had higher odds of developing FGR
compared to women without AH, adjusted OR = 2.05 (95%
Cl: 0.99-4.24) (p=0.049).

Women with syphilis were more likely to have a
newborns with FGR (p=0.023) (Tab. 4). Women with
syphilis had a higher chance of developing FGR compared
to women without syphilis, adjusted OR = 10.09 (95% Cl:
2.13 - 47.91). The presence of maternal epilepsy (p=0.513),
thyroid disease (p = 0.977), uterine myoma (p = 0.460),
uterine anomaly (p = 1.0), pregnancy cholestasis (p
0.447), viral hepatitis (p = 0.823) did not affect the
development of FGR of newborn (Tab. 4).

Table 4.
Frequency of maternal extracorporeal disease in fetal growth groups (n=6547).
Normal fetal Fetal Growth OR (95% Cl) p-value*
growth Restriction
n=6387 n=160
. No 2570 (39.25) 87 (1.3) 1.0 0.001
0,
Anaemia; n (%) Yes 3817 (58.3) 73 (1.1) 0.56 (0.41 - 0.7)
Hypertension; n (%) No 6227 (95.11) 152 (2.32) 1.0 0.049
yP AR Yes 160 (2.44) 8(0.12) 2.05(0.99-4.24)
. No 6353 (97.04 156 (2.38 1.0 0.001
Heart rhythm disturbance; n (%) Ves 17 (0.(26) ) 1 (5.2) ) 479 (1,68~ 13.67)
Congenital and acquired heart No 6370 (97.3) 159 (2.43) - 0.392
defects; n (%) Yes 17 (0.26) 1(0.01) -
Pulmonary and bronchial No 6354 (97.05) 155 (2.37) 1.0 0.001
diseases; n (%) Yes 33 (0.5) 5(0.08) 6.21(2.39-16.12)
. No 6371 (97.31 160 (2.44 - 0.526
Prediabetes; n (%) Ves 16 (0.(25) ) 0 (0)( )
No 6370 (97.3) 160 (2.44) 0.808
Diabetes mellitus; n (%) 1 type 12 (0.18) 0(0)
2 type 5(0.08) 0(0)
Thyroid diseases; n (%) \’\::s ?37(8 (2967).3) (1)6(8)(2'44) 0977
: " No 6337 (96.79 159 (2.43 0.823
Viral hepatitis; n (%) Yes 50 (0.(77) ) 1 (0.%1) )
: No 6364 (97.2) 160 (2.44) 0.447
Pregnancy cholestasis Ves 23 (0.36) 0(0)
. ) No 6257 (95.57) 155 (2.37) 0.37
0,
Epilepsy; n (%) Yes 130 (1.98) 5 (0.08) -
- No 6379 (97.43) 158 (2.82) 1.0 0.023
0,
Syphils; n (%) Yes 8(0.12) 2(0.03) 10.09 (2.13 - 47.91)
e No 6309 (96.36) 157 (2.4) - 0.460
Myoma of the uterus; n (%) Yes 78 (1.19) 3(0.04)
. . No 6379 (97 .43) 160 (2.44) 1.0
0
Uterine anomalies; n (%) Yes 8(0.12) 00)

* - X2 test OR (95% ClI) - Odds ratio (95% confidence interval)

The presence of a uterine scar influenced the chance of
FGR (p=0.003) (Tab. 5). Pregnancies with uterine scar had
a higher chance of FGR compared to pregnancies without
uterine scar, adjusted OR = 1.92 (95% CI: 1.23 to 2.99)
(p=0.003). Depending on the number of uterine scars, the
odds of developing FGR increased each time (p=0.007)
(Tab. 5). Pregnancies with one uterine scar and
pregnancies with two uterine scars had higher chance of
FGR development compared to pregnancies without uterine
scar, adjusted OR = 1.65 (95% Cl: 0.99 - 2.75) and OR =
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3.22 (95% CI: 1.38 - 7.52), respectively. And pregnancies
with three or more uterine scars had a higher chance of
fetal FGR compared to pregnancies without uterine scar,
adjusted OR = 3.07 (95% Cl: 0.4-23.53).

A history of abortion had no effect on the
development of FGR (p=0.76) (Tab. 5). Pregnancies that
had pre-eclampsia in the previous birth were more likely
to have a newborn with FGR at the next birth (p =
0.001). Pregnancies with previous pre-eclampsia had
increased odds of developing FGR compared to women
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without previous pre-eclampsia, adjusted OR = 5.14
(95% Cl: 2.93 - 9.0) (p=0.001) (Tab. 5). Preterm birth in
previous births, previous birth of a baby with congenital
malformations and birth of newborn weighing less than
2500 grams influenced the development of FGR in the
maternal next pregnancy (p=0.001) (Tab. 5). Previous
maternal preterm birth increased the odds of developing
FGR in the next pregnancy by compared to pregnancies
without previous preterm birth, adjusted OR = 4.35 (95%
Cl: 2.87 - 6.61) (p=0.001) (Tab. 5). Having a newborn

weighing less than 2500 grams in the previous birth
increased the odds of developing FGR in the next
pregnancy by compared to pregnancies who had a
previous newborn weighing more than 2500 grams,
adjusted OR = 3.63 (95% CI: 2.47 - 5.35). Having a
newborn with congenital malformations in previous births
increased the odds of developing newborns with FGR
by compared to women who had previous healthy
newborns, adjusted OR = 2.8 (95% CI: 1.0 - 7.8)
(p=0.04) (Tab. 5).

Table 5.
Frequency of complications of previous pregnancies in maternal history by fetal growth (n=6547).
Normal fetal Fetal Growth
growth Restriction OR (95% Cl)  |p-value*
n=6387 n=160
Abortion; n (%) No 5047 (77.09) 128 (1.95) - 0.76
Yes 1304 (19.92) 32 (0.49) -
A scar on the uterus; n (%) No 5849 (89.34) 136 (2.08) 1.0 0.003
Yes 538 (8.22) 24 (0.37) 1.92 (1.23 - 2.99)
A scar on the uterus; n (%) No 5849 (89.34) 136 (2.08) 1.0 0.007
1 scar 444 (6.78) 17 (0.26) 1.65 (0.99 - 2.75)
2 scars 80 (1.22) 6 (0.09) 3.22 (1.38-7.52)
3 or more scars 14 (0.21) 1(0.01) 3.07 (0.4-23.53)
Pre-eclampsia; n (%) No 6261 (95.63) 145 (2.21) 1.0 0.001
Yes 126 (1.93) 15(0.23) 5.14(2.93-9.0)
Pre-eclampsia; n (%) No 6261 (95.63) 145 (2.21) 1.0
Moderate 117 (1.79) 12 (0.19) 4.43(2.39-8.2) 0.001
Severe 9(0.14) 3 (0.04) 14.39 (3.86-53.72) |0.001
Premature birth; n (%) No 6078 (92.84) 131 (2.0) 1.0 0.001
Yes 309 (4.72) 29 (0.44) 4.35 (2.87 - 6.61)
Gestational diabetes mellitus; n(%)  [No 6230 (95.16) 158 (2.41) - 0.327
Yes 157 (2.4) 2(0.03) -
Births of newborns weighing up to No 5930 (90.57) 125 (1.92) 1.0 0.001
2500 grams; n (%) Yes 457 (6.98) 35 (0.53) 3.63 (2.47 - 5.35)
Birth of newborns with congenital No 6329 (96.67) 156 (2.38) 1.0 0.04
malformations; n (%) Yes 58 (0.89) 4 (0.06) 28(1.0-7.8)

* - X2 test OR (95% ClI) - Odds ratio (95% confidence interval)

Logistic regression between risk of FGR and
maternal and perinatal risk factors

Logistic regression analysis revealed that the risk of
developing FGR was lower in pregnancies with 1st delivery
and 2nd delivery than in those without delivery (adjusted
OR = 0.49; 95% Cl: 0.33 - 0.73; p=0.001 and OR = 0.43;
95% CI: 0.27 — 0.7; p=0.001, respectively) (Table 6). By
contrast, anemia was protective and was associated with a
reduced risk of FGR (OR = 0.56; 95% Cl: 0.41 - 0.77;
p=0.001) in this sample. As shown in Table 6, hypertension
and heart rhythm disturbance were associated with an
increased risk of developing FGR in the study sample
(adjusted OR = 2.05; 95% CI: 0.99 — 4.24; p =0.05 and OR
= 4.79; 95% CI: 1.68 - 13.67; p=0.003, respectively).
Pulmonary and bronchial diseases and Syphilis increased
the risk of FGR in the study sample (adjusted OR = 6.21;
95% Cl: 2.39 - 16.12; p=0.001 and OR = 10.09; 95% Cl:
2.12 - 47.89; p=0.004, respectively) (Table 6).

Logistic regression analysis showed that risk of FGR
were significantly higher in pregnancies with pre-eclampsia
and with HELLP than in pregnancies without pre-eclampsia
and without HELLP, (adjusted OR = 6.33; 95% Cl: 4.41 -
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9.07; p=0.001 and OR = 40.41; 95% CI: 5.66 — 288.59;
p=0.001, respectively) (Table 6). Moderate degree and
severe degree of pre-eclampsia were more frequent the
pregnancies with FGR compared with those without FGR,
(adjusted OR = 2.49; 95% CI: 1.08 - 5.77; p=0.03 and OR =
8.29; 95% ClI: 5.64 - 12.18; p=0.001, respectively).
Placental abruption of a normally located placenta and
Disorder of maternal-placental blood flow according to
Doppler results were associated with increased risk of FGR
in this sample, (adjusted OR = 4.7; 95% CI: 2.59 - 8.52;
p=0.001 and OR = 26.69; 95% CI: 17.99 - 39.61; p=0.001,
respectively) (Table 6).

Table 6 displays oligohydramnios and Fetal distress
were associated with an increased risk of developing FGR
in the study sample (adjusted OR = 22.49; 95% Cl: 15.27 -
33.08; p=0.001 and OR = 5.13; 95% CI: 3.14 - 84;
p=0.001, respectively). Umbilical cord anomalies were
associated with a high risk of FGR (adjusted OR = 3.47;
95% Cl: 1.05 — 11.39; p=0.04). Table 6 gives Low-lying
placenta and complete placenta previa according to the
ultrasound scan were associated with an increased risk of
developing FGR (adjusted OR = 3.4; 95% Cl: 1.35 - 8.58;
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p=0.01 and OR = 8.07; 95% CI: 1.75 - 37.15; p=0.007,
respectively).

Table 6 showed that risk of FGR were significantly
higher in pregnancies with scar on the uterus than in
pregnancies without scar on the uterus, (adjusted OR =
1.92; 95% CI: 1.23 - 2.99; p=0.004). The 2 scars on the
uterus were more frequent the pregnancies with FGR
compared with those without FGR and who had 1 scar or 3
and more scars on the uterus, (adjusted OR = 3.23; 95%
Cl: 1.38 - 7.52; p=0.007). By contrast, previous pre-
eclampsia and previous premature birth were associated
with an increased risk of developing FGR in the study

sample (adjusted OR = 5.14; 95% CI: 2.94 — 9.0; p=0.001
and OR = 4.35; 95% CI: 2.87 — 6.61; p=0.001, respectively)
(Table 6).

Table 6 displays that risk of FGR were significantly
higher in pregnancies with previous births of newborns
weighing up to 2500 grams and with previous birth of
newborns with congenital malformations than in
pregnancies without previous births of newborns weighing
up to 2500 grams and without previous birth of newborns
with congenital malformations, (adjusted OR = 3.63; 95%
Cl: 2.47 - 5.35; p=0.001 and OR = 2.8; 95% CI. 1.0 - 7.8;
p=0.049, respectively) (Table 6).

Table 6.
Maternal and perinatal risk factors for fetal growth restriction, OR derived from logistic regression analysis (n=6547).
AOR 95% ClI p-value
Parity 0.88 0.76 - 1.02 0.1
Parity 0 birth 1.0
1 birth 0.49 0.33-0.73 0.001
2 births 043 0.27-0.7 0.001
3 or more 0.92 0.58 -1.47 0.72
Anaemia 0.56 0.41-0.77 0.001
Hypertension 2.05 0.99-4.24 0.05
Heart rhythm disturbance 4.79 1.68 — 13.67 0.003
Pulmonary and bronchial diseases 6.21 2.39-16.12 0.001
Syphilis 10.09 2.12-47.89 | 0.004
Pre-eclampsia 6.33 4.41-9.07 0.001
Pre-eclampsia No 1.0
Moderate 249 1.08 -5.77 0.03
Severe 8.29 5.64-12.18 | 0.001
HELLP 40.41 5.66 — 288.59 | 0.001
Placental abruption of a normally located placenta 4.7 2.59 - 8.52 0.001
Disorder of maternal-placental blood flow according to Doppler results 26.69 17.99-39.61 | 0.001
Oligohydramnios; n (%) 22.49 15.27 - 33.08 | 0.001
Fetal distress 5.13 3.14-84 0.001
Umbilical cord anomalies 3.47 1.05-11.39 0.04
Low-lying placenta according to the ultrasound scan 3.4 1.35-8.58 0.01
Complete placenta previa according to the ultrasound scan 8.07 1.75-37.15 0.007
A scar on the uterus 1.92 1.23-2.99 0.004
No 1.0
A scar on the uterus 1 scar 1.65 0.98-2.75 0.057
2 scars 3.23 1.38-7.52 0.007
3 or more scars 3.07 0.4 -23.52 0.28
Previous pre-eclampsia 5.14 2.94-9.0 0.001
No 1.0
Previous pre-eclampsia Moderate 4.43 2.39-8.21 0.001
Severe 14.39 3.86-53.73 | 0.001
Previous premature birth 4.35 2.87-6.61 0.001
Previous births of newborns weighing up to 2500 grams 3.63 247-5.35 0.001
Previous birth of newborns with congenital malformations 2.8 1.0-78 0.049

AOR - adjusted Odds ratio; 95% CI - 95% confidence interval

Discussion

In our study, 6547 data were analyzed out of which 160
cases were with newborns with FGR. The results of our
data analysis showed that first-time mothers are a
significant risk factor for the development of FGR. Our
results are in agreement with the results of other
researchers. The authors of another study reported that
first-time mothers often had newborns with FGR [17].
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According to some studies, the fetus loses 10% to 30% of
its body weight between the time of intrauterine death and
subsequent postnatal assessment, if we consider the fact
those two-thirds of dead fetuses had a body weight greater
than the 10th percentile at birth. This suggests that the
majority of stillbirths may have been of normal weight
before death and FGR appeared after birth. Alternatively,
stillbirths with FGR who were born with normal birth weight
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may be missed [38].

In our study, only 87 women said they smoked. But it is
possible that not all pregnant women answered honestly
about their smoking status. In this study, smoking was not a
significant risk factor for FGR. A similar lack of association
between smoking and FGR was found in a study conducted
in Australia [24], smoking status was not a significant risk
factor for FGR[18]. But other studies have shown smoking
as a risk factor for FGR [33, 37].

Placental ischemic manifestations in FGR and in pre-
eclampsia are identical, as they share a common
pathophysiological pathway involving impaired uteroplacental
hypoperfusion [34]. In our study, when pregnancy was
complicated by pre-eclampsia, neonates with FGR were
more common in such cases compared to pregnant women
without pre-eclampsia. Also, when the severity of pre-
eclampsia was severe, there was high frequency of neonates
with FGR compared to moderate pre-eclampsia and without
pre-eclampsia. Some researchers have reported an
association between the incidence of placental lesions as a
consequence of maternal hypoperfusion and gestational age
in pre-eclampsia [36]. They argued that maternal
hypoperfusion disorders were more frequent in pregnant
women with pre-eclampsia compared with those without pre-
eclampsia and that pre-eclampsia in early pregnancy
increased the frequency of placental lesions corresponding to
maternal hypoperfusion. In another study, the authors
revealed that pregnant women with pre-eclampsia in early
pregnancy showed vascular lesions and placental
hypoplasia, while in contrast, pregnant women with pre-
eclampsia diagnosed at the end of the third trimester showed
placental  hyperplasia [35]. The Chinese-American
Collaborative Project on Prevention of Neural Tube Defects, a
large population-based cohort study investigated the
association of GH and pre-eclampsia on FGR, where the
authors revealed that early onset of GH and pre-eclampsia
proved to be relatively more unfavourable to the fetus, and
increased the risk of developing FGR [23]. Elevated blood
pressure during pregnancy causes endothelial dysfunction
and decreased placental perfusion, resulting in reduced fetal
growth and lower birth weight [16].

In a retrospective cohort study, the authors revealed
that newborns born to pregnancies with placental abruption
increased the risk of low birth weight, perinatal death, and
stillbirth [31]. In a prospective longitudinal study, they
obtained clinical evidence suggesting that placental
insufficiency may occur in preterm fetuses with FGR who
have growth retardation late in gestation [4]. Previous
studies have reported that FGR is associated with an
increased risk of adverse perinatal outcomes and has been
associated with emergency delivery for fetal distress,
hospitalization of newborns in the intensive care department
[22, 32, 40]. In a study comparing placental abnormalities in
preterm and preterm fetuses associated with fetal growth
restriction (FGR), the authors found that the placentas of
preterm infants with FGR had multiple abnormalities
reflecting uteroplacental insufficiency and impaired blood
supply [3]. Previous preterm birth increased the chance of
developing FGR in the next maternal pregnancy in this
study. Our results were similar to other studies [20, 24].
Placental abruption of a normally located placenta; Disorder
of maternal-placental blood flow according to Doppler

68

results; Oligohydramnios; Fetal distress; Umbilical cord
anomalies; Low-lying placenta and complete placenta
previa according to the ultrasound scan were associated
with the chances of developing FGR in this study.

In this study, maternal anemia had a protective effect on
fetal FGR. In another study examining risk factors for
preterm birth, low birth weight, and low birth weight for
gestational age of infants among Aboriginal women living in
remote areas of Australia, the authors revealed that anemia
had a protective effect [24]. Higher hemoglobin
concentrations and lower hemoglobin decline may indicate
poor plasma volume expansion, hemoconcentration [26] or
high blood viscosity [43, 44]. High blood viscosity impairs
placental blood flow, thereby reducing the supply of oxygen
and nutrition to the fetus, causing FGR [19, 23, 44]. In some
cases, hemodilution occurs, that is, a physiological
adaptation that can facilitate uteroplacental circulation and
reduce the risk of FGR [27]. Previous studies have shown
that low hemoglobin levels in late pregnancy may reflect
normal hemodynamic adaptation and plasma volume
changes rather than poor maternal nutrition [13, 18, 47].
These may explain the protective effect of maternal anemia
on the risk of developing FGR.

In our study, AH and heart rhythm disturbance were
associated with the development of fetal FGR. In one study,
the authors stated that a fetus with FGR is more common in
women with coronary heart disease, AH and with insulin
resistance [6]. A recent retrospective cohort study examined
the impact of cardiac arrhythmias on perinatal outcomes,
with the authors stating that pregnant women with cardiac
arrhythmias had an increased risk of intrauterine fetal death
[21]. In this study, we found that cardiac rhythm disturbance
increased the chance of developing FGR. In a cohort study
that assessed the risk of adverse perinatal outcomes in
gestational DM, the authors state that gestational DM was
associated with an increased risk of preterm birth,
increased risk of sfillborn fetus and pre-eclampsia,
macrosomia [8]. In a recent study, pregnancies with DM
and gestational DM were often observed to have
macrosomic newborns, as even moderate maternal
hyperglycemia increases the rate of accelerated fetal
growth [14]. In our study, DM and gestational DM were not
associated with FGR.

Pregnancies with syphilis had higher chance of
developing FGR compared to pregnancies without syphilis
in this study. A recent study compared differences in long-
term growth and health between children exposed to
syphilis but not infected with syphilis and a group of children
not exposed to syphilis, where the authors found that
syphilis infection did not have a significant negative effect
on the growth and health of children from birth to 18 months
of age [30]. In another study, women with syphilis,
especially untreated syphilis and with higher titres (greater
than 1:8), were at increased risk of FGR [39, 46, 48].

In conclusion, although knowledge and understanding
of these pathological conditions has improved in recent
years, there is still no uniform standard for identifying a
fetus with FGR. Better identification of newborns that at risk
of FGR, regardless of size, is necessary to prevent
potentially harmful interventions in healthy newborns, but
small newborns who were born as if of normal weight but
have growth retardation. This will enable doctors to
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recognise in a timely and appropriate manner newborns
with seemingly normal size but with developmental growth
retardation. Therefore, versatile future studies are needed
to investigate the problem of FGR in the fetus.
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