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ABSTRACT
lnkoductiofl: Ths perinatai modality rate of Neonates of Diabetic
Moth€rs (l{DMs) over th6 years strowd a rcducing kend.
Polycythaemia is common rn NDMS, and such neonates have

a risk ot hyperviscasity, renal vei,r trgmbosis, cadja€ laiue,
metabolic abnormalilies, and necrotising enlerocolitis.

Aiffi To assess th€ association be.tw€en cord blood haematocnt
and neonatal outcomes nmong NDMS.

Mrt rtals and MctMs; The present study was a cohort study
that included 130 neonates, which was conducted at Amala

lnstitute of Medical Sciences (AlMq, trrissua Kerala, lndia,
trom December 2019 to Juno 2021. The orimary inclusion
criteria werc singletcn neooates of Gestational Diabetic [{others
(GDM) (diabetes detected after 20 weeks ot gestation) and Overt
Diabetes Mellih.6 (@M) defia€d und€r White's chssificati6r

(known to be diab€tic bstore the ons€t of pregnency or
dotected in the initial visits). The parameters assessed lyere
the trequency of dislribution of hpoglycaemia, hypocalcaenia,
and hyperbiurubinemia among the neonates of DM. Statistical
anahrsis was done usinq Fisher's exact lest and Student's t-test.

Ra6llfts; Among the 130 neorEtes, th6 m4ority of the mothers
had GDM 111 (85.4%) than ODM 19 {14.6%). Tlle maiority
weIe dsliwr€d by nomsl vaginal ddivery 67 (51 .50/6). 1 0 f/.7%) of
NDMS had a bidh weigtn >4@ g- Signiticenl assoqidiqrs war€

noted between cord Packed Ce[ Volume (PCV) and tile presence of
hypoglycasria &-value=0.C03), hypocalcasnia C-vduF0.0eO1),
and Neonatal HlDerbilirubinemia (NNH) (p-value=0.0001) among
NDMs.

Coarcltsioa!: HlFoglycaernia, hi/p€rb*firutinemia dd hypocalcadnia
w€.8 c{rnmon comdicatiqE noted la NDMS-
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INTRODUCTION
Diabetes Mellitus (DM) is a chrs c rnetdofic disorder ctaracteris€d
by an absolute or relati\r'e insulin delicienc), leading to an inc,reased

glucose concertration. DM in prBgnancy is associaled with very high
peftatal mortality and morbidity [1 ,2]. 

'Ihe signilicance oi DM during
pregnancy lies h the fact that around 3-5% of pregnant women
havs a diab€togenic state, manifesting with abnormal carbohydfate
metabo{sm [2]. Gestational Diabetes Mslltus (GDM) is defined as
cabotldrate intol€rance ot urprediciaue severity first noticed

during p'regnancy, and accounts for about s0% of cases among
thes€ wornar. The classifrcation s!.st€m de/elo@ by Pdsdla
White l2l calsgorisos molhers as thos€ known to have diabetes
berore prBgnancy as pr€g€stationat or ODM, and thoss diagnosed
during prsgnancy as GD{\,|12-41. ltte HAPO study (Hypsrgtycernia
and Ad/erse Pregnancy Outcornes) demonstraled that the isk of
all adverse outcomes (such as cardiac derects, neuraltube derects,
ranal anornales, caudal rcgression syrdrorn€y'sacral agenesis)
conElates with maternal glrcaemia at 24-28 weeks ol gestation in
a linsar association [5i.

The NDM is vulnerable to cornplicati{los suctr as respirattry distress
syrdromo, metabolc issLrs ftke h!4osg\aa6rnia, hypocalcaernia,
polycythaemia, hyperbilirubinemia, bper vjscosity syndrornes,
hypertrophrc cardiornyopathy, and congenital mafomdions [6].
Neonatal polyc$haemia, dsfn€d as a \€nojs ha€matocril >65%
(0.65), is commor in NDMS. lt is due to chronic hyfDxia, l€ading to
an increase in 6rythropdetin and cons8quenlt an increase in red
cdl prochrction. By incr@.sing blood vircosity, potycytha€rnia can
causg abnormalties in circ ation in the snd organs and has vaded
presentations invofuing all rnaior systems [7]. Previous studies
Krishnan L and Rahim A, and Shohat M et al-, m€rticned
neonatal potycythaemia is sefi in one-third ot NDMs [,81
cas€s of polycytha€mia are dassified as active (n

Polycfhaomia can prBsent with neurologic, cardioplkndEry,
gastrointestinal, and rneiabolic symptoms [9,10]. 'Ihis sludy
\i/as condrcted to asscss the association ffi\,een cord blood
haernatosil and neonatal orrtcomes am(rE NDMS.

MATERIALSAND METHODS
This ccfnrt shJdy was csdncted al Anah lnstitute cf Medcal
Sciences (AIMS), ftdssur, Kerala, lnclia, fiorn Decernbsr 2O1g to Jule
2021 . Th6 study \,l/as initiated after In$itdimaj Ehics Cornmittoe Eq
appro\€l vh lett€r no. 3O/IEC/1g/AMS- 12 dated 21.1 1 -2019.

Irldxrilt €riteria: Sihddm l@lvls - clabetes deleded dter 20 n€d(s
of geslation and o,vert dalxtes, as defned under \Mite's dassiftcdim

[2j \.,e€ ircfried ,r tite $udy.

Exc-fudon crit6ria: NDMS with m€dical complications such as
h*rt disease and renal disease, pregnancy-iducsd hypsrtension,
eclampsia, and s€psis. Gestational age less than 37 wBeks w6r€
excluded trom the study.

Sample size calc-ulation: The sample size was cahrlated as 130
(wth a prevaience ot 43.79i oi polycythaemia) 1101. Ihe samding
teclrr$que used was consecrutive samplmg, and lhe samding tool
us€d in the present study was the proforma.

Study Procedure
A proloma was used to recod the history, fndings of the physrcal
e.xaminalion, and investgations. After obtaining in ormgd aonsent
trom lhe parents of the n€onates o. the guardian, further ffiails
ware recorded: maternal details such as parity, 4e at conc@tion,
g€€taibnal ag6, any pravious $ilt'fuths, abortions, and mods ot

re also noled

eacfi neonate was assessed ior weight and
A physical examination was conducted to lmk

hism and congenital anornalies. Mac,rosomia was
AS above the gob pscsntile (Larg€ for Gestational
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Arsrrsd ,U Cheh.Jkdtl and r'bno.t irarayananhfiy Sul1l,i('Jrnsr, Cdd Blood Ha$narocrit td Ned€tal OJlc(,Y!€ an o.rg tlestat€s of Eabetic M.iho's

Ase &GA),) 111,121. Cord blood PCV was s€nt, and a complete
haamograrn was perfonned at 24 hours. Blood ghlcose levds
\r,€ e chec*sci al 1, 2, 3. 6, 12, 21,36, ad 48 hcirrs usirE
glucostix, as per the Neonatal lnt€nsive Care Unit (NlCl, protocol.

Transcutaneous biftrubin levds were mofiitored according to
the NICU p(olocol, and serum tilirubin lsrels were assessed
accordingty. Hypogvcaemia is defined as a blood glucose letod

bolow 40 mgy'dL. Htpocdcaernia is defned as a total serum
calcium l€ rel bdow 8 nE/{ (2 ryrdtr) or imised cddrn bdo,ar
4.4 mg/dL (1.1 mmoyl lor terrn neonates) [121.

ln dinically indicatGd cas66, a chest X-ray was perlomed.
Echocardiogapiry was mnductad ,or all babi6s. The dist'ibutim
ol hypoglycaernh, hypocalcaemia, NNH, and CorEenital Hean
Diseass {CF{D) among neonatGs \r/ith GDM and G/ed diabeles was
not€{t and amtyssd. Th€ distribrtim d cord PCV a.nor€ the above
paramalers was also studied. Cord PCV was compared among
mods ot dslivw ard amtrrg siz6s of netrEtes.

STATISTICAL AT.IALYSIS
The dala \,!Ere ana\rssd urirg tle Statistical Pad€ge for the
Socid Scis'tces (SPSS) \edm 23.o. TtE neqlg'cy distr'bdion
of hlDoglyca€mia, hypocabasrru',a, and hlpsbilirubnemia ammg
neonat€s with g€stationd DM \ryas noted. Data werc arars€d using

the Fisher's o)€ct test and Studerd's t-test fd statistical significance.

RESULTS
ln tlle presont s1udy, molhers with GDM and OOM exhibited
variod FrBryrtatro.ts. GD[t rnolt|ers had a Eqittr g€slationd
age ol 38.4i1.6 wseks compared to ODM mothers, ,,vho had a
gestatiorlal ag@ ol 37.9i0.6 wed6, with similsr panty. The mean

age of mothers with ODM (34.6!3.4 yearc) was higher than that o,
mothors r,vith GDM (32.7i5-9 years). W'rthin the study populations,

none of the mothers experiancsd stillbirths, and 16 mothers had
pr€i/ious $ortions lfat e/Frg-Il.

lcHDn(%)
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The rnaility ol th6 neonates \r,€re rr€bs, 80 (51 .5%), and 50 (38.5%)
were temales. Dstribution of birth\,,reight and gestalional age of
neonales is sho,vn in [able/Fig-2]. lto significant difterence was
ioJnd wtl€n the cad PCV was coarpared emoaE dtffersnt rnodes
o, defi\€Iy [fabkr'Fig-3]; p-value0.452]. Hows/er, a signifcant
diff€rence wtss obsgvod uJhst th8 cgd PCV was conpared with
the size of neonates, wilh a p-value of 0.025 [ablefig-4].
ln comparhg neonatal pararneters betwoeo neonatqs froor GDt\it
and ODM, it was observed that the mean weight was signifcantty
hbher for neonates with @M (p-value=0.02). A significanfly higher
propMion of neonates with ODM (42.1OV.) had 6W
cornpar€d to n€onates with GDM 02.61 %) @.vaire0.Ol
Fig-51. Congenital Heart Derects {CHD) were found in

n€onat€s, with Ostium Secudum Atriai Septal
consliluting 24 ('1 8.5%), Patent hrctus Anorbsus
Ventricular S@tal Delect (VSD) 2 (1.57.), and AsFnm
Hyperlrophy (ASH) 2 {1.57.) lrabhlFis-6].

o.o77

q, 46 (35.4%) nefftates had a cord PCV between 45-
37 (2B.5Eo\ had a PCV between 50-55. The msan
CV lor bottr GDM (50.69, arxJ ODM (53.O21) was
.9. Thse was no sityificant associatidl bet$€sn
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When cord PCV was assessed among neonates with different
comdicatons, significant associations were noted lo{ neonates with
hlQoglycaernia (p-vabe=0.003), hypocalcaemia (p-value=0.0001),

NNH (p-value=O.O001). Howeve( PCV was non significantly
associated with cHD (p.value=o.302) [abbr'Fig-8l. odds ratios
for sll four dsk factors were c€lculated and found to be 1.010

0.302

for h)4coglycasmia, 1.114 for hypocalcaemia, 1.i07 for NNH,

ard 1.045 ror CHD. Since the odds ratio was more lhan 1, all 4
werB considErBd risk factors. Tho anoma$es noted among theso
13O necnates were; one neonate had features o, congenital

hypothyroidism (had umbilical hernia and a hoarse cry), one had
pc{yriactyty, rrre had rrnilateral talipe,s, three ha.l tilateral talifte^s,

and one had a congenital adduction ddormity ot tha tip.

DISCUSSION
Diab€tes i/ellitus (DM) is a chronic disease associated with
maternal and peinatal mo6idity and mortafty. The associated
polycytha€mia in NDMS can r€sJh in neurobqical, cardiopulmonary,
gastrointesthal, and melabolic syrnptoms. This study was conducted
to as€€ss the association botween cord blood haematocrit ard
neonaial odcornes arnong lrdants ot Disbdic Molhss {lD[,ts). ln thls
study. the maiority ol the mothers had GDi,l| (1 1 1 {85.4%) compared
to mothers with ODM (14.6%). A significant association was lound
between cord ha€rnatocrit levds and noonates with hypoglycaemia
(p-vahJe-0.0o3). hypocalcaernia (p-value=0.0o011. and N€onatal

Hypoglycaemia (NNH) {p-value=0.0001).

Tt€ study triShidrted a s€r*ficant associati.rr betv,€€n cod
haematocrit le\€ls and the size of the babies h-valus=0.025). ln
a study by Senthikumar KM and Shanthi R, lhe incidgncs o{ LGA
babies was 7,9% among NDMS 1131. ln this sludy, the mean vdu€
of cord haerrlalocrit tor both GDM (50.697) and ODM (53.021) tull

betw€efl 50-55.9. Anolher group ol r8searct€rs in the subconlinent,
narnely Cetin H et d-, lound ttEt neorEtal v€{'}ous hssratocrit
was highs (57.6515.73) in Neonatal Diabetes N,lellitus (NNDM)

oomparBd to controls (47.'1 51 1 .95) [1 4] .

The present study obsenred some congenital anomalies such as
polldacb,ty, congenitaltalipes equinovarus, and congenital adduction
deiomity of the hh. The mosi commtrr heart disoas€ observed
was OS ASD. A study by Trrunen R et al., sfp'ared an ircidence of
ASD, Transposition of the Great Afieri6 l:tGA), and complex heart

aftomates among netrlates of mothers with diab€tes [151. In this
study, no mortality was rBported, which may b€ attributd to th€
srnall sample size.

[able/Fig-g] illustrates a cornparison ol Smilar studies {rom the
literalure with the indngs of the presenl study [9,13, 16].

The sebclion of mothers based on the predetermined inclusion

criteda is a strength of present study. Flnure strategi€s should
a^-,.a ^n rh6 -.,{,.tio^n^.ic ^{ r\Tll\r ^,n^.y r-E6^ihf, ^f m^+horc

with ri*( factors Ior ODM and cOM srch as ho{moul disorders,

overweight, s€dentary lifestyles, nutritional habits in the family, and
the psychosocial w€ll-baing of these mothBrs, all ol wtricn may
influence the neonatal cutcomes of their babi6s.

Conchsion
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Limltation(6)
Prope{ hydratim and erisJring adequate breastfeeding tor the
neonate during the firs1 days of neuiborn life will inffu€nce the
neonatai haematosit valu€s. Therefore, many facrors can contribute
to complications that may not necessariv be attributed to th€ initial
cord blood sarnple and vdue. Sarnde size was abo ona ot lhe
limitation in the presenl study.

coNcLusroN(s)
The cord blood haqnatocrit showsd a strong association v,,ith th€
m,currence of co.nplicalions in NDMs, slch as htpoglyca€rnia,
hyp€rbifirutinemia, ard hypocalcaeda. S€dalv monitoring blood
haematocrit ard s, detection ol compications wodd suety
reduca the neonatal mortality and neonatal morbidity in NDMS.
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