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ABSTRACT

Background: Despite improvements in medical care provided during pregnancy to diabetic mothers, the cardiac
complications in their infants are still more frequent than in infants of general population.

Methods: A retrospective case-control study was performed between the years 2017-2018 on two groups of
newborns, recording details of outcome of live born babies born to diabetic and non-diabetic mothers.

Results: Data were extracted from medical records, and the descriptive and analytical statistics of this information
was duly applied. in a total of 50 studied infants, 40 cases (80%) of cardiovascular anomalies have been diagnosed.
Most of the cardiac anomaly was hypertrophic cardiomyopathy. The incidence of cardiovascular anomalies in infants
of diabetic mothers is significantly higher than the infants of non-diabetic mothers (P=0.002). The type of maternal
diabetes (diabetes mellitus, overt or gestational diabetes) did not bring about any significant difference in the
incidence of cardiac malformations in infants (P=0.406).

Conclusions: The incidence of cardiovascular anomalies in infants of diabetic mothers is significantly higher than the
infants of non-diabetic mothers. Many of the infants were asymptomatic and therefore clinical examination and
follow up in infants of diabetic mothers is important.
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INTRODUCTION

Congenital cardiac anomalies are the most common type
of birth defect, and the incidence of these anomalies is
estimated at 6 to 8 cases in 1000 live births.! The cause of
this anomaly is usually unknown, with 1% of all cases
relating to diabetes of pregnant mothers.! Prior studies
indicate that maternal diabetes has teratogenic effects on
the evolution of the fetal cardiovascular system, which
increases the risk of anomalies by 1.7 - 4% in published
studies.?*® With congenital heart disease occurring in up
to 5% of fetuses of diabetic mothers, and with 90% of the
cardiac lesions identifiable prenatally, it has been
suggested that detailed fetal echocardiography is offered

to all diabetic women during pregnancy.®*® However,
when studied in relation to maternal initial HbAlc, the
overall sensitivity for identifying congenital heart disease
was 50% and specificity 54% and no critical level of
HbAlc that provided optimal predictive power for
congenital heart disease screening was identified.*

For this reason, we have performed this study with the
purpose of determining the relationships between various
types of maternal diabetes, glycemic control and the
prevalence of wvarious types of cardiovascular
complications in neonates and comparing these findings
to infants of non-diabetic mothers.
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Experimental studies suggest that hyperglycemia during
early embryogenesis may alter gene expression in key
cellular components of the developing heart, in particular,
the embryonic heart’s outflow sections; however, the
mechanism producing this altered gene expression is
unclear.5-%

METHODS

A retrospective case-control study was performed
between the years 2017-2018 on two groups of newborns
at Kempegowda Institute of Medical Institute, Bangalore.
The case group consisted of infants born to mothers with
diabetes (including overt diabetes 52% and gestational
diabetes 48%), and the control group was made up of
infants born to non-diabetic mothers. Diagnostic criteria
for diabetes has been made according to WHO criteria
and diagnosis of GDM were based on the
recommendations of the Second International Conference
(1,2). Both groups were selected using an easy and
simple sampling method.

Inclusion criteria for the case group were: infants born to
mothers with diabetes (including overt diabetes and
gestational diabetes), term infants, and mothers who
received prenatal care. Inclusion criteria for the control
group included: non-diabetes and healthy mother, term
infants, and mothers who received prenatal care.
Exclusion criteria were: preterm and IUGR infants, low
Apgar score, mothers who did not receive prenatal care
and mothers who did not have GDM diagnostic tests.

After the selection of the two infant groups-infants with
diabetic mothers and infants with non-diabetic mothers-
general information was recorded, including: age, gender,
birth weight and gestational age at birth, Apgar score at
birth, echocardiography records of newborns, clinical

manifestations, maternal age, history of maternal disease,
the type and duration of diabetes diagnosis and treatment,
records of previous pregnancies and the presence of or
lack of prenatal care. Information for mothers and infants
was collected from the data records. Physical
examinations were performed by a gynecologist and a
pediatrician. The echocardiography was done by a
cardiologist. Echocardiography was also performed on
healthy infants. Data were analyzed by SPSS Version
18.0 software. The qualitative data of the absolute and
relative frequency and quantitative data were analyzed
using mean and standard deviation. Statistical analyses
were also extracted from the chi-square test to compare
qualitative information between the two groups;
quantitative data were collected from an Independent-t-
test. A P value <0.01 was considered to be significant.

RESULTS

Data were extracted from medical records, and the
descriptive and analytical statistics of this information
was duly applied. Some of the relevant information is
given in Table 1.

Thus, in a total of 50 studied infants, 40 cases (80%) of
cardiovascular anomalies have been diagnosed. Most of
the cardiac anomaly was hypertrophic cardiomyopathy.
All 25 babies from the case group were diagnosed with
congenital anomalies such as atrial septal defect, patent
ductus arteriosus, patent foramen ovale and hypertrophic
cardiomyopathy which merely require supportive care
and follow-ups.

In the control group, of the 15 infants that had
malformations like atrial septal defect, patent foramen
ovale and patent ductu arteriosus. Prevalence of
cardiovascular anomalies can be observed in Table 2.

Table 1: Comparison of age/BW/mother age according to diabetic status of patients studied.

Variables Dl

GDM Overt Diabetic Non-Diabetic _ _
Age in days 3.77£0.83 3.92+0.90 4.12+0.88 3.98+0.87 0.487
Birth Weight (kg) 3.28+0.26 3.35£0.30 2.73+0.23 3.02+0.39 <0.001**
Mother Age 27.69+1.55 30.75+2.01 23.84+2.39 26.50+3.56 <0.001**

Table 2: 2D Echo according to Diabetic status of patients studied.

Diabetic
2D Echo GDM Overt Diabetic Non-Diabetic
(n=13) (n=12) (n=25)
Normal 0(0%) 0(0%) 10(40%) 10(20%)
Abnormal 13(100%) 12(100%) 15(60%) 40(80%)
e PDA 5(38.5%) 3(25%) 8(32%) 16(32%)
e PFO 2(15.4%) 5(41.7%) 3(12%) 10(20%)
e HCMP 5(38.5%) 2(16.7%) 0(0%) 7(14%)
e VSD 1(7.7%) 1(8.3%) 2(8%) 4(8%)
e ASD 0(0%) 1(8.3%) 2(8%) 3(6%)

P=0.002**, Significant, Fisher Exact Test
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Table 3: Comparison of 2D ECHO, duration of diabetes and apgar score according to GDM and Overt Diabetic of
patients studied.

Diabetic
Variables GDM Overt Diabetic P value
(n=13) (n=12)
2D Echo
e ASD 5(38.5%) 3(25%) 8(16%)
e HCMP 5(38.5%) 2(16.7%) 7(14%)
e PFO 2(15.4%) 5(41.7%) 7(14%) 0.406
e VSD 1(7.7%) 1(8.3%) 2(4%)
e PDA 0(0%) 1(8.3%) 1(2%)

All of the 50 infants (100%) that participated in the study
underwent echocardiography after birth. The average
time interval for the performance of echocardiography on
these infants was overall 3.98+0.87 days after birth
(3.84+0.86 days in the first group and 4.12+0.88 days in
the second group).

In the group of 25 diabetic mothers, 12 (48%) suffered
from overt diabetes, and the other 13 (52%)had
gestational diabetes.

The mean duration of overt diabetes in diabetic mothers
was 2 years. The mean duration of gestational diabetes in
mothers diagnosed with GDM was 4.43 months.

The infants with cardiac anomalies had an average Apgar
score of 8.33+1.15, and the newborns without
malformations had an average of 9.24+0.69 (P=0.002).
Among infants with cardiovascular malformations, there
were 6 cases (28.6%) of cyanosis, 5 cases (23.8%) of
bradycardia, 3 cases (14.3%) of respiratory distress and 3
patients with jaundice at the initial examination. Four of
these infants (19%) had normal initial screenings.

DISCUSSION

The results of echocardiography performed on infants in
each group of this study are predominantly compatible
with the results of previous studies. In this study, the
incidence of cardiovascular anomalies in infants of
diabetic mothers is significantly higher than the infants of
non-diabetic mothers  (P=0.002); accordingly, the
frequency of anomalies is 2.5 times higher among these
infants. The comparable results were also obtained in a
similar study performed on 64 infants hospitalized at
Vali-e-Asr Hospital in 2004 by Najafian study.?’ These
results were also seen in other similar studies conducted
by Wren, Birrell and Hawthorne, 2003 and Schaefer,
2000.12

Regarding the current study, the most common cardiac
anomalies in infants of diabetic mothers were PDA, PFO,
and hypertrophic cardiomyopathy.

The prevalence of cardiovascular anomalies for all types
of malformations in infants born to diabetic mothers is
42.8% and the incidence of other diseases, such as
ventricular septal defect, atrial septal defect, displacement
of mediastinal great wvessels and valve atresia, is
estimated at 11.4%. In the study by Najafian, the
prevalence of cardiovascular malformations in infants of
diabetic mothers was estimated at 46.9%, and the
incidence of VSD was about 3%.2° Also, in a study
performed by Dimitriu et al, the prevalence of cardiac
anomalies was reported at 23% regardless of pulmonary
hypertension and hypertrophic cardiomyopathy.?

In the present study, associated anomalies in infants of
diabetic mothers were cleft palate and spina bifida. This
could be due to a higher prevalence of cardiovascular
anomalies in infants of diabetic mothers compared to the
anomalies in other organ systems which is also
mentioned in other studies.? In that study, 37.6% of the
total anomalies consisted of cardiovascular anomalies
and, thereafter, skeletal anomalies with an estimation of
14.7%.

According to the present results, the type of maternal
diabetes (diabetes mellitus, overt or gestational diabetes)
did not bring about any significant difference in the
incidence of cardiac malformations in infants (P=0.406).

However in a study conducted, a greater connection was
noted between the prevalence of cardiac anomalies of
infants and overt diabetes of the mother.?? According to
our study, the duration of diabetes mellitus both in terms
of years of overt diabetes and in months of gestational
diabetes during pregnancy did not cause any significant
difference in the incidence of cardiovascular anomalies in
infants. In a study conducted by Weber, Botti, and
Baylen, it was concluded that appropriate glycemic
control of the expectant mother could reduce
cardiovascular anomalies in her infant.?® It determined
that the effect of glycemic control preventing cardiac
anomalies in infants during pregnancy had been
underestimated.?*
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In this study, the frequencies of the prenatal visit were
obtained 100% in both diabetic and non-diabetic mothers.
All pregnant women performed screening tests for
gestational diabetes after 24 weeks of pregnancy.

In the present study, 4 infants of diabetic mothers
(11.4%) had respiratory distress, 5 cases (14.3%)
developed bradycardia and 3 cases (8.3%) were
diagnosed with sepsis. Respiratory distress has been also
reported as an important cause of hospitalization of
infants born to diabetic mothers in other studies.?

In this study, 4 cases of infants diagnosed with cardiac
anomaly (19%), didn’t show any initial clinical symptom.
These findings indicate the importance of clinical
examination and follow-up for infants born to diabetic
mothers. In accordance with the present research in
comparison with the results of similar studies, the
importance of medical care for maternal diabetes and its
effect on the prevalence of cardiac disease in infants is
clearly apparent.

Among 50 patients participating in this survey, none
performed fetal echo cardiography. Postnatal diagnostic
procedures for diabetic mothers were performed 3.6 days
after birth (delivery). However, in the Najafian study, the
average time for diagnostic procedures was estimated at
8.6 days.?® Early diagnostic procedures can lead to better
supportive care for infants of diabetic mothers. However,
special care to infants of diabetic mothers is essential to
prevent complications such as respiratory distress, sepsis,
and hypoglycemia. Further prospective studies should be
proposed for diabetic pregnant women with diabetes
control and serum glucose level monitoring in order to
reveal the impact of therapeutic interventions on reducing
infant morbidity among diabetic mothers.

ACKNOWLEDGEMENTS

Authors would like to thank Dr KP Suresh, Scientist
(Biostatistics), NIVEDI, Bangalore.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Wren C, Birrell G, Hawthorne G. Cardiovascular
malformations in infants of diabetic mothers. Heart
2003;89(10):1217-20.

2. Schaefer-Graf UM, Buchanan TA, Xiang A, Songster
G, Montoro M, Kjos SL. Patterns of congenital
anomalies and relationship to initial maternal fasting
glucose levels in pregnancies complicated by type 2
and gestational diabetes. Am J Obstet Gynecol
2000;182(2):313-20.

3. Pedersen LM, Tygstrup |, Pedersen J. Congenital
malformations in newborn infants of diabetic women.

Correlation  with  maternal  diabetic  vascular
complications. Lancet. 1964;i:1124-6.

4. Mitchell SC, Sellman AH, Westphal MC. Etiological
correlates in a study of 56,109 births. Am J Cardiol.
1971;28:653-7.

5. Rowland TW, Hubbell JP, Nadas AS. Congenital
heart disease in infants of diabetic mothers. J Paediatr.
1973;83(5):815-20.

6. Mills JL, Knopp RH, Simpson JL, Jovanovic-Peterson
L, Metzger BE, Holmes LB, et al. Lack of relation of
increased malformation rates in infants of diabetic
mothers to glycaemic controlduring organogenesis. N
Engl J Med 1988;318(11):671-6.

7. Ferencz C, Rubin JD, McCarter RJ, Clark EB.
Maternal diabetes and cardiovascular malformations:
predominance of double outlet right ventricle and
truncus arteriosus. Teratology 1990;41(3):319-26.

8. Becerra JE, Khoury MJ, Cordero JF, Erickson JD..
Diabetes mellitus during pregnancy and the risks for
specific birth defects: a population-based case-control
study. Pediatr. 1990;85(1):1-9.

9. Meyer-Wittkopf M, Simpson JM, Sharland GK.
Incidence of congenital heart defects in fetuses of
diabetic mothers: a retrospective study of 326 cases.
Ultrasound Obstet Gynecol. 1996;8(1):8-10.

10. Wheller JJ, Reiss R, Allen HD. Clinical experience
with fetal echocardiography. Am J Dis Child.
1990;144(1):49-53.

11. Zielinsky P. Role of prenatal echocardiography in the
study of hypertrophic cardiomyopathy in the fetus.
Echocardiography. 1991;8(6):661-8.

12.Cooper MJ, Enderlein MA, Dyson DC, Roge CL,
Tarnoff H. Fetal echocardiography: retrospective
review of clinical experience and an evaluation of
indications. Obstet Gynecol. 1995;86(4):577-82.

13.Buskens E, Stewart PA, Hess J, Grobbee DE,
Wiladimiroff JW. Efficacy of fetal echocardiography
and vyield by risk category. Obstet Gynecol.
1996;87(3):423-8.

14. Shields LE, Gan EA, Murphy HF, Sahn DJ, Moore
TR. The prognostic value of hemoglobin Alc in
predicting fetal heart disease in diabetic pregnancies.
Obstet Gynecol. 1993;81(6):954-7.

15. Kumar SD, Dheen ST, Tay SS. Maternal diabetes
induces congenital heart defects in mice by altering
the expression of genes involved in cardiovascular
development. Cardiovasc Diabetol. 2007; 6:34.

16. Roest PA, van Iperen L, Vis S, Wisse LJ, Poelmann
RE, Steegers-Theunissen RP, et al. Exposure of
neural crest cells to elevated glucose leads to
congenital heart defects, an effect that can be
prevented by N-acetylcysteine. Birth Defects Res A
Clin Mol Teratol. 2007;79(3):231-5.

17.Morgan SC, Relaix F, Sandell LL, Loeken MR.
Oxidative stress during diabetic pregnancy disrupts
cardiac neural crest migration and causes outflow
tract defects.Birth Defects Res A Clin Mol Teratol.
2008; 82(6):453-63.

18. Gittenberger-de Groot A, Calkoen E, Poelmann R,
Bartelings M, Jongbloed M. Morphogenesis and

International Journal of Contemporary Pediatrics | September-October 2019 | Vol 6 | Issue 5 Page 2001



Shankar P et al. Int J Contemp Pediatr. 2019 Sep;6(5):1998-2002

molecular considerations on congenital cardiac septal
defects.Ann Med. 2014;46:640-52.

19.Moazzen H, Lu X, Ma NL, Velenosi TJ, Urquhart
BL, Wisse LJ, et al. N-Acetylcysteine prevents
congenital heart defects induced by pregestational
diabetes. Cardiovasc Diabetol. 2014;13(1):46.

20. Najafian B, Akbariasbagh P, Nili F. Comparison of
echocardiography findings in neonates of diabetics
and non-diabetic  mothers. Kosar J Med
2005;11:3;272-67.

21.Dimitriu A, Grussu G, Stamatin M, Streanga V.
Clinicaland developmental aspects of cardiac
involvement in infants of diabetic mothers. Rev Med
Chir Soc Med Nat Lasi. 2004;108(3):566-69.

22.Ferencz C, Rubin JD, McCarter RJ, Clark EB.
Maternal diabetes and cardiovascular malformations:
predominance of double outlet right ventricle and
truncus arteriosus. Teratol. 1990;41(3):319-26.

23.Weber HS, Botti JJ, Baylen BG. Sequential
longitudinal evaluation of cardiac growth and
ventricular diastolic filling in fetuses of well
controlled  diabetic mothers. Pediatr  Cardiol
1994;15(4):184-9.

24.Wong SF, Chan FY, Cincotta RB, Mclntyre HD, Oats
JJ. Cardiac function in fetuses of poorly controlled
pregestational diabetic pregnancies-a pilot study.
Gynecol Obstet Invest. 2003;56:113-6.

Cite this article as: Shankar P, Marol JS, Lysander
SD, Manohar A . Cardiovascular malformations in
infants of diabetic mothers: a retrospective study. Int
J Contemp Pediatr 2019;6:1998-2002.

International Journal of Contemporary Pediatrics | September-October 2019 | Vol 6 | Issue 5 Page 2002



