
SINCE THE 1930S, AN ASSOCIATION HAS BEEN NOTED

in infants of diabetic mothers between the pres-
ence of a large heart on chest radiography, or an

increased weight of the heart at the time of autopsy.1

Currently, cardiac involvement of the heart is known
to make a considerable impact on neonatal mortality
and morbidity in these patients.2 The aim of our study
was to establish if the cardiomyocytes were injured
in symptomatic or asymptomatic infants of diabetic
mothers with and without cardiac hypertrophy. We did
this by measuring serial levels of cardiac troponin-I
in the serum, comparing the values to those of crea-
tine kinase and its MB fraction.

Patients and methods

We studied patients seen in our units of Paediatric
Cardiology and Neonatology from January 2001 to

July 2002. In all, we included in our study 35 patients,
22 males and 13 females, and 20 healthy controls, 
12 males and 8 females. We found no significant dif-
ferences regarding gender and gestational age between
the patients and their controls. All the controls were
healthy neonates born at term. There was no evi-
dence of any infectious, immunological, allergic or
neoplastic disorders. Our patients were newborns
born to mothers with gestational or maternal dia-
betes mellitus. We used the criterions of the World
Health Organization to determine the abnormal glu-
cose tolerance in all mothers.3 Body weights were 
significantly elevated in the patients (4.250 � 0.50 g)
compared with their controls (3.290 � 0.70 g)
(p � 0.05). The study was carried out after obtain-
ing written informed consent from the parents of all
the subjects. The hospital ethics committee approved
the protocol.

Cardiac function and anatomy was determined by
cross-sectional M-mode echocardiography and elec-
trocardiography, performed in the patients on the
1st and 7th days after birth, and 4 to 6 months after
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We found that the levels of cardiac troponin-I in the serum, known to be a marker for cardiac injury, were
significantly elevated in symptomatic patients with life-threatening respiratory or haemodynamic distress. 
We speculate that transient ventricular hypertrophy is neither the cause nor the consequence of damage to the
cardiomyocytes. It would be interesting, nonetheless, to determine the relationship, if any, between cardio-
myocytic damage and clinical outcome.
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admission, but only on the 1st day in the controls. 
A Hewlett-Packard Sonos 1000 system ultrasonic
imager was used for echocardiographic assessments.
Appropriate transducers of 3.5 MHz were used to
define the cardiac structures. The echocardiograms
were obtained in the standard precordial positions,
following the recommendations of the American
Society of Echocardiography.4 Because of the signifi-
cant difference in body weight between the patients
and their controls, we compared absolute M-mode
measurements to body weight.5 When assessing the
electrocardiographic tracings, we used ST depression
in V6 of more than 0.2 mV, and the QT interval, cor-
rected by the Bazett formula, as evidence of ischemia.
We analyzed the levels of enzymes in the serum using
an optimized method incorporating an auto analyzer
(Vitros 250. CDS-Johnson and Johnson). Values of
cardiac troponin-I were determined by radio immuno-
assay. Blood was sampled via venous lines, as routinely
performed in our unit, at 09 a.m. in the patients on
the 1st and 7th days after admission, and on the 1st
day in the controls. Specimens were not stored. Values
of cardiac troponin-I were measured in the serum by
two-side sandwich immunoassay using direct chemi-
luminometric technology (The Chiron Diagnostics
ACS: 180 cTn-I assay). The sensitivity level of this
test is �0.15 ng/dl (Fig. 1, Table 1).

We compared the differences in all variables
between sub-groups of patients with or without
hypertrophy, 12 of the patients fulfilling our criteri-
ons for hypertrophy in this respect. In addition, we
also studied whether differences existed between the
13 symptomatic and the 22 asymptomatic patients.
Those in the symptomatic group had developed 
cardiac and respiratory symptoms, had low APGAR
scores, and required positive inotropic drugs along
with admistration of intravenous fluids and elec-
trolytes, oxygen or ventilatory support. Among those
with symptoms, two had echocardiographic features
of septal hypertrophy, three had hypertrophy of the
left ventricular free wall, and one had both septal
and left ventricular free wall hypertrophy with con-
gestive heart failure. Respiratory distress syndrome
was seen in four patients, while three had sepsis, two
congestive heart failure, two transient neonatal tachy-
cardia, and one perinatal asphyxia. Only one patient
demonstrated signs of either congestive heart failure
or cardiac hypertrophy. Among those without symp-
toms, three had septal hypertrophy, two had hyper-
trophy of the left ventricular free wall, and one had
both septal and left ventricular free wall hypertrophy.
Half of the patients with cardiac hypertrophy were
asymptomatic (Table 2). No patient had obstructions
of the left ventricular outflow tract. Of the patients
with symptoms, four died, two with respiratory dis-
tress syndrome and two with neonatal sepsis. Permis-
sion for autopsy could not be obtained in any case.

Statistical analysis was done by SPSS for Windows
v. 10.0 computer program. Parameters and variables
in the two groups were compared using the t-test or
the Wilcoxon test for non-parametric data. Pearson’s
correlations were determined and compared for levels
of enzymes using the t-test for linearity, and taking
p values of less than 0.05 as being significant.

Results

Levels of cardiac troponin-I, and the MB fraction of
creatine kinase were significantly elevated in the
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Figure 1.
Values of cardiac enzymes in the serum on the 1st and 7th days as com-
pared with the controls. Cardiac troponin-I measures were multiplied
by 100 and creatine kinase divided into 10 to obtain clear depiction.

Table 1. Levels of cardiac troponin-I, creatine kinase and creatine kinase-MB in the patients and the controls.

Those with symptoms Those without symptoms Those with hypertrophy Those without hypertrophy 
(n � 13) (n � 22) (n � 12) (n � 23)

Controls 
1st day 7th day 1st day 7th day 1st day 7th day 1st day 7th day (n � 20)

Cardiac troponin-I
0.92 � 0.47 0.32 � 0.24 0.30 � 0.22 0.22 � 0.2 0.37 � 0.30 0.27 � 0.22 0.39 � 0.31 0.25 � 0.19 0.22 � 0.2
Creatine kinase
480 � 652 350 � 147 429 � 325 256 � 240 432 � 294 328 � 288 588 � 395 309 � 276 591 � 379
Creatine kinase-MB

53 � 67 56 � 43 94 � 77 43 � 39 53 � 38 46 � 35 56 � 33 41 � 37 41.2 � 40

Each value is mean � standard deviation
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patients at the 1st and 7th days compared with their
controls (p � 0.05). No differences were found in
levels of creatine kinase on the 1st and 7th days when
compared to controls (p � 0.05), and no correlation
was found between the levels of the different enzymes
(Table 1, Fig. 1). The values are divergent, with many
patients having normal MB fractions of creatine kinase
with elevated cardiac troponin-I, and vice versa. No
significant differences were found in values of the
enzymes in those patients with hypertrophy (p �
0.05), nor could significant differences be found in
values of the enzymes compared with control values in
those without symptoms (p � 0.05) (Table 1, Fig. 1).
In three patients, however, along with one with 
perinatal asphyxia, one of three with congestive
heart failure, and two with respiratory distress syn-
drome, levels of cardiac troponin were higher than in
patients without symptoms and the mean values for
the controls.

Values of cardiac troponin-I, but not the MB frac-
tion of creatine kinase, were significantly elevated in
those patients with low APGAR scores (p � 0.05)
(Fig. 2). No significant differences were found in

values of cardiac troponin-I compared with simulta-
neously measured levels of insulin, glucose, calcium, or
magnesium in the serum, nor with haemoglobin, body
weights, and the duration of phototherapy. The cor-
rected values of the QT interval were normal, as was
left ventricular fractional shortening as seen as echo-
cardiography, in all but one patient with congestive
heart failure in the presence of symptoms. All patients
had normal echocardiographic and electrocardio-
graphic findings when reviewed after 4 to 6 months.

Discussion

Infants of diabetic mothers, during intrauterine life,
are exposed to chronic hyperinsulinism, and then to
reactive hypoglycaemia at birth. Cardiac and respira-
tory distress are prominent findings in such infants.
During the first few days of life, many patients
develop tachypnea, which may be a transient mani-
festation of hypoglycaemia. Others develop hypother-
mia, polycythemia and tachypnea with or without
congestive heart failure, or cerebral oedema due to
perinatal asphyxia. Respiratory distress is seen with
greater frequency in infants of diabetic as compared
to non-diabetic mothers. Currently, cardiomegaly is
seen in up to one-third, while heart failure occurs in
up to one-tenth of these infants. The neonatal death
rate is over five times that of infants of non-diabetic
mothers. Asymmetric septal or ventricular hypertro-
phy may occur, becoming manifest in similar fashion
to idiopathic hypertrophic subaortic stenosis. This well
recognized phenomenon is unrelated to markers of
cardiomyocytic damage in the serum in the absence
of obstruction to either ventricular outflow tract.6,7

Infants of diabetic mothers usually have plethoric
faces, and are subject to hypoglycaemia, hypocal-
caemia, hypomagnesaemia, hyperinsulinemia, and
polycythemia.7 In our study, we found no significant

Table 2. Clinical and echocardiographic findings.

Cardiac hypertrophy (Patients: n � 35) Symptoms (Patients: n � 35)

Sub-group with Sub-group without Sub-group with Sub-group without 
hypertrophy (n � 12) hypertrophy (n � 23) symptoms (n � 13) symptoms (n � 22)

5 SH 1 CHF 2 SH 3 SH
5 PwH 1 RDS 3 PwH 2 PwH
1 SH � PwH � CHF 2 Sepsis 1 SH � PwH � CHF 1 SH � PwH
1 SH � PwH 2 TT 4 RDS
1 Sepsis 3 Sepsis
3 RDS 2 CHF
1 CHF 1 P. Asphyxia
1 P. Asphyxia 2 TT

Abbreviations: SH: septal hypertrophy; PwH: posterior wall hypertrophy; CHF: congestive heart failure; 
RDS: respiratory distress syndrome; P. Asphyxia: perinatal asphyxia; TT: transient neonatal tachypnea. n: number

APGAR scores
0 2 4 6 8 10

3.5

2.5

1.5

0.5

3.0

2.0

1.0

0

Figure 2.
APGAR scores and levels of cardiac troponin-I in the serum on the
1st day in our patients.
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differences in values of cardiac troponin-I in the
serum when compared with simultaneous levels of
insulin, glucose, calcium, and magnesium, nor with
haemoglobin, body weights, or duration of photo-
therapy. The left ventricular fractional shortening 
is typically normal in asymptomatic patients, but
may be increased in those with congestive heart fail-
ure. Of two patients with congestive heart failure in
our study, however, only one had significantly low
fractional shortening, specifically with a value less
than 25%.

Levels of cardiac troponin-I are known to be spe-
cific markers of cardiac damage that are of prognos-
tic value in acute myocardial infarction,8 unstable
angina,9 myocarditis,10 cardiac trauma,11 coronary
arterial disease,12 early sepsis,13 and congestive heart
failure.14,15 The reference values for these enzymes
have been reported for children.16,17

Recently, cardiac troponin-I and T have emerged
as biochemical markers for the detection of myo-
cardial cell damage, largely replacing measurements 
of creatine kinase and its MB fraction in children. 
In particular, cardiac troponin-I is established as a
marker with high specificity for cardiac injury.18,19

In our study, this enzyme was significantly elevated
in those patients with symptoms, those with low
APGAR scores, and in those with cardiovascular and
respiratory distress when compared to those having
no symptoms and the controls. It would be interesting
to determine the relation between cardiomyocytic
damage and clinical outcome. Levels of the MB frac-
tion of creatine kinase were elevated at the 1st day
when compared with values taken at the 7th day and
with controls. Poor correlations of cardiac troponin
and the MB fraction of creatine kinase have been
noted during the first year of life.16–18 But these
enzymes were elevated in those having no symptoms
without a comparable rise in cardiac troponin.

The management of asymptomatic patients is
purely supportive. The patients with severe conges-
tive heart failure, or cardiovascular and respiratory dis-
tress, however, present more of a problem. The high
neonatal mortality rate in infants of diabetic mothers
remains unexplained, and prospective trials will be
needed on this subject. Whatever the mechanisms
leading to death, there have been a few clinical inves-
tigations supporting the hypothesis that high levels of
cardiac troponin in the serum is a marker for increased
risk in patients with cardiac hypertrophy. Despite
the clinical and echocardiographic similarities of the
cardiomyopathy in infants of diabetic mothers to
familial hypertrophic cardiomyopathy as seen in
childhood, its benign and transient nature suggests
that it is a separate phenomenon. It is postulated that
the fetus of the diabetic mother, in whom hyper-
insulinism develops, will have increased myocardial

receptor sites, increased affinity for insulin, and
increased capacity for degrading insulin. This could
lead to increased synthesis of protein, glycogen, and
fat in the myocardium, and subsequent hyperplasia
and hypertrophy of myocardial cells. Postnatally, 
as levels of insulin regress in the serum, and the
number of insulin receptors decrease, the septal
hypertrophy should also regress. It is well recog-
nized that suboptimal diabetic control during preg-
nancy increases the risk of these abnormalities.6,7

In conclusion, in contrast to creatine kinase, we
found that levels of cardiac troponin-I in the serum
have clinical utility as a biochemical marker of myo-
cytic injury in infants of diabetic mothers with life-
threatening respiratory and haemodynamic distress,
but not in those with cardiac hypertrophy. We spec-
ulate that cardiac hypertrophy is a separate phenom-
enon, and is neither the cause nor the consequence of
cardiomyocytic damage. An increase number of con-
trol patients might offer a better support for our
results.
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