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Serum insulin-like growth factor 1 in congenital
heart disease

J S Barton, P C Hindmarsh, M A Preece

Abstract
Serum insulin-like growth factor 1 (IGF-
1), insulin-like growth factor binding
protein-3 (IGFBP-3), and a range of
growth and nutritional variables were

investigated in 62 infants with congenital
heart disease and healthy controls. Infants
with congenital heart disease were small,
underweight, and had a reduced energy

intake. Serum IGF-1 and IGFBP-3 con-

centrations were significantly reduced.
Decreased IGF-l and IGFBP-3 levels are

observed in nutritional deficiency; similar
findings in congenital heart disease sug-

gest that undernutrition contributes to the
poor growth of these infants. Serial meas-
urements of serum IGF-l and IGFBP-3
may be helpful in monitoring the effect of
nutritional treatment in congenital heart
disease.
(Arch Dis Child 1996;75:162-163)
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Poor growth is a well recognised complication
of severe congenital heart disease,' and may
result from both a reduction in energy intake
and increased energy expenditure.!

Insulin-like growth factor l(IGF-l) is a

growth hormone dependent peptide which is
associated in the circulation with specific bind-
ing proteins and plays an important role in tis-
sue growth and differentiation.' Insulin-like
growth factor binding protein 3 (IGFBP-3)
represents the major IGF-1 binding protein in
serum and acts to maintain a circulating store
of IGF-1 and prevent large fluctuations in
IGF-l activity within tissues.4 We have meas-

ured serum IGF-1 and IGFBP-3 in children
with congenital heart disease and related these
findings to their growth and nutritional intake
in order to explore further the growth failure
observed in these patients.
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Methods
Sixty two infants (31 boys) were investigated at
a mean age of 1.06 (SEM 0.09) years. They

had all presented within the first year of life
with symptomatic congenital heart disease
(table 1) and subsequently required cardiac
catheterisation or surgery, allowing blood sam-
ples to be drawn. Patients with additional con-

genital abnormalities or a recognisable dys-
morphic syndrome were excluded.
Serum IGF-1 was measured by specific

radioimmunoassay and IGFBP-3 by immuno-
radiometric assay (DSL-6600 Diagnostic Sys-
tems Laboratories; Webster, Texas, USA). The
results have been related to growth and to food
intake estimated from a three day dietary
record and analysed using computerised food
composition tables (Diet 2000, B&W Elec-
tronic Systems, Portsmouth, UK). Normal val-
ues for serum IGF-1 and IGFBP-3 were

obtained from two groups of healthy age
matched control infants.

Results are expressed as the mean and
standard error or, for log transformed data, as

the geometric mean and 95% confidence inter-
val (95% CI). Group differences were investi-
gated by Student's t test. A p value of < 0.05
was considered significant. Forward stepwise
regression analysis was used to explore the
variance in serum IGF-1 levels.
The study was approved by the research eth-

ics committee of The Hospital for Sick
Children, and parental consent was obtained in
all cases.

Results
The birth weight of the infants with congenital
heart disease was slightly reduced (mean birth-
weight SDS - 0.37, 95% CI - 0.63 to
- 0.11), with further postnatal growth retarda-
tion apparent by the time of study; those with
cyanosis were shorter than acyanotic infants
but weight, body mass index (BMI), and head
circumference were similar (table 2).

Diagnosis No ofpatients

Ventricular septal defect (+/- coarctation) 16
Tetralogy of Faliot 11
Complex cyanotic heart disease (double outlet right ventricle, tricuspid atresia, transposition + pulmonary 11

stenosis)
Pulmonary atresia ( + /- VSD) 9
Transposition of great arteries 4
Atrioventricular septal defect 2
Total anomalous pulmonary venous drainage 2
Other (common arterial trunk, atrial septal defect, patent arterial duct, coarctation, pulmonary stenosis) 7
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Table 2 Growth and laboratory data on infants with congential heart disease (CHD) and controls; mean (SE) *

Group No Age Length SDS Weight SDS BMI SDS OFCSDS IGF-1 (ng/ml) IGFBP-3 (ng/ml)

CHD (acyanotic) 28 0.83 (0.09) - 0.48 (0.23) - 1.82 (0.26) - 2.08 (0.23) - 1.94 (0.26) 29 (21-40) 1.16 (0.08)
CHD (cyanotic) 34 1.26 (0.14) - 1.38 (0.17)** - 1.63 (0.23) - 1.63 (0.23) - 1.93 (0.22) 32 (23-44) 1.29 (0.07)
Controls I 40 1.13 (0.14) 0.26 (0.26)t -0.27 (0.21)t -0.27 (0.21)t - 61 (55-67) -

Controls II 86 1.17 (0.09) - - - - - 1.45 (0.06)¶

*Except IGF-1 data where the geometric mean and 95% confidence interval for log transformed data are shown. SDS = standard deviation score; OFC =
occipitofrontal head circumference.
Acyanotic v cyanotic CHD: ** length SDS, p = 0.002; weight SDS, BMI SDS, and OFC SDS, p = NS.
CHD v controls: t length SDS, t weight SDS, and t BMI SDS all p < 0.0015.
IGF-1: * p = 2.8x10-7 v CHD infants.
IGFBP-3: ¶ p = 0.014 v CHD infants.

Energy intake (n = 52) was variable. Mean
daily energy intake was 3.34 MJ (776 kcal)
(95% CI 2.98 to 3.74 MD, but was lower than
expected for age, with a mean of 93% (95% CI
87% to 100%) of estimated average require-
ments (%EAR).
Serum IGF-1 concentrations were unrelated

to age or sex in congenital heart disease infants
or controls and did not differ between infants
with and without cyanosis, t = - 0.421, p =
0.7. Infants with congenital heart disease had
lower IGF-1 concentrations than controls, t =
- 5.6, p < 0.001. Among those with congeni-
tal heart disease, IGF-1 was most closely
correlated (r = 0.33) with %EAR, while a BMI
SDS of < - 2.0 (n = 29) was associated with
lower serum IGF-1 concentrations (23 ng/ml)
than a BMI SDS of > - 2.0 (38 ng/ml) (n =
29); t = - 2.295, p = 0.03. The regression
model which best explained IGF-1 used both
%EAR and BMI, but excluded age, length,
weight, arm circumference, and skinfold thick-
ness as covariates:

IGF-1 = 2.7(0.53) + 0.01(0.005) %EAR
+ 0.16(0.1) BMI
(residual SD = 0.84; adjusted R' = 14%).

Mean IGFBP-3 concentrations were also
reduced in congenital heart disease compared
with controls and were similar in cyanotic and
acyanotic congenital heart disease (p = 0.22)
(table 2).

Discussion
The small size of the infants with congenital
heart disease studied largely reflected postnatal
growth failure, with some differences observed
between cyanotic and acyanotic infants. Acy-
anotic infants were markedly underweight with
less impairment of linear growth, while cyan-
otic infants showed equally impaired length
and weight gain, although differences in body
mass index were not statistically significant.
Head growth was equally impaired in both
groups.
Energy intake was lower than expected for

age in all types of congenital heart disease.
Although the reduction in energy intake was
small, the estimated intake (%EAR) was corre-
lated with both weight SDS (r = 0.40) and
serum IGF-1 (r = 0.33).

Little attention has been paid to the
endocrine milieu in congenital heart disease.

Raised plasma growth hormone concentra-
tions have been reported in patients with con-
genital heart disease and growth retardation,5
while in an experimental model of cyanotic
congenital heart disease, newborn lambs had
significantly reduced serum IGF-1 and
IGFBP-3 concentrations.6 Similar studies have
not been performed in human subjects with
congenital heart disease. The previously re-
ported increase in plasma growth hormone in
congenital heart disease and our findings of a
significant reduction in serum IGF-1 and
IGFBP-3 concentrations in growth retarded
infants with various congenital cardiac defects
are consistent with a state of growth hormone
insensitivity frequently seen in nutritional defi-
ciency. However, given the poor fit of the
regression model derived from our infants with
congenital heart disease, factors other than
those studied must be important in determin-
ing circulating IGF-1 levels.
An energy intake of 0.65 MJ/kg/d (150 kcal/

kg/d) may be necessary for normal weight gain
in infants with congenital heart disease2 and
often requires enteral feeding of an enriched
infant formula. Serial measurements of serum
IGF-1 and IGFBP-3 may be a useful adjunct
to anthropometric assessment in monitoring
nutritional support in these infants.
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