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There is now considerable evidence that the insulin-
like growth factors (IGFs), IGF-I and IGF-II, are pivotal
for fetal growth and development. Absent IGF-I expres-

sion in the fetus, because of homozygous IGF-I gene abla-
tion in mice or spontaneous deletion in humans, results
in severe in utero growth retardation (IUGR) and dis-
turbed neurologic development.1 In addition, IUGR
caused by impaired uteroplacental blood supply (utero-
placental IUGR), lowers fetal IGF-I gene expression in ex-
perimental animals and circulating IGF-I in human
fetuses. The absence of paternally imprinted IGF-II gene
expression also reduces birth weight in mice, but the ef-
fect of uteroplacental IUGR on IGF-II concentrations has
been inconsistent among studies.2

Of the 6 IGF-binding proteins that bind the IGF lig-
ands in the circulation, IGF binding protein-1 (IGFBP-1)
may well be the most important in utero. Whereas the ex-
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OBJECTIVE: Our purpose was to evaluate which factors regulate insulin-like growth factor-I and insulin-like
growth factor binding protein-1 concentrations in preterm fetuses.
STUDY DESIGN: We studied 76 singleton births between 25 and 36 weeks of gestation. Forty-nine pregnan-
cies were complicated by hypertensive disease; 24 pregnancies were complicated by preterm labor or pre-
term rupture of membranes; and antenatal glucocorticoids were given in 49 pregnancies. Pathology reports
showed infarct(s) or hematoma(s) in 31 of 69 placentas. We recorded blood gas values in umbilical artery
and vein and measured glucose, C-peptide, and insulin-like growth factor-I and insulin-like growth factor
binding protein-1 concentrations in umbilical vein.
RESULTS: Birth weight correlated with umbilical vein insulin-like growth factor-I (r = 0.68, P < .0001) and in-
versely with insulin-like growth factor binding protein-1 (r = –0.26, P = .02). Babies with birth weight of �25th per-
centile had lower insulin-like growth factor-I but higher insulin-like growth factor binding protein-1 levels than
babies at >25th percentile.Two-factor analysis of variance showed that umbilical vein insulin-like growth factor-I
was determined by gestational age (P = .0004) and birth weight percentile (P < .0001), whereas insulin-like
growth factor binding protein-1 was not affected by gestational age. Umbilical vein C-peptide was highly corre-
lated with insulin-like growth factor binding protein-1 (r = -0.55, P < .0001), but not insulin-like growth factor-I, lev-
els. Blood gas values in umbilical artery and vein, particularly umbilical artery PO2, were correlated with umbilical
vein insulin-like growth factor-I and insulin-like growth factor binding protein-1 (r = 0.51 and –0.48, respectively; P
< .0001); changes in insulin-like growth factor-I and insulin-like growth factor binding protein-1 occurred at umbili-
cal artery PO2 <14.8 mm Hg. Multiple regression analysis showed that umbilical vein insulin-like growth factor-I
was predicted by umbilical artery PO2, gestational age, and the presence of placental infarcts/hematomas (R 2 of
model = 0.58, P < .0001), and umbilical vein insulin-like growth factor binding protein-1 by umbilical vein C-pep-
tide, umbilical artery PO2, and placental infarcts/hematomas (R2 = 0.49, P < .0001).
CONCLUSION: In the preterm fetus, circulating insulin-like growth factor-I is related to gestational age and the in
utero growth potential, whereas insulin-like growth factor binding protein-1 is related only to the in utero growth
potential. The PO2 is a robust determinant of both insulin-like growth factor-I and insulin-like growth factor binding
protein-1 levels; hypoxia may restrain fetal growth through its effects on the insulin-like growth factor/insulin-like
growth factor binding protein axis. Insulin is a powerful determinant of insulin-like growth factor binding protein-1,
but not insulin-like growth factor-I, concentrations in the preterm fetus. (Am J Obstet Gynecol 2003;188:485-91.)
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pression of the IGFs and IGFBP-2 through IGFBP-6 is
widespread in fetal tissues and organs, IGFBP-1 is ex-
pressed primarily in the liver. Overexpression of the
IGFBP-1 gene in mice reduces birth weight3 and fre-
quently results in abnormal neurologic development.4

Uteroplacental IUGR up-regulates hepatic IGFBP-1 gene
expression and circulating IGFBP-1 levels.5 The binding
affinity of ligand (IGF-I) to IGFBP-1 is at least equal to
that of the ligand to receptor (IGF-I receptor) binding.
Excess of IGFBP-1 sequesters IGF-I and reduces the pool
of biologically available IGF-I.6

Although there is consensus that low birth weight ba-
bies have lower IGF-I but higher IGFBP-1 concentrations,
it has proved more difficult to discern the effects of ges-
tational age (GA) and in utero growth potential, particu-
larly for IGFBP-1. In one small study, cord serum IGFBP-1
levels were several-fold higher in preterm than in term
newborn infants with birth weight that is appropriate for
the GA7; however, GA was not found to be a determinant
of IGFBP-1 levels in another study in appropriate-for-GA
fetuses that were sampled in utero.8 Here we measured
IGF-I and IGFBP-1, which were stratified into birth weight
percentile or quartile groups, at birth in preterm babies
between 25 and 36 weeks of GA.

Our second aim was to evaluate the impact of a num-
ber of clinical, laboratory, and pathologic parameters on
IGF-I and IGFBP-1 levels in preterm fetuses. Thus, we
measured C-peptide because insulin is well known to reg-
ulate IGF-I and IGFBP-1 secretion postnatally, and blood
gas values because IGFBP-1 secretion in the fetus appears
to be responsive to hypoxemia.5,9 We also measured glu-
cose levels, as an index of the fetal nutritional status.
Blood gases were recorded in both umbilical artery (UA)
and vein (UV); IGF-I, IGFBP-1, C-peptide and glucose
were measured in UV only because we previously found
an excellent correlation between UA and UV IGFBP-1
and C-peptide values.5 In addition, we assessed whether
antenatal glucocorticoid administration affects fetal IGF-
I and IGFBP-1 levels. In rats, maternal dexamethasone
administration up-regulates IGFBP-1 expression in the
fetal liver and causes IUGR.10 Finally, we studied the im-
pact of maternal hypertension and smoking and the pres-
ence of placental infarcts on pathologic examination.

Material and methods

Patients. Seventy-six singleton preterm babies between
25 and 36 weeks GA were studied at birth. Delivery oc-
curred spontaneously, or the pregnancy was ended for
medical reasons (the most important reason being hy-
pertensive disease). Forty-nine women had some form of
hypertension or chronic renal disease during the current
pregnancy, as defined by Davey and McGillivray11; 38
women had preeclampsia. Of the other 27 women, 24
women were delivered prematurely because of preterm
labor or preterm rupture of the membranes. Of the re-

maining 3 pregnancies, 2 pregnancies were complicated
by uteroplacental IUGR without hypertension, and 1
pregnancy was complicated by placenta previa. Pregnan-
cies that were complicated by pregestational or gesta-
tional diabetes mellitus were excluded. From the patient
files, we also recorded the smoking status of the mother;
whether the mother had been given antenatal glucocorti-
coids (betamethasone, 12 mg intramuscularly, usually 2
injections 12 or 24 hours apart), and if so, the time
(hours) between the last injection and delivery; sex,
weight, length, head circumference of the baby at birth;
and placenta weight. The ponderal index was calculated
as birth weight (grams) � 100/(length [centimeters])3.
Babies with a ponderal index of <2.32 were classified as
thin; babies with an index between 2.32 and 2.84 were
classified as normal, and babies with a ponderal index of
>2.84 were classified as obese. Babies were also stratified
into birth weight percentile and quartile groups, accord-
ing to recently updated birth weight charts that were de-
rived from >429,000 births in Flanders, Belgium.5

From each fetus, the oxygenation and acid-base status
was analyzed in both UA and UV, with the use of heparin-
containing syringes, and measured within a few minutes
of delivery on an ABL 700 Analyzer (Radiometer Medical
A/G, Brønshøj, Denmark); values for PO2, PCO2, pH,
HCO3

–, and base excess/deficit were recorded. An addi-
tional blood sample was taken from the UV, after it had
been clamped and the umbilical cord had been cleaned
and before the delivery of the placenta. All patients con-
sented that a blood sample be taken from the UV or con-
sented that sampled UV blood taken at cesarean section
could be used for scientific purposes.

Sixty-nine placentas were available for pathologic ex-
amination, which was performed by one of us (P. M.).
Two items were recorded for the purpose of this study:
the absence or presence of ≥1 infarcts in the placental
parenchyma or/and the presence of ≥1 retroplacental
hematomas; and whether there was accelerated matura-
tion of the chorionic villi. The placental parenchyma was
considered to be “mature” in the presence of syncytio-
capillary membranes within the terminal chorionic villi
and the presence of an accumulation of nuclei within the
syncytiotrophoblast.12

Assays. IGF-I was measured as described previously in
detail.13 Plasma samples were acidified by formic acid
and were applied to Econo-Pac columns (Bio-Rad, Rich-
mond, Calif) to maximally remove the IGFBPs. IGF-I was
measured in the eluate by radioimmunoassay, with the
use of recombinant human IGF-I as the standard and 
a polyclonal antiserum raised in guinea pigs.2 All 
measurements were performed during one assay run; the
within-assay coefficient of variation is 4.6%. IGFBP-1 con-
centrations were measured by radioimmunoassay, as de-
scribed previously in detail.14 IGFBP-1 was purified from
amniotic fluid and standardized to an enzymatic im-
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munoassay from Medix Biochemica (Kauniainen, Fin-
land); the antiserum is a polyclonal rabbit antiserum.
Within- and between-assay coefficient of variation is 2.4%
to 4.0% and 6.2% to 9.7%, respectively. Glucose was mea-
sured by the glucose-oxidase method with a YSI 2300 Stat
Plus glucometer (YSI Inc, Yellow Springs, Ohio). C-pep-
tide was measured by radioimmunoassay, as described
elsewhere2; within- and between-assay coefficient of varia-
tion are 7.1% and 7.5%, respectively. All measurements
were performed in duplicate.

Data analysis. We used a software program (NCSS,
Kaysville, Utah) for statistical analysis. Data are shown
as means ± SEM. To investigate the impact of a single
variable (eg, birth weight distribution) on UV IGF-I and
IGFBP-1 concentrations, we performed one-way analy-
sis of variance (ANOVA), followed, if significant (P <
.05), by the Fisher least significant difference post hoc
multiple comparison test. To investigate the relative im-
pact of two variables (birth weight distribution and
GA), we performed two-factor ANOVA. We used 
unpaired t tests to compare UV IGF-I and IGFBP-1 con-
centrations of any two groups with different character-
istics (eg, maternal hypertension or not, fetal sex).
Correlations were examined by pairwise Pearson corre-
lation analysis. Multiple regression analysis was carried
out to investigate the relative impact of all binary and
continuous variables that were related significantly to
IGF-I and IGFBP-1 levels; multicollinearity between the
variables was examined.

Results

The range of birth weights was between 520 and 2730
g, birth length range was 29 to 49 cm, head circumfer-
ence range was 21.5 to 34 cm, and placenta weight range
was 170 to 580 g. According to their ponderal index, 45
fetuses were thin, 26 fetuses had a normal ponderal
index, and 3 fetuses were obese. Whereas individual UV
glucose concentrations were distributed equally, IGF-I,
IGFBP-1 and C-peptide concentrations were distributed
unequally. For the latter three parameters, we derived
log10 values, which were compatible with a gaussian dis-

tribution (data not shown) and were used for statistical
analysis.

Table I shows that UV glucose concentrations corre-
lated with C-peptide, but not with IGF-I and IGFBP-1 con-
centrations. C-peptide levels were correlated highly
inversely with IGFBP-1 levels, but there was no correla-
tion with IGF-I levels. IGF-I and IGFBP-1 were also corre-
lated negatively. Although glucose and C-peptide levels
did not relate to birth weight or length, IGF-I was corre-
lated strongly with birth weight and length; there was a
smaller, but significant, inverse correlation with IGFBP-1
levels. Placenta weight also correlated with UV IGF-I 
(r = 0.69, P < .01) and inversely with IGFBP-1 (r = –0.25, 
P = .03).

In Fig 1, we show birth weights that were corrected for
GA stratified into quartile groups. UV IGF-I and IGFBP-1
concentrations of babies in quartile 1 were different com-
pared with quartiles 2 through 4. Within the first quartile,
IGF-I concentrations were lower in babies with a birth
weight of <5th percentile compared with babies between
the 11th and 25th percentiles. Conversely, babies with a
birth weight of <10th percentile had higher IGFBP-1 con-
centrations compared with babies between the 11th and
25th percentiles; the concentrations in the latter group
were not different from those of birth weight quartiles 2
through 4.

The ponderal index was correlated with UV IGF-I (r =
0.45, P < .01), but not with IGFBP-1 levels. However, both
IGF-I and IGFBP-1 concentrations were not different (un-
paired t tests, P > .10) between thin and normal fetuses or
thin and nonthin fetuses (data not shown).

UV IGF-I, but not glucose, C-peptide, or IGFBP-1, con-
centrations were correlated with GA (Fig 2). We explored
further the effects of GA (divided into 2 groups: 25-30
weeks [n = 22] and 31-36 weeks [n = 53]) and birth weight
distribution (quartile 1 [n = 41] and quartiles 2-4 [n =
35]) on IGF-I levels, by two-factor ANOVA. UV IGF-I was
determined by both GA (P < .01) and birth weight distri-
bution (P < .01), with no interaction (P = .87) between
the two factors.

Table I. Pearson correlation coefficients (pairwise dele-
tion) of weight and length at birth, and UV glucose, 
C-peptide, IGF-I, and IGFBP-1 concentrations

Weight Length Glucose C-peptide* IGF-I*

Length 0.92†
Glucose NS NS
C-peptide* NS NS 0.38†
IGF-I* 0.68† 0.60† NS NS
IGFBP-1* –0.26‡ –0.27‡ NS –0.55† –0.62†

NS, Not significant.
*Log10 values.
†P < .01.
‡P < .05.

Table II. Pearson correlation coefficients (pairwise dele-
tion) of UV IGF-I and IGFBP-1 concentrations and of
UA and UV blood gas values

IGF-I* IGFBP-1*

UA/UV
PO2 0.51†/0.41† –0.48†/–0.40†
PCO2 –0.27‡/–0.33† 0.35†/0.38†
pH 0.39†/0.40† –0.44†/–0.43†
HCO3

– NS/0.24‡ –0.20/–0.22§
Base excess 0.41†/0.34† –0.32†/–0.29‡

NS, Not significant (P > .10).
*Log10 values.
†P < 0.01.
‡P < .05; between brackets.
§ .05 < P < .10.
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Blood gas analysis showed that, as expected, PO2 and
pH values were higher in UV than in UA (mean ∆, 7.6
mm Hg [P < .01] and 0.34 [P = .04], respectively),
whereas PCO2 was higher in UA than in UV (mean ∆, 6.2
mm Hg [P < .01]); there was no difference between UA
and UV HCO3

– and base excess values. Table II shows the
correlation analysis between blood gas values and IGF-
I/IGFBP-1 concentrations. IGF-I concentrations were
correlated highly with PO2 and pH, but negatively corre-
lated with PCO2 values; a mirror-effect was seen for IGFBP-
1. In Fig 3, we show that IGF-I and IGFBP-1 levels are
clearly different in fetuses with UA PO2 <14.8 mm Hg
compared with PO2 ≥14.8 mm Hg. In 13 fetuses, the UA
pH was <7.20, which is used commonly as a cutoff value
for in utero acidosis. Acidotic fetuses had lower UV IGF-I
(P = .01), but higher IGFBP-1 concentrations (P < .01),
than nonacidotic fetuses; IGF-I and IGFBP-1 were corre-
lated inversely in acidotic fetuses (r = –0.68, P < .01).

We examined clinical variables that determine UV IGF-
I and IGFBP-1 concentrations with the use of unpaired t
tests. IGF-I concentrations were lower in hypertensive
pregnancies (P < .01) but were not affected by maternal
smoking, betamethasone administration, or fetal sex.
IGFBP-1 levels were higher in hypertensive pregnancies
(P < .01) and in fetuses of mothers who smoked (P = .03),
were unaffected by fetal sex, and were lower in fetuses
whose mothers had received betamethasone (P = .02).
However, there was no significant correlation between
UV IGFBP-1 and the time since the last betamethasone
injection (data not shown).

We also related findings on placental pathologic exam-
ination with UV IGF-I and IGFBP-1 levels. Of 69 available

placentas, 29 placentas showed ≥1 infarcts, 9 placentas
showed a hematoma, and 31 placentas showed either; 38
placentas showed accelerated maturation. Using un-
paired t tests, we found that IGF-I concentrations were
lower in the presence of infarcts/hematoma (P < .01) and
tended to be lower in case of accelerated maturation (P =
.05). Conversely, IGFBP-1 concentrations were higher in
case of infarcts/hematoma (P < .01) or accelerated matu-
ration (P = .04). UA and UV PO2 values also tended to be
lower in the presence of placental infarcts/hematoma (P
= .05 and P = .06, respectively). However, the correlation
between UA PO2 and UV IGF-I (r = 0.47, P < .01) and
IGFBP-1 (r = –0.43, P < .01) barely changed when cor-
rected for the presence/absence of infarcts/hematomas.

Table III shows the multiple regression analysis of fac-
tors that predict UV IGF-I and IGFBP-1 concentrations.
For IGF-I, UA PO2, GA, and the presence/absence of pla-
cental infarcts/hematoma were powerful predictors, with
maternal hypertension as an additional independent pre-
dictor. For IGFBP-1, C-peptide was the strongest predic-
tor, with UA PO2 and the presence of infarct/hematoma
as additional independent predictors.

Comment

Here we confirm and extend previous evidence that
preterm babies with low birth weight, which has been cor-
rected for GA, have lower circulating total (extractable)
IGF-I and higher IGFBP-1 at birth.2,5 The consequent in-
creased formation of IGF-I/IGFBP-1 binary complexes6

in these babies is expected to lower circulating “free” (dis-
sociable) IGF-I even further. Although it is assumed gen-
erally that IGF-I in the fetus acts mainly in an autocrine or

Fig 1. IGF-I (A) and IGFBP-1 (B) concentrations (means ± SEM) in UV at birth in preterm babies, according to birth
weight percentiles (P, quartile [Q]). Inset: IGF-I and IGFBP-1 concentrations of babies with birth weights <25th per-
centile. Statistical analysis: one-way ANOVA, followed by Fisher least significant difference multiple comparison test.
Groups that are significantly different (P < .05) from one another are denoted by different letters (a, b).
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paracrine mode (ie, locally produced IGF-I acting on the
same or nearby cells), it is plausible that the endocrine
actions of IGF-I start in the second half of fetal life,15

which would mean that very low circulating free IGF-I fur-
ther compromises in utero growth.

This study produced additional insights on the regula-
tion of IGF-I and IGFBP-1 levels in preterm fetuses. First,
IGF-I correlates better with birth weight than does IGFBP-
1 because the former is the product of two separate asso-
ciations (ie, IGF-I is related to both GA and the in utero
growth potential [as reflected by birth weight per-
centile]). In counterpart, circulating IGFBP-1 is unre-
lated to GA but is related to the in utero growth potential
as robustly as is IGF-I. Our data show that, more specifi-

cally, babies with birth weight of ≤25th percentile have
lower circulating IGF-I levels, but higher IGFBP-1 levels.
Even within this group of babies, circulating IGF-I and
IGFBP-1 are highly dependent on birth weight per-
centile. But body composition does not appear to affect
IGF-I and IGFBP-1 levels, because we found no differ-
ences between thin and nonthin fetuses.

Second, we show that both IGF-I and IGFBP-1 in pre-
term fetuses are regulated strongly by the in utero oxy-
genation. In fact, of all clinical, laboratory, and
pathologic parameters, the UA PO2 value was the most
powerful predictor of the IGF-I concentration. Although
the PO2 was not in itself related to birth weight in this se-
ries, UA and UV PO2 were reported to be lower in small-

Fig 2. Individual IGF-I (A) and IGFBP-1 (B) concentrations in UV at birth in preterm babies, according to GA at birth
and birth weight quartiles. IGF-I, but not IGFBP-1, concentrations were correlated significantly with GA (r = 0.43, P =
.0001). Two-factor ANOVA showed that both GA and birth weight quartile determined IGF-I concentrations. Closed
squares, Quartile 1; open squares, quartile 2; closed triangles, quartile 3; closed circles, quartile 4.

Table III. Multiple regression analysis of variables that predict IGF-I and IGFBP-1 concentrations in preterm fetuses

UV IGF-I* UV IGFBP-1*

Dependent variable t value P value t value P value

Independent binary variables (yes/no)
Maternal hypertensive disease –2.26 .03 >.10
Maternal smoking — >.10
Antenatal glucocorticoids — –1.79 .08
Placental pathologic condition

Infarct/hematoma –3.44 .001 2.23 .03
Accelerated maturation — >.10

Independent continuous variables
GA 3.85 .0003 —
UA PO2 4.01 .0002 –2.44 .02
UV glucose — —
UV C-peptide* — –3.27 .002

Intercept >.10 9.23 <.0001

Total R2 of model 0.58 <.0001 0.49 <.0001

All factors that correlated significantly (P < .05) with IGF-I or IGFBP-1 concentrations were introduced into the model (see P value).
Of the blood gas values, UA PO2 was introduced because this variable showed the highest correlation coefficient (Table II). There was
no collinearity between the variables that determined IGF-I and IGFBP-1 concentrations at P < .10 (all variance inflation factors of <1.22,
all eigenvalue condition numbers < 2.73).

*Log10 values.
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for-GA fetuses than in appropriate-for-GA fetuses in a
large cohort of singleton infants at term.16 Hence, our
data add to the growing body of evidence that shows that
the inhibitory effect of hypoxia on fetal growth is medi-
ated through the IGF-IGFBP axis.9,17 Not only the PO2 but
also the pH values correlated with IGF-I and IGFBP-1 lev-
els, unlike our previous findings in term fetuses.5 Aci-
dotic preterm fetuses had decreased circulating IGF-I but
increased IGFBP-1. Although the number of acidotic fe-
tuses in this study was too small to differentiate between
respiratory and metabolic acidosis, we surmise that the
“respiratory” component has a larger impact on fetal IGF-
I and IGFBP-1 levels than the “metabolic” component be-
cause there was a better correlation with PCO2 than with
HCO3

– values.
As a measure of the fetal nutritional status, we deter-

mined glucose levels, which as expected were related to
C-peptide (insulin) levels. In some in vitro experiments,
glucose was found to modulate hepatic IGFBP-1 expres-
sion, independently of insulin.18 Conversely, infusion of
IGFBP-1 raises glucose levels in rats, and IGFBP-1 trans-
genic mice have hyperglycemia.3 However, UV glucose
was not related to IGFBP-1 or IGF-I in this cohort. Insulin,
on the other hand, was the most powerful predictor of
IGFBP-1 levels, which confirmed our data in term fe-
tuses.5 IGFBP-1 expression is confined to the liver both in
utero and postnatally and is down-regulated by insulin. In
contrast to IGFBP-1, IGF-I was not related to insulin in
preterm fetuses. In fetal sheep, the drop in IGF-I levels
that was induced by maternal fasting was reversed by an
insulin infusion, which suggests a role for insulin in fetal
IGF-I production.19 However, IGF-I synthesis is markedly
different in utero and postnatally. Postnatally, circulating
IGF-I is largely liver derived, and hepatic IGF-I expression

is growth hormone and insulin driven. But in the fetus,
IGF-I expression does not predominate in the liver, and
there is no evidence for a regulation by growth hormone
or insulin.15

The presence of a placental infarct or hematoma pre-
dicted both IGF-I and IGFBP-1 levels, independently of in
utero PO2 values. Placental infarcts/hematomas are well
known to be associated with maternal hypertension and
to shut down intervillous space for transport of oxygen
and nutrients. In a recent study, there was no correlation
between the nutrient transport capacity of term placentas
across a wide range of birth weights, but IUGR babies
<5th percentile were excluded from the series.20 The
presence of maternal hypertension was also an indepen-
dent predictor of UV IGF-I, but not IGFBP-1, concentra-
tions, which confirms recently reported data from
preeclamptic pregnancies.21

There is considerable interest in the long-term conse-
quences of uteroplacental IUGR for development and
health. Uteroplacental IUGR is a risk factor for disturbed
psychomotor and mental development during child-
hood.22 Also, IUGR predisposes to insulin resistance and
its clinical expressions (ie, abdominal obesity, glucose in-
tolerance or diabetes mellitus, hypertension, and dyslipi-
demia).23 Abnormalities in IGF-I and IGFBP-1 gene
expression are potential links between IUGR and its long-
term deleterious effects. A child with homozygous partial
deletion of the IGF-I gene had neurosensory handicaps
and was also insulin resistant, which was reversed by IGF-
I administration.1 In addition, transgenic mice that over-
express the human IGFBP-1 gene frequently have
neurologic abnormalities, including hydrocephalus and
motor disorders,4 and they have hyperinsulinemia and
glucose intolerance later in life.3

Fig 3. IGF-I (A) and IGFBP-1 (B) concentrations (means ± SEM) in UV at birth in preterm babies, in quartiles of PO2 val-
ues in UA. Statistical analysis: one-way ANOVA, followed by Fisher least significant difference multiple comparison test.
Groups that are significantly different (P < .05) from one another are denoted by different letters (a, b, c).
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This study has some limitations. Most of the pregnan-
cies were complicated by hypertensive disease, and our
series of preterm fetuses had an unequal birth weight per-
centile distribution, which may have influenced the
analyses. Also, some cordocentesis data suggested that
UA and UV blood gas values are GA dependent.24 But in
this study, we did not find a significant effect of GA on UA
and UV blood gas values. Third, nutrients other than glu-
cose were not measured; in a recent study, essential and
branched-chain amino acids were related to insulin and
IGFBP-1 levels in twins with discordant birth weight.25 Fi-
nally, we did not differentiate placental infarcts according
to their number and size.

In conclusion, we have shown that, in the preterm
fetus, (1) IGF-I is related to GA and birth weight per-
centile, whereas IGFBP-1 is related only to birth weight
percentile, (2) the PO2 value is a major determinant of
IGF-I and IGFBP-1 levels, and (3) insulin is a powerful de-
terminant of IGFBP-1, but not of IGF-I, levels.

We thank R. van Bree, W. Coopmans, A. De Schutter,
and M.-J. Leemput for their help with the analyses and
the physicians and midwives of the labor ward for taking
the blood samples.
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