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Abstract

This study was undertaken to determine the longitudinal changes of serum 1,25-dihydroxyvitamin D (1,25-(OH)2D) and insulin like
growth factor I (IGF-I) levels at 20.7, 27.6, and 35.5 week periods of gestation in 40 pregnant women who remained normotensive (NT)
and in 10 women who developed preeclampsia (PE). As compared with the first period, significant increases (P < 0.01) in maternal serum
1,25-(OH)2D and IGF-I were observed in the NT group. In the PE group, a similar increase in serum 1,25-(OH)2D was observed. In
contrast, significant (P < 0.05) lower IGF-I levels were observed in the PE group at the moment of diagnosis. In addition a high incidence
of subjects with low increase in IGF-I levels (<percentile 10) was found in the PE group (30% versus 5%,P = 0.02). In conclusion,
circulating levels of 1,25-(OH)2D were not alterated in women before they developed PE. In the opposite, the high percentage of PE women
with low increase in circulating IGF-I levels between the 20th and 35th week of pregnancy suggests early alterations of IGF-I synthesis in
women developing PE.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

It has been reported that insulin-like growth fac-
tor I (IGF-I) stimulates renal 1,25-dihydroxyvitamin D
(1,25-(OH)2D) production in nonpregnant human and ro-
dents [1–10]. In addition, previous results from this lab-
oratory showed a stimulatory effect of IGF-I on placental
1,25-(OH)2D synthesis[11,12], indicating that this growth
factor could be a physiological regulator of Vitamin D
metabolism during pregnancy. Preeclampsia (PE) is a preg-
nancy disorder characterized by hypertension and protein-
uria [13]. Interestingly, in our previous studies[14,15],
low maternal circulating levels of 1,25-(OH)2D and IGF-I
have been found in established PE. These observations
prompted us to study longitudinal changes of 1,25-(OH)2D
and IGF-I serum levels in pregnant women who remained
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normotensive (NT) and to determine whether alterations in
circulating levels of these two hormones could be observed
in those women before they developed PE.

2. Materials and methods

2.1. Subjects

Maternal blood samples were obtained in accordance
with the guidelines of the declaration of Helsinki, and the
protocol of this study was approved by the Human Ethics
Committee of the Instituto Nacional de Ciencias Médicas
y Nutrición Salvador Zubirán. The study was done longi-
tudinally at three gestational periods (median: 20.7, 27.6,
and 35.5 weeks) and included 170 healthy normotensive
pregnant women. During this study, 160 women remained
NT and 10 developed PE at the third gestational period
(PE group), which corresponded to an incidence of 5.88%.
Diagnosis of PE was based on the simultaneous presence of
hypertension (systolic blood pressure≥140 mm Hg and/or
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diastolic blood pressure≥90 mm Hg) and marked protein-
uria (at least 2+ on dipstick: >100 mg/dl)[13]. For each
woman in the PE group, 4 NT women were chosen as
controls. Ages, gestational ages, height and body weights
were not significantly different between the NT group (40
women) and the PE group (10 women).

2.2. Methods

After extraction and subsequent purification using
C18OH extra clean cartridges[16], 1,25-(OH)2D concen-
trations were determined using125I RIA (DiaSorin, Still-
water, Minnesota, USA). Serum IGF-I were determined
using an immunoradiometric assay kit (Diagnostic System
Laboratories, Webster, TX, USA) after separation from its
binding proteins, as previously described[17]. Serum IGF
binding proteins, IGFBP-1 and IGFBP-3, were determined
using immunoradiometric assay kits (Diagnostic System
Laboratories, Webster, TX, USA). Serum human placental
lactogen (hPL) was determined using a solid-phase RIA kit
(Diagnostic Products Corporation, Los Angeles, CA, USA).

2.3. Statistical analysis

Results are presented as median with interquartile ranges.
Analysis of statistical differences between groups and as-
sociation between variables in each group were done using
nonparametric tests.

3. Results

3.1. Longitudinal changes in hormones and IGF-binding
proteins (IGFBPs)

Hormonal and IGF-binding protein concentrations at the
three gestational periods in the NT and PE groups are shown
in Table 1. At the first and second gestational periods, PE
and NT groups were similar as regards to their 1,25-(OH)2D,
IGF-I, IGFBP-1, IGFBP-3 and human placental lactogen
(hPL) levels. At the third period (median 35.5 weeks), IGF-I
levels were significantly lower in the PE group, with no sig-
nificant differences in the other variables tested. In addition,
the highest incidence of women with a low increase in IGF-I
was observed in the PE group (30% versus 5%,P = 0.02).
A normal expected increase at the second and third periods
in IGF-I was considered when serum IGF-I levels where
above the 10th percentile of all women studied.

3.2. Association analysis

Correlation studies (Table 2) showed a significant asso-
ciation between 1,25-(OH)2D and IGF-I levels in the NT
group at all times tested, particularly at the second and third
gestational periods. Significant correlations were also ob-
served between IGF-I and IGFBP-3 at the second (ρ = 0.59,

Table 1
Longitudinal changes of serum concentrations of hormones and IGFBPs
in pregnant women who remained normotensive (NT group) and pregnant
women who were diagnosed as preeclamptic (PE group) at the third
gestational period

Variable NT group
(n = 40)

PE group
(n = 10)

P

1,25-(OH)2D (pg/ml)
At the first GP 29 (24–36) 31 (26–34) 0.44
At the second GP 39 (34–45) c 43 (35–50) a 0.37
At the third GP 53 (45–62) c 55 (48–62) b 0.47

IGF-I (ng/ml)
At the first GP 141 (109–194) 130 (86–190) 0.47
At the second GP 190 (140–235) b 144 (89–232) 0.27
At the third GP 271 (195–308) c 217 (90–260) 0.02

IGFBP-1 (ng/ml)
At the first GP 106 (68–106) 107 (98–130) 0.51
At the second GP 117 (88–154) c 137 (125–155) a 0.36
At the third GP 164 (120–220) a 197 (165–242) b 0.21

IGFBP-3 (�g/ml)
At the first GP 4.6 (4.0–5.3) 4.2 (3.6–4.6) 0.15
At the second GP 4.5 (4.1–5.2) 4.4 (3.8–5.0) 0.70
At the third GP 5.3 (4.3–5.8) b 5.3 (4.8–5.7) b 0.68

hPL (�g/ml)
At the first GP 3.8 (2.8–5.5) 3.4 (3.0–6.0) 0.91
At the second GP 6.7 (6.0–9.5) c 6.7 (6.0–9.0) b 0.92
At the third GP 14 (11–15) c 13 (10–15) b 0.85

Values are given as median (interquartil range); a, b, and c, corresponded
to P-values<0.05, <0.01 and<0.0001, respectively, as compared with
the data observed at the firts gestational period (GP).

Table 2
Spearman rank correlations between 1,25-(OH)2D and IGF-I concentra-
tions at the first, second and third gestational periods (GP) observed in
pregnant women who remained normotensive (NT group) and women who
were diagnosed as preeclamptic (PE group) at the third gestational period

NT group (n = 40) PE group (n = 10)

ρ P ρ P

At the first GP 0.30 0.09 0.28 0.40
At the second GP 0.58 0.0003 0.59 0.08
At the third GP 0.57 0.0004 −0.19 0.58

P < 0.001) and third (ρ = 0.47, P < 0.01) gestational pe-
riods. Similarly, IGF-I correlated significantly with hPL at
the third gestational period (ρ = 0.50, P < 0.01). In the
PE group, similar correlation coefficients were observed for
the association between IGF-I and 1,25-(OH)2D at the sec-
ond gestational period (ρ = 0.59) and between IGF-I and
IGFBP-3 at the first (ρ = 0.59) and second (ρ = 0.60)
gestational periods without reaching statistical significance
(P = 0.08), due to the small sample size. No association
was found between hPL and IGF-I.

4. Discussion

Several studies have demostrated that IGF-I is a stimu-
latory factor of renal and placental 1,25-(OH)2D synthesis
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[1–12]. These observations prompted us to study longitudi-
nal changes of 1,25-(OH)2D and IGF-I serum levels in preg-
nant women who remained normotensive and to determine
whether alterations in circulating levels of these two hor-
mones could be observed in women before they developed
PE. In the present study, maternal serum 1,25-(OH)2D con-
centrations in the NT group increased significantly through-
out the study periods. In pregnant women who developed
PE, similar increases in serum 1,25-(OH)2D concentrations
were observed and no differences were found as compared
to those in the NT group. This observation suggests that
the Vitamin D-dependent components of intestinal calcium
absorption[18–20] may not be altered before and at the
moment of PE diagnosis. In the present prospective study,
we could not follow 1,25-(OH)2D changes up to delivery
for ethical reasons, since all PE women underwant treat-
ment with MgSO4, which is known to result in Vitamin D
metabolism alterations[21]. In any case, the present results
exclude circulating 1,25-(OH)2D levels as an early maker
for the disease and the low circulating levels of 1,25-(OH)2D
seen during the time course of PE[14,15,22–24]may be
considered as a secondary event, probably resulting from
decreased renal and/or placental 1,25-(OH)2D synthesis. In-
deed, we previously reported that expression and activity of
25-hydroxyvitamin D-1�-hydroxylase are restricted in cul-
tures of human syncytiotrophoblast cells from PE pregnan-
cies[12]. The finding in other studies[25,26]of higher IGF-I
levels in women who developed PE led to the suggestion
that these women have an exaggerated IGF-I responsiveness
compared to normotensive women. The present data do not
confirm these observations. In the opposite, circulating IGF-I
levels were not significantly different between NT and PE
groups before PE development, and were even significantly
lower at the time of diagnosis in the PE group. Furthermore,
the physiological increase in IGF-I during pregnancy was
altered in the PE group, with a markedly higher percentage
of women with low IGF-I increase (30% versus 5%). This
observation may explain, at least in part, the well known
high incidence of babies small for gestational age born from
PE women[15,27]. During normal pregnancy, it has been
reported that placental growth hormone (GH) and hPL act
in concert to stimulate IGF-I production and modulate inter-
mediary metabolism, resulting in an increase on the avail-
ability of nutrients to the fetus[28]. In the present study, the
absence of a significant increase of IGF-I levels in the PE
group could no be explained by hPL, since changes of circu-
lating levels of this hormone were similar in the NT and PE
groups. Another hypothesis could be that the reduced IGF-I
levels found in the PE group resulted from a decreased pla-
cental GH synthesis[29], which circulating levels were not
assessed in the present work and deserve to be further inves-
tigated. IGF-I circulates in blood bound to six IGFBPs that
modulate IGF-I action by enhancing or inhibiting its effects
[30]. The finding in this study of similar serum concentra-
tions of IGFBP-1 and IGFBP-3 in the NT and PE groups,
and the low increase in IGF-I levels in the PE group, may

indicate decreased IGF-I bioavailability in pregnant women
who are at risk of developing PE.

In conclusion, maternal circulating levels of 1,25-(OH)2D
were not alterated in women before they developed PE. In
the opposite, the high percentage of PE women with low
increase in circulating IGF-I levels between the 20th and
35th week of pregnancy suggests early alterations of IGF-I
synthesis in women developing PE.
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