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Abstract: The prediction of birth weight may be improved by the measurement of hormones or growth factors in
the mother. We measured body weight (BW) and plasma levels of placental GH (PGH), IGF-I, IGF-binding
protein-1 (IGFBP-1), and leptin at the time of the glucose challenge test (GCT) in 289 women, who were
pregnant with a single fetus, between 24 and 29 wk gestational age (GA). Delivery occurred 12 + 2 (mean + SD)
wk later.

First, we examined which variables regulate these hormonal factors. Multiple regression showed that PGH
concentrations were determined by GA at sampling and were negatively related to BW. IGF-I levels were mainly
determined by PGH, and also by insulin, BW, and (negatively) age. IGFBP-1 concentrations were negatively
determined by BW, insulin, and IGF-I1. BW was also a powerful determinant of leptin levels, with insulin as a
less robust determinant.

Second, we examined the relation to glucose levels. PGH, IGF-1, and IGFBP-1 concentrations were not
correlated with post-GCT glucose levels and were comparable in women with a normal or disturbed GCT
(glucose >7.8 mmol/liter; n = 72).

Finally, we examined the relation with birth weight and placental weight. Birth weight, corrected for GA and
stratified into percentile groups, and the ponderal index at birth were strongly related to maternal BW, but not to
maternal PGH, IGF-I, or IGFBP-1 levels. Neither was maternal leptin related to birth weight, but leptin
concentrations were slightly higher in women who delivered obese babies. Placental weight was not related to
any of the hormonal factors.

This prospective study indicates that the variation in circulating PGH, IGF-I, IGFBP-1, and leptin between 24
and 29 wk of pregnancy is strongly dependent on maternal BW, but is unrelated to glucose tolerance. In addition,
the measurement of PGH, IGF-I, IGFBP-1, or leptin at the time of the GCT is not useful clinically to predict
birth weight.

Abbreviations: BMI, Body mass index; BW, body weight; CV, coefficients) of variation; GA, gestational age; GCT, glucose challenge test;
GDM, gestational diabetes mellitus; IGFBP-1, IGF binding protein 1; IUGR, in utero growth retardation; LSD, least significant difference;
P, percentile; PGH, placental GH; PI, ponderal index; rh, recombinant human.

In utero growth retardation (IUGR) and overgrowth (macrosomia) are associated with increased perinatal
complications, including fetal distress, neonatal hypoglycemia, and perinatal death. In addition, both [UGR and
macrosomia have long-term effects on body size and composition and increase the risk of developing features of
the metabolic syndrome (1). More specifically, thin and obese babies [i.e. babies with a low or high ponderal
index (PI), respectively] appear to be the most at risk (1). The clinical and ultrasonic prediction of birth weight
and PI may be improved by additional biochemical measurements. These potential biochemical markers include
growth-related hormones and growth factors such as placental GH (PGH), IGF-1, IGF-binding protein-1
(IGFBP-1), and leptin, which could be measured in amniotic fluid or, preferably, in maternal serum at some
point during pregnancy. These growth-related factors do not cross the placental barrier, but may affect fetal
growth through their effects on the placenta (2).

PGH is secreted by the syncytiotrophoblast and is believed to be responsible for the gradual rise in serum IGF-I
concentrations during the second half of pregnancy, because PGH and IGF-I levels are correlated (3, 4).
Circulating IGFBP-1 increases from early pregnancy onward (5, 6) and is produced by both liver and decidua
(7). There is also a surge in serum leptin during pregnancy, owing to the accumulation of adipose tissue and the
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placental production of leptin (8, 9).

Several studies have demonstrated lower circulating levels of PGH and IGF-I, but higher levels of IGFBP-1,
during the third trimester of pregnancies complicated by IUGR, in particular pregnancies with a deficient
uteroplacental supply line (4, 10-14). Maternal serum IGFBP-1 was also found to correlate negatively with birth
weight in normal (15,16) and diabetic (17) pregnancies. In addition, maternal leptin levels were inversely
correlated with birth weight in adolescent pregnancies (18) and in pregnancies complicated by gestational
diabetes mellitus (GDM) (19).

Methodological aspects limit the conclusions that can be drawn from these studies. In some studies, women were
sampled throughout pregnancy (16). Other studies focused on pregnancies in which IUGR was already
diagnosed (4, 11-14) and samples were taken shortly before delivery (4, 11-13); in these studies, lower PGH and
IGF-I may reflect a lower placental mass. Some studies did not correct birth weight for gestational age (GA)
(15,16). Finally, most studies did not correct for the effect of maternal body weight (BW), which has a powerful
effect on maternal IGFBP-1 (16,20) and leptin levels (18) - and perhaps on PGH and IGF-I levels, and also on
birth weight (21).

We therefore decided to study PGH, IGF-I, IGFBP-1, and leptin levels at the time of the glucose challenge test
(GCT), because the number of blood samples performed on a routine basis during pregnancy is limited. A GCT
is generally done between 24 and 28 wk as a screening test for GDM (22). Maternal BW at this time was
included as a measurement.

The experimental setting offered the additional bonus to examine the relation of PGH and IGFBP-1 with glucose
levels. Insulin resistance is well known to arise in the second half of pregnancy, accelerating the development of
glucose intolerance (23). Although acromegaly and GH administration in nonpregnant individuals induce insulin
resistance (24,25), the link between PGH and insulin resistance/glucose intolerance during pregnancy is
unknown. Recently, PGH concentrations at 28 wk were found to be positively correlated with postprandial, but
not fasting, glucose levels (14). On the other hand, the addition of glucose to villous tissue cultures resulted in a
sharp reduction of PGH output in vitro (26). Increased IGFBP-1 levels during pregnancy may also promote
glucose intolerance. Indeed, the acute infusion of IGFBP-1 blocked the hypoglycemic response to IGF-I and
raised glucose levels in rats (27), and transgenic mice that overexpress the IGFBP-1 gene develop glucose
intolerance (28).

Materials and Methods
Study population

The study protocol was approved by the Ethical Committee of the Katholieke Universiteit Leuven Faculty of
Medicine. The study population consisted of women who had a GCT, ordered by their obstetrics/ gynecology
physician, in the antenatal clinic between May and September 2000. Fasting or nonfasting women received 100
ml of a lemon-flavored 50% glucose solution (50 g of glucose) and received an extra 100 ml of water if they
wanted it. GCTs were performed throughout the day, between 0900 and 1900 h. Patients were given a leaflet
explaining the purpose of the study during the time they had to wait for the blood sampling. In the meantime,
patients were requested not to eat, drink, smoke, or chew gum, and not to walk about. After 60 min, they were
asked whether they consented to participate in the study, which consisted of donating an extra blood tube in
addition to the tests ordered by the physician. This extra blood tube was kept at 4 C, centrifuged on a twice daily
basis, aliquoted, and frozen at -80 C until assayed. Clinical data were retrieved from the computerized file notes
after delivery; there was no interference with clinical management.

Three hundred thirty-nine samples were obtained; 50 samples were discarded, either because they were taken
from women carrying twins (n = 5) or because they were taken at 30-wk GA or later (n = 39) or before 24-wk
GA (n = 6); however, we included the 47 samples taken at 29-wk GA in the study. The recorded BW was
determined at the time of the GCT; the recorded height was determined at the first antenatal visit, and the body
mass index (BMI) was calculated. None of the mothers had known glucose intolerance before the GCT. In 14
patients (4.9%), glucose intolerance was clinically detected on the basis of the GCT result and a subsequent oral
glucose tolerance test, and they were treated with a 1600-1800 kcal diabetes diet (n = 12) or with a diet
combined with insulin (n = 2). Thirty-eight patients (13.7%) developed some form of hypertension during
pregnancy, according to the classification of Davey and MacGillivray (29); 7 of them (2.5%) developed
preeclampsia, 21 developed gestational hypertension, and 10 had chronic hypertension. Eleven patients dropped
out from the antenatal clinic between the GCT and delivery, or they delivered elsewhere; thus, the delivery data
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pertain to 278 women/newborns. Birth weight was compared with recently updated reference charts, derived
from more than 429,000 births in Flanders, Belgium, and was stratified into percentile groups according to GA
(30). The PI at birth was calculated as: birth weight in grams X 100/(Iength in centimeters) (3). Newborns were
stratified into three categories: thin (PI <2.32), normal (PI between 2.32 and 2.84), and obese (P1>2.85) (31).
There were no major congenital abnormalities in the cohort, except for one newborn who had a pulmonary artery
abnormality that did not require neonatal surgery.

Assays

All assays were done in a single run, and all measurements were done in duplicate. Plasma glucose was
measured by the glucose-oxidase method with a YSI 2300 Stat Plus glucometer (YSI, Inc., Yellow Springs,
OH); we did not use the glucose values, measured for clinical management. Insulin was measured by RIA, with
recombinant human (rh) insulin as the standard, and a polyclonal rabbit antiserum (32); the detection limit of this
assay is 15 pmol/liter, and the between-assay coefficient of variation (CV) is 3.2-5.9%. PGH was measured by a
two-site immunoradiometric assay, using rhPGH as the standard and two monoclonal antibodies. The detection
limit is about 10 pmol/liter; within- and between-assay CV are 3.0-5.5% and 5.0-7.9%, respectively (33-35).
IGF-I was measured by RIA after acid ethanol extraction, using rthIGF-I as the standard and a polyclonal
antiserum raised in guinea pigs. The detection limit is about 5 nmol/liter, and within- and between-assay CV are
10.8 and 7.6%, respectively (35-37). IGFBP-1 was measured by RIA, using as standard IGFBP-1 purified from
human amniotic fluid standardized to an enzyme-linked immunoassay from Medix Biochemica (Kauniainen,
Finland) and an antiserum raised in rabbits, and was described in detail previously (37); the detection limit is
about 10 pmol/liter, and within- and between-assay CV are 2.4-4.0% and 6.2-9.7%, respectively. Leptin was
measured with a commercial RIA kit (Linco Research, Inc., St. Charles, MO); the detection limit is about 30
pmol/liter, and within- and between-assay CV are 3.4-8.3% and 3.0-6.2%, respectively.

Data analysis

Using a software program (NCSS, Kaysville, UT), analyses included: 7 tests and 4 tests, one-way ANOVA
followed by Fisher's least significant difference (LSD) multiple comparison test, two-factor ANOVA, pair-wise
Pearson correlation matrices, and multiple regression. Data are shown as means + SD.

Results
General characteristics

Maternal age varied between 15 and 44 yr (Table 1). Using age distribution data, we calculated that the study
cohort was older compared with the entire parturient population of Flanders, Belgium, in 1999 (38) (¥ test, P <
0.0001). One hundred forty women (48%) were nulliparous, 99 (34%) were para 1, and 50 (17%) were
multiparous. The large majority (n = 272, 94%) was of European (Caucasian) ancestry, whereas 17 were of non-
European or uncertain ancestry. Mean GA at delivery was 38.9 wk (SD, 1.6; range, 26-42 wk); delivery occurred
12.1 wk after sampling (SD, 2.3; range, 4 d to 17 wk). Eighteen women (6.5%) delivered before 37 wk [in
Flanders, the premature delivery rate for singleton pregnancies is 6.0% (38)]. The newborn population consisted
of 141 girls (50.7%) and 137 boys. Mean birth weight was 3390 g (SD, 535; range, 520-4790), length was 50.5
cm (SD, 2.7; range, 28-56), head circumference was 34.6 cm (SD, 1.4; range, 29.5-38.5), and placental weight was
573 g (SD, 121; range, 100-1130). Regarding the birth weight percentile distribution, 8.3% were below or at the
10th percentile (Pyp), 11.9% were between Py; and P,s, 22.3% were between P,g and P, 27.0% were between Ps;
and P75, 15.5% were between P4 and Pgg, and 15.1% were more than Pq.

There was a wide variation in most plasma parameters, particularly in insulin levels. Because the histogram of
insulin levels showed an unequal distribution, we used log;-transformed values, which were compatible with a
Gaussian distribution (data not shown).
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TABLE 1. Data of 289 pregnant women at the glucose challenge test

Mean SD Range

Age (yr) 29.7 4.6 1544

Gestational age (wk) 26.8 1.6 24-29

Body weight (kg) 72.4 12.2 49.1-115
BMI (kg/m?) 26.1 4.3 18.1-41.3
Plasma glucose (mmol/liter) 6.7 1.8 2.7-12.1
Plasma insulin (pmol/liter) 600 433 116-5112
Plasma PGH (pmol/liter) 492 289 53-2177
Plasma IGF-I (nmol/liter)  28.8 9.9 4.2-69.3
Plasma IGFBP-1 (pmol/liter) 1440 624 334-5222
Plasma leptin (pmol/liter) 800 435 91-2750

Correlation and multiple regression analysis of plasma PGH, IGF-I, IGFBP-1, and leptin levels

In Table 2, we show the correlation coefficients between maternal age, GA, BW, and BMI, and the various
plasma parameters. On the basis of this analysis, independent variables were introduced for PGH, IGF-I, IGFBP-
1, and leptin in a multiple regression analysis (Table 3); either BW or BMI was introduced, whichever correlated
better. In the PGH model, only GA and BW were significant determinants of PGH levels. One-way ANOVA
confirmed that PGH levels were related to GA; PGH levels were higher at 27-29 wk than 24-26 wk (Fig. 1, left
panel). PGH concentrations gradually declined with increasing BW (Fig. 1, right panel). In the model for IGF-I,
PGH was the most significant determinant, and then insulin; age (negatively) and BMI were less robust
determinants. One-way ANOVA showed a trend (P = 0.099) for an effect of GA on IGF-I levels, and subsequent
post hoc analysis showed that IGF-I levels were higher (P < 0.05) at 29 wk than between 24 and 27 wk (data not
shown).

The BMI, as well as insulin and IGF-I levels, but not GA, were determinants of IGFBP-1 levels; none of these
factors was predominant in the regression model, however. The simple R” (i.e. the R value that would be
obtained if IGFBP-1 were regressed only against one particular variable) was 9.9, 12.9, and 10.2% for BMI,
insulin, and IGF-I, respectively.

The BMI was by far the most powerful determinant of plasma leptin levels, with insulin as a smaller
determinant. The simple R? was 41.4 and 12.4% for BMI and insulin, respectively. Leptin levels were
significantly different in each of the BMI quartiles (ANOVA, P < 0.0001) (data not shown).

Relation to plasma glucose levels

Seventy-two women (24.9%) had a plasma glucose level of at least 7.8 mmol/liter. Women with a positive GCT
tended to have a higher BW (P = 0.06) and BMI (P = 0.05) than women with a normal GCT. Figure 2 shows
that, in contrast to the difference in insulin levels, there was no difference in PGH, IGFBP-1, or leptin levels
among women with a normal vs. abnormal GCT. Neither were plasma IGF-I levels different between the two
groups (P = 0.32).

TABLE 2. Pearson correlation coefficients between variables at the time of the glucose challenge test

Age GA BW/BMI Glucose Logy insulin PGH 1GF-1 IGFBP-1
BW/BMI NS NS
Glucose 0.19° NS  0.16%0.17°
Logyinsulin NS NS 0.27%0.34* 0.41°
PGH NS  0.35% -0.299-0.26° NS -0.14°
IGF-I -0.13% 0.19 0.110.14> NS 0.27° 0.25°
IGFBP-1 NS  -0.10° -0.27%/-0.32“ NS -0.36" NS  -0.33¢
Leptin NS NS 0.62%0.64" 0.12°  0.36° -0.22° 0.14> -0.31“

“p<0.01;°P < 0.05; °P < 0.10.
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TABLE 3. Multiple regression of PGH, IGF-1, IGFBP-1, and leptin levels at the time of the glucose challenge

test
T-value P R? (%)

PGH
GA 6.46 <0.0001 11.8
BW -5.20  <0.0001 7.6
Leptin NS
Intercept -2.51  0.01
Total R* = 0.20 (P < 0.0001)

IGF-I
Age -2.15  0.03 1.4
GA NS
BMI 2.36 0.02 1.7
Insulin 4.11 <0.0001 5.1
PGH 5.76 <0.0001 10.0
Leptin NS
Intercept NS
Total R* = 0.18 (P < 0.0001)

IGFBP-1
GA NS
BMI -3.61  <0.001 3.7
Insulin -3.95  <0.001 44
IGF-I -4.17  <0.0001 5.0
Leptin NS
Intercept 12.92  <0.0001
Total R? =0.22 (P < 0.0001)

Leptin
BMI 12.24  <0.0001 31.1
Glucose NS
Insulin 3.13 0.001 2.0
PGH NS
IGF-I NS
Intercept -7.55  <0.0001

Total R* = 0.43 (P < 0.0001)

R? (%), Incremental last R?, i.e. R? that would be reduced if this variable were removed from the model.

FIG. 1. Effect of increasing GA (in weeks, left panel) and body weight (in quartiles, right panel) on plasma
placental GH concentrations. Data are shown as box plots; the number of data in each group is given in the box.
Statistical procedure is one-way ANOVA, followed by Fisher's LSD multiple comparison test. Groups that are

significantly different (P < 0.05) from one another are denoted by different letters.
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FIG. 2. Comparison of insulin, PGH, IGFBP-1, and leptin concentrations between women with a normal GCT
(white bars) and women with an impaired GCT (glucose level > 7.8 mmol/ liter; hatched bars). Data are means
+ SD; the number of data are given in the bars. Plasma glucose levels were 5.9 + 1.1 mg/dl in the normal-GCT
group, and 9.1 £ 1.0 mg/dl in the impaired-GCT group. Statistical procedure is unpaired t tests, taking the
variance of the data into account.
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Parameters at birth

The birth weight percentile distribution was skewed to the right compared with Flemish reference charts (5 test,
P =0.003) (38). As expected, birth weight, length, head circumference, and placental weight were highly
correlated with one another and with GA at birth (P < 0.001). GA at birth was slightly higher in girls than in
boys (39.1 £ 1.3 vs. 38.7 £ 1.9 wk; P = 0.049); none of the biometric parameters at birth were significantly
different in girls vs. boys, although the PI tended to be higher in girls (P = 0.07).

Relation between maternal parameters at the GCT and birth and placental weights

Maternal BW, height, and BMI were related to birth weight percentile distribution. The effect of BW is shown in
Fig. 3 (left panel), the relation with height and BMI was equally strong (ANOVA, P < 0.001). In contrast, birth
weight distribution was not significantly related to maternal PGH (ANOVA, P = 0.30), IGF-I (P = 0.16),
IGFBP-1 (P = 0.55), or leptin levels (P = 0.32). The analyses remained unchanged when restricted to women
who were not diagnosed with glucose intolerance, to women who remained normotensive throughout pregnancy,
or to women of European ancestry (data not shown). Figure 3 (right panel) shows that there was no significant
difference in PGH, IGF-I, IGFBP-1, and leptin levels between women who subsequently delivered babies no
more than Ps,, compared with women who delivered babies more than Ps,.

The significant effect of GA at sampling on PGH levels might obscure a relation between PGH and birth weight.
Hence, we performed two-factor ANOVA, with GA as the first factor and birth weight distribution (< Psg vs. >
Ps) as the second; GA was a significant (P < 0.0001) determinant of PGH levels, but not birth weight percentile
(P> 0.05).

Placental weight was correlated with maternal BW at sampling (R = 0.28; P < 0.0001), but there was no
correlation between placental weight and plasma PGH, IGF-I, IGFBP-1, and leptin.

We found no significant differences in BW/BMI or in any of the plasma parameters between mothers who were
pregnant with either a female or a male fetus (data not shown).



Published in: Journal of Clinical Endocrinology and Metabolism (2002), vol.87, iss.6, pp.2875-2882
Status: Postprint (Author’s version)

FIG. 3. Lefi, Maternal BW at the time of the GCT according to different birth weight P subgroups. Data are
shown as box plots, and the number of data in each group is given in the box. Statistical procedure is one-way
ANOVA, followed by Fisher's LSD multiple comparison test. Values that are significantly different (P < 0.05)
from the Py or less, P35, Pas.s0, Psi.75, Prs.o0, and more than Pgy groups are denoted by a, b, ¢, d, e, and f,
respectively. Right, Comparison between plasma PGH, IGF-I, IGFBP-1, and leptin concentrations at the time of
the GCT in women who delivered babies with a birth weight that was either no more than Ps, (white bars) or
more than Psy (hatched bars). Statistical procedure is unpaired t tests, taking the variance of the data into
account.
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Relation between maternal parameters at the GCT and the PI at birth

At birth, 9% of the newborns were thin, 74% normal, and 17% obese. The PI at birth was related to maternal BW
and BMI (ANOVA, P = 0.02 and P = 0.008, respectively). This effect was even more pronounced in the
subgroup of women not diagnosed with glucose intolerance (95% of the cohort). Figure 4 (left panel) shows that
BW was higher in women who later delivered obese babies, compared with thin or normal babies. Plasma
glucose, insulin, PGH, IGF-I, and IGFBP-1 levels were not significantly different among women who delivered
thin, normal, or obese babies (data not shown). However, leptin levels were higher in women who delivered
obese babies compared with normal babies (Fig. 4, right panel).

Discussion

In this cohort of 289 mostly Caucasian women, 24.9% had a positive GCT (=140 mg/dl), which is slightly higher
than in a large cohort in Toronto, Canada (21%) (39). That the study cohort was at somewhat higher risk for
GDM can be inferred from the finding that the cohort was older than the general Belgian parturient population.
Indeed, some physicians followed the recent American Diabetes Association recommendation that Caucasian
women younger than 25 yr of age without other risk factors need not be screened for GDM (22). We confirmed
that maternal age was positively correlated with post-GCT glucose levels. In addition, in comparison with the
Belgian newborn population, the birth weight distribution was slightly skewed to the right. However, in terms of
parity and the incidence of preterm delivery, hypertension, efc., the cohort is representative of the Belgian
pregnant population.

We found that plasma PGH, IGF-I, IGFBP-1, and leptin levels at the GCT were all correlated with BW and
BMI. Not surprisingly, the correlation was strongest by far for leptin. But we also demonstrated, for the first
time, a relatively strong negative correlation between BW/BMI and PGH levels. Adiposity has been shown to
negatively affect GH concentrations; in obese men, the number of GH secretory bursts is lower than in nonobese
men, and GH clearance is accelerated (40). PGH has 93% DNA sequence identity with GH, but its secretion is
nonpulsatile and depends primarily on the placental mass (34). It would be interesting to examine in a future
study whether maternal BW affects PGH half-life. Differences in GH binding in the circulation do not explain
the altered metabolic clearance rate of GH in obese individuals (40). Also, Mclntyre et al. (14) found no
meaningful differences in GH-binding protein levels among healthy women, diabetic women, and women with
TUGR fetuses at 28-wk GA, and there was an excellent correlation between total and free PGH levels.

The concentrations of PGH, and to a lesser extent those of IGF-I, were positively correlated with GA at
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sampling, confirming the well characterized rise in PGH and IGF-I levels during pregnancy (3, 4). Unlike
BW/BMI, this effect can be observed within a 6-wk interval in the second half of pregnancy in a relatively large
cohort of women. We did not confirm recently reported data that PGH levels were different according to the sex
of the fetus (41). PGH was the major determinant of IGF-I concentrations, confirming the strong correlation
between both variables in normal and IUGR pregnancies (3,4,10). We have reported that PGH and IGF-I
concentrations were within the normal range and were highly correlated in a pregnant woman with absent GH
secretion owing to pit-1-deficiency (35). The discrepant relation between BW and PGH (negative) vs. BW and
IGF-I (positive) may be explained by the fact that insulin is a second important determinant of IGF-I levels.
Finally, it is well known that IGF-I levels decline with age in men and nonpregnant women (36); the present
study extends this data to pregnant women between 15 and 44 yr of age.

FIG. 4. Maternal BW (left panel) and plasma leptin concentrations (vight panel) at the time of the glucose
challenge test, according to the PI of the newborn at birth: thin (PI < 2.32), normal (PI 2.32-2.84), or obese (PI
>2.85). Data are shown as box plots, and the number of data are given in the box. Statistical procedure is one-
way ANOVA, followed by Fisher's LSD multiple comparison test. Groups that are significantly different (P <
0.05) from one another are denoted by different letters.
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The IGFBP-1 levels in this study were three to four times higher than those we previously measured in
nonpregnant women (37). The GCT stimulates insulin secretion, and the down-regulation of IGFBP-1 by insulin
and IGF-I is well documented (7). However, Baldwin et al. found that IGFBP-1 levels 60 min after a 50-g
glucose load at 20-24 wk were 95% of fasting levels (15). IGFBP-1 levels exhibit a diurnal variation with a
nocturnal and early morning rise, but IGFBP-1 varied little between 0900 and 1900 h during the second half of
pregnancy (42). We found that IGFBP-1 was negatively correlated with BMI and with insulin and IGF-I levels;
the multiple regression was unable to give predominance to any of these factors. There is some evidence in vitro
that pituitary GH suppresses the hepatic IGFBP-1 production (43), but we did not find a significant correlation

between PGH and IGFBP-1 levels.

The effect of the GCT on leptin levels was probably small; in both healthy and GDM women, no difference was
found between fasting and 30-min leptin levels during a 75-g glucose load at 28 wk (19). Again, plasma
concentrations of leptin show a strong diurnal variation, with a nocturnal peak. During the day, a small, gradual
rise was documented in nonpregnant women (44), which, if confirmed for pregnant women, would be a
limitation of this study. In addition to its strong correlation with BMI, we found that leptin was also correlated
with insulin levels. This confirms data in nonpregnant women and in men that insulin is related to leptin
independently from its effect on adipose tissue (45-47).

At the outset of the study, we hypothesized that PGH and/or IGFBP-1 might be implicated in the development of
insulin resistance and glucose intolerance during pregnancy. However, we found no evidence that supports this
hypothesis; PGH and IGFBP-1 were not correlated with post-GCT glucose levels, and there was no difference in
PGH and IGFBP-1 levels between women who had either a normal or an abnormal GCT. Hence, the
diabetogenic effect of pregnancy is unlikely to be the result of PGH secretion or the increment in IGFBP-1
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secretion.

We found that PGH, IGF-I, IGFBP-1, or leptin measurements, performed on average 12 wk before delivery,
were not predictive of birth weight, the PI at birth, or placenta weight. There was only a trend for leptin levels to
be higher in women who later delivered obese compared with normal babies. In contrast, maternal BW/BMI was
a powerful determinant of birth weight percentile and the PI, confirming previous findings (21). Our finding
appears to contradict previous reports of lower PGH and IGF-I, but higher IGFBP-1 and leptin, levels in women
who delivered small-for-GA or IUGR babies (4, 10-14, 18). However, these studies focused on specific
populations: pregnant teenagers, part of whom were still growing (18), or pregnancies in which [TUGR had
already been diagnosed by ultrasound, with or without a deficient uteroplacental supply line diagnosed by
Doppler measurements (4, 10-14). Also, blood sampling was performed at delivery or shortly before delivery in
some studies (11-13, 41). We conclude from our data that the measurement of PGH, IGF-I, IGFBP-1, or leptin in
an unselected pregnant population undergoing a GCT is not predictive of birth weight.

Acknowledgments

We thank R. van Bree, W. Coopmans, A.-M. De Schutter, and K. Rummens (Leuven); M. Bougoussa and G.
Roland (Liege); and the nurses of the Antenatal Clinics of the U. Z. Gasthuisberg and the Centre Hospitalier de
la Citadelle for their assistance. This study was supported in part by the Région Wallonne (Grant 2640).

References

1. Jovanovic L 2000 A tincture of time does not turn the tide. Type 2 diabetes trends in offspring of type 2 diabetic mothers. Diabetes Care
23:1219-1220

2. Bauer MK, Harding JE, Bassett NS, Breier BH, Oliver MH, Gallaher BH, Evans PC, Woodall SM, Gluckman PD 1998 Fetal
growth and placental function. Mol Cell Endocrinol 140:115-120

3. Caufriez A, Frankenne F, Englert Y, Golstein J, Cantraine F, Hennen G, Copinschi G 1990 Placental growth hormone as a potential
regulator of maternal IGF-I during human pregnancy. Am J Physiol 258:E1014-E1019

4. Mirlesse V, Frankenne F, Alsat E, Poncelet M, Hennen G, Evain-Brion D 1993 Placental growth hormone levels in normal pregnancy
and in pregnancies with intrauterine growth retardation. Pediatr Res 34:439-442

5. Rutanen E-M, Bonn H, Seppéla M 1982 Radioimmunoassay of placental protein 12: levels in amniotic fluid, cord blood, and serum of
healthy adults, pregnant women, and patients with trophoblastic disease. Am J Obstet Gynecol 144:460-463

6. Wang HS, Perry LA, Kanisius J, lles RK, Holly JMP, Chard T 1991 Purifi cation and assay of insulin-like growth factor-binding
protein-1: measurement of circulating levels throughout pregnancy. J Endocrinol 128:161-168

7. Lee PDK, Giudice LC, Conover CA, Powell DR 1997 Insulin-like growth factor binding protein-1: recent findings and new directions.
Proc Soc Exp Biol Med 216:319-357

8. Sattar N, Greer IA, Pirwani I, Gibson J, Wallace AM 1998 Leptin levels in pregnancy: marker for fat accumulation and mobilization?
Acta Obstet Gynecol Scand 77:278-283

9. Linnemann K, Malek A, Sager R, Blum WF, Schneider H, Fusch C 2000 Leptin production and release in the dually in vitro perfused
human placenta. J Clin Endocrinol Metab 85:4298-4301

10. Caufriez A, Frankenne F, Hennen G, Copinschi G 1993 Regulation of maternal IGF-I by placental GH in normal and abnormal
pregnancies. Am J Physiol 265:E572-E577

11. Larsen T, Main K, Andersson AM, Juul A, Greisen G, Skakkebaek NE 1996 Growth hormone, insulin-like growth factor I and its
binding proteins 1 and 3 in last trimester intrauterine growth retardation with increased pulsatility index in the umbilical artery. Clin
Endocrinol (Oxf) 45:315-319

12. Holmes RP, Holly IMP, Soothill PW 1998 A prospective study of maternal serum insulin-like growth factor-I in pregnancies with
appropriately grown or growth restricted fetuses. Br J Obstet Gynaecol 105:1273-1278

13. Fowler D, Albaiges G, Lees C, Jones J, Nicolaides K, Miell J 1999 The role of insulin-like growth factor binding protein-1
phosphoisoforms in pregnancies with impaired placental function identified by Doppler ultrasound. Hum Reprod 14:2881-2885

14. Mcintyre HD, Serek R, Crane DI, Veveris-Lowe T, Parry A, Johnson S, Leung KC, Ho KK, Bougoussa M, Hennen G, Igout A,
Chan FY, Cowley D, Cotterill A, Barnard R 2000 Placental growth hormone (GH), GH-binding protein, and insulin-like growth factor
axis in normal, growth-retarded, and diabetic pregnancies: correlations with fetal growth. J Clin Endocrinol Metab 85:1143-1150



Published in: Journal of Clinical Endocrinology and Metabolism (2002), vol.87, iss.6, pp.2875-2882
Status: Postprint (Author’s version)

15. Baldwin S, Chung T, Rogers M, Chard T, Wang HS 1993 Insulin-like growth factor-binding protein-1, glucose tolerance and fetal
growth in human pregnancy. J Endocrinol 136:319-325

16. Hills FA, English J, Chard T 1996 Circulating levels of IGF-I and IGF-binding protein-1 throughout pregnancy: relation to
birthweight and maternal weight. J Endocrinol 148:303-309

17. Gibson JM, Westwood M, Lauszus FF, Klebe JG, Flyvbjerg A, White A 1999 Phosphorylated insulin-like growth factor binding
protein 1 is increased in pregnant diabetic subjects. Diabetes 48:321-326

18. Scholl TO, Stein TP, Smith WK 2000 Leptin and maternal growth during adolescent pregnancy. Am J Clin Nutr 72:1542-1547

19. Kautzky-Willer A, Pacini G, Tura A, Bieglmayer C, Schneider B, Ludvik B, Prager R, Waldh&usl W 2001 Increased plasma
leptin in gestational diabetes. Diabetologia 44:164-172

20. Wheeler T, Chard T, Anthony F, Osmond C 1995 Relationships between the uterine environment and maternal plasma concentrations
of insulin-like growth factor binding protein-1 and placental protein 14 in early pregnancy. Hum Reprod 10:2700-2704

21. Garn SM, Pesick SD 1982 Relationship between various maternal body mass measurements and size of the newborn. Am J Clin Nutr
36:664:-668

22. American Diabetes Association 2000 Clinical practice recommendations 2000. Diabetes Care 23(Suppl 1):S77-S79
23. Freinkel N 1980 Of pregnancy and progeny. Diabetes 29:1023-1035

24. Hansen I, Tsalikian E, Beaufrere B, Gerich J, Haymond M, Rizza R 1986 Insulin resistance in acromegaly: defects in both hepatic
and extrahepatic insulin action. Am J Physiol 250:E269-E273

25. Rizza RA, Mandarino LJ, Gerich JE 1982 Effects of growth hormone on insulin action in man. Mechanisms of insulin resistance,
impaired suppression of glucose production, and impaired stimulation of glucose utilization. Diabetes 31:663-669

26. Patel N, Alsat E, Igout A, Baron F, Hennen G, Porquet D, Evain-Brion D 1995 Glucose inhibits placental GH secretion in vitro. J
Clin Endocrinol Metab 80:1743-1746

27. Lewitt MS, Denyer GS, Cooney GJ, Baxter RC 1991 Insulin-like growth factor-binding protein-1 modulates blood glucose levels.
Endocrinology 129: 2254-2256

28. Crossey PA, Jones JS, Miell JP 2000 Dysregulation of the insulin/IGF binding protein-1 axis in transgenic mice is associated with
hyperinsulinemia and glucose intolerance. Diabetes 49:457-465

29. Davey DA, MacGillivray | 1988 The classification and definition of the hypertensive disorders of pregnancy. Am J Obstet Gynecol
158:892-898

30. Devlieger H, Martens G, Bekaert A, Eeckels R 2000 Standaarden van ge-boortegewicht-voor-zwangerschapsduur voor de Vlaamse
boreling. Tijdschr Geneesk 56:1-14

31. Lockwood CJ, Weiner S 1986 Assessment of fetal growth. Clin Perinatol 13:3-35
32. Yalow RS, Berson SA 1960 Immunoassay of endogenous plasma insulin in man. J Clin Invest 39:1157-1175

33. lgout A, Van Beeumen J, Frankenne F, Scippo M-L, Devreese B, Hennen G 1993 Purification and biochemical characterization of
recombinant human placental growth hormone produced in Escherichia coli. Biochem J 295:719-724

34. Igout A, Hennen G 1997 The human placental growth hormone variant: a review. Trophoblast Res 10:345-352

35. Verhaeghe J, Bougoussa M, Van Herck E, de Zegher F, Hennen G, Igout A 2000 Placental growth hormone and IGF-I in a pregnant
woman with Pit-/ deficiency. Clin Endocrinol (Oxf) 53:645-647

36. Bouillon R, Bex M, Van Herck E, Laureys J, Dooms L, Lesaffre E, Ravussin E 1995 Influence of age, sex, and insulin on osteoblast
function: osteoblast dysfunction in diabetes mellitus. J Clin Endocrinol Metab 80:1194-1202

37. Verhaeghe J, Coopmans W, Van Herck E, Van Schoubroeck D, Deprest JA, Witters | 1999 IGF-I, IGF-II, IGF binding protein 1,
and C-peptide in second trimester amniotic fluid are dependent on gestational age but do not predict weight at birth. Pediatr Res 46:101-108

38. Bekaert A, Martens G, Devlieger H, Amy JJ, Defoort P, Cammu H 2000 Perinatale activiteiten in Vlaanderen 1999. Studiecentrum
voor Périnatale Epidemiologie, Brussel

39. Sermer M, Naylor D, Gare DJ, Kenshole AB, Ritchie JW, Farine D, Cohen HR, McArthur K, Holzapfel S, Biringer A, Chen E,
Cadesky KI, Greenblatt EM, Leyland NA, Morris HS, Bloom JA, Abells YB 1994 Impact of time since last meal on the gestational



Published in: Journal of Clinical Endocrinology and Metabolism (2002), vol.87, iss.6, pp.2875-2882
Status: Postprint (Author’s version)

glucose challenge test. The Toronto Tri-Hospital Gestational Diabetes Project. Am J Obstet Gynecol 171:607-616

40. Veldhuis JD, Iranmanesh A, Ho KKY, Waters MJ, Johnson ML, Lizarralde G 1991 Dual defects in pulsatile growth hormone
secretion and clearance subserve the hyposomatotropism of obesity in man. J Clin Endocrinol Metab 72:51-59

41. Coutant R, Boux de Casson F, Douay O, Mathieu E, Rouleau S, Beringue F, Gillard P, Limai JM, Descamps P 2001 Relationships
between placental GH concentration and maternal smoking, newborn gender, and maternal leptin: implications for birth weight. J Clin
Endocrinol Metab 86:4854-4859

42. Rutanen E-M, Seppéla M, Pietild R, Bohn H 1984 Placental protein 12 (PP12): factors affecting levels in late pregnancy. Placenta
5:243-248

43. Hu M, Robertson DG, Murphy LJ 1996 Growth hormone modulates insulin regulation of hepatic insulin-like growth factor binding
protein-1 transcription. Endocrinology 137:3702-3709

44. Licinio J, Negrdo AB, Mantzoros C, Kaklamani V, Wong ML, Bongiorno PB, Mulla A, Cearnal L, Veldhuis JD, Flier JS,
McCann SM, Gold PW 1998 Synchronicity of frequently sampled, 24-h concentrations of circulating leptin, luteinizing hormone, and
estradiol in healthy women. Proc Natl Acad Sri USA 95:2541-2546

45. Mantzoros CS, Liolios AD, Tritos NA, Kaklamani VG, Doulgerakis DE, Griveas I, Moses AC, Flier JS 1998 Circulating insulin
concentrations, smoking, and alcohol intake are important independent predictors of leptin in young healthy men. Obes Res 6:179-186

46. Ruige JB, Dekker JM, Blum WF, Stehouwer CD, Nijpels G, Mooy J, Kostense PJ, Bouter LM, Heine RJ 1999 Leptin and
variables of body adiposity, energy balance, and insulin resistance in a population-based study. The Hoorn Study. Diabetes Care 22:1097-
1104

47. Doucet E, St-Pierre S, Alméras N, Mauriege P, Despres JP, Richard D, Bouchard C, Tremblay A, Quebec Family Study 2000
Fasting insulin levels influence plasma leptin levels independently from the contribution of adiposity: evidence from both a cross-sectional
and an intervention study. J Clin Endocrinol Metab 85:4231-4237



