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Summary. The concentrations of somatomedins/insulin-like 
growth factors were measured by a specific radioimmunoas- 
say for insulin-like growth factor-I and a specific radiorecep- 
tor assay for insulin-like growth factor-II in sera of term nor- 
mal and Type 1 (insulin-dependent) diabetic pregnant women 
and in various cord sera of their newborn infants. Serum insu- 
lin-like growth factor-I levels in normal (non-diabetic) mater- 
nal serum were higher than in non-pregnant women (486_+ 26 
versus 215 _+ 26 ng/ml). The normal pregnancy-induced incre- 
ment of insulin-like growth factor-I was markedly reduced in 
diabetic pregnancy. It was not different in patients with good 
or poor glycaemic control, as judged by normal or elevated 
blood levels of haemoglobin A1o content. Insulin-like growth 
factor-I levels in cord serum of infants of diabetic women with 
good glycaemic control (86___ 11 ng/ml) and poor glycaemic 
control (91 _+ 19 ng/ml) were significantly higher (p < 0.01) 
than in infants of non-diabetic women (43 _+ 42 ng/ml). The 
fetal birth weight ratios were not significantly correlated with 
insulin-like growth factor-I levels in cord serum. Serum insu- 
lin-like growth factor-II levels in maternal and cord serum in 
diabetic and normal pregnancy were not different from each 

other or from normal non-pregnant women. The increment in 
insulin-like growth factor-I levels in maternal serum in preg- 
nancy may influence placental structure and function. Lack of 
this increment in maternal diabetes may have direct implica- 
tion in placental abnormalities in diabetes and indirect impli- 
cations on fetal development and metabolism. The increment 
in fetal serum insulin-like growth factor-I levels in infants of 
diabetic mothers might suggest a role for insulin-like growth 
factor-I in fetal macrosomia. This finding, along with the lack 
of correlation with maternal glycaemic control, might suggest 
that fetal hyperinsulinaemia has a greater role than insulin- 
like growth factor-I in the fetal macrosomia. Serum insulin- 
like growth factor-II levels do not appear to be influenced by 
pregnancy or diabetes. The similar levels of insulin-like 
growth factors-I or II in normal and diabetic non-pregnant 
women may present some evidence against a major role of 
both insulin-like growth factors in the chronic complications 
which may develop in persons with diabetes. 

Keywords: Insulin-like growth factors, diabetes, pregnancy, 
fetal growth. 

Somatomedins (SM) or insulin-like growth factors 
( IGF) are growth hormone-dependen t  growth factors 
with insulin-like activity. IGF-I  is a basic (p~> 7.5) SM 
[1]. Basic SM (B-SM,2) and SM-C [3] are considered to 
be functionally [2, 4] and structurally identical to IGF-I  
[5]. IGF-I I  [1] is a neutral (pI < 7.5) SM, and is the hu- 
man  counterpart  of  multiplication stimulating activity 
(MSA) in the rat [6]. Studies utilizing highly specific ra- 
dioimmunoassays have shown that I G F  increases dur- 
ing pregnancy [7-9], suggesting that I G F  may have a 
role in the regulation o f  fetal growth and development.  
However,  in the absence o f  evidence of  placental trans- 
fer o f  the hormones,  this action would need to be indi- 
rect by influencing placental metabolism or transport  of  
maternal  factors to the fetus [9]. Pregnant  women with 
diabetes mellitus have been shown to have altered pla- 
cental function [10]. The evaluation of  I G F  levels in dia- 

betic pregnancy may provide further understanding of  
the role of  I G F  in fetal growth. Several preliminary 
studies of  I G F  levels in pregnant  and non-pregnant  dia- 
betic women have reported conflicting results [11-18]. 
We have therefore re-evaluated the levels of  IG F  in sera 
o f  a larger number  of  pregnant  and non-pregnant  dia- 
betic patients and normal  women and the infants at the 
time of  delivery. 

Subjects and methods 

The subjects in this study included 32 normal non-diabetic and 34 dia- 
betic pregnant women in their third trimester (30-40 weeks of gesta- 
tion) and 14 normal and 25 diabetic non-pregnant women. The wom- 
en were in an age group between 20 and 30 years. All the diabetic 
subjects were being treated with variable doses of insulin. The diabet- 
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ic subjects were classified into two groups on the basis of glycaemic 
control as presumed to be reflected by blood haemoglobin Alc 
(HbAlc) concentrations. Those with HbAlo levels within normal range 
(5-7%) were designated as having good glycaemic control, while 
those with HbAac levels above the normal range were designated as 
having poor glycaemic control. None of the diabetic patients studied 
had acute metabolic or chronic complications of diabetes. All the ap- 
parently normal newborn babies of the diabetic mothers, irrespective 
of the glycaemic control, appeared normal other than for higher birth 
weight ratio (actual birth weight divided by 50th percentile for sex 
corrected expected birth weight for gestational age [19]). Antecubital 
venous blood samples were obtained from the pregnant subjects on 
the day of delivery. Cord venous blood samples were obtained from 
the babies at the time of delivery. The blood samples were allowed to 
clot, centrifuged and the sera kept frozen at - 2 0  C until assayed. 

Radioimmunoassay and radioreceptor assay 

IGF-I and II used in radioimmunoassay and radioreceptor assay 
were purified to homogeneity in our laboratory. IGF-I (B-SM) was 
purified as previously described [2] with the addition of reverse phase 
high pressure liquid chromatography (HPLC) in the final purification 
step. IGF-II was purified in a similar manner to IGF-I. The IGF-II 
containing fractions were  separated from IGF-I by ion-exchange 
HPLC and further purified by isoelectric focusing followed by reverse 
phase HPLC. The purity of IGF-I and II was checked by a computer- 
ized spectral evaluation programme of the LKB HPLC system in ad- 
dition to procedures previously described [2]. The estimated mol wt, 
receptor cross activity [20, 21], sulfation factor activity and insulin-like 
activity [4, 22] of the purified IGF-II were similar to that reported for 
homogeneous IGF-II [1]. 

IGF-I was measured in acidified and lyophylized (AL) sera using 
a radioimmunoassay for B-SM as previously described [23]. IGF-II 
was measured in AL sera using a rat placental radioreceptor assay as 
described by Daughaday et al. [20]. 

The possible interference [24] of IGF binding proteins in serum on 
measurement of IGF in these studies was evaluated. Equal volumes 
of serum samples, pooled from subjects in the various study groups, 
were chromatographed on Sephadex G-75 (0.7 x 20 cm column) with 
1% (v/v) formic acid. The fractions free of IGF binding protein, as as- 
sessed by failure to bind [azsI]IGF-I or [azsI]IGF-II, were pooled, lyo- 
phylized, assayed by IGF-I radioimmunoassay and IGF-II radiore- 
ceptor assay and compared to IGF-I and II measured in sera which 
were only acidified and lyophilized. 

Statistical analysis 

Differences of serum IGF levels between groups were 
analyzed by one-way analysis of variance followed by 
Duncan's multiple range test. 

Results 

Effects of  pregnancy and diabetes on IGF-I levels 

The mean IGF-I levels in serum of normal (non-diabet- 
ic) and diabetic, non-pregnant and pregnant, subjects 
are shown in Figure 1. The mean serum IGF-I levels in 
non-pregnant diabetic patients were slightly higher than 
in non-pregnant normal subjects, but the differences 
were not significant. 

Serum IGF-I levels in normal (non-diabetic) preg- 
nant subjects were significantly higher (p < 0.01) than in 
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Fig.1. Comparison of insulin-like growth factor-I (IGF-I) levels 
(mean + SEM) in serum of non-pregnant [ ]  and pregnant [ ]  normal 
and diabetic women with good and poor glycaemic control, n = 14 
normal non-pregnant, 32 normal pregnant, 17 diabetic good control 
non-pregnant, 15 diabetic good control pregnant, 8 diabetic poor con- 
trol non-pregnant, 9 diabetic poor control pregnant 
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Fig. 2. Comparison of IGF-I levels (mean__ SEM) in cord serum of 
newborn infants of normal (n =27) and diabetic mothers with good 
(n = 15) and poor (n = 8) glycaemic control 

normal non-pregnant subjects (approximately two- 
fold). The mean serum IGF-I levels in pregnant diabetic 
patients were slightly higher compared to non-pregnant 
diabetic patients, but the differences were not signifi- 
cant. The mean serum IGF-I levels in pregnant diabetic 
patients were significantly lower (p < 0.05) than in preg- 
nant non-diabetic (normal) women. There was no dif- 
ference in the mean serum IGF-I levels in the diabetic 
subjects with good glycaemic control and poor glycae- 
mic control within both the pregnant and non-pregnant 
groups. 

As shown in Figure 2, IGF-I levels in cord venous 
serum of newborn infants of non-diabetic, good glycae- 
mic control and poor glycaemic control mothers were 
significantly lower (p<0.01) than those in normal 
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Fig.3. Comparison of IGF-II  levels (mean + SEM) in maternal se- 
rum of non-pregnant [ ]  and pregnant [ ]  normal (non-diabetic) and 
diabetic women with good and poor glycaemic control, n = 9 normal 
non-pregnant, 32normal pregnant, 14diabetic good control non- 
pregnant, 15 diabetic good control pregnant, 8 diabetic poor control 
non-pregnant, 9 diabetic poor control pregnant 
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pregnant diabetic patients (diabetic poor control < dia- 
betic good control) than in pregnant non-diabetic sub- 
jects, but the differences were not significant. The serum 
IGF-II levels were not significantly different between 
the pregnant and non-pregnant diabetic subjects with 
poor and good glycaemic control. 

The mean serum levels of IGF-II in venous cord se- 
rum (Fig.4) and corresponding matemal serum levels 
(Fig. 3) were not significantly different from infants of 
non-diabetic (normal) mothers. The mean serum IGF- 
II levels in venous cord serum (Fig. 4) in infants from 
diabetic mothers, with good and poor glycaemic con- 
trol, were lower than in those from non-diabetic moth- 
ers, but the differences were not significant. 

Effects of  serum binding proteins on measurement of  lGF 

To evaluate the possible interference in the radioimmu- 
noassay and radioreceptor assay by serum IGF binding 
proteins, we measured IGF-I and II levels on pooled se- 
ra from different subjects in the same groups before and 
after acidic gel filtration. The results are shown in 
Tables 1-4. The mean levels of IGF-I measured were 
similar, being within the range of intra-assay variation, 
before and after acidic gel filtration. The mean IGF-II 
levels were lower in all of corresponding group sera af- 
ter acidic gel filtration. However, the levels observed in 
different groups, similar to non-filtered serum, did not 
reveal significant differences among the groups. 

Discussion 

The radioimmunoassay used for IGF-I measurements 
in these studies has high specificity with minimal cross- 
reactivity with IGF-II [23]. Our previous studies [23] and 

Fig.4. IGF-II  levels (mean_+ SEM) in cord serum of infants of nor- 
mal (n = 17) (non-diabetic) and diabetic mothers with good (n = 15) 
and poor (n = 9) glycaemic control 

adults (Fig. 1). IGF-I levels in good glycaemic control 
and poor glycaemic control cord serum were not differ- 
ent, but both groups revealed significantly higher (p < 
0.01) levels than in normal cord serum. Cord serum 
IGF-I levels were not significantly correlated with in- 
fant birth weight ratios. 

Effects of  pregnancy and diabetes on IGF-H levels 

Figure 3 shows the mean IGF-II levels in normal and 
diabetic non-pregnant and pregnant subjects. The mean 
levels of serum IGF-II appeared higher in the non-preg- 
nant diabetic patients (diabetic poor control > diabetic 
good control) than in non-pregnant normal (non-dia- 
betic) subjects, but the differences were not significant. 
The mean serum IGF-II levels appeared lower in the 

Table 1. Insulin-like growth factor-I (IGF-I) levels in maternal serum 
of pregnant and non-pregnant normal and diabetic women with good 
and poor glycaemic control measured by radioimmunoassay before 
and after acidic gel filtration 

IGF-I (ng/ml) 

Non-pregnant Pregnant 

Before After Before After 

Normal 223 + 23 218 + 32 407 _+ 23 425 _+ 25 
(n =5) 
Diabetic good 194+ 3 213___12 249+28 243_+25 

control 
(n = 2, non-pregnant) 
(n = 5, pregnant) 
Diabetic poor 200 + 10 205 + 13 267 _+ 32 240 + 15 

control 
(n =4)  

Equal volumes of serum from different subjects in each study group 
were pooled and IGF-I was measured by radioimmunoassay in each 
pooled serum before and after acidic gel filtration. The average ( _  
½range, based on duplicate assays) IGF-I concentration in the 
pooled sera, before and after gel filtration, are shown 
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Table 2. Insulin-like growth factor-I (IGF-I) levels in cord serum of 
infants of normal and diabetic mothers measured by radioimmunoas- 
say before and after gel filtration of the sera 

IGF-I (ng/ml) 

Before After 

Normal 60 + 7 57_+ 4 
(n =5) 
Diabetic good control 85 _ 16 93 +__ 12 
(n=5) 
Diabetic poor control 112 + 12 102 + 3 
(n=5) 

The sera were pooled and the results expressed similar to those in 
Table 1 

Table3. Insulin-like growth factor-II (IGF-II) levels in maternal se- 
rum of pregnant and non-pregnant normal and diabetic women with 
good and poor glycaemic control measured by radioreceptor assay 
before and after acidic gel filtration of sera 

IGF-II (ng/ml) 

Non-pregnant Pregnant 

Before After Before After 

Normal 697 + 36 673 _ 29 857 + 20 580 _+ 19 
(n=5) 
Diabetic good 768 + 25 580 +_ 10 800 _ 23 637 + 20 

control 
(n = 2, non-pregnant) 
(n = 5, pregnant) 
Diabetic poor 860 ___ 27 784 + 17 870___ 33 751 _+ 47 

control 
(n =4) 

The sera were pooled and the results expressed similar to those noted 
for IGF-I in Tables 1-2 

Table 4. Insulin-like growth factor-II (IGF-II) levels in cord venous 
serum of infants of normal and diabetic mothers by radioreceptor as- 
say before and after acidic gel filtration of sera 

IGF-II (ng/ml) 

Before After 

Normal 865 + 25 605 ___ 21 
(n =5) 
Diabetic good control 700 + 20 624_+ 15 
(n=5)  
Diabetic poor control 828 + 40 635 _+ 25 
(n=5) 

The sera were pooled and the results expressed similar to those noted 
in Table 3 

the results reported here indicate that the pre-assay 
procedures of acidification and lyophilization of serum 
minimize the potential adverse effects of binding pro- 
tein on the measurement of IGF-I in serum. 

Our results showing increased levels of IGF-I in se- 
rum in pregnancy are in agreement with those previous- 
ly reported by us [9] and others [7, 8]. The mechanism 
for the marked increase of IGF-I levels in pregnancy is 
not understood. It is possible that total IGF-I levels in 
serum increase due to an increase in amount or binding 

capacity of serum IGF binding proteins, resulting in an 
increased total amount of bound IGF which is mea- 
sured by the radioimmunoassay. Alternatively, it is pos- 
sible that pregnancy-associated increase in hormones, 
such as hPL and prolactin, increase IGF-I production 
[7]. The physiologic role of IGF-I in the adult is not fully 
defined; however, it is assumed to mediate at least some 
of the action of GH on tissue growth and metabolism. It 
would be speculative to postulate the role of increased 
levels of IGF-I on the pregnant mother, particularly if 
the total IGF levels are elevated without increase in the 
free or unbound, biologically active, form of IGF-I in 
the circulation. It is possible that the high levels of 
IGF-I in the maternal circulation stimulate placental 
growth and modulate its metabolic functions, particu- 
lady in its production and secretion of various hor- 
mones into the maternal and fetal circulation. 

We did not find significant differences in serum to- 
tal IGF concentration in non-pregnant diabetic patients 
and normal female subjects. This may present some evi- 
dence against a potential role of IGF in the chronic 
complication which may occur in patients with diabe- 
tes. The effects of diabetes on serum levels of IGF-I in 
pregnancy are of interest but not readily explained. Dia- 
betes suppressed the normal increment in serum IGF-I 
levels in pregnancy, and this appeared to be indepen- 
dent of glycaemic control. This would suggest that fac- 
tors in diabetes apart from the hyperglycaemic and oth- 
er metabolic derangements consequent to relative 
insulin deficiency are responsible for suppression of the 
normal pregnancy-induced increase in total serum IGF- 
I. Susa et al. [11] reported similar serum levels of IGF-I 
in normal and diabetic pregnant subjects, but they also 
reported serum levels of IGF-I in normal pregnancy 
that were similar to that previously reported by them [7] 
and others [8, 9, 25] in non-pregnant normal subjects. 
The differences in these results are not readily ex- 
plained. Since a specific role for IGF-I in normal preg- 
nancy has not been defined, it is difficult to speculate as 
to the potential pathophysiological significance of the 
impaired increment in matemal serum IGF-I levels in 
diabetic subjects during pregnancy. 

Our finding of low levels of IGF-I in newborns 
compared to adults are in agreement with previous re- 
ports by us [9] and others [26]. The findings of increased 
levels of IGF-I in cord serum from infants of diabetic 
mothers is of interest. In view of the lower levels of 
IGF-I in maternal serum of diabetic patients compared 
to normal subjects, this would again argue against sig- 
nificant transplacental transfer of IGF-I from the moth- 
er to the fetus. Since we did not measure hPL, GH, or 
prolactin in cord serum, we cannot speculate regarding 
their potential role in increasing the levels of IGF-I in 
cord serum from infants of diabetic mothers. It is possi- 
ble that high serum glucose levels in the mother result- 
ing in fetal hyperglycaemic hyperinsulinaemia with in- 
creased glucose utilization augment IGF-I production 
by the fetal liver and other tissues in response to other 
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regulators. It is possible that the increased fetal levels of 
IGF-I have a role in fetal macrosomia. However, the 
lack of correlation between cord serum IGF-I levels 
and birth weight ratios would further support the previ- 
ous suggestions [11] that insulin has a more important 
role than IGF-I in the etiology of fetal macrosomia in 
diabetic pregnancy. 

Our findings of no significant differences in serum 
levels of IGF-II in pregnant and non-pregnant diabetic 
and non-diabetic women are in general agreement with 
previous reports [13-15] and other studies using a C- 
peptide specific radioimmunoassay [7]. This may sug- 
gest that IGF-H has no significant influence in metabol- 
ic alterations in the mother during pregnancy and does 
not have a major direct role in potential pathological 
consequences in diabetic persons. 

Our findings of similar IGF-II concentrations in 
cord serum from infants of  normal and diabetic women 
to that in serum from pregnant and non-pregnant wom- 
en is in agreement with previous reports measuring 
IGF-II by radioreceptor assay [27, 28] but differs from 
other reports showing lower IGF-II levels, measured by 
radioimmunoassay [11, 25], in cord serum of the infants 
than in normal maternal serum. It is possible that the ra- 
dioimmunoassay more accurately measures IGF-II lev- 
els, since the radioreceptor assay does appear to be in- 
fluenced by IGF binding proteins. We are therefore 
reluctant to suggest that our studies, based on radiore- 
ceptor assay measurements of IGF-II, argue against a 
potential significant role of IGF-II in the etiology of fe- 
tal macrosomia in diabetes with poor glycaemic control 
during pregnancy. The increase of IGF-I in the serum of 
infants of diabetic mothers, along with the impaired 
increment in serum IGF-I levels during pregnancy in 
diabetic women, may suggest that IGF-I production is 
significantly dependent upon nutrient metabolism, in 
particular glucose, by the liver. Conversely the lack of 
similar observations related to serum levels of IGF-II 
may suggest that production of IGF-II is not similarly 
modulated by glucose metabolism and increases of var- 
ious hormones in pregnancy. 
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