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Abstract: We aimed to create percentile-based reference values of the umbilical cord blood insulin-like
growth factor-1 (IGF-1) levels in Japanese newborns, as these values have not yet been established.
A total of 259 newborns were classified into four gestational-age-at-birth (GA) groups: extremely
preterm (<28 weeks); early preterm (28–33 weeks); late preterm (34–36 weeks); and term (≥37 weeks).
They were further subclassified as small-for-gestational-age (SGA) or non-SGA. The 10th, 25th, 50th,
75th, and 90th percentiles of the umbilical cord blood IGF-1 levels were calculated and compared
between the groups by using reference values of 9, 18, 33, 52, and 71 ng/mL, respectively. In the
extremely preterm group, the IGF-1 levels were significantly lower than those in the early preterm,
late preterm, and term groups (13.5, 24.0, 44.5, and 47.5 ng/mL, respectively; p < 0.001). The umbilical
cord blood IGF-1 levels in the SGA newborns were significantly lower than those in the non-SGA
newborns in all subgroups. In multivariate analyses, the GA and birth weight standard deviation
scores were independent determinant factors for the umbilical cord blood IGF-1 levels. Thus, we
established percentile-based reference values of umbilical cord blood IGF-1 in Japanese newborns;
these reference values can be applied on the basis of the extent of prematurity and the SGA status.

Keywords: birth weight; gestational age; prematurity; small for gestational age; standard deviation
score

1. Introduction

Insulin-like growth factor 1 (IGF-1) is a protein that is encoded by the IGF1 gene in
humans [1,2]. IGF-1 is a single-stranded polypeptide that consists of 70 amino acids, with
a molecular weight of 7649; it also has three disulfide bonds in its structure [3]. IGF-1
plays an important role in fetal and neonatal growth, as well as in cardiovascular functions,
central nervous system functioning, and lung development [4–6]. It has been reported
that long-term low serum IGF-1 levels from birth are associated with postnatal growth
restriction, brain developmental disorders, retinopathy of prematurity (ROP), and chronic
lung disease [7–11].

Previous studies have shown that the value of the IGF-1 at birth is correlated with the
birth weight (BW) and the gestational age at birth (GA), and that the IGF-1 values in small-
for-gestational-age (SGA) newborns are lower than those in non-SGA newborns [12,13].
The patients in previous reports with regard to the IGF-1 values were term or preterm
newborns and term SGA newborns [14–17]. However, to date, no detailed studies have
been conducted where extremely preterm-to-term newborns were included, especially
when evaluating the IGF-1 reference values by using umbilical cord blood. In this study, we
aimed to create percentile-based reference values for the umbilical cord blood IGF-1 levels
in Japanese newborns on the basis of the sex, the GA, and the SGA or non-SGA status.
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2. Materials and Methods
2.1. Study Design

A hospital-based retrospective cohort study was conducted at Nihon University
Itabashi Hospital, Tokyo, Japan. This study was approved by the Ethics Committee of
the Nihon University School of Medicine (approval no.: RK-190910-3; date: 20 Novem-
ber 2019). Written informed consent was obtained from the parents of all the enrolled
newborns. This study was carried out in accordance with the relevant guidelines and
regulations. Newborns that were born between 2019 and 2021 were enrolled and were then
classified into one of the four GA groups: extremely preterm (<28 weeks); early preterm
(28–33 weeks); late preterm (34–36 weeks); and term (≥37 weeks). Thereafter, the newborns
were subclassified as either SGA or non-SGA. “SGA” and “non-SGA” were defined as the
<10th percentile and the ≥10th percentile, respectively, for the BW, on the basis of Japanese
neonatal anthropometric charts at birth for the GA, the sex, and the mother’s history of
childbirth [18]. This study included not only singletons, but also twins and triplets. All
newborns from whom the umbilical cord blood at birth was collected during the study
period were included in this study.

2.2. Umbilical Cord Blood IGF-1 Levels

At birth, the umbilicus was double-clamped, and the cord blood was sampled from
the umbilical vein. The median (50th percentile), 10th, 25th, 75th, and 90th percentiles
of the umbilical cord blood IGF-1 levels were calculated in order to set up the reference
values. The umbilical cord blood IGF-1 levels were measured by using the solid-phase
radioimmunoassay (RIA) method, as described in a previous study [19,20]. The RIA is an
immunological assay that was first developed as a method for measuring the amount of a
hormone in the blood by using a radioisotope [21].

2.3. Study Methods

The umbilical cord blood IGF-1 levels were compared between the sexes and the
four GA groups in all the SGA and non-SGA newborns. In each GA group, the umbilical
cord blood IGF-1 levels were compared between the SGA and non-SGA newborns. To
clarify the determinant clinical factors for the umbilical cord blood IGF-1 levels, the GA or
anthropometric values at birth, such as the BW, the BW standard deviation score (SDS), the
birth length (BL), the BL SDS, the birth head circumference, the birth head circumference
SDS, and the birth chest circumference, were identified through regression and multivariate
analyses.

2.4. Statistical Analyses

To compare the umbilical cord blood IGF-1 levels and other clinical factors at birth
between the four GA groups, the Kruskal–Wallis test or a chi-squared test were used. The
differences between the individual data sets were tested by the all-pairwise test by using the
Steel–Dwass method. The correlation between the umbilical cord blood IGF-1 levels and
each anthropometric value or GA was analyzed by a regression analysis (the correlation
coefficients were calculated) and a multiple logistic regression analysis. Statistical analyses
were performed using JMP, Version 14 (SAS Institute Inc., Tokyo, Japan). A p-value < 0.05
was considered statistically significant.

3. Results
3.1. Umbilical Cord Blood IGF-1 Levels

A total of 259 newborns were enrolled, of which 36 were extremely preterm (SGA: 10;
non-SGA: 26); 83 were early preterm (SGA: 28; non-SGA: 55); 90 were late preterm (SGA:
21; non-SGA: 69); and 50 were term (SGA: 19; non-SGA: 31). No statistical difference was
observed in the umbilical cord blood IGF-1 levels between the sexes (male newborns: 35
[4–121]; female newborns: 32 [4–93]; p = 0.60; Figure 1).
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The 10th, 25th, 50th, 75th, and 90th percentiles of the umbilical cord blood IGF-1 levels
were calculated and compared between the groups by using reference values of 9, 18, 33,
52, and 71 ng/mL, respectively. The umbilical cord blood IGF-1 levels in the extremely
preterm group were significantly lower than those of the early preterm, late preterm, and
term groups (median values: 13.5, 24.0, 44.5, and 47.5 ng/mL, respectively; p < 0.01; Table 1;
Figure 2). However, the IGF-1 levels were not significantly different between the late
preterm and term groups (p = 0.722; Figure 2).

In each GA group, the umbilical cord blood IGF-1 levels were lower in the SGA
newborns than in the non-SGA newborns (SGA: 9.5, 10.5, 25.0, and 38.0 ng/mL; non-SGA:
19.0, 38.0, 50.0, and 55.0 ng/mL, respectively; p < 0.01; Table 2). In the SGA newborns, the
umbilical cord blood IGF-1 values showed no significant difference between the extremely
preterm and early preterm newborns (median values: 9.5 and 10.5 ng/mL, respectively; p
= 0.855; Figure 3). In the non-SGA newborns, the IGF-1 levels were significantly different
between the extremely preterm and the early preterm newborns (median values: 19.0 and
38.0 ng/mL, respectively; p < 0.001; Figure 4).
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Table 1. Umbilical cord blood IGF-1 levels classified by GA.

All Newborns
n = 259

Extremely
Preterm (<28
Weeks GA)

n = 36

Early Preterm
(28–33 Weeks GA)

n = 83

Late Preterm
(34–36 Weeks GA)

n = 90

Term
(≥37 Weeks GA)

n = 50

GA (weeks) 34 (22–38) 25 (22–27) 31 (28–33) 35 (34–36) 37 (37–38)

BW (g) 1880 (278–3560) 678 (278–1224) 1389 (424–2448) 2255 (1492–3126) 2434 (1744–3560)

BW SDS −0.54 (−5.0–2.41) −0.47 (−3.95–1.76) −0.74 (−5.0–1.69) −0.38 (−2.96–2.41) −0.75(−3.0–2.23)

BL (cm) 42.5 (24.0–53.0) 30.5 (24–37.5) 38.7 (27.0–46.0) 44.7 (39.0–51.5) 46.2 (40.0–53.0)

BL SDS −0.58 (−4.2–2.7) −0.87 (−3.12–2.7) −0.73 (−4.2–1.81) −0.42 (−2.89–
+2.3) −0.62 (−2.92–2.7)

Birth head
circumference (cm) 30.5 (17.0–36.0) 22.5 (17.0–27.0) 28.0 (22.3–33.5) 31.6 (20.0–35.5) 32.9 (30.0–36.0)
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Table 1. Cont.

All Newborns
n = 259

Extremely
Preterm (<28
Weeks GA)

n = 36

Early Preterm
(28–33 Weeks GA)

n = 83

Late Preterm
(34–36 Weeks GA)

n = 90

Term
(≥37 Weeks GA)

n = 50

Birth head
circumference SDS −0.1 (−2.72–2.51) −0.175

(−2.32–2.37) −0.1 (−2.72–1.92) −0.06 (−1.95–2.51) −0.07 (−2.04–2.3)

Birth chest
circumference (cm) 27.0 (15.5–35.0) 18.6 (15.5–22.6) 24.4 (15.5–29.5) 28.6 (24.5–35.0) 30.0 (25.0–33.5)

Male 118 (46) 13 (41) 38 (46) 39 (43) 25 (50)

SGA 78 (30) 8 (25) 28 (34) 21 (23) 19 (38)

IGF-1 (ng/mL)
(10%ile) 9.0 5.0 7.0 16.2 20.2

IGF-1 (ng/mL)
(25%ile) 18.0 9.0 12.0 27.0 32.0

IGF-1 (ng/mL)
(50%ile) 33.0 (4–121) 13.5 (4–48) 24.0 (4–83) 44.5 (10–121) 47.5 (17–93)

IGF-1 (ng/mL)
(75%ile) 52.0 20.0 43.0 62.0 65.5

IGF-1 (ng/mL)
(90%ile) 71.0 30.7 54.0 73.9 79.9

Data are shown as median (range) or number (percentage). BL: birth length; BW: birth weight; GA: gestational
age at birth; IGF-1: insulin-like growth factor 1; SDS: standard deviation score; SGA: small-for-gestational-age.
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Table 2. Comparison of umbilical cord blood IGF-1 levels between SGA and non-SGA newborns.

Extremely Preterm

Extremely Preterm (<28 Weeks GA) p-Value
SGA (n = 10) Non-SGA (n = 26)

GA (weeks) 26 (22–27) 25 (22–27) 0.037
BW (g) 551 (278–690) 770.5 (562–1224) <0.001

BW SDS −2.6 (−3.95–−1.7) −0.25 (−1.25–1.76) <0.001
BL (cm) 29.0 (24.0–35.5) 31.75 (26.5–37.5) 0.061
BL SDS −1.78 (−3.12–−0.2) −0.24 (−2.3–2.7) 0.002

Birth head circumference (cm) 22.1 (17.0–24.0) 23.25 (20.0–27.0) 0.034
Birth head circumference SDS −1.31 (−2.32–−0.3) 0.335 (−1.4–2.37) <0.001
Birth chest circumference (cm) 16.7 (15.5–19.0) 19.5 (16.8–22.6) <0.001

Male 3 (30) 12 (46) 1.000
IGF-1 (ng/mL) (10%ile) 4.1 6.4
IGF-1 (ng/mL) (25%ile) 7.3 9.0
IGF-1 (ng/mL) (50%ile) 9.5 (4–13) 19.0 (4–48) 0.007
IGF-1 (ng/mL) (75%ile) 12.0 24.8
IGF-1 (ng/mL) (90%ile) 12.9 33.4

Early Preterm

Early Preterm (28–33 Weeks GA) p-Value
SGA (n = 28) Non-SGA (n = 55)

GA (weeks) 31 (28–33) 31 (28–33) 0.646
BW (g) 985.5 (424–1484) 1540 (1016–2448) <0.001

BW SDS −2.38 (−5.0–−1.3) −0.06 (−1.27–1.69) <0.001
BL (cm) 35.5 (27.0–41.7) 40.4 (35.0–46.0) <0.001
BL SDS −2.16 (−4.2–−0.14) −0.31 (−2.29–1.81) <0.001

Birth head circumference (cm) 26.6 (22.3–30.0) 29.0 (24.5–33.5) <0.001
Birth head circumference SDS −0.815 (−2.48–0.5) 0.31 (−2.72–1.92) <0.001
Birth chest circumference (cm) 21.0 (15.5–24.5) 25.7 (20.8–29.5) <0.001

Male 16 (57) 22 (40) 0.138
IGF-1 (ng/mL) (10%ile) 5.0 14.6
IGF-1 (ng/mL) (25%ile) 7.3 23.0
IGF-1 (ng/mL) (50%ile) 10.5 (4–36) 38.0 (4–83) <0.001
IGF-1 (ng/mL) (75%ile) 19.8 49.0
IGF-1 (ng/mL) (90%ile) 25.1 61.0

Late Preterm

Late Preterm (34–36 Weeks GA) p-Value
SGA (n = 21) non-SGA (n = 69)

GA (weeks) 35 (34–36) 35 (34–36) 0.327
BW (g) 1816 (1492–2276) 2304 (1701–3126) <0.001

BW SDS −1.65 (−2.96–−1.29) 0.0 (−1.27– 2.41) <0.001
BL (cm) 42.5 (39.0–48.0) 45.5 (40.5–51.5) <0.001
BL SDS −1.4 (−2.89–1.32) −0.07 (−1.53–2.3) <0.001

Birth head circumference (cm) 30.3 (20.0–33.2) 32.0 (29.0–35.5) <0.001
Birth head circumference SDS −0.76 (−1.9–0.46) 0.1(−1.95–2.51) <0.001
Birth chest circumference (cm) 26.5 (24.5–30.5) 29.0 (25.3–35.0) <0.001

Male 11 (52) 28 (41) 0.913
IGF-1 (ng/mL) (10%ile) 12.0 23.0
IGF-1 (ng/mL) (25%ile) 16.0 40.5
IGF-1 (ng/mL) (50%ile) 25.0 (11–36) 50.0 (10–121) <0.001
IGF-1 (ng/mL) (75%ile) 29.5 66.0
IGF-1 (ng/mL) (90%ile) 33.8 78.0
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Table 2. Cont.

Term

Term (≥ 37 Weeks GA) p-Value
SGA (n = 19) Non-SGA (n = 31)

GA (weeks) 37 (37–38) 37 (37–38) 0.705
BW (g) 2125 (1744–2532) 2808 (2310–3560) <0.001

BW SDS −1.91 (−3.0–−1.31) −0.01 (−1.27– 2.23) <0.001
BL (cm) 44.0 (40.0–47.0) 47.3 (43.4–53.0) <0.001
BL SDS −1.62 (−2.92–−0.16) −0.17 (−1.66–2.7) <0.001

Birth head circumference (cm) 31.7 (30.0–33.5) 34.0 (31.0–36.0) <0.001
Birth head circumference SDS −0.76 (−2.04–0.31) 0.69(−1.17–2.3) <0.001
Birth chest circumference (cm) 28.0 (25.0–31.0) 31.0 (27.5–33.5) <0.001

Male 11 (58) 14 (45) 0.561
IGF-1 (ng/mL) (10%ile) 19.0 24.0
IGF-1 (ng/mL) (25%ile) 26.0 39.0
IGF-1 (ng/mL) (50%ile) 38.0 (17–62) 55.0 (19–93) 0.002
IGF-1 (ng/mL) (75%ile) 47.0 75.0
IGF-1 (ng/mL) (90%ile) 59.0 82.6

Data are shown as median (range) or number (percentage). BL: birth length; BW: birth weight; GA: gestational
age at birth; IGF-1: insulin-like growth factor 1; SDS: standard deviation score; SGA: small-for-gestational-age.
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3.2. Correlation between Umbilical Cord Blood IGF-1 Levels and Gestational Age or
Anthropometric Measurements at Birth

The correlations between the umbilical cord blood IGF-1 levels and each anthropomet-
ric value or GA are shown in Table 3. All of the anthropometric values (GA, BW, BW SDS,
BL, BL SDS, birth head circumference, birth head circumference SDS, birth chest circumfer-
ence, and IGF-1 levels) showed significantly positive correlations (p <0.001; Table 3).

Table 3. Association between insulin-like growth factor-1 levels and gestational age or anthropometric
values at birth.

Correlation Coefficient (95% CI) p-Value

GA 0.518 (0.423–0.602) <0.001
BW 0.708 (0.642–0.764) <0.001

BW SDS 0.564 (0.474–0.641) <0.001
BL 0.609 (0.526–0.681) <0.001

BL SDS 0.356 (0.244–0.458) <0.001
Birth head circumference 0.618 (0.536–0.688) <0.001

Birth head circumference SDS 0.416 (0.310–0.512) <0.001
Birth chest circumference 0.672 (0.600–0.734) <0.001

BL: birth length; BW: birth weight; CI: confidence interval; GA: gestational age at birth; SDS: standard deviation
score.

3.3. Multivariate Analyses

In the multivariate logistic regression analyses using the GA, BW SDS, BL SDS, and
birth head circumference SDS, the GA and the BW SDS were the independent determinant
factors for the umbilical cord blood IGF-1 levels (Table 4).
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Table 4. Multivariate analysis.

Factor Logarithmic Worth (95% CI) p-Value

GA 22.37 (2.17–3.13) <0.001
BW SDS 13.44 (7.73–12.76) <0.001
BL SDS 1.00 (−4.12–0.36) 0.100

Birth head circumference SDS 0.09 (−2.49–3.13) 0.822
BL: birth length; BW: birth weight; CI: confidence interval; GA: gestational age at birth; SDS: standard deviation
score.

4. Discussion

In the present study, we established percentile-based reference values of umbilical
cord blood IGF-1 in Japanese newborns. The median umbilical cord blood IGF-1 value was
around 50 ng/mL at ≥34 weeks of GA, and it did not change between the late preterm and
term newborns. In the non-SGA newborns, the umbilical cord blood IGF-1 levels showed
a significant difference between the extremely preterm and early preterm newborns, but
not in the SGA newborns. In the SGA newborns, the median umbilical cord blood IGF-1
values were extremely low, at approximately 10 ng/mL at <34 weeks of GA. It was rare for
the SGA newborns to have higher IGF-1 levels than the non-SGA newborns. The GA and
the BW SDS were the independent determinant factors for the umbilical cord blood IGF-1
levels.

4.1. IGF-1 Levels and Sex

In a report of the serum IGF-1 levels in preterm newborns at 33 weeks of corrected GA,
the mean IGF-1 levels were 23.1 ng/mL (range: 15.44–39.75 ng/mL), with no difference
between the male (23.1 ng/mL) and female infants (23.1 ng/mL) [15]. Consistent with
these results, no umbilical cord blood IGF-1 level differences were observed according to
sex in this study (Figure 1). Therefore, we created reference values for the umbilical cord
blood IGF-1 for the male and female newborns combined.

4.2. IGF-1 in the Placenta

IGF-1, IGF-2, and their binding protein (IGFBP) are expressed in the placenta and reg-
ulate fetal growth by DNA methylation [22]. DNA methylation is an epigenetic mechanism
that forms methylated cytosine-phosphate-guanine (CpG) dinucleotides that are known
to suppress gene expression [23]. A study report analyzed the placenta of SGA newborns
and found the mRNA and protein levels of IGF-1 to be lower than that of appropriate-for-
gestational-age (AGA) newborns; however, no difference was observed between the AGA
and the large-for-gestational-age newborns [24]. The CpG methylation of the promoter
region of the IGF-1 gene was hypermethylated in the SGA newborns when compared
with that of the AGA newborns [24]. In our present study, the SGA newborns had lower
umbilical cord blood IGF-1 levels than the non-SGA newborns, and, therefore, the DNA
methylation of the IGF-1 gene may be involved.

4.3. IGF-1 Levels in SGA Newborns

The production of IGF-1 during the fetal period is regulated by nutritional substances
that are supplied by the mother, such as amino acids and glucose [25,26]. Previous reports
of cord blood IGF-1 levels are strongly associated with the birth weight, the leptin level, the
fat mass, and the body fat percentage, which indicate that IGF-1 is an important factor in
the fetal fat accumulation in the uterus [27]. Another previous study reports that newborns
who are born to mothers with pregnancy hypertension had lower cord blood IGF-1 levels
compared with those born to mothers without pregnancy hypertension, and the SGA
newborns showed low cord blood IGF-1 levels [28]. Consistent with the results, in our
present study, the cord blood IGF-1 levels were lower in the SGA newborns compared to
those of the non-SGA newborns in all four GA groups. The umbilical cord blood IGF-1
levels in the preterm SGA newborns who were born at 28–33 weeks of GA were as low as
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the extremely preterm newborns who were born at <28 weeks of GA. SGA was also an
important determinant factor for the cord blood IGF-1 levels. In the SGA newborns, the
umbilical cord blood IGF-1 levels were remarkably low in extremely preterm and early
preterm newborns who were born at <34 weeks of GA, when compared with those of late
preterm newborns who were born at 34–36 weeks of GA, and term newborns who were
born at ≥37 weeks of GA. We previously reported that preterm SGA newborns had higher
rates of short stature at three years of life than late preterm or term SGA newborns [29]. A
reason for this difference in the incidence of short stature in early childhood may be related
to the blood IGF-1 levels at birth.

4.4. IGF-1 Levels in Extremely Preterm Newborns

In our present study, in the extremely preterm newborns, the median IGF-1 values
were as low as 13.5 ng/mL, which may indicate a low nutrition status. A clinical study in
87 newborns born between 24 and 32 weeks of GA evaluated the relationship between the
serum IGF-1 levels and the nutrition up to 36 weeks of corrected GA, and it reveals that the
parenteral nutrition and the IGF-1 levels at 2 weeks of age were inversely proportional [14].
The total energy intake was positively associated with the serum IGF-1 levels, especially at
30–33 weeks of corrected GA [14]. After birth, extremely preterm newborns lose nutrition
from their mother and become dependent on parenteral nutrition for several weeks, which
may result in low levels of IGF-1 for a prolonged period.

4.5. Association between IGF-1 Levels and Neonatal Diseases

In a study of preterm newborns that weighed under 1251 g in the United States, the
mean IGF-1 value at 28–33 weeks of corrected GA without ROP was 20.0 ng/mL, and, at
Stage 1 or 2, the ROP was 18.0 ng/mL, and, at Stage 3, the ROP was 17.0 ng/mL, which
suggests that the IGF-1 values were associated with the ROP development and severity [30].
Therefore, newborns with low serum IGF-1 levels after birth may be predisposed to ROP
and may require treatment. It has also been reported that low serum IGF-1 levels were
strongly associated with various neonatal complications in animal models (periventricular
leukomalacia model rat; cerebral hypoxic ischemia model rat; primary IGF-1-deficient mice;
and a necrotizing enterocolitis model) [31–34] and humans (poor weight gain and brain
weight, and the development of ROP and bronchopulmonary dysplasia) [7,9–11]. Early
IGF-1 supplementation, such as the intravenous supplementation of human recombinant
IGF-1 to attain normal serum levels, may reduce these complications and promote growth
and development in extremely preterm newborns with/without SGA. Clinical trials are
currently underway to see if early IGF-1 supplementation can improve and reduce preterm
newborn morbidity [35,36]. A comparison of our cord blood IGF-1 reference values may
be useful for the prediction of complications in extremely preterm newborns. The IGF-1
reference values change slightly with the various measurement methods that are avail-
able [19,20]. Therefore, it is important to carefully consider the measurement method when
using the reference values. In the future, we expect to obtain the therapeutic effect of IGF-1
supplementation in extremely preterm newborns with low cord blood IGF-1 levels.

4.6. Limitations

This study has some limitations. First, this study was conducted with a small cohort
in a single Japanese center. Second, this study included only Japanese newborns. It will be
necessary to clarify the difference in the IGF-1 values between the different races. Third,
we did not investigate the clinical information, such as neonatal diseases, the nutritional
status, the insulin levels, the body weight gain, the smoking of the mother, and gestational
diabetes mellitus. Finally, the postnatal serum IGF-1 levels were not measured. However,
our results supply evidence for the newborn’s umbilical cord IGF-1 reference values, not
only in all newborns, but also in newborns, classified by sex, GA, and SGA or non-SGA
status.
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5. Conclusions

We established percentile-based reference values of umbilical cord blood IGF-1 levels
in Japanese newborns. These reference values can be applied on the basis of the extent
of the gestational age or the SGA status. A comparison of our cord blood IGF-1 reference
values may be useful for predicting neonatal diseases in preterm newborns.
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15. Banjac, L.; Kotur-Stevuljević, J.; Gojković, T.; Bokan-Mirković, V.; Banjac, G.; Banjac, G. Relationship Between Insulin-Like Growth
Factor Type 1 and Intrauterine Growth. Acta Clin. Croat. 2020, 59, 91–96. [CrossRef]

16. Rustogi, D.; Yadav, S.; Ramji, S.; Mishra, T.K. Growth Patterns in Small for Gestational Age Babies and Correlation with
Insulin-Like Growth Factor-1 Levels. Indian Pediatr. 2018, 55, 975–978. [CrossRef]

17. Dizdarer, C.; Korkmaz, H.A.; Büyükocak, Ö.M.; Tarancı, S.M.; Coban, A. Impact of Insulin Resistance on Insulin-Like Growth
Factor-1/Insulin Like Growth Factor-Binding Protein-3 Axis and on Early Weight Gain in Small for Gestational Age Infants. J.
Clin. Res. Pediatr. Endocrinol. 2013, 5, 104–109. [CrossRef]

18. Itabashi, K.; Miura, F.; Uehara, R.; Nakamura, Y. New Japanese Neonatal Anthropometric Charts for Gestational Age at Birth.
Pediatr. Int. 2014, 56, 702–708. [CrossRef]

19. Chanson, P.; Arnoux, A.; Mavromati, M.; Brailly-Tabard, S.; Massart, C.; Young, J.; Piketty, M.L.; Souberbielle, J.C. VARIETE
Investigators Reference Values for IGF-I Serum Concentrations: Comparison of Six Immunoassays. J. Clin. Endocrinol. Metab.
2016, 101, 3450–3458. [CrossRef]

20. Frystyk, J.; Freda, P.; Clemmons, D.R. The Current Status of IGF-I Assays—A 2009 Update. Growth Horm. IGF Res. 2010, 20, 8–18.
[CrossRef]

21. Berson, S.A.; Yalow, R.S. Radioimmunoassays of Peptide Hormones in Plasma. N. Engl. J. Med. 1967, 20, 640–647. [CrossRef]
22. Han, V.K.; Bassett, N.; Walton, J.; Challis, J.R. The Expression of Insulin-Like Growth Factor (IGF) and IGF-Binding Protein

(IGFBP) Genes in the Human Placenta and Membranes: Evidence for IGF-IGFBP Interactions at the Feto-Maternal Interface. J.
Clin. Endocrinol. Metab. 1996, 81, 2680–2693. [CrossRef]

23. Moore, L.D.; Le, T.; Fan, G. DNA Methylation and Its Basic Function. Neuropsychopharmacology 2013, 38, 23–38. [CrossRef]
24. Le Stunff, C.; Castell, A.L.; Todd, N.; Mille, C.; Belot, M.P.; Frament, N.; Brailly-Tabard, S.; Benachi, A.; Fradin, D.; Bougnères, P.

Fetal Growth Is Associated with CpG Methylation in the P2 Promoter of the IGF1 Gene. Clin. Epigenetics 2018, 10, 57. [CrossRef]
25. Battaglia, F.C.; Meschia, G. Principal Substrates of Fetal Metabolism. Physiol. Rev. 1978, 58, 499–527. [CrossRef]
26. Rao, P.N.S.; Shashidhar, A.; Ashok, C. In Utero Fuel Homeostasis: Lessons for a Clinician. Indian J. Endocrinol. Metab. 2013, 17,

60–68. [CrossRef]
27. Kadakia, R.; Ma, M.; Josefson, J.L. Neonatal Adiposity Increases with Rising Cord Blood IGF-1 Levels. Clin. Endocrinol. 2016, 85,

70–75. [CrossRef]
28. Gazy, P.K.; Marciniak, S.; Slawska, H.; Olejek, A.; Mazur, B. The Concentration of Insulin-Like Growth Factor-1 in Pregnancies

Complicated by Pregnancy-Induced Hypertension and/or Intrauterine Hypotrophy. Ginekol. Pol. 2020, 91, 544–548. [CrossRef]
29. Matsumoto, M.; Nagano, N.; Awano, H.; Ohyama, S.; Fujioka, K.; Iwatani, S.; Urakami, T.; Iijima, K.; Morioka, I. Incidence and

Neonatal Risk Factors of Short Stature and Growth Hormone Treatment in Japanese Preterm Infants Born Small for Gestational
Age. Sci. Rep. 2019, 9, 12238. [CrossRef]

30. Jensen, A.K.; Ying, G.S.; Huang, J.; Quinn, G.E.; Binenbaum, G. Postnatal Serum Insulin-Like Growth Factor I and Retinopathy of
Prematurity. Retina 2017, 37, 867–872. [CrossRef]

31. Kim, D.J.; Cho, S.Y.; Kim, S.U.; Jo, D.W.; Hwang, H.I.; Shin, H.K.; Jun, H.Y. IGF-1 Protects Neurons in the Cortex and Subventricular
Zone in a Periventricular Leucomalacia Model. In Vivo 2021, 35, 307–312. [CrossRef]

32. Lin, S.; Fan, L.W.; Rhodes, P.G.; Cai, Z. Intranasal Administration of IGF-1 Attenuates Hypoxic-Ischemic Brain Injury in Neonatal
Rats. Exp. Neurol. 2009, 217, 361–370. [CrossRef]

33. Elis, S.; Courtland, H.W.; Wu, Y.; Rosen, C.J.; Sun, H.; Jepsen, K.J.; Majeska, R.J.; Yakar, S. Elevated Serum Levels of IGF-1 Are
Sufficient to Establish Normal Body Size and Skeletal Properties Even in the Absence of Tissue IGF-1. J. Bone Miner. Res. 2010, 25,
1257–1266. [CrossRef]

34. Holgersen, K.; Gao, X.; Narayanan, R.; Gaur, T.; Carey, G.; Barton, N.; Pan, X.; Muk, T.; Thymann, T.; Sangild, P.T. Supplemental
Insulin-Like Growth Factor-1 and Necrotizing Enterocolitis in Preterm Pigs. Front. Pediatr. 2021, 8, 602047. [CrossRef]

35. Hellström, A.; Ley, D.; Hansen-Pupp, I.; Hallberg, B.; Ramenghi, L.A.; Löfqvist, C.; Smith, L.E.; Hård, A.L. Role of Insulinlike
Growth Factor 1 in Fetal Development and in the Early Postnatal Life of Premature Infants. Am. J. Perinatol. 2016, 33, 1067–1071.
[CrossRef]

36. Hellström, A.; Ley, D.; Hallberg, B.; Lofqvist, C.; Hansen-Pupp, I.; Ramenghi, L.A.; Borg, J.; Smith, L.E.H.; Hard, A.L. IGF-1 as a
Drug for Preterm Infants: A Step-Wise Clinical Development. Curr. Pharm. Des. 2017, 23, 5964–5970. [CrossRef]

http://doi.org/10.1046/j.1442-200x.2000.01167.x
http://doi.org/10.3390/nu12030675
http://doi.org/10.20471/acc.2020.59.01.11
http://doi.org/10.1007/s13312-018-1422-1
http://doi.org/10.4274/Jcrpe.867
http://doi.org/10.1111/ped.12331
http://doi.org/10.1210/jc.2016-1257
http://doi.org/10.1016/j.ghir.2009.09.004
http://doi.org/10.1056/NEJM196709212771208
http://doi.org/10.1210/jcem.81.7.8675597
http://doi.org/10.1038/npp.2012.112
http://doi.org/10.1186/s13148-018-0489-9
http://doi.org/10.1152/physrev.1978.58.2.499
http://doi.org/10.4103/2230-8210.107851
http://doi.org/10.1111/cen.13057
http://doi.org/10.5603/GP.2020.0087
http://doi.org/10.1038/s41598-019-48785-y
http://doi.org/10.1097/IAE.0000000000001247
http://doi.org/10.21873/invivo.12260
http://doi.org/10.1016/j.expneurol.2009.03.021
http://doi.org/10.1002/jbmr.20
http://doi.org/10.3389/fped.2020.602047
http://doi.org/10.1055/s-0036-1586109
http://doi.org/10.2174/1381612823666171002114545

	Introduction 
	Materials and Methods 
	Study Design 
	Umbilical Cord Blood IGF-1 Levels 
	Study Methods 
	Statistical Analyses 

	Results 
	Umbilical Cord Blood IGF-1 Levels 
	Correlation between Umbilical Cord Blood IGF-1 Levels and Gestational Age or Anthropometric Measurements at Birth 
	Multivariate Analyses 

	Discussion 
	IGF-1 Levels and Sex 
	IGF-1 in the Placenta 
	IGF-1 Levels in SGA Newborns 
	IGF-1 Levels in Extremely Preterm Newborns 
	Association between IGF-1 Levels and Neonatal Diseases 
	Limitations 

	Conclusions 
	References

