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absTracT

background/aims

The postnatal activation of the hypothalamic-pituitary-gonadal axis is more exagger-
ated in preterm than in full-term born infants and may be important for reproductive 
function. Our objective was to investigate this activation of the hypothalamic-pituitary-
gonadal axis in male very-low-birth-weight infants.

Methods

Twenty-one very-low-birth-weight boys (gestational age 26.0-30.0 weeks), participat-
ing in the NIRTURE trial, were included. Gonadotropin and testosterone levels were 
measured in serial urine samples collected at 1 and 4 weeks postnatal age, at 32 weeks 
postmenstrual age, at expected date of delivery and at the corrected age of 3 and 6 
months.

results

Longitudinal analysis shows that after birth LH and FSH levels peak at a mean postnatal 
age of 1 to 4 weeks (mean postmenstrual age of 30 to 32 weeks) and decrease until 
38 weeks postnatal age (corrected age of 6 months). Testosterone levels decrease with 
increasing age and this decrease is faster in infants receiving early insulin therapy.

conclusions

Serial urine sampling for measurement of gonadotropin and testosterone levels provides 
accurate information about the postnatal activation of the hypothalamic-pituitary-
gonadal axis in very-low-birth-weight boys. FSH and LH levels peak at 1 to 4 weeks of 
age. Insulin treatment causes faster decrease of testosterone levels.
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InTroDucTIon

The postnatal activation of the hypothalamic-pituitary-gonadal axis that is observed 
during the first months of life, is considered as an important phase in the maturation of 
this axis. In boys, this activation has been shown to be associated to the development of 
the testes as well as the penis and the scrotum (1-5) and as a consequence the postnatal 
activation may be of importance for reproductive function in adult men.

The postnatal peak has been demonstrated in term as well as in preterm born boys 
(3, 6-17). In comparison with full-term boys, preterm born boys have higher levels of go-
nadotropins and testosterone during the first postnatal months (3, 10, 14). Data about 
the postnatal activity of the hypothalamic-pituitary-gonadal axis in preterm boys born 
at a gestational age less than 30 weeks are limited.

The pattern of hormone secretion in individual infants during this postnatal activa-
tion of the hypothalamic-pituitary-gonadal axis can accurately be described by serial 
hormone sampling. Most of the aforementioned studies in boys are cross-sectional and 
report serum levels of hormones. The use of urine samples makes it possible to collect 
serial measurements without the burden of frequent blood sampling and measurement 
of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) in urine samples was 
previously shown to be reliable (18, 19).

The aim of the present study was to describe the postnatal activation of the hypo-
thalamic-pituitary-testicular axis in male very-low-birth-weight (VLBW) infants by serial 
measurement of gonadotropin and testosterone levels in urine samples from birth to 9 
months of age.

METHoDs

study population

The subjects were part of the Neonatal Insulin Replacement Therapy in Europe (NIR-
TURE) trial. This was an international multicenter randomized controlled trial investigat-
ing the role of early insulin therapy in VLBW infants (20). After informed parental consent 
was obtained, VLBW infants younger than 24 hours of age were randomized to receive 
continuous intravenous infusion of insulin for the first 7 days of life or standard neonatal 
care with insulin treatment only in case of hyperglycemia. Exclusion criteria included 
maternal diabetes and major congenital anomalies.

The 21 male infants participating in the NIRTURE trial in our neonatal intensive care 
unit were included in the present study. They had a mean gestational age of 28.2 weeks 
(range 26.0-30.0 weeks) and a mean birth weight of 1102 g (range 670-1460 g). Nine in-
fants were assigned to the early-insulin group and 12 infants received standard neonatal 
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care. After discharge, all patients were followed in the outpatient clinic. Approval from 
the local ethics committee was obtained.

urine samples

Urine samples were collected in a pediatric urine collection pouch at 1 and 4 weeks 
postnatal age, at 32 weeks postmenstrual age, at expected date of delivery and at the 
corrected age of 3 and 6 months. Samples were stored at -20 ºC until analysis.

fsH, lH and testosterone measurement

FSH and LH concentrations were measured by immunometric assays (Architect, Abbott 
Laboratories Diagnostics Division, Abbott Park, Illinois, USA), as validated and described 
earlier (19). For FSH lower limit of quantitation is 0.1 IU/l, intra-assay coefficients of varia-
tion are 5% at a level of 0.3 IU/l, 3% at 1.8 IU/l, 5.5 IU/l, 25 IU/l and 75 IU/l and inter-assay 
coefficients of variation are 6% at 5 IU/l and 5% at 18 IU/l. For LH lower limit of quantita-
tion is 0.1 IU/l, intra-assay coefficient of variation is < 4% at 0.2 IU/l, 1.5 IU/l, 5 IU/l, 40 IU/l 
and 75 IU/l and inter-assay coefficients of variation are 7% at 4 IU/l and 6% at 23 IU/l.

After adding a sodiumacetate buffer (pH 4.8) and deuterated internal standard (tes-
tosterone-2,2,4,6,6-D5; D5T; obtained from CDN Isotopes, Pointe-Claire, Quebec, Canada), 
samples were hydrolyzed with helix pomatia juice (Pall Biosepra, Cergy-Saint-Christophe, 
France). The supernatant was injected to a Symbiosis online Solid Phase Extraction (SPE) 
system (Spark Holland, Emmen, The Netherlands). Online SPE with C18 cartridges (Spark 
Holland) was performed for further purification of the samples. Separation was achieved 
on a C18 analytical column (Kinetex, 2.1x75 mm, 2.6 µm particle size; Phenomenex, Utre-
cht, The Netherlands) by gradient elution, using 0.1% formic acid in water and 0.1% formic 
acid in acetonitrile. A Quattro Premier XE tandem mass spectrometer (Waters Corporation, 
Milford, Massachusetts, USA) with electrospray in positive mode was used for detection. 
Operating conditions were as follows: capillary voltage, 1.0 kV; cone voltage, 40 V; source 
temperature, 130 °C. Argon was used as collision gas. For each component (analyte and 
internal standard), two transitions were monitored: m/z 289>97 and m/z 289>109 for 
testosterone; m/z 294>100 and m/z 294>113 for D5T. The first transitions in each set were 
used for quantification, the second transitions for confirmation. Data acquisition and pro-
cessing were done with Masslynx 4.1 software (Waters Corporation). Total analysis time 
was 9 minutes. Linearity was tested by dilution between 3 and 43 nmol/l (R2 was 0.9992). 
Lower limit of quantitation was 1 nmol/l, intra-assay coefficient of variation for the whole 
range was < 7%. All analyses were performed in one run.

Gonadotropin and testosterone levels were corrected for creatinine levels. Creatinine 
concentrations were measured by the Jaffé method (Modular, Roche Diagnostics, 
Mannheim, Germany). Inter-assay coefficients of variation are 2.2% at 5.9 mmol/l and 
1.7% at 12.5 mmol/l.
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statistical analysis

Statistical analyses were performed using the Statistical Package of Social Sciences 
software for Microsoft Windows version 17 (SPSS Inc., Chicago, Illinois, USA). At first 
FSH, LH and testosterone levels of infants treated with insulin were compared with 
hormone levels of infants receiving standard care. Because the distribution of hormone 
levels was skewed, a log transformation was performed before analysis. FSH, LH and 
testosterone levels were analyzed for postmenstrual age as well as for postnatal age, 
taking into account that both maturation and birth itself are important for activation 
of the hypothalamic-pituitary-gonadal axis. Longitudinal analyses were performed with 
generalized estimating equations, a method that takes into account that the repeated 
observations in one child are correlated. For gonadotropin levels below the limit of 
quantitation, a value of 0.01 U/l was used to discriminate these results from the values 
exactly on the limit of quantitation. Levels below the limit of quantitation were not cor-
rected for creatinine. P values < 0.05 were considered as significant.

rEsulTs

From our study population of 21 male VLBW infants, a total of 108 urine samples were 
collected for determination of LH, FSH and testosterone levels. At 1 week postnatal age, 
at expected date of delivery and at the corrected age of 3 months, urine samples were 
collected from all infants. At 4 weeks postnatal age, 32 weeks postmenstrual age and 6 
months corrected age, samples were obtained from 19, 12 and 14 infants, respectively. 
In one sample collected at 6 months corrected age, only gonadotropin levels could be 
measured, because the volume was too small for all measurements.

levels of lH, fsH and testosterone for postmenstrual age

The 108 urine samples were divided into six age groups, based on the postmenstrual 
age on the day of collection of the sample. The details of the age groups with mean 
postmenstrual age and number of samples as well as the median levels of FSH, LH and 
testosterone are shown in table 1. Because LH and FSH levels and patterns were not 
different between the early-insulin and standard care group, the groups were taken 
together for further analyses.

Figure 1 shows the median LH and FSH levels for increasing postmenstrual age. 
Longitudinal analysis showed that after birth LH levels significantly increased from 
28 to 30 weeks postmenstrual age (corresponding to mean postnatal ages of 1 and 2 
weeks) and significantly decreased from 32 until 66 weeks postmenstrual age (corrected 
age of 6 months) (corresponding to 4 until 38 weeks postnatal age); levels between 30 
and 32 weeks postmenstrual age were not significantly different. FSH levels showed a 
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significant peak at 32 weeks postmenstrual age (4 weeks postnatal age) and thereafter 
significantly decreased until 66 weeks postmenstrual age (corrected age of 6 months or 
38 weeks postnatal age).

Figure 2 shows the median testosterone levels with increasing postmenstrual age, 
for both the early-insulin and standard care group. In both groups longitudinal analysis 
showed that the observed peak is not significant; from 41 to 66 weeks postmenstrual age 
(13 to 38 weeks postnatal age), testosterone levels decreased significantly. Comparison 
between the early-insulin group and standard care group showed no significant differ-
ences between testosterone levels at all six mean postmenstrual ages, but the decrease 
from the highest levels was significantly faster in the early-insulin group.

Table 1. FSH, LH and testosterone levels for samples collected from six age groups based on postmenstrual 
age

group n Postmenstrual
age (weeks)

fsH 
(Iu/mmol 
creatinine)

lH 
(Iu/mmol 
creatinine)

Testosterone 
(nmol/mmol 
creatinine)

I total 11 28.2 (27.0-29.3) 0.1 (0.01-1.3) 0.5 (0.01-3.6) 24.8 (7.1-102.0)

standard 7 28.3 (27.0-29.3) 0.01 (0.01-0.9) 0.3 (0.01-2.4) 22.4 (10.9-102.0)

insulin 4 28.0 (27.1-29.0) 0.5 (0.01-1.3) 1.0 (0.01-3.6) 32.1 (7.1-97.5)

II total 17 30.4 (29.6-31.3) 0.6 (0.01-2.6) 1.3 (0.01-11.2) 31.9 (1.7-160.0)

standard 9 30.5 (29.6-31.1) 0.7 (0.01-2.6) 1.3 (0.1-11.2) 31.1 (19.8-160.0)

insulin 8 30.4 (29.6-31.3) 0.5 (0.01-2.5) 1.5 (0.01-8.2) 40.6 (1.7-93.8)

III total 24 32.5 (31.4-34.0) 1.2 (0.2-5.6) 1.6 (0.09-11.2) 35.6 (2.4-87.3)

standard 12 32.5 (31.7-34.0) 1.4 (0.2-5.6) 1.8 (0.2-11.2) 37.1 (24.9-87.3)

insulin 12 32.5 (31.4-33.6) 0.9 (0.5-1.8) 1.3 (0.09-3.5) 30.3 (2.4-60.5)

IV total 21 41.3 (39.6-44.7) 0.5 (0.2-1.4) 0.7 (0.01-5.7) 29.1 (2.5-61.7)

standard 12 41.5 (39.6-44.7) 0.6 (0.2-1.3) 0.6 (0.09-5.7) 31.8 (11.9-61.7)

insulin 9 41.0 (39.7-43.0) 0.5 (0.2-1.4) 0.7 (0.01-2.0) 20.9 (2.5-54.2)

V total 21 53.7 (52.0-57.0) 0.2 (0.01-0.7) 0.09 (0.01-0.8) 11.1 (2.3-32.8)

standard 12 53.7 (52.0-57.0) 0.2 (0.01-0.7) 0.1 (0.01-0.8) 11.6 (4.7-32.8)

insulin 9 53.7 (52.0-57.0) 0.2 (0.01-0.5) 0.01 (0.01-0.4) 7.0 (2.3-26.2)

VI total 14 66.0 (65.0-67.0) 0.03 (0.01-0.4) 0.01 (0.01-0.04) 2.7 (0.4-8.8)

standard 7 66.1 (66.0-67.0) 0.01 (0.01-0.3) 0.01 (0.01-0.04) 3.1 (2.1-8.8)

insulin 7 65.9 (65.0-67.0) 0.2 (0.01-0.4) 0.01 (0.01-0.03) 2.4 (0.4-4.9)

Hormone levels are expressed as median and range, postmenstrual age as mean and range. For each age 
group, results are given for all samples together, for samples of infants in the standard care group and for 
samples of infants in the early-insulin group. In all age groups, gonadotropin and testosterone levels did 
not differ significantly between the standard care and early-insulin group.
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Table 2. FSH, LH and testosterone levels for samples collected from five age groups based on postnatal age

group n Postnatal age 
(weeks)

fsH 
(Iu/mmol 
creatinine)

lH 
(Iu/mmol 
creatinine)

Testosterone 
(nmol/mmol 
creatinine)

I total 28 1.5 (1.0-3.6) 0.4 (0.01-2.5) 1.0 (0.01-11.2) 40.5 (7.1-160.0)

standard 15 1.4 (1.0-3.4) 0.2 (0.01-2.2) 1.0 (0.01-11.2) 33.3 (10.9-160.0)

insulin 13 1.6 (1.0-3.6) 0.5 (0.01-2.5) 0.9 (0.01-8.2) 44.3 (7.1-97.5)

II total 24 4.3 (4.0-5.9) 1.2 (0.2-5.6) 1.7 (0.2-11.2) 27.5 (1.7-87.3)

standard 13 4.2 (4.0-5.7) 1.3 (0.2-5.6) 1.6 (0.2-11.2) 29.5 (19.8-87.3)

insulin 11 4.3 (4.0-5.9) 0.9 (0.4-2.2) 1.8 (0.7-3,5) 21.2 (1.7-51.4)

III total 21 13.1 (10.1-18.3) 0.5 (0.2-1.4) 0.7 (0.01-5.7) 29.1 (2.5-61.7)

standard 12 13.3 (10.6-18.3) 0.6 (0.2-1.3) 0.6 (0.09-5.7) 31.8 (11.9-61.7)

insulin 9 12.8 (10.1-15.0) 0.5 (0.2-1.4) 0.7 (0.01-2.0) 20.9 (2.5-54.2)

IV total 21 25.5 (23.0-29.0) 0.2 (0.01-0.7) 0.09 (0.01-0.8) 11.1 (2.3-32.8)

standard 12 25.6 (23.0-29.0) 0.2 (0.01-0.7) 0.1 (0.01-0.8) 11.6 (4.7-32.8)

insulin 9 25.5 (23.7-27.6) 0.2 (0.01-0.5) 0.01 (0.01-0.4) 7.0 (2.3-26.2)

V total 14 37.9 (35.7-40.0) 0.03 (0.01-0.4) 0.01 (0.01-0.04) 2.7 (0.4-8.8)

standard 7 38.1 (36.6-40.0) 0.01 (0.01-0.3) 0.01 (0.01-0.04) 3.1 (2.1-8.8)

insulin 7 37.8 (35.7-39.9) 0.2 (0.01-0.4) 0.01 (0.01-0.03) 2.4 (0.4-4.9)

Hormone levels are expressed as median and range, postnatal age as mean and range. For each age group, 
results are given for all samples together, for samples of infants in the standard care group and for samples 
of infants in the early-insulin group. In all age groups, gonadotropin and testosterone levels did not differ 
significantly between the standard care and early-insulin group.
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figure 1. Median FSH and LH levels for samples 
collected from six age groups with increasing 
mean postmenstrual age.

figure 2. Median testosterone levels for samples 
collected from six age groups with increasing 
mean postmenstrual age and subdivided into 
early-insulin group and standard care group.
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levels of lH, fsH and testosterone for postnatal age

For this analysis, the 108 urine samples were divided into five age groups, based on the 
postnatal age at the time of collection of the sample. Table 2 shows the details of these age 
groups with mean postnatal age, number of samples and median levels of FSH, LH and 
testosterone. LH and FSH levels and patterns were not different between the early-insulin 
and standard care group and the groups were taken together for further analyses.

Figure 3 shows the median LH and FSH levels for increasing postnatal age. Longitu-
dinal analysis showed that after birth LH levels significantly decreased from 4 until 38 
weeks postnatal age (corresponding to 32 until 66 weeks postmenstrual age); levels 
between 1 and 4 weeks postnatal age (29 and 32 weeks postmenstrual age) were not 
significantly different. FSH levels showed a significant peak at 4 weeks postnatal age (32 
weeks postmenstrual age) and significantly decreased until 38 weeks postnatal age (66 
weeks postmenstrual age or corrected age of 6 months).

Figure 4 shows the median testosterone levels with increasing postnatal age, for both 
the early-insulin and standard care group. From 1 to 4 weeks postnatal age (29 to 32 
weeks postmenstrual age), there was a significant decrease only in the early-insulin 
group. Although the median testosterone level at 1 week postnatal age was higher in 
the early-insulin group, the difference with the standard care group was not significant. 
In both groups testosterone levels significantly decreased from 13 until 38 weeks post-
natal age (41 until 66 weeks postmenstrual age). There were no significant differences in 
testosterone levels between the early-insulin and standard care group at all five mean 
postnatal ages.

0 10 20 30 40
0

1

2

Postnatal age (weeks)

G
on

ad
ot

ro
pi

ns
 (I

U
/m

m
ol

 c
re

at
in

in
e) LH

FSH

0 10 20 30 40
0

10

20

30

40

50

Postnatal age (weeks)

Te
st

os
te

ro
ne

 (n
m

ol
/m

m
ol

 c
re

at
in

in
e) Early-insulin

Standard care

figure 3. Median FSH and LH levels for samples 
collected from five age groups with increasing 
mean postnatal age.

figure 4. Median testosterone levels for samples 
collected from five age groups with increasing 
mean postnatal age and subdivided into early-
insulin group and standard care group.
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DIscussIon

The present study provides an accurate description of the postnatal activation of the 
hypothalamic-pituitary-testicular axis in VLBW boys, based on serial measurements of 
gonadotropins and testosterone. The use of urine samples made it possible to collect 
these serial measurements without the disadvantages of serial blood sampling. FSH 
peaked at a mean postmenstrual age of 32 weeks (mean postnatal age of 4 weeks) and 
peak levels of LH were measured at mean postmenstrual ages of 30 and 32 weeks and 
mean postnatal ages of 1 and 4 weeks. Testosterone levels decreased with increasing 
age.

The first studies in preterm born male infants, performed more than 30 years ago, 
showed higher serum testosterone levels, a more prolonged increase with peak testos-
terone levels at 3 to 4 months of age and a slower decrease than in term born males (10, 
14). The postnatal pituitary-gonadal activation is probably caused by loss of inhibitory 
feedback as a result of the disappearance of placental estrogens after birth. With in-
creasing age, gonadotropin levels decline due to maturation of the inhibitory feedback 
system mediated by gonadal steroids and inhibin B (6, 10, 16, 17). The prolonged and 
more marked testicular activity in preterm born male infants is probably caused by the 
more immature state of the hypothalamic-pituitary-gonadal axis in preterms, which 
could be less sensitive for negative feedback by sex steroids and needs more time for 
full maturation of the inhibitory feedback system (10, 14).

The postnatal activation of the hypothalamic-pituitary-testicular axis is associated 
with an increase in numbers of Sertoli cells, Leydig cells and germ cells and testicular 
volume increases during infancy (1, 2, 5, 21). These testicular changes suggest that 
infancy is an important period for testicular development (22). The activation of the 
hypothalamic-pituitary-testicular axis with testosterone secretion in the first postnatal 
months is also important for a normal development of the external genitalia, suggested 
by lack of penile growth and involution of the scrotum in infants with hypogonadism (4). 
The importance of the exaggerated activation of the pituitary-testicular axis in preterm 
boys for reproductive function is still unclear.

Kuiri-Hanninen et al. (3) recently also used serial urine samples to study the postnatal 
activation of the hypothalamic-pituitary-gonadal axis in preterm born boys. They not 
only confirmed higher testosterone levels in preterm born boys compared to term born 
boys, but also showed that preterm born boys have higher levels of gonadotropins, 
which was not found in earlier studies (14, 23). They also found that the increased post-
natal hypothalamic-pituitary-gonadal axis activation in preterm boys is associated with 
faster testicular and penile growth compared to full-term boys (3).

The study population of Kuiri-Hanninen et al. (3) is more heterogeneous than our study 
population and consists of preterm boys born at 24.7 to 36.6 weeks gestational age; less 
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than half was born at less than 32 weeks gestational age. We studied the hypothalamic-
pituitary-gonadal axis using serial urine samples in preterm boys all born between 26 
and 30 weeks gestational age. Concerning the gonadotropin levels, postnatal age at the 
peak levels and height of these levels in our study are in accordance with the results of 
Kuiri-Hanninen et al. (3). We did not find a significant peak in testosterone levels. Our 
analysis of testosterone levels for postmenstrual age shows highest levels at 30 and 32 
weeks postmenstrual age; this is where peak levels are expected because the high LH 
levels at this age will probably cause Leydig cell stimulation. The absence of a significant 
peak in this analysis could be caused by the small number of infants. Our analysis of 
testosterone levels for postnatal age shows that levels are highest in the youngest age 
group (mean postnatal age of 1.5 weeks) and decrease with increasing age. This is in 
contrast with the results of Kuiri-Hanninen et al. (3), which showed peak testosterone 
levels at 1 month, and with the results of earlier studies (10, 14), where peak values 
were found at 3 to 4 months of age. This difference can be caused by the different study 
population as we studied only VLBW infants less than 30 weeks gestational age, whereas 
the other studies included only (10, 14), or also (3) older premature infants. It is also 
possible that we did not find a peak because of the small number of infants or the lack 
of data between 4 and 13 weeks postnatal age.

Testosterone levels were not significantly different between the early-insulin and stan-
dard care group, which could also be caused by the small number of patients. However, 
the decrease of testosterone levels was significantly faster in the early-insulin group. 
This could possibly be the result of a greater amount of adipose tissue and associated 
with this higher leptin levels in the infants treated with insulin. High leptin levels reduce 
testosterone production, probably by both a direct effect on the Leydig cells and by 
diminishing gonadotropin-releasing hormone secretion (24, 25). Ertl et al. (26) demon-
strated an inverse relationship between leptin and testosterone levels during the first 5 
weeks of life in male preterm born infants. In addition, as aromatase is mainly located 
in adipose tissue, increased aromatization of testosterone into estradiol could cause 
inhibition of gonadotropin release by estradiol in infants in the early-insulin group (24). 
In our study, we did not find evidence for a role of the amount of adipose tissue: there 
were no significant differences in body weight and total body fat, calculated according 
to Dauncey et al. (27) from skinfold thickness measurements and body dimensions, 
between infants in the early-insulin and standard care group (data not shown). We also 
did not find a difference in gonadotropins between the early-insulin and standard care 
group, which could have indicated an effect of leptin or increased aromatization. The 
absence of these differences could be caused by the small number of infants. The effect 
of insulin on testosterone levels could also be mediated by its effect on sex hormone-
binding globulin as the negative correlation between insulin and sex hormone-binding 
globulin is already present at birth (28).
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Our study is limited by the small number of infants and the lack of data from term born 
male infants. The results have to be confirmed in a larger group of VLBW infants. To make 
a good comparison with the hypothalamic-pituitary-testicular activation in term born 
boys, a study should be performed using serial urine samples of term born male infants 
to measure gonadotropins and testosterone using the same assays.

In conclusion, by using urine samples for serial measurements of gonadotropins and 
testosterone, we were able to get an accurate impression of the postnatal activation 
of the hypothalamic-pituitary-testicular axis in VLBW boys. Levels of LH and FSH peak 
at a mean postnatal age of 1 to 4 weeks (mean postmenstrual age of 30 to 32 weeks). 
Testosterone levels do not show a significant peak and decrease with increasing age; 
this decrease is faster in infants receiving early insulin therapy compared to those receiv-
ing standard care.



Chapter 2

34

rEfErEncEs

 1. Codesal J, Regadera J, Nistal M, Regadera-Sejas J, Paniagua R. Involution of human fetal Leydig 
cells. An immunohistochemical, ultrastructural and quantitative study. J Anat 1990;172:103-14.

 2. Cortes D, Muller J, Skakkebaek NE. Proliferation of Sertoli cells during development of the human 
testis assessed by stereological methods. Int J Androl 1987;10(4):589-96.

 3. Kuiri-Hanninen T, Seuri R, Tyrvainen E, Turpeinen U, Hamalainen E, Stenman UH, Dunkel L, 
Sankilampi U. Increased activity of the hypothalamic-pituitary-testicular axis in infancy results in 
increased androgen action in premature boys. J Clin Endocrinol Metab 2011;96(1):98-105.

 4. Main KM, Schmidt IM, Skakkebaek NE. A possible role for reproductive hormones in newborn 
boys: progressive hypogonadism without the postnatal testosterone peak. J Clin Endocrinol 
Metab 2000;85(12):4905-7.

 5. Muller J, Skakkebaek NE. Fluctuations in the number of germ cells during the late foetal and early 
postnatal periods in boys. Acta Endocrinol (Copenh) 1984;105(2):271-4.

 6. Andersson AM, Toppari J, Haavisto AM, Petersen JH, Simell T, Simell O, Skakkebaek NE. Longitudi-
nal reproductive hormone profiles in infants: peak of inhibin B levels in infant boys exceeds levels 
in adult men. J Clin Endocrinol Metab 1998;83(2):675-81.

 7. Bergada I, Milani C, Bedecarras P, Andreone L, Ropelato MG, Gottlieb S, Bergada C, Campo S, 
Rey RA. Time course of the serum gonadotropin surge, inhibins, and anti-Mullerian hormone in 
normal newborn males during the first month of life. J Clin Endocrinol Metab 2006;91(10):4092-8.

 8. Bolton NJ, Tapanainen J, Koivisto M, Vihko R. Circulating sex hormone-binding globulin and 
testosterone in newborns and infants. Clin Endocrinol 1989;31(2):201-7.

 9. Burger HG, Yamada Y, Bangah ML, McCloud PI, Warne GL. Serum gonadotropin, sex steroid, and im-
munoreactive inhibin levels in the first two years of life. J Clin Endocrinol Metab 1991;72(3):682-6.

 10. Forest MG, de Peretti E, Bertrand J. Testicular and adrenal androgens and their binding to plasma 
proteins in the perinatal period: developmental patterns of plasma testosterone, 4-androstenedi-
one, dehydroepiandrosterone and its sulfate in premature and small for date infants as compared 
with that of full-term infants. J Steroid Biochem 1980;12:25-36.

 11. Forest MG, Sizonenko PC, Cathiard AM, Bertrand J. Hypophyso-gonadal function in humans 
during the first year of life. 1. Evidence for testicular activity in early infancy. J Clin Invest 
1974;53(3):819-28.

 12. Schmidt H, Schwarz HP. Serum concentrations of LH and FSH in the healthy newborn. Eur J Endo-
crinol 2000;143(2):213-5.

 13. Tapanainen J. Hormonal changes during the perinatal period: serum testosterone, some of its 
precursors, and FSH and prolactin in preterm and fullterm male infant cord blood and during the 
first week of life. J Steroid Biochem 1983;18(1):13-8.

 14. Tapanainen J, Koivisto M, Vihko R, Huhtaniemi I. Enhanced activity of the pituitary-gonadal axis in 
premature human infants. J Clin Endocrinol Metab 1981;52(2):235-8.

 15. Tomlinson C, Macintyre H, Dorrian CA, Ahmed SF, Wallace AM. Testosterone measurements in 
early infancy. Arch Dis Child Fetal Neonatal Ed 2004;89(6):F558-9.

 16. Winter JS, Faiman C, Hobson WC, Prasad AV, Reyes FI. Pituitary-gonadal relations in infancy. 
I. Patterns of serum gonadotropin concentrations from birth to four years of age in man and 
chimpanzee. J Clin Endocrinol Metab 1975;40(4):545-51.

 17. Winter JS, Hughes IA, Reyes FI, Faiman C. Pituitary-gonadal relations in infancy: 2. Patterns of 
serum gonadal steroid concentrations in man from birth to two years of age. J Clin Endocrinol 
Metab 1976;42(4):679-86.



35

Urine gonadotropins and testosterone in VLBW boys

 18. Demir A, Alfthan H, Stenman UH, Voutilainen R. A clinically useful method for detecting gonado-
tropins in children: assessment of luteinizing hormone and follicle-stimulating hormone from 
urine as an alternative to serum by ultrasensitive time-resolved immunofluorometric assays. 
Pediatr Res 1994;36(2):221-6.

 19. Kuijper EA, Houwink EJ, van Weissenbruch MM, Heij HA, Blankenstein MA, Huijser J, Martens F, 
Lambalk CB. Urinary gonadotropin measurements in neonates: a valuable non-invasive method. 
Ann Clin Biochem 2006;43(Pt 4):320-2.

 20. Beardsall K, Vanhaesebrouck S, Ogilvy-Stuart AL, Vanhole C, Palmer CR, van Weissenbruch M, 
Midgley P, Thompson M, Thio M, Cornette L, et al. Early insulin therapy in very-low-birth-weight 
infants. N Engl J Med 2008;359(18):1873-84.

 21. Muller J, Skakkebaek NE. Quantification of germ cells and seminiferous tubules by stereological 
examination of testicles from 50 boys who suffered from sudden death. Int J Androl 1983;6(2):143-56.

 22. Chemes HE. Infancy is not a quiescent period of testicular development. Int J Androl 2001;24(1):2-7.
 23. Shinkawa O, Furuhashi N, Fukaya T, Suzuki M, Kono H, Tachibana Y. Changes of serum gonado-

tropin levels and sex differences in premature and mature infant during neonatal life. J Clin 
Endocrinol Metab 1983;56(6):1327-31.

 24. Zitzmann M. Testosterone deficiency, insulin resistance and the metabolic syndrome. Nat Rev 
Endocrinol 2009;5(12):673-81.

 25. Isidori AM, Caprio M, Strollo F, Moretti C, Frajese G, Isidori A, Fabbri A. Leptin and androgens 
in male obesity: evidence for leptin contribution to reduced androgen levels. J Clin Endocrinol 
Metab 1999;84(10):3673-80.

 26. Ertl T, Funke S, Sarkany I, Szabo I, Rascher W, Blum WF, Sulyok E. Postnatal changes of leptin levels 
in full-term and preterm neonates: their relation to intrauterine growth, gender and testosterone. 
Biol Neonate 1999;75(3):167-76.

 27. Dauncey MJ, Gandy G, Gairdner D. Assessment of total body fat in infancy from skinfold thickness 
measurements. Arch Dis Child 1977;52(3):223-7.

 28. Simmons D. Interrelation between umbilical cord serum sex hormones, sex hormone-binding 
globulin, insulin-like growth factor I, and insulin in neonates from normal pregnancies and preg-
nancies complicated by diabetes. J Clin Endocrinol Metab 1995;80(7):2217-21.


