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ABSTRACT

Obj ectives: To study thedifferencesin thetiming and magnitude of postnatal urinary gonadotropinsand testosterone secretion during
minipuberty in Indian preterm (PT) and full-term (FT) maleinfants.

M ethods: This prospective observational study included 30 PT and 60 FT maleinfants. Urinary luteinizing hormone (LH), follicular
stimulating hormone (FSH), and testosterone, and stretched penilelength (SPL) and testicular volume (TV) were measured on day 7,
first month, second month, fourth month and at six months of age.

Results: The highest elevation of mean (SD) urinary LH wasobserved in PT infantsin comparisonto FT infants[12.6 (1.4) vs4.9 (0.6)
plU/mg, respectively; P <0.001] inthefirst month. FSH levelswerelower in PT than FT infantsonday 7 (P < 0.001). Testosteronewas
significantly elevated in PT than FT infants[70.8 (5.6) vs44.6 (3.2) ng/mg; P < 0.001] with agreater mean percentageincreasein SPL
(P<0.001) and TV (P < 0.001) by thefirst month.

Conclusions: Indian PT maleinfants showed agreater increasein urinary LH and testosterone, with afaster increasein SPL and TV.
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INTRODUCTION

The hypothalamic-pituitary-gonadal (HPG) axis is
transiently activated in three phases of life. The first is
during thefetal period, the second is during neonatal and
early infancy and thethirdisduring puberty at adolescence
[1]. At birth, theinhibitory effect of the placental estrogens
on the gonadotropin-rel easing hormone (GnRH) neurons
islost leading to the activation of the HPG axisduring the
neonatal and early infancy period[2]. Thisisreferredtoas
minipuberty and was first described by Forest et a [3].
Minipuberty occursin both sexeswith peak gonadotropins
between thefirst to third month of infancy. Thereisaclear
sexual dimorphism, with the luteinizing hormone (LH)
being higher in boys and follicle stimulating hormone
(FSH) being higher in girls. LH returns to prepubertal
values (<0.3 IU/L) within 6 months in both sexes.
However, FSH takes 3-4 years to return to baseline in
females. The surge of gonadotropinsleadsto anincreasein
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testosteronein malesand estradiol infemalestrandating to
penileandtesticular growthin boysand breast and uterine
development infemales, respectively [4]. Theexposureto
gonadal steroids in males leads to differences in body
composition with a greater fat-free mass and a higher
growth vel ocity in comparison with females[5]. However,
the importance of minipuberty in females is yet to be
ascertained. Al so, the consegquence of HPG axisactivation
on future reproductive potential is not known. Mini-
puberty presents with a unique window of opportunity to
diagnose congenital hypogonadism and disorders of sex
development [6].

Data on hormonal changes in minipuberty in preterm
(PT) babies are scarce. Prior studies demonstrated an
exaggerated minipuberty responsein PT malesleading to
faster penileand testicular growth [7]. Hyperandrogenism
occurring asan adaptive response may adversely affect the
programming during early devel opment posing a greater
risk for future cardio-metabolic disorders [5,7,8]. Mini-
puberty may be affected by ethnicity; studies on mini-
puberty from India are scant. Therefore, the main
objective was to study the differences in the timing and
magnitude of postnatal urinary gonadotropin and testo-
sterone secretion in Indian PT and full-term (FT) male
infants.
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METHODS

This prospective, observational study was conducted at a
tertiary level hospital from March, 2019 to February,
2020. The procedures followed were in accordance with
theethical standardsand with the Helsinki Declaration of
1964, asrevisedin 2013. After obtaining informed consent
from their mothers, 30 PT (delivered at < 37 weeks
gestation) and 60 FT male infants were included in the
study. Neonatesrequiring level-3 careand thosewith gross
congenital abnormalities, ambiguousgenitalia, congenital
heart disease, liver disorders and renal disorders were
excluded. Participants were recruited from the postnatal
ward by simple random sampling and followed up for a
total of fivevisits. Visit 1 (V 1), corresponded today 7 (D7)
of life. Follow-up visit 2 (V2), visit 3 (V3), visit 4 (V4),
and visit 5 (V5) were done in months 1, 2, 4, and 6,
respectively. Appropriate follow-up was ensured through
telephonic reminders. Basic demographic data, anthro-
pometric measurements, and examination findings of
external genitalia were collected during each visit.
Measurements were taken by a trained pediatrician.
Testicular volume (TV) was measured by Prader's
orchidometer and stretched penile length (SPL) was
measured by atransparent rigid ruler. Peniswas stretched
and length was measured from the pubic symphysisto the
tip of the glans penis along the dorsal side of the penisto
theaccuracy of Imm. The pre-pubic fat pad waspushed to
the bone for accurate readings, an average of three
measurementswastaken.

Urinary analysis was considered for convenience as
multiple samples had to be collected over aperiod of time.
Spot urine samples were collected with the help of a
condom catheter into a plastic bag and were stored at - 70°
C till laboratory analysis. Urine LH was measured by
EL I SA based kits (DRG International) with anintra-assay
coefficient of variation (CV)% of 0.7% and inter-assay
CV% of 9.4%. Urine FSH was measured by EL | SA based
kits (Calbiotech) with an intra-assay CV% of 1.4% and
inter-assay CV% of 8.23%. Urine testosterone was
measured by EL | SA technique (Calbiotech) withanintra-
assay CV% of 2.91% and inter-assay CV % of 8.65%. All
the urinary samples were processed by Varioskan lux
multimode plate reader for measurement of LH, FSH, and
testosteronelevels.

Satistical analysis. Data were analyzed with Microsoft
Excel and Graph Pad Prism (version 7.0.4). The
categorical variables were presented as frequency and
percentages. Continuous datawere presented asmean and
standard deviation. Statistical analyses of the differences
inthe meansbetween the groupsand withinthegroup were
done by unpaired and paired student’s t-test respectively.
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Differenceswereconsidered significant if the P valuewas
<0.05.

RESULTS

A total of 60 FT and 30 PT maeinfantswererecruited in
thestudy. Out of atotal of 450 visits, 23 visitswere missed
(17/300 interm and 6/150 in preterm) with asuccessrate
of 94.8%. All the infants completed the study. Table |
showsthe birth characteristicsof PT and FT infantsat first
visit. Table Il shows the prospective and comparative
levels of urinary FSH, LH, testosterone and genital
findings.

The differences in mean urinary LH levels between
V1-V2,V2-V3,V3-V4,andV4-V5were +5.2, -4.2, -4.5,
and-1.8 ulU/mg among PT infantsin comparisonto +0.7,
-1.2, -2.3 and -0.8 plU/mg among FT infants. The
differencesin mean urinary FSH betweenV1-V2,V2-V3,
V3-V4,andV4-V5were+3,-1.7,-2.1, and -0.7 plU/mg, in
PT infantsin comparisonto-1,-1.1,-0.3,and-0.6 pulU/mg
among FT infants. Changes in the urinary testosterone
valuesmirrored the changesin LH valueswith apeak at V2
which was similar in both FT and PT (Table I1). The
average changein testosterone level shetween visitswere
+20.2, -15.2, -31, and -17.7 ng/mg in PT infants in
comparison to +24.6, -20.4,-9.4, and -7.2 ng/mg among
FT infants. The sequential changesin SPL in PT and FT
infants are shown in Table II. The increment in the
testicular volumewas nonlinear, with amaximum increase
insize seen betweenV1and V2in both groups. PT infants
showed a significant mean percentage increase in SPL
(20% vs 13.3%; P < 0.001) and TV (60% vs 30%; P <
0.001) at VV2in comparisonwith FT infants.

DISCUSSION

Thisstudy demonstrated an earlier and exaggerated rise of
urinary LH and testosterone in Indian PT maleinfantsas

Table | Birth Characteristics in Preterm and Term Male
Infants

Variables Preterm(n=30) Term(n= 60)
Maternal age (y) 25.6(3.35) 25.8(3.85)
Modeof delivery?

Vaginal 20 (66.6) 45(75)

El ective cesarean section 6 (20) 12 (20)

Emergency cesarean section 4 (13.4) 3(5)
Gestational age (week)P© 33(32-33) 38(38-39)
APGAR score (5 min)o<¢ 8(7-8) 9(8-9)
Birthweight (kg)° 1.5(0.19) 3.1(0.19)
Birth length (cm)© 43(3.25) 49.9 (1.4)

Data expressed as mean (SD), 2n (%), median (IQR). °P <0.001
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Table |1 Comparison of Urinary Gonadotropins, Testosterone, and Genital CharacteristicsAmong Preterm and Term Male

Infants
\isits Preterm(n= 30) Full-Term(n= 60)
LH FH Testosterone SPL TV LH FH Testosterone SPL TV
(WU/mg)  (IU/mg)  (ng/mg) (cm) (mL) (HIU/mg)  (WIU/mg)  (ng/mg) (cm) (mL)
Visitl 75(1.42 4(0.8) 50.6(6.6)2 25(0.1) 1.0(0.1)2 4.3(0.7) 49(05 20(54) 3.0(0.2) 13(0.4)
Visit2 12.7(1.4)2 7(0.6)2 70.8(56)2 3(0.1) 16(04) 5(0.6) 39(05) 446(32) 34(0.3) 17(0.4)
Visit3 85(1.0@ 53(0.6)2 55.6(3.1)2 3.3(0.1) 2(0.4) 38(05 28(04) 24239 37(0.3) 21(0.4)
Visit4  4(0.4) 32(04) 24.6(25) 35(0.2) 23(04)2 15(03) 25(03) 148(22) 39(03) 24(04
Visits 22(03) 25(0.2) 6.9(15) 35(0.1) 24(04) 0.7(.1) 19(.4) 7.6(149 39(0.3) 25(0.2

Data presented as mean (SD) based on 95 % completed visits. 8P < 0.001, P> 0.05: All comparisons between PT and FT. LH Luteinizing hormone,
FSH Foallicle stimulating hormone, SPL Sretched penile length, TV Testicular volume

compared to FT infants during minipuberty. Therewas a
significant increase in SPL and TV among PT infants by
theend of thefirst month.

Urinary gonadotropins were utilized for the assess-
ment of minipuberty in the present study as it is non-
invasive and convenient for repeated measurements. A
recent Indian study demonstrated a good correlation
between serum and urinary gonadotropins[9]. Therewasa
significant elevation of LHin PT infantsasearly asday 7,
suggesting the possibility of an earlier onset of mini-
puberty. The highest elevation of LH was observed by the
end of first month in both groups; with the magnitude
being greater in PT infants (12.7 pulU/mgvs5plU/mg). An
earlier Australian study established reference ranges for
serum LH and serum FSH in premature newbornstill 43
days after birth [10]. The mean LH levels were higher in
PT infantsin the present study in comparisontothe earlier
study [10]. Different ethnicity and assays may be the
reason for thisdiscrepancy. After thefirst month, therewas
agradua declinein LH levelstill 6 months in both the
groups. However, at theend of 6 months, LH levelswerein
thepuberta range(i.e., > 0.31U/mL) in PT infantssugges-
ting aprolonged minipuberty. Testosterone declined from
first month onwardsto pre-pubertal valueshby theend of 6
monthsin both groups. Theresults of thisstudy conformto
the earlier observationsof higher testosteronelevelsin PT
than FT infants[7]. Initial urinary FSH levelswere higher
inFT maeinfants. However, from first to third month, PT
infantshad significantly higher FSH levels. Themean FSH
levelsobserved at first month were significantly higher in
PT malesinthisstudy ascompareto another study (5 pulU/
mg vs 1.1 ulU/mg) [10]. There was a steady declinein
FSH levelsamong FT infantsreaching pre-pubertal values
by six months (i.e. < 0.3 IU/mL). Postnatal HPG axis
activation lays an important role in the completion of
genital development, the lack of which may lead to poor
penile growth and cryptorchidism.
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Thehigher LH and testosteronelevelsobserved in PT
boys may be amechanism to complete penile growth and
testicular descent. However, the mechanisms of exagge-
rated minipuberty in preterms are not known. An earlier
Indian study, reported gestational age-wisereferencesfor
SPL and TV [11]. Themean SPL of PT infants (born at 32-
33weeksgestation) wassimilar tothe present study at V 1.
The maximum mean percentage increment in SPL was
observed in the first month that was greater in PT infants
than to FT infants. This could be attributed to an exagge-
rated testosteroneelevationin PT infants. Themean TV at
V1inPT infantswas greater in this study as compared to
the earlier Indian study [11]. The difference can be
attributed to the usage of plasticineellipsoid crafted using
water displacement method with smaller volumesranging
from 0.2 mL to 0.9 mL [11]. The maximum mean
percentageincreasein TV occured in the first month was
twicegreater in PT infantsin comparison with FT infants
inthisstudy asalso observed in an early study [7]. Asthe
incidence of prematurity isincreasing, itsassociation with
lower reproductive rates in men and women is being
investigated [12].

A sudy from Denmark, evaluated reproductive
hormonesduring minipuberty in healthy infantsand inthose
with disordered sex devel opment [ 13]. Inthe current study,
PT infants had sgnificantly higher androgen levels in
comparison to FT infants. The long-term consequences of
thisvariation arenot known. A Finnish study on minipuberty
found that testosterone may have an effect on
neurobehaviora development during early infancy [14].
According to the Developmental Origins of Health And
Disease (DoHAD) theory, many chronic adult diseaseshave
their origin during early development. The associa-tion of
exposure to higher androgens during infancy risk of future
metabolic disordersin adulthood needsto be eval uated.

There are afew limitations of our study. The sample
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comparison to full-term infants.

WHAT THIS STUDY ADDS?

There is an earlier and stronger activation of the hypothalamic-pituitary-gonadal axis in preterm male infants in

sizewas small and hormonal analysiswasdoneon urinary
samples rather than serum. ELISA was used instead of
newer assaysfor hormonal estimation. Testicular volume
was measured by Prader’'s Orchidometer rather than
ultrasonography.

To conclude, minipuberty occurred earlier with a
greater magnitude, leading to afaster increasein SPL and
TV in Indian PT male infants than FT infants. Further
studieswith alarger samplesizeareneeded to establishthe
normative data in the Indian population and evaluate the
association of of hyperandrogenism and future risk of
metabolic disordersduring adulthood in PT infants.
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