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Abstract

Background: Delayed puberty and hypogonadism are
common in children with chronic kidney disease and
in renal transplant recipients, but precocious puberty
has rarely been reported in these populations. We
describe six girls with precocious and/or early-onset,
rapidly progressive puberty before and following renal
transplantation.

Methods: Of 112 children under the age of 18 years (67
boys, 45 girls) who received renal transplants between
2010 and 2018, six girls presented with precocious or
rapidly progressive early puberty at ages 6-7/12, 7-2/12,
7-4/12, 8, 8-8/12 and 8-11/12 years. Clinical evaluation
included measurements of height, weight, body mass
index (BMI), Tanner staging and bone age assessment.
Gonadotropin responses to intravenous gonadotropin
releasing hormone (GnRH) or intramuscular triptorelin
acetate were determined.

Results: Tanner breast stage 3 was noted at 2—-6 years fol-
lowing renal transplantation in five girls, four with pre-
served kidney function. One girl began puberty before
renal transplantation. Peak luteinizing hormone (LH) and
follicular stimulating hormone (FSH) levels were 6.5, 20.2,
7.83, 19.1, 9 and 2.2 mIU/mL and 13, 8.3, 8.01, 7.5, 8.1 and
7.7 mIU/mL, respectively. Treatment with an intramuscu-
lar slow-release formulation of triptorelin acetate every
4 weeks slowed progression of breast development.
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Conclusions: Although delayed puberty is more common
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Introduction

Growth retardation and delayed puberty are common in
children with chronic illnesses including chronic kidney
disease (CKD). Depending on the severity and duration of
the renal disease, onset of puberty has often been delayed
by 2-2.5 years in both sexes [1]. The rate of pubertal progres-
sion is usually slow compared to that of normal children
and the magnitude of height gain during puberty is dimin-
ished [1]. Poor nutrition, chronic inflammation, acid-base
and electrolyte abnormalities associated with uremia, and
at times, chronic glucocorticoid treatment may interfere
with normal pubertal development in these children [2].
With newer approaches to the treatment of children with
CKD, such as earlier renal transplantation, puberty often
progresses at a normal tempo, even when the onset of
puberty is delayed [3].

Precocious puberty is defined as thelarche starting
before the age of 8 in girls with progression of breast
development and in most cases accelerated growth.
The mean age of puberty worldwide appears to be
declining [4].

We describe six girls from our pediatric nephrol-
ogy service who developed precocious or early-onset,
rapidly progressive puberty before and following renal
transplantation.

Study participants and methods

Children with chronic kidney disease including those
who underwent kidney transplantation followed in the
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pediatric nephrology unit at the Shaare Zedek Medical
Center, Jerusalem, are routinely seen by a pediatric
endocrinologist for assessment of growth and pubertal
development. Between January 2010 and July 2018, 112
children (67 boys, 45 girls) aged 2-18 years who were
recipients of a kidney transplantation, were actively
followed.

During this period, we observed six girls (ages 6-7/12,
8, 7-2/12, 8-8/12, 7-4/12 and 8-11/12 years) with preco-
cious or rapidly progressive early puberty either before
or following living related-donor or deceased-donor
kidney transplantation due to end stage kidney disease
because of various etiologies as depicted in Table 1. Clini-
cal evaluation included measurements of height, weight,
body mass index (BMI) and Tanner staging of puberty [5]
by one of two endocrinologists in our center. Bone age
was determined according to the method of Greulich and
Pyle [5]. Serum hormone measurements were performed
using standard chemiluminescence assays [6, 7]. Gon-
adotropin levels were measured immediately before and
at 20, 40, and 60 min after intravenous gonadotropin-
releasing hormone 100 ug (GnRH, Ferring GmbH, Kiel,
Germany) or 1 h following the first intramuscular (i.m.)
dose (3.75 mg) of the depot GnRH agonist, triptorelin
acetate (Decapeptyl CR, Ferring GmbH, Kiel, Germany).
An increase in luteinizing hormone (LH) to over 5 IU/L,
or 3 times baseline LH levels, and baseline estradiol
greater than 37 pmol/L are considered to be consistent
with central precocious puberty [8, 9].

The study was approved by the Helsinki committee of
the Shaare Zedek Medical Center.

Table 1: Nephrologic characteristics of patients.
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Results

Case #1

A Muslim Arab girl, with end stage kidney disease due to
familial juvenile nephronophthisis underwent pre-emp-
tive living-related donor kidney transplantation at age
6-8/12 years. On examination a month before transplanta-
tion breast development was Tanner stage 2 and pubic hair
was Tanner stage 2. Her medications at the diagnosis of pre-
mature puberty included epoetin beta, polyethylene glycol,
amlodipine, alfacalcidol, sodium bicarbonate, calcium car-
bonate, iron and recombinant human growth hormone. Her
serum creatinine was 4.9 mg/dL with an estimated glomer-
ular filtration rate (eGFR) of 9 mL/min/1.73 m2. Before renal
transplantation — LH was undetectable at baseline and 2.2
IU/L after stimulation, estradiol level was 92 pmol/L which
was elevated for her age. Bone age was delayed (Table 2).
Mid-parental height was 168 cm, and predicted height was
160 cm. On abdominal ultrasound the right ovary measured
0.8 x1.1 cm, the left ovary was 0.8 x1.1 cm, with a follicle of
0.8 cm and the uterus was 1.5x 0.8 cm. Brain magnetic res-
onance imaging (MRI) was normal. Androgen levels were
not elevated. Thyroid function tests were normal. Kidney
transplantation was successful and serum creatinine level
dropped to 0.4 mg/dL with an eGFR of 115 mL/min/1.73 m2
Medications following kidney transplantation included
prednisone, tacrolimus, mycophenolic acid, ranitidine, val-
ganciclovir, co-trimazole, aspirin, magnesium citrate, iron
and calcium carbonate.

Patient Primary diagnosis Duration of dialysis Age at eGFR at the time of early
before kidney transplantation, puberty diagnosis,
transplantation, years years mL/min/1.73 m?
1 Juvenile None — preemptive 6-8/12 9
nephronophthisis renal transplantation
2 Primary hyperoxaluria 1-6/12 2 74
type 1
3 Finnish type congenital 1-2/12 3-9/12 85
nephrotic syndrome
4 Single dysplastic 1-6/12 6-6/12 66
kidney
5 Polycystic kidneys None — preemptive 5 83
renal transplantation
6 Focal segmental 1-7/12 7-5/12 46

glomerular sclerosis

eGFR (estimated glomerular filtration rate)-based on the bedside Schwartz formula for glomerular filtration rate.



DE GRUYTER Ziv et al.: Early puberty in chronic kidney disease =——— 579

e [QRCRCRCRCRC) Two months after her renal transplantation
N 9 In 1n O 1 wnwn .
v s LoD yY thelarche progressed rapidly to Tanner stage 3 as exam-
=& Res $ 2 \,f ined by the same physician. Baseline LH rose to 1 IU/L.
o — = NN N
Because of clinical progression in puberty and a rise in
EQ [QRCRCRCRCRO) baseline LH at the age of 6-10/12 treatment with trip-
£ % °8 f’ c s f:“ torelin acetate every 28 days was started. She contin-
) : ; . . . .
@ S = E = § Qg ues to receive GnRH-agonist treatment, with regression
— Ll
of breast tissue. Gonadotropins and estradiol are sup-
LRI e B e R pressed with treatment.
FEH R
B R R
2 >V | o NN Case #2
EL & —
SIS R . . . . .
© 2y g ;‘ :.O' A Muslim Arab girl, with primary hyperoxaluria type
£ %’ § 7 1 treated with chronic hemodialysis since the age of
] [o¢]
5 g ;g’ 5 months, underwent a combined deceased-donor liver
[+2] . .
and kidney transplantation at the age of 2 years. She was
E R B I referred for endocrine evaluation at the age of 8 years
=) ~N N O . .
% % TSNS @ ) because of early and rapidly progressive thelarche
ez N2 RN (Tanner stage 3). On abdominal ultrasound the right ovary
[T
measured 2.5 x 1.6 cm, the left ovary measured 2.2x 1.3 cm,
a g = § : o gr\ R 2 “ the uterus was 2.5x 1.6 cm and the uterine mucosal thick-
= = < .
'g o ; Gl xaaq| e ness was 2.4 mm. Medications included prednisone (3 mg
— © o = o . . .
3 |° % g °°%9 £ every second day), tacrolimus, mycophenolic acid, potas-
2 - -bgo sium and sodium citrate, calcium carbonate and vitamin
S lggE|lgraznnls D. Her serum creatinine level was 0.73 mg/dL with an
§ 23 AR E eGFR of 74 mL/min/1.73 m2. Thyroid function tests were
Z E = . normal. Gonadotropin levels were elevated, and the
§ = bone age was advanced (Table 2), consistent with early
%D oz § § g § § § § % puberty. Mid-parental height was 169 cm, and predicted
Z ke ; height was 158 cm. Treatment with triptorelin acetate once
§ 2 every 28 days was initiated at age 8—4/12 years. During
() . .
; g %: No~Nwoaol s treatment, gonadotropin levels and estradiol were sup-
S | =& § § § z\ Eg g\ § pressed, with no advancement of thelarche, but pubarche
o
b Eo advanced slowly to Tanner stage 3. GnRH treatment was
s |E g TEERRY 5 discontinued at the age of 10 years. At the age of 11 years
> |2 ce22l|g she has not yet had menarche.
© =2 QU NN S
s | & SEAANN| 2
[} on
£ =
= |ET [SRIIXEF| S Case #3
2 |8 T38| 2
SR I Mm-S
© .%e S @A Q : < a . . . .. . .
L2 |z R RS A Muslim Arab girl, with Finnish type congenital nephrotic
-% @ syndrome, underwent deceased-donor kidney transplant
S |legelaraaas £ at age 3-9/12 years. Hypothyroidism associated with con-
3 §,, § S :. ? ? e genital nephrotic syndrome was diagnosed shortly after
= X . . .
5 £ > LNy 3 birth and supplemental I-thyroxine therapy was initiated.
g | =< £ .
S b @ Breast development was first noted at age 7-2/12 years
s <% g with Tanner breast stage 2 and Tanner pubic hair stage 1.
G | e § She was diagnosed with mild early thelarche. At the age of
2 k] = 8-4/12 early rapidly progressing puberty was diagnosed
5 = . . .
G & “Nm<mnol| @ with breast development at Tanner stage 2 and pubic hair



580 —— Zivetal.: Early puberty in chronic kidney disease

at Tanner stage 2. Mid-parental height was 164 cm, and
predicted height was 150 cm. Because her final height
was predicted to be short due to rapidly progressive
puberty and advanced bone age, treatment with the GnRH
agonist triptorelin acetate once every 28 days was recom-
mended. Due to problems in obtaining insurance cover-
age, treatment was not actually begun until age 9-4/12.
Thyroid function tests were normal on a 1-thyroxine dose
of 50 ug 5 times weekly. Additional medications included
prednisone (3.6 mg every second day), mycophenolate
mofetil, and tacrolimus. Her serum creatinine level at the
onset of thelarche was 0.6 mg/dL with an eGFR of 85 mL/
min/1.73 m? and remained so until the age of 12 years.
During the treatment period gonadotropins and estradiol
levels were suppressed and there was no clinical progres-
sion of breast development. GnRH treatment was discon-
tinued at the age of 11-10/12 years. Menarche occurred at
the age of 12-4/12 years.

Case #4

A Muslim Arab girl, with a single dysplastic kidney
underwent deceased-donor kidney transplantation at the
age of 6-6/12 years. On examination at age 8-8/12 years
breast development was at Tanner stage 3 and pubic hair
was at Tanner stage 1. Medications included prednisone
(5 mg on alternate days), tacrolimus, mycophenolic acid
and calcitriol. Serum creatinine was 0.8 mg/dL with an
eGFR of 66 mL/min/1.73 m?. Thyroid function tests were
normal. On abdominal ultrasound the right ovary meas-
ured 2x1.1x19 cm and the left ovary 3.3x1.5x2.4 cm
with small follicles bilaterally. Hormone levels and bone
age (Table 2) indicated rapidly progressive early puberty.
Mid-parental height was 160 cm, and predicted height was
154 cm. She was treated with triptorelin acetate once every
28 days from age 9-4/12 until the age of 11-1/12 years.
During the treatment period gonadotropins and estradiol
levels were suppressed and there was no clinical progres-
sion of breast development. Menarche occurred at the age
of 12-5/12 years.

Case #5

An Ashkenazi Jewish girl developed CKD due to autoso-
mal recessive polycystic kidney disease and underwent
preemptive living-related donor kidney transplantation
at the age of 5 years. On examination at age 7-4/12 years
she had Tanner stage 3 breast development, while pubic
hair was at Tanner stage 1. On abdominal ultrasound
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the right ovary measured 1.3x 1.8 cm, the left ovary was
1.9x1.3 cm, and the uterus was 2.2x1 cm. Medications
included prednisone (5 mg on alternate days), tacroli-
mus, mycophenolic acid, calcium carbonate, vitamin D,
aspirin and iron supplement. Her serum creatinine was
0.6 mg/dL and the eGFR was 83 mL/min/1.73 m?. Thyroid
function tests were normal. Hormone levels and bone age
(Table 2) indicated central precocious puberty. Mid-paren-
tal height was 165 cm, and predicted height was 155 cm.
Treatment with triptorelin acetate from age 8-2/12 years
until age 11 years resulted in prepubertal levels of gon-
adotropins and estradiol and no further advancement
in Tanner breast stage. Menarche occurred at the age of
12-8/12 years.

Case #6

A Muslim Arab girl presented at the age of 2-10/12 years
with steroid resistant nephrotic syndrome. Solumedrol
pulses and cyclosporine treatments were unsuccessful
and she gradually progressed to end stage renal disease.
Although her kidney biopsy was consistent with minimal
change NS, focal segmental glomerulosclerosis (FSGS)
could not be excluded. Chronic dialysis was started at
the age of 5-10/12 years. She underwent living-related
kidney transplantation at age 6-8/12 years. Shortly
afterwards there was a recurrence of the FSGS in the
transplanted kidney and she started chronic plasma-
pheresis treatments. At the age of 8-11/12 years, rapidly
progressing early puberty was noted, though growth was
stunted. Tanner breast stage advanced from 1 to 3 within
2 months. Her serum creatinine was 1.1 mg/dL with an
eGFR of 46 mL/min/1.73 m2 Hormone levels (Table 2),
indicated early puberty. Mid-parental height was 162 cm,
and predicted height was 153 cm. On abdominal ultra-
sound the right ovary measured 3.3 x 0.6 x 2.1 cm, the left
ovary was 2.5x1.3x1.9 cm with many small follicles and
the uterus showed an endometrium of 0.3 cm. Andro-
gen levels were not elevated. Thyroid function tests
were normal. Medications included prednisone (5 mg
on alternate days), tacrolimus, mycophenolic acid, iron,
amlodipine, sodium bicarbonate, vitamin D, metoprolol,
doxazosin mesylate, losartan-potassium, darbepoetin
alfa and calcium carbonate. In addition, her plasma-
pheresis protocol included fresh frozen plasma, albumin
and supplemental intravenous human immunoglobulin
therapy.

Treatment with triptorelin acetate every 28 days
was started at the age of 9-7/12 years because of rapidly
progressing puberty with growth retardation. Growth
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hormone treatment was started at this time as well at
0.045 mg/kg/day. She continues to receive GnRH-agonist
treatment.

Discussion

The onset of puberty in girls occurs normally between the
ages of 8 and 13. The most common mechanism of preco-
cious puberty is the early activation of pulsatile GnRH
secretion and is usually idiopathic in girls. Pathological
etiologies include brain lesions, endocrine disrupters,
genetic changes such as gain-of-function mutations in the
genes encoding kisspeptin (KISSI) and kisspeptin recep-
tor (KISSIR), and loss-of-function mutations in makorin
ring finger 3 (MKRN3) [10]. Adiposity itself may contribute
to the early onset of puberty — higher levels of leptin and
kisspeptin expression are modulators between nutrition
and the timing of puberty [11].

Delayed puberty and growth retardation are common
in children with chronic diseases, including CKD. Contrib-
uting factors include malnutrition, inflammation, acid-
base and electrolyte abnormalities associated with uremia
[2]. There are few case reports of boys with renal failure
and precocious puberty [12, 13]. Improved nutrition and
early kidney transplantation improve growth and result in
normal or near-normal onset and progression of puberty
[14, 15]. Recently Winter et al. in a report of precocious
puberty in children with chronic disease described one
boy with renal failure and precocious puberty [16].

Overnight secretion of growth hormone and gonado-
tropins is blunted in children receiving long term glu-
cocorticoids which are often prescribed for treatment of
steroid-dependent nephrotic syndrome or to prevent renal
transplant rejection [17]. Hypofunction of the GnRH pulse
generator was observed in children with end-stage renal
disease, irrespective of glucocorticoid treatment. Animal
studies suggest that this may be due to uremia-related
inhibitory factors or an increase in the hypothalamus of
the inhibitory neurotransmitter gamma-aminobutyric
acid [3]. Despite decreased secretion of LH from the pitui-
tary gland, serum concentrations of LH may be elevated
due to impaired renal clearance, but bioactivity of LH is
decreased in uremic patients. Plasma estradiol levels in
women tend to decrease in parallel with GFR reduction [3].
Ghanem et al. showed that male and female renal trans-
plant recipients generally have significant delays in onset
of puberty, and girls have delayed menarche compared to
healthy controls, especially if the duration of uremia was
longer and the age at transplantation was older [18].
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Recent improvements in the medical management of
uremic patients may achieve normal pubertal onset and
progression in these children. The likelihood of normal
pubertal development is greater for those children who
undergo transplantation at a young age. Tainio et al.
found, in a retrospective study of 109 children, that those
who underwent renal transplantation before the age of
5 years reached puberty earlier than did children who
were older at the time of transplantation. Early puberty
was observed in 2/29 girls and 1/55 boys [15]. Menarche
occurred at an older age in the overweight girls compared
to those with normal BMI values. There was no difference
in the timing of puberty between obese and non-obese
boys. The authors noted that their patient population
differs from other populations, in that most have Finnish
type congenital nephrotic syndrome and underwent
transplantation at a very young age, without exposure to
prolonged periods of uremia [15].

Forster and colleagues showed that if long-term dialy-
sis is avoided, renal transplantation appears to normalize
GnRH pulsatile secretion [14]. Almost all of their post-
transplant patients, ages 16-16-9/12 years had normal
levels of LH, follicular stimulating hormone (FSH) and
estradiol. The median age for menarche in this study
was 12-7/12 years, 3/27 girls had early menarche (as com-
pared with an age-matched population) at the age of less
than 10-7/12 years. Only one girl had delayed menarche
(>15 years) [14].

In the past 30 years, children with CKD attain taller
final heights and puberty begins at a younger age than in
older cohorts. Acidosis, anemia and poor nutrition were
factors that contributed to the delay in growth and puberty
[19]. When these factors are controlled by conservative
management, causes of delayed puberty, other than renal
failure need to be considered, including syndromes such
as gonadal dysgenesis, WT1 mutations, or medical treat-
ments that interfere with pubertal development, such as
glucocorticoid treatment [3].

In healthy children, the onset of puberty is earlier in
obese girls, although menarche is not [20]. Endocrine dis-
rupters are also known factors to influence puberty [21].
There is no evidence of abnormal exposure to such factors
in our patients.

Ardissino et al. followed approximately 1500 children
with renal failure and assessed the decline in eGFR during
pubertal growth spurt in 40 of them. Kidney function
declined more rapidly during puberty than before puberty.
They found that this decline occurs earlier in females than
in males. The contributing factors to this decline, such
as sex hormones or maladaptation of the kidney to rapid
growth are still unknown [22].
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The youngest of our patients (#1) began puberty even
though she had compromised kidney function. She has
nephronophthisis, a condition that is accompanied by
growth retardation as a manifestation of chronic kidney
disease [23]. This, or the early detection of her advancing
puberty may explain her delayed bone age. Another girl
(#6) experienced very rapidly progressing early puberty
even though she had recurrence of her primary kidney
disease (FSGS) following kidney transplantation which
was complicated by kidney failure and accompanied by
linear growth retardation, while being treated with plas-
mapheresis for her kidney disease.

We describe six girls, who presented with premature
or early thelarche before or following kidney transplan-
tation. All six girls showed pubertal levels of gonadotro-
pins or estradiol following GnRH or triptorelin stimulation
tests. Three of the six had advanced bone age. Two girls
are slightly overweight, and the other three are obese.
There are controversies in the literature about GnRH treat-
ment in premature and early thelarche — who to treat,
at what age and when to stop treatment. Although the
efficacy of GnRH agonist treatment for borderline, early
puberty is questionable, [4] we nevertheless chose to treat
our patients in view of the rapid rates of pubertal progres-
sion, the increased risk for deterioration of renal function
and anticipated short final heights.

As in the general population, obesity may be a con-
tributing factor to earlier onset of puberty in girls fol-
lowing renal transplantation, especially in those with
preserved renal function. Further studies are needed to
examine the interaction of obesity with the hypothalamic-
pituitary-gonadal axis in boys and girls with CKD and fol-
lowing renal transplantation. Evaluation of growth and
puberty by a pediatric endocrinologist should be consid-
ered part of the routine care of all children with chronic
kidney disease including renal transplant recipients as
premature puberty is amenable to therapy.
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