Int. J. Drug Res. Tech. 2017, Vol. 7 (5), 234-254 ISSN 2277-1506

International Journal of Drug Research and Technology
Available online at http://www.ijdrt.com

Research Article
STUDY OF GONADAL HORMONES IN EGYPTIAN FEMALE
CHILDREN WITH END STAGE RENAL DISEASE UNDER REGULAR
HAEMODIALYSIS IN CORRELATION WITH DIALYSIS DURATION

Mohamed A El-Gamasy’, Mohamed M Abdelmageed and Mohammed Abd
Ellatif Nassar

Department of Pediatrics, Faculty of Medicine, Tanta University, Tanta,

Gharbia Governate, Egypt

ABSTRACT

Background: Estradiol hormone is susceptible to significant pathophysiological alterations
in children with End Stage Renal Disease (ESRD) under regular hemodialysis (HD), leading
to delayed pubertal maturation. Aim of the work was to evaluate the plasma levels of
follicular stimulating hormone (FSH), luteinizing hormone (LH) and estradiol hormone in
female children and adolescents with ESRD under HD and its correlation with dialysis

duration.

Subjects and Methods: This study was carried out on 40 girls with ESRD under regular HD
who were attending the Pediatric Nephrology Unit of Tanta University Hospital at
Egypt.Forty age- and sex-matched children were served as controls. Puberty was assessed
according to Tanner's classification with measurements of serum FSH, LH to assess
hypothalamic pituitary gonadal axis and serum estradiol levels.

Results: There were significantly lower FSH, LH, and estrogen levels in Group | compared
with Group II. Mean FSH level was 1.36 £ 0.22 mIU/mL in Group I vs. 2.64 £ 0.81 mIU/mL
in Group Il with. Mean LH level was 0.11 = 0.006 mlU/mL in Group | vs. 1.78 = 1.12
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mIU/mL in Group Il. Mean estrogen level was 26.69 = 21.59 pg/mL in Group | vs. 51.03 £
26.50 pg/mL in Group Il.There was significant negative correlations between the dialysis

duration and serum FSH,LH and Estradiol levels in patients group.

Conclusions: Female patients with ESRD had delayed puberty secondary to gonadal
hormones deficiency including FSH, LH, estrogen with significant negative correlations

between them and duration of hemodialysis.

Keywords: Follicular Stimulating, Lutenizing, Hormone, Estradiol, Renal, Hemodialysis,
Children.

BACKGROUND

The sex hormones are susceptible to pathophysiological alterations in chronic renal failure
(CRF), which may lead to delayed or arrested pubertal maturation (Gupta, et al., 2012).
These endocrine disorders result in growth failure and increase the difficulties of transition
from childhood to adulthood (Détsch, et al., 2004) and thus sexual dysfunction is followed
(Chan, et al., 2002). Pubertal delay was reported in more than half of the girls and one third
of boys with ESRD. Variable mechanisms were attributed to delayed puberty in these
children including neuroendocrine impairment in the pituitary gonadal axis, peripheral
alterations due to uremia (Giusti, et al., 1993), gonadal damage and impaired regulation of
gonadotropin secretion (Armanini, et al., 2004). The aim of the work was to evaluate the
plasma level of FSH, LH and Estradiol hormones in children and adolescents with ESRD

under regular HD and its correlation with dialysis duration.
SUBJECTS AND METHODS

This study was carried out upon 40 female children and adolescents with ESRD under regular
HD. Their ages ranged from 10-18 years with a mean value of 14.63 + 2.66 years who were
attending the Pediatric Nephrology Unit of Pediatric Department of Tanta University
Hospital in the period from August 2016 to August 2017. Forty, age matched female children
were chosen and served as controls. The study was conducted after approval from the
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esearch Ethical Committee of the Faculty of Medicine, Tanta University and informed
written or verbal consents from parents of included girls.

All patients were on regular HD, Dialysis was started when GFR is equal or less than 15
ml/min/1.73m? three times per week, with each dialysis session lasting from three to four
hours. Patients were dialyzed on Fresenius 4008- B dialysis machine (Made in Germany) at
blood flow rate = 2.5 x weight (kg) + 100ml/min., using polysulphane hollow fiber dialyzers
which were suitable for the surface area of the patients (Fresenius F3 = 0.4 m? F4 = 0.7m?,
F5 = 1.0m? and F6 = 1.2m?). Bicarbonate dialysis solutions were used. All patients were
receiving supportive therapies in the form of subcutaneous erythropoietin in a dose of 50
IU/Kg/session, IV iron dextran in a dose of 100 mg/Kg/week, oral folic acid in a dose of 1
mg/day, oral calcium in a dose of 1000 mg/day, oral vitamin D (one alpha) in a dose of 0.01-
0.05 ng/Kg/ day and oral antihypertensive medications for only hypertensive patients. In our
study Magnesium therapy (which considered as a supportive therapy also) was given for
selected cases who had increased levels of serum phosphous levels and or had increased

levels of serum PTH above normal for age.

Inclusion criteria

All female children and adolescents with ESRD treated by regular maintenance.

Exclusion criteria

Patients of primary endocrinal diseases, under hormonal therapy, using drugs known to affect
Estradiol hormone levels, or adolescent girls who already get full puberty before onset of
ESRD.

ALL PATIENTS AND CONTROLS WERE SUBJECTED TO
Full History Taking

It includes age, history of hypothyroidism, type 1 diabetes mellitus, or zinc deficiency.
Child's previous growth and development, the precise timing and sequence of the physical
and behavior changes of puberty, timing of appearance of axillary and pubic hair, onset of

menarche (the onset of menstruation).
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Through clinical examination

Thorough clinical examination including anthropometric measurements for assessment of
nutritional and developmental status which included weight which was recorded with
minimal clothing using electronic weight scale in Kilograms, Height: by measuring the
distance from the vertex to the base of the heel in centimeters by using a stadiometer in
standing position, Body mass index (BMI) which was calculated by Formula: BMI= weight
(kg)/[height (m)]* (Romero-Corral, et al., 2008). Mid Arm Circumference (MAC) by
measurement of the circumference of the left upper arm at the mid-point between the tip of
the shoulder (olecranon process) and the tip of the elbow (the acromium process) in
centimeters, Vital signs especially arterial blood pressure which was measured by
auscultatory method using a mercury sphygmomanometer, in the semi setting position after
10 minutes of rest, in the non fistula arm using an appropriate sized cuff and was taken as the
mean value of 3 successive readings in 3 different days and Pubertal assessment which
measure rating of genital development and were assessed according to Tanner's staging
(Tanner, et al., 1976 and Sun, et al., 2012), which assess Pubic and axillary hairs, Breast
development by labeling bras with letter indicating the depth of the cups which cradle the
breasts, Breast volume measurement by using graduated cylinder and elevation and areola is
determined (Palin, et al., 1986).

Puberty is preceded by adrenarche (the early appearance of axillary and pubic hair) between
ages 6-10 years, which can be transient and disappear before the onset of true puberty (Plant
TM 2001). On average, girls begin puberty at ages 10-11years and usually complete puberty
by ages 15-17 years (Kail, et al., 2010). Onset of menarche for females between ages 12-13
years (Anderson, et al., 2003). Delayed puberty is defined as the absence of pubertal onset by
the expected age or once puberty has commenced failure of appropriate progression
(Garibaldi, 2004). Girls are considered to have delayed puberty if they reach the age of 12
years without evidence of pubertal changes (Eugster, et al., 2001).

Laboratory investigations
Laboratory investigation including complete Blood Count (CBC)which measured by an
automated analyzer, Blood urea, Blood Urea Nitrogen (BUN), serum creatinine, serum
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albumin and serum electrolytes (ionized calcium, Potassium and Phosphorus ),Serum FSH,

LH and Estradiol levels.

Specimen Collection and Handling

Venous blood morning samples were withdrawn just before dialysis sessions. Five milliliters
of venous blood were collected using sterile needles through gentle venipuncture after
sterilization of the puncture site with alcohol, and collected samples were divided into 2 mL
in 20 IL ethylenediaminetetraacetic acid (EDTA) solution for complete blood count including
differential white blood cells count which was done on a Leishman stained peripheral blood
smear with evaluation using an ERMA PCE-210 N cell counter (fully automated blood cells.
counter from ERMA. Inc., Japan) (George-Gay, et al., 2003) and 3 mL in a plain tube that
allowed for clotting in a water bath at 37 C. After clotting, centrifugation was done at 1500 g
for 10 min. Separated serum was collected in a tube for assessment of FSH, LH, and estrogen
serum levels. Samples were collected in puberty girls during the follicular phase of menstrual
cycle (From the day 7 to the day 10 from last menstrual period to record the estrogen surge).
Kit supplied by (TOSOH Bioscence) (Wide, 1981 and Gilbert-Barness, et al., 2003).

Statistical Methods

Statistical package for social science (SPSS) version 18.0 was used for analysis of data. Data
was summarized as mean * standard error of the mean (SE). Non-parametric test (Mann-
Whitney) was used for analysis of 2 independent quantitative variables. Pearson’s correlation
was also done where the r value was considered weak if <0.25, mild if > 0.25 - < 0.5,
moderate if > 0.5 -< 0.75 and strong if > 0.75. P value was considered significant if < 0.05
(Khothari, CR 2012).

RESULTS

Table 1 Summarized demographic data of the studied patients and control groups as regard

age, anthropometric measurements, blood pressure and dialysis duration.

The age ranged from 10-18 years with mean 14.63 * 2.66 in patients group and 14.25 + 2.64

in control group. The mean values of anthropometric measurements including weight, height,
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BMI and MAC of patients group was significantly lower than that of control group. Both

systolic and diastolic blood pressures of the patients group were significantly higher in

patients group than that in control group (P<0.05). Duration of dialysis in patients group

ranged from 3 — 12.3 years with mean 7.2 + 2.51 year.

Table 1: Demographic data of the studied patients and control groups.

_ Statistical
Patients Controls P. value
test
Range 10-18 10-18
Age (years) t=0.200 0.657
Mean + SD | 14.63+2.66 | 14.25+ 2.64
Duration of dialysis Range 3-123
(yearss) Mean + SD 7.2+251
Range 20-55 35-78
Weight (kg) 54.85 + 25.146 0.001*
Mean + SD | 36.43 + 10.51
12.63
Range 102 - 162 141 -180
Height (cm) 137.75 + 156.75 + 14.561 0.001*
Mean + SD
17.86 11.03
Body Mass Range 13.6 — 32.6 17-31
Index(BMI) 4.664 0.037*
Mean +SD | 19.14+4.68 | 21.91 +3.31
(Kg/m2)
Mid Arm Range 13-26 21-30
Circumference 33.403 0.001*
Mean + SD | 19.75+3.71 | 25.55 + 2.52
(MAC)(cm)
) Range 120 - 160 100 - 130
Systolic blood
139.25 + 114.50 + 17.366 0.001*
pressure (mm Hg) Mean + SD
10.04 7.59
Diastolic blood Range 80 - 110 60 — 80
20.829 0.001*
pressure (mm Hg) Mean +SD | 95.5+7.42 74 +5.98
t = student t test; X2 Chi square test; P. Value < 0.05 significant
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Table 2 showed that there were significant difference between studied groups as regarding
Tanner staging with delayed puberty in ESRD group when compared with control group
(P<0.05).

Table 2: Tanner's stage distribution between the patients and control groups.

Tanner's stage Patients | Controls | Total
: N 12 10 30

% 30.00% | 25.00% | 37.50%
N 16 6 22

11
% 40.00% | 15.00% | 27.50%

” N 10 12 22
% 25.00% | 30.00% | 27.50%
N 2 9 11

v
% 500% [ 22.50% | 13.75%
N 0 3 3

\
% 0% 7.50% 3.75%
N 40 40 80

Total
% 100.00% | 100.00% | 100.00%
X2
Chi- 4.456
value
square
P-
test 0.033
value

P. Value < 0.05 significant

Table 3 summarized routine laboratory data of the studied patients and control groups, there
was significant increase in levels of blood urea, BUN, serum creatinine serum potassium and
serum phosphorus levels in patients group when compared to control group. (P<0.05).But
there was significant decrease in levels of hemoglobin percent, hematocrit values, platelet

count, total leucocytic count, serum albumin and serum ionized calcium in patients group
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Table 3: Routine investigations of the cases group and the control group.

] T. P.
Patients Controls
test | value
Range 100.8 — 257 21.7-36.7
Blood Urea (mg/dl) 53.71 | 0.001*
Mean + SD 168.33 + 50.03 28.99 +4.84
Serum Creatinine Range 4.9-10.3 05-14
87.35| 0.001*
(mg/dl) Mean + SD 7.76 + 1.53 0.91 +0.27
Range 45 -115 9.6 -16.3
BUN (mg/dl) 59.09 | 0.001*
Mean + SD 76.01 +22.30 12.81 +2.19
Range 7.2-124 11.2-13.9
HB (g/dl) 46.31 | 0.001*
Mean + SD 10.45 + 1.44 12.84 +0.74
Range 21.5-37.9 33.6-42
HCT % 37.71 | 0.001*
Mean + SD 31.61 +4.48 38.37 +2.31
Range 133 -414 250 — 435
PLT x1000/cmm 39.73 | 0.001*
Mean + SD 223.05 + 81.65 357.90 + 49.89
Range 34-91 41-125
WBC x1000/cmm 4575 | 0.039*
Mean + SD 574 +1.77 7.05 + 2.08
) Range 28-4.6 3.6-55
Serum Albumin (g/dl) 19.73 | 0.001*
Mean + SD 3.69 + 0.54 452 +0.64
Serum lonized Ca Range 244 -5.2 42-55
21.67 | 0.007*
(mg/dl) Mean + SD 4.08 + 0.69 4.89 + 0.36
Range 35-6.1 3.5-52
Serum K (mmol/l) 20.84 | 0.001*
Mean + SD 514 +0.74 4.22 + 0.52
Range 42-8.8 3.5-6.1
Serum P (mg/dl) 18.39 | 0.001*
Mean + SD 5.95+1.03 471 +0.77
Alkaline phosphatise Range 85-640 55-123
1.823 | 0.079
(U/L) Mean + SD 202.53 + 155.6 86.2 + 6.88
Range 602 — 2220 23-63
PTH (pg/ml) 7.63 | 0.001*
Mean +SD | 1115.73 +140.53 | 43.93 + 12.59
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P. Value < 0.05 significant; HB: haemoglobin %; HCT: Hematocrite value; PLT: Platelet count; BUN: blood

urea nitrogen; Ca: calcium; P: phosphorus; K: potassium; PTH: paraathormone.

when compared to control group (P<0.05). There was a highly significant increase in PTH of

patients as compared to controls (P<0.001).

Table 4: Serum levels of sex hormones in the studied patients and control groups.

P.
Patients Controls T. test
value
Serum FSH Range 03-1.7 1.2-3.7
3.11 | 0.021*
(mIU/ml) Mean + SD 1.36 +0.22 2.64 +0.81
Range 0.1-0.15 0.2-34
Serum LH (mIU/ml 521 | 0.003*
Mean + SD 0.11 £ 0.006 1.78+1.12
Serum female Range 1.1-57.2 2.7-74.6
) 5.071 | 0.037*
Estradiol (pg/ml) Mean + SD 26.69 +21.59 | 51.03 +26.50

P. Value < 0.05 significant

Table 4 clarified serum levels of sex hormones in the studied patients and control groups,
There were significantly lower serum FSH, LH, and estrogen levels in Group | compared
with Group Il. Mean FSH level was 1.36 + 0.22 mIU/mL in Group | vs. 2.64 + 0.81 mIU/MI
in Group Il with a p value of 0.021. Mean LH level was 0.11 + 0.006 mIU/mL in Group I vs.
1.78 £ 1.12 mIU/mL in Group Il with p value of 0.003.Mean estrogen level was 26.69 *
21.59 pg/mL in Group I vs. 51.03 £ 26.50 pg/mL in Group Il with p value of 0.037*.

Table 5 showed correlations between the dialysis duration and serum sex hormones levels in
the studied patents group. There were significant negative correlations between serum FSH,
LH and estrogen and dialysis duration (in days) (Figures 1-3).

Table 6 analyzed factors affecting hypogonadism in our studied patients group, duration of
hemodialysis was found to be a significant cause of hypogonadism in Group | using

univariate analysis.
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Table 5: Correlation between the dialysis duration and serum sex hormones levels in the

studied patents group.

Correlation
R value P value
Serum FSH (mIU/ml) -0.835 0.01*
Serum LH (mIU/ml) -0.597 0.01*
Serum female Estradiol (pg/ml) 0.624 0.01*

P. Value < 0.05 significant

Table 6: Univariate and multivariate analysis of factors affecting hypogonadism in studied

patient group.
Mutivaiate
UnivaiateP
P RR 95% CI
Dialysis duration(40 patients >3
0.002 0.007 2.4 1.5-8.5
years)
ESRD complicated by
o ) 0.21 0.23 2.1 1.2-6.5
hypothyroidism(3 patients)
ESRD caused by diabetic
) 0.32 0.64 3.2 1.6-5.4
nephropathy(2 patients)
ESRD complicated by zinc
- ) 0.45 0.34 3.6 1.1-4.9
deficiency (6 patients)

RR=Risk ratio; CI=Cofidence Interval
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Figure 1: Correlation between serum FSH level (in mIU/ml) and dialysis duration (in days).
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Figure 2: Correlation between serum LH level (in mlU/ml) and dialysis duration (in days).

50

#R = —.624
50 #Hp = .01 >

Estrogen

1000 2000 3000 4000 5000

Figure 3: Correlation between serum serum estrogen level (in pg/ml) and dialysis duration (in days).
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DISCUSSION

CRF was found to be associated with gonadal damage and decreased estradiol levels together
with impaired regulation of gonadotropin secretion (Palmer, 1999). In the present study,
laboratory assessment of serum FSH, LH and estradiol levels were done in order to assess
whether gonadal dysfunctions occur in female children and adolescents with ESRD on
regular hemodialysis therapy. In pediatric patients with CRF, only few studies have been
performed to evaluate the status of the hypothalamo-pituitary-gonadal axis. Most of these

deal with the endocrine changes that occur during adolescence (Armanini, et al., 2004).

Growth parameters were evaluated in the current study revealing that all anthropometric
measurements (weight, height, BMI and MAC) were significantly lower in patients group
when compared to healthy girls.

These results were supportive for previous data collected from multiple centers showing that
children with ESRD had poor growth and lower BMI if compared with healthy children in
general population (Haffner, et al., 1998; Berard, et al., 1981 and Wong, et al., 2000).

The patients in our study exhibited significantly lower Hb% and Hct value than in controls.
This was in agreement with Harmon and Jabs, 1998 who reported that CRF was followed by
renal anemia, which had been contributed to several factors as erythropoietin deficiency,

decrease erythrocyte survival and increase blood loss (Harmon, et al., 1998).

In the current study, there was delayed puberty in Group | when compared with Group Il with
regards to Tanner staging. This is in agreement with Harold et al. 1983, Giusti et al., 1993
and Castellano et al., 1993 who stated that pubertal progression occurred in dialyzed uremic
children but it was delayed for chronological age (Haffner, et al., 1998; Giusti, et al., 1993
and Castellano, et al., 1993).

Our results were in agreement also with Rees L et al who concluded that half of the girls with

CREF reach sexual maturity later than 95% of the normal population (Rees, et al., 1988).

Our results were in agreement also with Ehrich et al., who concluded that, at least 50% of
adolescents with ESRD entered puberty later than the normal range and achieved the pubertal

milestones beyond the normal age range (Ehrich, et al., 1991).
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In our study serum FSH, LH and estrsdiol levels were found significantly lower in patients
than in controls, which was in agreement with Lim, 1980, Oertel et al., 1983, Ferraris, 1987
and Giusti et al., 1993 who stated that serum estrsdiol levels were lower in cases of CRF with
or without dialysis (Lim, et al., 1980; Oertel, et al., 1983; Ferraris, et al., 1987 and Giusti, et
al., 1993).

Our results were in agreement also with Palmer at 1999 who attributed these results to
primary gonadal damage, presence of circulating LH receptor inhibitor that might contribute
to gonadal cell resistance and impaired feedback mechanism at the hypothalamic pituitary

level, in addition to presence of hyperprolacinemia (Palmer, 1999).

Many previous publications searched for hypogonadism associated with anemia in chronic
iliness like CKD. Rizzoni, et al., 1986, reported that secondary gonadal failure might be due
to siderosis of the pituitary gland or primary gonadal failure, which occurred secondary to
iron deposition in ovaries due to repeated blood transfusion and iron overload resulting from

chronic hemolytic anemia as a presentation of ESRD (Rizzoni, et al., 1986).

Palmer, 1999 stated that disturbances in pituitary-gonadal axis rarely normalize with
initiation of hemodialysis or peritoneal dialysis, moreover, they may progress that matching
with our study. This was explained that plasticizers in dialysis tubing, such as phytate may
play a role in propagating the abnormalities in pituitary-gonadal axis (Palmer, 1999).

In the current study, serum levels of LH, FSH, and estrogen were significantly lower in
Group | compared with Group 1l. These findings may be explained by uremic deposition in
secretory cell of endocrine glands such as gonadotrophin cell of the pituitary gland that leads
to the impairment of gonadal hormone secretion including FSH and LH.

In the current study, there were significant negative correlations between serum estrogen, LH,
FSH, and dialysis duration. This could be explained by progressive damage of the pituitary
gland with a subsequent decrease of gonadal hormones with a progressive increase in
duration of disease, as the ovaries are vulnerable to the toxic effect of uremia even if it is not
persistent with continuous removal by regular hemodialysis sessions leading to deficiency of
estrogen hormone secretion. Using univariate and multivariate analysis of factors affecting

hypogonadism in our study, the dialysis duration was the only significant with no other
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associated factors e.g. hypothyroidism, type 1 diabetes mellitus or zinc deficiency, This was
not in agreement with Al-Rimawi, et al., who reported common associations of causes for

hypogonadism in their study (Al-Rimawi, et al., 2005).

Recent explanation for delayed pubery in dialysis patients is abnormalities in magnesium
homeostasis. Under physiological conditions, magnesium serves as a physiological regulator
of multicatalytic proteinase complex (MPC) activities of the pituitary leading to stimulation
of adenohypophyseal-gonadal function which control gonadal hormonal levels (Pereira, et
al., 1992)

There was controversies regarding effects of magnesium on gonadal hormones, Zofkova, et
al. studied the effect of acute hypermagnesemia on LHRH-induced secretion of FSH, LH,
prolactin, sex hormone and intact PTH and found that Gonadotropin secretion was not altered
but added that quiescent sex hormone levels decreased moderately and PTH levels markedly
dropped although in hypermagnesemia no correlations between the levels of PTH and those
of magnesium, calcium and phosphorus could be found, in normomagnesemia significant
correlations were confirmed between the levels of PTH and magnesemia. So magnesium in
supraphysiologic concentrations does not significantly change the function of the
adenohypophyseal-gonadal axis (Zofkova, et al., 1993).

Some data suggest that combined Ca and Mg therapy was possibly more effective than
calcium carbonate in the control of hyperphosphatemia in dialysis patients with good clinical
and biological tolerance and without increasing the calcium levels (Helal, et al., 2016 and
Misra, et al., 2017).

Carpenter, et al., 2006, had carried out a pilot study demonstrating a positive effect of Mg
supplementation for 12 months on accrual of bone mass in peripubertal Caucasian girls
selected for suboptimal daily Mg intake. The supplement was well tolerated and safe. This
study will serve as a model for designing future studies on skeletal effects of Mg in children
(Carpenter, et al., 2006).
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Furthermore, it is important to clarify to what degree serum magnesium levels can be safely
elevated in pediatric patients with end stage renal disease undergoing HD since excessively

high serum magnesium levels may also be harmful (Sakaguchi, et al., 2014).

Previously, authors investigated the impact of the changing estrogen and progesterone
secretion on the parathyroid glands and the changes in serum magnesium levels during
different phases of the menstrual cycle in healthy females. They found subtle but significant
variations in Mg levels where the serum magnesium level was lowest in the follicular phase.
Sonu reported that lower serum estrogen levels is associated with higher serum magnesium

and urinary magnesium /creatinine ratio compared to healthy controls (Sonu, et al., 2016).

Several studies have reported that hypermagnesemia in hemodialysis patients plays a role for
inhibition of PTH secretion, presenting a significant linear inverse correlation between PTH and
magnesium thus lower serum Ca levels in these patients compared to controls (Lee, et al., 2016 and
Massy, et al., 2016).

CONCLUSIONS

Female patients with ESRD may have gonadal hormones deficiency with a significant
negative correlation between gonadal hormones including FSH, LH, estrogen, and duration of
hemodialysis so pubertal development of female children and adolescents with ESRD is
usually delayed as proven by decreased FSH,LH and Estradiol hormones levels which
suggest a state of hypogonadism. Nutritional therapy especially optimizing protein intake to
prevent hypoproteinemia, adequate dialysis and correction of anemia are clinical trials of
controversy and worthy of considering optimizing pubertal development until these patients

are transplanted.

RECOMMENDATIONS

It is necessary to regularly follow up female children with ESRD for assessment of puberty
for early detection of endocrinal complications, as they are more vulnerable to develop
hypogonadism and may require hormonal replacement therapy to improve their quality of
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life. Keeping hemoglobin level within normal is recommended for normal pubertal
development. Patients with delayed puberty are in need to be further investigated to measure

FSH and LH to assess hypothalamic pituitary gonadal axis.
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