
Tikit Journal ol Purc Science l9 (1) 2011 ISSN: 1813 - 1662

Assessment of Sex Hormones in Adolescent Females Suffering From R-
Thalassemia Major

Mohammad N. saieed , JatraD M.Jrmeel
Department of Biochemistry ,College of Medicine ,Unieersity ofMosul , Mosul ,Iraq

( Received: I I 4 I 2013--- Accepledz 9 I 6 I 2013 )

Abstract
Objectives: The present study was caried out to evaluate the effects of frequent blood transfusion on some
female sex hormones beside the effects and relations with other parameters and puberty in a goup of lraqi
female patients affected with R-thalassemia major at adolescent age (age 13-17), whom was attending the
Thalassemia Centre in Ibn-Al Atheer Pediatdcs Hospital in Mosul city in lraq. The study was conducted during
the period liom the l0h ofNovember (201l) to the 28s of May (2012) .

Patients and Methods
Sixty patienls employed in this study, while thifty healthy individuals were chosen as a control goup from the
attendants of the nursing school in Mosul city for comparison. In this work, the concentrations of Follicular
Stimulating Hormones (FSH), Luteinizing Hormone (LH) and Estradiol (E2) were evaluated in the sera of
female patients and controls, Also serum ferritin was assayed in th€ sera as well using ,TOSOH AIA System
Analyzers Device, AIA 360, Japan (which is an immunoenzymometric assay). FIb, PCV beside other non-
laboratory measures were taken also such as weight, height and BMI.
Results
The mean concentration of serum FSH, LH and Estradiol had shown a highly significant decrease in female
patients with 0-thalassemia major in comparison with control group (p=< 0.001),the same thing was also shown
conceming Hb, PCV , Weight , height and BMI ; while the study had shown a highly significant increase in
serum ferritin in the diseased females as compared with healthy control group. The study showed high
significant inverse correlation between serum ferritin and Estradiol in thalassemic females; and the same
relationship was found also regarding FSH and LH as well . The distribution ofthalassemic patients according to
weight-age and sex had shown a highest percentage of them (75%) less than <5s percentile in contrast to the
control group (6.670/o) it the presence of high significant difference, also the study showed that more than
(76.0%) of thalassemic females has less than< 56 percentile height-age and the percentage decreased in control
females to about (23.07o). The results ofthis study reveal that (58.33%) ofB-thalassemia patients were suffering
from hypogonadotropic hypogonadism with (16.67%) ofpatients suffering ftom primary hypogonadism .

Conclusions
In conclusion, delayed puberty and growth retardation are extremely frequent in patients with p-thalassemia
major, but regular blood transfusion and appropriate iron chelation therapy can prevent or limit these
complications. These data support the need for vigilant follow-up of patients with thalassemia in order to
diagnose and treat endocrine dysfunction at an appropriate age .

Introduction
Beta thalassemia (Sthalassemia) syndromes are and almost daily subcutaneous iron chelation therapy
goup of hereditary blood disorders characterized by made the necessity for normal reproductive and
reduced or absent beta globin chain synthesis sexual life more pressing [20]. Repeated blood
resulting in reduced hemoglobin (Hb) in red blood transfusions and increased gastrointestinal iron
cells (RBC), decreased RBC production and anemia. absorption lead to iron overload in the body [19] .

Most thalassemias are inherited as recessiye faits [5]. Human ar€ unable to eliminate the iron and the
The World Health Organization (WHO) has excess iron is deposited as hemosiderin and fenitin in
estimated that at least 57o of the population are the liver, spleen, endocrine organs and myocardium
carriers for one or other of the most serious forms , 125) . Poor growth and multiple endocrinopathies,
the o, the B-thalassemia and the structural yariant including hypogonadotrpoic hypogonadism (HH),
hemoglobins S,C and E which are found at groMh hormone (GH) deficiency are known
polymorphic frequencies in many counnies [3] . The complications in R-thalassemia major and are
genes for R-thalassemia are pr€yal€nt in several considered the result of iron overload [21].
ethnic groups distributed in broad geographic belt Failure ofpubenal gro*th, delay or absence ofsexual
from the M€diterranean basin though the Middl€ development, amenorrhea, sexual dysfunction and
East and the lndian Subcontinent and into Southeast infertility due to hypogonadism are well-recognized
Asia [5]. In the past, children with B-thalassemia disturbances of the hypothalamic pituitary-gonadal
rarely survived beyond adolescence [l7] . axis in 0-thalassemic patients [26] Liver disease
The improved exp€ctancy and quality of life in 0- secondary to iron burden and HCV infection still a
thalassemia patients in th€ late 1970s was due to the problem in adult thalassemic patients; b€sides the
introduction of regular optimum RBC transfusions development offibrosis and cirrhosis u6l .
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Hypogonadism is the most common endocrinopathy
followed by growth deficiency and diabetes [27].
Transfusion siderosis is responsible for increased iron
deposition in all cell types of the pituitary gland, but
mainly in the gonadotrophs [2] . The contribution of
the underlying molecular defect the thalassemia
major to the development of endocrinopathies and
particularly hypogonadotropic hypogonadism is
significant because the patients with more severe
genetic defects have a greater rate of iron loading
through higher red cell consumption [23] .

Although thousands of people worldwide have 0-
thalassemia and therefore are at increased risk for
reproductive health problems, the literatue on these
issues is scarce, particularly the relation between iron
overload and hypogonadism .

Aims of the study
1- The present study is designed to assess some of
female sex hormones (FSH, LH and E2) in adolescent
females suffering from B-thalassemia major at the age

of (13-17) years in Nineveh Govemorate and the
effect of different factors on these hormones and to
investigate growth and puberty of thes€ patients . 2-
To evaluate the levels of other laboratory parameters
(hemoglobins, PCV and blood groups) and other non-
laboratory parameters (weight, height and BMI) of
those patients in comparison with age and sex

matching healthy control group and the effect of iron
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overload estimated by serum ferritin on these
hormones and other parameters ofthe patients .

3-To evaluate puberty and gro\,r,th ofthe thalassemic
patients in comparison with healthy individuals .

Subjects, Materials and Methods
Sixty female patients with R-thalassemia major age

l3-17 years (mean 14.96 + 1.36) while thirty healthy
individuals were chosen as a control group (mean
15.33 + 1.37) fiom the attendants of the nursing
school in Mosul city for comparison Fig(l).
Sera samples were collected from the patient at
Thalassemia Center at lbn-Al Atheer Hospital for
Pediatrics in Mosul city, Iraq .

The diagnosis of B-thalassemia major was made by
the consultant doctors consid€ring the results of
hemoglobin electrophoresis, laboratory investigations
and clinical features ofthe patients .

The data were collected about name, age, residence,
parent consanguinity, blood group and Rh, ethnicity,
age ofdiagnosis, number oftransfusions per year, age

of stating chelation drugs, number of DFO doses per
week, history of heart failure, DM, hepatitis, other
blood diseases, history of menarche, hormonal
therapy, splenctomy, medications history .

Thirty healthy adolescent females were taken to
constitute the control group for comparison. Blood
transfusions were conducted regularly for all patients
with lo-l5ml&g packed cells and all the patients
were under iron chelation therapy .
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Fig. (l): Distributior ofstudy semples according to age.

Exclusion Criteria for proper mixing with anticoagulant. The remaining
All the female patients who are below 13 years old or 4ml of blood was put into plain tube and Ieft for at

above 17 years old were excluded; all the patients least one hour for clot formation, then centrifuged at

having any type of hepatitis infection were excluded. 3000 RPM for 5 minutes. The resulted serum was

Any patient having other blood diseases rather than 0- collected into another plain tube to perform the

thalassemia major was also exaluded. following tests {serum ferritin, LH, FSH' and

samples collection Estradiol for females). ln thalassemia patients

5ml of venous blood was obtained f.om a[ subiecs sampling was done just before the blood transfusion

included in this work after sterile cannula has Leen (between 9-10 o'clock in the morning).

inserted in the antecubital vein between 9.00 am and In menshuating thalassemia major female patients

10.00 am. I ml ofthe blood sample was coltecred into al)9 controls. blood samples were drawn during the

Ethylene diamino tetracetic acid- (E.D.T.A) tube. thar 2d and 3'd day ofthe cycle. The serum were freezed

was used for PCV measurement, with gentle shaking
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NS: Not significant using utrpaired t-test
The study showed high significant inverse correlation
between serum ferritin and Estradiol in thalassemic
females; and the same relationship was found also
regarding FSH and LH as well ({igure 2,3 and 4).
The distribution of thalassemic patients according to
weight-age and sex had shown a highest percentage
ofthem (75%) less than <5n percentile in contrast to
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kg), BMI, calibrated scale was used for all subjects
with minimal clothing to assay weight and BMI later
on.
Results
In this study, The mean concentration of serum FSH,
LH and Estradiol had shown a highly significant
decrease in female patients with B-thalassemia major
in comparison with control group (p=< 0.001) ,the
same thing was also shown considering tlb, PCV,
Weight, height and BMI; while the study had
shown a highly significant increase in serum ferritin
in the diseased females as compared with healthy
control group as shown in (table I ) .

the control ercup (6.67yo) in the presence of high
significant difference (Table 2) .

Also the study showed that more than (76.00/o) of
thalassemic females has less than< 5s percentile
height-age and the percentage decreased in control
females to about (23.0%) (Table 3) .

Table (l): Com riso[ of measured rameters between thalassemic females and cotrtrols
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Fig, (2): Relationship between serum ferritin and Estradiol in female thslsss€mic patients

Parameters Control (n=30) Thalassemic (rd0) p-value
Mean SD Mean SD

Hb (s/dl) 12.84 o.74 8.64 1.59 <0.00t
PCV (%) 42.4'.7 240 2',7.00 4.00 <0.001

Ferritin (nslml) 16.79 10.87 3886.30 2364.25 <0.001

Estradiol (pglml) 76.42 43.6? 44.0'.7 41.97 <0.001

LH (mlU/ml) 7.53 5.38 r.58 1.74 <0.001

FSH (mIU/ml) 6.55 4.09 2.96 <0.001

Weight (ke) 53.56 10.02 36.53 7.53 <0.001

Height (cm) 'l 
5 7.10 6.40 t42.40 I l.l5 <0.001

BMI (kslm') 21.73 3.90 t7.94 2.74 <0.001

Age (year) 1.37 14.96 1.36 0.280(NS)
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at about -20oC until analysis (didn't exceed l0 weeks)

ll4l .

Serum Investigation
Basic serum biochemical parameten including
Luteinizing hormone (Ltf, Follicular Stimularing
hormone (FSrI) and Estradiol (E2) were assayed for
patients and control groups within eight weeks by
(TOSOH AIA System analyzer Device which is
immunoenzymometric assay. Also serum ferritin was
measured by the same technique .

Examination
Height (in cm) standing height for all subjects with
upright scale was taken to assay height. Weight (in

15.33
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Misleading ferritin levels also occur with ckonic
inflammatory liver diseases [22], hence serum fenitin
is not the ideal parameter to assess iron overload .

The goal standard for body iron status is liver iron
content [8]. There is a high significant decrease in
weight and height percentile at p-value (p=<0.001) in
thalassemic patient when compared with healthy
control (table l).
Hashemi et al. [9], observed in a cross-sectional study
on seventy patients (36 boys and 34 girls) with
transfusion dependent thalassemia major at ag€ rang€
2-28 yearc that twenty three patients (45.710lo) had

weight less than five percentile (< 5h percentile),
these results are also in agreement with a study
carried out by Hamidah et al . [E], who showed that
high number of transfusion dependent thalassemia
patients with standing height less than the third
percentile (< 3d) (figure 5) .Although a delay in onset
of puberty is a common cause of growth failure in
adolescent thalassemic patients, growth retardation
and abnormal body proportion with truncal
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Conclusion
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otier age group both in females and males; therefore
they need to be diagnosed at early age possibly to
ensure normal puberty stage and avoid irreversible
complications,
Acknowledgement
We are grateful to all patients and all members ofthe
Thalassemia Centre at Ibn-Al Atheer Teaching
Hospital for Pediatrics in Mosul and to the staff
members of laboratory department for their support
and cooperation .

10. Karamifar, H., Shahriar, M. and Amirhakimi, G.
H. (2005). Failure of puberty and linear growth in B-
thalassemia major. Turk. J. Haematol., 22(2) :65-69.
ll. Kodaman, P. H. and Arici, A. (2007). Intra-
uterine adhesions and fertility outcome: how to
optimize success?. Cun. Opin. Obstet. Gynecol.,
19(3):207 -214.
12. Kwan, E. Y., Lee, A. C., Li, A. M., Tam. S. C.,
Chan, C. F., Low, L. C. and Lau, Y. L. (1995). A qoss-
sectional study of growth, puberty and endocrine
function in patients with thalassaemia major in Hong
Kong. J. Paediatr. Child Health , 3l (2);83-87.
13. Low, L. C. (1997). Crowth, puberty and endocrine
function in beta-thalassemia major. J. Pediatr.
Endocrinol. Metab., I 0(2): I 75-l 84.
14. Marshall, W. J. and Bangert, S. K. (2004).
Thyroid dysfunction, clinical biochemistry, Els€vier
Health Sciences, Metabolic and clinical aspects 56
ed, chapter, l9: 397.
15. PeaISon, H. A., Cohen, A. R., Giardina, P. J. and
Kazazian, H. H. (1996) .The changing profile of
homozygous beta-thalassemia: demography, ethnicity,
and age distribution of current North American patients
and changes in ti,o decades. Pediatrics , 97(3):352-
356.
16, Poggi, M., Sonentino, F., Pascucci, C., Monti, S.,
Lauri, C., Toscano, V., Cianciulli, p. and Bisogni, V.
(2011). Malignancies in $thalassemia patients: first
description of two cases ofthyroid cancer and reyiew
ofthe literature. Hemoglobin , 35(4): 439-446.
17. Politis, C., Di Palma, A., Fisfis, M., Giasanti, A.,
fuchardson, S. C., Vullo, C. and Masera, G.
(1990). Social integration of the older thalassemic
patients. Arch. Dis. child., 65(9):984-9E6.
IE. Prakash, A. and Aggarwal, R. (2012).
Thalassemia Major in Adults: Short Stature,
Hyperpigmentation, Inadequate Chelation, and

25



Til<rit Journal of Pure Science l9 (l) 2011

Transfusion-Transmifted Infections are Key Features
. N. Am. J. Med. Sci ..4(3):l4l-144.
19. Radmilovic, M., Zukic, 8., Stankovic, B., Karan-
Djurasevic, T., Janic, D., Pavlovic, S., Stojiljkovic,
M., Spasovski, V., Tosic, N. and Dokmanovic, L.
(2010). Thalassemia syndromes in Serbia: an update.
Hemoglobins, 34(5):477-485.
20. Rodgen, GP. (1998). Pharmacological therapy.
Baillieres. Clin. Haematol .,l I (l):239-255.
21. Rund, D. and Rachmilewitz, E. (2005). Beta-
thalassemia. N. Engl. J. Med., 353(ll):1135-1 146.
22. Sabato, A. R., De Sanctis, V., Atti, G., Capra, L.,
Baqni, B. and Vullo, C. (1983). Primary hypothyroidism
and the low T3 syndrome in thalassemia major. Arch.
Dis. Child ., 58(2):120-127.
23. Skordis, N., Michaelidou, M., Sawa, S. C., Skordos,
G., Kleanthous, M., Loannou, Y., Rousounides, A. and

ISSN: 1813 - 1662

Christou, S. (2006). 'Ilre impact of genotype on
endocrine complications in thalassaemia major. Eur. J.
Haematol.,77(2) : 150-156.
24. Soliman, A. T., El Zalabany, M., Amer, M. and
Ansari, B. M. (1999). GroMh and pubertal development
in transfusion-dependent children and adolescents with
thalassemia major and sickle cell disease: a comparative
study. Joumal. Trop. Pediatr., 45(l):23-30.
25. Taher, A., Isma'eel, H. and Cappellini, M. D.
(2006).Thalassemia intermedia: revisited. Blood Cells
Mol Dis., 37(l): l2-20.
26. Thein, SL. (1998). Beta-thalassemia. Baillieres.
Clin. Haematol., I l(l);91-126 .

27. Tiosano, D. and Hochberg, Z. (2001). Endocrine
complications of thalassemia. J. Endocrinol. Invest.,
24(9\t716-723 .

s.!dl t+ &" tJ.#DLlt+ c'tr.L..{J crhit+ll &Uyl sr, i#l+ll {.rE3.jll fiJi:
(2013 l6 / 9 :&F! eJu ---- 20t3 l4lr:derrtru)

26

o.i.L!l

e. 615l,l! 6!i- 1:ll sjlr,i rrjrrjl l!-,rill crlJ.rll (Fu (Jlc i-3hll aJl ,J.r cllji.c' Jih e$: iJlt ll i-lt'lll 6i..i rl l+i
(,r.l;J) l3# Li l"-riJl L,a!.)l --ll eJl .tii .r>- c,L'. - r! crt:rrll ciiLJl ,3Wl d. i,r.- ,, aJJlr (!)'l c,lrjF

ri! i-lllr .'uil iJ 6lJ.ll. &r.lr .{l}r. ,,rr JU{$ J,SJI rrl .a # !+-J:ll JSJ. ur,+l-r aL,l]! ir- (17-13) cx ,j c.Utjt

- 2012 )lj $ g* +>:.:t-,(J.utt i;1! 2ol'l s.ull .u,ji J{-d.4)l Lr.;sJl 'rlill Dri..-Jrll ir. drl+Jl

ss;.iiJl .1. !L, - ia_r.:.,S LJI.E ,U-Yl &Ull ..4 .5DE -)Frl F 4 .-!rll s! i-.:"J.J. arJi- dlE Jl i :dbll! 
"--,rlt

qr!. rttt .ir-_xltr c,t -ll {ir- Ar-} ir. ,I is, j J!i: (.l.Jl llA s! F . ilJE ! &d a-irr. v! cpr..r,tl &lt !tr.t ,ri it.plt
jl..+ rhx-l+ dllor Ji-Jl d!.r!- 6ji- o,t, i ell< oL-!! cl' J rl ,5Wl ,_rr r.E dr- ,rr (drrlj-)) i:Ji),l 1r-d liL-l

dl o"ls. . , *,Ar.rdl 
"6- 
j {JFl,{ LiJl 4-!pll D.r F .s.rill s4lill (F.Xl .rlj "-., g"l!r Li* .'r'-tt rfL.ul (r-})

.....t11 ..Jl il6 &1.-J JII AJJ & 9*:i-. rP (',il crlrJP. u.ljl ijL:l
. r-ill i-ES &L. , drul , drll r pll e"l:S.. ,(&J'r+r.t) &,- d LJi..ll slL qrri- l,.Luijl cll.ir ;1t, .r-pl c'l)c.I;l :enEil

lix LJ. .L-jll u--")l -ill clll jii, crl,LJ &Wl qi ijrrJl ,:r_r^}J,rs.J$ auFt'.lu cJt!.J+ll .+i. i,-JA ,sJil L-jlL ,rni<J

J.i. LIJ ir$. 'SJll 
i.-ilt, LJ!-ll sl,o +r-- LlnJI 1-._e y (p=<0.001) el--yl &liYl d- s! lrjrs. j e. i.tJUlL s-.hJl

L, JS ireJ d.Jl r.r+rr dr iJrll irllc :g-Sc i$, JFJ I 9l .'U.!-l 4-!all . '.J-J-JI i-o-1.;.6. {]_.21L *: oLLJI ,5UYl

oi!_)l s+ll dll Jii sA- if t Ol e.Ell oJ+l ..:JL'. ll ,:lrl dJ i:Jirl u.r.JA-, .sl!.J+ll .r+dl ar_e rll .s+JXl ,,-J.ll
.:nJ U..tj- . (<5d percentile) ,lL l e! 

o/o75 drils L'+! "d! lL:- L-i-: 100 i* u" 5 o. uJ Ji-l * i*rll L ,jiJl

-rS !rr,- .r, re.1(<5d percentile) opJ! J"Jlr a.r* L-i-: l0O aJI aF 5 cF cEl LE cb! ai+.rl drl 9 tl 6 0/o76.61

dll Ji+ .11' rl .:rt:,Jl o- (%58.33) J'.i dE ll iiL.l 4-lrpll eiEr 
,'uLl . (p=<0,001) elslrl o-\i.iyl e. tuJulll

;tr3. (sift !s. j.4,.ij ir r.+Ell s l r--5) el-il1 ltll {J-ii i,c esUll irLtlll rrill jl}l L-i1 1;..l iiJ L.j tl {..rr.!.)l -ill
ol AiEil .:r A .r. eru . (,J-,)r sll p-9 sl-il| arill rrLj Oc el$l iLl-slr lJJl jlil oFn r{*il s-:!l O" (yo16.67\

C;..-tt, +:r.tt flli3-)l r dl dL sr e#l eliJl OS! \aJ-:il !r-J. dJ i,jLll cJuc'f&Jl ar" j.tll _FL -, i:ut ;1:
, -ril t:+-)ljJl -a. i-EJ i-ul i-lsll .{-l!l .n 6i Jf cllLll GL.yl, .1ti:UJl .- ,J& .rl e.+ Ol is+ JIUJi-$ Jl

. 6.i-ll ''ir\l s! dllicLd .n elE



Tiktil Journsl of Pute Science lg (1) 2014 ISSN: 1813 - 1662

FJ,l4l'|-O.x
!-O.531
p-a'ellr,{.OOO

5
E

o o o o It orD

..^' r..rEt (ntrno

Fig. (3); Relationship between serum ferritin and LII in female thalassemic pstients
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Fig. (4): Relationship between serum ferritin and FSH in female thalassemic patients

Table tiles in thrlass€mic females ard coDtrol

Table t-a rcentiles in thalassemic females and control

r-6.8.r9-o.0Olr
r--o.ls6-
p-r.eluc-O.O0O

Thalassemic female n=60 Control Female n:30Wt-Agc
No, No.

<5tn 45 75.00 2 6.6't
>5''-25ll' 8 6 20.00
>25'-50' 7 I1.67 9 30.00

>50' 0.00 l3 43.33

Thalassemic female n=60 Control Female n=30Ht-Agc
No. o/o No.

<5th 46 76.67 7
>5'-25'n 8 t 3.33 8 26.67

>256-5oh 4 6.67 5 16.67
>50' 2 l0 33.33
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Thirty fiye B-thalassemia patients (58.33%) were
suffering from hypogonadotropic hypogonadism,
while ten patients (16.67%) were suffering from
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primary ovarian failure ,The last fifteen patients
(257o) were eugonadism . Table (4) Fig.(5) .

Table (4) : Comparison of measured parameters betweetr thalassemic females with delayed puborty due to
rl I failure and thosc due to c nadism

NS = Not significant using unpaired t-test
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Fig.(s): Distribution of thslassemic female patietrts according to the pubertal development
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Discussion
The damage of the hypothalamic-pituitary-gonadal
axis is most likely localized at a central level .

The classic knowledge is that in transfusion-
dependent R-thalassemia pati€nts, increased iron
deposition in the pituitary gland has a cytotoxic
effect, Our data suggest that the hlpogonadotropic
condition of the thalassemic adolescents is due to
pituitary hyporesponsiveness to CnRH and that most
of these patients also have an impairment of ovarian
function. Both conditions are a consequence of iron
deposits in glands. Moreover, there is evidence that
pituitary-gonadal function cannol be preserved by
long-term iron chelation therapyfl]. Primary
hypogonadism is associated with low levels of
Estradiol and high-normal to high levels of LH and
FSH. Secondary hypogonadism (hypogonadotropic
hypogonadism) (HH) is associated with low level of
Estradiol and normal to low levels of LH and FSH [6,
I ll .

ln the present study, 55.33% of female patients with
R-thalassemia major developed hypogonadotropic
hypogonadism (HH) as shown in table (4) .

The similar study was defined by Soliman et al [24],
who reported that thalassemic patients had a complete
lack of pubertal change in 73Yo of boys and 42Yo of
girls with thalassemia betwe€n the age of t3 and 2l
years . De Sanctis et al [4], reported that there is a
considerable percent (30%) of patients with R-

thalassemia major having hypogonadotropic
hypogonadism (HH). Kwan et al [2], hav€ reported
similar results; 6270 ofboys and 757o ofgirls over the
age of 12 years had HH. Karamifar et al.(2005)
studyflO], reported delayed puberty in (75.60/o ) of
boys all of whom were above the age of (14) years
ar:,d in(68.4o/o) of girls all of whom were above the
age of (12) years with p-thalassemia major . In a
study by Gulati et al . (2000) [7], l0 out of ll
adolescent or young adult thalassemic patients had
hypogonadism .

The absence of relationship between serum ferritin
and endocrinopathy or liver function tests may be due
to the fact that other causes rather than iron over load
such as chronic viral hepatitis would be the main
cause ofelevated liver enzymes [ 8] .

Delayed Puberty due to primary
gonadal failure (n=10)

Delayed Puberty due to
hypogonadotropic hypogonadism

(n=35)

Parameters

Mean SD Meao SD

p-value

Ferritin
(nelml)

3343.10 r 544.80 5066.42 2442.73 <0.05

0.72 <0.001LH (mtUiml) 2.s0 1.s2 0.52
FSH

(mlU/ml)
5.64 t.8l 2.50 2.28 <0.001

15.1 6 0.214(NS)Estradiol
(pelml)

20.57 6.14 18.14
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