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Introduction: Hereditary hemochromatosis (HH) is a genetic disease that causes systemic iron overload. The excess of iron accumulates
in several organs, leading to organ dysfunction. Therefore, the excess of iron deposition might create an endocrine impairment, and can
further lead to hypogonadism and, rarely, to amenorrhea. In this study, we aim to report a rare cause of HH and primary amenorrhea,
with the help of clinical investigations. Case Description: This study is based on a single patient who was diagnosed with amenorrhea.
The patient had a previous history of HH, type | diabetes mellitus, and chronic liver disease. The physical and hormonal investigations
were normal, and her karyotype was 46 XX. A magnetic resonance imaging (MRI) demonstrated a diffuse reduction of the pituitary tissue
signal, which might resemble HH. Discussion: The diagnosis of HH is based on a biochemical and genetic evaluation. The treatment
includes regular phlebotomies and the control of comorbidities. In most of the cases, the hypogonadotropic hypogonadism leads to
amenorrhea due to a pituitary impairment. However, a rare appearance of amenorrhea without hypogonadism may also be possible.
Hence, the investigation of HH should be suggested incases of primary amenorrhea. The early diagnosis of HH is crucial to prevent
the morbidity and mortality in patients with these clinical features.
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Primary amenorrhea is defined as the absence of menarche by the age of 13 years, five years after thelarche, or without
secondary sexual characteristics by the age of 15 years'. Primary amenorrhea is multifactorial. Can be caused by an
anatomical defect in the lower genital tract, primary hypogonadism, impairment in the hypothalamic-pituitary axis, and by
an endocrine impairment?. The prevalence of the ovarian disorder is mostly predominant (48.5%), followed by congenital
abnormalities (16.2%), gonadotropin-releasing hormone (GnRH) deficiency (8.3%), and a constitutional delay of puberty
(6%)°. Hereditary hemochromatosis (HH) is a genetic disorder that causes iron overload in the bloodstream, leading to
systemic organ damage. The clinical manifestations range from asymptomatic, or nonspecific systemic symptoms, such as
weakness, lethargy, and weight loss to specific organ-related symptoms including cirrhosis, hepatomegaly, arthritis, diabetes
mellitus, cardiomyopathy, congestive heart failure, arrhythmias, hypogonadism, and skin pigmentation.**Patients with
hemochromatosis can develop amenorrhea due to hypogonadism. The high iron serum level may result in parenchymal
iron overload and subsequent tissue damage. Also, the iron deposition at pituitary gland induces pituitary-gonadal
dysfunction leading to the gonadal failure, which further causes amenorrhea.®’

The physiopathology of HH is related to hepcidin, which is a peptide produced by the hepatocytes responsible for
iron homeostasis. Hepcidin normally binds to ferroportin to export intracellular iron from spleen to plasma. Decreased
hepcidin levels or resistance behavior of hepcidin causes HH. The abnormal interaction between hepcidin and ferroportin
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causes an increased iron efflux from hepatocytes, further leading to an excess iron concentration in the bloodstream.
When iron is in excess, it does not bind to transferrin anymore, and hence it is named as non-transferrin bound iron
(NTBI). The NTBI is rapidly taken up by hepatocytes, cardiomyocytes, pancreatic, and pituitary cells. The deposition of
NTBI on these sites generate reactive oxygen species (ROS), which further leads to organ damage. The other possible
mechanism for physiopathology is the impairment of ferroportin, which affects the cellular iron export function.®?

The HH is classified in different types based on genetic mutations. Type 1 HH, or classical form, is primarily related to an HFE
mutation. It occurs due to an alteration in hepcidin metabolism, which consists of the replacement of tyrosine with cysteine
at the site of 282 (C282Y) or aspartate with histidine at amino acid 63 (H63D). It can appear as homozygosity (C282Y/C282Y)
or as heterozygosity (C282Y/H63D). Type 2A, 2B, 3, and 4B are related to HJV, HAMP, TFR2, and SLC40A1 mutations,
respectively. The non-HFE mutations are related to ferroportin metabolism due to SLC40A1 mutation.®'® The diagnosis
of HH can be possible based on increased iron deposition regardless of symptoms. The essential examination includes
serum ferritin levels and transferrin saturation, besides HFE mutation analysis and liver biopsy."

This research is based on a 17-years-old female patient, who was referred to Sdo Lucas Hospital, outpatient clinic, due to
primary amenorrhea. The patient had a medical history of HH with an H63D mutation and was recently diagnosed with type
| diabetes mellitus. The physical examination revealed normal weight and height (53,8kg and 1,60m), adequate Tanner Scale
(M3P4), and normal external genitalia. There was no sign of hyperandrogenism (hirsutism or acne) or palpable inguinal masses.
The speculum was not used during the examination because the patient had not started the sexual life untill then. The pelvic
ultrasound identified normal uterus and ovaries. The abdominal ultrasound reports signs of chronic liver disease. The laboratory
investigations revealed the thyroid-stimulating hormone (TSH) as 1,68IU/mL, prolactin as 9,8ng/mL, follicle-stimulating hormone
(FSH) as 4,2mlU/mL, luteinizing hormone (LH) as 2,9mIU/mL, and estradiol as 41,7pg/mL. The karyotype of the patient
was 46XX.The radiography of the left hand and wrist indicated a bone age compatible with chronological age. However, the
bone mineral density (BMD) indicates a reduction in bone mass for age, according to the International Society for Clinical
Densitometry, (Z-score): right femur neck (-3.4), total femur (-3.7) and lumbar spine, L1-L4 (-4.4).

We further perform the Estrogen-Progesterone Challenge Test by considering the normal reports of all the laboratory tests
and pelvic ultrasound. The Estrogen-Progesterone Challenge Test was positive. During the investigation, the MRI was requested.
The investigation revealed a diffuse reduction of the pituitary tissue signal, which was compatible with HH, further confirming
the diagnosis of the central amenorrhea. The gynecology team opted to start a hormone replacement therapy regimen
with 1 mg of estradiol during the 15 to14% day of the cycle, and 1 mg of estradiol associated with 0.5mg of norethisterone
acetate during 15 to 28" day of the cycle. The hormonal therapy was associated with calcium carbonate (500mg) taken as
one tablet every 12 hours, vitamin D (2001U) taken as 15 drops per day, and sodium ibandronate (150mg) taken as one tablet
per week, respectively. The patient was further assessed by a hematologist, who indicated regular phlebotomies, and by a
gastroenterologist, who assisted the monitoring of liver function. However, the patient evolved with significant worsening of
the hepatic function with cirrhosis as a consequence of the HH, required and perfomed a liver transplant. At this moment,
the patient is stills in follow-up routine at the gynecology and gastroenterologist outpatient clinic, receiving an appropriate
insulin regimen for diabetes, and immunomodulators due to transplantation, as per the medical prescription.

This study reports a case of primary amenorrhea due to HH. Amenorrhea in patients with HH must be considered for
the investigation. It is well known that HH causes infertility in women due to the high deposition of iron in the pituitary
gland and gonads, leading to an alteration in their functions. The early diagnosis of HH is essential because the correct
therapy with phlebotomies, hormones, and gonadotropins might restore the hypothalamic-pituitary-gonadal axis and
the reproductive function. However, the reproductive system may not recover when the disease is recognized after
tissue damage.'

The investigation of amenorrhea requires an anamnesis with particular attention to the duration of amenorrhea,
family history of delayed puberty, contraceptive history, the practice of intense physical exercises, massive weight loss or
weight gain, the presence of stressful events, drug abuse, presence of cyclic pelvic pain, and symptoms of virilization or
galactorrhea. During the physical examination, it is important to observe the sign of hyperandrogenism (acne, hirsutism),
features of Turner syndrome, the presence of pelvic masses, genital malformations, and stage on the Tanner Scale.
The complementary exams include the determination of bone age by radiography of left hand and wrist to exclude
constitutional delay, hormonal dosage (TSH, prolactin, FSH), and pelvic ultrasound to determine the presence or absence
of the uterus. In case the patient does not have a uterus, the karyotype is required, such as testosterone level. If the
uterus is present and the uterovaginal causes are excluded, then the investigation should proceed in a similar way as it
is in the cases of secondary amenorrhea. In the case of high FSH levels, which indicates an early follicular insufficiency,
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the karyotype should be requested to rule out Turner syndrome or genetic mosaicism. If the level of FSH is normal
or decreased, and TSH and prolactin are normal, then the investigation for hypogonadotropic hypogonadism must be
considered. Henceforth, in this investigation, an evaluation of the hypothalamic-pituitary axis is required.’

The initial approach to the diagnosis of HH in symptomatic, first-degree relative, and asymptomatic patients starts with
the analyze serum transferrin saturation (TS), and ferritin. If TS is greater than or equal to 45% and/or ferritin level is
elevated (over 200ng/mL in men and over 150ng/mL in women), then HFE genotype is required. No further investigation
is required if TS is lower than 45%. If the genetic test identifies C282Y mutation, then it is a must to investigate the ferritin
level and the liver enzymes. If the ferritin level is lower than 1000ng/mL and liver enzymes are normal, then the patient
undergoes phlebotomy without a liver biopsy. On the other hand, if C282Y mutation is identified, but ferritin level is
greater than 1000 ng / mL and/or liver enzymes are abnormal, then liver a biopsy is mandatory to exclude hepatocellular
carcinoma. If the genotype identifies heterozygote compound, C282Y-H63-D or non C282Y, then the patient may need
a biopsy, and hematologic diseases must be ruled out.>'#1>

The liver biopsy has been replaced with genetic testing or MRI, and it is no longer necessary for diagnosis. It is only
mandatory in a patient with high-risk, such as advanced liver disease or hepatocellular carcinoma.*'®

The therapeutic strategy should proceed toward the reduction of iron overload to reduce the possibility of HH. It
consists of regular phlebotomies in both symptomatic and asymptomatic patients. Some clinical features might improve
with the treatment, such as malaise, fatigue, skin pigmentation, insulin requirements, and abdominal pain. However,
destructive arthritis, insulin-dependent diabetes, hypogonadism, and advanced cirrhosis may be irreversible.''8The
phlebotomy should be recognizedand may tolerate weekly regimen, and target levels of ferritin level should be 50-100ng/
mL. In case of intolerance or contraindication to phlebotomies, an iron chelator is an option.®*1®

The HH usually leads to endocrine dysfunction, ultimately accelerated diabetes, hypothyroidism, and hypogonadism. The iron
frequently deposits in anterior pituitary cells and in posterior pituitary cells very rarely.’?°As a result, the excess deposition of
iron decreases several hormones and leads to both primary and secondary hypogonadism. Though the secondary hypogonadism
is more common, which leads the impairment in the production and release of gonadotropins in the pituitary, and GnRH in
the hypothalamus.’>?2'The hypogonadism is more common in men than in women. It has been previously established that
there was no sign of hypogonadism has been found in women with HH,such as loss of libido or early menopause.??Another
study demonstrated that the 36 cases among the 68 symptomatic patients, were shown the sign of hypogonadism, and the

anamnesis and physical
and phy. Imaging
examination examination

Beta HCG* -Yes| Pregnancy

No
A J

FSH* and
Prolactin

Prolactin high and Prolactin normal Prolactin normal Prolactin normal
FSH low and FSH normal and FSH high and FSH low
chronic ovarian hypothalamlc
G . SOVOIH hypophysis
anovulation insufficiency
dysfunction
[ y (o
exams* exams
hypothalamic or
hypophysis
dysfunction Sheehan
1 tumor Hereditary
hemochromatosis

Figure 1.

*Legend: FSH. Follicle Stimulating Hormone Beta HCG. Human Chorionic Gonadotropin (hCG), B-Subunit
*follow-up according to premature ovarian insufficiency protocol
Adapted from Tratado de Ginecologia da Febrasgo - Fernandes, 1° edicdo, 2018, Elsevier.

Raupp et al. Hum Reprod Arch. 2019;34:e001519. DOI: 10.4322/hra.001519 3/5



Hemochromatosis as a cause of central primary amenorrhea: a literature review and case report gynecological endocrinology

remaining 15 cases were shown the sign of amenorrhea. The following study was carried out on 109 cases; among 41 cases
were asymptomatic and 68 cases had symptoms?2*The main tests for the differential diagnosis of amenorrhea include
serum FSH, prolactin, estradiol E2, TSH, Free thyroxine (free T4), and human chorionic gonadotropin (beta-HCG). Moreover,
the pelvic ultrasound and hysteroscopy were applied for the investigation of anatomical causes (Figure 1).

Furthermore, the studies suggested that the pituitary gland and hypothalamus are sensitive sites for iron toxicity. Also,
the excess of iron causes oxidative stress by an increase in the generation of ROS. It further causes an impairment of the
microenvironment, and the enzymatic antioxidant defense mechanism ultimately leads to the reduction of the reproductive
potential in women.?* Several data published in the literature suggest that HH can be a cause of hypogonadotropic
hypogonadism due to an irreversible pituitary injury. The gonadal function can be stimulated by gonadotropinsand
might maintain or restore the reproductive capacity of thepatients.

Therefore, we conclude that the diagnosis and investigation of amenorrhea is a complex process. The investigation

of HH must be considered if a case is recognized with the presence of hypogonadotropic hypogonadism. The prompt
treatment is recommended, as it can change both the progression and the prognosis of the disease.?*

We thank all the doctors and students that were clinically involved in this case.
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