Review of therapeutic approach in hormone disorders

Abstract

Hormones have a critical role in regulating a number of body functions, including mood,
metabolism, growth and development, and reproductive health. This article covers both common
and uncommon hormone disorders, as well as their causes, symptoms, complications, and
available treatments. Common treatment modalities for hormone problems include medication,
lifestyle modifications, surgery, complementary therapies, and routine monitoring. The course of
treatment may also be accompanied by possible negative effects, such as cancer risk, hormone
overcorrection, and interactions with other medications or medical conditions. Regular hormone
level and symptom evaluations by healthcare professionals are necessary to provide individual
treatment plans that lower the risk of complications while achieving the desired therapeutic
goals.
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Introduction

The endocrine system consists of glands and organs that secrete hormones to control various
body functions. Hormones are chemical messengers that circulate in the bloodstream and
affect physiological functions. The parts of the endocrine system consist of the hypothalamus,
pituitary gland, thyroid and parathyroid glands, adrenal gland, pancreas, ovaries, and testicles
(1,2)

An endocrine disorder is the result of endocrine system's dysfunction, which includes the
hormone-secreting glands, hormone receptors, and hormone target organs. Dysfunction can
happen at any one of these sites and have a significant impact on the body. Moreover, an
individual may have an endocrine disorder if their hormone levels are abnormally high or low or
if their body does not respond to hormones as it should be. Tumors, hereditary factors, or
hormonal imbalances are just a few of the possible causes of endocrine disorders. These diseases
alter hormones, which can affect growth and development, metabolism, sexual function, and
mood. They can also cause a wide range of symptoms, such as fatigue and weakness. (1, 2)

Endocrine disorders have a variety of forms. The most prevalent endocrine disorders are:
prolactinoma, hypothyroidism, hyperthyroidism, Hashimoto’s disease, polycystic ovarian
syndrome (PCOS), Graves’ disease, Cushing’s syndrome, and diabetes mellitus. (3, 4)

Depending on the types of disease, different causes may induce endocrine problems. Acromegaly
and Cushing's syndrome, for example frequently result from an adrenal or pituitary gland tumor.
Even though these tumors are typically benign, excision is still necessary to treat the illness.
Moreover, hormonal abnormalities might cause some issues. For instance, hyperthyroidism and



hypothyroidism are conditions in which the thyroid gland generates excessive or insufficient
amounts of thyroid hormones, respectively. (3, 4)

Polycystic ovary syndrome (PCOS) in women is associated with excessive androgen levels.
Endocrine problems may result from an autoimmune disorder as well, like type 1 diabetes, which
is induced by the immune system destroying the pancreatic cells that produce insulin. Another
autoimmune illness that can lead to hyperthyroidism is Graves' disease. However, several, rare
endocrine diseases were found including Kallman's syndrome, Addison's disease, acromegaly,
Allgrove's syndrome, Congenital adrenal hyperplasia (CAH) and Jansen's metaphyseal
chondrodysplasia (JMC). Early identification and treatment of these hormonal disorders are
necessary. There have been considerable advances in the identification and treatment of
hormonal disorders in recent years. Therefore, the available treatment options include lifestyle
modifications, medicines, hormone replacement therapy, and surgery. Depending on the
individual illness and the intensity of symptoms, the therapy approach for hormonal disorders
may vary. The purpose of this study is to provide an overview of the various therapy options for
common and uncommon hormonal disorders, including their advantages, disadvantages, and
limits. (3, 4)

Addison’s disease

A rare disorder of the adrenal glands is known as primary adrenal insufficiency or
hypoadrenalism. The incidence of Addison’s disease is 100 people per million, in which the
adrenal gland cannot produce sufficient amounts of aldosterone and cortisol. In most cases,
Addison's disease symptoms develop gradually over several months and may include muscle and
joint pain, low blood pressure, even fainting, nausea, diarrhea, or vomiting, and depression.
Because the condition can progress so slowly, those who get the disease may initially choose to
ignore the symptoms. Yet a source of stress, such as an injury or illness, could worsen the
symptomes. (5, 6)

Complications of Addison’s disease

Addisonian crisis: is a life-threatening condition characterized by low blood pressure, low blood
sugar, and high blood potassium levels. It necessitates immediate medical care. (5, 6)

When the body is under stress from an injury, infection, or illness, patients with untreated
Addison's disease may have an Addisonian crisis. When the body is under physical stress, the
adrenal glands typically produce double or triple the normal amount of cortisol. However, an
Addisonian crisis can be developed due to the failure of the adrenal gland to produce more
cortisol in response to stress. (5, 6).

Cushing’s syndrome

Is a condition caused by prolonged cortisol overproduction. The incidence of Cushing's syndrome
is approximately 10—-15 cases per 1,000,000. Some of the main symptoms and signs of Cushing



syndrome can be caused by excessive cortisol, including skin changes, such as acne, excessive
facial hair, easy bruising, a hump on the back of the neck, unusual, rapid weight gain, especially
around the belly, and purple striae, especially on the chest, armpits, and belly. There are two
types of Cushing's syndrome: one of them depends on the adrenocorticotropic hormone ACTH
(75—-80% of cases), whereas the other type does not (15-20% of cases), and it's divided into two
subtypes. In turn, the first subtype is caused by the presence of ACTH-secreting pituitary
adenomas (Cushing's disease) in 75—-80% of cases, and the second is caused by ectopic ACTH
production (pulmonary microcarcinoma, neuroendocrine tumors, etc.), which is present in 15-
20% of cases. On the other hand, adrenal tumors, of which 80% are adenomas and the remaining
20% are carcinomas, represent 90% of the instances that lead to ACTH-independent Cushing's
syndrome. Other rare forms of adrenal Cushing's syndrome include McCune-Albright syndrome,
primary pigmented nodular adrenal disease, macronodular adrenal hyperplasia, and sporadic
primary pigmented nodular adrenal disease. (7)

Complications of Cushing’s syndrome

People with Cushing's syndrome have higher rates of morbidity and mortality caused by
cardiovascular diseases, including aneurysms, pulmonary emboli, myocardial infarction and
stroke. These frequent, age-related causes of death affect the majority of people in developed
nations. it was found that only 50% of people with Cushing's syndrome may survive five years
after diagnosis, in which, untreated patients predicted to have a mortality rate four to five times
higher than that of the general population. The main risk factors for this high mortality rate in
the general population include abdominal obesity/metabolic syndrome, smoking, dyslipidemia,
diabetes mellitus type 2 (DM2), hypertension as well as male gender. All types of excess
glucocorticoid are in danger due to these similar causes. (8)\

Congenital adrenal hyperplasia (CAH)

Is a group of cortisol biosynthesis-related autosomal recessive diseases. Each of these disorders
includes a lack of an enzyme necessary for the production of cortisol, aldosterone, or both. The
most prevalent type of CAH is caused by steroid 21-hydroxylase deficiency as a result of CYP21A2
mutations. Excessive production of adrenal androgen results from the lack of negative feedback
on the hypothalamic-pituitary-adrenal axis. This is caused by increased precursors of hormones
which, are diverted to the unaffected androgen pathways as shown in Figure 1. Possible
symptoms of CAH include atypical genitalia, the development of abnormal genitalia in female
newborns, and issues with fertility. (9)

Figure 1: congenital adrenal hyperplasia (CAH) due to 21-alpha-hydroxylase deficiency (9)
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Complications of congenital adrenal hyperplasia (CAH)

In the first few weeks of birth, most of patients with congenital adrenal hyperplasia (CAH) die
from salt wasting crises including hyponatremia, hyperkalemia, acidosis, and shock.
Subsequently, the majority of surviving patients are still in their young ages; the average age of

alive adult patient cohorts is in their thirties. (9, 10)

Adrenal crises: all patients with the classic form of 21-hydroxylase deficiency have
glucocorticoid insufficiency, which increases their risk for adrenal crises that could be a life-

threatening case. (9, 10)

Cardiovascular morbidities: increased cardiovascular risk factors in 21-OHD have been shown
in several studies. Obesity and excess weight gain seem to be the main cardiovascular risk

factors in CAH. (9,10)
Hyperthyroidism/hypothyroidism

Graves’ disease (GD)



The most frequent cause of hyperthyroidism in places that are abundant in iodine is Graves'
disease. It is defined by the presence of antibodies against the TSH receptor (TRAb) in patients'
serum, which results in thyroid hyperfunction. Around 0.5% of the population is affected by
Graves' disease, which accounts for 50 to 80% of all cases of hyperthyroidism. Symptoms of GD
in patients typically include palpitations, tremors, heat sensitivity, and weight loss. (11, 12)

Complications of Graves’ disease

Extrathyroidal symptoms, such as Graves' orbitopathy, thyroid dermopathy and acropachy may
also be present in addition to hyperthyroidism. Additionally, cardiomyopathy, congestive heart
failure, and atrial fibrillation are all increased by GD. (11,12)‘

Hashimoto’s disease

This is an autoimmune condition that leads to hypothyroidism, however, rarely, the condition
might lead to hyperthyroidism. When Hashimoto's disease first develops, many affected
individuals show no symptoms. Nevertheless, as the condition become worse, patients may have
one or more hypothyroidism symptoms, such as weight gain, difficulty handling colds, joint and
muscular pain, and constipation. (13)

Complications of Hashimoto’s disease
Myxedema coma: is a severe and uncommon complication of hypothyroidism that can be fatal.
It causes several organ abnormalities (high blood pressure, heart disease, heart failure) as well

as impaired sensorium.

If hypothyroidism left untreated, it can result in a number of health issues, including heart
failure as well as complications during pregnancy. (13)

Acromegaly

It is a rare condition caused by the overproduction of growth hormone (GH) from a pituitary
tumor. There are equally as many men and women impacted by the diagnosis of the disease,
which occurs at an average age of 40. (14)

Complications of acromegaly

The development of characteristic acromegaly symptoms as well as several systemic
complications such cardiovascular, metabolic, pulmonary, endocrine and bone diseases are
caused by chronic exposure to excessive GH. Comorbidities with acromegaly contribute to

reduced life quality and early mortality. (15)

Jansen's metaphyseal chondrodysplasia (JMC)
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Thisis a rare disorder of bone and mineral ions physiology caused by mutations in the parathyroid
hormone receptor-1. Short stature, malformed and under-mineralized bones, chronic
hypercalcemia and hyper-phosphaturia with normal serum parathyroid hormone (PTH) levels, as
well as high serum markers of bone turnover are clinical features of this condition. During the
first few days or months after birth, disease symptoms start to show up, they get worse as people
age. The whole illness profile is in line with the crucial roles that parathyroid hormone related
protein receptor 1 (PTHR1) plays in endochondral bone formation, calcium homeostasis, and
phosphate homeostasis processes that are typically regulated by the two endogenous peptide
ligands, PTH-related protein (PTHrP) and PTH, respectively. However, there is no effective
treatment option available for JMC. (16)

Complications of Jansen's metaphyseal chondrodysplasia

Diffuse demineralization, rickets-like metaphyseal alterations, and erosion of the bone cortex are
radiographic characteristics seen in JMC affected infancy. These results indicate a failure of the
long bones to develop appropriately, which results in a much shorter adult height. Sclerosis of
the base of the skull has been observed in infants as well as adults, but it is usually recognized by
the late childhood, the radiographs of the patient as shown in figure 2.(17)

Figure 2: radiographs of the patient showing metaphyseal expansion and calcification of the upper and
lower ends of the femur. (17)



Metabolic diseases
Diabetes mellitus (DM)

Diabetes mellitus is a disease that occurs when the body produces insufficient insulin or there is
insulin resistance, leading to abnormally high blood glucose levels. High levels of corticosteroids
and pregnancy (gestational diabetes) are a few examples of common conditions that cause
impaired insulin utilization. Acromegaly and some hormone-secreting tumors can both cause
diabetes in patients. According to the World Health Organization, the prevalence of DM has
increased rapidly during the past few decades worldwide. From 108 million (4.7%) in 1980 to 425
million (8.5%) in 2017 and 629 million by 2045, the prevalence of DM has grown as shown in
figure 3. (18)



Figure 3: the prevalence of DM (18)
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DM is linked to a significant morbidity rate as well as to a number of microvascular and
macrovascular complications. A number of microvascular disorders are present such as
retinopathy, nephropathy, and neuropathy. On the other hand, cardiovascular disorders (CVD)
such as peripheral artery disease, cerebrovascular disease and coronary artery disease are all
considered as macrovascular complications. (19)\

fl'herapeutic approach in hormone disorders\

Commented [u3]: how about diabetic ketoacidosis? |
think it would be better if you also explained it

Itis better to treat many endocrine diseases early with effective lifestyle changes; however, when
therapy is necessary, efficient, safe treatments, which have undergone extensive testing are
needed. The development of therapeutic approaches in endocrinology may include medicines,
surgery, radiation, biotherapy as well as experimental ones (such as gene therapy,
nanotechnology, and regenerative medicine). (20)

Hypothyroidism, for example, may require the use of thyroid hormone replacement medications
(levothyroxine sodium LT4) to enhance thyroid function. But, on the other hand,
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hyperparathyroidism may necessitate the surgery to remove the afflicted parathyroid gland.
Lifestyle adjustments could be an effective therapeutic method for hormonal disorders which are
brought on by lifestyle variables such as obesity or stress. For instance, women with Polycystic
ovary syndrome may benefit from weight loss and exercise to increase insulin sensitivity and
decrease symptoms such as irregular periods and acne. (21)

Moreover, in patients with Addison’s disease, life-long treatment with hormonal replacement of
glucocorticoids and mineralocorticoids is required. However, the doses of hydrocortisone; a
glucocorticoid hormone should be elevated when a patient has a fever, an infection, or any other
disease to account for the potential stress response. As a result of this, careful monitoring for the
drug doses is required. Osteoporosis, diabetes, and obesity can all be caused by overusing of
glucocorticoids. Hypertension can be developed as a result of mineralocorticoid overuse. (22)

Another example of hormonal therapy women experiencing menopausal symptoms, they may
benefit from estrogen replacement therapy to relieve hot flashes and other symptoms that are
related to low estrogen levels. Similarly, males with low testosterone levels may benefit from
testosterone replacement therapy to increase muscular mass, bone density, and sexual function.
Men suffering from low-testosterone levels may also experience an improvement in their mood
and energy levels with testosterone replacement therapy. The choice to undergo hormone
replacement therapy should be made after careful evaluation of the benefits and the risks of the
treatment. A number of studies have suggested, that long-term estrogen replacement therapy in
women may raise the risk of breast cancer, blood clots, and stroke. (23)

In acromegaly, various treatment techniques are used according to the sites of action. Surgery,
radiation, somatostatin analogues and dopamine agonists are used at the level of pituitary
adenoma, whereas GH-receptor antagonists are used peripherally by blocking the GH-receptor
and reducing the effects of GH on various tissues as shown in figure 4. Because somatostatin
analogs only reduce GH hypersecretion, these treatments must be continued indefinitely. Yet,
they induce gallstones in 10% to 20% of individuals and have gastrointestinal side effects, which
are often transient. Additionally, they cost a lot of money. However, the fastest option to lower
GH and insulin-like growth factor-1 concentrations in acromegaly patients is tumor surgery. (24)



Figure 4: site of action for various treatment techniques in acromegaly (24)
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additionally, patients with Cushing's syndrome have a number of major therapeutic options,
including bilateral adrenalectomy (BADX) and transsphenoidal pituitary surgery. Patients with
Cushing's disease CD who have undergone transsphenoidal pituitary surgery and/or radiation
therapy, together with those who have undergone unilateral adrenalectomy for adrenal
hyperplasia, have a serious issue with recurrent hypercortisolism. Subsequently, lifelong
supervision is required for all CD patients treated with pituitary surgery, CD patients treated with
radiation in addition to CD patients with bilateral adrenal hyperplasia who treated with a
unilateral adrenalectomy. (25)

The treatment of congenital adrenal hyperplasia (CAH) is complicated, including several
hormonal abnormalities. Adrenal insufficiency and androgen overproduction can both be
efficiently treated by adjusting the doses of glucocorticoids and mineralocorticoids. Available
treatment options at the moment include glucocorticoid therapy such as that adequate androgen
suppression often requires supraphysiological doses of glucocorticoid therapy). Moreover,
Aldosterone deficiency is treated by mineralocorticoid replacement, which is an essential
element of treatment. (26)

Yet, novel treatments incorporate new methods to reduce adrenal androgens. An appealing
solution to deal with the excess androgen component of CAH is to inhibit key enzymes involved



in androgen biosynthesis. The goal of future research in CAH is by customizing treatment to
optimize clinical advantages and reduce long-term negative effects. Improvement in patient
outcomes is expected due to numerous recent advances in glucocorticoid replacement therapy,
glucocorticoid-sparing adjuvant therapies and cell-based therapeutics. (26)

Complications associated with treatment of hormone disorders

Hormone replacement therapy, and other drugs used to treat hormonal disorders may have
certain undesirable side effects particularly after the first dose. This is because the body is not
familiar to the new hormone level. When the body gets used to the new hormone level, many
adverse symptoms improve. However, the dose may need to be adjusted in some circumstances.
For instance, estrogen therapy may increase the risk of blood clots, whereas testosterone
therapy may increase the chance of prostate cancer in males. Both of these risks are associated
with hormone replacement therapy. Moreover, headaches, nausea, dizziness, and mood swings
are additional potential side effects of hormonal therapy. (27)

Overuse of glucocorticoids can lead to diabetes, obesity, and osteoporosis. Overuse of
mineralocorticoids can result in hypertension. Moreover, medications like somatostatin analogs
can cause gallstones as well as gastrointestinal adverse effects. Additionally, surgical excision of
afflicted glands may be necessary for some hormonal disorders, such as thyroid cancer or
pituitary tumors. Surgery may be an effective treatment for certain disorders, however, there is
a possibility that the procedure will also raise the patient's chance of developing cancer in the
gland or tissues that were impacted. Long-term hormonal therapy may also increase a woman's
risk of acquiring certain types of cancer, such as breast or ovarian cancer. It is vital to have a
follow-up care and a regular monitoring to detect any signs of cancer or other issues. (22, 24, 28)

Hormone therapy seeks to address hormonal imbalances but in certain situations, the treatment
may overcorrect the imbalance, which can lead to some new health issues. For instance, an
overcorrection of thyroid hormone levels may result in hyperthyroidism, which in turn may result
in other symptoms, such as anxiety and weight loss. Acromegaly, which can cause joint
discomfort, enlargement of the hands and feet and other symptoms can also result from an
overcorrection of growth hormone levels. Overcorrection can be found and managed with
regular monitoring of hormone levels and symptoms. (22, 24, 28)

Moreover, to prevent the return of symptoms or the development of problems, some hormonal
disorders such as Cushing's syndrome or acromegaly may necessitate long-term hormonal
therapy or monitoring. Consequently, the chances of recurrence may increase if hormone levels
are not monitored or if the medicine is not taken as directed. (22,24,28)

Conclusions

In conclusion, if the body produces an abnormally high or low levels of a particular hormone, this
can have several negative impacts on one's health. These conditions are referred to as hormonal



disorders. While certain hormonal abnormalities are rather common, others are relatively
uncommon and require more specialized medical attention. The most frequent types of
treatment for hormone problems are medications, lifestyle modifications, surgery,
complementary therapies and routine monitoring. On the other hand, negative side effects from
the medicine could happen, including the danger of developing cancer, the risk of hormone
overcorrection and the interactions with other medical conditions or prescriptions. However,
these are just a few potential outcomes that could be resulted from the therapies.
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