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Anemia is a global public health problem 
not only in developing countries, but also in 
countries with a high standard of living, ad-
versely affecting human health and creating 
serious negative social-economic consequences. 
According to the WHO, 1.62 billion people are 
affected by anemia in the world, which almost 
corresponds to 25 % of the population. Anemia 
can occur in any period of a human’s lifetime 
[1, 2].

Anemia is a group of clinical and hemato-
logical syndromes characterized by a decrease 
in the number of red blood cells and the concen-
tration of hemoglobin in the blood in accordance 
with WHO recommendations below 120 g/l  
for women and less than 130 g/l for men. For 
men — the number of red blood cells is less 
than 4.0 million/μl, for women — the number 
of red blood cells is less than 3.8 million/μl [3]. 

There is currently no global unified clas-
sification of anemia. Classification features 
are the morphology of red blood cells, the se-
verity of anemia, the regenerative activity of 
bone marrow, the type of erythropoiesis, the 
leading pathogenetic mechanism of the occur-
rence of anemia. Classification of anemia de-
pending of mechanical reasons is based on one 
of three factors, or on its combinations: blood 
loss, insufficient formation of red blood cells or 
its increased destruction. In clinical practice, 
the separation of anemia is widely used accord-
ing to the hemoglobin content in red blood cells 
(hypochromic, normochromic and hyperchro-
mic anemia) and the volume of red blood cells 
(microcyte, normocyte, and macrocyte) [1, 4].

Anemia is very diverse in etiology, patho-
genesis and clinical and hematological signs 
and most often accompanies the course of vari-
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ous diseases of the endocrine system, while 
being usually one of the manifestations of 
a chronic disease, and not an independent pa-
thology [5, 6].  Anemia has a negative impact 
on the quality of life of patients, this is a risk 
of concomitant pathology and, in some cases, 
death [7–10].

The process of hematopoiesis is still not 
well understood; it is multifaceted, it includes 
a huge number of different elements, from vita-
mins and minerals to hormones. Erythropoiesis 
is stimulated by catecholamines, glucocorti-
coids, androgens, thyroid hormones, insulin, 
placental prolactin, IL-3, IL-6, IL-9, IL-11, 
CSF, folic acid, vitamins C, B12, and iron-con-
taining drugs [11, 12].

The main humoral factor-hormone that re-
gulates erythropoiesis is erythropoietin, it is 
synthesized primarily by the kidneys  [13, 14]. 
Reducing the formation of erythropoietin oc-
curs with increased tissue oxygenation, as well 
as under the influence of estrogens, glucagon, 
acetylcholine, interferons, TNF-a, IL-1, IL-5, 
erythrocyte keillons [10, 11]. The synthesis of 
erythropoietin is directly or indirectly affected 
by hormones of the endocrine glands, therefore, 
with their dysfunction, changes in red blood 
parameters can be observed. The pathophysi-
ological basis of anemia observed in endocrine 
disorders can be multifactorial and, therefore, 
not always clear [10, 19]. The presence of en-
docrine pathology is often a mechanism for the 
development of various types of anemia, and 
anemia, in turn, aggravates the course of a 
chronic disease [15–18].

Thyroid Disorders
Impaired thyroid function can lead to dif-

ferent types of anemia. In patients with hy-
perthyroidism, an increase in bone marrow 
erythropoietic activity is observed. This is due 
to the increased tissue oxygen demand asso-
ciated with thyrotoxicosis, as the response to 
this increases the production of erythropoietin 
[10]. However, thyroid hormones also have a di-
rect effect on erythropoiesis, possibly through 
catecholamine receptors. Since with thyrotoxi-
cosis the volume of blood plasma and the num-
ber of erythrocytes increase simultaneously, 
the hematocrit does not change, although ane-
mia is observed in 10–25 % of patients [11]. 

In some cases, microcytic hypochromic anemia 
develops, and in 1–3% pernicious anemia [20]. 
Numerous studies confirm the close relation-
ship between changes in bone marrow function 
and thyroid immune disorders. With hyper-
thyroidism, moderate macrocytic normochro-
mic anemia is often observed, and 20–60 % of 
patients with chronic autoimmune thyroiditis 
develop true pernicious anemia. Also, in some 
cases, hyperthyroidism can be observed in ad-
dition to erythrocytosis, moderate lymphocyto-
sis, moderate granulocytopenia and thrombo-
cytopenia [21, 22].

In some patients, anemia is associated with 
a deficiency of iron, folate and vitamin B12, ac-
companied by corresponding changes in the 
morphology of red blood cells. In other patients, 
anemia is of a normochromic normocytic nature 
and, apparently, is associated with thyrotoxico-
sis proper. Erythropoiesis is ineffective. It is 
possible that in some cases the development of 
anemia is associated with hemodilution. Cases 
of sideroblastic anemia with thyrotoxicosis are 
described. Lima et al. in his studies of cases of 
severe pancytopenia in the group of patients 
with thyrotoxicosis, he concludes that thyroid 
function should be evaluated in patients with 
pancytopenia even in the absence of symptoms 
of endocrine pathology [22]. Treatment is car-
ried out for the underlying disease, if a defi-
ciency of iron, vitamin B12 and folic acid is con-
firmed by laboratory tests, then appropriate 
treatment is prescribed.

With hypothyroidism, anemia is observed 
in 60% of patients, there is a decrease in eryth-
ropoiesis and hematocrit [23]. By its nature, 
anemia can be hypochromic microcytic, nor-
mochromic normocytic, and macrocytic, the 
se verity of which varies depending on the de-
gree of hypothyroidism [21]. Anemia may not 
be detected (masked) due to a decrease in the 
patient’s blood plasma volume. Macrocytosis 
is found in 55 % of patients with hypothyroi-
dism and can develop without nutritional defi-
ciencies [24]. A number of patients have acan-
thocytes. The causes of anemia are mixed. 
Normochromic normocytic anemia is most of-
ten observed, which is caused by a deficiency of 
thyroid hormone proper [25]. 

With thyroid hypofunction, a decrease in 
the acidity of the stomach due to a decrease in 
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the number of parietal cells is noted, and as a 
result, a decrease in the synthesis of hydrochlo-
ric acid and a deterioration in the absorption of 
iron due to the inability to turn into an assimi-
lable form. 

Hypochromic microcytic anemia develops. 
Parietal cells are also responsible for the syn-
thesis of glycoprotein associated with B12. As 
a result, the absorption of B12 and folic acid 
may be impaired, since both substances are 
distributed throughout the body, absorbed in 
the intestine [23, 26, 27].

If a chronic iron deficiency has arisen in 
the body for any reason, the deiodinase enzyme 
may be blocked. This enzyme promotes the con-
version of the T4 hormone into the active thy-
roid hormone T3. A decrease in T3 leads to a de-
crease in the activity of thyroid hormones and 
causes symptoms of hypothyroidism. In addi-
tion, if the iron in the thyroid gland is deficient, 
then the activity of thyroperoxidase, an enzyme 
that is directly involved in the synthesis of thy-
roid hormones and is iron-dependent, decreases 
[23, 26]. 

As you can see, iron significantly affects the 
functioning of the thyroid gland, disturbances 
in the functioning of which, in turn, can sig-
nificantly affect the intake of iron in the body. 
In case of anemia or impaired iron metabo-
lism, one should not forget about the state of 
the thyroid gland. Thus, hypothyroidism per se 
contributes to macrocytosis of red blood cells. 
Thyroid hormone replacement therapy corrects 
the hematocrit and eliminates macrocytosis 
within 3–6 months after the start of treatment. 
The purpose of iron, vitamin B12, folate prepa-
rations without thyroid hormone preparations 
is ineffective.

Disorders  
of the parathyroid glands

In hyperparathyroidism, anemia is relative-
ly rare only in severe cases of the disease, when 
there are signs of bone resorption, the blood 
levels of Ca2+ and parathyroid hormone, alka-
line phosphatase activity are very high [28]. 
Parathyroid hormone inhibits the proliferation 
of erythroid germ cells by suppressing erythro-
poietin receptors on erythroid progenitor cells 
in the bone marrow. As a result, normocytic 
and normochromic anemia occurs. In primary 

hyperparathyroidism, this effect is observed 
at very high concentrations of parathyroid hor-
mone. In secondary severe hyperparathyroid-
ism with chronic renal failure, this effect is 
more pronounced, since the synthesis of eryth-
ropoietin is impaired. This is usually associ-
ated with a partial replacement of the cellular 
components of the bone marrow with fibrous 
tissue [29–31].

Decreased parathyroid function alone does 
not cause anemia, but with immunological 
forms of hypoparathyroidism in combination 
with other endocrine disorders, megaloblas-
tic anemia and erythroblastopenia can be ob-
served [10, 32].

Diabetes
Diabetes mellitus along with serum creati-

nine level is one of the main reasons for the de-
velopment of renal anemia of varying severity 
[33]. If there are signs of diabetic nephropathy, 
such as albuminuria and/or decreased kidney 
function, the risk of anemia increases signifi-
cantly. Studies have shown that in 60 % of pa-
tients with anemia diagnosed on the basis of 
WHO criteria, a decrease in glomerular filtra-
tion rate was determined [34]. As kidney func-
tion worsens, the incidence of anemia increases 
regardless of gender. Hemoglobin concentration 
is most closely related to glomerular filtration 
rate, including in patients with normal serum 
creatinine. The results show that damage to 
interstitial cells or disruption of the interac-
tion between tubules, peritubular fibroblasts 
and endothelium, necessary for normal hema-
topoiesis, contribute to impaired erythropoietin 
secretion [34]. Some authors propose to consi-
der the production of this hormone as a marker 
of the severity of tubulointerstitial changes in 
diabetes mellitus [35]. In addition to damage 
to tubulointerstitial cells, anemia can also be 
caused by disturbances in the feedback mech-
anisms between tissue oxygenation, erythro-
poietin, and hemoglobin [34]. This is supported 
by the preservation of the response to acute  
hypoxia in patients with diabetes mellitus and 
anemia [36].

An inverse relationship was observed bet-
ween the content of erythropoietin and hemo-
globin in healthy people. In non-renal anemia, 
enhanced erythropoiesis is noted due to a com-
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pensatory increase in erythropoietin secre-
tion. At the same time, in patients with renal 
anemia, erythropoietin levels remain normal, 
reflecting its relative deficiency [37]. Some  
authors have revealed a negative correlation 
between the concentration of erythropoietin 
and the level of glycated hemoglobin and sug-
gested that a decrease in the secretion of eryth-
ropoietin may be a result of an increase in the 
level of glycated hemoglobin [38].

Anemia in diabetic nephropathy is usually 
more severe and develops faster than in pa-
tients with other types of diseases. For examp-
le, according to the NHANES III epidemiologi-
cal study conducted in the USA, the frequency 
of anemia in patients with chronic renal failure 
and diabetes was 2 times higher than in pa-
tients with a comparable impaired renal func-
tion who did not suffer from diabetes [39].

During of a simultaneous epidemiological 
study by S.A. Martynov et al. [40] with the 
inclusion of 2015 patients with type 1 diabe-
tes and type 2 diabetes found that a signifi-
cant increase in the number of patients with 
anemia in type 1 diabetes was observed at 
the 2nd stage of chronic kidney disease, i.e. 
with the onset of an initial decrease in renal 
filtration function (glomerular filtration rate  
< 90 ml/min / 1.73 m2), and with T2DM — at 
the 3rd stage of chronic kidney disease, i.e. 
since the formation of chronic renal failure (glo-
merular filtration rate < 60 ml/min / 1.73 m2). 
As chronic kidney disease progresses, the fre-
quency of anemia increases to 80 %. The se-
verity of anemia is influenced by the level of 
decrease in glomerular filtration rate and the 
severity of albuminuria.

Anemia is an underestimated risk factor. 
Causing tissue hypoxia, it promotes mitogenic 
and fibrogenic changes, and also modifies the 
expression of genes that regulate capillary 
angiogenesis and permeability, vasomotor re-
sponse, glycolysis, cell apoptosis, etc. [41]. In 
addition, anemia activates the sympathetic and 
renin-angiotensin systems, which contribute to 
the development of proteinuria and hyperten-
sion in patients with chronic nephropathy [42]. 
The earlier detection and correction of ane-
mia can lead to a reduced risk of cardiovascu-
lar complications in patients with diabetic  
nephropathy.

Disorders of the gonads
The relationship between androgens and 

erythropoiesis has been known for decades. 
Androgens stimulate the hematopoietic system 
through various mechanisms. These include 
stimulation of erythropoietin, increased bone 
marrow activity, including the incorporation of 
iron into red blood cells [43]. The insufficiency 
of the function of the gonads is accompanied by 
a decrease in the production of androgens. This 
leads to a decrease in Hb content by 10–20 g/l 
in combination with macrocytosis. With exces-
sive androgen production in patients, erythro-
cytosis is observed [44]. Men produce 3 times 
more erythropoietin than women. These differ-
ences depend on the stimulating effect of an-
drogens on erythropoiesis, the direct effect of 
androgens on CFU-E, and estrogen inhibition 
[45]. Therefore, the concentration of hemoglo-
bin in men is 10–30 g/l higher than in women. 
Castration and exogenous estrogens lead to a 
change in hemoglobin in men. After puberty, 
the number of red blood cells increases by about 
10–13 %. By the age of 60, the concentration 
of hemoglobin in men and women becomes the 
same. With testosterone treatment, hemoglobin 
levels can be restored. [7, 45, 46].

Disorders of the pituitary  
and hypothalamus

With insufficient function of the anterior 
pituitary gland, moderate normochromic nor-
mocytic anemia or anemia with slight macro-
cytosis and sometimes leukopenia can be ob-
served. The morphology of red blood cells is 
not changed. Anemia with hypopituitarism is 
secondary due to a deficiency of hormones that 
are secreted and controlled by the pituitary 
gland: thyroid, adrenal, androgens. Deficiency 
of hormones, such as growth hormones and  
prolactin, can cause anemia as with hypothy-
roidism. Hypopituitarism inhibits erythropoi-
esis due to changes in tissue oxygen consump-
tion. This leads to a decrease in the production 
of erythropoietin, a decrease in the mass of red 
blood cells. With insufficiency of the anterior 
pituitary, reticulocytopenia is noted with a pro-
nounced decrease in the number of erythroid 
germ cells in the bone marrow. With this di-
sease, the life expectancy of red blood cells is 
shortened, there are signs of ineffective eryth-
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ropoiesis. Growth hormone treatment norma-
lizes red blood counts [47–50].

Hypothalamic function insufficiency is ma-
nifested by moderate normocytic and normo-
chromic anemia. With iron or vitamin B12/folic 
acid deficiency, microcytic or macrocytic ane-
mia may develop [51]. Anemia in case of dys-
function of the hypothalamus is manifested as 
a result of the insufficiency of those hormones 
that it has affected (adrenal or androgen insuf-
ficiency, hypothyroidism) [52, 53].

Disorders of the adrenal glands
In chronic adrenal insufficiency (Addison’s 

disease), a decrease in the mass of red blood 
cells is observed, but it is masked by a decrease 
in blood plasma volume and dehydration. In 
untreated patients, the average hemoglobin 
level is about 130 g/l. After correction of de-
hydration, normochromic normocytic anemia 
is revealed. The hemoglobin concentration de-
creases to 80 % of the level determined before 
treatment. As treatment continues, the num-
ber of red blood cells in the blood normalizes. 
Sometimes anemia can take the features of 
megaloblastic. The mechanism of anemia is not 
known [10, 19, 54].

Addison’s disease can be accompanied by 
pernicious anemia, in which case the anemia 
can be macrocytic with megaloblastic changes 

in the bone marrow. Serum iron levels are nor-
mal, but erythrocyte iron utilization is slightly 
reduced. The mechanism for the development of 
anemia is unclear, but adrenalectomy always 
leads to hypoplasia of erythrocyte progenitors 
in the bone marrow. Apparently, cortisol indi-
rectly affects the rate of erythropoiesis, since 
the introduction of this substance causes an 
increase in oxygen consumption and subse-
quent stimulation of erythropoietin production. 
Secondary and tertiary chronic insufficiency of 
the adrenal cortex occurs with damage to the 
pituitary or hypothalamus and, as a rule, is ac-
companied by multiple hormonal insufficiency 
[10, 19, 54, 55].

Conclusions. Summarizing the literature 
data, it can be summarized that an increase 
or decrease in the function of individual endo-
crine glands leads to a disruption in the forma-
tion of erythropoietin, impaired absorption of 
iron, folic acid and vitamin B12 and, as a result, 
ineffective erythropoiesis. As a result, the re-
sulting anemia can worsen the course of the 
underlying disease, and its treatment is often 
effective only in conjunction with the adjust-
ment of hormonal status. These features must 
be taken into account in clinical practice in the 
management of patients with various endocrine 
pathologies.
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Anemia is a public health problem in almost all countries in the world, negatively affects human health, 

affects all sectors of the population and creates serious negative socio-economic consequences. The fact of ane-
mia is the basis for stating a pathological condition that requires a nosological diagnosis with the identification 
of the causes of anemia. The article presents a review of modern literature, covering the impact of endocrine 
pathology on the development of various types of anemia in humans. The importance of biologically active 
substances in normal erythropoiesis is described, the role of erythropoietin and the action of hormones of the 
endocrine glands on its formation are considered. Endocrine pathologies such as hypo- and hyperthyroidism, 
hypo- and hyperparathyroidism, diabetes mellitus, insufficiency of the pituitary, hypothalamus, sex glands, 
adrenal glands and features of the development of anemic conditions are discussed. An analysis of the literature 
showed that an increase or decrease in the function of individual endocrine glands leads to a disruption in the 
formation of erythropoietin, impaired absorption of iron, folic acid and vitamin B12 and, as a result, ineffec-
tive erythropoiesis. Anemia negatively affects the course of the underlying disease, significantly worsening its 
prognosis, and its treatment is more often effective only in conjunction with the adjustment of hormonal status. 
Despite significant progress in the study of the pathogenesis of anemia, the emergence of new scientific data on 
the issues and mechanisms of regulation of erythropoiesis, classification options for anemia are still being dis-
cussed, the criteria for diagnosing a number of anemias and its combination with chronic diseases of endocrine 
and non-endocrine nature are being reviewed.
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У статті представлений огляд сучасної літератури, що висвітлює питання впливу ендокринної па-
тології на розвиток різних видів анемій у людини. Описується значення біологічно активних речовин 
в нормальному еритропоезі, розглядається роль еритропоетину і дію гормонів ендокринних залоз на 
його розвиток. Обговорюються такі ендокринні патології, як гіпо- та гіпертиреоїдизм, гіпо- та гіпер-
паратиреоїдизм, цукровий діабет, недостатність функції гіпофіза, гіпоталамуса, статевих залоз, над-
нирників і особливості розвитку анемічних станів при них. Аналіз літератури показав, що анемія не-
гативно впливає на перебіг основного захворювання, істотно погіршуючи його прогноз, а її лікування 
частіше ефективно тільки спільно з коригуванням гормонального статусу. 
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В статье представлен обзор современной литературы, освещающей механизмы влияния эндокрин-

ной патологии на развитие различных видов анемий у человека. Описывается значение биологиче-
ски активных веществ в нормальном эритропоэзе, рассматривается роль эритропоэтина и действие 
гормонов эндокринных желез на его образование. Обсуждаются такие эндокринные патологии, как 
гипо- и гипертиреоидизм, гипо- и гиперпаратиреоидизм, сахарный диабет, недостаточность функции 
гипофиза, гипоталамуса, половых желез, надпочечников и особенности развития анемических состо-
яний при них. Анализ литературы показал, что анемия отрицательно влияет на течение основного 
заболевания, существенно ухудшая его прогноз, а ее лечение чаще эффективно только совместно с кор-
ректировкой гормонального статуса. 
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