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slowing down of metabolic processes. The most char-
acteristic symptoms in adults include fatigue, weight 
gain, decreased cold tolerance, constipation, dry skin, 
and changes in voice tone. Occasionally, the clinical 
course can be asymptomatic for many years [5–7]. 

The most common cause is Hashimoto’s disease, 
which is chronic lymphocytic thyroiditis of autoimmune 
origin characterised by the presence of anti-thyroid per-
oxidase antibodies (anti-TPO) and anti-thyroglobulin 
antibodies (anti-TG), along with a characteristic ultra-
sonographic pattern showing a hypoechoic, heteroge-
neous gland structure. Anti-TPO antibodies are present 
in approximately 90% of individuals with Hashimoto’s 
disease, while anti-TG antibodies, being less specific 
and sensitive, are present in 60–80% of patients [8, 9]. 

Our study aimed to gather and summarise knowl-
edge from scientific literature regarding iron deficiency 
anaemia and its association with hypothyroidism in 

Introduction and aims

Iron is one of the essential microelements necessary 
for maintaining the body’s homeostasis. It serves 
various roles, including being a crucial component in 
the proper structure of many enzymes and support-
ing the transport of oxygen and electrons [1, 2]. Its 
deficiency can lead to anaemia, which is a common 
clinical condition often associated with thyroid diseases. 
The coexistence of these 2 clinical issues remains ambig-
uous and requires further research. This problem par-
ticularly affects women who are physiologically more 
predisposed to developing anaemia. Our study will 
focus on the occurrence of microcytic anaemia [3, 4]. 

Hypothyroidism is a complex of clinical symptoms 
resulting from a deficiency of thyroxine, leading to 
inadequate action of triiodothyronine in the body’s 
cells, which results in, among other things, a general 
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Abstract 
Iron is one of the essential microelements necessary for maintaining the body’s homeostasis. It serves various roles, including being 
a crucial component in the proper structure of many enzymes and supporting the transport of oxygen and electrons. Its deficiency can 
lead to anaemia, which is a common clinical condition often associated with thyroid diseases.
Iron deficiency is one of the most common nutritional deficiencies, and its prevalence is strongly associated with socioeconomic status. 
It is the primary cause of anaemia in 42% of children and 50% of women. Importantly, iron deficiency is placed among the top 5 causes 
of disability in women.
Thyroid peroxidase (TPO) is an enzyme essential for the production of thyroid hormones, and iron is a key factor in its proper function-
ing. Therefore, in the case of iron deficiency, the activity of this enzyme is also reduced. Iron is also a factor that is important in epigen-
etic modification processes, and its deficiency may contribute to genomic changes potentially promoting the development of autoimmune 
thyroid diseases.
Adequate supplementation in patients with Hashimoto’s disease is one of the crucial elements of effective therapy. In addition to iodine, 
selenium, and magnesium supplementation, attention should be paid to proper iron intake. Iron is an element that is a component of 
the heme enzyme - thyroid peroxidase, which owes its activity to the binding of haem, and its function is the production of thyroid hor-
mones. Iron can be delivered to the body in haem and non-haem forms. The haem form is found particularly in haemoglobin-rich 
red meat, but also in eggs, fish, and poultry. On the other hand, non-haem iron can be found in legumes, grains, fruits, and vegetables.
Our study aimed to gather and summarise knowledge from scientific literature regarding iron deficiency anaemia and its association 
with hypothyroidism in women, as well as the possible mechanisms and pathogenesis of these conditions. The paper also aims to high-
light that considering the high risk of iron deficiency, assessing iron status along with ferritin should be an integral part of additional 
diagnostic measures in cases of hypothyroidism, particularly Hashimoto’s disease. (Endokrynol Pol 2024; 75 (3): 253–261)
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population and approximately 10% of women of re-
productive age [3, 15].

In the face of the above data, an important observa-
tion is the frequent coexistence of these 2 clinical con-
ditions. In the case of recurrent or treatment-resistant 
anaemia, thyroid diseases are among the most common 
causes, and achieving a euthyroid state is a significant 
factor positively influencing haematological param-
eters. It is also worth noting that the characteristics 
of anaemia in laboratory tests can serve as a clue for 
initiating thyroid dysfunction diagnostics [16, 17]. 

Recent studies have shown that anaemia is more 
commonly associated with hyperthyroidism than hy-
pothyroidism, but the proportion of these cases is still 
significant. M’Rabet-Bensalah et al. reported a coexis-
tence of anaemia in 14.6% of cases with hyperthyroid-
ism and 7.7% with hypothyroidism [11]. 

The phenomenon that, even in patients in a eu-
thyroid state, there is a positive correlation between 
the levels of free thyroid hormones and the level of 
erythrocytes, haemoglobin, and haematocrit, has 
been emphasised in a large cohort study. It also led to 
the conclusion highlighting a simultaneous negative 
association between TSH levels, transferrin saturation, 
and serum iron levels [18–20].

In a group of individuals with subclinical hypo-
thyroidism, a prospective study was conducted by 
Christ-Crain et al., which demonstrated that achieving 
a euthyroid state results in an increase in erythropoietin 
levels, while haemoglobin and haematocrit remain 
unchanged [21].

The role of thyroid hormones 
in haematopoiesis 

Thyroid hormones are essential for the proper func-
tioning of the human body because they influence 
the regulation of metabolism. They are involved 
in modifying the basal metabolism and the metabolism 
of essential nutrients, including proteins, carbohy-
drates, and fats. Many systems in the human body rely 
on these molecules for proper functioning. They are 
especially vital for the cardiovascular, haematopoietic, 
reproductive, nervous, digestive, and integumentary 
systems, and mental health. Therefore, fluctuations 
in thyroid hormone levels have a negative impact on 
a patients’ daily functioning [8, 23–26]. When discussing 
their impact on the haematopoietic system, thyroid hor-
mones have a particular influence on erythropoiesis, 
which they promote by increasing the expression of 
the erythropoietin gene and its production in the kid-
neys. They also directly act on red blood cell precursors 
by enhancing their proliferation. There is an observa-
tion that the proliferative activity of the red blood cell 

women, as well as the possible mechanisms and patho-
genesis of these conditions. The paper also aims to high-
light that, considering the high risk of iron deficiency, 
assessing iron status along with ferritin should be 
an integral part of additional diagnostic measures in 
cases of hypothyroidism, particularly Hashimoto’s 
disease [1].

Epidemiology 

Autoimmune thyroid diseases (AITD), including 
Hashimoto’s disease, are among the most common 
autoimmune disorders worldwide. At the same time, 
Hashimoto’s disease is the most frequent cause of hy-
pothyroidism in countries where there is no iodine 
deficiency, which is necessary for proper thyroid hor-
mone production. AITD occurs 4–10 times more fre-
quently in women than in men. It affects 0.3–1.5/1000 
individuals per year (including 3.5–5/1000 individuals 
per year in females and 0.6–1.0/1000 individuals per 
year in males).

An important observation is that studies indicate 
the presence of anti-TPO and anti-TG antibodies in 
as many as 2–17% of women of reproductive age [1].

The group of women in a euthyroid state is char-
acterised by significantly higher haemoglobin levels 
compared to women with decreased or elevated thy-
rotropin hormone (TSH) values [3, 10]. 

The prevalence of subclinical hypothyroidism in-
creases with age and can affect up to 20% of women 
over 60 years old. This condition is defined as the co-
existence of proper levels of thyroxine and triiodo-
thyronine, with TSH levels exceeding the upper limit 
of the normal range. In the case of this condition, 
opinions regarding the frequency of its coexistence 
with anaemia are contradictory. M’Rabet-Bensalah et 
al. suggest that the frequency of anaemia occurrence 
is similar to the frequency in the euthyroid popula-
tion [11]. On the other hand, Erdogan et al. found 
that the frequency of coexistence of anaemia in overt 
and subclinical hypothyroidism does not differ sig-
nificantly. In the former case, it was reported as 43%, 
while in the latter, it was 39% [12].

Iron deficiency is one of the most common nu-
tritional deficiencies, and its prevalence is strongly 
associated with socioeconomic status. It is the pri-
mary cause of anaemia in 42% of children and 50% of 
women. Importantly, iron deficiency is placed among 
the top 5 causes of disability in women. It is estimated 
to affect approximately 64% of the population in Asia, 
62% in Latin America, 54% in South Asia, 9–50% 
in Eastern Europe, and 4–18% in the United States 
and North and Western Europe [1, 13, 14]. The peak 
incidence of anaemia particularly affects the elderly 
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lineage in the bone marrow is reduced in individuals 
with hypothyroidism, and there is a decreased concen-
tration of erythropoietin in the serum. Additionally, 
there is accumulation of mucopolysaccharides in 
the bone marrow observed in this patient group, which 
constitutes a part of physiological adaptation [16, 27]. 
Hypothyroidism is associated with a deficiency of tri-
iodothyronine, and its role also involves the induction 
of erythroid colony growth [3, 28].

A deficiency of thyroid hormones is associated with 
a decrease in the rate of metabolic processes in the body, 
which is related to reduced tissue oxygen demand. As 
a result, physiological adaptations occur, leading to 
a reduction in erythropoietin secretion and a decrease 
in the number and proliferative activity of erythroid 
cells. When the state of euthyroidism is restored, these 
processes are reversed [16, 29].  

Causes of iron deficiency and possible 
mechanisms leading to the development 
of anaemia in hypothyroidism

Several mechanisms can lead to the development 
of microcytic anaemia in hypothyroidism. These may 
include the following:

—— impaired absorption;
—— poor nutritional status;
—— chronic inflammation due to the activation of 
pro-inflammatory cytokines;

—— heavy menstrual bleeding, which is a common 
symptom in women with hypothyroidism [16, 29]. 
Excessive menstrual bleeding in hypothyroidism 

is caused by multiple factors. TSH consists of alpha 
and beta subunits. The alpha subunit is shared with 
follicle-stimulating hormone (FSH) and luteinis-
ing hormone (LH) and can partially mimic their 
actions. This results in decreased secretion of lu-
teinising hormone, leading to reduced progesterone 
levels, mid-cycle bleeding, and the absence of ovula-
tion. Among the hormonal disturbances observed 
in hypothyroidism, it is also important to note that 
the levels of hormone-binding proteins decrease. This 
leads to an increased concentration of free oestrogen 
in the blood, which exerts a proliferative effect on 
the endometrium. Changes in the extracellular matrix 
surrounding blood vessels and alterations in platelet 
function contribute to primary haemostatic disorders. 
In cases of severe hypothyroidism, it can even lead 
to severe menstrual bleeding, posing a serious risk of 
life-threatening anaemia [3, 30, 31]. 

Iron metabolism and thyroid hormone function are 
closely interconnected. On one hand, thyroid hormones 
directly act on the bone marrow, stimulating erythro-
poiesis, and on the kidneys, promoting erythropoietin 

(EPO) synthesis. On the other hand, iron is an essential 
element for the production of thyroid hormones as it is 
a component of thyroid peroxidase. Despite the above-
mentioned knowledge, the exact pathomechanism 
and cause of disturbances in iron homeostasis in hy-
pothyroidism are fully understood [16, 32]. 

Iron deficiency in patients with Hashimoto’s dis-
ease can also be caused by coexisting conditions that 
predispose patients to autoimmune disorders. These 
include impaired iron absorption, autoimmune gastritis, 
and celiac disease, which contribute to excessive loss of 
this microelement from the organism [8, 33, 34].

Another mechanism is the chronic inflammatory 
state maintained by the activity of pro-inflammatory 
cytokines. Another mechanism is the chronic inflam-
matory state maintained by the activity of pro-inflam-
matory cytokines. Hepcidin, belonging to acute-phase 
proteins, is a liver-derived peptide consisting of 25 
amino acids. Its transcription occurs through 2 signal-
ling pathways — the Stat3 pathway and the Smad 
1/5/8 pathway. The first pathway is mainly triggered 
by interleukin 6 (IL-6), while the second pathway 
originates from bone morphogenetic protein (BMP), 
and its activation is associated with the binding of BMP 
receptor to activin B. Hepcidin binds to ferroprotein 
in enterocytes, liver, and splenic macrophages, and is 
subsequently degraded. The overall effect of its action 
is a decrease in blood iron levels, which is caused by 
retaining this element in macrophages and inhibiting 
its absorption from the gastrointestinal tract. It can be 
inferred that overexpression of hepcidin will result in 
iron deficiency anaemia, while its reduced expression 
will lead to iron overload states [16, 35]. 

Knowing the role, mechanism of action, and the fact 
that this protein is often associated with autoimmune 
diseases, it can be stated that its increased expression is 
another reason for the increased risk of iron deficiency 
anaemia in Hashimoto’s disease [16]. 

It has been observed that in the transition from hy-
pothyroidism to euthyroidism in patients with Hashi-
moto’s disease, the concentration of hepcidin sig-
nificantly decreases. This is related to the dynamics of 
iron metabolism changes during the course of the dis-
ease and its treatment process [16, 36].

Role of chronic inflammation  

Hashimoto’s disease, also known as chronic lympho-
cytic thyroiditis or autoimmune thyroiditis (AIT), is 
a medical condition characterised by chronic inflam-
mation. Its pathogenesis is particularly associated with 
the production of autoantibodies against thyroid perox-
idase (anti-TPO) and thyroglobulin (anti-TG), as well as 
infiltration of the thyroid gland by T and B lymphocytes, 
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especially CD4+ Th1 cells. The inflammatory state that 
occurs in the thyroid gland contributes to the destruc-
tion of thyroid follicles, which become replaced by 
small lymphocytes. This results in a hypoechoic ap-
pearance of the tissue in ultrasound imaging. Due to 
the chronic inflammatory process, fibrosis and atrophy 
of the thyroid parenchyma occur. It has been observed 
that the level of anti-TPO antibodies is associated with 
the concentration of high sensitivity C-reactive protein 
(hs-CRP), which may indicate the role of chronic inflam-
mation in thyroid autoimmunity [8, 37, 38]. A study 
conducted on a group of 91 patients with Hashimoto’s 
disease, including 42 individuals in a hypothyroid 
state and 49 in a euthyroid state, as well as 50 healthy 
individuals, showed a higher level of pro-inflammatory 
cytokines (including IL-6, IL-12, IL-10) and tumour ne-
crosis factor alpha (TNF-a) in people with Hashimoto’s 
disease [39]. A similar study was conducted on a group 
of women, where it has been observed that in the pres-
ence of anti-thyroid antibodies, higher levels of Il-6 are 
secreted into the bloodstream. This increase indicates 
endothelial dysfunction, which further contributes to 
the development of atherosclerosis [40]. A factor that 
can provide evidence supporting the role of chronic 
inflammation in the development of Hashimoto’s dis-
ease is the fact that implementing an anti-inflammatory 
diet, with a reduced intake of animal-derived products 
and rich in vitamins, can be helpful in the therapy 
and prevention of this disorder [8, 41, 42]. In terms of 
inflammation, iron deficiency can be a factor contribut-
ing to its development. There is an observed association 
between iron deficiency and the formation of anti-TPO 
antibodies [1]. 

The role of iron in the functioning of TPO 
and iron deficiency as a modifying factor 
in the production of anti-TPO antibodies 

Thyroid peroxidase (TPO) is an enzyme essential for 
the production of thyroid hormones, and iron is a key 
factor in its proper functioning. Therefore, in the case 
of iron deficiency, the activity of this enzyme is also 
reduced [1]. A study was conducted on 7 groups of 
rats, where 3 groups were given an iron-deficient diet 
(ID-3 — 3 ppm; ID-7 — 7 ppm; ID-11 — 11 ppm), 
while the rest received an adequate amount of iron 
(35 ppm). After 4 weeks, the results were evaluated 
by measuring haemoglobin, T3, T4, and TPO activity. In 
the iron-deficient diet group, significantly lower values 
were observed for the measured parameters, and TPO 
activity was reduced proportionally to the decreasing 
iron intake by 33%, 45%, and 56%. This study confirms 
that iron deficiency decreases TPO activity [43]. A study 
conducted on humans confirms a decrease in TPO activ-

ity by 33–56% in the iron-deficiency group. The extent 
of the enzyme activity reduction was associated with 
the level of iron deficiency [44]. In the case of iron 
deficiency, the binding of T3 to its nuclear receptor is 
impaired [45, 46]. Additionally, iron deficiency results 
in decreased activity of 5’-deiodinase and reduced 
utilisation of T3 from the bloodstream [47]. In addition 
to the abovementioned role of iron deficiency in TPO 
function, it is vital to emphasise that this condition 
also plays a role in anti-TPO antibody production. Iron 
deficiency is one of the factors that initiates the inflam-
matory process in the thyroid gland, leading to the pro-
duction of anti-thyroid antibodies, among other effects. 
Thyroglobulin (TG), which constitutes about 80% of 
the total thyroid protein, enters the systemic circulation, 
exposing it to the immune system. Two major confor-
mational epitopes are located on the thyroid peroxi-
dase molecule surface — these are A and B. Anti-TPO 
antibodies are directed against them [3]. The action of 
anti-TPO antibodies leads to atrophy of the thyroid 
gland through 2 types of cytotoxicity: antibody-de-
pendent cytotoxicity and complement-dependent 
cytotoxicity. The association between iron deficiency 
and autoimmune diseases is higher in women than 
in men. The risk is particularly emphasised in chronic 
obstructive pulmonary disease, urticaria, chronic liver 
disease, hypertension, and dyslipidaemia. Additionally, 
the risk is significantly increased in the 20–40 years age 
group, where the development of an autoimmune dis-
ease within 5 years of iron deficiency diagnosis can oc-
cur in up to 65% of individuals [1, 48]. Studies show that 
overt and subclinical hypothyroidism occurs more fre-
quently in individuals with iron deficiency compared to 
those without iron metabolism disorders. Furthermore, 
the severity of this deficiency acts as a modifying factor 
in the prevalence of autoimmune thyroid diseases [1]. 
Focusing specifically on the female population, a study 
conducted on 2581 pregnant women revealed that 
the level of anti-TPO antibodies was higher in the case 
of iron deficiency, with no differences in T4 observed 
among the compared groups. Additionally, in 2021, 
a meta-analysis was conducted, which demonstrated 
that iron deficiency in women of reproductive age leads 
to a twofold increase in the risk of elevated levels of 
anti-TPO and/or anti-TG antibodies [49]. 

Iron deficiency as a factor inducing 
genomic changes that promote 
the development of autoimmune thyroid 
diseases (AITDs)

In addition to environmental and genetic factors con-
tributing to the development of autoimmune thyroid 
diseases, epigenetic changes cannot be overlooked. 
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External factors can significantly modify gene expres-
sion, and the best-known type of these modifications 
is DNA methylation. Iron is a factor that is important 
in epigenetic modification processes, and its defi-
ciency may contribute to genomic changes potentially 
promoting the development of autoimmune thyroid 
diseases [1]. Iron deficiency can impair DNA synthesis 
and lead to disturbances in programmed cell death. 
DNA damage is intensified, nuclear DNA bases are 
destroyed, and single- or double-strand breaks result 
in genome instability. Chromosome fragility increases, 
and the exchange of sister chromatids decreases. 
Insufficient levels of this element promote oxidative 
stress, and the mechanisms regulating it become dys-
regulated [1, 50]. In addition to causing DNA damage 
and promoting oxidative stress, iron deficiency re-
duces the availability of deoxyribonucleotides, which 
are necessary for DNA repair. Iron deficiency results 
in inadequate functioning of enzymes that contain 
this element. Consequently, insufficient replication, 
synthesis, and repair of DNA are observed due to 
impaired functioning of enzymes such as DNA poly-
merase, ribonucleotide reductase, DNA glycosylase, 
DNA endonuclease, DNA primase, and DNA helicase. 
Iron deficiency is also associated with disturbances in 
the formation and proper expression of microRNAs, 
which are involved in iron homeostasis. They are re-
sponsible for the post-translational regulation of genes 
involved in iron uptake, utilisation, and storage [51]. 
Insufficient iron content in the organism leads to hy-
poxia and enhances the formation of reactive oxygen 
species. The hypoxic state contributes to the overexpres-
sion of miR-373 and miR-210, which in turn disrupt 
DNA repair. Iron is also essential for histone modifica-
tions, which are disrupted in cases of iron deficiency. 
The removal of methyl groups from lysine residues, 
which is regulated by histone demethylase activity, is 
impaired [52]. 

Influence of iron deficiency on residual 
symptoms in AITD 

Residual symptoms of hypothyroidism include, among 
others, reduced quality of life, cognitive impairments, 
fatigue, and memory problems. These symptoms af-
fect approximately 10-15% of patients and are often 
present despite proper control of the thyroid hormone 
levels. One of the most common symptoms in patients 
with hypothyroidism is commonly referred to as “brain 
fog” Researchers suggest that oxidative stress, autoim-
mune conditions, and changes in neurotransmitter 
levels may contribute to its development [53]. Etteson 
et al. observed that the phenomenon of “brain fog” may 
be present in up to 79% of patients with hypothyroidism 

[54]. Mental health is another aspect that is particularly 
affected by thyroid dysfunction. Wet et al. observed 
an association between elevated levels of anti-TPO 
antibodies and an increased risk of depression and anxi-
ety [55]. Autoimmunisation of the thyroid gland, in 
addition to its impact on quality of life, significantly 
increases the risk of depression and anxiety disorders 
in euthyroid patients with Hashimoto’s disease who 
are undergoing independent levothyroxine substitution 
[8, 56]. Another modifying factor influencing residual 
symptoms is the individual’s iron status. Deficiency 
of this microelement has a negative impact on neuro-
plasticity and the production of neurotransmitters. In 
a study conducted by Japanese scientists, the above-
mentioned issue of depression and perceived stress 
was observed. Analysis of 11,876 cases revealed that 
iron deficiency significantly exacerbates the experience 
of low mood, including depression and stress [57, 58]. 
Iron deficiency significantly weakens the body’s toler-
ance to stress and noticeably increases the activity of 
the sympathetic nervous system by reducing tissue 
oxygenation and the consumption of noradrenaline. In 
Finland, a study was conducted involving 25 women 
who, despite achieving a euthyroid state, still experi-
enced symptoms of hypothyroidism. At the beginning 
of the experiment, none of the women had anaemia, 
but their ferritin levels were < 60 mcg/L. They were 
given 6–12 months of oral iron supplementation. After 
this period, the symptoms related to hypothyroidism 
gradually disappeared, with significant improvement 
observed when ferritin levels exceeded 100 mcg/L. 
Symptoms noticeably diminished in 2/3 of the patients 
at this ferritin level [59]. Iron supplementation in hy-
pothyroidism treatment can help increase the body’s 
resilience to stress, improve immune function, and re-
duce sympathetic nervous system activity. It enhances 
the binding of T3 to its nuclear receptor. Additionally, it 
improves the utilisation of iodine in thyroid hormone 
production and increases the bioavailability of thy-
roid hormones by supporting the activity of deiodinases 
and thyroid peroxidase [1]. 

The microbiome and iron metabolism 
changes in hypothyroidism

The intestines are one of the most vital sites responsible 
for the body’s immunity. This is due to the presence of 
tissues and immune cells that remain in close contact 
with the gut microbiota [3, 60]. It also serves as an es-
sential element for maintaining the body’s homeosta-
sis, and it is through the gut that the immune system 
defends the body against microorganisms. It also plays 
a role in maintaining metabolic and nutritional homeo-
stasis [8, 61, 62]. In adults, the composition of gut mi-
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crobiota is associated with dietary habits and changes 
that occur during illnesses, but over a longer period 
it tends to remain relatively stable [63, 64]. The im-
mune function is not the only role of the microbiota. 
One of its vital roles is having an influence on thyroid 
function through the thyroid-gut axis. It also affects 
the absorption of iron, which can lead to anaemia in 
patients with thyroid disorders [65, 66]. The develop-
ment of autoimmune and inflammatory diseases, as 
indicated by research, is associated with gut dysbiosis, 
which refers to disturbances in the proper composi-
tion of the microbiota, increased intestinal perme-
ability, and bacterial overgrowth [8]. Gut dysbiosis is 
a commonly occurring phenomenon in Hashimoto’s 
disease. Specific bacterial strains present in dysbiosis 
of lymphocytic thyroiditis are found to be associated 
with clinical features of the disease [63, 67]. These 
processes contribute to the promotion of autoimmune 
processes occurring in the body [68]. Cross-sectional 
studies conducted on patients with Hashimoto’s dis-
ease highlight that their gut microbiota has a different 
composition and diversity compared to control groups 
[8, 63, 67, 69]. Studies conducted by Cayres et al. have 
shown that patients with Hashimoto’s disease experi-
ence a reduction in the number of Bifidobacterium 
species, while there is an increase in the number of 
Bacteroides species. Among patients receiving levothy-
roxine supplementation, the presence of Lactobacillus 
species was less frequent compared to those not un-
dergoing this replacement therapy [8]. These changes 
are associated with the function of thyroid hormones 
themselves and fluctuations in their levels [63]. Diet is 
one of the main factors modulating the composition of 
gut microbiota, and researchers have observed signifi-
cant differences in the consumption of specific nutrients 
and foods. Importantly, patients with hypothyroid-
ism should pay special attention to a diet supporting 
a healthy gut microbiota composition [70, 71]. The main 
problem for patients with Hashimoto’s disease, which 
is the variability of thyroid hormone levels, is also 
a factor that has a significant impact on the composi-
tion and quantity of gut microbiota. Importantly, these 
changes also contribute to an increased risk of bacterial 
overgrowth. In addition to thyroid dysfunction contrib-
uting to changes in gut microbiota, the microbiota itself 
can lead to significant metabolic changes. This is due to 
its role in regulating the circulation and deconjugation 
of thyroid hormones [63]. Proper gut microbiota ensures 
sufficient acquisition of various nutrients, macronutri-
ents, and micronutrients from the intestines. Therefore, 
the homeostasis of iron metabolism is also dependent, 
among other factors, on the state of gut bacterial flora. 
Gut microbiota can increase the iron bioavailability by 
lowering the pH through the short-chain fatty acids 

production. Low pH is necessary for the iron absorp-
tion in the proximal part of the duodenum through 
the divalent metal ion transporter 1. Non-haem iron 
in its III oxidised form is reduced to the ferrous form II 
by cytochrome b. Any disruptions in the gut microbiota 
composition lead to disturbances in this process [72]. On 
the other hand, completing the issue of inflammation, 
which is an integral part of autoimmune processes, 
improving the overall condition of gut microbiota is es-
sential to reduce the activity of inflammatory processes 
in the body [63]. 

Changes in complete blood count 
in hypothyroidism 

Anaemia is a common phenomenon associated with hy-
pothyroidism, which can be observed in up to 20–60% 
of patients [16, 64]. In general, anaemia in this group 
of patients is most commonly normocytic, while in 
Hashimoto’s disease it is often macrocytic. However, 
the coexisting iron deficiency in these disorders 
contributes to the exacerbation of anaemia, and thy-
roid hormone deficiency further impairs the viability 
of red blood cells [73]. One of the most common causes 
of recurrent or treatment-resistant anaemia is thyroid 
dysfunction. On the other hand, the characteristics of 
anaemia can be the first symptom suggesting thyroid 
disease in asymptomatic patients [16]. An important 
finding is that even subtle changes in thyroid function 
in euthyroid patients can modify red blood cell param-
eters [18, 73]. A characteristic indicator that increases in 
cases of iron deficiency anaemia is red cell distribution 
width (RDW), which reflects red blood cell anisocy-
tosis. The higher the value, the greater the degree of 
anisocytosis. A decrease in this parameter indicates 
iron homeostasis improvement and, consequently, 
more efficient erythropoiesis [16]. Its increase has 
been observed in patients with hypothyroidism in 
the course of Hashimoto’s disease [73, 74]; however, 
its gradual reduction occurs with the restoration of 
euthyroid state. Additionally, an increase in the RDW 
index may suggest the presence of thyroid inflam-
mation in Hashimoto’s disease, even in patients in 
a euthyroid state [75]. Changes in the RDW coefficient 
variation (RDW-CV) index can be an early indicator 
of disturbances in iron homeostasis. This parameter 
is positively correlated with TSH levels in the healthy 
population, which makes it a potential indirect marker 
of hypothyroidism in women, particularly in cases 
where iron deficiency anaemia has been ruled out [16].

In a prospective observational study conducted at 
a tertiary endocrinology centre, patients with newly 
diagnosed hypothyroidism due to Hashimoto’s disease 
were observed. In the next phase of the study, their 
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results were compared before and after restoration 
of euthyroid state. The results revealed a significantly 
lower median hepcidin concentration after treatment 
[7.7 (6.2–13.0) ng/mL] compared to the pre-treatment 
period [17.4 (7.6–20.4) ng/mL]. There was a positive cor-
relation between hepcidin concentration and fT3 levels 
at the time of diagnosis. Overall, no significant changes 
in iron and ferritin levels were observed, but among 
the female participants, a positive correlation was 
found between ferritin concentration before and after 
treatment. Additionally, despite the levels of RDW-CV 
and mean corpuscular volume (MCV), and mean cor-
puscular haemoglobin (MCH) being within the normal 
range in both study periods, statistically significant 
differences were noted between hypothyroidism 
and euthyroidism. Importantly, in the course of hy-
pothyroidism, there is a decrease in plasma volume, 
which may lead to an underestimation of haemoglo-
bin concentration and subsequent failure to diagnose 
anaemia. It is also related to the fact that upon return-
ing to a euthyroid state, there is no significant change 
in haemoglobin concentration due to plasma volume 
increase. An important conclusion drawn from this 
study is that effective L-thyroxine supplementation 
leading to the restoration of a euthyroid state is associ-
ated with a reduction in hepcidin concentration, closely 
related to maintaining iron homeostasis. The RDW-CV 
index improves, and the association between hepcidin 
concentration, free triiodothyronine (fT3), and ferritin 
becomes apparent [16]. Improvement in thyroid hor-
mone levels has been observed in women with thyroid 
dysfunction and anaemia who have undergone iron 
supplementation [8]. On the other hand, one of the ret-
rospective studies conducted on 180 women highlights 
that haemoglobin levels, MCV, ferritin levels, hae-
matocrit, and iron status were significantly reduced 
in subjects with elevated TSH levels and anti-TPO 
and anti-TG antibodies. There is a significant positive 
correlation between the levels of free thyroid hormones 
and ferritin, while a negative correlation exists between 
ferritin levels and TSH [3]. 

Iron supplementation in Hashimoto’s 
disease 

Adequate supplementation in patients with Hashimoto’s 
disease is one of the crucial elements of effective ther-
apy. In addition to iodine, selenium, and magnesium 
supplementation, attention should be paid to proper 
iron intake. Iron is an element that is a component of 
the haem enzyme — thyroid peroxidase, which owes 
its activity to the binding of haem, and its function is 
the production of thyroid hormones [8]. Iron can be 
delivered to the body in haem and non-haem forms. 

The haem form is found particularly in haemoglo-
bin-rich red meat, but also in eggs, fish, and poultry. 
On the other hand, non-haem iron can be found in 
legumes, grains, fruits, and vegetables [76]. Thyroid 
diseases, especially autoimmune ones, including 
Hashimoto’s disease, often coexist with other autoim-
mune disorders that disrupt iron metabolism. These 
include autoimmune gastritis, which contributes to 
iron absorption impairment, and celiac disease, which 
further exacerbates the loss of this element from the or-
ganism [8, 77]. On the other hand, iron deficiency con-
tributes to the increased production of autoantibodies 
against TPO and TG, which is particularly evident in 
women of reproductive age [8]. Studies have shown 
that iron supplementation in women with coexisting 
anaemia and thyroid disorders contributed to regulat-
ing thyroid hormone levels [78, 79]. It is emphasised that 
in the presence of significantly elevated levels of TSH, 
anti-TPO, and anti-TG, there is a significant decrease 
in haemoglobin, haematocrit, iron, ferritin, and MCV 
levels [8]. Studies lead to the conclusion that patients 
with autoimmune thyroid diseases are more susceptible 
to developing iron deficiency anaemia. Individualised 
iron supplementation is a crucial element in the therapy 
of thyroid disorders because there is evidence suggest-
ing a negative correlation between the concentration 
of anti-TPO autoantibodies and the levels of ferritin 
and iron. This confirms an increased risk of iron defi-
ciency, among other factors, in Hashimoto’s disease [8]. 
Just as proper supplementation of thyroid hormones 
in the form of L-thyroxine normalises haematological 
parameters, iron substitution in subclinical hypothy-
roidism further enhances the effectiveness of levothy-
roxine treatment. Importantly, in patients with anaemia, 
L-thyroxine therapy is less well tolerated. Therefore, 
a recommended approach is to initiate iron supple-
mentation as the first step, followed by the addition of 
levothyroxine.
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