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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This article presents the results of a study conducted to 

investigate the prevalence of certain hereditary diseases—
hereditary hemochromatosis, hereditary collagenopathies, and 
hemoglobin–enzymopathies—among the population of the 
Republic of Azerbaijan.

A total of 2,881 individuals of Azerbaijani ethnicity, differing 
in age and sex, were examined. The phenotypic frequencies 
of the investigated hereditary diseases were determined. The 
phenotypic prevalence of hereditary hemochromatosis among 
the population of the Republic of Azerbaijan was 12.3%, with 
a gene frequency of 0.1865. The highest phenotypic prevalence 
was observed among adults (21.2%), the lowest among 
newborns (6.7%), while among children it was 9.0%.

The prevalence of hereditary collagenopathies was highest in 
the southern regions (12.2%) and lowest among migrants and 
isolated populations (1.1%). The prevalence of hemoglobin–
enzymopathies were 14.3%, with the highest frequency 
observed in homozygous β-thalassemia (51.9%).

Thus, the conducted studies allowed us to genetically 
characterize the population of Azerbaijan.

Key words. Hereditary diseases, hemoglobin–enzymopathies, 
Azerbaijan.
Introduction.

Over the past two decades, medical-genetic, biochemical, 
and molecular-genetic studies of ethnic population groups 
worldwide have attracted considerable attention from the 
international scientific community. The exceptional relevance 
of these studies is primarily associated with their ability to 
identify families with severe hereditary pathology and to 
investigate the distribution of specific hereditary diseases 
within populations. The establishment of registries of hereditary 
pathology for densely populated regions, along with the analysis 
of the influence of individual population factors—primarily 
inbreeding, endogamy, and migration—on the segregation 
and mutational load of populations, enables a more accurate 
assessment of the hereditary burden of populations. From the 
perspective of clinical genetics, medical-genetic studies have 
proven to be particularly successful when conducted in isolates 
and semi-isolates. In a number of cases, these investigations 
have made it possible to determine the causes of the spread 
of hereditary diseases, identify new hereditary disorders, and 
subdivide previously unified nosological forms.

Comprehensive population-based and medical-genetic studies 
make it possible to obtain data on the frequency and distribution 
of hereditary pathology, which is ultimately essential for 
planning social measures aimed at the prevention of hereditary 
diseases.

Medical-genetic research was conducted to analyze 
the phenotypic and genotypic frequencies of hereditary 
diseases—including hereditary hemochromatosis, hereditary 

collagenopathies, hemoglobinopathies, and erythrocyte glucose-
6-phosphate dehydrogenase deficiency—in the Republic of 
Azerbaijan, based on population-genetic studies.

Thus, the aim of the present study is to determine the phenotypic 
and genotypic frequencies and the distribution of certain poorly 
studied hereditary diseases in the Republic of Azerbaijan using 
comprehensive biochemical and population-genetic methods.

The material was collected between 2000 and 2023 within 
the scientific program of the Department of Biochemistry of 
Azerbaijan Medical University.

Hereditary hemochromatosis (HH), which is one of the most 
common human diseases and is widely distributed across 
different human populations, often leads to severe complications 
and fatal outcomes if left untreated.

Iron is deposited primarily in the liver, pancreas, heart, and 
kidneys, leading to progressive cellular damage in these 
organs and subsequent proliferation of connective tissue. This 
process results in the development of liver cirrhosis, diabetes 
mellitus and other endocrine disorders, melanoderma, and 
cardiomyopathy. According to numerous authors, the global 
distribution of hereditary hemochromatosis is extensive; it is 
most frequently observed in European countries, as well as 
in America, Australia, and certain African and Asian regions. 
The heterozygous frequency of the HH gene in the European 
population is approximately 10%. Studies of the genogeography 
of diseases have shown that hereditary hemochromatosis 
is among the common hereditary pathologies in Caucasian 
populations. According to these authors, the frequency of 
the C282Y and H63D mutations associated with HH among 
Caucasians ranges from 1% to 24% [1-3]. The biochemical 
and genetic aspects, as well as the distribution of hereditary 
hemochromatosis in our republic, have not been previously 
studied. To identify HH, the following research methods were 
applied. Screening, biochemical, family-genealogical, and 
statistical methods were used to establish the diagnosis.
Materials and Methods.

The study was conducted between 2000 and 2023 within 
the scientific program of the Department of Biochemistry of 
Azerbaijan Medical University.

A total of 2,881 individuals were examined, including newborns, 
children, and adults. For hereditary hemochromatosis, 1,924 
individuals were analyzed (300 newborns, 176 children, and 
1,448 adults). For hereditary collagenopathies, 1,216 individuals 
were examined, and for hemoglobin–enzymopathies, 241 
individuals were included.

Screening, biochemical, family-genealogical, and statistical 
methods were used. Blood samples were analyzed to determine 
biochemical markers and genetic characteristics. Phenotypic 
and gene frequencies were calculated using standard population-
genetic methods. Statistical analysis included chi-square testing 
to assess the agreement between observed and expected values.
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Results and Discussion.
For hereditary collagenopathies, biochemical indicators such 

as hydroxyproline and glycosaminoglycans were evaluated. 
Hemoglobin–enzymopathies were identified based on 
hematological and biochemical parameters (Figure 1).

A comparative pairwise evaluation of phenotypic frequencies 
of hereditary hemochromatosis among patients with diabetes 
mellitus, cardiovascular diseases, urological disorders, liver 
cirrhosis, and other groups revealed differences in their 
indicators. A high frequency of hereditary hemochromatosis 
was observed among urological patients, individuals with liver 
diseases, and relatives of identified probands—42.0%, 23.0%, 
and 34.0%, respectively. The lowest frequency was found 
among patients with hemoglobinopathies and enzymopathies, 
at 6.0%.

The results of the assessment of phenotypic and gene 
frequencies among newborns, children of preschool and school 
age with various genetic forms, and adults with hereditary 
hemochromatosis are presented in Table 1. The data indicate 
that HH genes are unevenly distributed among the examined 
groups. The highest phenotypic prevalence of hereditary 
hemochromatosis was observed among adults (21.2%), with 
a gene frequency of 0.3536. In contrast, lower values were 
recorded among newborns, with a phenotypic frequency of 
6.7% and a gene frequency of 0.0867, while among children 
the phenotypic frequency was 9.0% and the gene frequency was 
0.1193. In terms of gene frequency, these values in children were 
higher than those observed in newborns (Table 1 and Figure 1).

The theoretically expected frequencies of mutant phenotypes 
of hereditary hemochromatosis were as follows: p² (normal 
homozygotes) – 0.5543 (212 individuals); 2pq (heterozygotes 
for hereditary hemochromatosis) – 0.2154 (135 individuals); q² 
(homozygotes for hereditary hemochromatosis) – 0.0210 (no 
homozygotes detected). The chi-square value was χ² = 0.3315 
with df = 1 and p < 0.05, indicating good agreement between 
the observed and theoretically expected frequencies (p < 0.05, 
df = 1).

Blood samples from the population of the Republic of Azerbaijan 
were examined to identify hereditary collagenopathies.

Hereditary collagenopathies (HCs) are characterized by a 
relatively high prevalence in both pediatric and therapeutic 
practice, a progressive course, multisystem involvement, early 
disability, and even death at a young age [4-6].

As is well known, collagens constitute a family of extracellular 
matrix proteins that play a crucial role in maintaining the 
structural integrity of organs and tissues, regulating water–
electrolyte balance, and participating in immune defense 
mechanisms, wound healing, bone fracture repair, platelet 
aggregation, and other processes [7].

Mutations in genes responsible for the synthesis of these 
proteins, or deficiencies in the activity of post-translational 
enzymes involved in collagen biosynthesis, lead to the 
development of disorders such as osteogenesis imperfecta, 
certain types of Ehlers–Danlos syndrome, Marfan syndrome, 
Alport syndrome, and chondrodysplasias. Similar mutations 
have also been identified in osteoarthritis and in various forms 
of osteoporosis, among other conditions [8].

Another serious problem in practical medicine involves 
diseases accompanied by excessive collagen synthesis, leading 
to the development of fibrosis of the lungs, liver, and kidneys. 
These disorders are based on genetic defects associated with 
reduced activity of enzymes involved in collagen degradation 
[9].

For the diagnosis of hereditary collagenopathies, biochemical 
indicators in blood and urine are also used, including levels of 
hydroxyproline, glycosaminoglycans, and other amino acids.

The prevalence of certain hereditary collagenopathies in most 
countries worldwide, including the Republic of Azerbaijan, 
is estimated at 10–15%. In our republic, the most frequently 
identified hereditary collagenopathies were Marfan syndrome, 
osteogenesis imperfecta, and familial mitral valve prolapse.

A total of 1,216 individuals were examined by a medical 
geneticist. Hereditary collagenopathies were diagnosed in 917 
individuals, while secondary collagenopathies were identified 
in 299 cases. Among the 917 individuals, 50 were healthy 
and constituted the control group. One hundred individuals 
were newborns, and 563 were school-aged children, parents, 
and relatives. Based on the obtained data, four main forms of 
hereditary collagenopathies were identified among the examined 
individuals: Marfan syndrome, osteogenesis imperfecta, familial 
mitral valve pathology, and various forms of connective tissue 
dysplasia. Of the 917 examined individuals, hereditary forms of 
HH were identified in 204 cases.

Table 2 presents various genetic forms of hereditary 
collagenopathies, as well as the phenotypic and gene frequencies 
of hereditary hemochromatosis (HH). In Marfan syndrome, 22 
heterozygous (68.8%) and 10 homozygous (31.2%) carriers 
were identified. In osteogenesis imperfecta, 22 patients were 
detected, of whom 17 (77.3%) were heterozygous and 5 
(23.0%) were homozygous carriers. In the familial mitral valve 
pathology syndrome, 50 patients were identified, including 33 
heterozygous (60.0%) and 17 homozygous (34.0%) carriers. 
In other forms of hereditary collagenopathies, among 100 
patients, 59 (59.0%) were homozygous and 41 (41.0%) were 
heterozygous carriers.

As shown in Table 2, the frequency of the mutant gene 
associated with hereditary collagenopathies ranges from 0.0208 
to 0.04525 and from 0.02844 to 0.08669. The highest genotypic 
frequencies were observed in patients with familial mitral valve 
pathology and other hereditary collagenopathies (0.04525–
0.08669). In other forms of hereditary collagenopathies, lower 
mutant gene frequencies were identified (0.02844 and 0.0208). 
These results indicate that hereditary collagenopathies are 
unevenly distributed within the population of the Republic of 
Azerbaijan.

Table 3 presents the phenotypic frequencies of the distribution 
of hereditary collagenopathies in various regions of the Republic 
of Azerbaijan.

Thus, the studies we conducted showed that hereditary 
collagenopathies are unevenly distributed among the population 
of the Republic of Azerbaijan. The highest prevalence was 
identified in the southern regions (12.2%), while the lowest 
prevalence was observed in the Nakhchivan Republic (2.2%) 
and among refugees from Georgia and Armenia (1.1%).
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Figure 1. Prevalence of phenotypic hemochromatosis among the population of the Republic of Azerbaijan.

Examined individuals Number of individuals examined Number of carriers Phenotypic frequency Gene frequencyHeterozygotes Homozygotes
Newborns 300 14 6 6.7 0.0867
School-aged children 176 11 5 9.0 0.1193
Adults 1448 110 201 21.2 0.3536
Total 1924 135 12.3 12.3 0.1865

Table 1. Phenotypic and gene frequencies among examined individuals with hereditary hemochromatosis.

Nosological forms Number examined Phenotypic frequency Gene frequencyHeterozygotes Homozygotes
Marfan syndrome 32 22(68.8%) 10 (31.2%) 0.02844
Osteogenesis imperfecta 22 17(77.3%) 5 (23.0%) 0.0208
 Familial mitral valve pathology syndrome 50 33(60.0%) 17 (34.0%) 0.04525
Various forms of connective tissue dysplasia 100 59(59.0%) 41 (41.0%) 0.08669
Total number 204 66.1(%) 20 0.04662

Table 2. Various phenotypic and genotypic forms of hereditary collagenopathies among the examined individuals.

Regions Examined population Phenotypic frequency
Population of the northern regions 88 9.6
Population of the eastern regions 62 6.8

43 4.7
Population of the southern regions 112 12.2
Population of the central regions 19 2.1

100 10.9
Nakhchivan Republic 20 2.2
Population relocated from the Republic of Georgia (migrants from Georgia) 10 1.1
Migrants from the Republic of Armenia 10 1.1
Total number 464 5.6

Table 3. Phenotypic prevalence of hereditary collagenopathies among the population of the Republic of Azerbaijan.

Various forms of hemoglobin–enzymopathies Phenotypic frequency, %
Homozygous β-thalassemia, n=125 51.9
Heterozygous β-thalassemia, n=53 22.0
Intermediate drepanothalassemia, n=5 2.1
Drepanothalassemia, n=8 3.32
α-Thalassemia, n=8 3.32
Structurally abnormal hemoglobins, n=34 14.1
Glucose-6-phosphate dehydrogenase (G6PD) deficiency, n=8 3.32

Table 4. Phenotypic frequency of various forms.
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The following hereditary diseases characteristic of our 
population includes hemoglobinopathies and enzymopathies. 
Hemoglobinopathies and enzymopathies constitute a large 
group of hereditary anemias that have been intensively studied 
over recent decades. They represent genetically determined 
abnormalities in the synthesis of globin polypeptide chains and 
disorders of enzyme activity, and they exhibit wide geographic 
distribution. In the Republic of Azerbaijan, hemoglobin–
enzymopathies are encountered more frequently (reaching up 
to 15% in certain regions), while deficiency of the enzyme 
glucose-6-phosphate dehydrogenase occurs in up to 11% in 
some areas. The most clinically significant conditions are 
homozygous states for these genes, as well as combinations 
of various abnormal hemoglobins with α- and β-thalassemias 
and structurally abnormal hemoglobins, which may lead to 
fatal outcomes. Heterozygous states are characterized by 
pronounced clinical and biochemical polymorphism, which 
often complicates their diagnosis and, consequently, the 
selection of appropriate therapeutic strategies. Researchers have 
demonstrated that carriage of certain hemoglobin abnormalities, 
such as α-thalassemia, negatively affects offspring viability and 
represents an unfavourable background that aggravates the 
course of many chronic diseases and pregnancy [10-12].

The present material presents data on the phenotypic 
frequency of hemoglobin–enzymopathies among the examined 
individuals. A total of 241 individuals with various clinical and 
genetic forms of hemoglobin–enzymopathies were examined. 
The obtained results on phenotypic frequencies are presented 
in Table 4.

A comparative evaluation of the phenotypic frequencies 
of hemoglobin–enzymopathies among patients revealed 
differences in their indicators. A high frequency of β-thalassemia 
was observed among patients with homozygous β-thalassemia 
(51.9%), in heterozygous β-thalassemia (22.0%), and among 
patients with structurally abnormal hemoglobins (14.1%). The 
lowest frequency was identified in patients with the intermediate 
form of drepanothalassemia (2.1%). Among patients with 
glucose-6-phosphate dehydrogenase (G6PD) deficiency, the 
prevalence was 3.32%. Similar frequencies (3.32%) were 
observed in patients with drepanothalassemia and α-thalassemia. 
The overall prevalence of hemoglobin–enzymopathies were 
14.3%.
Conclusion.

Thus, the conducted studies allowed us to genetically 
characterize the population of Azerbaijan by establishing 
the phenotypic frequencies of hereditary hemochromatosis, 
hereditary collagenopathies, and hemoglobin–enzymopathies.

A high frequency of these hereditary diseases was demonstrated 
in the studied blood samples obtained from the Azerbaijani 
population.
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