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Introduction. For the majority of he-
reditary diseases associated with organs 
of hearing, a large number of genes have 
been identified with a significant variety 
of mutations contributing to their devel-
opment [6, 9-11; 13, 14, 18, 22, 25-29, 
31], also regional and ethnic differenc-
es in the spectrum and frequencies of 
identified mutations have been manifest-
ed [3, 7, 15, 19-23, 30, 36]. Hereditary 

hearing impairments (HI) are genetically 
heterogeneous and manifest with differ-
ent penetrance, which requires a special 
approach to the development of molec-
ular diagnostics methods for genetical-
ly different forms of deafness [12, 24]. 
Recently, a significant number of works 
have been published on the successful 
identification (using various strategies 
of WES - exome sequencing) of genetic 
factors leading to hearing loss (HL) and 
the list of genes associated with hearing 
loss is constantly expanding (Hereditary 
Hearing Loss Homepage: http://hered-
itaryhearingloss.org). To search for the 
molecular genetic causes of rare forms of 
deafness in humans at the first stage of 
research, a thorough clinical and genea-
logical analysis of families of deaf people 
with large pedigrees is required.

It is known that the accumulation of a 
rare genetic disease due to the founder 
effect can occur in small isolated human 
populations. Most of the genes associ-
ated with one or another rare genetic 
disease, including those associated with 
hearing impairment, were first identified 
in families with large branched pedigrees 
with numerous affected individuals from 
isolated populations with a high endoga-
my index (Ashkenazi Jews, Finns, Sami, 
as well as inbred families from the Middle 
East and South Asia) [4, 8, 11]. In such 
populations, there is  high probability of 
detecting new genes for human mende-
lian diseases. In Russia, the study of the 
fundamental foundations of rare (mono-

genic) human diseases can be carried 
out using the example of endogamous 
populations of the peoples of the Cauca-
sus, the Volga-Ural region, Siberia and 
indigenous peoples of the North.

As a result, the studies of congenital 
forms of deafness (as one of the most 
frequent mendelian human diseases) in 
poorly studied regions of the world, such 
as the territory of Siberia, are especially 
relevant. Earlier, according to the contri-
bution of GJB2 gene mutations (Cx26) 
among samples of patients with hearing 
impairments from Siberian regions, the 
following were described in detail: the 
Altai Republic [16], the Sakha Republic 
(Yakutia) [5, 33] and the Tyva Republic 
[2, 34, 37]. The study of hereditary deaf-
ness in the Republic of Buryatia is a log-
ical continuation of research among the 
populations of Siberia, which makes it 
possible to close many “blank spots” con-
cerning the issues of genetic epidemiolo-
gy of hereditary forms of deafness.

The aim of this study is to conduct au-
diological and clinical-genealogical anal-
ysis of the families with hearing impair-
ment in the Republic of Buryatia, which 
will serve as the basis for further study 
of the molecular genetic etiology of HI in 
peoples of Eastern Siberia.

Materials and methods.
The patients
During the expedition work of the Ya-

kutsk Scientific Center for Complex Med-
ical Problems (Yakutsk) in the Republic 
of Buryatia 165 (n=160 unrelated) deaf 
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people were examined in the city of Ulan-
Ude. Among them, males accounted for 
41.2% (n=68), females - 58.8% (n=97). 
The average age 48.7±14.9 years. Ethnic 
composition of the sample: Buryats - 79 
people (47.9%), Russians - 76 people 
(46.1%) and representatives of other eth-
nicity - 10 people (6%) (Metis (Buryats/
Russian) - 2, Mongol - 3, Nanai- 1, Ger-
man - 1, Uzbek -1, Chuvash -1, Evenk 
- 1). The characteristics of the sample of 
the subjects are presented in Table 1.

Audiological examination. The sur-
vey was used to find out complaints about 
the state of hearing, the presence of dis-
charge from the ear, tinnitus, dizziness. 
For each patient, the following informa-
tion was obtained: life history, medical 
history (including previous illnesses), in-
formation about allergic reaction, injuries 
and / or operations, use of ototoxic drugs, 
contact with industrial noise. The otologic 
examination was carried out by the uni-
fied algorithms on the KaWe Combilight 
otoscope. The complete audiological 
examination was performed using a tym-
panometer and an audiometer “AA222” 
(“Interacoustics”, Denmark). Audibility 
thresholds were measured by air con-
duction at frequencies 0.25, 0.5, 1.0, 2.0, 
4.0, 8.0 kHz and bone conduction at fre-
quencies 0.25, 0.5, 1.0, 4.0 kHz in 5.0 dB 
increments. The degree of hearing loss 
was assessed by  hearing thresholds of  
better-hearing ear in the voice frequen-
cy range (VFR) in accordance with the 
international classification under which 
I degree is equal to 26-40 dB in VFR, II 
degree - 41-55 dB, III degree - 56-70 dB, 
IV degree - 71-90 dB, deafness > 90 dB.

Clinical-genealogical analysis. For 
each participant of the study there was 
an individual card that included the fol-
lowing information: the participant's last 
name, first name, and patronymic, as 
well as their parents; age; ethnicity up to 
the third generations; place of birth and 
residence; and profession. The individ-
ual map included information about the 
main ENT diagnosis, the probable cause 
of hearing loss, age at the time of onset 
of hearing loss, the presence or absence 
of hereditary burden and concomitant 
diseases. After collecting the necessary 
information (family history), a pedigree 
was compiled for each proband for clin-
ical and genealogical analysis. The in-
formation about otorhinolaryngologic 
diagnosis, potential cause of HI onset of 
HI, presence or absence of relatives with 
HI, including concomitant diseases in the 
individual patient’s card. The pedigrees 
compiled on the basis of all obtained 
data were subjected to subsequent clin-
ical-genealogical analysis. 

To confirm the hereditary nature of 
deafness/hearing loss and clarify the 
type of inheritance, a segregation anal-
ysis was performed. To take into account 
possible distortions related to the fea-
tures of material collection (insufficient 
awareness of the proband about close/
distant relatives and their health), the ex-
pected segregation frequency (SF) was 
calculated using the proband method 
[17, 32, 39]. The following formulae were 
used for calculations: 

to calculate the probability of register-
ing a trait in families: 

π = ∑n/∑r (1)
where: π - probability of registration; 

n - number of all probands in all siblings; 
r - number of those affected in all sib-
stances;

to calculate the expected segregation 
frequency of a trait in families:

SF = ∑r - n/∑s - n (2)
where: SF - expected segregation fre-

quency, r - number of affected individuals 
in all siblings, n -number of all probands 
in all siblings, s - total number of siblings 
in siblings;

calculate the standard deviation:
σ = √SF (1 - SF)/∑s - n (3)
where: σ - standard deviation, SF - 

segregation frequency, s - total number 
of siblings in siblings; n - number of all 
probands in all siblings;

test the hypothesis about the type of 
inheritance:

t = SF0 - SF/σ (4)
where: t - student's t-test, SF0 - theo-

retically expected segregation frequency, 
SF - segregation frequency, σ - standard 
deviation.

Ethical approval. All examinations 
provided in this study have been con-
ducted with the informed written con-
sent of all participants or their parents. 
This study was approved by the local 
Biomedical Ethics Committee of Federal 
State Budgetary Scientific Institution “Ya-
kut Science Centre of Complex Medical 
Problems”, Yakutsk, Russia (Protocol #7, 
August 27, 2019).

Results сlinical-audiological analy-
sis. Based on the results of clinical and 
audiological analysis, the sample was 
divided into two groups - deafness and 
hearing loss of varying severity, the cri-
terion for distinguishing which is a differ-
ent degree of HL. Of the 165 examined 
individuals, deafness was diagnosed in 
116 (70.3%) people, the remaining 49 
(29.7%) individuals - HL.The results of 
clinical-audiological analysis are sche-
matically shown in Figure 1.

All 116 deaf individuals had bilater-
al permanent sensorineural HL. Of all 
patients 62 individuals believe that they 
have HL from birth/infancy (congenital). 
Prelingual (period before speech forma-
tion, up to 2-3 years) form of HL is noted 
by 30 people, postlingual (after speech 
formation) form - 24 individuals, of which 
17 began to HL in preschool age (from 
3 to 7 years old), the rest 7 - at school 
age. The main reasons for HI are subjec-
tively considered: heredity - 26 people, 
past infectious diseases - 10 people, past 
organ/tissue inflammation - 25 people, 
possibly injuries received in childhood 
- 11 people, possibly toxic effects of an-
tibiotics - 1 person, found it difficult to 
answer - 1 person, do not associate with 
anything - 40 people. Objectively, during 
otological examination, the majority of 
the examined among the otologic prob-
lems are noted: otitis media - 26 people, 
tiniitis - 32 people, dizziness - 25 people. 
Otologic problems are presented in detail 
in Figure 1.

In another group with HL (n = 49), 37 
individuals have the bilateral persistent 
HL of the sensorineural type, 11 individ-
uals of the mixed (conductive and sen-
sorineural) type, and one person of the 
conductive type. Of these, 14 individuals 
have a congenital form of HI, 33 people 
- juvenile (15 people - prelingual, 18 peo-
ple - postlingual) and 2 people noticed 
HL in adulthood. Subjectively, of the main 
causes of HI are noted: heredity - 13 
people, transferred infectious diseases 
- 6 people, transferred inflammation of 

Table1
Characteristics of the samples

Sample
investigated

Total
individuals

n (%)

Total
unrelated

n (%)

Sex
Middle age:

Male Female

Total 165 (100%) 160 (100%) 68 
(41.2%)

97 
(58.8%) 48.7±14.9

E
th

ni
ci

ty Buryats 79 (47.9%) 74 (46.2%) 31 
(39.2%)

48 
(60.8%) 44.2±13.9

Russians 76 (46.1%) 76 (47.6%) 32 
(42.1%)

44 
(57.9%) 54.7±14.0

Other* 10 (6%) 10 (6.2%) 5 (50%) 5 (50%) 39.5±12.1

Note: * - individuals of mixed and other ethnicities
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organs/tissues - 15 people. Among the 
otologic problems in most cases tiniitis 
(n=11) and dizziness (n=9) were also not-
ed. Otologic problems and the causes of 
HI in this group of subjects are presented 
in detail in Figure 1.

Thus, in accordance with the clinical 
and audiological analysis of the sam-
ples (n=165), the majority of individuals 
(92.7%) showed a persistent bilateral im-
pairment of sound perception according 
to the sensorineural type (n=116 - deaf-
ness, n=37 - hearing loss). In total, 52% 
(n=87) of the subjects had juvenile HL, 
46% (n=76) of individuals noted congen-
ital form, two people 1,2% (n=2) noticed 
HI only in adulthood (at 30 and 37 years, 
respectively).

Clinical-genealogical analysis.
Empirical data on the pedigrees of 160 
probands allowed us to assume the prob-
ability of transmission of the disease by 
autosomal recessive type, since 97% 
(n=155) of probands had hearing par-
ents who did not complain of hearing 
impairment. The rest of the probands 
(3%, n = 5) with deaf parents (both par-
ents are affected - in 3 probands, one 
parent - in 2 probands), the family had 

hearing siblings and/or close relatives.
To establish or refute the hypothesis of 

AR type of inheritance, segregation anal-
ysis was carried out. To obtain correct 
results, this analysis was carried out sep-
arately in 17 Buryat (Table 2) and 18 Rus-
sian families (Table 3), in which repeated 
cases of HL (burden) are observed. In 
the analysis, only siblings in each nuclear 
family were taken into account, excluding 
half-siblings and indirectly (according to 
relatives) registered affected. During the 
analysis, nuclear families with one child 
were excluded from the material, as well 
as isolated cases in three generations 
(unburdened), since in these families 
(both hearing parents) it is not possible to 
check the segregation of the trait.

Thus, the analysis includes burdened 
nuclear families with two or more children 
with hearing parents. As a rule, the “pro-
band” Weinberg method is most often 
used to calculate the segregation fre-
quency (SF) [1, 38]. The essence of the 
method consists in calculating the ratio 
of the total number of affected siblings 
(without probands) to the total number of 
all siblings (without probands).

When establishing the hereditary na-

ture of the pathological trait (deafness/
HL) in Buryat families, the probability 
of registration (π) of the trait (probabili-
ty completeness) by the Fisher method 
was:

(1) π = 17/44 = 0.38.
The obtained probability of register-

ing a trait (π = 0.38) indicates its hered-
itary nature and corresponds to multiple 
incomplete registration, where 0 <π ≤ 1 
[32, 39].

The segregation frequency (SF) or the 
expected proportion of the affected for all 
siblings was:

(2) SF = 44 - 17/94 - 17 = 27/77 = 0.35.
(3) σ = √0.35(1 - 0.35)/94 - 17 = 0.05.
The segregation frequency (SF = 

0.35) turned out to be higher than theo-
retically expected in autosomal recessive 
inheritance (SF0 = 0.25). Further, the 
comparison  of the obtained frequency 
with the theoretically expected frequen-
cy was carried out for different types of 
inheritance (SF0 = 0.25 - AR, SF0 = 0.50 
- AD) using the student's t-test (4). As a 
result, negative values were obtained (t = 
0.25 - √0.35/0.05, t = 0.50 - √0.35/0.05), 
which refuted these types of inheritance, 
where tAR >2.58, tAD <2.58.

The results of clinical and audiological analysis. * one individual may have several concomitant ENT diseases
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When establishing the hereditary na-
ture of a pathological trait in Russian fam-
ilies, the probability of registration (π) of 
a trait according to Fisher's method was:

(1) π = 68/74 = 0.64.
The obtained probability of registering 

a trait (π = 0.64) indicates its hereditary 
nature and corresponds to multiple in-
complete registration, where 0 <π ≤ 1.

The segregation frequency estimate, 
taking into account the registration prob-
ability (π = 0.64), was SF = 0.25:

(2) SF = 28 - 18/57 - 18 = 10/39 = 0.25.
The obtained values of the segrega-

tion frequency turned out to be equal for 
the expected AR inheritance (SF0 = 0.25) 
and prove the correctness of the setting 
of the type of disease inheritance in the 
analyzed 18 Russian families.

Thus, the performed segregation 
analysis confirmed the hereditary char-
acter of the sign of deafness / hearing 
loss (according to Fisher's method 0 <π 
= 0.64 ≤1) segregating according to the 
AR type (SF = 0.25, at t = 0.64) only in 
Russian families. The obtained segrega-
tion frequency (SF = 0.35, at t = 0.38) of 
the pathological sign in 17 Buryat families 
turned out to be higher than the theoreti-

cally expected for the AR type of disease 
transmission.

Discussion. For the first time, the clin-
ical-audiological and clinical-genealogi-
cal analysis of cases of HI in the Republic 
of Buryatia was carried out. As the result 
of this analysis of the samples (n = 165), 
according to the degree of HI, 70.3% (n = 
116) of individuals had bilateral deafness, 
the remaining 29,7% (n=49) had bilateral 
HL, of varying severity. Among the rea-
sons that influenced HI, 49.7% (n = 82) 
of the surveyed indicated exogenous 
factors, mainly the pathological effects 
of various infectious and inflammatory 
diseases transferred in childhood (mainly 
otitis media), as well as various injuries. 
A hereditary cause of HL was indicated 
by 21.8% (n = 36) of individuals. HI was 
not associated with anything in 28.4% 
(n = 47) people, in this group, in some 
patients, the hereditary nature of the dis-
ease may be hidden.

The segregation analysis was per-
formed to confirm the hereditary nature 
of deafness/HL and to clarify the type of 
inheritance. Taking into account the fact 
that deafness/HL is extremely heteroge-
neous and the frequency/likelihood of the 

manifestation of these genes differs in 
ethnic populations, the segregation anal-
ysis was carried out separately for 17 
Buryat and 18 Russian (n=18) families 
in which the inheritance of the patholog-
ical trait was noted. (repeated cases of 
transmission - burdened ). The empirical 
observations of the pedigree data of fam-
ilies allowed us to assume the likelihood 
of transmission of the disease in an au-
tosomal recessive mode of inheritance, 
since all probands had hearing parents, 
and similar signs were found in siblings, 
cousins, or second cousins. At the first 
stage of the analysis, the obtained prob-
ability of registering the trait (deafness/
HL) in Buryat families was π = 0.38, in 
Russian families π = 0.64. These val-
ues corresponded to multiple incomplete 
registration (0 <π ≤ 1), which makes it 
possible to use this value (π) to calcu-
late the segregation frequency. Further, 
the performed segregation analysis con-
firmed the hereditary nature of the sign 
of deafness/HL (according to Fisher's 
method 0 <π = 0.64≤1) segregating in 
an AR manner (SF = 0.25, at t = 0.64) 
in Russian families. The obtained segre-
gation frequency (SF = 35, at t = 0.38) of 
the pathological trait in 17 Buryat families 
turned out to be higher than theoretically 
expected for the AR type of inheritance 
(SF0 = 0.25).

Conclusion. Thus, the performed 
segregation analysis suggested the he-
reditary nature of cases of hearing impair-
ment, segregating according to the auto-
somal recessive mode of inheritance only 
in Russian families. It should be noted 
that when testing one or another hypoth-
esis of inheritance, the assessment of the 
segregation frequency was complicated 
not only by isolated cases in the family, 
but also by the late nature of the mani-
festation of the disease (in our sample, 
they are 52%, n=87). The difficulty lies in 
the fact that when compiling pedigrees 
in such families, siblings may not be tak-
en into account, who do not have  any 
symptoms or have a mild degree of HL 
(HI, before the progression begins). Un-
der such circumstances, the frequency of 
healthy families with sick children in the 
sample will inevitably be overestimated. 
Another problem may be associated with 
the presence of other types of inheritance 
and other forms of hearing loss caused 
by non-hereditary reasons in some gene-
alogies with hereditary burden.

We hope that in the future the results 
obtained in the course of this work will 
allow to develop the most optimal ap-
proach to the molecular genetic study 
of hereditary hearing impairments in the 
Republic of Buryatia, the results of which 

Segregation analysis in Buryat families with signs of deafness/hearing loss

Sibship’s
size

Nuclear 
families/
probands 

(n)

Number of siblings with affected 
children

Total number
children

2 3 4 5

A
ffe

ct
ed

H
ea

lth
y

To
ta

l

(r) - (s)
2 3 3 6 3 6
3 2 2 4 2 6
4 2 2 6 2 8
6 3 1 1 1 9 9 18
7 2 1 1 5 9 14
8 4 3 1 11 21 32
10 1 1 3 7 10

Total 17 10 5 1 1 44 53 94

Table2

Segregation analysis in Russian families with signs of deafness/hearing loss

Sibship’s
size

Nuclear families/
probands (n)

Number of siblings with 
affected children

Total number
children

2 3

A
ffe

ct
ed

H
ea

lth
y

To
ta

l

(r) - (s)
2 10 5 10 10 20
3 2 1 1 5 2 6
4 2 2 4 2 8
5 3 2 1 5 10 15
8 1 2 4 7 8

Total 18 12 2 28 31 57

Table3
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will complement the information on the 
genetic etiology of deafness/hearing loss 
in populations of Eastern Siberia.
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