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ABSTRACT

In this paper we present for the first time the results of the audiological and clinical-genealogical research of the population of settlements
Batagai-Alyta and Kustur of the Eveno-Bytantaisky National District (ulus) of the Sakha Republic (Yakutia) for studying the postlingual form of
deafness of unknown etiology, which we for the first time have identified earlier in 3 Evens. As a result of an audiological examination of 72 people,
10 patients from 6 nuclear families who met the criteria of postlingual form of hearing loss were found. The segregation analysis carried out in these
families confirmed the autosomal recessive type of inheritance of this form of postlingual hearing loss. The distant relationship of the examined
patients with postlingual hearing loss living in two villages of the Eveno-Bytantaisky National District of the Sakha Republic can indicate to the role
of the founder effect in the local prevalence of this pathology. The results of present study and obtained expedition material will be the basis for
further research of the molecular genetic etiology of this form of deafness and the discovering of mechanisms of its accumulation in this region of

Yakutia.

Keywords: postlingual deafness, audiological analysis, clinical-genealogical analysis, segregation analysis, Eveno-Bytantaisky National

District, Sakha Republic (Yakutia).

Introduction. Mutations of the GJB2
gene are the main reasons of congeni-
tial and prelingual nonsyndromic hearing
loss (HL) in many countries [5, 10]. Cur-
rently the territory of Eastern Siberia (the
Sakha (Yakutia) Republic) is character-
ized by the spectrum and frequency of
mutations of the GJB2 (Cx26) gene on
the large cohort of patients (n=393) with
congenital hearing impairments and indi-
viduals with normal hearing (n=187) from
Yakut and Russian populations [1, 9]. Re-
cently it was shown that the pathogenic
contribution of biallelic GJB2 gene muta-
tion to the etiology of HL in Yakutia was
equal to 49%; and this rate was the larg-
est in comparison with the earlier studied
regions of Asia (10213 probands from 23
countries) [4]. In the spectrum of identi-
fied GJB2 mutations, three mutations: c.-
23+1G>A, ¢.35delG and c.109G>A were
the most common. These mutations ac-
count for 98% out of all pathogenic GJB2
alleles. The major GJB2 mutations spe-
cific for the main ethnic populations of
Sakha (Yakutia) Republic were identified:

* - These authors contributed equally to this work

for the Yakuts - c.-23+1G>A and for the
Russians - c.35delG. Nevertheless, the
biallelic GJB2 mutations were not de-
tected in 51% of examined deaf patients
(GJB2-negative patients), and the reason
of their HL remained unknown. Consid-
ering the genetic diversity of known he-
reditary forms of deafness, there is a high
probability that HL of some patients may
be due to the mutations in other genes
since about 100 genes are known in as-
sociation with non-syndromic hearing
impairments (Hereditary Hearing loss
Homepage - http://hereditaryhearingloss.
org).

Our detailed clinical-genealogical
analysis of the sample of GJB2-negative
patients from different districts of the
Republic of Sakha (Yakutia) revealed
3 Evens with late onset HL from the vil-
lage Batagay-Alyta (Eveno-Bytantaysky
National District): 2 sibs (proband A and
sibs A) whose HL became noticeable at 7
years in proband A and at 4 years in sibs
A, and also one patient (proband B) with
the same onset of HL (at 4 yrs).

All collected data (medical history, the
results of molecular-genetic and audio-

logical analysis) for these 3 patients from
the Eveno-Bytantaysky National District
of the Sakha Republic allowed us to sug-
gest the hereditary cause of this postlin-
gual form of deafness.

The objective of this study is to con-
duct audiological and clinical-genealog-
ical analysis of the families with post-
lingual form of deafness of unknown
etiology from Eveno-Bytantaysky Na-
tional District for the further confirmation
of hereditary nature of this disease and
clarification of its inheritance type.

Materials and methods of the re-
search. During the field work in the
Eveno-Bytantaysky National District of
the Sakha (Yakutia) Republic (April, 2018)
the staff of the Yakut Science Center of
Complex Medical Problems (Yakutsk)
examined 106 inhabitants of the villages
Batagay-Alyta and Kustur. Among them,
72 individuals were selected for the study
of the etiology of the postlingual form of
deafness - 65 from Batagay-Alyta, 4 from
Kustur, and also 3 previously examined
GJB2-negative patients (proband A, sibs
A, proband B) from Batagay-Alyta were
taken for further examination. Among
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them, males accounted for 34.7% (n=25),
females - 65.2% (n=47). The average age
was 44+17.21 years. Ethnic composition
of the sample: Evens - 48 (66.6%), Ya-
kuts - 22 (30.5%), one Evenk (1.4%), and
one individual of mixed ethnicity (Even/
Yakut) (1.4%).

Audiological examination

Complaints about the condition of
hearing such as the presence of a dis-
charge from the ear, noise in the ears,
dizziness were clarified through an in-
terview with patients. Medical and life
histories including past illnesses, injuries
and/or surgeries, contacts with industrial
noise, and information about allergic re-
actions was ascertained for all examined
subjects. The otologic examination was
carried out by unified algorithms on the
KaWe Combilight otoscope. A full audio-
logical survey was conducted with the
use of a tympanometer and an audiome-
ter “AA222” (“Interacoustics”, Denmark).
Hearing thresholds were measured by air
conduction at frequencies of 0.25, 0.5,
1.0, 2.0, 4.0, 8.0 kHz and bone conduc-
tion at frequencies of 0.25, 0.5, 1.0, 4.0
kHz in 5.0 dB increments. Severity of
HL was defined by hearing thresholds of
better hearing ear in the voice frequency
range (VFR) in accordance with interna-
tional classification under which | degree
is equal to 26-40 dB in VFR, Il - 41-55,
Il - 56-70, IV - 71-90, deafness > 90 dB.

Clinical-genealogical analysis

We had developed an individual card,
which included information about last
name, first name, middle name of the

participant and his parents and grandpar-
ents; age; ethnicity (up to the third gen-
eration); place of birth and residence as
well as the profession was filled out for
each participant. The information about
otorhinolaryngologic diagnosis, potential
cause of HL, onset of HL, presence or ab-
sence of relatives with HL, and concomi-
tant diseases was also included in the
individual patient’'s card. The pedigrees
compiled on the basis of all obtained data
were subjected to subsequent clinical-
genealogical analysis.

To confirm the heritability of postlin-
gual form of HL and ascertain the type
of its inheritance we conducted a seg-
regation analysis in six nuclear families
selected through the proband (Table 1).
All parents in these families were healthy
that suggests a recessive type of the in-
heritance of this trait.

The Weinberg formula for a single
choice was used for calculation of the
segregation frequency (SF) of the trait in
families [11]:

SF=(r—=n)/(s—n), (1)

where r - the number of affected sub-
jects in all siblings, n - the total number
of probands, s - the total number of de-
scendants in the sample.

The standard deviation was calculated

as:

o= VSFA—SF) /(s —n) )

To test the hypothesis about the type
of inheritance, a confidence interval (Cl)
was calculated as:

Cl=SF+1.96*0c (3)

The hypothesis is accepted if the ex-

examined individuals |

/

35 individuals
without otological problems

hearing thresholds within normal limits

\

Table 1

Data for segregation analysis in families
of patients with signs of postlingual form
of deafness/hearing loss

Sibshin’s Nuclear Affected siblings
sive (3 | families/ ()

probands (a) 1 B 3

2 2 2 | - | -

3 2 L[ 1] -

7 1 N - I

2 1 1 -
Total 6 3 4 3

pected value of the segregation frequen-
cy (0.25 for recessive inheritance) falls
into this interval.

All examinations provided in this study
have been conducted after 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 No.
16, April 16, 2009).

Results and discussion

Audiological analysis

Among 72 examined individuals 35
subjects did not complain about HL and
audiological examination has not re-
vealed any objective otologic problems
(normal hearing thresholds were de-
tected). Unilateral or bilateral HL was
observed in 37 individuals (the possible
causes of HL are shown in Fig. 1). Among
them, the pathology of the sound-con-
ducting system and unilateral or bilateral

37 patients

with hearing impairment

unilateral or bilateral
deafness/hearing loss

/

14 patients
7 7

conductive mixed
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Fig.1. Schematic representation of the results of audiological analysis.
Note: 26 individuals from all examined subjects are relatives (of different degree of kinship) of proband A with postlingual form of deafness.

26 relatives



conductive or mixed HL were objectively
detected in 14 patients. 23 patients had
unilateral or bilateral sensorineural HL in
the absence of a visual otological prob-
lem. Among these 23 patients with sen-
sorineural HL, 12 patients had no opin-
ion about causes of their HL, 2 patients
supposed otitis media in childhood, 2
patients - possibly toxic exposure to an-
tibiotics, 2 patients - head injury in child-
hood, 1 patient - hereditary HL, 1 patient
- colds, 1 patient - age, 1 patient - indus-
trial noise exposure. Among 23 patients

with sensorineural HL, 9 patients showed
signs of presbyacusis, 2 patients showed
signs of noise exposure, 2 patients had
a prelingual (before 1 year) HL, and 10
had signs of postlingual HL that had
become noticeable at the age of 3 - 48
years. In total, as a result of the audio-
logical analysis 10 patients (5 males and
5 females from 18 to 65 years old, whose
average age at the time of the study was
43.3+13.7 years), showed the signs of
postlingual form of HL which firstly de-
tected by us in 3 patients (proband A,

4' 2018 N/

sibs A, proband B) (Table 2).

These patients were predominantly
Evens (Evens - 8, Yakuts - 2) that prob-
ably indicates the ethnic specificity of in-
vestigated form of HL.

Clinical-genealogical analysis

Based on the initial analysis of person-
al data, we found that 72 examined indi-
viduals belonged to 24 families with 718
family members in total. Among them,
10 patients with signs of postlingual form
of HL belonged to three extended pedi-
grees (355 relatives in total) (Fig. 2). At

Table 2

Characteristics of patients with signs of postlingual form of deafness/hearing loss

. Diagnosis Subjective Accompanying illnesses
. Ethni- . Onset of
Patients Code Sex | GJB2 genotype . Age | (otorhinolaryngo . cause of Speech
city . hearing loss . .
logical) hearing loss| Otorhinolaryn- Other
gological
Systemic . . .
I Proband A -1V2 |Female| c.[Wt];[Wt] Even 19 |Bilateral deafness 7 NOt. hypoplasia of Residual Sign-dactylic
A determined speech encephalopathy | language
Not Microtia and Sign-dactylic
2SibsA | A-IVI | Male [c.[79G>A];[Wt]| Even 20 |[Bilateral deafness 4 . external auditory - g y
determined . language
canal atresia
Probably a Glaucoma Sign
3 A-TI17 | Male | c.[Wt];[Wt] Even 65 |Bilateral deafness 7 trauma in |Speech is absent Blind 1 g
childhood (Blindness) anguage
Dense eardrum;
. . . S Chronic . ... [Sign-dactylic
4 A - 11113 |Female| not investigated | Even 59 |Bilateral deafness 9 Antibiotics . Chronic gastritis
dystrophic language
rhinopharyngitis
Rinoskoliosis. .
3 Proband A -1II17 | Male |not investigated | Even 57 |Bilateral deafness 4 NOt. Curved nasal - Sign
B determined language
septum
Chronic gastritis;
Colds; due Neurodermatitis; Sien-dactylic
6 A - 11118 | Male |not investigated | Even 29 |Bilateral deafness 4 to otitis | Dense eardrum Hepatitis lg y
. . anguage
media B; Lumbar
osteochondrosis
Bilateral Vegetative .
sensorineural Not Vascular dystonia
7 B-1V3 | Male |not investigated | Yakut | 38 hearing | 36 . Dense eardrum | according to the Intact
earing loss 111 determined hypertonic type:
degree . ?
Myopia
Bilateral 1Chror}1].. .
. . sensorineural Hereditary Pyelonep ritis;
8 B -1V8 |Female| not investigated | Yakut 42 . 30 . - Cholecystitis; Intact
hearing loss IV burdening hroni
degree ¢ ronie.
pancreatitis
Arterial
hypertension;
Bilateral Diabetes II;
. Psoriasis;
9 C-1I7 |Female|not investigated| Even | 54 sensorineural 8 Not - Chronic Intact
hearing loss 11 determined .
degree pyelonephritis;
Lumbar
osteochondrosis;
Goiter
Bilateral
. . sensorineural Not Mental
10 C-1I9 [Female|not investigated | Even 50 hearing loss IIT 30 determined - retardation Intact
degree
Male Bilateral deafniess| Middle age: |  Not
- 5 | GJB2-negative |Even - 8{Middle ¢ cainess © age: ot Three people
- 6 (60%) Bilateral| Juvenile - determine Absent - 6
(50%);| -30%; not | (80%); | age: . N o report dense o
Total . . sensorineural  |5,6+1,9; Middle| - 6 (60%) - (60%); Intact|
Female| investigated - | Yakut -| 43,3+ hearing | ’ h eardrum - 3 o
s 70% 2 (20%)| 137 earing loss - 4 | age: Mature | Other -4 (30%) -4 (40%)
(50%) ’ (40%) - 366 (40%)
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the first stage of pedigree’s A
analysis, it was revealed I
that proband B (A-1l117)

was a paternal
for proband A (A-IV2) and
sibs A (A-IV1) (Fig. 2, A). It I
should be also noted that

mothers (A-lll1 and B-l) v im @10

of probands A-IV2 and
B-IV3, respectively, are v
cousins (Fig. 2, A, B).
For segregation analy-

sis we used the data on B
six nuclear families which
included 10 patients with
postlingual HL, their sib-
lings and parents (Fig.
2). We assumed an auto-
somal recessive type of
transmission of postlingual

relative 11 ¢O—|f| —
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HL in these six nuclear
families since all affected
probands had hearing par-

ents who did not complain
about hearing impairment
and also both deaf and
hearing siblings (includ-
ing cousins). To confirm
or disprove the hypothesis
about autosomal recessive
type of inheritance of post-
lingual HL the segregation
analysis was carried out in
six siblings. Only siblings
from each nuclear family
were taken into account
(without half-sibs and in-
directly registered (on information from
relatives) affected family members (Ta-
ble 1). As a rule, the Weinberg proband
method is used for calculation of the
segregation frequency (SF) [2, 6-8, 11].
The essence of this method consists in
calculating of the ratio of the total number
of affected siblings to the total number of
their unaffected siblings with correction
for the number of probands (formula 1).
The segregation frequency (SF), calcu-
lated from formula (1) with using the data
from Table 1, was 0.20:

SF=(r—-n)/(s—n)=4/20=0.20

Subsequently, the obtained segrega-
tion frequency (0.20) was compared with
the segregation frequency expected ac-
cording to the recessive type of inherit-
ance (SF, = 0.25). The confidence inter-
val calculated using formulas (2) and (3)
for the obtained estimation of the segre-
gation frequency is equal 0.026 - 0.374.
Theoretically expected value of segrega-
tion frequency (SF, = 0.25) falls into this
interval that allows to accept the hypoth-
esis about autosomal recessive type of
inheritance of trait under study.

A common characteristic for all pa-

tients is later (in comparison with con-
genital HL) onset of this form of HL that
occurred after the end of a sensitive pe-
riod of speech development (after 4-5
years and older). In this period of sen-
sory ontogeny, verbal speech is already
formed, and the thinking development
of young patients approximately corre-
sponds to the level of their hearing peers
[3]. However the earlier debuts of the HL
cause the sooner complete degradation
of verbal speech. HL in 6 patients from
our sample occurred in juvenile age (on
the average 5.6+1.9 years), and in 4
patients with verbal speech without any
special distortions - at adulthood (on the
average 36+6 years). Patients with dif-
ferent onset of HL are characterized by
different degree of HL. Profound HL (up
to deafness) (in the range from 98 to 108
dB in VFR) is common in patients with
juvenile onset of HL while IlI-IV degree
of HL (in the range from 58 to 75 dB in
VFR) is detected in the patients having
HL with onset in adulthood (Fig. 3). In
addition, a comparative analysis of the
audiometric data available for proband A-

10 11 12 13 14 15 16 17 18 19

0 21

Fig.2. Pedigrees of probands with signs of postlingual form of hearing loss: A - pedigree of probands 1, 2 and 3,
B - pedigree of probands 4 and 5, C - pedigree of proband 6.
Family members with signs of hereditary postlingual form of deafness are indicated by black symbols; family
members with other forms of deafness/hearing loss (congenital or conductive) — by gray symbols; family members
who have signs of postlingual hearing loss (on information from close relatives) - by plus into symbols; nuclear
families are highlighted by dotted lines; probands in nuclear families are denoted by arrow and number on the top.

1112 for six years, from the first audiometry
(at the age of 10 years) to the latest (at
the age of 16 years), revealed significant
deterioration of hearing (from II-1ll to IV
degree of HL) that allowed us to suggest
the progressive nature of this form of HL
(Fig. 4). It is also interesting to note that
the majority of patients (6 out of 10) could
not determine the possible cause of their
HL. They denied the hereditary cause
despite the fact that some of them had
deaf close relatives (Table 2). Most likely,
this fact is due to that hearing problems
of these patients began against a back-
ground of preserved hearing and de-
veloped speech. In addition, 3 cases of
observation of a dense eardrum in adult
patients are of interest since this peculi-
arity is mainly found only in children (Ta-
ble 2).

To confirm the hereditary nature of this
postlingual form of HL and ascertainment
of its type of inheritance, a segregation
analysis was carried out. The segrega-
tion frequency (SF), estimated using
Weinberg’'s proband method, was 0.20
and matched the expected one for auto-
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somal recessive type of inheritance (SF,
=0.25) (C1 0.026 - 0.374).

Thus, we revealed 10 patients (mostly
Evens) with postlingual bilateral senso-
rineural form of HL of unknown etiology
which inheriting as autosomal recessive
trait. Moreover, the distant relationship
of the examined patients with postlingual
HL living in two villages of the Eveno-
Bytantaisky National District of the Sakha
Republic may indicate the role of the
founder effect in the local prevalence of
this pathology.

We hope that the results obtained
during this work will allow us not only to
further reveal the molecular and genetic
cause of postlingual form of HL in ex-
amined families, but also to uncover the
mechanism of its accumulation in Eveno-
Bytantaysky National District of Yakutia.
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N.S. Arkhipova, E.K. Popova

ESTIMATION OF BODY MASS INDEX
IN PATIENTS WITH CORONARY HEART
DISEASE AGED OVER 60 IN THE CASE
OF YAKUTIAN CITIZENS

ABSTRACT

An analysis of the body mass index (BMI) revealed the ethnic, gender, age differences among the groups of hospital patients with coronary
heart disease (CHD) aged over 60. Significantly higher value of BMI was identified in non-indigenous patients compared to Yakut group that was
respective to the obesity of p <0,001. Maximum values of BMI were established in the older group aged between 60 and 74 years. The decrease
in BMI can be observed with the age in the senile age group and more clearer dependency on age in the indigenous group. When comparing the
BMI among the age groups: older, senile age and long-livers, the lower value of BMI was noted among long-livers (p <0,001). The obesity was

identified significantly more often among women.

Keywords: body mass index, obesity, chronic coronary heart disease, non-indigenous, indigenous (Yakut), older, senile age, long-livers,

Yakutia.

Introduction. Obesity is an independ-
ent risk factor of cardiovascular diseases,
including arterial hypertension, coronary
heart disease and heart failure, and is
related to the increased risk of morbid-
ity and mortality [4]. The prevalence of
obesity increases with age [6] and there
is enough evidence to consider the de-
crease in body mass as an important ac-
tion preventing cardiovascular, endocrine
and other diseases. The obesity is com-
mon among the patients with CHD and
higher death rate is observed at values
of BMI equivalent < 20 kg/m2 and = 30
kg/m2 [5]. Epidemiological studies have
proven the overweight and obesity to be
the risk factors of increased human mor-
tality [7].

The purpose of study - the exami-
nation of overweight and obesity preva-
lence on BMI in the group of patients with
CHD aged 60 and older living in Republic
of Sakha (Yakutia).

Material and research methods. The
research included 354 patients under the
age of 60 and older with verified diagno-
sis of CHD, who passed the examination
and treatment in cardiological depart-
ment of Geriatric center, Yakutsk city.
The examined population consists of na-
tive group - Yakuts (100%) (n=205, aver-
age age 77,6+0,6) and European group
— Russians (91,3%), Ukrainians, Tatars
and Germans (8,7%) (n=149, average
age 75,5+0,7). The studied groups were

divided based on gender — men (n=187)
and women (n=167), age — older (from
60 to 74 years old, n=154), senile (from
75 to 89 years old, n=149) and long-livers
(90 years and older, n=51) (WHO, 1963).
Body mass index (BMI) or Quetele II
index was used to assess the ration of
weight and height. BMI was calculated
using the following formula: BMI (kg/m2)
= weight (kg)/height (m2). Body weight
was considered excessive with the BMI
of 225 kg / m?, and the presence of obe-
sity was indicated with the BMI value of
=30 kg / m? (European Guidelines for the
Il review, 2003).

The research was conducted as part
of research work program “The contri-
bution of metabolic syndrome to the de-
velopment of coronary arteries athero-
sclerosis among Yakutian residents” of
Yakut Science Center of Complex Medi-
cal Problems and was approved by the
local committee on biomedical ethics at
the YSC CMP. All the surveyed voluntar-
ily gave the approval to take part in bio-
medical research.

Statistical processing of the results
was performed using the methods of
parametric and non-parametric statistics.
Student’s t-criterion was used to assess
the intergroup differences in the values
of indicators with the continuous distribu-
tion and Pearson’s y2-criterion was ap-
plied for the comparison of the frequency
values. Methods of multiple intergroup

differences, namely Kruskal — Wallis H-
test and single-factor analysis of variance
(ANOVA) were also used. The analysis
of the dependence between the indica-
tors was performed using the Pearson
r-test, Spirmen’s rs-test and the Pearson
y2-criterion. Statistical processing of the
material was carried out on a computer
using the standard software package of
the statistical analysis (Statistica for Win-
dows, v. 6.0). The critical level of validity
of the null statistical hypothesis (about
the absence of significant differences or
factorial effects) was taken as 0.05.

Results and discussions. The prob-
ability of the development of cardiovas-
cular disease increases with the rise of
BMI [8]. Higher BMI was found in non-
indigenous group compared with Yakut
group (Table 1).

The estimation of BMI in patients (aged
from 60 to 106 years old) revealed more
frequent presence of obesity (p <0,001)
in non-native patients while Yakut group
had normal BMI (p <0,001) (Table 2).

An analysis of the dependence of BMI
on age, taking into account ethnicity, was
carried out in order to monitor the amount
of body weight with age. It has been re-
vealed that BMI decreases with age and
most significantly traced in the Yakut
group compared with non-indigenous
people (r=-0.27, p <0.001 and r=-0.16,
p = 0.058, respectively) (Figure 1).

The significant decrease in BMI was



