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ABSTRACT

The aim of the research was to identify changes in immune and hormonal regulation in patients with hand-arm
vibration syndrome and sensorineural hearing loss to substantiate informative biomarkers.

Materials and methods. Men with occupational injury induced by exposure to vibration and noise were examined.
The first group included 26 people diagnosed with stage 1 and 2 hand-arm vibration syndrome. The second group
consisted of 38 patients diagnosed with sensorineural hearing loss. Serum levels of cortisol, dehydroepiandros-
terone sulfate, prolactin, free triiodothyronine (T,), free thyroxine (T,), thyroid-stimulating hormone (TSH), and
interleukins IL-1p, IL-8, IL-10 were determined by enzyme-linked immunosorbent assay.

Results. The results of the study revealed the peculiarities in the immune and hormonal regulation in hand-arm
vibration syndrome and sensorineural hearing loss. More pronounced changes were observed in sensorineural
hearing loss. A common pattern in patients with hand-arm vibration syndrome and sensorineural hearing loss
was an increase in cortisol, prolactin and IL-8 and a decrease in free T, and IL-1p. Differences in the identified
changes in the immune and hormonal status were characterized by increased TSH production in the first group, and
increased free T, production and decreased IL-10 in the second group. In hand-arm vibration syndrome, high levels
of cortisol were accompanied by a decrease in the IL-1p and IL-10 concentrations. In sensorineural hearing loss, an
increase in the prolactin concentration was accompanied by increased production of IL-8.

Conclusions. The identified features of immune and hormonal relations may be induced by the intensity of cortisol
and prolactin production under the effects of various physical factors. Persistent high levels of cortisol and prolactin
in the examined patients are important pathogenetically significant factors in the development of the disease. New
laboratory indicators (IL-4, prolactin, free T,) for additional diagnosis of occupational sensorineural hearing loss
were identified.

Key words: hand-arm vibration syndrome, sensorineural hearing loss, hormonal status, cytokines, diagnostic
markers.
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3aKOHOMEPHOCTU USMEHEHUA UMMYHO-FTOPMOHa/IbHOM peryaaumm
npu BMbpayMoHHOM 60/1€3HU U HEMPOCEHCOPHOM TYrOyXOCTH

BboauenkoBa I.M."?, KypueBeHko C.I.’

I Bocmouno-Cubupckuil uHcmumyn mMeouKko-3Kk0a02U4eCKUX UCCIe008aHUlL
Poccus, 665827, Upkymckas obracmy, e. Aneapck, muxpopaiion 124, 3

2 Upkymckuil HAYUOHAAbHBIIL UCCIeO08AMENbCKUTL MEXHUYECKUT YHUBEPCUMEen
Poccus, 664074, 2. Upkymck, ya. Jlepmonmosa, 83

PE3IOME

Hens wccrmenoBaHWs — BEIIBUTH 3aKOHOMEPHOCTH HMMMYHO-TOPMOHAIBHOM PETYISIMU HpPH BHOPaIMOHHON
00JIe3HN M HEHPOCEHCOPHOI TYTOyXOCTH JUIsi 000CHOBaHUS HH()OPMATHBHBIX OHOMapKEPOB.

Marepuajbl 1 MeToabl. [IpoBeneHo obcnenoBaHNe MYKUUH C TPO(ECCHOHATBHON MATONIOTHEH, HHIIyIUPOBAH-
HOU BO3/ICHCTBHEM BHOpAlMK U IIyMa. B mepByro Tpyniy BKIIOYEHBI 26 MAEHTOB ¢ BUOPALIMOHHON O0JIC3HBIO
[-1I ctamum, Bo BTOpyIo — 38 manneHToB ¢ MpoQecCHOHaTBHON HEHPOCEHCOPHOH TYTOyX0CThI0. METOI0M HMMY-
HO(EPMEHTHOTO aHaM3a B CHIBOPOTKE KPOBU OIMPEAEISUTN COJAEpPIKaHUE KOPTH30J1a, AETHAPO3ITHAHAPOCTEPOHA
cynbdara, IpoJaKTHHA, CBOOOJHOTO TPUHOATUPOHUHA, CBOOOJHOTO TUPOKCHHA, THpeoTpornHoro ropmoHa (TTD);
uHTepneikuna (IL) 1B, IL-8, IL-10.

Pe3yabTartsl. Pe3ynbraThl HCClieIOBaHUS TIO3BOJIMIIH BBISSBUTE OCOOCHHOCTH HMMYHO-TOPMOHAIIBHON PEeryJIsiiy
MIpU BUOPAIIMOHHOW 0OJIE3HU U HEHPOCCHCOPHO# Tyroyxoctu. OOIieil 3aKOHOMEPHOCTBIO Y MAIIMCHTOB ¢ BHOpa-
LMOHHOHN OO0JIE3HBIO M HEHPOCCHCOPHON TYrOyXOCTBIO SIBJSIFOTCS BO3pacTaHUe KOPTH30Ja, MposakTuHa, 1L-8 n
cHukenue ceoboanoro (cB.) T,, IL-1PB. Pa3nuuus BbIABICHHBIX M3MEHCHUH B MMMYHO-TOPMOHAJIBLHOM CTaTyce
XapaKTEPU30BAIMCh ISl NIEPBBIX ycunenueM nponykuun TTI, 1 BTOpBIX — BO3pacTaHUEM NMPOAyKUuM CB. T,
u cHikenneM [L-10. ITpu BuOparioHHO# 00J€3HH BHICOKHE YPOBHH KOPTH30J1a CONPOBOXKIAIHCH CHUKCHUEM
kouuenrpaiuu [L-1p u IL-10, a npu HelipoceHCOPHOW TYrOyXOCTH BO3pACTaHHE KOHIIEHTPALMHU IIPOJIAKTHHA CO-
IPOBOXKJAJIOCH yBeJINUeHUEM npoaykiuu 1L-8.

3aka0yenne. BrIsBIeHHBIE 0COOCHHOCTH MMMYHO-TOPMOHAIBHBIX B3aHMOOTHOLIEHHH MOTYT OBITH 00YyCIIOB-
JICHBl HTHTEHCUBHOCTBHIO BEIPAOOTKM KOPTH30J1a U MPOJIAKTHHA IPH BO3ACHCTBHN (QM3HIECKUX (aKTOPOB pa3iiny-
HOH npupo/sl. COXpaHsIONINecs BEICOKHE KOHICHTPAMK KOPTHU30J1a U NIPOJIAKTHHA Y 00CIICOBAHHEIX SBIISIOTCS
B)XHBIMHU ITATOTCHETHUECKN 3HAUMMBIMU (haKTOPaMH B PAa3BUTHH M TeUeHHH 3a0oieBaHmil. OnpeesieHbl HOBBIE
OGroMapKeps! ISl JOTIOJTHUTENBHOM ANarHOCTHKA MpodeccnoHanbHoi HelipoceHcopHoi Tyroyxoctu (IL-4, mpo-
nakTuH, cB. T,).

KuroueBble cnoBa: BuOpanuonHast 00J1€3Hb, HEHPOCEHCOPHAS! TYTrOyXOCTh, TOPMOHAIIBHBINA CTATYC, LUTOKUHBI,
MapKepbl AUArHOCTUKH.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIEH CTaThH.

Hctounnk ¢puHaHCHPOBaHHUS. ABTODBI 3asBISIIOT 00 OTCYTCTBMH (DUHAHCUPOBAHUS IPH NPOBEICHHU HUCCIIEI0-
BaHUSI.

CooTBercTBHE MPUHOUNAM 3THKH. O0CII€I0BaHNS BEHIIOJIHEHBI ¢ HHPOPMHPOBAHHOTO COTJIACHS IAI[MEHTOB.
HcenenoBanue 0100peHO JTOKATBHBIM ATHUECKAM KOMUTETOM (TIpoTokoi Ne 6 ot 15.11.2012).

Jia nurupoBanus: bonuenkosa I'.M., Kypuesenko C.1. 3akoHOMEpPHOCTH U3MEHEHUN UMMYHOIOPMOHAJIBHON

PEryJsIU TPH BUOPAIIMOHHOW OO0JIE3HH W HEHPOCEHCOPHOM TYTOYXOCTH. broiemens cubupckot mMeOuyuns.
2020; 19 (2): 6-12. https://doi.org: 10.20538/1682-0363-2020-2-6-12.
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INTRODUCTION

The problem of hand-arm vibration syndrome
(HAVS) and occupational sensorineural hearing
loss (SNHL) has retained its medical and social
significance. These diseases have high prevalence
and contribute to the disability of the working
population. In this regard, they cause significant
social and economic losses, since an occupational
disease develops after 5—7 years of contact with
the noise and vibration factor. In 3.6% of cases,
it is diagnosed in people after 1-4 years of work
in conditions of exposure to local vibration [1].
An important role in the pathogenesis of HAVS
and SNHL is assigned to nervous, immune and
endocrine regulation [2]. It is known that the effects
of noise and vibration on the body of workers lead
to the state of chronic stress. In this condition,
hormones of the adrenal cortex inhibit the activity
of cells of the immune system. In the long term,
it results in a decrease in the body’s resistance to
infectious diseases, possible growth of various
tumors, etc. [3]. Thus, studies allowing to identify
violations of the immune and hormonal regulation
remain relevant. In addition, the role of hormones
in HAVS and SNHL is not well understood [4, 5].
The findings obtained in the studies may help take
necessary measures to preserve health of workers
and prevent work-related diseases.

The aim of the research was to identify changes
in immune and hormonal regulation in patients with
HAVS and SNHL and substantiate informative
indicators.

MATERIALS AND METHODS

The study included 64 men with work-related
diseases induced by exposure to noise and vibra-
tion. The first group included 26 people diagnosed
with stage 1-2 HAVS. Their age was 48.9 + 1.8
years and their occupational contact with vibration
lasted 24.2 + 1.9 years. The second group consisted
of 38 patients diagnosed with SNHL. Their age was
54.1 £ 0.1 years and their occupational contact with
noise lasted 31.1 + 1.4 years. Patients were diag-
nosed by occupational therapists in accordance with
the International Classification of Diseases, Tenth
Revision (ICD-10). The comparison group consist-
ed of 24 generally healthy men with matching age
and employment time, who did not have occupa-
tional contact with vibration and noise.

Serum levels of cortisol, dehydroepiandrosteron
sulfate (DHEA-S), prolactin, free triiodothyronine
(free T,), free thyroxine (free T,), and thyroid-stim-
ulating hormone (TSH) were determined by en-
zyme-linked immunosorbent assay (Alkorbio, St.
Petersburg, Russia). The same method was used to
measure the levels of cytokines IL-1p, IL-8 and IL-
10 (Vector-Best, Novosibirsk, Russia).

The results were analyzed using STATISTICA
6.0 software package (StatSoft, the USA). The age
and employment time of the patients were presented
as a mean (M) and a mean error (m). The results
of the studies were presented in form of a median
(Me) and upper (75%) and lower (25%) quartiles
(025-0Q75). The groups were compared using the
Friedman test. Significance of differences was
estimated using the nonparametric Wilcoxon-
Mann-Whitney test with the Bonferroni correction.
Correlation analysis was performed using the
Spearman’s rank correlation coefficient. The
differences were statistically significant at p < 0.05.
Discriminant analysis was performed according to
the manual for physicians “Discriminant Analysis
in Biomedical Research” (using STATISTICA 6.1
[8] and the Discriminant Analysis module). The
informativity of the analyzed indices was assessed
in evaluation steps using the cutoff 7 > 3.0. The
Mahalanobis Distance Classification D2 was used
as the classification criterion.

RESULTS

We have previously shown that workers with
employment experience exposed to vibration have
activation of immune cells with the release of IL-
1B and TNFa, which contribute to the production of
glucocorticoids [3]. Glucocorticoids can inhibit the
immune system. Steroid hormones of the adrenal
cortex are regulators of vital processes, such as
coordinated growth, differentiation, reproduction,
adaptation, and behavior [6]. Based on this
knowledge, we conducted a comparative evaluation
of the levels of glucocorticoid and thyroid hormones
in patients with HAVS and SNHL (Table 1).

The results of the study showed an excess of
cortisol in serum of patients with HAVS by 1.7 times
(»p =0.043) and in patients with SNHL by 2.8 times
(p = 0.0003), in contrast to the comparison group.
A more significant increase in cortisol levels was
observed in SNHL patients compared to HAVS
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patients (p = 0.001). In patients with HAVS, a
decrease in TSH level was registered, as opposed

to SNHL patients (p = 0.00003) and the comparison
group (p = 0.002).

Table 1

Hormone levels in patients with hand-arm vibration syndrome (HAVS) and sensorineural hearing loss (SNHL), Me (Q,.—0.)

Parameter Unit Patients viith HAVS, Patients viith SNHL, Comparison group, 7 = 24
n=26 n=38

Cortisol nmol/l 648.7 (278.9-803.6)* 1085.2 (795.1-1296.7)** 378.7 (211.9-532.4)
DHEA-S nmol/l 1.4 (1.2-1.9) 1.5 (1.1-1.9) 1.7 (1.3-1.9)
Prolactin mlU/L 117.9 (19.8-184.9)* 254.9 (180.1-297.4)** 55.8 (0.001-109.9)
Free T, nmol/l 4.6 (4.3-5.1) 5.4 (3.6-6.4)" 3.8(3.24.8)

Free T, nmol/l 11.7 (9.5-12.8)* 13.8 (12.2-14.7)** 15.5 (14.1-16.7)
TSH mlU/L 0.7 (0.5-1.3)* 1.7 (1.2-2.3)* 1.3 (1.0-1.6)

¢ differences as opposed to the comparison group; *differences between the groups of patients with HAVS and SNHL are statistically significant

at p<0.016.

An increase in the concentration of free T, was
found only in patients with SNHL (p = 0.016). The
free T, concentration decreased both in patients with
HAVS (p = 0.00001) and in patients with SNHL
(p = 0.005) relative to the comparison group. An
increase in prolactin concentration by 2.1 times
(p=0.04) was detected in patients with HAV'S, and by
4.5 times (p = 0.001) in patients with SNHL relative
to the comparison group. A significant increase
(»=0.002) in this parameter was observed in SNHL
patients in contrast to HAVS patients. Prolactin is
known to stimulate the production of a number
of cytokines [7]. A significant prolactin increase
(p = 0.002) was observed in SNHL patients in
contrast to HAVS patients.

The detected hormonal changes in the examined
patients were accompanied by cytokine balance
disorder (Table 2).

Table 2

Serum cytokine levels in patients with hand-arm vibration
syndrome and sensorineural hearing loss, Me (0,.~0..)

P Zi:in HAVS, SNHL, C";‘gl"l‘;ison
pe/ml n=26 n=3s n=24

IL-1B | 0.01(0.01-0.1)* | 0.01(0.01-2.7) | 0.9 (0.5-1.8)
IL-8 6.8(5.7-83) | 87(4.1-205) | 2.7(1.8-3.1)

IL-4 0.01 (0.01-0.02)
IL-10 1.1 (0.01-1.66)

0.01 (0.01-0.01)
0.01 (0.01-0.01)*

0.01 (0.01-8.8)
2.1(0.01-13.4)

¢ differences as opposed to the comparison group are statistically
significant at p < 0.016.

A significant decrease in the concentration of
IL-1B (0.01 (0.01-0.1) pg/ml, p = 0.013) in pa-
tients with HAVS and a pronounced trend towards
a significant decrease in patients with SNHL (0.01
(0.01-2.7) pg/ml, p = 0.056) were revealed. High
IL-8 values (p = 0.002) were determined in patients
with HAVS and SNHL, as opposed to the compari-
son group (p =0.0047 and p = 0.0016, respectively).
A decrease in IL-10 was registered in patients with
SNHL only (0.01 (0.01-0.01) pg/ml), in contrast
to the comparison group [2.1 (0.01-13.4) pg/ml;
p=0.015].

At the next stage, the correlation between
changes in the hormonal status and cytokine levels
was revealed. Following the correlation analysis,
it was revealed that patients with HAVS had a
negative correlation between cortisol level and
IL-1B level (r = —0.49; p = 0.018) and a positive
correlation between cortisol level and IL-10 level
(r=10.49; p = 0.018). Patients with SNHL showed
a positive correlation between prolactin level and
IL-8 production (» = 0.44; p = 0.009).

Informative indicators for SNHL diagnosis were
found with the help of discriminant analysis; 23
immunological indicators were processed from the
group of patients with SNHL and the comparison
group.

As a result of the calculations, the most sig-
nificant criteria were IL-4 (p = 0.0045), prolactin
(p=10.0098), and free T, (p = 0.0227). The accuracy
of SNHL diagnosis equaled 98%.
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DISCUSSION

Comparative estimation of glucocorticoid and
thyroid hormone levels in patients with HAVS
and SNHL revealed both common patterns and
distinctive features of their concentration. Both
HAVS and SNHL patients were found to have
exceeded cortisol levels. In patients with SNHL,
cortisol production was 2 times higher than in
patients with HAVS. The expected differences in
DHEA-S level were not revealed in patients with
HAVS and SNHL. Itis known that long-term cortisol
excess may be accompanied by impaired sensitivity
of adrenal cortex cells to adrenocorticotropic
hormone and, consequently, by a decrease in DHEA
production. Due to its biological effects, DHEA is
considered as an inhibitor to the effects of cortisol
on various body systems (especially the immune
system and the brain) [8§—10].

Individual authors note that there is a decrease
in the production of DHEA-S with not changing or
slightly increasing level of cortisol in some diseas-
es accompanied by central nervous system (CNS)
disorders. It results in a decrease in the DHEA/
cortisol ratio [11]. A twofold increase in prolactin
level is seen in patients with SNHL compared to
patients with HAVS. Prolactin affects the immune
system under stress [12], stimulating cytokine pro-
duction, T-cell proliferation, NK cells, neutrophils,
and dendritic cells [13]. A decrease in the average
free T, and IL-1P levels and increased IL-8 are a
common pattern for both HAVS and SNHL. A
specific feature of the detected changes in the pa-
tients with SNHL is the increase in free T, pro-
duction and the decrease in IL-10 level. Patients
with HAVS are characterized by increased TSH
production. As it is known, free T, and free T, are
involved in the regulation of TSH emissions [14].
Free T, is the main TSH suppressor, as its high
concentrations block TSH production, while low
levels increase it [15].

According to the work of R.G. Fedina. et al.,
there is a significant increase in cortisol and a
decrease in free T, and free T, even in apparently
healthy workers exposed to vibration hazards [16].
V.S. Rukavishnikov and A.V. Lizarev demonstrated
that only insignificant changes of the mentioned
hormones are noted in patients with HAVS along
with an increase in the length of service [17]. The
results of the examination of workers in the machine-

building industry exposed to increased levels of
vibration and noise may be found in literature. The
workers showed an increase in adrenocorticotropic
and luteotropic activity of the adenohypophysis and
a decrease in androgen production [18].

These results confirm that prolonged exposure to
high doses of cortisol and prolactin contributes to
the development of various disorders in the immune
systemregulation [ 19]. Thus, in patients with HAVS,
high cortisol level was accompanied by a decrease
in IL-1P and an increase in IL-10 concentrations.
In patients with SNHL, prolactin production had a
positive correlation with IL-8 production. IL-1 is
a multifunctional cytokine. It easily penetrates the
brain through the blood-brain barrier and causes
secretion of corticotropin-releasing factor in the
hypothalamus. This factor affects the functional
activity of the pituitary and adrenal glands. In
response to that, the pituitary gland stimulates
adrenocorticotropic hormone secretion. The adrenal
cortex stimulates glucocorticoid hormones. There
is experimental evidence that cytokines have both
immune and neurotropic effects. They are produced
in the CNS and can have a direct effect on the
nervous system [20, 21].

The established differences in immune and
hormonal relationships may be induced by the
intensity of cortisol and prolactin production
in HAVS and SNHL. The findings prove that
high concentrations of cortisol and prolactin in
patients with HAVS and SNHL are important
pathogenetically  significant factors in the
development of the diseases. Thus, new informative
laboratory indicators (IL-4, prolactin, free T,) can be
used to identify changes in immune and hormonal
regulation in patients with SNHL.

CONCLUSION

The patterns of immune and hormonal reg-
ulation in occupational HAVS and SNHL were
revealed. The common pattern of changes in hor-
monal and cytokine profiles in patients with HAVS
and SNHL was the following: increased levels of
cortisol, prolactin, IL-8 and decreased levels of
free Th, and IL-1pB. A distinctive feature of occupa-
tional SNHL was the increase in free T, production
and the decrease in anti-inflammatory IL-10 level.
In patients with HAVS, the increase in TSH pro-
duction was identified. It was found that patients
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with HAVS had a negative correlation between the
cortisol level and the concentration of pro-inflam-
matory IL-1P and a positive correlation between
cortisol and anti-inflammatory IL-10. Patients
with SNHL had a positive correlation between
the prolactin concentration and IL-8 production.
The identified features of immune and hormonal
relationships may be determined by the intensi-
ty of cortisol and prolactin production. Persistent
high levels of cortisol and prolactin are important
pathogenetically significant factors in the devel-
opment of HAVS and SNHL. The obtained new
informative laboratory indicators (IL-4, prolactin,
free T,) will allow to expand the evidence base for
the diagnosis of SNHL.
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