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The purpose of the study is to compare indicators of oxidative stress (OS) and bone mineral density in patients with combined
course of type 2 diabetes mellitus (DM) and osteoporosis (OP), who are permanently resident in industrial regions and in
environmentally friendly conditions.

Materials and methods. A total of 74 patients with combined course of type 2 DM and OP have been examined. The main group
included 50 patients who had permanent residence in Zaporizhzhia city (industrial region). The comparison group included 24
patients with combined course of type 2 DM and OP who were born and lived in Mykhailivka town of the Zaporizhzhia region
(ecological region). All the patients underwent ultrasound densitometry using the Omnisense 7000 ultrasound densitometer
(Beam Medical Ltd, Israel). Osteoporosis risk index (ORI) was calculated for each patient as an average index for 2 bones. The
OS intensity was assessed by nitrotyrosine and 8-hydroxyguanine serum levels. Serum glucose and glycosylated hemoglobin
(HbA1c) were also measured.

Results. The main group patients did not significantly differ from the comparison group patients in terms of OP risk factors, age,
gender, duration and course of type 2 DM. The mean values of nitrotyrosine and 8-hydroxyguanine levels were significantly 2.5 times
(P<0.05)and 1.4 times (P < 0.05) higher, respectively, in the main group as compared to similar patients from the environmentally
friendly region. The bone mineral density in the industrial region group was significantly lower. Thus, the Rad-Tib ORI was 12 %
higher in the main group, Rad-Ph ORI — by 19 %, and Tib-Ph ORI — by 16 % compared with the comparison group (P < 0.05).

Conclusions. The processes of OS are intensified and severity of osteoporosis is increased in the patients with combined
course of type 2 diabetes mellitus and OP who have been permanently living in the large industrial city compared to the residents
of the environmentally friendly region.

0co6AMBOCTI OKCMAATMBHOTO CTPECY Y XBOPUX i3 NoeAHAHMM nepebirom LykpoBoro aiabery
2 TMNY Ta 0CTEONOpPO3Y, AKi NOCTIMHO NPOXXMBAIOTb B YMOBAX aHTPONOTeHHOr0 HaBaHTa)KEHHA

B. I. KpuBeHko, 0. |. BopopaBko

MeTta po6oTu — 34iCHUTI NOPIBHAMNBHWIA aHania nokasHukis okeuaatueHoro ctpecy (OC) i MiHeparnbHOI LWiNbHOCTI KiCTKOBOI
TKaHUHWM y XBOPWX i3 noegHaHnM nepebirom wykposoro aiabety (L) 2 Tuny Ta octeonopody (OI), siki NOCTINHO NpoXuBatoTh Yy
MPOMMCOBOMY PETIOHi Ta B EKOMNOTYHO CIPUSITIIMBIX YMOBaX.

Marepianu Ta metogu. O6¢TexeHo 74 nauieHTn 3 noegHanum nepebirom LA 2 Tuny ta Or. [lo ocHOBHOI rpynu ysinwmm 50
navieHTiB, SKi MOCTIHO MPOXMBaNM y M. 3anopixoki (MpoMuCIoBuiA perioH). [Jo rpyniv NOPIBHAHHSA YBIALLIW 24 NaLjieHTV 3 NOESHaHUM
nepebirom LU 2 tuny Ta OIN, siki Hapogunues i xunu y cMT Muxaiiniska 3anopisbkoi 0bnacTi (eKkonoriyHo CnpusitinBrin perioH).
YCiM nauieHTam BUKOHanNM ynsTpa3BykoBy AEHCUTOMETPIO Ha ynbTpa3sykoBoMy aeHcuTomeTpi Omnisense 7000 (Beam Medical
Ltd, Israel). Takox pospaxoByBanu iHaekc puanky octeonoposy (IPO) — cepepHin koediuieHT ans 2 kictok. OLiHIOBaHHS CTaHy
KiCTKOBOI TKaHUHW NpoBoaMnM 3a kputepiamm BOOS. IHTeHcnBHiCTb OC owjHioBany 3a piBHEM HITPOTUPO3MHY Ta 8-rigpoKcuryaHiy
B CUPOBATL}i KPOBI. TaKkoX 3AIMCHUNM JOCTILKEHHS rtoKo3n HaTwe Ta HbA1c.

Pesynbkratu. MauieHTn 0CHOBHOI rpyni BiporigHO He BigpisHanuch 3a aktopamu puauky OFl, Bikom, CTaTTio, TPUBAnICTIO Ta
nepebirom LI 2 Tuny Big oci6 rpynu nopiBHAHHS. CepeaHi 3Ha4eHHs PiBHS HITPOTUPO3WHY Ta 8-rigpokcuryaHiHy 6ynu BiporigHo
BULLMMM B OCHOBHiIV rpyni y 2,5 pasa (p < 0,05) Ta 1,4 pa3sa (p < 0,05) BignosiaHo NOPIBHSAHO 3 aHANOMYHUMM XBOPUMMU 3 EKOMOTYHO
CNpUSTAMBOrO perioHy. MiHepanbHa LUiNbHICTb KICTKOBOI TKAHWUHW Y rpyni 3 MPOMUCIOBOTO perioHy Byna BiporigHO Hk4oH. Tak,
IPO Rad-Tib 6yB Ha 17 % Buwwwmm B ocHoBHil rpyni, IPO Rad-Ph — Ha 16 %, a IPO Tib-Ph — Ha 27 % L0A0 rpynu NOPIBHAHHS.

BucHoBku. Y xBopux i3 noegHaHnm nepebirom LI 2 tuny Ta OI, siki NOCTiiHO NpOXuBanu B yMOBax BEMWKOTO iHAyCTpianb-
HOro MicTa, B3Haumnm iHTeHcudikauito npouecie OC i nigBuweHHs BupasHocTi Ol NopiBHSAHO 3 MELLKaHLSIMK eKONOorivyHO
CMPUSATIIMBOIO PETIOHY.

0Cc06€HHOCTH OKCHAATMBHOTO CTpecca Y 60ALHbIX C COUETAHHBIM TEUEHHEM CaxapHOro
AuabeTa 2 TMNa U 0CTEONoPo3a, KOTOpble NOCTOAHHO NPOXXUBALIOT B YCAOBUAX
aHTPONOTeHHOH Harpy3Kku

B. U. KpueHko, O. U. BopopaBko

Llenb pa6oTbl — NPOBECTM CpaBHUTENbHbIA aHanW3 nokasarteneit okcupatmueHoro ctpecca (OC) v MuHepanbHOM NNOTHOCTH
kocTHom TkaHu (MIKT) y BonbHbIX ¢ coveTaHHbIM TeveHneM caxapHoro auabeta (CL) 2 Tvna u octeonoposa (OIM), koTopble
MOCTOSIHHO MPOXMBAIOT B MPOMBILLIIEHHOM PETUOHE U B 9KOMOIMYecki GnaronpusiTHbIX YCroBUsIX.
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Marepuansi u metogbl. O6cnenosany 74 6onbHbIX ¢ codeTaHHbIM TedeHnem CL 2 Tuna u O, B ocHoBHyto rpynny Bowwnm 50 na-
LIMEHTOB, KOTOPbIE MOCTOSIHHO NPOXMBANY B I. 3anopoxbe (MPOMBILLNEHHBIA pervoH). B rpynny cpaBHEHWS BKIHOYEHbI 24 naLyeHTa
€ coyeTaHHbIM TedeHem CL 2 Tvna v O, koTopble pogunucs 1 xunu B Nrr Muxarinoeka 3anopoXcKkorn 06nacTy (3Konormiyeckm
6naronpusTHbIV pervioH). Bcem nauyeHTam npoBoamMnack yrsTpa3BykoBas AEHCUTOMETPUS Ha YbTPa3ByKOBOM EHCUTOMETPe
Omnisense 7000 (Beam Medical Ltd, Israel). Tarke paccumtbiBanu nHaeke pucka octeonoposa (MPO) — cpeaHuit koachduumeHT
ans 2 kocten. OueHka COCTOsIHMS KOCTHON TkaHW npoeoaunack no kputepusam BO3. HTeHcnBHOCTE OC OLeHMBany no ypoBHto
HWUTPOTMPO3MHA W 8-TPOKCUTyaHUHA B CbIBOPOTKE KPOBU. Takke NPOBOAUIM 1CCIef0BaHus Fioko3bl HaTowak u HbA1c.

Pesynerarhbl. [auneHTbl 0CHOBHOMN rpynnbl JOCTOBEPHO HE OTAMYanmMchb no daktopam pucka Orl, Bo3pacTy, nony, AnUTeNsHOCTH
1 TedeHnto C[l 2 Tuna ot nuu, rpynnbl cpaBHeHus. CpegHue 3HaueHUst YPOBHA HUTPOTUPO3NHA U 8-rnapokeuryaHHa Geinm ao-
CTOBEPHO BhILLE B OCHOBHOW rpynne B 2,5 pasa (p < 0,05) n 1,4 pasa (p < 0,05) COOTBETCTBEHHO MO CPABHEHNIO aHANOMUYHBIMU
60nbHBIMM 13 3KOMOrMYeckn BnaronpuATHOro pervoHa. MuHepanbHas NNOTHOCTb KOCTHOW TKaHMW B rpynne U3 NpoMbILLIEHHOTO
pervoHa 6bina goctoBepHo Hke. Tak, PO Rad-Tib 6bin Ha 17 % Bbiwwe B ocHosHoW rpynne, PO Rad-Ph — Ha 16 %, a UIPO
Tib-Ph — Ha 27 % OTHOCUTENBHO rPyNMbl CPABHEHUSI.

BbiBoabl. Y 60MbHbIX C codeTaHHbIM TedeHneM C[l 2 tvna n Of1, KoTopble NOCTOSHHO NPOXWBANM B YCMOBUSX KPYMHOMO
VHOYCTPUarnbHOrO roposa, MMeeT MecTo UHTeHcudmkaums npoueccos OC 1 noBbiLeHVe BbipaxeHHocTH Ol no cpaBHEHO

C XNTenamMmmn 3Kornornyeckm ﬁﬂarOﬂpMﬂTHOFO pernoHa.

Introduction

People living in conditions of technogenic civilization are
subjected to development of pathologic changes in organs
and systems. The negative influence of environmental
factors (air pollution by emissions from transport and in-
dustrial enterprises, xenobiotics, ultraviolet radiation, etc.) is
accompanied by the increased formation of free radicals [1].
According to the literature, oxidative stress (OS) caused by
adverse environmental conditions is one of the determining
factors in the pathogenesis of a range of diseases, including
diabetes mellitus (DM) and osteoporosis (OP) [1,2].

Harmful substances can affect bone tissue, both
directly and indirectly. Therefore, cadmium, in particular,
inhibits the formation of a hormonally active form of vitamin
D3 (calcitriol) in proximal renal tubules, which leads to a
decrease in the calcium absorption from the digestive
tract [3,4]. Lead is accumulated in bone tissue, replacing
calcium and thereby decreasing bone mineral density
(BMD) [5].

Indirect impact is caused by OS development. As a
result of environmental contamination, active oxygen forms
are accumulated in large quantities in the body, which stimu-
lates the processes of protein and lipid peroxidation and
contributes to a reduction in antioxidant defense system
activity [1].

In the available literature, we have not found any reports
on the OS study in patients with combined course of type
2 DM and OP with regard to the impact of anthropogenic
stress, which requires further research.

The purpose

The purpose of the study is to compare indicators of oxi-
dative stress (OS) and bone mineral density in patients
with combined course of type 2 diabetes mellitus (DM)
and osteoporosis (OP), who are permanently resident in
industrial regions and in environmentally friendly conditions.

Materials and methods

We have examined 74 patients with the combined course
of type 2 DM and OP. The main group included 50 patients
who lived permanently in the city of Zaporizhzhia (industrial
region).

Zaporozhye medical journal. Volume 21. No. 2, March — April 2019

According to the data collected in the Institute of Medi-
cal and Environmental Problems of Zaporizhzhia State
Medical University, the content of industrial pollutants
in the environment exceeds the maximum permissible
concentrations, in particular, heavy metal compounds
(lead, copper, manganese, etc.) — 4.7 times, benzo[a]
pyrene — 6.4 times, ammonia — 1.6 times, phenol — 1.3
times, fluorides — 2 times, sulfur dioxide — 2.5 times, hy-
drogen sulfide — 1.5 times [6].

The comparison group included 24 patients with com-
bined course of type 2 DM and OP who were born and lived
in Mykhailivka town of the Zaporizhzhia region.

According to the Main Department of Statistics in
the Zaporizhzhia region, this urban-type settlement is
located in the region with a relatively favorable ecological
situation. For example, in 2014, 52 kg of harmful substances
were emitted per one resident of the Mykhailivka district
per year, while this rate was 163 kg per inhabitant in Zapo-
rizhzhia per year. In addition, the main specific pollutants
content, according to the official statistics, is much lower
in the atmospheric air of the Mikhailivsky district than in
Zaporizhzhia city [6].

The following inclusion criteria were applied: a written
informed consent obtained from each patient to participate
in the study, verified diagnosis of type 2 DM (according
to the Health Ministry of Ukraine Order No. 1118 dated
21.12.2012), verified diagnosis of osteoporosis (according
to the Health Ministry of Ukraine Order No. 676 dated 12
October, 2006, and the recommendations of the Interna-
tional Society for Clinical Densitometry, 2015), age from
50 to 70 years old.

Exclusion criteria included diagnosis of type 1 diabetes,
secondary insulin-dependent DM, glucocorticosteroids
intake for more than 3 months, thyroid disorders, chronic
heart failure, chronic kidney disease, systemic connective
tissue diseases, women with premature (up to 45 years of
age) or artificial menopause.

All the patients underwent ultrasound densitometry of
the three bones, namely, proximal phalanx of the Il finger,
the distal radius, the midshaft tibia using the Omnisense
7000 ultrasound densitometer (Beam Medical Ltd, Israel).

The bone tissue assessment was performed according
to the WHO criteria: normal condition — T-index> -1.0 SD,
osteopenia — T-index — from -1.0 to -2.5 SD, osteoporosis —
T-index <-2.5 SD [7].

ISSN 2306-4145  http://zmj.zsmu.edu.ua
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Table 1. Characteristics of the examined patients with combined course of type 2 DM
and OP depending on the region of residence

Patients characteristics Main group Comparison group
n=50 n=24

Age, years 61.0 (56.0; 65.0) 62 (57.5; 64.0) 0.71
Gender (m/f) 20/31 10/14 0.89
DM duration, years 5.0 (2.0; 8.0) 4.0(2.0;6.5) 0.38
Glucose, mmol/l 10.9+2.4 10.1£1.9 0.39
HbA1c, % 8.7(7.9; 10.6) 8.4 (7.6;10.1) 0.45
Reduced sensitivity in the lower limbs 58/42 1113 0.32
(yes/no), %

Pain in the lower limbs (yes/no), % 22/78 16/84 0.90
Heredity for OP (yes/no), % 12/88 8/92 0.95
Back pain (yes/no), % 44/56 54/46 0.13
Fractures with minimal trauma, (yes/no), % 10/90 25/75 0.81
Height loss 3 cm or more (yes/no), % 6/94 2122 0.80
Daily alcohol intake more than 2 doses, 16/84 8/92 0.70
(yes/no), %

Smoking (yes/no), % 16/84 21179 0.61
Daily physical activity less than 30 minutes 8/92 8/92 0.94
(yes/no), %

Food intolerance (yes/no), % 16/84 12/88 0.40

Table 2. The levels of nitrotyrosine and 8-hydroxyguanine in patients with type 2
diabetes and osteoporosis, depending on the region of residence

Main group Comparison group
n=50 n=24

Nitrotyrosine, nmol/ml 41.4 (11.7, 56.5) 16.6 (10.0; 32.8) 0.006
8-hydroxyguanine, nmol/ml 13.0(9.9; 15.4) 9.0(7.3; 11.5) 0.008

Table 3. Ultrasonic densitometry indicators in patients with a combined course of
type 2 DM and OP depending on the region of residence

Main group Comparison group
n=50 n=24

T-index for the radius 2.7+0.9 25113 0.76
T-index for the tibia -24+09 21112 0.30
T-index for the phalanx 14+1.1 -1.2+£0.9 0.36
Rad-Tib ORI -25+06 -22+01 0.04
Rad-Ph ORI -21+04 -1.7+05 0.03
Tib-Ph ORI -1.9+0.7 -16+0.8 0.04

Osteoporosis risk index (ORI) was calculated for each
patient as an average index for 2 bones. When conducting
ultrasound densitometry of the three bones, the following
combinations were possible: radius bone — tibia (Rad-Tib),
radius bone — phalanx (Rad-Ph), tibia— phalanx (Tib-Ph).

The result was presented in the form of T-index;, the nor-
mative values were the same as in evaluation of ultrasound
densitometry indicators according to the WHO criteria.

The OS intensity was assessed by nitrotyrosine (a kit
from Hycult Biotech, the Netherlands) and 8-hydroxygua-
nine (a kit from Enzo Life Sciences, Switzerland) serum
levels which were tested by Immunochem-2100 (High
Technology, USA) using the immunoassay method.

Nitrotyrosine is a specific marker of oxidative damage
to plasma proteins and indicates the pathological activity
of peroxynitrite which is one of the most potent oxidants
causing protein nitrosation, mitochondrial dysfunction and
apoptosis [8].

8-hydroxyguanine is a product of deoxyguanosine
hydroxyl radical non-enzymatic oxidation, one of the four
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DNAnucleotides, and is the most sensitive marker of nucleic
acid damage [9].

Serum glucose and glycosylated hemoglobin (HbA1c)
were measured on a Prestige 24i biochemical analyzer
(Tokyo Boeki, Japan).

The principles of bioethics have been taken into account
in the research: the general principles of the Council of Europe
Convention on Human Rights and Biomedicine (04.04.1997),
the GCP (1996), the ethical principles of medical research
involving human subjects of the World Medical Association
Declaration of Helsinki (1964—-2000) and the Health Ministry
of Ukraine Order No 281 dated 01.11.2000.

Statistical processing was carried out using
the Statistica 13.0 for Windows (StatSoft Inc., No
JPZ8041382130ARCN10-J) computer program. The
adequacy of the parameters to normal distribution was
tested using the Shapiro-Wilk test. Descriptive statistics
parameters for continuous variables were presented as
the arithmetic mean and standard deviation. Results which
did not follow normal distribution were expressed as median
and interquartile range.

In comparison of studied groups, Student’s t-test and
Mann-Whitney test were used depending on the symptom
distribution. The comparison of qualitative indicators was
carried out according to the 2 criterion.

The Pearson or Spearman correlation coefficients
were preferred according to the distribution of variables to
assess the nature and strength of the associations between
the studied parameters. A P value <0.05 was considered
statistically significant.

Results

Table 1 shows the characteristics of the examined patients.
The main group patients did not significantly differ from
the comparison group patients in terms of the OP risk factors
such as age, gender, duration and course of type 2 DM.

The mean values of nitrotyrosine and 8-hydroxyguanine
levels were significantly 2.5 times (P < 0.05) and 1.4 times
(P < 0.05) higher, respectively, in the main group as com-
pared to similar patients from the environmentally friendly
region (Table 2).

According to the literature data, OS can affect bone
tissue [10]. Thatis why, further on, we compared the groups
of patients by the results of ultrasonic densitometry (Table
3). The groups did not differ significantly in the T-index for
the tibia, radius and phalanx. However, when comparing
the groups by ORI, which is a generalized indicator of
ultrasound densitometry and indicates the severity of OP,
BMD was significantly lower in the industrial region group.
Thus, the Rad-Tib ORI was 12 % higher in the main group,
Rad-Ph ORI-by 19 %, and Tib-Ph ORI -by 16 % compared
with the comparison group (P < 0.05).

It was specified by the correlation analysis that the in-
crease in nitrotyrosine level was significantly associated with
a decrease in T-index for the tibia, radius and Rad-Tib ORI
(r=-0.42,P<0.05;r=-0.37, P=0.05;r=-0.34, P < 0.05).
An increase in 8-hydroxyguanine level had a significant
negative correlation with the T-index for the tibia, Rad-Tib
ORI and Tib-Ph ORI (r=-0.38, P <0.05; r=-0.41, P < 0.05;
r=-0.35, P <0.05).
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Discussion

The groups of examined patients were comparable, which
is important to exclude the factors that may affect the OS
markers. Inindividuals who have been living in the industrial
region, the levels of nitrotyrosine and 8-hydroxyguanine
were significantly higher compared to the similar patients
from the environmentally friendly region. These data indicate
the OS intensification and point to a high oxidative modifica-
tion of proteins and DNA in patients with combined course
of type 2 DM and OP who have been constantly exposed
to anthropogenic pressure (Table 2).

It should be noted that endogenous production of active
oxygen forms occurs during normal physiological processes
and such factors as industrial pollutants, ultraviolet radiation
or air pollution contribute to their formation and accumulation
[11]. Itis believed, hat the body of an individual who resides
in an industrial region can be affected by several hundred
thousand of chemicals, combined effect of which can lead
to an increase in their toxicity, despite their small amounts
[12]. According to scientists, the workers exposed to carbon
dioxide demonstrated an increase in malonic aldehyde level
and a decrease in antioxidant system markers — superoxide
dismutase, catalase and peroxidase, which indicates the OS
development [13].

The literature data show that active oxygen forms
can affect bone tissue [10]. In our study, the groups did
not differ significantly by T-indexes for phalanx, tibia and
radius bones, but a significant difference was found by ORI,
which is a generalized indicator of ultrasound densitometry
and indicates the severity of OP, which may be explained
by higher OS rates. The obtained data are confirmed by
the presence of a possible reverse correlation of the OS
markers levels with ORI and T-index.

There are limited literature data that city residents have
a higher incidence of OP and osteopenia compared to rural
residents. So, according to V. V. Povorozniuk, V. M. Vajda,
N. I. Dzerovych (2010), a significantly higher incidence of
fractures was registered among urban compared to rural
residents [14].

The results of the experimental studies testify the de-
velopment of structural changes in bone tissue, as well
as an imbalance in the bone turnover under the influence
of combined effects of toxicants [4]. Industrial pollutants
promote activation of free radical processes in case of an-
tioxidant deficiency, which adversely affects the BMD, bone
turnover causing the development of OP. It was revealed
that the workers who have harmful working conditions
exhibit changes in the bone turnover and OP development
more often and at younger ages [15].

The results obtained indicate that the OS processes
are intensified in patients with a combined course of type
2 diabetes and OP who have been permanently living in
the large industrial city compared with the residents of
the environmentally friendly region. It is logical to assume
that in the conditions of chronic oxidative stress, there is
a dysregulation of adaptive processes and a decrease in
the reserve capacity of adaptive responses. It is advised
that the patients with combined course of type 2 DM and OP
permanently residing under anthropogenic pressure should
use pharmacological agents with antioxidant properties in
the complex treatment to reduce the effect OS.

Zaporozhye medical journal. Volume 21. No. 2, March — April 2019
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Conclusions

1. There is an increase in nitrotyrosine and 8-hydroxy-
guanine levels in patients with combined course of type 2
DM and OP who permanently reside in the industrial region,
which indicates the development of OS in this category of
patients.

2. Individuals who permanently reside under the an-
thropogenic stress have an increase in the severity of
osteoporosis according to ORI, compared to the similar
patients from the ecological region.

Prospects for further research. To estimate the ef-
fectiveness of antioxidant therapy in patients with combined
course of type 2 DM and OP who permanently reside in
the industrial region.
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