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SUSPECTED ENVIRONMENTAL AND SOCIO-ECONOMIC CAUSES
OF DIABETES MELLITUS AND ASSOCIATED OCULAR COMPLICATIONS
IN THE SUMY REGION, UKRAINE, FOR THE PERIOD OF 2011-2016

"Lekishvili S., !Chayen B., 2Chayen S.

IMedical Institute Sumy State University, *Sumy State University, Oleg Balatskyi Academic
and Research Institute of Finance, Economics and Management, Economic Theory Department, Ukraine

Diabetes mellitus (DM) is one of the most common
endocrine disorders. DM affects more than 240 million
people worldwide, and this number is expected to reach
roughly 370 million by 2030 [30]. The prevalence of dia-
betes in Ukraine was 2,861.6 people per 100,000 people in
2015 and annual mortality rate was 5 per 100,000 people
[31]. Complications of DM are progressive and almost al-
ways resulting by chronic exposure to high levels of blood
glucose caused by impairments in insulin metabolism and
of biological macromolecules such as carbohydrates, lip-
ids, proteins and nucleic acids [7]. Ocular complications
associated with DM are progressive and rapidly becoming
the world’s most significant cause of loss of health. They
are preventable with early detection and timely treatment.
This research provides an overview of two main ocular
complications associated with DM - diabetic retinopathy
and cataract [17].

Diabetic cataract. Definition and features

Cataract is considered a major cause of visual impair-
ment in diabetic patients. Morphologically it is cloudy
opacifications of the lens of the eye which can lead to
blurred vision which can be dazzled by bright lights, see-
ing a circle of light around lights, a yellowing of vision
and finally it can also lead to a loss of vision. True diabet-
ic cataract, which is bilateral and often develops quickly,
can affect individuals at younger ages with severe diabe-
tes. This condition is relatively rare: the development of
senile cataract is a problem of more practical importance
though it seems no more common in diabetics than in non-
diabetics in a similar age group. This view is supported by
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the findings of Waite and Beetham (1935), who found the
incidence of senile cataract in 2000 diabetic patients no
greater than in non-diabetics of a comparable age [22].

Cataract frequency varies between ethnic populations
and geographic locations (ranges from 35% to 48%), and
in these circumstances it can be found higher in diabetics
when compared to non-diabetics. For example, in Chi-
nese, Indonesian and Indian populations rate of diabetic
cataract was higher than in other populations [3,5,15].

Cataract formation in diabetics maybe related to hy-
perglycemia or to old age [16].

Unfortunately, diabetic cataract extraction is associ-
ated with higher complication rates than nondiabetic sur-
gery and may be accompanied by macular edema, pro-
gression of retinopathy, frank neovascularization, uveitis,
and posterior capsular thickening. The precise cause of
diabetic cataract is unknown [20].

Pathogenesis. The base of pathogenesis of diabetic
cataracts is accumulation of glucose in the lens, following
background episodes of hyperglycemia. Some part of glu-
cose transforms into sorbitol. Glucose and sorbitol have
a high osmolarity and are able to delay the fluid, which
causes swelling of the lens, change of its shape and refrac-
tive properties. These changes cause degeneration of the
lens and later cataract (Fig. 1).

Diagnostic. A comprehensive ophthalmologic exami-
nation includes:

- visual acuity measurement; evaluation of relative affer-
ent pupil defect; slit-lamp biomicroscopy; gonioscopy; intra-
ocular pressure measurement; dilated fundus examination.
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Fig. 1. Pathogenesis of cataract

In selected cases, ancillary tests such as fundus angi-
ography and OCT may also be useful.

Treatment of diabetic cataracts in diabetes mellitus

Treatment of diabetic cataracts is always carried out
in parallel with the treatment of the underlying disease -
diabetes mellitus.

It is impossible to get results of treatment of cataract
without restoration of metabolism, without stabilizing the
level of blood sugar.

The following methods are used: Insulin therapy (with
DM2); Diet therapy (with insulin-independent DM); Physio-
therapy and lifestyle correction; Surgical treatment.

Modifications to surgical technique and intraocular
lens material are thought to alter outcome. Small incision
phacoemulsification surgery causes less postoperative
breakdown of the blood—aqueous barrier than extracap-
sular extraction does, but this complication nonetheless
increases with advancing retinopathy [9,24].

Anterior capsular phimosis is greater in diabetic than
in nondiabetic patients and may have clinical significance
if retinal laser treatment is required.

Diabetic retinopathy. Definition and features

Diabetic retinopathy (DR), a microangiopathy affect-
ing all of the small retinal vessels, such as arterioles, cap-
illaries and venules, is characterized by increased vascular
permeability, ocular hemorrhages, lipid exudate, by vas-
cular closure mediated by the development of new vessels
on the retina and the posterior vitreous surface [18].
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Diabetic retinopathy includes non-proliferative and
proliferative retinopathy.

The overall prevalence of diabetic retinopathy varies
in different populations [2]. Diabetic retinopathy is the
major blinding ocular complication of diabetes.

Recent studies have also found correlations between
HbAlc and other glycosylated proteins, particularly the
advanced glycosylation end products (AGEs), and pro-
gression of retinopathy.

These modified proteins are markers of chronically
elevated glucose levels and are indicators of overall dia-
betes control.

Pathogenesis. There is a very strong relationship be-
tween chronic hyperglycemia and the development of DR
[11,23].

Hyperglycemia causes vascular endothelial dysfunc-
tion. Many inter-dependent metabolic pathways have
been put forward as important connections between hy-
perglycemia and DR.

These implicated metabolic pathways include:

- increased polyol pathway-activity (Fig. 2), [13],

- protein kinase C (PKC) pathway activity (Fig. 3), [8],

- up-regulation of growth factors of vascular endothelial
growth factor (VEGF) [8],

- generation of advanced glycation end products (AGEs)
[4,20],

- chronic oxidative damage [6],

- increased activation of the renin-angiotensin system
(RAS) [21],

- chronic inflammation and abnormal clumping of leuko-
cytes (leukostasis) [21].

Aldose Sorbitol
reductase dehydrogenase
Increased
glucose ™= Sorbito] ======) Fructose
NADP NAD

Osmotic damage

Fig. 2. The polyol pathway

Hyperglycemia
1 Diacylglycerol
t Protein kinase C

Extracellular matrix protein synthesis
leukostasis endothelial permeability retinal
hemodynamics expression of vascular
endothelial growth factor
Fig.3. The protein kinase C pathway
Diagnostic. The comprehensive dilated eye examination
includes dilation, tonometry, visual field test and a visual
acuity test.
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During examinations it is possible to detect: Abnormal
blood vessels; Swelling, blood or fatty deposits in the reti-
na; Growth of new blood vessels and scar tissue; Bleeding
in the clear, jelly-like substance that fills the center of the
eye (vitreous); Retinal detachment; Abnormalities in the
optic nerve [32].

Optical coherence tomography (OCT) is another way to
look closely at the retina. A machine scans the retina and pro-
vides detailed images of its thickness. This helps your doctor
find and measure swelling of your macula [33].

Fluorescein angiography is a medical procedure in
which a fluorescent dye is injected into the bloodstream.
The dye highlights the blood vessels in the back of the eye
so they can be photographed [34].

Treatment: increased metabolic control; Glycemic
control; Control of blood pressure; Control of serum lip-
ids; laser treatment; intravitreal medication; surgery.

In this paper we aim to compare and research:

- The prevalence of DM in the Sumy region during
the years 2011-2016 compared with that of the whole of
Ukraine.

- The prevalence of ocular complications of diabetes
and their tendency to progress in Ukraine and Sumy re-
gion over the years 2011 — 2016.

- Various demographical traits of the prevalence of
ocular complications of diabetes.

- The dependence of prevalence of ocular complica-
tions of diabetes upon various socio-economic factors.

Material and methods. We conducted a statistical
analysis of the data concerning diabetes and its complica-
tions in Sumy region campared with the prevalence of DM
in the whole of Ukraine. The materials that were analyzed
were collected over the last 6 years from the Department of
Endocrine diseases of the Regional Hospital of Sumy. In ad-
dition materials were collected from the Global Burden of
Disease Study (GBD) presented by the Institute of Health
Metrics and Evaluation (University of Washington, Seattle)
[31]. Environmental reports were collected from the website
of the government of Sumy region [35].

Results and their discussion. Epidemiology of DM

The prevalence of diabetes in Sumy region in the year
2011 was 3418.6 per 100,000 people compared with 2773.1
people in Ukraine. In 2012 the prevalence of DM in Sumy
region grew to 3527.34 compared to 2885 in whole of
Ukraine. In 2013 there was additional growth to 3673.06
per 100,000 people in Sumy region compared to 2780.5 in
Ukraine. In 2014 prevalence of diabetes in the Sumy region
continued to grow to 3804.68 compared to 2730.7 in the
whole of Ukraine, and in 2015 it grew even more to 3877.1
compared with 2861.6 in Ukraine (Fig. 4). The prevalence
of DM in Sumy region grew even more in the year 2016 to
the value of 4018.3 per 100,000 people. The absolute total
number of people sick with DM in Ukraine at the beginning
of 2017 were 537 641 people [25-29].

Epidemiology of diabetic cataract

The annual loss of health from cataract is 57 per
100,000 people in the whole of Ukraine. In Eastern Eu-
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rope Ukraine reserved the 6" place for loss of healthy life
after Russia, Latvia, Lithuania and Croatia. The number
of years of loss of health, caused be cataract, in Ukraine is
lower relative to the region of Eastern Europe but higher
relative to the world [31]

4000

— ;;;J;; 3877,1
3500 3673,06
3418,67 3527,34
3000 Sumy
= kraine
2885 2861,6
2500 27731 27805 5730.7
2000
2011 2012 2013 2014 2015

Fig.4. Prevalence of DM in Ukraine compared with
Sumy region during the years 2011-2015

The data analyzed from hospitals in the Sumy region and
other regions in Ukraine [25] shows that in the year 2011, di-
abetic cataract counts for 6% among all complications of dia-
betes (n = 195.35 persons per 100,000). In 2012 it was also
6% (n = 198.51), in 2013 — 5% (n=196.74), in 2014 — 5%
(n=203.72) and in 2015 — 5% (n = 196.5) (Fig.7), [25-29].

Diabetic cataract prevalence varies amongst various
age-groups (Fig. 5). In the year 2011, amongst teenag-
ers (15-17 years) the prevalence of diabetic cataract was
almost zero (n=2) whereas amongst adults (18-54 years)
it was 59% (n=1908), and amongst elderly (55 and over)
—41% (n=1310) [25].

In the year 2015 there weren’t any cases with diabetic
cataract among teenagers. However, amongst adults he
prevalence of diabetic cataract was 60% (n=1923) and
among the elderly — 40% (n=1395) [29].

2011 2015
59% 60%
41% 40%
«o Ml m
teenagers adults elderly

Fig. 5. Prevalence of diabetic cataract in different age
categories

Epidemiology of diabetic retinopathy. The prevalence
of diabetic DR was higher in Ukrain than in Sumy region.
So, in 2011 it was 16% of total diabetic complications
(n=542.95), in 2012 — 15% (n=540.07), in 2013 — 17%
(n=626.61), in 2014 — 14% (n=531.52), and in 2015 —
14% (n=541.52) [25-29].

Diabetic retinopathy prevalence varies amongst vari-
ous age-groups (Fig. 6). In the year 2011 were 9129 cases
of diabetic retinopathy: 0,6% of the cases (n=15) were
amongst teenagers (15 — 17 years old), 58% (n=5,303)
amongst adults (18 — 55 years old women, 60 years old
men) and 42% ( n=3,811) amongst the elderly (from 55
years old women, 60 years old men) [25].
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Then in 2015 the total level of DR cases declined from
9129 cases to 8857cases. The prevalence amongst teenag-
ers 0.2% (n = 5), 60% (n = 5,316) amongst adults and
40% (n=3,536) amongst elderly group [29].

60%
= 2011
e 2015
0% 0%

adults

teenagers elderly
category of people
Fig. 6. Prevalence of diabetic retinopathy in different
age categories
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Fig. 7. Prevalence of DM ophthalmic complications

The prevalence of DM in Sumy region grew between
the years 2011-2016 by 17.5%. During that period there
was no significant change in the prevalence of DM in the
whole of Ukraine. This difference between Sumy and the
whole of Ukraine will be discussed later in this discus-
sion.

The prevalence of ocular complications of DM are ap-
proximately 22% of which 6% are for DC and 16% are
for DR. The prevalence of ocular complications did not
change over the years. At the time point of writing this
article there are 88 ophthalmologists in Sumy region, of
which 47 serve in the town of Sumy. Out of 88 ophthal-
mologists, 14 doctors treat the juvenile sector. This ade-
quate number of eye-doctors, work on the prevention and
treatment of ocular complication of DM and are capable
of keeping the prevalence of ocular complications of DM
constant.

It can be seen that these ocular disorders do not al-
most occur within the juvenile group, are highly preva-
lent with adults (60%) and decrease a little within the
elderly group (40%). This is due to the low life ex-
pectancy of adults that are sick with DM with ocular
complications who will not reach the age of the elderly
group.

The absolute number of endocrinologists in the whole
of Sumy region is 36 and stands on the 6™ place from the
bottom of the list of occurrence of endocrinologist per
region (0.32 per 10 000 people). Compared to Kyiv that
has 201 endocrinologists (0.7 per 10 000 people) only for
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the town, this number is extremely low. During the years
2011-2016 this number did not change. In addition, ac-
cording to our investigation there was no significant anti-
diabetes campaign during these years, not in the Sumy
region and neither in the whole of Ukraine. Therefore,
the increase in prevalence of DM must be explained not
merely by hyperdiagnostic but by real new causes of sick-
ness.

Since the Sumy region is well known as an industrial
area, we suspect environmental hazardous materials to be
the causes of the increase in DM prevalence. We therefore
investigated the last environmental report for the Sumy
region in the year 2017 [35]. The findings indicated that
there is a strong case for ‘accusing’ environmental fac-
tors with the increase of DM prevalence. Findings of the
report show that during the five-year observation period
(2012-2016), there was a significant increase in the ob-
served level of atmospheric air pollution. In 2016 there
was an increase of 13.2% in emissions of pollutants into
the air from stationary sources compared to 2015 (in ab-
solute numbers there was an increase of 2.3 thousand
tons of pollutants). The main pollutants were: nitrogen
compounds (by 1.0 thousand tons or by 53.2%); carbon
monoxide (by 0.8 thousand tons or by 17.6%); methane
(by 0.1 thousand tons or by 4.8%); sulfur dioxide (by 0.1
thousand tons or by 4.1%); sulfuric acid (by 36.7 tons or
by 43.3%); POP (benzapyrene) (by 0.006 tons or 7 times);
bromine and its compounds (by 0.031 tons or 2.7 times)
[35].

In addition to the increase of air pollution during the
years 2012-2016, there was also significant increase in
contamination of surface water by sewage which might
have reached ground water. This water is used in the
Sumy region as drinking water. In 2016, the total dis-
charge of sewage into surface water was 48.38 million
m?® in comparison with 2015 when it was 45.59 million
m3. The absolute increase in contamination was by 2.79
million m?3[35].

Environmental pollution is a well-known cause of DM
and has been reported in the works of David Spero [36]
and Jacquelyn K. Beals [33]. Spero claims that chemicals
in food, water, plastic packaging, and cleaning and beauty
care products have all been found to increase insulin re-
sistance and diabetes [36]. In her study, Beals looked for
significant association between factors such as levels of
heavy metals or pesticides in blood or urine and cases of
T2D [1].

In addition to environmental pollution as a cause
of increase of DM prevalence, in the last years another
significant cause has been found — moving from rural
style of life to an urban style of life. In India, it was
found that the prevalence of DM was two and half
times higher in urban areas than in rural areas [12].

We now know that this process of urbanization
changes the daily life style of people in the form of
increase in fat consumption, physical inactivity, and
substance abuse with associated risk of development of
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chronic diseases like hypertension and DM [10]. Nir-
mala et al. [14] also reported higher level of diabetes in
urban areas compared with tribal areas. These findings
are in accordance with the similar process that is occur-
ring in the Sumy region, mainly since the dissolving of
USSR in 1991. We know that since 1980 the number of
agricultural settlements of Sumy region has decreased
from 1629 to 1491 (138 villages were liquidated). Most
of the villagers have migrated to the towns and have
changed their life style [37].

Conclusion. In this work we have shown a clear in-
crease in the prevalence of diabetes mellitus in Sumy re-
gion during the period 2011 — 2016. We have found that
this increase is in accordance with severe increase in envi-
ronmental pollution. In addition we have shown that there
is a process of the population moving from the villages
to the towns — a process which invites negative change
in life style leading to higher prevalence of DM. We plan
in the future to look in detail into the question of ground
water pollution and research whether the drinking water
is polluted in a way that it may affect the increase preva-
lence of DM.
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SUMMARY

SUSPECTED ENVIRONMENTAL AND SOCIO-ECONOMIC CAUSES OF DIABETES MELLITUS
AND ASSOCIATED OCULAR COMPLICATIONS IN THE SUMY REGION, UKRAINE,
FOR THE PERIOD OF 2011-2016

"Lekishvili S., 'Chayen B., *Chayen S.

'Medical Institute Sumy State University, *Sumy State University, Oleg Balatskyi Academic
and Research Institute of Finance, Economics and Management, Economic Theory Department, Ukraine

The aim of the study was to compare and research: the
general prevalence of DM in the Sumy region compared
with the prevalence of DM in the whole of Ukraine during
the years 2011-2016; the prevalence of ocular complica-
tions of diabetes and their tendency to progress in Ukraine
and Sumy region over this period; various demographical
traits of the prevalence of ocular complications of diabe-
tes and the dependence of prevalence of ocular complica-
tions of diabetes upon environmental causes and various
socio-economic factors.

We conducted a statistical analysis of data on diabetes
and its complications in the whole of Ukraine and the Sumy
region. The materials that were analyzed were collected over
the last 6 years from the Department of Endocrine diseases
of the Regional Hospital of Sumy. In addition materials were
collected from the Global Burden of Disease Study (GBD)
presented by the Institute of Health Metrics and Evaluation
(University of Washington, Seattle).

In this work we have shown an increase of 17.5% in
the prevalence of diabetes mellitus in the Sumy region

during the period 2011 — 2016. During that period there
was no significant change in the prevalence of DM in the
whole of Ukraine. The prevalence of ocular complica-
tions of DM are approximately 22% of which 6% for DC
and 16% for DR. The prevalence of ocular complications
did not change over the years. We have shown that the
increase of DM prevalence is in accordance with severe
increase in environmental pollution. In addition we have
shown that there is a process of the population moving
from the villages to the towns — a process which invites
negative change in life style leading to higher prevalence
of DM.

We plan in the future to look in detail into the ques-
tion of ground water pollution and research whether the
drinking water is polluted in a way that it may affect the
increased prevalence of DM.

Keywords: diabetes mellitus, ocular complications of
diabetes, diabetic retinopathy, diabetic cataract, environ-
mental pollution, Sumy region, Ukraine.

PE3IOME

OINPEJEJIEHHUE 9KOJOTMYECKHUX U COIUAJIBHO-9KOHOMMWYECKUX TPUYNH
CAXAPHOI'O TUABETA U ETO O®TAJBMOJOTMYECKHAX OCJIOKHEHUI
B CYMCKOW OBJIACTU Y YKPAMHE 3A TIEPUO/T 2011-2016 I'T.

Jexknmsuim C.J., Yeiin B.41.!, Yeiin C.B.?

Cymckoti 2ocyoapcmeennulil ynueepcumenm, ' Meduyunckuti uncmumym, > Yuebno-nayunolii uncmumym Qunancos,
IKOHOMUKU U MeHedHcmenma um. Oneca banaykoeo, kagedpa sxonomuueckol meopuu, Yxpauna

Lenbio nccinenoBaHus SIBUIOCH OINpPENEICHHE KO-
JIOTUYECKHUX M COLHAJIbHO-3KOHOMUYCCKUX TPUYUH
Pa3BUTHs caxapHOTO auadbeTa u ero o)TaabMOIOrHYIe-
CKHUX ocioxHeHuld B YkpauHe u Cymckoil obnactu B
teueHue 2011-2016 rr., aHanu3 uX 3aBUCUMOCTH OT CO-
[UaJIbHO-OKOHOMHUYECKUX (DaKTOpoB, pa3paboTka Mmep
JUISL TIPEIOTBPALICHHUS O(PTAIbMOJIOTHYECKHX OCIIOXK-
HEeHHI caxapHoro nuabera.

IIpoBeneH crarucTuyecKkuii aHaIU3 JaHHBIX 110 caxap-
Homy nuabetry (CII) u ero oCIoKHEHUsIM B YKpauHe B
nesnoM u B ee Cymckoit obmactu. IIpoananu3upoBaHbl
MarepHualibl U3 OTIeJIeHHs SHJoKpuHosorun ObnacT-
HOM OosbHMIBI T. CyMBl 3a 6 neT. HekoTopele 1aHHBIE
saumcTBoBaHbl U3 Global Burden of Disease Study
(GBD), Institute of Health Metrics and Evaluation
(University of Washington, Seattle). [IpoBenen cpas-
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HUTEJILHBIN aHAJIN3 Pe3yabTaTOB UCCIEI0OBAaHUM C J1aH-
HBIMH JPYTUX aBTOPOB.

[TokazaHo JOCTOBEpPHOE YBEJIMYEHHE pacnpocTpa-
Hennoctu CJI B Cymckoit obnactu 3a nepuon ¢ 2011
1o 2016 rr. CyiecTBeHHBIX U3MEHEHHH B pacrnpocTpa-
HenHoctu CJI mo YkpauHe, B I1€J0M, HE OTMEUYEHO. 3a
MoCJeTHUE TOABl TOKAa3aTeIH PaCIpOCTPAHEHHOCTH
0P TaTbMOJIOTHYECKUX OCJIOKHEHUN CTaOMIU3HPOBa-
JIUCh.

YcraHoBieHo, 4To pacnpocTpaneHHocTs CJl 00y-
CIIOBJIEHA POCTOM 3arpsA3HEHUs OKPYKAIOIIEH Cpebl.
B Oyaymem mnaHupyercs jAeTajbHOE H3YyUYEeHHUE BO-
mpoca O 3arpA3HCHUU I'PYHTOBBIX BOJ U IMPOBEACHUEC
I/ICCJ'ICZLOBaHI/lﬁ Ha MpCAMET BbIABJICHUA POJU CTC-
[E€HU 3arpsi3HEHUs] NMUTHEBOM BOJBI HA pacnpocTpa-
Henue CJI.

125



