Morbidity with arterial hypertension among workers involved in nuclear weaponry utilization

Read
online

UDC 61
DOI: 10.21668/health.risk/2019.4.10.eng

MORBIDITY WITH ARTERIAL HYPERTENSION AMONG WORKERS
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Cardiovascular diseases remain a basic socially significant issue in most countries all over the world. Our research
goal was to comparatively assess morbidity with arterial hypertension (ICD-9 codes 401-404 or ICD-10 codes 1.10 —1.14)
among workers involved in nuclear weaponry utilization. We examined an occupational cohort that included workers
employed at chemical-metallurgical production of “Mayak” Production Association (PA). They were all employed in
1949-2014 and observed by medical personnel up to December 31, 2017, overall, the cohort included 10,908 people. We
analyzed morbidity parameters taking into account both radiation factors (external gamma-irradiation and internal al-
pha-irradiation caused by incorporated plutonium) and basic non-radiation ones. Standardization was accomplished
indirectly with an internal standard. Morbidity was calculated with medical statistics tools per 1,000 workers. We also
assessed excess relative risk per one dose (ERR/Gy). As a result, we revealed that on December 31, 2017 2,270 arterial
hypertension cases were registered in the examined cohort that included workers employed at “Mayak” PA who were
involved in utilizing nuclear weaponry. We showed that standardized morbidity with arterial hypertension among workers
employed at “Mayak” PA and involved in utilizing nuclear weaponry statistically significantly depended on non-
radiation factors (sex, age, smoking status, attitude towards alcohol intake, body mass index, and pancreatic diabetes)
and didn’t depend on total dose of external gamma-irradiation and internal alpha-irradiation absorbed in the liver.

Key words: arterial hypertension, morbidity, external gamma-irradiation, internal alpha-irradiation, occupational ir-
radiation, cohort study, “Mayak” PA, nuclear weaponry utilization.

Cardiovascular diseases (CVD) remain a
most socially significant problem in many
countries all over the world. In particular, in
Europe 4 million people annually die due to
CVD; 1 million out of them are deaths in Rus-
sia [1]. In 2011 in Russia CVD-related mortal-
ity accounted for 55.9 % out of overall mortal-
ity while in Europe the figure was 47 % [2].

Circulatory system diseases (CSD) cause
more than 1/3 deaths among employable
population, and mortality among men is
higher than among women. It is 4.7 times
higher for CSD as a whole; 7.2 times, for
ischemic heart disease (IHD); 9.1, for cardiac
infarction; and 3.4 times, for cerebrovascular

diseases [3]. Despite a decrease in CVD-
caused mortality that has occurred in devel-
oped countries and over the last few years in
Russia also, the situation in the country re-
mains serious as it is highlighted in multiple
domestic and foreign research works [1, 4, 5].

Arterial hypertension (AH) is a leading
risk factor causing cardiovascular diseases
(cardiac infarction, stroke, IHD, and chronic
heart failure), cerebrovascular diseases
(ischemic or hemorrhagic stroke, transient
ischemic attack), and renal diseases (chronic
renal disease).

AH prevalence in the world is different in
different countries and varies from 27 % in
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Iran to 67 % in Poland; in developed countries
it is approximately 41 % [6, 7]. In the Russian
Federation AH prevalence also amounts to ap-
proximately 42 % [8].

Our research goal was to assess impacts
exerted by radiation and non-radiation factors
on morbidity with AH among workers em-
ployed at Mayak PA who took part in nuclear
weaponry (NW) utilization.

Data and methods. Mayak Production
Association or Mayak PA was the first
atomic enterprise in the former USSR. Long-
term chronic irradiation has always been the
major occupational hazardous factor for
workers employed at it. We selected a cohort
that included workers employed at a chemi-
cal and metallurgic plant of the whole PA
who started their work in 1949-2004 and
took part in NW utilization. To do that, we
used the Mayak PA medical and dosimetric
register that contained data on each worker
and was created and kept by the Radiation
Epidemiology Laboratory of the Southern
Urals Institute for Biophysics [9].

We observed workers included into the
cohort for a period that started from their em-
ployment date and finished on either of the
following days: a day when a circulatory sys-
tem disease was diagnosed; a day of a
worker’s death; December 31, 2017 for those
who were alive on that day; a date for which
“the last medical data” were available for
those workers who had moved from Ozersk to
other places, or in case we couldn’t find out
whether a person was dead or alive on De-
cember 31, 2017.

There were 10,908 people in the exam-
ined cohort, 27.6 % of them were females. We
determined whether a person was dead or alive
in 96.6 % cases; 49.1 % of them were dead,
and 50.9 %, alive. A share of women ac-
counted for 54.6 % on the date when the ob-
servation finished. All the workers in the ex-
amined cohort had been exposed to occupa-
tional long-term irradiation (external gamma-
irradiation and/or internal alpha-irradiation).
As of state on December 31, 2017, data on
diseases which workers in the examined cohort
had suffered from during the overall observa-
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tion period were available for 5,877 (94.65 %)
men and 1,764 (94.385) women.

Within our research, we analyzed morbid-
ity with AH among workers employed at Ma-
yak PA who had taken part in NW utilization as
per 401404 codes in ICD-9 or I 10-I 14 codes
in ICD-10:

— Essential hypertension (401 in ICD-9 or
I-10 in ICD-10);

— Hypertensive heart disease with con-
gestive heart failure (402 in ICD-9 or I-11 in
ICD-10);

— Hypertensive renal disease with con-
gestive renal failure (403 in ICD-9 or I-12 in
ICD-10);

— Hypertensive heart and renal disease
with both congestive heart failure and renal
failure (404 in ICD-9 or I-13 in ICD-10).

Initial data were statistically processed
with Statistica 10 standard software. We calcu-
lated both non-standardized (“rough”) morbid-
ity parameters and standardized (as per sex
and age) ones. We applied indirect standardi-
zation techniques to standardize the examined
parameters. To do that, we applied an internal
standard distributing the overall examined co-
hort of workers employed at Mayak PA as per
their age. Morbidity parameters were calcu-
lated per 1,000 workers according to medical
statistics techniques [10].

Parameters of morbidity with AH were
analyzed taking into account both radiation-
related factors (external gamma-irradiation and
internal alpha-irradiation caused by incorpo-
rated plutonium) and basic non-radiation ones
(sex, age, smoking status, attitude towards al-
cohol intake, body mass index or BMI, as well
as diagnosed pancreatic diabetes).

Data on attitudes workers had towards
smoking were taken for the whole observation
period and assessed with a qualitative parame-
ter (smoked / didn’t smoke).

Data on attitudes workers had towards al-
cohol intake were taken for the whole observa-
tion period and assessed with a quantitative
parameter (chronic alcoholism; drank reasona-
bly; didn’t drink).

BMI was assessed over 5 years prior to a
date when AH was first diagnosed. Body
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mass index was measured as a ratio of body
mass in kilos (KG) and height (m?%). BMI =
= 18.5-24.99 kg/m* was considered to be
normal, BMI = 25.00-29.99 kg/m* meant a
person had overweight, and BMI > 30 kg/m’
meant a person suffered from obesity.

The tables below contain non-standar-
dized (“rough” or “intensive”) and standard-
ized (as per age) mortality and morbidity pa-
rameters + standard error (SE). We applied
Student’s t-test to assess whether discrepan-
cies between mean values were statistically
significant. Significance level was taken at
p<0.05[11].

Results and discussion. As of state on
December 31, 2017, 2,270 AH cases were

registered among workers from the examined
cohort who had been employed at Mayak PA
and taken part in NW utilization. Table 1
shows AH cases distribution depending on a
person’s sex and age at the moment AH was
diagnosed. The obtained data indicate that the
greatest number of AH cases was registered
among men aged 31-60 (70.56 %); and
among women aged 41-70 (79.55 %).

Table 2 contains standardized parameters
of morbidity with AH among the examined
workers employed at Mayak PA who had
taken part in NW utilization; parameters are
standardized depending on a sex and age.
Morbidity with AH statistically significantly
increased both among men and women in the

Table 1
Workers suffering from AH distributed as per age and sex on a date the disease was first diagnosed
Age on a day AH Men Women Both sexes
was first diagnosed Number % Number % Number %
<20 5 0.31 0 0 5 0.23
21-30 151 9.44 13 1.94 164 7.22
31-40 303 18.93 52 7.76 355 15.64
41-50 416 26 160 23.88 576 25.37
51-60 410 25.63 195 29.1 605 26.65
61-70 232 14.5 178 26.57 410 18.06
> 70 83 5.19 72 10.75 155 6.83
Total 1,600 100 670 100 2,270 100
Table 2

Morbidity with AH among workers employed at Mayak PA who had taken part
in NW utilization depending on sex and age at which the disease was first diagnosed

Morbidity Age Men Women
parameters Number of cases Morbidity Number of cases Morbidity
<20 5 1.4+0.62a 0 0+0
20-29 151 4.69 + 0.38%® 13 2.13 +£0.59°
30-39 303 9.48 £ 0.54® 52 5.09+0.71°
Intensive 4049 416 16.39 + O'SZ 160 14.54 + 1.152
50—59 410 2843+ 1.4 195 26.31 + 1.88
60—69 232 40.68 + 2.67% 178 53.53 £4.01°
> 70 83 58.24 + 6.39° 72 67.98 +8.01
Total 15.11 £0.36 13.93 £ 0.59
Standardized | mternal 1,600 13.96 + 0.35° 670 17.02 4 0.66
standard
Note:

a means discrepancies are statistically significant when compared as per sex;
b means discrepancies are statistically significant against the previous age group.
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examined cohort as they grew older. Morbidity
with AH was statistically significantly higher
among men aged 2039 than among women in
the same age group. However, among people
aged 60 and older the situation changed com-
pletely and morbidity with AH became statis-
tically significantly higher among women than
it was among men in this age group.

As life expectancy has been persistently
growing, a share of elderly people in popula-
tion structure has also been increasing. An
increase in AH numbers among older people
is considered to be well-proven and con-
firmed by results obtained via multiple re-
search works, both in Russia and abroad; it
was first highlighted in Framingham Heart
Study. Arterial hypertension (AH) prevalence
among people who are older than 60 is more
than 2 times higher than this parameter for the
overall population [12]; % people older than
65 have AH [13].

Gender-related peculiarities in arterial
hypertension (AH) are determined not only
with biological but also with social and cul-
tural factors, namely different lifestyles, nu-
trition, and behavior patterns; different ways
to fight stress; social and economic inequal-
ity; sleep disorders; mood disorders; differ-
ent attitudes towards treatment and preven-
tion of diseases etc. [14]. Besides, pregnancy
or use of oral contraception and hormonal
substitute therapy during menopause can in-
fluence mechanisms that regulate blood
pressure (BP) in female bodies. All this con-
tributes into cardiovascular pathology occur-
rence [15, 16].

There are also sex- and age-related dif-
ferences in AH prevalence. According to
some authors, women aged younger than
40 tend to suffer from AH not as frequently as
men [15-19]. Besides, young women usually
have lower systolic BP than men. Diastolic
BP, as a rule, is lower in women than in men
regardless of an age. But the situation changes
to an opposite one when it comes to 50 years
of age. Morbidity among women starts to
grow more intensively than among men and
the parameter becomes comparable in both
groups as they reach 60 years of age. After
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this age, AH prevalence is higher among
women than among men. Therefore, favor-
able sex-related differences level off as
menopause occurs [13, 15]. Higher blood
pressure and arterial hypertension prevalence
among women grows considerably after
menopause starts [20, 21]. Sex hormones de-
ficiency leads to disorders in vascular endo-
thelium functioning, balance between various
vasoactive substances, and functioning of
cells in smooth muscles of vessels; it results
in higher peripheral vessels resistance and,
consequently, higher blood pressure [22].

In this research we focused on a dynam-
ics of morbidity with AH among workers
employed at Mayak PA over the whole ob-
servation period, starting from January 01,
1948 and till December 31, 2017 (Figure 1).
“Rough” morbidity with AH increased by
the end of the observation period due to an
increase in workers’ age in the examined co-
hort (that is, workers became “old enough”
to have an age-associated pathology).

An increase in standardized morbidity
with AH in 1986-2000 was probably due to a
complicated social and economic situation in
the country that was caused by perestroika in
1985-1991 and all the events that followed
the collapse of the USSR in 1990-ties [23].

We analyzed dependence between mor-
bidity with AH and smoking status; the results
are given in Table 3. We detected that there
were no statistically significant discrepancies
in standardized morbidity with AH among
smoking and non-smoking men in the exam-
ined cohort. However, we detected statistically
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Figure 1. Dynamics of morbidity with AH
over the whole observation period
(01.01.1949-31.12.2017)

Health Risk Analysis. 2019. no. 4



Morbidity with arterial hypertension among workers involved in nuclear weaponry utilization

Table 3

Morbidity with AH among workers employed at Mayak PA who had participated
in NW utilization depending on a worker’s sex and smoking status at the moment
the disease was first diagnosed (per 1,000 workers)

Smoking status
Sex Non-smokers Smokers
Number of cases Morbidity Number of cases Morbidity
Men 350 15.72 +£0.81 (14.45+£0.77) 1246 1528 £0.42 (14.31 £0.41)
Women 626 14.58 £ 0.65 (18.07 +0.72) 41 9.28 + 1.54" (10.48 + 1.64%)
Note:

a means statistically significant discrepancies against non-smokers.

Rough morbidity is given in brackets.

significantly lower morbidity with AH among
smoking women in the examined cohort
against their non-smoking counterparts.

Morbidity with AH among men and
women in the examined cohort who suffered
from chronic alcoholism was statistically sig-
nificantly lower than among those who drank
reasonably or rarely (Table 4).

The data we obtained on impacts ex-
erted by smoking status and alcohol intake
on morbidity with AH are not consistent
with results obtained by many domestic and
foreign researchers [24-34]. These facts re-
quire further profound investigations and we
plan to accomplish them at the next stage in
our analysis of AH risk among workers em-
ployed at Mayak PA who had participated in
NW utilization.

Our analysis revealed that morbidity with
AH was statistically significantly higher
among men in the examined cohort who suf-
fered from pancreatic diabetes (PD) than
among those who didn’t have this disease.
The same trend among women was detected
only when rough morbidity with AH was ana-
lyzed (Table 5).

Our results are well in line with existing
literature data. Arterial hypertension is the
most widely spread cardiovascular disease and
at the same time it is a significant risk factor
that causes cardiovascular complications;
when it is combined with PD, the risk grows
considerably [35, 36]. Besides, AH is consid-
ered to be a most widely spread complication
of PD [37]. AH prevalence among patients
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with PD is three times higher than among
those who don’t suffer from it [38]. A 10-mmHg
increase in systolic blood pressure in patients
suffering from PD leads to a 20 % rise in a risk
that cardiovascular complications occur. When
AH occurs in a patient with PD, it leads to an
elevated risk of not only macrovascular
(ischemic heart diseases or IHD, heart failure,
and stroke) but also microvascular complica-
tions (diabetic nephropathy, retinopathy). Dam-
age to coronary, cerebral, and peripheral ves-
sels results in macrovascular complications in
case a person suffers from PD II; it to a great
extent determines a clinical course of the dis-
ease. AH considerably increases risks of mor-
bidity and mortality among patients with PD
which are high as it is. Overall mortality
among patients suffering from both AH and
PD II is 47 times higher than among patients
who have normal blood pressure and don’t
suffer from PD [39, 40].

Table 6 contains data on morbidity with
AH among workers employed at Mayak PA
who had participated in NW utilization de-
pending on their BMI. Morbidity with AH was
statistically significantly higher both among
men and women who had BMI>25 than
among those who had normal body mass.

Each fourth person in the world suffers ei-
ther from overweight or obesity. There has
been an increase in number of people suffering
from obesity all over the world, both among
adults and children. Prevalence of obesity and
diseases associated with it has been steadily
growing in the Russian Federation. As per data
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Table 4

Morbidity with AH among workers employed at Mayak PA who had participated
in NW utilization depending on a worker’s sex and attitudes towards alcohol intake
at the moment the disease was first diagnosed (per 1,000 workers)

Attitudes towards alcohol intake
Never / rarely drinks Reasonably Chronic alcoholism
Sex Number Number Number
Morbidity Morbidity Morbidity
of cases of cases of cases
14.41 =£1.07 17.66 + 0.54* 12.35 £ 0.65§
Men 147 (11.62096) | 9% | q712:2053% | 3% | (1233x0.659)
13.84 £0.77 15.62+1.11 8.03 £2.76*§
Women | 407 (1729+086) | 21 | (19.09+123) | 10 | (947+2.99%5)
Note:
a means statistically significant discrepancies against those who didn’t drink;
b means statistically significant discrepancies against those who drank reasonably.
Rough morbidity is given in brackets.
Table 5

Morbidity with AH among workers employed at Mayak PA who had participated
in NW utilization depending on a worker’s sex and diagnosed pancreatic diabetes
at the moment AH was first diagnosed (per 1,000 workers)

Pancreatic diabetes
Sex PD diagnosed PD not diagnosed
Number of cases Morbidity Number of cases Morbidity
14.93 £ 0.36 30.35 + 7.46"
Men 1,562 (13.69 + 0.35) 38 (69.68 + 11.3°)
13.69 £ 0.59 26.11 +£8.38
Women 646 (16.57 £ 0.65) 24 (64.49 £ 13.16%
Note:

a means statistically significant discrepancies against those who didn’t suffer from PD.
Rough morbidity is given in brackets.

Table 6

Morbidity with AH among workers employed at Mayak PA who had participated
in NW utilization depending on a worker’s sex and BMI at the moment the disease
was first diagnosed (per 1,000 workers)

Body mass index
Sex 18.50-24.99 25.00-29.99 >30.00
Number Morbidity Number Morbidity Number Morbidity
of cases of cases of cases
15.49 £0.77 19.9 +£0.72° 18.18 £1°
Men 353 (13.6 = 0.72) 653 | 1703067 | 27 | (15.11+0091)
8.15+1.19 15.81 £1.16° 17.75 £ 1.29*
Women >2 (9.07 = 1.26) 208 | 765100 | 218 | 2045+ 1.39%
Note:

a means statistically significant discrepancies against workers with BMI equal to 18.50-24.99.
Rough morbidity is given in brackets.
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Table 7

Morbidity with AH among workers employed at Mayak PA who had participated
in NW utilization depending on a worker’s sex and total dose of external
gamma-irradiation absorbed in the liver (per 1,000 workers)

Total dose of external gamma-irradiation absorbed in the liver, Gy
Sex <0.2 0.2-0.5 >0.5
Number of cases| Morbidity |Number of cases| Morbidity |[Number of cases| Morbidity
Men 1,108 17.69 +£0.53 238 18.52 +£1.33 176 19.12+1.6
Women 486 17.26 +0.92 76 17.87 +2.25 76 17.74 +2.18
Tabnuma 8

Morbidity with AH among workers employed at Mayak PA who had participated
in NW utilization depending on a worker’s sex and total dose of internal
alpha-irradiation absorbed in the liver (per 1,000 workers)

Total dose of internal alpha-irradiation absorbed in the liver, Gy
Sex <0.025 0.025-0.05 >0.05
Number of cases| Morbidity |Number of cases| Morbidity |Number of cases| Morbidity
Men 731 18.96 = 0.69 119 19.08 +£2.13 253 17.12 +£1.38
Women 364 18.21 £1.08 42 15.71 £3.19 146 19.97 £2.08

obtained via ESSE-RF epidemiologic research
(2013), prevalence of obesity tends to grow
with age, both as per BMI and waist circumfer-
ence (WC) [28]. Thus, in Russia 26.6 % men
and 24.5 % women aged 35-44 suffer from
obesity; 31.7 % and 40.9 % among those aged
45-54; and 35.7% and 52.1 % among those
aged 55-64 accordingly.

Obesity is a significant risk factor that can
cause AH. It was proven that AH in 85 % de-
veloped in people with their BMI >25 kg/m’
and it was 5 times more frequent among such
people than among those with normal body
mass [41]. Literature data confirm that AH de-
velops together with abdominal obesity in
48.7 % cases [42].

There is a tight pathogenetic relation be-
tween obesity and AH [43]. AH combined
with obesity is drawing attention of public
healthcare experts due to it causing early dis-
ability, elevated risks of cardiovascular com-
plications and untimely deaths among people
who suffer from it as compared with popula-
tion in general. Obesity is both an independent
factor that causes cardiovascular complications
and a probable trigger mechanism that stimu-
lates AH occurrence [44].
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As workers in the examined cohort had
been exposed to occupational long-term ex-
ternal gamma-irradiation or internal alpha-
irradiation caused by incorporated plutonium,
we analyzed morbidity with AH depending
on radiation factors (Tables 7 and 8). We
didn’t reveal any statistically significant in-
fluence exerted by either external gamma-
irradiation or internal alpha-irradiation on
morbidity with AH among workers who had
participated in NW utilization.

Experts are still arguing whether irradia-
tion exerts any influence on blood pressure in
spite of all their efforts to clarify it [45-47].
A possible increase in morbidity with cardio-
vascular diseases caused by irradiation in
small doses first attracted scientists’ attention
when they were analyzing several categories
of non-carcinogenic diseases in people who
had survived atomic bombing in Japan and had
had their whole bodies irradiated within a
range of doses less than 5-6 Gy [48]. Excess
mortality caused by AH with damage to the
heart associated with irradiation was detected
in a cohort in a life span study (LSS cohort);
an excess relative risk per a unit of a dose
(ERR / Gy) amounted to 0.21 (90 % CI: 0.00;
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0.45; p=10.003) [45]. Later, when an observa-
tion period was extended up to 2008, a statisti-
cally significant dose — effect dependence was
detected in the same cohort for AH-caused
mortality as ERR / Gy amounted to 0.36 (95 %
CI: 0.10; 0.68; p =0.004) [49, 50]. In the last
Adult Health Study (AHS) Yamada et al. [46]
detected excess risk of morbidity with hyper-
tension that was related to irradiation. That
risk was in general statistically insignificant;
however, quadratic dose dependence for mor-
bidity with hypertension turned out to be sta-
tistically significant. There was also an exami-
nation conducted on a cohort that included
61,017 liquidators of Chernobyl Disaster; the
results indicated there was a statistically sig-
nificant elevated risk of essential hyperten-
sion (ERR / Gy =0.36 (95 % CI: 0.05; 0.71;
p=0.04)) [47]. When an observation period
for the same cohort was extended up to 2012,
experts revealed a statistically significant trend
in morbidity with AH, namely its dependence
on an irradiation dose as ERR / Gy amounted
to 0.26 (95 % CI: 0.12; 0.41; p < 0.001) [49].

Sasaki et al. were the first to describe statisti-
cally significant relationships between systolic
and diastolic blood pressure and an irradiation
dose [50].

Therefore, we plan to assess risks of mor-
bidity with AH under chronic irradiation expo-
sure at the next stage in our research and to
determine a dose — effect relationship taking
into account non-radiation factors.

Conclusion. We calculated standardized
morbidity with AH for workers employed at
Mayak PA who had participated in NW utili-
zation. The results revealed that it was statisti-
cally significantly depended on non-radiation
factors (sex, age, smoking status, attitudes to-
wards alcohol intake, body mass index, and
pancreatic diabetes) and didn’t depend on a
total dose of external gamma-irradiation and
internal alpha-irradiation absorbed in the liver.
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