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In scientific terms, the protection of workers' health is based on evidence of causal links between occupa-
tional factors and the onset of illness (or fatal case). The review considers the factors that modify the causal re-
lations between occupational exposures and pathology of the cardiovascular system of workers in epidemiologic
studies. Analysis of published data shows strong role of modifying impact of traditional risk factors, and healthy
worker effect in shaping of the levels of cardiovascular disease in the working population. This modifying effect
needs to be identified and eliminated at the moment of the analysis of the causal relations between occupational
exposure and the development of diseases. Some of the most common methodological mistakes are presented on
the example of the concrete case studies: ignoring the traditional risk factors for cardiovascular diseases, con-
sidering of correlations of occupational experience with the prevalence of diseases as causal, not as associative
(due to age), lack of analysis of the possible occupational selection (artificial or spontaneous) of more healthy
workers in poor working conditions. The main directions of methodological approaches of formation of the test
samples, the results of analytical and statistical processing techniques eliminating the modifying effect were pre-
sented. The author's methodical methods that allow identifying and correction of the modifying effect of the
healthy worker effect (healthy hire effect and healthy worker survivor effect) on the relative risk and etiologic
fraction of disease in occupational groups on the basis of epidemiological data were highlighted in details. It is
noted that a broader and more complete use of the modern developed methodological approaches to the for-
mation of the test samples as well as to the results of analytical and statistical processing techniques, can signif-
icantly improve the adequacy and reliability of national epidemiological studies.

Key words: cardiovascular disease, occupation, risk factors, healthy worker effect, epidemiological stud-
ies, methodical methods, evidence-based medicine.

International healthcare system since
1990-s is actively introducing evidence-based
approaches, with decisions on using preven-
tive, diagnostic and therapeutic measures taken
based on the available evidence of their effec-
tiveness and safety on the background of
search, comparison, generalization and distri-
bution for the benefit of patients [31]. And oc-
cupational medicine, the evidence principle
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thereof is to cover all the aspects in scientific
and clinical process: prevention, diagnosis,
treatment and rehabilitation, is not an excep-
tion [1].

In scientific terms, protection of em-
ployed population health is based on the evi-
dence of causal links between occupational
factors and onset of illness (or fatality). After
all, in order to prevent occupational factors
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impact, you must first prove that, namely, the
occupational exposure is the direct cause (or
one of the main reasons) for the disease devel-
opment. At the same time, establishing cause-
and-effect relationships in occupational medi-
cine is accompanied with certain difficulties.
The standard clinical studies, a double blind
randomized controlled parallel groups study in
a large number of patients, cannot be applied
in many cases in occupational medicine [1].
The principles of the evidence-based medicine
therefore are necessary to be supported by the
available means in the course of cohort and
intervention studies.

For the diseases of multifactorial etiology,
eliminating the modifying effect of the tradi-
tional (non-occupational) risk factors is a pre-
requisite for the evidence of cause-and-effect
relationships. Considering professional occu-
pation as a specific group of people living un-
der the effects of certain production factors,
the cause-and-effect relationship analysis
should take into account, inter alia, dynamics
of trends in employees’ health. As part of the
present review, this applies primarily to even-
tual inconsistency of the original (that is, at
start of the employment) health status, as well
as to differences in the health status of the re-
tiring employees in test and reference groups.
The first one is designated in scientific litera-
ture as healthy worker effect (HWE), the sec-
ond one — as healthy worker survivor effect
(HWE who continues labor activity). Both
phenomena are generalized with the term
"Healthy Worker Effect" (HWE).

Schematically, the prevalence of the dis-
ease under study in the occupational group is
the effect of the working environment hygienic
parameters, traditional risk factors and HWE
[12] on health status:

1. Working environment has a direct im-
pact on the risk of disease development (i.e.,
the same cause-and-effect relationship that
needs to be found);

2. Working environment, under otherwise
equal conditions, determine the prevalence of
traditional risk factors for the disease;

3. Working environment determines
workers functional level and physical health
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required for successful labor activity, resulting
in HWE evidence;

4. Evidence of HWE by differences in the
occupational groups’ health status determines
the prevalence of a disease and the traditional
risk factors thereof;

5. Prevalence of traditional factors has a
direct effect on the risk of developing the dis-
ease.

Casual relationship of the occupational ef-
fect on health is characterized by the first co-
herence. The last two — are the modifying ef-
fect, distorting this causal relationship and re-
quiring to be excluded, that ensures
compliance with the principles of evidence-
based medicine at occupational risks assess-
ment. A correct study management, adequate
choice of groups — test and reference, using the
updated means of mathematical statistics in
epidemiological studies allows for identifica-
tion and "neutralization" of the main factors
that can modify causal relationship between
the occupational exposure and the disease de-
velopment.

The purpose of the present review is to
consider the factors that modify cause-and-
effect relationships between occupational
exposures and pathology of the cardiovascular
system of the employed people in
epidemiological studies.

Traditional factors of cardiovascular
risk.

To date, it is clear that cardiovascular dis-
ease (CVD) prevalence depends mainly on
preventable causes, primarily associated with
lifestyle, preventive effect thereof may slow
down cardiovascular disease progression, both
before and after onset of clinical symptoms.
First of all, it refers to 7 risk factors, being key
contributors to premature cardiovascular mor-
tality: arterial hypertension (35.5%), hypercho-
lesterolemia (23%), smoking (17.1%), insuffi-
cient intake of fruit and vegetables (12 9%),
overweight (12.5%), excessive alcohol con-
sumption (11.9%), hypodynamia (9%) [17].
INTERHEART study demonstrated that 9 risk
factors (the above-mentioned 7 plus diabetes
and stress) explain 90% of the population-
attributable risk of myocardial infarction [28].
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However, consideration of the modifying
effect of the traditional CVD risk factors
should be started with an age, as one of the
most important biological factors of cardio-
vascular risk. It should be borne in mind that
aging is accompanied with an increasing prev-
alence of a number of critical risk factors: hy-
pertension, diabetes, overweight, hypercholes-
terolemia, decreased physical activity [12].

The logical is the dependence of the em-
ployees’ age structure on the occupational
characteristics. The process of natural aging is
accompanied with a decrease in adaptive ca-
pacity, morphological and functional changes
in major body's systems, that leads to cumulat-
ing decrease in general and occupational abil-
ity to work, mental and physical performance
[26]. It causes limitations to perform certain
occupational duties, or a significant increase in
physiological cost of the work performed, and
accordingly to disruption of adaptabilities and
development of pathological conditions [29].
As a result, in the professions related to the
need for rapid response, high coordination of
movements, performing higher physical activi-
ties, the proportion of people in older age
groups is lower. [12] At the same time, high
employment rate of older people is recorded in
the professions more appropriate to their re-
duced functionality [21].

In this connection, comparing occupa-
tional groups of different age structure will
necessarily lead to "bias" in the obtained re-
sults towards increasing prevalence of cardio-
vascular disease, and, in addition, towards a
number of risk factors in the "older" occupa-
tional group. For example, it is revealed that
shift in hypertension prevalence is accompa-
nied with unidirectional change in the age
structure and obesity prevalence in the occupa-
tional groups [14]. In particular, in occupations
with a high incidence of hypertension, the em-
ployees’ average age reached 43.0 + 2.1 years
old, while the share of persons older than 50
years: 28%, the share of people with obese:
20%. Occupations with low incidence of hy-
pertension were characterized by the signifi-
cantly lower average age: 39.6 + 1.2 years,
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proportion of individuals older than 50 years:
14%, prevalence of obesity: 15%.

Therefore, along with age, other risk fac-
tors require consideration and, if possible,
elimination of the modifying effect on causal
relationships between the exposure to occupa-
tional factors and CVD. Moreover, a signifi-
cant number of studies have shown the de-
pendence of different risk factors prevalence
on the occupational features: obesity [39], hy-
percholesterolemia [38], smoking [36], alcohol
abuse [23] and others.

Meanwhile, the lack of analysis in the
modifying effect of traditional risk factors (es-
pecially the age) on associations between the
exposure to occupational factors and CVD in
Russian studies is very common [3-6, 16].

For example, in the study [10], based on
the obtained results, the authors confirm the
relationship between occupation of driver with
the risk factors prevalence and coronary heart
disease. The data do show an increased preva-
lence of risk factors and coronary heart disease
in drivers. However, it is not clear, if the occu-
pational factors directly potentiate develop-
ment of coronary artery disease, or, perhaps, it
is the working environment that causes in-
crease in the prevalence of risk factors, and the
latter have influence on CVD prevalence re-
spectively? The answer to this question deter-
mines possibility of considering coronary ar-
tery disease, as an occupational or occupation-
al-mediated disease, that ultimately reflects the
need, as well as the direction and scope of pre-
venting the adverse effects of working envi-
ronment.

In the study [22], one of the evidence of
the occupational factors effect on the devel-
opment of cardiophyshoneurosis in gas-
processing industry was a higher actual preva-
lence of the disease among women having "...
a smaller range of adaptive capabilities to ad-
verse environmental conditions ..." However,
the authors did not pay attention to the fact
that the disease in question is also recorded
more frequently in women population in gen-
eral, which is a feature of the gender preva-
lence of neuro-dystonia.
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The authors in the given study did not get
the link between a higher disease prevalence
and period of employment that they explained
by stable hygienic situation at the enterprise.
Despite it is quite possible, after all, first it is
necessary to proceed from the fact that cardi-
opsychoneurosis is often diagnosed in young
and middle age, that is, in workers with short
period of employment. Thereby, the consisten-
cies, the authors got, do not reflect occupa-
tional dependence of the diseases, but merely
the associative links (age — period of employ-
ment, age — disease, period of employment —
disease), which are not always cause-and-
effect.

The CVD dependence on occupational
factors is often confirmed by the existing cor-
relations between disease prevalence and em-
ployment period. At the same time, it may of-
ten be a serious methodological error [2-6, 16,
22]. In most cases, period of employment is
closely (a direct strong correlation) associated
with employees' age. And when you consider
that probability of CVD development in major
cases and risk factors is also closely linked to
age (also a direct strong correlation), then one-
factor correlations of an employment period
with CVD and risk factors are typically not
cause-and-effect, but rather associative, i.e.,
mediated by age.

Eliminating the modifying effect of CVD
traditional risk factors is optimally achieved by
forming such occupational groups for study, in
which the differences by the given risk factors
are minimized. In case it’s impossible, and it
happens often enough, the modifying effect of
traditional risk factors is excluded at the stage
of data analysis using statistical methods of
processing.

For example, in studying 13 occupational
groups of men, direct standardization [13] was
used for this purpose. Eliminating the effect of
age and obesity led to changes in the initial
values of occupational risks of hypertension by
an average of 10%, and the level of statistical
significance of disease risks in four occupa-
tional groups changed. It was found that high
prevalence of hypertension among managers,
maintenance and technical personnel and, on
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the other hand, low disease prevalence among
the subsurface equipment operators and heavy
unskilled labor staff is not connected with the
working conditions, but with high/low share of
persons with obesity and of aging workers in
these occupational groups.

In foreign studies, a common methodo-
logical technique to eliminate the modifying
factors impact is the use of multivariate linear
or logistic regression analysis. At the first
stage a single-factor relationship of a disease
with occupational factor is considered, at the
second: risk factors as independent predictors
are added to the regression analysis. In this
case, if the relationship between disease preva-
lence and occupational factors remains statisti-
cally significant, it is only in this case, causal
link is ascertained. A similar sequence of ac-
tions is at using partial correlations.

Healthy worker effect. Currently HWE
is regarded as an organized and / or disor-
ganized occupational selection of healthier
workers in poor working conditions, which
leads to better health parameters, compared
with those employed with more favorable la-
bor conditions or with the population in gen-
eral. As a result, actual increase in
morbidity/mortality as occupational factors
effect may be wholly or partially "masked"
[11, 34].

HWE could be a consequence of two rea-
sons. First, individuals with poor health are
excluded from professional activity, since
pathological or functional abnormalities can be
theoretically or actually an obstacle to ade-
quate execution of professional duties. Sec-
ondly, executing professional duties by healthy
person or on the back of existing pathological
or functional abnormalities leads to (or can
cause) health deterioration.

On the other hand, health deterioration in
occupational cohort, as compared with the ref-
erence group, is always treated as a result of
occupational exposure. Such studies do not
consider the eventual HWE-reverse phenome-
non. Meanwhile, if individuals with impaired
health are excluded from some professional
cohorts, they will add another occupational
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cohort that increases the diseases prevalence
therein [12].

The HWE phenomenon conditionally al-
locates two components: healthy hire effect
(HHE, Eng: healthy hire effect) and healthy
worker effect to continue labor activity
(HWSE, Eng: healthy worker survivor effect)
[11].

HHE characterizes HWE in a starting pe-
riod of employees’ professional activity, due
to the fact that healthier individuals apply to
work in adverse working conditions or to an
employment at all, compared to individuals
with poorer health status or with reduced func-
tionality. HHE identification is not difficult.
Hypothetically, among young adults, job seek-
ers, a health should not be fundamentally dif-
ferent from the general population, and the
working conditions effect on health should oc-
cur only after a certain period of exposure
(time of employment). Therefore, the best in-
dicators of health status among young adults
with a minimum length of employment, com-
pared with the general population or other pro-
fessional cohort, indicates HHE.

HWSE refers to the ongoing process of
occupational selection and is characterized by
the fact that individuals who continue working
are healthier than those who leave professional
activity. For example, it is shown that retiring
workers in agriculture have worse health in
terms of CVD compared with those who con-
tinue labor activity [20].

HWE at CVD is clearly seen at an early
working age [30]. The Croatian study of hy-
pertension prevalence on the example of six
occupational groups is indicative in this re-
spect [37]. The study results did not confirm
the existence of positive relationship between
potentially hazardous working conditions in
professional occupations considered s and de-
velopment of the disease. The minimum
prevalence of hypertension was observed in
the workers of transportation, characterized by
heavy physical labor, the maximum prevalence
of the disease — in the warehouse staff. How-
ever, the authors noted that the occupational
cohort of warehouse workers is made up large-
ly from the transport workers, being trans-
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ferred, due to age, illness or reduced perfor-
mance, to a lighter work.

Another study [15] showed lower, com-
pared to the all-Russia data and the other oc-
cupational groups, prevalence of hypertension
in underground miners (including the young-
est), exposed to a number of unfavorable fac-
tors of production. In this case, HWE should
be seen as a consequence of the legislated se-
lection of healthy individuals for employment
in underground conditions (Order of the
Health Ministry of Russia ddt. April 12, 2011
No. 302n "On approval of lists of harmful and
(or) hazardous production factors and works,
subject to compulsory preliminary and period-
ic medical examinations (surveys) and the Or-
der of mandatory preliminary and periodic
medical examinations (surveys) of individuals
employed in heavy work or work in harmful
and (or) dangerous working conditions™).

Unfortunately, similar studies considering
the causes of cardiovascular disease preva-
lence in occupational groups are sporadic. The
vast majority of studies merely state the fact of
an increased or decreased prevalence of the
disease, which is interpreted as pres-
ence/absence of CVD occupational depend-
ence [18]. Several studies also testify certain
illogicality in reducing CVD prevalence in oc-
cupational groups, characterized by unfavora-
ble working conditions and increase in the
prevalence of cardiovascular disease in rela-
tively favorable occupations [24, 27].

The studies [2, 8-9, 19] observe an in-
crease in the prevalence of cardiovascular dis-
ease in occupational groups of vehicles driv-
ers, which is associated with psycho-emotional
effect of work, with a decrease in motor activi-
ty that represents both independent and indi-
rect (through an increase in body mass index)
risk factor. The eventual effect of these factors
causes no doubt, but that does not reduce
probable "accumulation™ of persons with car-
diovascular disease in a cohort of professional
drivers. Three of these studies [2, 8-9] in-
volved age-specific analysis of the cardiovas-
cular disease prevalence that showed, as a rule,
high prevalence of the disease in all age
groups, including the youngest. As noted
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above, hypothetically young drivers health sta-
tus should not be fundamentally different from
the general population, and working conditions
impact and reduced motor activity against
health status should become evident only after
a certain period of exposure (time). Therefore,
high prevalence of CVD among young drivers
indicates most likely an initially worse state of
health.

It is indicative in the given aspect a com-
parative analysis of anthropometric, biochemi-
cal parameters and pressure levels of young
(21-24 years old) London conductors and driv-
ers [33]. The higher weight, fat content, lipid
concentrations and the elevated blood pressure
levels are observed in drivers already in young
age. According to the authors, it characterizes
not the occupational exposure, but the profiles
of occupational selection.

Nowadays, in order to reduce /eliminate
HWE, the approaches developed at the end of
the XX century are used. Much attention in
reducing the influence of HWE on causal rela-
tionship between occupational exposure and
health parameters is given to careful planning
and selection of reference groups. At the same
time, it is recommended not to use general
population as reference, but workers of the
other occupations with the absence of the risk
factors under study or workers of the same oc-
cupation, differing only in the degree of expo-
sure to these risk factors.

One of the most effective control areas in
HWE is recognized the occupational cohort
analysis of health parameters, taking into ac-
count those who left the given cohort. At the
same time, workers, who leave their profes-
sional occupation, exhibit increased mortality
or morbidity, which is one of the evidences of
HWSE.

Since the late 1970s, in order to reduce
HWE, the standard analytical methods of data
processing are in use: relative and standardized
risks [25, 35], stratification analysis, taking
into account age and gender as modifying fac-
tors [35], employment status [25], logging an
exposure [25, 34-35], structural modeling [32].
However, it is clear to date, that a common
method allowing for HWE elimination have
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failed to get developed, so the current trend is
a comprehensive approach to assessing HWE
existence and possibilities to exclude it in each
particular study [11].

We have developed methodological ap-
proaches that allow by epidemiological data to
identify and correct HWE modifying effect on
a relative risk and etiologic share of the dis-
ease in occupational groups. In this case, iden-
tification and correction of two main influenc-
ing components in HWE (HHE and HWSE)
are different. Epidemiological study of trans-
versal design identifies and eliminates the po-
tential modifying effect of HWE only. Identi-
fication and elimination of HWSE can only be
possible, if data on health status of people who
left profession are available for a certain peri-
od of time. In addition, the similar data on the
reference group are necessary.

To identify HHE, we did age-specific and
employment time-related analysis of health
deteriorations prevalence in the workers. In
this case, it is assumed that the differences in
health deteriorations prevalence in the mini-
mum age/employment time groups of the
compared professional employment time-
related cohorts would indicate the presence of
HHE.

When you select grouping by age or
length of employment period, it should be
borne in mind that both the one and the other
have their own advantages and disadvantages.
One of the basic axioms of HHE identification
method developed is the assumption that
working conditions impact on health should
appear only after a certain period of exposure
(time). However, the length of the worker’s
professional employment period is difficult to
control due to individual features of eventual
occupational route. For example, a man may
be employed directly by the profession consid-
ered, since reached his working age, can go
into it later in life from a similar profession or
from a completely different profession. Final-
ly, a man can start his labor activity not since
his working age is achieved, but after a while.

In contrast to the employment time-
period, an employee’s age is an easily con-
trolled indication, which is, moreover, strongly
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correlated with the employment time-period.
Usually, grouping by age in general provides
adequate grouping of workers by professional
occupation period, that is, a young-age group
includes mostly employees with a minimum
occupation period. Furthermore, when all the
population is used as reference group, it is not
always possible to consider professional em-
ployment period, in many cases such data are
simply absent.

To reveal HHE, it’s greatly important to
identify certain age/employment period the
diseases developed wherein are recognized as
not associated with occupational exposure.
Due to the fact that in many cases time-period
relationship of the disease in question with oc-
cupational factors effect is not established, a
minimum age/employment period is accepted
as: age under 25 years old, under 30 years old,
or employment period of up to 5 years, up to
10 years.

It should be noted that the proposed algo-
rithm for HHE identification is applicable not
for all health disorders. Several CVD cases
develop mainly in older age, such as coronary
heart disease. Therefore, the disease preva-
lence in the analysis of minimum age or em-
ployment-period groups will show nothing.
For example, under 30 years old, CHD is rec-
orded in individual cases, in view of this, lack
of differences in the disease prevalence in the
given age group prevents from stating HHE
absence. In this case it’s useful to analyze the
indices of predisposition to cardiovascular dis-
ease, in particular, the risk factors.

HHE on the incidence of cardiovascular
disease is excluded by correcting the bench-
mark data for the disease prevalence in a min-
imum age or employment period group. A cor-
rection algorithm includes a series of succes-
sive analytical transforming the benchmark
data of the test group by standardization type.
The correction is based on the assumption that
an incidence of HHE should manifest itself
equally in all age groups. That is, a relative
risk of CVD in young workers of the test and
reference groups should not change with in-
creasing age, and any deviations will not be
HHE-associated. According to the corrected
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absolute values of the number of patients, we
can calculate the disease prevalence, as well as
the relative risk value without HHE.

As noted above, identification and elimi-
nation of HWSE is possible provided the
available data on the health status of persons
retired from the test and reference occupations
for a certain period of time. Significant differ-
ences in the proportion of patients among the
resigning in these groups may indicate HWSE.
It should be noted that, when identifying
HWSE, data on the health status of retiring
workers should be taken into account for the
same period of time for the test and reference
groups. What time period will be taken into
account: 1 year, 2 years, 3 years, 5 years does
not matter. It is only necessary to bear in mind
that this time period will characterize HWSE
calculated.

At the first stage we calculate the propor-
tion of the retired sick workers from the total
number of the test and reference groups, and
the difference between them. The differences
intensity characterizes the intensity of HWSE.
The identified HWSE incidence towards CVD
prevalence and risk is eliminated by standard-
ized correcting the number of workers with
pathology in the test group for the difference
of the retired with CVD in the test and refer-
ence groups.

Approbation of our methodological ap-
proaches on the example of hypertension in 13
occupational groups of men gave positive re-
sults [7]. In the course of successive correcting
and eliminating HHE and HWSE incidence, in
a number of occupational groups we obtained
values of risks significantly different from the
benchmarks. The variations in hypertension
risk values at correction for HHE ranged from
6% to 76% (37% in average), for HWSE -
from 0% to 11% (5% in average).

Conclusion. Thus, the published data
show stronger role of the modifying impact of
traditional risk factors and HWE in forming
the levels of CVD in the employed population.
This modifying effect is necessary to be identi-
fied and excluded when analyzing causal rela-
tionships between occupational exposure and
CVD development. A wider and more exten-
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sive use of the actually developed methodolog- cessing techniques allow for significant in-
ical approaches to the formation of test sam- crease in adequacy and reliability of the na-
plings, of analytical and statistical results pro- tional epidemiological studies.
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