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ORIGINAL ARTICLE
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Study
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Abstract

Population health and its determinants are one of the major challenges to social and economic
policy. The aim of this study was to investigate the relationship between occupational activity
and biological condition in adult working Polish men. The participants of the study were 300
men (30–65 years), healthy inhabitants of the city of Wroclaw, Poland. Seventeen measures of
biological condition were examined. The subjects were divided into three different occupa-
tional groups: professionals, soldiers and skilled workers. A comparison of biological age
profiles of three occupational groups showed that in the majority of characteristics,
professionals had the youngest biological age, whereas skilled workers had the highest
biological age. The results for soldiers were not as unambiguous, but biological parameters
were generally closer to those for professionals. Inborn biological predispositions and long-
term impact of the working environment can influence on the biological condition of various
professional groups. Knowledge of the determinants of biological condition might result in
efficient use of predisposition to work or may be of help in extending their time of work ability.
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Introduction

Both employment and unemployment have a significant

impact on health [1–3]. The effect of the workplace environ-

ment on the health of workers has been widely discussed in

the literature [4–6]. The dependency between the biological

condition of workers on the one hand and the physical and

psychological conditions of the work performed on the other

has not been extensively explored.

There have been many studies on the adverse effect of

broadly conceived external physical working conditions on

the risk of developing different types of illness. There is

evidence that the risk of developing cardiovascular diseases is

increased by adverse working conditions such as working in

old offices with poor lighting and air quality [7]. The effects

on health of excessive physical exertion at work have been

widely analyzed, although the results of these studies are

often ambiguous and even contradictory. Some of them have

found that work-related physical activity reduces the risk of

developing cardiovascular diseases [8,9] although others have

found that it increases the risk [10,11]. Also, there are few

papers, which have detected any effect at all [12,13].

There has also been a good deal of discussion about the

effects on health of repetitive work such as garment sewing or

of work performed while standing [14,15]. Other studies have

focused on the effects of particular adverse work conditions in

certain occupations or burden of cancer and mortality of

specific occupation groups [16,17].

The effect of psychosocial work conditions on the health of

workers has also been widely explored [18–21]. Psychosocial

conditions have become more significant for worker’s health

than physical conditions because of the shift from manual to

non-manual work due to automation, and also because of

increased regulation and monitoring of physical and chemical

conditions of the working environment. Both job satisfaction

and fulfillment have a major effect on the biological condition

of workers, regardless of the type of work performed. For

example, they affect physiological parameters such as levels of

testosterone or circulating immune cells, including natural

killer cells, B lymphocytes and T lymphocytes [22,23]. Most of

the studies that have been reported in the literature deal with the

effects of the work environment on single parameters related to

the biological condition of workers and prevention of
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workplace stress might decrease various disease incidences.

Few studies have attempted to analyze complex multifactorial

relationships between working conditions and biological

conditions. Certain effects of the psychosocial working envir-

onment on physiological changes have been shown by Hansen

et al. [24]. Physiological changes in concentrations of hor-

mones and other biological parameters in blood or urine have

also been used as an indicator or biomarker of the changes in the

organism occurring from the exposure to the psychosocial

changes. Physiological systems activated by occupational

stressors may both restore and harm the body [24,25].

The aim of the present study was to investigate the

relationship between occupational activity and biological

condition in adult working Polish men, with particular

importance to their gonadal-adrenal activity.

Materials and methods

The study group consisted of 355 active, healthy men,

inhabitants of the city of Wroclaw, Lower Silesia, Poland,

aged 30–65 years. The study proposal was approved by the

Bioethical Committee of Medical University in Wroclaw,

Poland (approval number: 477/2000). The men were medically

examined in 2000 and in 2010/11 under project The Wroclaw

Male Study in the Silesian Center for Preventive Medicine

‘‘DOLMED’’ in Wroclaw. The group was ethnically homo-

genous with no national, linguistic, religious or racial minori-

ties sample of men. Men included in the study did not suffer

from any essential chronic diseases and had not done so in the

past (in particular, those resulting in hormonal pathologies).

Subjects taking medications, in particular, drugs interfering

with hormone metabolism were excluded from the analysis. On

physical examination they presented no pathologies. The men

were not selected for any biological parameters or in another

way. Finally, from the analysis 15.5% men were excluded and

final database for further analysis included 300 men.

Eleven measures of general biological condition and six

hormonal parameters were examined. General biological

condition was evaluated on the basis of the following

parameters:

� Body height, recorded in centimeters and measured in the

standing position using an athropometer (B-v: Basis-

vertex)

� Body Mass Index (BMI¼ body weight [kg]/body

height [m]2)

� Fat distribution, recorded as Waist Hip Ratio

(WHR¼waist circumference [cm]/hip circumference

[cm])

� Systolic and diastolic blood pressure, recorded in mmHg

and measured in the sitting position using an Avionics

manometer after a rest period of at least 5 min, two

measurements were averaged

� Eye-hand co-ordination (EHC), recorded as the number

of errors per minute and measured with a Piórkowski

apparatus with a setting of 93 light signals per minute

� Biochemical blood parameters, including:

– total cholesterol (TCH) [mg/dl]

– triglycerides (TGL) [mg/dl]

– high-density lipoprotein (HDL) [mmol/L]

– low-density lipoprotein (LDL) [mg/dL]

– glucose [mg/dL]

The hormonal parameters included the following:

– insulin-like growth factor 1 (IGF-1) [ng/mL]

– total testosterone (TT) [ng/mL]

– free testosterone (FT) [pg/mL]

– sex hormone-binding globulin (SHBG) [nmol/L]

– estradiol (E2) [pg/mL]

– dehydroepiandrosterone sulfate (DHEAS) [ng/mL]

All hormones were measured by radioimmunoassay in the

Endocrine Laboratory at Wrocław Medical University. Free

testosterone was calculated using the method described by

Vermeulen et al. [26].

The subjects were divided into three occupational groups

on the basis of occupational position and level of education:

(1) professionals; (2) soldiers; and (3) skilled workers. The

professionals included highly educated men specializing in

high-prestige occupations, such as scientists, educators,

physicians, lawyers and managers. The soldiers included

those in the uniformed services and related occupations, such

as soldiers, sailors, customs officers and armed bodyguards.

The skilled workers included men performing occupations

requiring a high-level of efficiency, skills and experience,

such as plumbers, mechanics and hairdressers. They most

often had attended vocational schools. The occupational

groups described above were formed on the basis of the type

of work performed and the prestige attached to it.

Professionals perform mainly mental work consisting of

decision making, directing other people, and responsibility for

other people and property. Skilled workers, on the other hand,

perform mainly physical work. Soldiers represent a middle

ground between the other two groups, as their occupations

include both mental and physical work.

Other data gathered on the subjects included data on socio-

economic status including: (1) level of education (three

categories: tertiary, secondary, vocational) and (2) marital

status (two categories: married, non- married), as well as

information on life style, including: (1) cigarette smoking (two

categories: yes, no), (2) alcohol consumption (three categories:

weekly or more, occasionally, no) and (3) leisure time physical

activity (two categories: yes, no), and information about

character of work: (1) job requiring independent decisions, (2)

work associated to personnel management, (3) repetitive work,

and (4) work physically hard (two categories: yes, no – each of

these). Beside information about the psychical condition of

men were also added, namely: (1) general life satisfaction

(three categories: low, medium, high) and (2) approach to life

(three categories: optimist, pessimist, mixed).

Statistical analyses

The significance of differences in biological variables

between occupational groups was assessed using one-way

analysis of variance. Correlations between biological param-

eters and calendar age were measured by correlation coeffi-

cients r. Differences were considered significant if p was less

than or equal to 0.05. In the analyses were applied following

levels of significance * p� 0.05; ** p� 0.01; *** p� 0.001.

The biological variables for three occupational groups

were compared to age-specific norms in accordance with
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the method described by Borkan and Norris [27]. Changes

related to the aging process are a reliable indicator of

biological condition. The biological age of an individual for

a given trait can be estimated on the basis of the deviation

of that trait from the age-specific norm. An individual is

considered biologically older if their values for a given trait

are characteristic of individuals older than their calendar

age. Likewise, biologically younger individuals have values

characteristic for younger individuals. The first step in

estimating biological age is constructing a simple regres-

sion equation for each trait as a function of calendar age.

Then the values for each individual are compared to the

reference values to determine biological age for each trait.

Comparison among traits was made by standardizing the

values for the separate traits in terms of standard deviations

from the mean value. Because values for some of the traits

decrease with calendar age, giving a reference line with a

negative slope, values for those traits were multiplied by

�1. The use of standardized scores allows the simultaneous

representation of all of the biological parameters on a

single profile graph. The significance of differences

between the means for each trait was determined using

Student’s t-test.

Data were analyzed using the STATISTICA 10.0 software

package (data analysis software system, StatSoft Inc., Tulusa,

OK).

Results

Frequencies for socio-economic, lifestyle parameters and

characteristics of work and psychological condition for each

occupational group are presented in Table 1. All of the

professionals had received tertiary education. For the soldiers,

about half had received tertiary education, while the other half

have received secondary education. Three quarters of the

skilled workers had received vocational education, and most

of the rest secondary education. Few of them had received

tertiary education.

The percentage of non-married individuals was highest for

skilled workers, and lowest for professionals. About half of

the skilled workers smoked cigarettes. Only a quarter of the

professionals did. The percentage of individuals who

consumed alcohol once a week or more was highest for

skilled workers, with about half reporting that level of

consumption. The percentage of individuals who consumed

alcohol occasionally was highest for professionals. The

percentage of individuals who did not consume alcohol at

Table 1. Socio-economic parameters, lifestyle parameters, characteristics of work and psychological condition by
occupational group (in numbers, percent).

Professional
N¼ 115
N (%)

Soldiers
N¼ 55
N (%)

Skilled workers
N¼ 130
N (%)

Level of education
Tertiary 115 (100) 30 (54.5) 2 (1.5)
Secondary – 25 (45.5) 38 (29.2)
Vocational – – 90 (69.2)

Marital status
Married 111 (69.5) 53 (96.4) 118 (90.8)
Non-married 4 (3.5) 2 (3.6) 12 (9.2)

Cigarette smoking
Yes 27 (23.5) 24 (43.6) 66 (50.8)
No 88 (76.5) 31 (56.4) 64 (49.2)

Alcohol consumption
Weekly or more 39 (34.2) 23 (43.4) 61 (52.1)
Occasionally 52 (45.6) 13 (25.5) 33 (28.2)
No 23 (20.2) 17 (32.1) 23 (19.7)

Leisure time physical activity
Yes 107 (93.0) 54 (98.2) 110 (84.6)
No 8 (7.0) 1 (1.8) 20 (15.4)

Job requiring independent decisions
Yes 110 (95.7) 53 (96.4) 46 (35.4)
No 5 (4.3) 2 (3.6) 84 (64.6)

Work associated to personnel management
Yes 86 (74.8) 48 (87.3) 18 (13.8)
No 29 (25.2) 7 (12.7) 112 (86.2)

Repetitive work
Yes 15 (13.0) 12 (21.8) 83 (63.9)
No 100 (87.0) 43 (78.2) 47 (36.2)

Work physically demanding
Yes 6 (5.2) 15 (27.3) 97 (74.6)
No 109 (94.8) 40 (72.7) 33 (25.4)

General life satisfaction
Low 3 (2.6) 5 (9.3) 7 (5.4)
Medium 41 (36.0) 27 (50.0) 85 (65.9)
High 70 (61.4) 22 (40.7) 37 (28.7)

Approach to life
Optimist 63 (54.8) 31 (56.4) 58 (44.6)
Pessimist 2 (1.7) 2 (3.6) 11 (8.5)
Mixed 50 (43.5) 22 (40.0) 61 (46.9)
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all was highest for soldiers, with about one-third reporting

that they abstained. 98.1% of the soldiers reported spending

their leisure time engaged in physical activity. Only 85.1% of

the skilled workers reported doing so. Overall, skilled workers

showed the tendency to more frequent cigarette smoking,

alcohol drinking and spending their leisure time in a

sedentary fashion than individuals in the other two groups.

Men’s work style analysis showed that the vast majority of

professionals and soldiers perform work that requires making

independent decisions (95.7 and 96.4%, respectively), and

were associated to personnel management (74.8 and 87.3%,

respectively). In turn, the work performed by skilled workers

was more often repetitive (63.9%) and physically demanding

(74.6%). Psychological condition of the professionals and

soldiers was better than skilled workers. The highest level of

general life satisfaction declared 61.4% of professionals,

40.7% of soldiers and 28.7% skilled workers only. Until 8.5%

of workers declared that they were pessimists, while among

professionals and soldiers, this percentage ranged from 1.7 to

3.6%.

Values for the general biological parameters for each

occupational group are presented in Table 2. Significant

differences between occupational groups were found for seven

out of the 17 parameters tested. Professionals had a signifi-

cantly higher LDL level. Soldiers group were taller and had a

lower waist-to-hip ratio. They had the highest values for eye-

hand coordination. They had the highest levels for triglycer-

ides IGF-1 and DHEAS, and the lowest levels for SHBG.

Skilled workers were shorter, and had the lowest values for

eye-hand coordination and IGF-1.

More than half of the general biological parameters

measured showed a significant correlation with calendar age

(Table 3). Correlation coefficients ranged from 0.01 to 0.55,

with a high level of significance. The parameters with the

highest correlation coefficients were DHEAS level

(r¼�0.5496) and eye-hand coordination (r¼�0.5089).

Although some of the parameters showed no age dependency

in this study, they were included in the further analysis of the

data because such dependencies had been reported previously

in the literature.

Biological age for the general biological parameters by

occupational group is presented in Figure 1. The results were

generally similar for professionals and soldiers, and individ-

uals in these groups had a lower biological age than skilled

workers. This was particularly true for systolic and diastolic

blood pressure, glucose level and eye-hand coordination.

Skilled workers tended to be shorter and thinner, based on

BMI and WHR. BMI was highest in soldiers, which may

indicate that these individuals tended to have a better

nutritional status and the higher content of muscle tissue in

bodies, which leads to more massive body build. The results

obtained indicated that professionals and soldiers had signifi-

cantly lower values for total cholesterol, LDL and

Table 2. Means and standard deviations for biological parameters by occupational group with results of one-way analysis of
variance.

Professionals Soldiers Skill workers

Mean SD Mean SD Mean SD F p

Age 53.1 10.3 43.9 8.1 49.8 9.1 17.5 0.001
Height 173.8 6.6 175.7 6.9 171.9 6.4 6.5 0.002
BMI 27.2 3.2 28.2 4.6 27.1 3.7 1.7 0.193
WHR 0.93 0.06 0.90 0.06 0.93 0.06 4.4 0.014
Systolic BP 138.0 17.8 135.5 19.7 137.2 22.1 0.3 0.759
Diastolic BP 86.6 9.5 88.2 10.4 88.2 12.5 0.6 0.540
EHC 69.8 21.3 84.5 6.9 66.2 22.9 15.2 0.001
TCH 227.9 39.3 226.3 43.7 215.5 46.7 2.5 0.085
TGL 174.5 95.8 203.5 137.4 175.0 117.9 1.3 0.265
HDL 52.3 12.2 53.0 13.3 54.5 13.8 0.8 0.439
LDL 142.8 34.7 134.1 35.0 123.9 35.1 7.0 0.001
Glucose 105.7 13.5 106.7 21.2 115.8 22.1 1.7 0.201
IGF-1 321.8 83.7 345.1 83.8 293.0 82.9 7.7 0.001
TT 4.3 1.4 4.2 1.4 4.3 1.5 0.1 0.949
FT 17.3 5.0 19.1 5.9 18.2 5.7 2.1 0.125
SHBG 32.9 11.3 28.1 11.1 32.8 11.7 3.5 0.031
E2 20.5 6.4 21.5 5.5 20.0 6.1 1.2 0.306
DHEAS 1739.3 1102.7 2319.3 1063.2 1968.2 1105.8 4.7 0.010

Table 3. Correlation coefficients (r) for
biological parameters with age.

Variables r

Height �0.30***
BMI 0.05
WHR 0.19***
Systolic BP 0.22***
Diastolic BP 0.02
EHC �0.51**
TCH �0.02
TGL �0.14**
HDL 0.04
LDL 0.05
Glucose �0.08
IGF-1 �0.34***
TT 0.01
FT �0.33***
SHBG 0.38***
E2 �0.09
DHEAS �0.55***

*p� 0.05;
**p� 0.01;
***p� 0.001.
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triglycerides, which meant that they had a lower biological

age than skilled workers for these parameters.

Biological age for the hormonal parameters by occupa-

tional group is presented in Figure 2. For almost all of the

parameters measured, biological age was lower than calendar

age for professionals and soldiers, and higher than calendar

age for skilled workers. For most of the parameters, biological

age was significantly lower for professionals than for the other

two groups. Professionals had the highest values for IGF-1,

FT and DHEAS, whereas skilled workers had the lowest

levels. Skilled workers group also had the lowest levels of

indicators of anabolic processes such as testosterone, estradiol

and DHEAS, and thus a higher biological age than individuals

in the other groups for these parameters.

Discussion

In general, relative biological age was lowest for professionals

and highest for skilled workers for the general biological and

hormonal parameters measured. Professionals exhibited the

Figure 1. Biological age profiles for general
biological parameters by occupational group.
(Significant values according to Student’s
t-test: *p� 0.05; **p� 0.01; ***p� 0.001).

Figure 2. Biological age profiles for hormo-
nal parameters by occupational group.
(Significant values according to Student’s
t-test: *p� 0.05; **p� 0.01; ***p� 0.001).
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most favorable values for blood pressure, lipid fractions,

glucose and androgens. They were significantly taller than

skilled workers. Although they had values for BMI and

distribution and eye-hand coordination that were intermediate

between the other two groups, their biological age for these

parameters was still less than their calendar age. For skilled

workers, biological age was high for blood pressure, lipid

fractions and glucose. They also had the lowest levels for eye-

hand coordination and androgenic hormones. They were

shorter and thinner than individuals in the other two groups.

The results for soldiers are harder to characterize. They had

the highest values for BMI and WHR, and the best values for

eye-hand coordination. Values for the other general biological

and hormonal parameters were generally closer to those for

professionals.

Two hypotheses could be used to explain these differ-

ences in biological condition among the occupationally

active men examined. The first hypothesis states that the

occupation chosen may have been selected on the basis of

defined psychophysical traits. It means that some men

would have been predisposed to choose a certain occupa-

tion based on their combination of defined physical traits,

constitution, hormonal profile or personality profile more

than men lacking these traits would. It has often been

suggested that defined psychophysical traits may to a

certain degree determine the development of vocational

interest in young men, and thus affect the choice of the

occupation and concrete social role during adult life. There

is also evidence that, besides character traits, physical traits

like height and body build or the level of certain hormones

may predispose them to pursue certain occupations.

Furthermore, many studies have shown that men who are

tall and thin are more likely to fulfill certain social

roles. For example, presidents of the United States have

been taller on average than the American population at

large [28].

Studies carried out by behavioral endocrinologists have

shown that choice of occupation is affected by the level of

androgenic hormones, particularly testosterone. This is

consistent with the selection hypothesis. Testosterone level

is a powerful predictor of the need for non-aggressive

domination, which often manifests itself as anti-social

behavior, including rebellion against authority and law

breaking [29]. High testosterone levels are also correlated

with aversion to risk and threshold for conflict, fear and

stress [30]. They are also correlated with better perform-

ance by high-echelon employees who make important

decisions [31]. Furthermore, some studies have found that

men with high testosterone levels are more likely to make

utilitarian decisions that promote a certain social benefit

regardless of the increased costs of their decisions, for

example, in terms of harder work [32]. This had been used

to explain the fact that men with high testosterone levels

achieve greater success on Wall Street, where achieving

success means being able to accept the costs associated, for

example, hard work and lack of friends [31]. Men with

high testosterone levels who worked in lower stations were

not as successful, whereas men with low testosterone levels

who worked in higher stations were less emotionally about

their status and were also not as successful [33].

Individual genetically determined differences in total

testosterone level may have a subliminal and intuitive effect

on the choice of an occupation in which a given individual

best realizes himself, based on internal feelings, and in which

he/she achieves the greatest success. In the present study, the

differences between occupations groups in the mean level of

total testosterone were not statistically significant.

Nevertheless, the trend observed was consistent with the

studies discussed above. Soldiers had the highest levels of

total testosterone, while skilled workers had the lowest. A

clearer picture emerges with regard to the level of free

testosterone, which may be a better predictor than total

testosterone of the need for domination. Levels of free

testosterone were significantly higher in professionals and

soldiers than in skilled workers. Members of these occupa-

tional groups held higher, more prestigious positions that

require making important decisions. Bearing in mind the high

correlation between free testosterone and age, one may

suppose that, at the time they made the choice about their

future career at about age 20, their free testosterone levels

were even higher, and may have been the reason they chose

the occupations they did.

Another argument supporting the selection hypothesis is

that the men had not finished growing when they chose their

future occupations. On the basis of the sample in the present

study, we can say that taller men became professionals and

soldiers, and shorter men became skilled workers. This

confirms studies showing selection of social groups on the

basis of height [34,35].

The second hypothesis explaining the observed relation-

ship between biological condition and occupational status

states that the current biological condition of the men

examined is a result of the long-term effects of the work

they perform. Numerous studies have shown that belonging to

a particular social or occupational group is associated with

developing a combination of behavioral patterns that are

characteristic for that group, which in turn affects lifestyle

[34–36]. Furthermore, the long-term action of certain behav-

iors or stimuli, such as stress, can affect the psychological

state and biological condition of workers. Long-term effect of

hazardous lifestyle typical for the group of individuals or

group of workers, for example smoking, drinking, and poor

diet, all of which are independent predictors of cardiovascular

disease [37]. Besides, it was shown age and social position

constitute major determinants of the intensity of aging males’

symptoms in Poland [36]. In our study, the oldest men

(professionals) had the lowest relative biological age for the

general biological and hormonal parameters measured.

Therefore, it also confirmed the impact of social position on

the biological condition.

One of the basic elements describing the nature of work is

decision making, or autonomy over how one performs one’s

work. This is a main factor that distinguishes the three

occupational groups in this study. The level of chronic stress

is high in occupations that do not allow for autonomous

decision making and are highly subject to supervision and

control from occupation superiors. Many studies had

indicated that work-related stress or general life dissatisfac-

tion are associated with increased risk of coronary heart
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disease [7,38]. One study examined cardiovascular risk in

men in six contrasting service occupations: freight handlers,

aircraft mechanics, air traffic controllers, physicians, waiters

and symphony musicians. The number of risk factors was

greatest in waiters, the group reporting the most unfavorable

working conditions. On the other hand, the number of risk

factors was low in physicians, who reported high latitude in

decision making and many emotional reactions in their daily

life. They also had relatively high cortisol levels and low

prolactin levels [39]. The poor parameters for biological

condition and the suboptimal poor hormonal profiles in the

skilled workers in the present study was the long-term effect

of occupying a low position in the social hierarchy. The

biological effect of chronic stress includes imbalance in

neuro-endocrine parameters that are generally considered to

be biomarkers for stress [24]. As expected, testosterone levels

tended to be higher in soldiers, whose work involves a high

level of decision making and responsibility.

Adverse working conditions can also have a negative

effect on the biological condition of workers. In the present

study, the skilled workers were subjected to the least

favorable external work conditions and were required to

exert the most physical exertion, often while standing. The

nature of this work, together with the fact that skilled

workers had the lowest level of recreational physical

activity, is reflected in the poor state of the cardiovascular

system and in the poor overall biological condition of these

workers. In addition, among the skilled workers the weakest

mental condition was found, for example, the least

frequently they were optimists, the most frequently –

pessimists, the lowest number of them reported high life

satisfaction. It had been proven that such mental factors

may also influence physical functioning [38,40,41]. For

instance, general life satisfaction can detect a group

dissatisfied men from the general population with a

higher risk of having poorer health parameters [38,40].

The skilled workers had the highest systolic and diastolic

blood pressures and the highest levels of total cholesterol,

triglycerides and glucose. On the contrary, subjects with

high life satisfaction, have reduced the risk poor health

parameters and especially the risk of coronary heart disease

[38,40,41]. Therefore, the high life satisfaction and general

psychological well-being declared by professionals

could also have positive influence on their health and

biological age.

The two hypotheses presented here are not mutually

exclusive. In fact, they can be expected to act synergistic-

ally. Inborn biological predispositions can be expected to be

reinforced in a chosen occupation in accordance with the

discussed mechanisms. When examining individuals who

are advanced in their careers, it is impossible to distinctly

separate inborn predisposition to perform a given type of

work from traits acquired while performing the work.

Regardless of the functioning mechanism, the exact know-

ledge of the differences in biological conditions workers

from different occupational status should provide valuable

information for both the occupational physicians and

politicians making health care a right for those employees

so that employees are able to work effectively and healthily.
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