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Abstract
Background: Cardiovascular disease (CVD) is the main mortality cause worldwide. Noise and vibration are considered to
be occupational risk factors, but little is known about their cardiovascular effects in Bulgaria in terms of gender and various
professional groups. The aim of this study has been to investigate the risk of prevalent CVD, associated with occupational noise and
vibration exposure. Material and Methods: We conducted a secondary analysis of the data from 3 waves of the European Working
Conditions Survey (EWCS) 2001–2010 – a nationally-representative cross-sectional questionnaire survey covering 3149 workers
aged ≥ 15 years in Bulgaria. Data on self-reported heart disease were linked to self-reported occupational noise and vibration,
adjusting for other factors. Results from the 3 waves were pooled together using the inverse variance heterogeneity (IVhet)
meta-analysis. Results: For noise, the risk was elevated among women (relative risk (RR) = 1.26, 95% confidence interval (CI):
0.53–3.01), but not men (RR = 0.49, 95% CI: 0.14–1.65). Long-term workers had RR = 1.01, 95% CI: 0.60–1.69. For vibration,
the risk was increased in all participants. It was higher among men (RR = 2.56, 95% CI: 1.60–4.09) than it was among women
(RR = 1.32, 95% CI: 0.77–2.27). Among long-term, industrial, and service workers it was RR = 1.56, 95% CI: 1.02–2.40;
RR = 1.10, 95% CI: 0.61–1.98, and RR = 1.18, 95% CI: 0.57–2.46, respectively. Conclusions: Occupational vibration was a risk
factor for prevalent heart disease in Bulgaria. Noise was an alleged risk factor only among long-term workers and women.
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Streszczenie
Wstęp: Choroby układu sercowo-naczyniowego są główną przyczyną zgonów na świecie. Z kolei hałas i wibracje uznaje się za
czynniki ryzyka zawodowego, ale niewiele wiadomo na temat ich wpływu na układ krążenia u mieszkańców Bułgarii z uwzględnieniem płci i różnych grup zawodowych. Celem pracy była ocena ryzyka występowania chorób układu krążenia związanego z zawodowym narażeniem na hałas i drgania. Materiał i metody: Wykonano retrospektywną analizę danych z 3 etapów
(lat 2001–2010) Europejskiego Badania Warunków Pracy (European Working Conditions Survey – EWCS). Analiza obejmowała wyniki badania ankietowego reprezentatywnej próby – 3149 bułgarskich pracowników w wieku ≥ 15 lat. Po wprowadzeniu poprawki na inne badane czynniki okazało się, że istnieje związek między zgłaszanymi w ankiecie przypadkami chorób serca a narażeniem na hałas i drgania w miejscu pracy. Wyniki 3 etapów badania połączono, dokonując metaanalizy z zastosowaniem metody ważenia przez odwrotność wariancji (inverse variance heterogeneity – IVhet). Wyniki: W przypadku hałasu ryzyko występowania chorób układu krążenia było podwyższone u kobiet (ryzyko względne (relative risk – RR) = 1,26; 95-procentowy przedział
ufności (95% confidence interval – 95% CI): 0,53–3,01, ale nie wśród mężczyzn (RR = 0,49; 95% CI: 0,14–1,65). U pracowników
o długim stażu pracy ryzyko względne wynosiło 1,01 (95% CI: 0,60–1,69). W przypadku wibracji RR było zwiększone u wszystkich badanych, ale bardziej u mężczyzn (RR = 2,56; 95% CI: 1,60–4,09) niż u kobiet (RR = 1,32; 95% CI: 0,77–2,27). Wśród pracowników o długim stażu pracy ryzyko względne wynosiło 1,56 (95% CI: 1,02–2,40), u zatrudnionych w przemyśle – 1,10 (95% CI:
0,61–1,98), a u pracujących w sektorze usług – 1,18 (95% CI: 0,57–2,46). Wnioski: Narażenie na drgania w miejscu pracy w Bułgarii było czynnikiem zwiększonego ryzyka chorób serca. Natomiast narażenie na hałas prawdopodobnie było tym czynnikiem tylko wśród kobiet i robotników o długim stażu pracy. Med. Pr. 2016;67(4):435–445
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INTRODUCTION
Cardiovascular disease (CVD) is the main mortality
cause in the world, and its prevalence is projected to
increase in future decades [1,2]. Occupational noise
and vibration are often associated and found as coexposure in industry. They are still prevalent across
Europe and are considered risk factors for the CVD.
According to the 6th European Working Conditions
Survey (EWCS), 27.6% and 20.3% of European workers
in 2015 were exposed to excessive noise and vibration,
respectively, for at least a quarter of the time [3].
Noise is a general environmental stressor for the
neuro-endocrine system, leading to activation of the
sympathetic-adrenal-medullary system, increase in
plasma cortisol and catecholamine levels, vasoconstriction, elevated blood pressure and, as a result,
the CVD [4]. Meta-analyses demonstrated an elevated
risk for hypertension, higher blood pressure and electrocardiography (ECG) abnormalities among occupationally exposed workers [5–7]. Several other studies suggested higher risk of ischemic heart disease as
well [8,9]. Some Bulgarian studies also found an association between self-reported noise at work and ischemic
heart disease [10,11].
Vibration, on the other hand, may be classified as
hand-arm vibration and whole-body vibration [12]. It
may lead to the CVD through peripheral vasoconstriction, endothelial dysfunction and raised blood pressure; vibration is also associated with adverse effect on
the rheological properties of blood, triglyceride and
cholesterol levels, and heart-rate variability [11,13–15].
However, few field studies have linked it to the CVD.
The prevalence of ischemic heart disease among
exposed miners was higher than among non-exposed
controls [16], and Björ et al. found higher odds of incident myocardial infarction among workers exposed
to hand-arm and whole-body vibration [15]. With respect to hypertension, Idzior-Walus found higher mean
blood pressure and hypertension prevalence among
men co-exposed to noise and vibration [17]. In Bulgaria, the evidence is also scarce. During the period 1982–
1987 higher prevalence of hypertension and ischemic
heart disease was observed among blue-collar workers
(men and women) exposed to vibration, in comparison
to non-exposed white-collar workers [18], while Dimitrova and Karaslavova reported elevated odds only
among women [11].
All of those previous studies have important limitations. They focused on blue-collar male workers and, as
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a result, little is known about the effects among women
and white-collar workers. Noise and vibration have
been studied mostly separately without adjustment for
other occupational factors related to the CVD, such as
occupational smoke and dust [19], heavy lifting [20], extreme temperatures [21], working hours [22] and shift
work [23]. Furthermore, the evidence from Bulgaria is
largely insufficient, outdated, and lacks adequate adjustments of the models to draw conclusions about the
risk nowadays. Thus, the aim of this study has been to
investigate the risk of prevalent CVD, associated with
occupational noise and vibration exposure in a representative sample of Bulgarian workers.
MATERIAL AND METHODS
Data source
This study used data for Bulgaria from the 3rd (2001),
4th (2005) and 5th (2010) waves of the European Working Conditions Survey (EWCS). In brief, the EWCS is
a pan-European cross-sectional representative questionnaire-based survey conducted every 5 years by the
European Foundation for the Improvement of Living
and Working Conditions. It covers the active population aged ≥ 15 years. Information on sociodemographic, occupational, and health factors were collected
through face-to-face interviews at participants’ home.
The EWCS employed multi-stage stratified random
sampling. Response rates for Bulgaria were ≥ 65%.
The EWCS dataset was provided by the UK Data
Service after we had filled an application and were
granted access [24]. The organizations conducting
the EWCS adhered to the international standards in
research ethics. Data was anonymized during the process of their collection and participants gave informed
consent. Therefore no approval by institutional review
board was necessary for our secondary analysis.
Because the exact questions and their quality varied
across the three waves of the EWCS, we used only variables pertinent to all three of them to make the results
comparable.
Outcome assessment
Cardiovascular disease status was elicited from the
question: “Does your work affect your health: heart
disease?”.
Exposure assessment
Self-reported occupational exposures to noise, vibration, smoke/fumes/powder/dust, high temperatures,
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low temperatures, and heavy lifting were measured
with the questions:
n Are you exposed at work to noise so loud that you
would have to raise your voice to talk to people?
n Vibrations from hand tools, machinery, etc.?
n High temperatures which make you perspire even
when not working?
n Low temperatures whether indoors or outdoors?
n Breathing in smoke, fumes, powder or dust, etc.?
n Does your main paid job involve carrying or moving heavy loads?
Participants were classified as exposed if they reported exposure to the respective factor for at least
half of the time spent at work [10]. The validity of selfreported noise and vibration among blue-collar workers was ascertained by comparing participants’ ratings
with available job-exposure data about objectively
measured exposure for some titles [25,26].
Additional explanatory factors
We extracted data on age, gender, number of household members, age at which full-time education was
finished, working shift work or not, number of working hours/week, and number of years of working for the
current company/organization. Occupational categories according to the Statistical Classification of Economic Activities in the European Community (NACE),
revision 1.1 (2002) were collapsed into agriculture,
hunting and forestry + fishing (codes A–B), industry
(codes C–F), services – excluding public administration (codes G–K) and public administration and defense, other services (codes I–Q).
Data analysis
The data was screened for missing rates. Missing values were subjected to list-wise deletion in each analysis. Owing to the different selection probabilities, the
analyses were weighted by the country level sampling
weight [24]. Descriptive statistics were computed to explore the structure of the data and univariate relationships between key factors.
To estimate the multivariate relative risk of prevalent heart disease we employed generalized linear regression with binomial distribution or, in the case of
non-convergence, Poisson regression with robust variance estimator [27].
Causal diagrams were set up to determine the
necessary adjustments in the multivariate models using DAGitty v. 2.3 [28]. We were interested in the total
effect of self-reported occupational noise and vibration
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since the direct effect, albeit of theoretical importance,
is not observed per se in real life. In order to investigate
the complex imbrication of various environmental and
individual risks for the CVD, even factors that we had
no data on (i.e., diet, physical activity, heredity, body
mass index, residential exposures) were included in the
diagrams. Their absence, however, was found to be acceptable, since they were necessary covariates for the
direct rather than the total effect model. The suggested
minimal sufficient set of covariates for estimating the
total effect of self-reported occupational noise/vibration on heart disease included: age, gender, workweek
hours, length of service, shift work, and other co-exposures. We additionally forced into the models (as proxies for participants’ socioeconomic status) the number
of household members and the age at which full-time
education was finished.
Regression models were run on the total sample and
separately on subsamples defined by gender, length of
service and occupational category. The dataset from
each wave of the EWCS was treated as a separate study
and wave-specific differences were assumed to be due
to random error, rather than being true risk differences. Therefore the multivariate models were first run
within each of the three datasets, and the results were
then pooled together using inverse variance heterogeneity meta-analysis [29].
Results were considered statistically significant at
p < 0.05 and precise if the upper-to-lower 95% confidence limits ratio (CLR) was in the ballpark of 1.00–
3.00 [30]. Data was processed with the Statistical Package for the Social Sciences (SPSS) 17 and the “binreg”
command in STATA (Collage Station, Texas).
RESULTS
Sample sizes for the 3 waves of the EWCS were 1000, 1135
and 1014, respectively. The highest percentage of missing data was within the variable “heart disease” – 31.1%
in 2001, 54% in 2005 and 0.1% in 2010. Owing to this,
sample sizes differed across the analyses.
The Table 1 reports participants’ characteristics in
the 3 waves of data collection. Men were slightly more
than women, most participants were at 16–19 years of
age when they finished their full-time education, and
their household consisted of about 3 members. Most
participants worked for little over 40 h/week and for
a mean of 8 years in their current organization; 1/4 were
shift workers. The Figure 1 presents the change in the
proportion of workers reporting occupational expo-
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Fig. 1. Workers reporting occupational exposure
to different physical and chemical factors, Bulgaria,
in years 2001, 2005, and 2010
Ryc. 1. Pracownicy zgłaszający zawodowe narażenie
na różne czynniki fizyczne i chemiczne w Bułgarii
w latach 2001, 2005 i 2010
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Fig. 2. Workers reporting work-attributed heart disease,
Bulgaria, in years 2001, 2005, and 2010
Ryc. 2. Pracownicy zgłaszający chorobę serca związaną z pracą
w Bułgarii w latach 2001, 2005 i 2010

333 (54.07)

330 (45.93)

40.29±0.47*

Women / Kobiety [n (%)]

Age [years] / Wiek [w latach]
(M±SE)

no heart
disease
bez choroby
serca
(N = 663)

Men / Mężczyźni [n (%)]

Characteristics
Charakterystyka

40.16±0.40

505 (47.7)

495 (52.30)

total
ogółem
(N = 1 000)

41.40±0.59*

250 (44.91)

218 (55.09)*

no heart
disease
bez choroby
serca
(N = 468)

49.87±1.73*

33 (63.20)

21 (36.80)*

with heart
disease
z chorobą
serca
(N = 54)

2005
(4th wave / 4. etap)

40.78±0.41

622 (46.91)

513 (53.09)

total
ogółem
(N = 1 135)

41.03±0.42*

479 (45.95)

437 (54.05)

no heart
disease
bez choroby
serca
(N = 916)

50.28±1.35*

61 (55.49)

36 (44.51)

with heart
disease
z chorobą
serca
(N = 97)

2010
(5th wave / 5. etap)

41.82±0.41

540 (46.72)

474 (53.28)
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49.60±1.06*

10 (37.2)

16 (62.80)

with heart
disease
z chorobą
serca
(N = 26)

2001
(3rd wave / 3. etap)

Respondents in the EWCS in subsequent years
Respondenci w EWCS w poszczególnych latach

total
ogółem
(N = 1 014)

sure to different physical and chemical factors during
the period 2001–2010. The proportion of workers exposed to smoke/fumes/powder/dust followed a downward trend, but there was not substantive change in
the other factors. Self-reported vibration exposure

Table 1. Bulgarian workers in the 3 waves of the European Working Conditions Survey (EWCS) – characteristics according to the prevalence of work-attributed
heart diseasea
Tabela 1. Bułgarscy pracownicy uczestniczący w 3. etapach Europejskiego Badania Warunków Pracy (EWCS) – charakterystyka według występowania choroby serca
związanej z pracąa
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200 (30.42)

8.78±0.40*

Shift work / Praca zmianowa
[n (%)]

Seniority [years] / Staż
pracy [w latach] (M±SE)

126 (22.09)

212 (34.10)*

140 (24.00)

87 (14.60)*

119 (19.01)

vibration / drgania

smoke/fumes/dust/powder /
dym/opary/pył/proszek

high temperature / wysoka
temperatura

low temperature / niska
temperatura

heavy lifting / dźwiganie
ciężarów

7 (29.49)

8 (40.55)*

8 (30.99)

15 (56.29)*

7 (26.62)

11 (44.74)

14.52±1.77*

11 (42.93)

41.20±3.04

3.58±0.28

14 (52.35)

8 (36.76)

2 (10.89)

156 (16.53)

106 (12.03)

163 (18.46)

256 (27.48)

156 (18.18)

207 (22.41)

8.28±0.32

279 (28.76)

42.80±0.45

3.62±0.04

416 (39.49)

502 (56.61)

30 (3.90)

126 (29.23)

109 (25.16)

137 (32.02)

127 (27.90)

111 (27.54)

176 (38.72)

7.93±0.48*

103 (22.36)

46.02±0.86

3.52±0.07

125 (21.66)

285 (65.74)

55 (12.61)

18 (34.06)

17 (30.16)

17 (29.91)

16 (39.67)

12 (30.80)

19 (40.23)

11.62±1.59*

15 (30.89)

45.92±2.52

3.36±0.18

17 (25.90)

25 (50.26)

11 (23.84)

232 (22.43)

190 (17.93)

218 (21.38)

199 (18.98)

191 (20.56)

300 (27.55)

7.86±0.30

240 (21.01)

44.20±0.48

3.47±0.05

331 (25.21)

663 (63.55)

126 (11.24)

168 (20.04)

152 (17.54)

156 (17.96)

115 (14.12)

149 (18.08)

185 (22.55)

7.59±0.28*

218 (22.67)

42.32±0.39

3.28±0.05

241 (25.78)

590 (67.46)

70 (6.76)

15 (17.06)

13 (16.95)

14 (16.36)

10 (12.09)

18 (23.03)

21 (20.38)

11.26±1.25*

17 (19.50)

41.64±1.46

3.23±0.18

20 (20.20)

63 (69.43)

13 (10.37)

184 (19.85)

166 (17.55)

171 (17.88)

126 (14.01)

168 (18.56)

207 (22.42)

7.91±0.28

235 (22.39)

42.26±0.37

3.29±0.05

261 (25.28)

654 (67.65)

83 (7.07)

M – mean / średnia, SE – standard error / błąd standardowy.
a
Sampling weighting is applied (means, standard errors and percentages are weighted). Cases do not add-up to the total number of participants due to missing values / Zastosowano próby ważone (średnie, błędy standardowe
i wartości procentowe są ważone). Liczba przypadków nie sumuje się do liczby respondentów ogółem z powodu brakujących danych.
* The difference between participants with and without heart disease is statistically significant at p < 0.05 / Różnica między respondentami z chorobą serca i bez niej jest statystycznie istotna przy p < 0,05.

169 (27.31)

noise / hałas

Occupational exposure /
Narażenie zawodowe [n (%)]

43.91±0.58

Working time [h/week] / Wymiar
czasu pracy [godz./tydzień]
(M±SE)

276 (38.64)

≥ 20 years / lat

3.65±0.05

331 (57.41)

16–19 years / lat

Household members / Członkowie
gospodarstwa domowego [n]
(M±SE)

21 (3.95)

≤ 15 years / lat

Education finish / Zakończenie
edukacji [n (%)]

439

28.78

0

Women / Kobiety [%]

Heart disease / Choroba serca [%]

19.19

26.45

21.59

8.845

22.49

vibration / drgania

smoke/fumes/dust/powder /
dym/opary/pył/proszek

high temperature / wysoka
temperatura

low temperature / niska
temperatura

heavy lifting / dźwiganie
ciężarów

22.71

20.59

31.54

38.61

32.48

39.15

3.67

45.04

54.96

41.47±0.63

C–F
(N = 303)

14.05

8.09

12.96

20.87

11.52

10.84

2.30

43.19

56.81

37.68±0.73

G–K
(N = 324)

2001
(3rd wave / 3. etap)
(N = 1 000)

9.18

5.58

5.86

20.34

5.82

14.88

5.85

62.42

37.58

40.43±0.68

I–Q
(N = 324)

46.22

38.65

47.24

20.22

24.03

21.17

12.8

42.49

57.51

45.47±1.52

A–B
(N = 91)

27.67

23.22

30.91

32.40

36.67

45.98

11.42

39.66

60.34

40.30±0.73

C–F
(N = 365)

17.06

11.17

12.28

12.67

14.01

17.37

5.24

49.68

50.32

38.63±0.72

G–K
(N = 290)

2005
(4th wave / 4. etap)
(N = 1 117)

14.54

12.29

12.13

9.76

7.16

19.52

6.79

53.39

46.61

42.31±0.71

I–Q
(N = 371)

36.21

30.44

35.00

10.8

19.73

19.63

11.18

32.29

67.71

44.79±1.59

A–B
(N = 68)

30.13

25.36

28.38

24.07

34.85

39.30

7.22

36.23

63.77

41.56±0.77

C–F
(N = 274)

14.06

13.78

12.26

11.37

12.59

15.39

5.72

46.75

53.25

39.86±0.69

G–K
(N = 363)

2010
(5th wave / 5. etap)
(N = 1 003)

8.98

8.58

6.96

6.68

5.90

12.51

13.74

66.72

33.28

44.46±0.67

I–Q
(N = 298)

The Statistical Classification of Economic Activities in the European Community (NACE), revision 1.1 codes / Statystyczna Klasyfikacja Działalności Gospodarczej we Wspólnocie Europejskiej, wersja 1.1: A–B – agriculture, hunting
and forestry + fishing / rolnictwo, myślistwo i leśnictwo + rybołóstwo; C–F – industry / przemysł; G–K – services, excluding public administration / usługi z wyjątkiem administracji publicznej; I–Q – public administration and
defense, other services / administracja publiczna i wojsko, inne służby.
Other abbreviations as in Table 1 / Inne skróty jak w tabeli 1.
a
The percentages are weighted by the sampling weights in order to give employed population estimates, whereas the number of cases is not weighted, therefore there are differences with the figures found in Table 1. All differences
in participants’ individual characteristics across economic activity categories are statistically significant at p < 0.05, except for the prevalence of heart disease in waves 2001 and 2005 / Wartości procentowe są ważone poprzez zastosowanie wag dla poszczególnych prób w celu szacunków dla populacji pracowników ogółem. Natomiast liczba przypadków nie jest ważona, dlatego występują różnice w wartościach w porównaniu z tabelą 1. Wszystkie różnice
w indywidualnych cechach respondentów w poszczególnych kategoriach działalności gospodarczej są statystycznie istotne przy p < 0,05 z wyjątkiem występowania choroby serca w etapach 2001 i 2005.

15.55

noise / hałas

Occupational exposure /
Narażenie zawodowe [%]

71.22

44.53±1.67

A–B
(N = 49)

Men / Mężczyźni [%]

Age [years] / Wiek [w latach]
(M±SE)

Characteristics
Charakterystyka

Respondents in the EWCS in subsequent years
Respondenci w EWCS w poszczególnych latach

Table 2. Bulgarian workers in the 3 waves of the European Working Conditions Survey (EWCS) – characteristics according to the economic activity categorya
Tabela 2. Bułgarscy pracownicy uczestniczący w 3. etapach Europejskiego Badania Warunków Pracy (EWCS) – charakterystyka według kategorii działalności zawodoweja
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Table 3. Pooled relative risks (RR) of work-attributed heart disease associated with exposure to different physical and chemical
occupational factors for at least 1/2 of the time at work, Bulgaria, in years 2001, 2005, and 2010 combineda
Tabela 3. Łączne względne ryzyko (RR) zawodowej choroby serca związanej z narażeniem na różne czynniki fizyczne i chemiczne
w miejscu pracy przez co najmniej 1/2 czasu pracy w Bułgarii w latach 2001, 2005 i 2010 łączniea

Model
(size of group/subgroup)
Model
(liczebność
grupy/podgrupy)

Occupational exposure
(pooled RR (95% CI))
Narażenie zawodowe
(łączne RR (95% CI))
noise
hałas

vibration
drgania

smoke/fumes/
dust/powder
dym/opary/
pył/proszek

high temperature
wysoka
temperatura

low temperature
niska
temperatura

heavy lifting
dźwiganie
ciężarów

0.92 (0.58–1.46)*

1.49 (0.99–4.01)

1.81 (0.90–3.64)

0.44 (0.22–0.97)

2.06 (0.44–9.78)

0.89 (0.61–1.29)*

men / mężczyźni
(N = 925)

0.49 (0.14–1.65)

2.56 (1.60–4.09)*

2.37 (1.04–5.39)

0.40 (0.14–1.15)

3.20 (0.56–18.26)

0.68 (0.34–1.34)

women / kobiety
(N = 1 048)

1.26 (0.53–3.01)

1.32 (0.77–2.27)*

1.56 (0.15–16.66)

0.60 (0.32–1.12)

1.22 (0.63–2.37)

1.63 (0.55–4.83)

Seniority ≥ 5 years / Staż
pracy ≥ 5 lat (N = 1 108)

1.01 (0.60–1.69)*

1.56 (1.02–2.40)*

1.37 (0.44–4.28)

0.48 (0.28–0.82)*

2.49 (0.42–14.84)

1.33 (0.86–2.06)*

Industrial workers /
Pracownicy przemysłowi
(N = 622)

1.00 (0.49–2.06)

1.10 (0.61–1.98)

2.43 (0.99–5.96)

0.56 (0.14–2.26)

3.62 (1.42–9.25)

1.08 (0.59–1.98)

Service workers /
Pracownicy usług
(N = 1 201)

0.73 (0.32–1.67)

1.18 (0.57–2.46)

1.53 (0.70–3.36)

0.98 (0.14–7.02)

1.93 (0.15–24.05)

1.75 (1.05–2.93)*

Respondents (total) /
Respondenci (ogółem)
(N = 1 973)

CI – confidence interval / przedział ufności.
a
Sampling weighting is applied. Models are adjusted for age, gender, number of household members, age at which full-time education was finished, workweek hours, years of
working for the current company/organization, shift work, and other co-exposures / Zastosowano próby ważone. W modelach wprowadzono poprawki na wiek, płeć, liczbę
członków gospodarstwa domowego, wiek zakończenia nauki w pełnym wymiarze godzin, tygodniowy czas pracy, staż pracy u obecnego pracodawcy i narażenie na inne czynniki.
* Confidence limit ratio: < 3 / Granica współczynnika ufności: < 3.

remained fairly unchanged whereas noise exposure
peaked in 2005 and dropped in 2010 to its rate in 2001.
Low temperature exposure increased from 12.03%
in 2001 to 17.55% in 2010.
The proportion of workers reporting heart disease
increased alarmingly from 3.6% in 2001 to 9% in 2005
and remained similar in 2010 (8.4%) (Figure 2). According to the Table 1, those with heart disease were
significantly older and had the longer length of service.
Regarding occupational factors, the proportions of
workers exposed to smoke/fumes/powder/dust and low
temperatures were significantly higher among those
with heart disease in 2001.
The Table 2 shows the distribution of participants’
characteristics across different occupational categories.
The proportion of people exposed to self-reported noise
and vibration was highest among industrial workers,
followed by those working in agriculture, hunting and
forestry + fishing. Heart disease was generally most

common in those categories, although in 2010 it peaked
among public administration and service workers.
The Table 3 presents the results from multivariate
models exploring the risk of work-attributed heart disease associated with exposure to different occupational
factors for at least half of the time at work. Pooled results
showed the higher risk of heart disease associated with
self-reported noise exposure only among women (relative risk (RR) = 1.26, 95% confidence interval (CI): 0.53–
3.01), but not men (RR = 0.49, 95% CI: 0.14–1.65). There
were not significant differences between industrial
and service workers. The only precise estimate, based
on its CLR, was that for participants working in their
current organization for ≥ 5 preceding years, but it was
very small (RR = 1.01, 95% CI: 0.60–1.69).
The relative risk for self-reported vibration exposure, on the other hand, was elevated and precise in several subgroups. It was higher among men
(RR = 2.56, 95% CI: 1.60–4.09) than women (RR = 1.32,
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95% CI: 0.77–2.27). Among long-term workers it
reached RR = 1.56, 95% CI: 1.02–2.40; it was elevated in
both industrial and service workers, but the difference
was not statistically significant.
DISCUSSION
Pooled results showed that working under loud self-reported occupational noise was associated with 26% of
elevated risk of prevalent heart disease among women,
and with 1% – among long-term workers, respectively. However, only the risk among long-term workers
was considered precise with relatively narrow 95% CI.
Meta-analyses have found odds of hypertension to
be odds ratio (OR)per 5 dB = 1.14, 95% CI: 1.01–1.29 [5],
and, more recently, ORper 5 dB = 1.18, 95% CI = 1.10–
1.27 [6]. Tomei et al. also estimated the significant
increase in mean blood pressure and prevalence of
hypertension and ECG abnormalities for workers exposed to 92.2±6.5 dB in comparison to those exposed
to 85.2±6.7 dB and 62.2±28.7 dB [7]. Results for ischemic heart disease also point towards an increased risk,
associated with occupational noise [8,9].
With respect to the gender differences we observed,
other authors have, in similar vein, found more pronounced risk among women. In the study of Stokholm
et al. the risk was RR = 1.17, 95% CI: 1.09–1.26 among
women and RR = 1.06, 95% CI: 0.98–1.14 among
men [31]. In that of Kersten and Backé men were, in
fact, not found to be at risk [32]. Gan et al., on the contrary, reported statistically significantly elevated odds
of coronary heart disease only among male workers [8].
A statistically significant relationship between selfreported occupational noise and heart disease was
found in a nationally-representative cross-sectional
survey among 6341 Bulgarian workers, but, surprisingly, the authors considered it to be a spurious one
due to the lack of “logical link with noise as a factor
of the occupational environment” [10]. Furthermore,
the effects were not adequately adjusted for other covariates and the authors used data collected only
in 1 wave (2010) [10]. A case-control study including
nearly 3000 blue- and white-collar workers looked
at gender differences in the effect on myocardial infarction and found an elevated ORunadjusted = 4.014,
95% CI: 0.843–19.105 among women and non-elevated ORunadjusted = 0.680, 95% CI: 0.379–1.220 among
men [11]. Overall, very few studies globally compared
noise effects between men and women, since the focus is mainly on machine and industrial noise found
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among blue-collar workers, who are mostly male. Thus
women and those exposed to noise from social sources
(e.g., teachers) are excluded.
Exposure to self-reported occupational vibration,
unlike noise, was associated with the elevated risk of
prevalent heart disease in several subgroups. It was
higher among men (156%) than women (32%), and
reached 56% in long-term workers, 10% among industrial and 18% among service workers. The pooled estimates had narrow 95% CIs among men, women, and
long-term workers and they were statistically significant among men and long-term workers. In other countries, the prevalence of ischemic heart disease among
exposed miners was 11% vs. 6% in the non-exposed
controls [16], Idzior-Walus found that men exposed to
loud noise (105–116 dB) and vibration had higher mean
blood pressure and percentage of hypertension [17],
Björ et al. found OR = 1.06, 95% CI: 1.1–2.4 for incident
myocardial infarction among male workers exposed to
hand-arm and whole-body vibration [15]. In Bulgaria,
Tzvetkov and Tzatcheva observed higher prevalence
of hypertension and ischemic heart disease among
both male and female blue-collar workers exposed to
vibration during the period 1982–1987, in comparison to non-exposed white-collar workers [18]. In contrast to our findings, Dimitrova and Karaslavova reported ORunadjusted = 0.830, 95% CI: 0.442–1.557 among
exposed men and ORunadjusted = 11.39, 95% CI: 0.751–
172.7 among women [11]. No effect at all was reported
by Stefanova et al. [10].
The literature on gender differences in hand-arm
and whole-body vibration is controversial. According
to some authors, women are more sensitive to vibration and perceive their exposure as higher [33,34]; others suggested that the impact of whole-body vibration
is stronger on male heart rate variability [35], and that
nighttime train vibration is associated with a slightly
stronger increase in the heart rate in the delayed response of men [36]. Further comparisons with our
findings are hindered not only by the few occupational
epidemiology studies overall but also by the different
populations under investigation (i.e., white/blue-collar,
men/women). We cannot rule out the possibility that
the quality of reporting and type of vibration sources
differed between men and women since blue-collar
workers are mostly male whereas workers in public administrations, for example, were mostly female.
Analyses stratified by occupational category lacked
statistical power, since economic activities could not be
coded for all participants and the number of people ex-
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posed to self-reported noise and vibration and having
heart disease was very low in some of those categories.
Secondary findings were the elevated risks among
workers exposed to smoke/fumes/dust/powder, low
temperatures and heavy lifting; however, those effects
were not precise and stable. Counterintuitively, high
temperatures were consistently associated with the
lower risk of heart disease, which could be due to some
residual confounding, lack of precision of the questionnaire item or to survivor effect.
Strengths and limitations
The strengths of this study lie in its relatively large sample, nationally-representative design, and the fact that
it covers a 10-year period (2001–2010). It is also a population-based study, which is rare in the field of occupational hygiene. It does not discard white-collar workers and women and adjusts the effects of self-reported
noise and vibration for each other and for important
demographics and other work-related variables.
Several limitations are also acknowledged. Causeand-effect relationships between exposure and outcome cannot be discerned owing to the cross-sectional
design of the EWCS. Nevertheless, cross-sectional
studies in noise hygiene are justifiable, since they comply with many of the important criteria for causality in
epidemiology [37]. The so called healthy worker/survivor effect [38] is another issue, which leads to underestimation of the risk.
Self-reports of heart disease and occupational exposure may be scrutinized for biasing the results towards
the null. While this is true, there is good compatibility between self-reported and objective ischemic heart
disease/hypertension [39–41]. Self-reported exposure
is another issue. Due to that we could not estimate precise exposure-response relationships. The questions we
used, however, appear to be valid proxies for the actual
exposure level. We compared noise and vibration selfreported by some of the blue-collar workers with jobexposure measurements. It also bears noting that a nationally-representative survey among Bulgarian workers
conducted by the Ministry of Labour and Social Policy
in 2010 showed that there was good compatibility, overall, between objectively measured and self-reported exposures derived from the same questions, although there
were disparities with respect to noise exposure reported
by teachers, and with respect to perceived temperature
by those working outside [10]. Therefore, a national-representative job-exposure matrix for noise and vibration
should be developed in Bulgaria.
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Some risk estimates were not statistically significant
but they were still treated as substantive effects because
their 95% CIs were precise in terms of the CLR, which
is considered to be more durable and relevant in epidemiological research [29] and noise hygiene, where the
mechanistical interpretation of p-values is discouraged [42].
Finally, an issue may be raised about the lack of information on behavioral and individual determinants
of the CVD (e.g., heredity, diet, physical activity, obesity, stress, sleep quality, etc.). Those would be important covariates if we were interested in the direct effect
of self-reported noise and vibration. Given that we only
looked at the total effect, those covariates were not necessary, as indicated by the directed acyclic graph (DAG)
causal model.
Self-reported occupational noise and vibration were
still alarmingly common among Bulgarian workers
in 2015 (28.8% and 23.5%, respectively) [3], but the
research interest in their cardiovascular effects is low.
Moreover, noise generated by human speech is not officially recognized as a cardiovascular risk factor [10].
Globally, there is a dearth of evidence regarding the
effects of noise and vibration on the CVD among female and white-collar workers. Therefore, despite the
limitations of this study, it can serve as a basis for future
research.
CONCLUSIONS
Based on self-reports, the risk of prevalent heart disease
attributed to occupational noise exposure was elevated
only among female, long-term, and blue-collar workers, but the risk estimate was precise only for long-term
workers. Self-reported vibration exposure, on the other
hand, was consistently associated with the elevated risk
of heart disease in the case of all workers, and the effect
was strongest in the case of men.
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