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INTRODUCTION

Several studies have associated noise exposure with cardiovascular diseases (Mel-
amed et al. 1999: Virtanen & Notkola 2002; Davies et al. 2005; Virkkunen et al. 2005;
Gan et al. 2011) but van Kempen and colleagues concluded in a meta-analysis that
the relation between noise exposure and ischemic heart disease is inconclusive (van
Kempen et al. 2002). Serum lipids play a major role in the causation of cardiovascu-
lar diseases and may also be of causal importance for the association between noise
exposure and cardiovascular disease (Nabel 2003). There is some empirical evi-
dence that a noise exposure level above 80 dBA increases the level of cholesterol
and triglycerides (Ortiz et al. 1974; Rai et al. 1981; Melamed et al. 1997, Vangelova
& Deyanov 2007) but this effect has not been reported by others (Chang et al. 2003;
Virkkunen et al , 2005, 2006). Serum lipid levels are influenced by sex, age, body
mass index (BMI), waist width, statins, beta-blockers, and other medicines, diabetes,
smoking, alcohol, physical activity and social status (Stone 1994; Kasiske et al. 1995;
Hu et al. 2000; American Heart Association 2002; Virtanen & Notkola 2002; Carroll et
al. 2005; Primatesta & Poulter 2006; Gossett et al. 2009), however, only Melamed et
al. accounted for such competing risk factors (Melamed et al. 1997).

This study analysed if increasing levels of occupational noise exposure is associated
with increasing levels of total cholesterol, low-density lipoprotein (LDL)-cholesterol,
triglycerides and decreasing levels of high-density lipoprotein (HDL)-cholesterol when
adjusted for well-documented risk factors.

METHODS
Subjects

In 2009-2010 we recruited 76 companies from manufacturing industries, construction
and children day care with expected high noise exposure levels and finance interme-
diation as a reference. A total of 544 workers (396 male and 148 female workers)
from these companies agreed to record noise levels and provide a blood sample and
they comprised the study population. Triglycerides were not measured on 19 workers
and therefore they have no estimates of LDL-cholesterol and triglycerides. Further
details of recruitment procedures and measurements are described elsewhere (Kock
et al. 2004). This cross-sectional study conformed to the Danish legal requirements
and was approved by the local ethics committee.

Noise exposure assessment

Noise exposure levels were measured by portable dosimeters (Bruel and Kjeer 4443).
The dosimeters were calibrated, handed over and collected at the workplaces. The
dosimeters were worn in a pouch attached to a belt at the participant’s waist. Micro-
phones were placed on the shoulder, right shoulder if right-handed and left shoulder
if left-handed. The A-weighted equivalent sound level (Laeq) Was recorded every
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5 seconds for 24 hours. The dosimeters were set to a dynamic range of 50-120 dB.
The display was dimmed during measurements to minimize noise dependent chang-
es in the participant’s behavior. On the day of the noise measurement, the partici-
pants registered the beginning and ending of working hours, transport time and lei-
sure time, and we estimated the Laeq values for each of the three time periods.

Personal data

At the day of examination, we measured height, weight and waist width and calculat-
ed the BMI. We also collected a venous blood sample and analyzed the levels of to-
tal cholesterol, HDL-cholesterol and triglycerides by a chromogen catalytic method.
We estimated LDL-cholesterol from the formula of Friedwald’s: LDL-Cholesterol =
total cholesterol — HDL-cholesterol — 0,45 x triglycerides (triglycerides < 4,5 mmol/l)
(Danish Regions 2009).

Statistics

We classified participants into three full-shift occupational noise exposure groups:
low (< 80 dBA), medium (80-85 dBA) and high (> 85 dBA). Potential confounders
were tabulated by increasing noise levels. Lipid levels were normally distributed and
arithmetic mean, standard deviation and 95% confidence intervals were tabulated by
noise exposure levels. We analyzed serum lipids as a function of occupational noise
exposure by linear regression. The models also included sex, age, BMI (<25, 25-35,
>35) medicines (statins, beta-blockers, estrogens, retinoids, diuretics, levothyroxin or
glucocorticoids; yes/no), diabetes, smoking, alcohol, physical activity, education, in-
come, and noise exposure during leisure and transportation time. Trend test based
on grouped and continuous data were performed in crude and adjusted models. Data
processing and analysis were performed with STATA version 11 (STATA Corp., Col-
lege Station, TX).

RESULTS

The median noise exposure level was 82 dBA (range: 57- 114 dBA). In all, 206 work-
ers were exposed at a low, 198 at a median, and 140 at a high noise level. Increas-
ing noise levels were associated with increasing BMI, waist width, and leisure and
transportation time noise levels. Levels of total cholesterol, LDL-cholesterol, triglycer-
ides and cholesterol/HDL ratio increased and HDL-cholesterol level decreased by
increasing occupational noise exposure. The latter three findings were of statistical
significance (p<0,05). However, when we adjusted for BMI no trend remained. Fur-
ther adjustment by sex, age, medicines, diabetes, smoking, alcohol, physical activity,
education, income, leisure time and transportation time noise levels confirmed this
finding of no effect.

DISCUSSION

We observed no association between occupational noise exposure and serum lipid
levels when account was taken for well-established risk factors. Thus, we could not
confirm earlier suggested findings of such an effect. This discrepancy may be due to
insufficient control for documented risk factors in earlier studies. Six studies (Ortiz et
al. 1974; Rai et al. 1981; Melamed et al. 1997; Chang et al. 2003; Virkkunen et al.
2005, 2006; Vangelova & Deyanov 2007) have investigated the association between
occupational noise exposure and lipid levels but only Melamed et al. adjusted for
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such risk factors (sex, age, BMI, smoking, alcohol and physical activity). They found
a significant association but only for a subpopulation (young men) and not for the
total population. Four studies reported statistically significant crude associations be-
tween noise exposure and increasing lipid levels, but findings were not consistent
across studies with respect to lipids affected (Ortiz et al. 1974; Rai et al. 1981; Mela-
med et al. 1997; Vangelova & Deyanov 2007). Our findings are, on the other hand, in
line with those of Virkunen et al and Chang et al who observed no association be-
tween noise exposure level and serum lipid levels(Chang et al. 2003; Virkkunen et al.
2005, 2006).

This study has several strengths. Our extensive adjustment for risk factors has al-
ready been mentioned. Environmental noise exposure has also been suggested to
affect cardiovascular health (Passchier-Vermeer & Passchier 2000; Babisch et al.
2005; Babisch 2011) and we were able to adjust for such potential confounding. Fur-
thermore, each participant was equipped with personal dosimeters to ensure exact
measurements of noise exposure in contradiction to stationary measurements. Se-
lection bias is not expected to have affected findings since it is implausible that work-
ers with high lipid levels and high noise exposure are more prone to enter or leave
the noisy work sites recruited for this study. Differential recall is likewise unlikely to
have biased findings because we analyzed objective measures of noise and lipids
levels.

The study also has limitations. We did not take account of the use of hearing protec-
tors. This might have contributed to the no effect seen since the higher exposed par-
ticipants are expected to wear protective devices more often, thereby reducing the
noise exposure contrast and the ability to detect a true effect of noise if existing. Fur-
ther studies should account for the use of hearing protectors when assessing expo-
sure at the ears of the individual worker.

To conclude, we observed no significant association between occupational noise ex-
posure and serum lipid levels when adjusted for well-established risk factors. We
“could thus not support earlier findings suggesting that lipid levels may be of causal
importance for the observed association between noise exposure and cardiovascular
disease. Future studies should focus on improved exposure assessment at the ear in
addition to established risk factors.
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