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The carotid intima media thickness in coal miners
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ABSTRACT

Aim: The cardiovascular diseases are one of the most frequent 
causes of death in coal miners. Atherosclerosis is the most frequ-
ent cause of cardiovascular disease around the world. The subcli-
nical atherosclerosis can be diagnosed thanks to the localization 
of carotid arteries by measuring carotid intima media thickness 
via Doppler ultrasonography. In this study, the aim was to investi-
gate whether the chronic exposure to coal mine dust contributes 
to atherosclerotic process.

Method: The study was designed as a single center, retrospec-
tive survey, consisting of 25 young coal miners, 25 veteran coal 
miners, 25 young people and 25 healthy elderly people who have 
never exposed to coal mine dusts. The carotid Doppler ultraso-
nography, biochemical tests, echocardiography, respiratory func-
tion test results were recorded from the files of the cases.

Results: There was not any significant difference as for carotid 
intima- media thickness between coal miners and healthy young 
group(0.66±0.16 vs 0.65±0.16; p=0.994), while there was a sig-
nificant difference between veteran coal miners and healthy el-
derly group (0.99±0.09 vs. 0.81±0.13; p<0.05).

Conclusion: In this study, it was found that the carotid intima- 
media thickness, which is used in order to diagnose atherosclero-
sis in early stage, increased after chronic exposure to coal mine 
dust. Therefore, it can be thought that professional questioning 
may be beneficial while determining the risk factors of individu-
als in terms of atherosclerosis.

Keywords: Occupational exposure, carotid intima-media thick-
ness, atherosclerosis

ÖZ

Amaç: Kömür madeni işçilerinde ölümün en sık nedenlerinden 
biri kardiyovasküler hastalıklardır. Ateroskleroz dünya çapında 
kardiyovasküler hastalıkların en sık nedenidir. Subklinik aterosk-
leroz karotis arterlerin yerleşimi sayesinde Doppler ultrasonogra-
fi aracılığıyla teşhis edilebilir. Bu çalışmada, amaç kömür madeni 
tozuna kronik maruziyetin aterosklerotik sürece katkısı olup ol-
madığını araştırmaktı.

Yöntem: Çalışma tek merkezli ve retrospektif olup, 25 genç kömür 
madeni işçisi, 25 kömür madeni emeklisi, 25 genç ve 25 yaşlı sağ-
lıklı ve kömür tozu maruziyeti olmayan kontrollerden oluşmak-
taydı. Olguların dosyalarından karotis Doppler ultrasonografisi, 
biyokimyasal testleri, ekokardiyografisi, solunum fonksiyon testi 
bulundu ve kaydedildi.

Bulgular: Genç maden işçisi grubu ile sağlıklı genç kontroller 
arasında karotis intima mediya kalınlığı arasında anlamlı fark 
bulunmazken (0,66±0,16 vs 0,65±0,16; p=0,994), kömür madeni 
emeklisi grup ile sağlıklı ve yaşlı kontroller arasında anlamlı fark 
oluştuğu görüldü (0,99±0,09 vs. 0,81±0,13; p<0,05).

Sonuç: Bu çalışmada, aterosklerozun erken dönemde teşhisini 
sağlayan karotis intima mediya kalınlığının kronik kömür tozu 
maruziyeti sonrası arttığı görüldü. Bu nedenle kişilerin aterosk-
leroz açısından risk faktörlerini belirlerken mesleki sorgulamının 
yararlı olabileceği düşünülebilir.

Anahtar kelimler: Mesleki maruziyet, karotis intima mediya ka-
lınlığı, ateroskleroz
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INTRODUCTION

The endothelium is a vascular layer which has high-
ly important tasks in order to circulate blood nor-
mally in vascular system. The endotelial dysfunction 
causes many diseases which are associated with 
cardiovascular system by triggering atherosclerotic 
process. Atherosclerosis related diseases are the 
most important causes of mortality and morbidity 
around the world. Atherosclerosis induces the de-
velopment of systemic disease by affecting large 
and medium arteries, and when the clinical mani-
festations of the disease occur, the disease is usu-
ally advanced. Subsequent interventions are usually 
directed to secondary prevention or palliation1. Di-
agnosis of atherosclerotic changes in subclinical pe-
riod may be important so as to reduce risk factors. 
The intima- media thickness increases during sub-
clinical period2-4. Because the carotid arteries are 
not deeply located, imaging is easy. The measure 
of intima media thickness with ultrasonographic 
method is noninvasive, repeatable, easy and cost- 
effective. The ultrasonography allows the detection 
of asymptomatic individuals by measuring carotid 
intima-media thickness (CIMT).

The need for energy has increased with the begin-
ning of industrialization in the world and thus vari-
ous natural resources, especially coal, are used. Coal 
miners work in limited space, so they are exposed 
to high temperature, humidity, noise, vibration and 
radiation. The chronic exposure to these physi-
cal conditions leads to increase in the incidence of 
some occupational diseases. In a study, it was indi-
cated that the most frequent reasons of death in 
coal miners were coal miner pneumoconiosis or re-
lated complications, tuberculosis, lung cancer and 
cardiovascular diseases5. In this study, carotid Dop-
pler ultrasound, blood sample test and respiratory 
function test results were obtained from the files 
of the cases and these results were recorded. The 
effect (if any) of chronic exposure to coal mine dust 
on atherosclerotic process has been investigated in 
this study.

MATERIALS and METHODS

Study Groups

The study was a single centered and retrospective 
trial. The study consisted of total 100 patients , who 
applied to our hospital, and examined between April 
2016 and December 2017 because of chest pain and/
or dyspnea. Initially, participants were divided into 
two groups as miners and healthy controls. Because 
some parameters were affected by age, the groups 
were reclassified in age groups. The ages of active 
coal miners and healthy, young controls ranged be-
tween 18, and 45 years. The ages of healthy elderly 
control group and veteran coal miners ranged be-
tween 46-75 years, so there were 4 groups in the 
study as follows: Group 1 (coal miners; n=25), and 
Group 2 (veteran coal miners; n=25) Group 3 (n=25 
young controls who have never worked in coal mines 
and never been exposed to coal dust), Group 4 (n=25: 
elderly controls have never worked in coal mines and 
never been exposed to coal dust). The patients with 
the following exclusion criteria were not included in 
the study: family history, acute-chronic renal-liver-
heart failure, diabetes mellitus, essential hyperten-
sion, rheumatological and endocrinological diseases, 
hyperlipidemia, coronary artery disease, heart val-
vular disease, history of cerebrovascular event and 
carotid arteries with plaques. The study protocol was 
approved by local ethics committee.

Assessment of blood sample tests and arterial pres-
sure

The results of the following biochemical tests were 
retrieved from the files of the cases including fast-
ing blood glucose, total cholesterol, low density li-
poprotein cholesterol (LDL-C), high density lipopro-
tein cholesterol (HDL-C), triglycerides worked with 
colorimetric method (Cobas 8000, Roche, Germany), 
hemogram parameters (BS-200, Mindray, Shenzhen, 
China) were recorded.

The mean cell volume (MCV) was calculated by the 
hematocrit x10 / erythrocyte count formula. In a 
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healthy individual, normal values of MCV should 
be 78-93 µ3. The mean cell hemoglobin concentra-
tionwas calculated by hemoglobin (g/dL)x 100/he-
matocrit (%) formula and normal range was consid-
ered as 27-34 g/dL. This parameters were retrieved 
from the files and recorded.

The arterial pressures of all participants, which were 
measured after 5 minutes rest at the outpatient clinic, 
were retrieved from the files and recorded.
Echocardiographic evaluation

The the information about diameters of the left and 
right heart chambers, valvular pathologies, ejection 
fractions (%EF), systolic pulmonary artery pressure 
(sPAB), pulmonary artery diameter, E/A ratio, tricus-
pid annular plan systolic excursion (TAPSE) which 
were measured from apical and parasternal axis by 
using 2,5MHz transducer of Vivid 5 echocardiogra-
phy (GE Medical Systems, Hortan, Norway) were re-
trieved from the files and recorded.

The evaluation of carotid arteries

To determine the carotid intima-media thickness 
(CIMT), 3 segments of the carotid artery were im-
aged bilaterally by using an 11 MHz transducer of an 
ultrasound machine (Aplio 500, Toshiba, Europe B.V.) 
in our centre. The CIMT was defined as the mean of 
the far wall CIMT measurements of the common ca-
rotid, carotid bifurcation, and internal carotid bilat-
erally. The carotid Doppler ultrasound reports were 
derived from the files and recorded. 

respiratory function test results

Reports of respiratory function tests (spirometry, MIR 
Spirolab III, Roma, Italy) performed according to the 
American Thoracic Society criteria (ATS) 6 were extract-
ed from the files of participants. Reports of the respira-
tory function tests included data about forced expira-
tory volume in 1st second (FEV1), forced vital capacity 
(FVC), FEV1/FVC ratio, peak expiratory flow (PEF), the 
forced expiratory flow between 25% and 75% of vital 
capacity (FEF 25-75), body mass index (BMI), smoking 

status (former/current/never, pack/years). 

Statistical analysis

In this study, Statistical Package for Social Sciences 
(SPSS) 20.0 for Windows, (Armonk New York USA), 
program was used for statistical analysis. The de-
scriptive statistical methods (mean, standard devia-
tion) were used to evaluate the data. Skewness-Kur-
tosis test showed whether variables had normal or 
non-normal distribution. Non-normally distributed 
variables, such as smoking status (pack-year), neu-
trophil/lymphocyte ratio (N/L), were assessed with 
Kruskal-Wallis test, while normally distributed vari-
ables were assessed with one-way ANOVA test. Ac-
cording to Kruskal-Wallis test, variables accounting 
for significant differences were compared with Mann 
Whitney U test. The categorical variables were ana-
lyzed with Pearson chi square test. Linear regression 
analysis was used to explore the association of CIMT 
and FEV1, smoking (b/y),working time. Test results 
with p<0.05 was considered statistically significant.

Sample size calculation was based on the mean 
TAPSE. Mean TAPSE was reported as 1.54±0.17 and 
0.73±0.25 in a previous study. Calculated with GPower 
3.1 (http://www.gpower.hhu.de/), mean TAPSE gives 
a power of 80% with alpha = 0.05 when comparing 
the two means by using Student t test with a total 
sample size of 38 participants. When one-way vari-
ance analysis in power analysis was made, similar 
results were obtained.

RESULTS

In our study there were 100 participants. The study 
consisted of 25 coal miners, 25 healthy young and 25 
healthy elderly participants and 25 veteran coal min-
ers. The mean number of work years of active coal 
miners were 11.03±5.92 years, whereas the mean 
number of work years of veteran coal miners were 
19.62±3.87 years. The average years of retirement 
of coal miners were 10.68±7.55 years. There was 
not any significant difference between the groups 
regarding systolic and diastolic blood pressures, 
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heart rate, BMI (p values; 0.341; 0.566; 0.531; and 
0.668, respectively), but there was a significant dif-
ference with regard to age (p<0.000). There was no 
significant difference between Groups 1 and 3 and 
between Groups 2 and 4 in post-hoc analysis of data 
concerning ages of the participants (p values 0.279; 
and 0.389, respectively). The groups were compared 
in terms of smoking status (pack-years) and there was 
not any significant intergroup difference (p values 
0.715, and 0.68, respectively). In Table 1, the general 
characteristics of the participants were summarized. 
When groups were compared in terms of laboratory 
tests, there was not any meaningful intergroup dif-
ference in terms of fasting glucose, total cholesterol, 
LDL-C, HDL-C and triglyceride levels (p values; 0.065; 
0.293; 0.176; 0.287; and 0.228 respectively). When 
groups were compared in terms of hemogram param-
eters, there was a meaningful intergroup difference as 
for mean cell hemoglobin concentration (MCHC) and 

mean cell volume (MCV) p<0.05; Table 3). The median 
MCHC values were 34.81 g/dL in Group 3, in 32.91 
g/d in Group 1, and 32.81 g/dL in Group 2. The me-
dian MCV values were 89.47 fL in Group 2, 85.69 fL in 
Group 3, and 85.52 fL in Group 4. The MCV value was 
the highest in Group 2. There was not any difference 
among groups in terms of hemoglobin, hematocrit, 
neutrophil/lymphocyte ratio (N/L), platelet count, 
mean platelet volume (MPV). The results are summa-
rized in Table 3. There was a difference among groups 
in terms of CIMT, which was measured using Doppler 
ultrasonography (p<0.000; Table 4, Graphic 1). In post-
hoc analysis, regarding CIMT values there was not any 
difference (p=0.994) between Groups 1 and 3; how-
ever a statistically significant existed between Groups 
2 and 4 there was difference (p<0.05). When spirom-
etry results were analyzed; there were significant in-
tergroup differences as for FVC, FEV1, FEV1/FVC, PEF, 
and FEF25-75 values(respectively p=<0.0001; <0.0001; 

table 1. General characteristics of cases.

Age (years)
Pulse (min)
Diastolic blood pressure (mmHg)
Systolic blood pressure (mmHg)
Working time (years)
Smoking status
Smoking (b/y)
BMI

Coal miners 
(n=25)
(Group 1)

39.76±5.33
85.84±13.74
79.5±11.89
130.5±11.89
11.03±5.92
12(%48)
11.38±10.07
27.33±4.46

Coal miner retirements 
(n=25)
(Group 2)

60.3±7.16
79.8±14.81
76.5±11.15
129.06±15.18
19.62±3.87
10 (%40)
18.2±17.85
29.63±4.47

Young controls 
(n=25)
(Group 3)

36.36±3.24
80.72±78.75
75.9±8.83
124.72±9.09
-
10(%40)
15.26±7.16
25.96±3.9

elderly controls 
(n=25)
(Group 4)

57.2±8.62
80.20±16.92
79.03±9.66
131.10±14.5
-
12(48)
27.24±17.1
27.41±3.30

p

0.000
0.531
0.566
0.341
-
0.715**
0.68*
0.668

b/y= box/year; BMI= body mass index.
p:One way ANOVA; *Kruskal-Wallis test; **Pearson chi square test

table 2. results of respiratory function test.

FVC (L)
FEV1(L)
FEV1/FVC
PEF (L/s)
FEF25-75 (L/s)

FEF25-75= the forced expiratory flow between 25% and 75% of vital capacity; FEV1= forced expiratory volume in 1st second; FVC= forced 
vital capacity; PEF= peak expiratory flow.
p: One way ANOVA test.

Group 1

4.12±0.67
3.49±0.5
85.40±6.18
7.47±1.7
3.93±1.01

Group 2

2.95±1.03
2.28±0.97
76.15±14.98
5.74±2.28
3±1.33

Group 3

4.31±0.74
3.59±0.59
84.02±9.8
6.14±2.08
3.8±1.19

Group 4

3.31±0.79
2.80±0.61
85.14±8.2
5.89±1.89
3.17±0.87

P

0.000
0.000
0.014
0.000
0.000
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table 3. the biochemical laboratory data of cases.

Total cholestrol (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
Triglycerides (mg/dL)
Fasting blood glucose (mg/dL)
Hemoglobin (g/dL)
Hematocrit (%)
Platelet (109/L)
MCH (pg)
MCHC (g/dL)
MPV (fL)
MCV (fL)
N/L

HDL-C= high density lipoprotein cholesterol; LDL-C= low density lipoprotein cholesterol; MCH= mean cell hemoglobin; MCHC=mean cell 
hemoglobin concentration, MCV=mean cell volume; MPV= mean platelet volume; N/L=neutrophil/lymphocyte ratio.

Group 1

195.07±34.52
121.42±30.44
41.42±9.86
170.30±118.34
99.65±8.14
14.7±1.32
44.37±3.71
246.92±53.07
29.43±2.98
32.91±1.6
9.68±0.93
87.1±5.42
2.71±2.98

Group 2

193.62±21.86
117.18±23.37
47±12.14
139.5±80.26
98.62±10.49
14.84±1.23
44.92±3.29
225.37±60.1
29.5±2.84
32.81±1.55
9.96±1.52
89.47±7.25
2.29±1.9

Group 3

181.18±34.69
110.27±30.87
44.72±7.21
131.09±42.26
 94.72±7.48
14.43±1.17
42.09±3.23
216.54±24.3
29.42±1.93
34.33±1.29
9.45±1.03
85.69±3.04
2.37±0.84

Group 4

199.93±40.42
129.13±33.14
44.58±8.57
130.86±45.92
101.13±8.39
14,57±1.7
42.88±4.69
222.86±60.48
34.23±1.6
33.7±1.97
9.19±1.47
85.52±4.71
1.99±0.58

P

0.293
0.176
0.287
0.228
0.065
0.797
0.077
0.191
0.187
0.010
0.191
0.03
0.384

table 4. the echocardiographic and carotid doppler ultrasonographic data of cases.

EF (%)
sPAP (mmHg)
Pulmonary artery diameter (cm)
TAPSE (cm)
E/A
Intima media thickness (cm)

HDL-C= high density lipoprotein cholesterol; LDL-C= low density lipoprotein cholesterol; MCH= mean cell hemoglobin; MCHC=mean cell 
hemoglobin concentration, MCV=mean cell volume; MPV= mean platelet volume; N/L=neutrophil/lymphocyte ratio.

Group 1

63.07±3.18
20.5±4.72
2.16±0.21
2.16±0.33
1.02±0.18
0.66±0.16

Group 2

59.68±4.26
24.26±9.6
2.23±0.33
2.1±0.29
0.86±0.17
0.99±0.09

Group 3

63.63±2.27
20.18±4.93
2.2±0.2
2.27±0.24
0.90±0.17
0.65±0.16

Group 4

61.55±4.45
23.52±5.45
2.22±0.19
2.16±0.19
0.91±0.24
0.81±0.13

P

0.059
0.083
0.727
0.057
0.065
0.000

<0.05; <0.0001; <0.0001, respectively).The results are 
summarized in Table 2 and Graphic 2. When echocar-
diographic parameters were assessed, there was not 
any intergroup significant difference concerning values 
for EF, sPAB, TAPSE, left ventricle systolic and diastolic 
diameters. The results are summarized in Table 4.

A linear regression analysis was performed in the 
stage which the carotid intima-media was the de-
pendent variable. The FEV1, smoking (b/y), working 
time were determined as independent variables. In 
this analysis, there was a negative correlation be-
tween FEV1 and CIMT while a positive correlation 
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was determined between CIMT and working years. 
There was not any meaningful relationship between 
smoking and CIMT. The data are shown in Table 5.

DISCUSSION

According to World Health Organization, in 2015 
56,4 million death occurred7. It was seen that 15 
million of these deaths were originated from isch-
emic heart disease and cerebrovascular events7. Car-
diovascular diseases are among the most frequent 
cause of death all over the world and they are also 
common causes of death among coal miners 8,9. In 
the study done by Lai et al., coal miners and control 
group were compared in terms of hypertension and 
electrocardiographic (ECG) abnormalities. In the coal 
miners group, hypertension, and ECG abnormalities 
were found to be more frequent. In the same study, 
cardiovascular abnormalities were found to be more 
frequent in underground workers 10. The pulse wave 
velocity is a traditional independent marker for car-
diovascular mortality. In a study comparing coal 
miner pneumoconiosis and control group in terms 
of brachial artery pulse wave velocity, the pulse 
wave velocity was found to be higher in coal min-
ers group11. The atherosclerosis is the most common 
cause of cardiovascular and cerebrovascular events. 
Atherosclerotic carotid arteries can be most easily 
visualized using imaging modalities. For this reason, 
increased CIMT can be use as an early marker of ath-
erosclerotic process12-15. In this study, the intima me-
dia thickness was higher in Group 2, when compared 
with Group 4. However there was not any difference 
between young controls and active coal miners in 

terms of CIMT. According to these results, it can be 
thought that chronic and long time exposure to coal 
mine dust can cause increase in CIMT. 

There was not any difference among the groups in 
terms of smoking, BMI and lipid profile, which are 
the risk factors for atherosclerosis. According to 
these findings, it may be concluded that coal mine 
dust contributes to atherosclerotic process.

In this study, it was determined that the MCV and 
MCHC values of the groups were within the nor-
mal range. However, when groups were compared 
with each other, it was determined that there were 
meaningful differences between groups. MCV was 
the highest, but MCHC was the lowest in Group 2. It 
can be thought that these results may be related to 
respiratory disorders. Since there are studies show-
ing that people with chronic obstructive pulmonary 
disease often have macrocytosis16,17, it was thought 
that macrocytosis is secondary to hypoxemia. In this 
study, when spirometry results were evaluated, it 
was observed that FEV1, FVC, FEV1/FVC, PEF, FEF25-
75 values were at their lowest in Group 2. Therefore, 
it was concluded that blood oxygenation was low 
due to respiratory disorders in group 2.

The coal dust passes through inhalation to the ex-
treme end of the lungs, terminal bronchovascular 
bundle and accumulates in alveolar macrophages. 
Then, chronic inflammatory process begins. Chronic 
bronchitis, emphysema, coal miner pneumoconio-
sis can occur due to chronic exposure to coal dust 
in workers18. The first changing parameter in these 

table 5. linear regression analysis.

Model

(Constant)
Smoking (Box/year)
Working years
FEV1

a. Dependent Variable: Intima media thickness.

B

1.015
.001
.005
-.98

Std. Error

.072

.001

.002

.021

unstandardized Coefficients

Beta

.174

.211
-.424

Standardized Coefficients

14.027
1.958
2.311
-4.638

T

.000

.053

.023

.000

Sig.

1
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individuals is FEV1. In the study done by Wang et al, 
it was observed that there was a rapid decrease in 
FEV1 parameter in the first work years of coal min-
ers19. 

LIMITATIONS

The most important limitation was the small num-
ber of participants. Another important limitation was 
that the in-pit exposure was not supported by the 
data because of study design. This study had a retro-
spective design and the data were obtained from the 
patients’ files. The carotid Doppler ultrasonography 
and echocardiography were performed by different 
operators which was another limitation of our study.

CONCLUSIONS

In conclusion, in this study it was found that the ca-
rotid intima- media thickness which is used for early 
diagnosis of atherosclerosis, increases after chronic 
exposure to coal mine dust. For this reason, profes-
sional questioning may be useful when risk factors 
for atherosclerosis are to be determined.
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