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 INTRODUCTION: ECG is widely used as a screening method 
detecting cardiovascular disease, in coal mine worker’s medical 
check-up. As the study has proven, coal mine workers have a 
double cardiovascular risk from their workplace hazard and their 
own medical risks as individuals. An early detection and risk 
assessment method is needed to predict ECG abnormalities in the 
future. AIM: This study will analyze the relationship between ECG 
Abnormality and Framingham Risk Score on coal mine workers 
METHOD: We examine ECG result from medical check-up of male 
coal worker during 2018 and 2021. Using Minnesota Code, we 
determine ECG abnormality categories in the 2021 result, then 
compare it with coal handling type worker and Framingham Score 
in 2018 as the main medical factor. RESULT: From 755 male coal 
workers with normal ECG in 2018, 158 (20,9%) were found with 
ECG Abnormalities in 2021. Cohort’s multivariate study shows that 
type of coal worker is considered a determinant, but Framingham 
risk score still has the highest influence (p multivariate 
<0,002). CONCLUSION: Framingham risk score can be the method 
for predicting Abnormal ECG. 
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1. Introduction  
The primary energy provider in Indonesia is coal mining, which employs millions of people. Prior 

to oil and gas, the government receives around 33% of the energy produced by coal1. Few studies 

discuss heart illness in mining, although the pulmonary disease is a frequently discussed subject. in 

Spain (2019), 170 myocardial infarction deaths were associated with coal mining, with PM 2.5 

suspected as the primary cause2. These ultra-fine particles can harm the cardiac through their 

pathogenic mechanisms3–5. The level of cardiovascular disease risk increases with the amount of 

coal mine workers’ exposure to it. It was demonstrated in Hunan, China (2015), where it was noted 

that the prevalence of irregular ECGs was 37,6%6 from miners.  

On the other hand, atherosclerotic cardiovascular disease (ASCVD) risk increases with the age 

of 402,7–10 or younger11, history of cardiovascular disease in family12,13, smoking habit14,15, Body mass 

index (BMI) above 25kg/m2 16–18, diabetes13,19, high blood pressure2,8,12,14,20, and poor lipid profile13–

15,21, which make coal mine workers as individuals has a double burden, due to their medical risks to 

cardiovascular. Early detection and risk assessment methods are needed to prevent any 

cardiovascular disease that will happen to coal mine workers. 
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An electrocardiogram (ECG) can help detect heart problems early on. This record of the 

electrical activity of the heart can reveal a lot about different cardiac conditions such as ischemia and 

infarction22. Fortunately, the medical examination of coal mining companies’ employees includes the 

use of ECG. Another common technique for determining heart disease risk is heart risk calculation. 

Framingham Risk Score is one that is frequently utilized. Age, gender, and medical information from 

employee health check-ups, such as blood pressure, lipid profiles, and body mass index, are all 

included in this model's calculating algorithm. The probability of acquiring atherosclerotic 

cardiovascular disease (ASCVD) over the following 10 years is expressed as a percentage8. This 

study will aim to analyze the relationship between ECG Abnormality and Framingham Risk Score on 

coal mine workers. 

 

2. Method 
Study Design and Setting: This research design is a fixed historical cohort, using medical-

checkup data of a Coal Mining company’s employees in 2018 and 2021 (constant time of three 
years).  

Sample Size and Sampling Technique: Total sampling technique was conducted on the entire 
population of a Coal Mining company’s employees who carried out medical check-up from 2018 to 
2021. The sample size calculated using a proportion comparison test formula with a p-value is 46,1% 
according to Goldman et.al23 (2019) research on the prevalence of abnormal ECG in High 
Framingham Risk Score and p2 is 26,3% according to Wowor et.al18 study on normal population 
abnormal ECG. The minimum sample counted is 89 for each Framingham Risk Score category.  

Ethical Review: This research has passed the ethical review with no. KET-1106/UN2.F1/Etik 
/PPM.00 .02/2022 issued by the Ethics Committee of Medical Faculty University of Indonesia. 

Research Variable: We examine ECG results from medical checkups of male coal workers 
during 2018 and 2021. Using Minnesota Code, we determine employees with normal ECG in 2018, 
as the start, then determine their abnormality ECG categories in 2021. ECG abnormalities will be 
presented in the groups of positive ECG abnormalities and negative ECG abnormalities as the main 
dependent variable. Furthermore, positive ECG abnormalities will be divided into a variant of ECG 
abnormality, according to the Minnesota Code24. There are nine (9) types of ECG abnormalities, 
however, for later analysis, it will be redivided into three categories of ECG abnormalities: Rhythm 
Disorders, QRS Abnormalities, and ST-T Segment Abnormalities. 

Framingham Score Risk, as the main independent variable collected from categorized into High-
Medium (Score >10%) and Low Risk (Score <10%), counted using a formula from its official website 
framinghamheartstudy.org. This variable was collected from the 2018 medical check-up results. Coal 
handling type workers are categorized into miners and supporting, according to Lai Z et.al (2015)6 
research. Smoking, diabetes, and family history of cardiovascular disease were divided into two 
categories, while the numeric variable such as age, systolic blood pressure, BMI, Total Cholesterol, 
and HDL-Cholesterol was analyzed accordingly.  

Process and Data Analysis: The secondary data was assessed for eligibility through inclusion 
and exclusion criteria such as male workers only, no workers with a history of any heart disease, and 
no workers on cardiologist’s therapy. After characterizing the data descriptively, each variable was 
compared to Abnormal ECG to identify determinant variables, using proportional comparison (chi-
square) for categoric variables and mean comparison (independent t-test / Mann Whitney) for 
numeric variables. The determinant variables were then compared again to abnormal ECG as 
multivariate analysis (Cox-Regression) to identify the relationship. 

 

Results 
A total of 755 samples of normal ECG coal mine male workers were collected from 2018- 2021 

medical check-up data, eligible through inclusion and exclusion criteria. Table 1 the show 
characteristics of all variables descriptively, as 20,9% of coal workers had positive abnormal ECG in 
2021. 

78.9% of coal mine workers are categorized as miners, who have an average age of 36.5 years 
old. The average Body Mass Index (BMI) is slightly overweight (25.03 kg/m2) with a 51.1% 
prevalence of BMI above 25 kg/m2. Normal mean of systolic blood pressure, Total and HDL 
cholesterol stated with an abnormal prevalence of those categories is below <50%. Furthermore, 
37.4% of workers are smokers, obtained from interviews during medical check-ups. For medical 
history, mining workers suffering from diabetes and workers with families suffering from the 
cardiovascular disease had a fairly small prevalence. Deeper / further analysis was conducted on 
abnormal ECG variants using the Minnesota code. From 158 abnormal ECG data, 173 variants were 
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found and divided into 9 Minnesota categories as described in Figure 1. For further analysis, these 
nine categories are divided into three major groups: Rhythm disorder (x-pattern), QRS Abnormality 
(chess-pattern), and ST-T abnormality (line-pattern). The most common major group abnormal EGC 
is rhythm disorder (43,45%), then QRS Abnormality (35,26%) while ST-T abnormality is the least 
(21,39%). The arrhythmia category is the most found among coal mine workers (35,84%). 

 
Table 1. Characteristics of Workers 

Variable Frequency -  
n (%) 

Mean (SD)  Median  
(min–max) 

Age (years)   36.5 (7.3)   

     < 40 519 (68.7)     

     ≥ 40  236 (31.2)     

Job Type       

     Miners 596 (78.9)     

     Supporting 159 (21)     

Smoking       

     Yes 283 (37.4)     

     No 472 (62.6)     

Diabetes       

     Yes 26 (2.4)     

     No 729 (97.6)     

Family History of CVD       

     Yes 47 (6.1)     

     No 708 (94.9)     

Abnormal ECG in 2021       

     Normal ECG 597 (79.1)     

     Abnormal ECG 158 (20.9)     

Framingham Risk Score       

     Low Risk 642 (85.1)     

     High Medium Risk 113 (14.9)     

BMI (kg/m2)   25.03 (3.85)   

     < 25 369 (48.8)     

     ≥ 25 511 (51.1)     

Systolic Blood Pressure (mmHg) 112.9 (11.2)   

     < 140 731 (96.8)     

     ≥ 140 24 (3.17)     

Total Cholesterol (mg/dl)   197.3 (35.5)   

     < 200 435 (57.6)     

     ≥ 200 320 (42.3)     

HDL Cholesterol (mg/dl)     50 (35 - 96) 

     ≥ 40 635 (84.1)     

     < 40 120 (15.8)     
 

 
Identifying the determinant variable was carried out by comparing all variables to abnormal ECG 

incidents. Framingham Risk Score and age were found related to abnormal ECG (p<0,05), while the 
type of coal worker, BMI, and systolic blood pressure was considered as determinants even though 
found not significant (p<0,25). We calculated the Adjusted Relative Risk of abnormal ECG for these 
five variables using multiple cox regression analysis. The result is shown in table 2, Framingham risk 
scores are strongly related to the incident of abnormal ECG. 
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Figure 1.  Abnormal ECG Distribution 

 
 

Table 2. Relationship between Determinant Variables and Abnormal ECG 

Variables Abnormal  
ECG (+) 

Abnormal  
ECG (-) 

p aRR (95% CI) 

Framingham Risk Score*         

High-Medium Risk 36 (31.9%) 77 (68.1%) 0.038 1.68 (1.03–2.75) 

Low Risk 112 (19%) 520 (81%)   

Type of Coal Worker*         

Supporting 36 (22.6%) 123 (77.4%) 0.646 1.09 (0.75–1.58) 

Miners 112 (20.5%) 474 (79.5%)   

Age (Years)# 37.8 (7.4) 36.2 (7.2) 0.303 1.01 (0.99–1.04) 

BMI (kg/m2)# 24.5 (3.4) 25.2 (3.9) 0.051 0.96 (0.91–1.00) 

Systolic Blood Pressure (mmHg)# 115.4 (13.7) 112 (11.8) 0.401 0.99 (0.98–1.01) 

* n (%)  
# Mean (SD) 
aRR: adjusted RR 

 
Discussion 

A significant regression study indicates that the Framingham risk score of coal mine workers in 
2018 has a relationship with the incident of abnormal ECG in 2021. Workers who have a Framingham 
High-Medium Risk Score have a 1.682x higher risk of ECG abnormalities. This risk can increase with 
a range of 1.029x to 2.751x. Moreover, Framingham Risk Score has a strong influence than other 
determinant variables. This result is consistent with Goldman et.al23., (2019) research on the 
prevalence of abnormal ECG in the high Framingham Risk Score in a normal population. A total of 
46.1% of patients who had a high Framingham score had an ECG abnormality23.  

ECG is a screening tool for detecting the early sign of heart disease, even before the patient 
develops symptoms22. One of the popular heart diseases is atherosclerotic cardiovascular disease 
(ASCVD). It has risk factors including age2,7–10, smoking habit14,15 history of cardiovascular disease 
in family12,13, overweight BMI16–18, diabetes13,19, high blood pressure2,8,12,14,20, and poor lipid profile13–

15,21, as mentioned before. On the other hand, the Framingham risk score calculates almost a similar 
variable. This similarity caused the Framingham risk score to have a significant relationship with 
ECG, even for three years ahead. 
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More importantly, this study also compares the Framingham risk score with each specific 
variable. it is proven that the Framingham risk has a stronger relationship than its variables. We may 
conclude that in this coal mining study, the Framingham risk score can be a method for predicting 
abnormal ECG, which are good early screening tool for heart disease.  

This study analyzes the type of coal miner as an occupational factor. Following Lai, Z et.al6 
study, we divide a total of 755 workers into miners and supporting groups. The result is not significant, 
but this variable is considered a determinant (p=0,082) with the supporting group having more 
prevalence of abnormal ECG. This result is not consistent with the following study because of the 
different types of coal mines. Lai, Z et.al6 conduct their research on underground mining, while this 
study is on the surface type of mining. Underground mining tends to have more hazard risk in coal 
dust6 with additional heat stress25. Dey N et.al25 mention that heat stress can affect the heart rate of 
coal workers, resulting in abnormal ECG. 

Miners tend to expose to coal dust more often than support workers, and this workplace hazard 
has the potential to affect cardiac health. Ultra-fine particle (UFP) has, at least, three pathological 
mechanisms to damage the heart4. The main pathological is disturbing parasympathetic cardiac 
activity when inhaled. From Hisam et.al3 study, 5 pieces of literature say that UFP will lower 
parasympathetic cardiac activity, while 2 others say the opposite. Whatever the output, disturbing 
parasympathetic will cause rhythm disorder, that seen the most in this ECG abnormality study. Last 
but not least, coal UFP will interact with cellular mechanisms and increase Reactive Oxygen Species 
(ROS) production. The continuous production of these ROS will cause oxidative stress and continue 
in various endothelial and even myocardial damage, representing ST-T abnormality and QRS 
abnormality5. These three pathological pathways are known as the “Cardiac Death Triangle”4. 

Exposure to UFP should be related to ECG abnormality. In this study, exposure to UFP is limited 
only by the type of coal worker. As a study weakness, we can’t objectively count the exposure for 
each coal worker, and this research was conducted during the pandemic era, which may decrease 
the exposure. Further studies are needed to confirm the UFP relationship to ECG. 

 

Conclusion 
As the study has proven, coal mine workers have a double cardiovascular risk from their 

workplace hazard and their medical risks as individuals. This study concludes that the Framingham 
risk score can be a method for predicting and risk assessing abnormal ECG three years ahead, which 
are good early screening tools for heart disease. 
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