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Objective   We prospectively evaluated the association between blood lead levels (BLL) and increases in hospital 
admissions for treatment of cardiovascular diseases among lead-exposed workers in Korea.
Methods   The study cohort was derived from Korea Occupational Safety and Health Agency data, which 
included lead-exposed male workers who underwent lead-associated medical check-ups at least once between 
2000 and 2004. The adjusted hospital admission hazard ratio (AHR) of cardiovascular diseases for each BLL 
grade (10–20 and ≥20 μg/dL) was compared with that of the reference grade (<10 μg/dL) using Cox’s propor-
tional hazard models. The adjusted variables included age and exposure to other metals.
Results   AHR of ischemic heart disease [IHD; AHR 1.78, 95% confidence interval (95% CI) 1.17–2.72], angina 
pectoris (AHR 1.93, 95% CI 1.13–3.29) and cerebral infarction (AHR 2.24, 95% CI 1.14–4.39) were signifi-
cantly higher among workers with a BLL ≥20 μg/dL than those with a BLL ≤10 μg/dL. The AHR (1.52, 95% CI 
1.00–2.31) for cerebrovascular disease was significantly higher among workers with a BLL 10–20 μg/dL than 
those with a BLL ≤10 μg/dL. IHD, cerebrovascular disease, angina pectoris and cerebral infarction all showed 
a positive linear relationship with BLL.
Conclusions   Although we were unable to control for other major risk factors such as smoking, socioeconomic 
status, and antihypertensive medication, we found an association between BLL and increased hospital admission 
for IHD, cerebrovascular disease, angina pectoris and cerebral infarction treatment. The BLL standard should be 
lowered to prevent the cardiovascular effects of lead exposure.
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Cardiovascular diseases are the leading cause of death 
worldwide and are recognized as a major public health 
concern. Although the major risk factors for cardiovascu-
lar diseases are hypertension, diabetes, physical inactivity, 
and smoking, the association between lead exposure and 
cardiovascular disease has attracted much attention in 
the field of environmental medicine (1). Lead is the most 
widely used nonferrous metal; almost 70% of this metal 
is employed to make automobile batteries. Lead is pres-
ent in paint, pipes, and cables, and thus the chances of 
human exposure are high. The half-life of lead in blood 
is approximately one month (2), and the blood lead level 
(BLL) is regarded as the best indicator of recent lead 
absorption. In workers chronically exposed to lead, its 
half-life in bone is estimated to be 5–10 years (3).

Lead was recognized as one of the occupational risk 
factors of hypertension, and hypertension is risk factor 
for coronary heart disease, ischemic stroke, and hemor-
rhagic stroke (3). Moreover, in terms of the development 
of atherosclerosis, cumulative lead exposure triggers 
damage caused by oxidative stress, affecting endothelial 
function (4). Thus, lead exposure may be associated with 
an increased risk of cardiovascular diseases. Data from 
the National Health and Nutrition Examination Survey 
(NHANES) revealed a statistically significant increase 
in cardiovascular mortality as the BLL increased in the 
general population (5). A workplace study found that 
lead-exposed workers are at increased risk of cardiovas-
cular incidents (6). However, previous epidemiological 
studies had some limitations such as intermediate out-
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comes (not clinically diagnosed diseases), small sample 
sizes, inadequate numbers of subjects with high BLL, 
and a cross-sectional design. Also, a systematic review 
concluded that there was insufficient evidence to infer 
a causal relationship between lead exposure and clinical 
cardiovascular diseases (7). 

Therefore, large-scale prospective cohort studies 
featuring clinical diagnoses are needed to assess the 
cardiovascular consequences of lead exposure. We pro-
spectively evaluated the association between BLL and an 
increase in hospital admissions for treatment of cardio-
vascular diseases among lead-exposed workers in Korea.

Methods

Study population

Occupational hazard-related medical check-ups (evaluat-
ing 178 occupational hazards including lead) have been 
performed annually for Korean workers since 1972. 
All data have been electronically stored since 2000 
by the Korea Occupational Safety and Health Agency 
(KOSHA). The periodic hazard-related medical check-
ups for lead exposure consists of an interview to collect 
personal information, clinical laboratory testing including 
BLL measurements, and health evaluation by a physician. 
Each worker’s personal information includes his resident 
registration number (RRN, a 13-digit unique number), 
employment history in current workplace, sex, birth date, 
the date of commencing work in the lead-associated work 
position, and any other record of exposure to heavy-met-
als. The study cohort was derived from KOSHA data on 
lead-exposed male workers (N=54 788) who underwent 
lead-associated medical check-ups at least once between 
1 January 2000 and 31 December 2004.

Morbidity

In terms of morbidity, national health insurance claim 
data (NHICD) was used to explore the history of hospital 
admissions for treatment of cardiovascular disease from 
2000–2005. The NHICD includes the personal RRN, the 
admission and discharge date, and cardiovascular disease 
diagnoses using the ICD-10 classification. The RRN of 
our cohort were matched with the RRN of the NHICD 
to confirm individual hospital admissions for treatment 
of cardiovascular diseases. Almost all hospitalized cases 
are registered in the NHICD database, because the Korean 
National Health Insurance Service has covered all Korean 
residents since 1989. We focused on “diseases of the 
circulatory system” (I00-I99); “acute rheumatic fever 
(I00-I02) and chronic rheumatic heart diseases” (I05-I09), 
“hypertensive diseases” (I10-I15), “ischemic heart dis-

eases” (I20-I25), “pulmonary heart disease and diseases 
of pulmonary circulation” (I26-I28), “other forms of heart 
disease” (I30-I52), “cerebrovascular diseases” (I60-I69), 
“diseases of arteries, arterioles and capillaries” (I70-I79), 
“diseases of veins, lymphatic vessels and lymph nodes, 
NEC” (I80-I89), and “other and unspecified disorders 
of the circulatory system” (I95-I99). Acute myocardial 
infarction was defined as categories I21, I22, I23 and I24. 
Cerebral hemorrhage was defined as categories I60, I61, 
and I62. Cerebral infarction was defined as categories 
I63 and I64.

Multiple admissions of the same patient for the same 
category were considered a single admission. In other 
words, person-years were calculated for in-patients up 
to the first admission after cohort entry. Multiple admis-
sions of the same patient for different categories were 
regarded as separate admissions. Those admitted to the 
hospital for cardiovascular disease treatment before 
cohort entry (818 workers) were excluded. Ultimately, 
53 970 participants were eligible for analysis. Person-
year calculations for each worker commenced on the 
date of the first lead-related medical check-ups and 
ended on December 31, 2005, the date of the first hos-
pitalization after the cardiovascular disease diagnosis, or 
the date of death, whichever came first. All participants 
provided written informed consent for their participation 
in the current cohort. The Institutional Review Board of 
Dongguk University Gyeongju Hospital reviewed and 
approved all protocols.

Exposure assessment

Individual BLL monitoring featured lead-related medical 
check-ups performed from 1 January 2000 to 31 Decem-
ber 2004. BLL were analyzed from 2000–2004 at >100 
KOSHA-approved analytical institutions. The majority 
of the analytical institutions used graphite furnace atomic 
absorption spectrophotometry (GF-AAS), whereas a few 
institutions used inductively coupled plasma mass spec-
trometry (ICP-MS). All BLL measurement laboratories 
underwent semi-annual KOSHA-mandated quality con-
trol testing using a reference sample (8). All participants 
underwent ≥1 BLL measurement during 2000–2004; 
the mean number of samples per worker was 2.7, and 
we employed the median BLL for each individual in 
the analysis. According to the BLL values proposed by 
Schwartz and Hu (9), BLL were divided into three grades: 
<10, 10–20, and ≥20 μg/dL. Exposure to other metals 
that are known risk factors for cardiovascular diseases 
was assessed according to whether the workers had 
undergone medical check-ups for cadmium, chromium, 
nickel, or arsenic levels during the same period. A history 
of exposure to other metals was defined as occupational 
exposure to ≥1 of the heavy metals mentioned above 
while employed by the same company.
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Statistical analysis

We used Cox’s proportional hazards modelling to esti-
mate adjusted hospital admission hazard ratios (AHR) 
for cardiovascular diseases. The AHR of cardiovascular 
diseases for each BLL grade (10–20 and ≥20 μg/dL) 
were compared with that of the reference grade (<10 
μg/dL). Age was divided into six groups (<35, 35–39, 
40–44, 45–49, 50–54, and ≥55 years) using global risk 
assessment scoring (10). We adjusted for age and record 
of exposure to other metals (yes or no). When estimating 
linear trends, the BLL grades (<10, 10–20, and ≥20 μg/
dL) were considered continuous variables.

We used time-dependent covariate analysis to 
explore whether our proportional hazards assumptions 
were affected by age. The time-dependent covariate of 
age was not significant (P=0.22); thus, we removed the 
age-product term from the model. SPSS version 20.0 
for Windows (SPSS, Inc, IBM, Armonk NY, USA) was 
used for the statistical analyses, and a P-value <0.05 was 
considered to indicate statistical significance. 

Results

The overall characteristics of the study subjects are 
shown in table 1. We followed-up 53 970 male workers 
during 2000–2005 over a total of 200 766 person-years. 
The person-year follow-ups were 142 926, 37 428, and 
20 412 for those with BLL <10, 10–20, and ≥20 μg/dL, 
respectively. There were 40 370 (74.8 %), 8886 (16.5 
%) and 4714 (8.7 %) workers for those with BLL <10, 

10–20, and ≥20 μg/dL, respectively. Most subjects in 
all BLL categories were aged <35 years. The mean age 
of the subjects with a BLL ≥20 μg/dL [39.0, standard 
deviation (SD) 10.4 years] was higher than that of the 
other BLL groups (P<0.05). The geometric mean BLL 
was 6.46 (SD 2.22) μg/dL. No difference in terms of the 
duration of lead exposure was evident among the BLL 
groups. Subjects with a BLL ≥20 μg/dL were less likely 
to be exposed to other metals than were those with low 
BLL grades (P<0.05).

Over the 200 766 person-years of follow-up, 2000 
subjects were admitted to the hospital with “diseases of 
the circulatory system” (codes I00–I99). Of these sub-
jects, 143 (7.2%) were hospitalized with more than two 
sub-classifications of cardiovascular disease. The AHR 
[1.78, 95% confidence interval (95% CI) 1.17–2.72] for 
ischemic heart disease (IHD) was significantly higher 
among workers with a BLL ≥20 μg/dL than those with a 
BLL ≤10 μg/dL. The AHR (1.93, 95% CI 1.13–3.29) for 
angina pectoris was significantly higher among workers 
with a BLL ≥20 μg/dL than those with a BLL ≤10 μg/
dL. The AHR (1.52, 95% CI 1.00–2.31) for cerebrovas-
cular disease was significantly higher among workers 
with a BLL of 10–20 μg/dL than those with a BLL ≤10 
μg/dL. The AHR among workers with a BLL of 10–20 
μg/dL (2.04, 95% CI 1.12–3.72) and a BLL ≥20 μg/dL 
(2.24, 95% CI 1.14–4.39) for cerebral infarction were 
significantly higher than those with a BLL ≤10 μg/dL. 
IHD, cerebrovascular disease, angina pectoris (margin-
ally significant), and cerebral infarction all showed a 
positive linear relationship with BLL. In terms of other 
circulatory system diseases, no significant differences or 
trends were evident according to BLL (table 2). 

Table 1. General characteristics of lead-exposed workers according to blood lead levels. [SD=standard deviation.]

Blood lead level

<10 μg/dL (142 926 person-years) 10–20 μg/dL (37 428 person-years) ≥ 20 μg/dL (20 412 person-years)

N % Mean SD N % Mean SD N % Mean SD

Age (years) 36.6 9.7 37.7 9.9 39.0 a 10.4
<35 20 554 50.9 4011 45.1 1924 40.8
35–39 6068 15.0 1470 16.5 763 16.2
40–44 4951 12.3 1300 14.6 681 14.4
40–49 4370 10.8 975 11.0 570 12.1
50–54 2692 6.7 570 6.4 373 7.9
≥55 1735 4.3 560 6.3 403 8.5

Lead exposure  
duration (years)

10.3 7.4 10.0 6.6 9.6 6.4

<10 24 305 60.2 5485 61.7 3006 63.8
10–19 10 433 25.8 2583 29.1  304 27.7
≥20 5632 14.0 818 9.2 404 8.6

Exposure to 
other metals 
Yes 10 208 25.3 1641 18.5 625 13.3
No 30 162 74.7 7245 81.5 4089 86.7 b  
Total 40 370 100.0 8886 100.0 4714 100.0

a P<0.05 by ANOVA.
b P<0.05 by chi-square test.



388	 Scand J Work Environ Health, vol 43, no 4

Blood lead levels and cardiovascular diseases

Discussion

IHD and stroke (infarction and hemorrhage) share many 
of the same risk factors, such as age, smoking, and hyper-
tension. Age is one of the most powerful risk factors for 
both IHD and stroke (11). However, IHD and cerebral 
infarction are closely associated with atherosclerosis, 
whereas alcohol consumption is closely associated with 
an elevated risk of cerebral hemorrhage (12). In terms 
of the theoretical pathogenesis of lead toxicity (4), BLL 
might be more closely related to IHD and cerebral infarc-
tion than to cerebral hemorrhage. As expected, we found 
a significant association between BLL and risk of major 
cardiovascular diseases. Notably, the strong association 
between cerebral infarction and BLL strengthened our 
hypothesis. Of note, the AHR for cerebrovascular disease 
and cerebral infarction were significantly higher among 
workers with a BLL of 10–20 μg/dL than those with a 
BLL ≤10 μg/dL; this finding has major implications for 
the establishment of a standard BLL. The AHR is higher 
at BLL lower than the currently permissible level (30 μg/
dL) suggested by the Occupational Safety and Health 
Administration (OSHA) (13). However, acute myocardial 
infarction was not associated with BLL; this was likely 
due to the widened CI associated with the small number 
of cases resulting from IHD subdivision. Additionally, 
unstable angina (I20.0) with acute myocardial infarction 
should belong to the acute coronary syndrome. How-
ever, we were unable to access the unstable angina code, 
which is a subcategory of angina pectoris (I20). We do 

not have a clear explanation for the lack of association 
between cerebral hemorrhage and BLL. Although athero-
sclerosis disfavors the risk of cerebral hemorrhage (12, 
14), hypertension is significant factor related to cerebral 
hemorrhage (12).

McElvenny et al (15) previously found that the 
standardized mortality ratios for IHD and cerebrovas-
cular disease were significantly associated in workers 
with a high BLL. Lustberg & Silbergeld (16) found a 
significant relationship between a BLL >20 μg/dL and 
mortality from circulatory system diseases, and Menke 
et al (17) reported that a BLL >2 μg/dL was significantly 
associated with mortality from myocardial infarction or 
stroke in the general population.

Studies on the circulatory effects of lead have 
focused primarily on hypertension. Although a recent 
large-scale cross-sectional study using NHANES IV 
data found that hypertension was not associated with 
BLL (18), previous studies have implied that lead expo-
sure contributes to the development of hypertensive 
disease. However, hypertensive disease was no more 
prevalent among workers with a high BLL than those 
with a low BLL in our cohort. This may reflect our use 
of hospital admission rather than outpatient data. Almost 
all patients with acute IHD and cerebrovascular diseases 
are admitted to the hospital; most community-dwelling 
individuals with hypertensive disease are not admitted, 
but instead receive outpatient care. We thus underesti-
mated the incidence of hypertensive disease. Moreover, 
when patients are hospitalized for multiple diagnoses, 

Table 2. Adjusted admission hazards ratio of cardiovascular diseases according to blood lead levels. [AHR=adjusted hospital admission 
hazard ratio; 95% CI=95% confidence interval]

Disease code Blood lead level P for  
trend

<10 μg/dLa  
(142 926 

person-years)

10–20 μg/dL  
(37 428 person-years)

≥ 20 μg/dL  
(20 412 person-years)

Workers (N) Workers (N) AHR b 95% CI Workers (N) AHR 95% CI

Diseases of the circulatory system (I00-I99) 1405 365 0.94 0.84–1.06 230 1.04 0.90–1.19 0.98
Acute rheumatic fever (I00-I02) & chronic  
rheumatic heart diseases (I05-I09) c

5 0 1

Hypertensive diseases (I10-I15) 150 55 1.20 0.88–1.64 33 1.12 0.76–1.64 0.36
Ischemic heart diseases (I20-I25) 89 20 0.75 0.46–1.21 30 1.78 1.17–2.72 0.05
Angina pectoris (I20) 49 11 0.69 0.34–1.34 20 1.93 1.13–3.29 0.07
Acute myocardial infarction (I21, I22, I24) 20 6 0.95 0.38–2.37 6 1.45 0.57–3.68 0.53

Pulmonary heart disease & diseases of pulmonary  
circulation (I26-I28)

1 0 1

Other forms of heart disease (I30-I52) 81 24 0.88 0.55–1.39 19 1.06 0.63–1.76 0.99
Cerebrovascular diseases (I60-I69) 70 33 1.52 1.00–2.31 21 1.53 0.93–2.51 0.04
Cerebral hemorrhage (I60-I62) 22 8 1.22 0.54–2.76 4 1.03 0.35–3.03 0.81
Cerebral infarction (I63-I64) 27 18 2.04 1.12–3.72 13 2.24 1.14–4.39 0.01

Diseases of arteries, arterioles & capillaries (I70-I79) 10 6 2.09 0.75–5.80 3 1.72 0.46–6.40 0.24
Diseases of veins, lymphatic vessels & lymph nodes, 
NEC (I80-I89)

1088 261 0.90 0.78–1.03 149 0.93 0.78–1.11 0.17

Other & unspecified disorders of the circulatory  
system (I95-I99)

5 0 2

a Reference.
b Adjusted for age and exposure to other metals.
c Categories with <10 cases were excluded from the Cox-regression model.
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the NHICD does not reveal the principal diagnosis. 
Patients with hypertension were likely hospitalized for 
treatment of some other problematic disease. In our 
cohort, 32% of the cases with hypertensive disease had 
previously been hospitalized to treat IHD or cerebrovas-
cular disease (data not shown). Had we checked other 
diagnostic codes, such as those for gastrointestinal dis-
eases, the proportion of patients with multiple diagnoses 
would have increased. Thus, significant among-group 
differences in terms of the “hypertensive diseases” cat-
egory (I10-I15) may be lacking.

The principal hazard exposure-related diseases 
termed “diseases of arteries, arterioles and capillar-
ies” (codes I70-I79) are atherosclerosis and peripheral 
arterial disease (PAD). Earlier epidemiological studies 
found that environmental exposure to lead was associ-
ated with PAD development (19, 20). PAD increases 
the risk of mortality from cardiovascular disease (21). 
However, only a few patients were admitted with PAD. 
The “diseases of veins, lymphatic vessels and lymph 
nodes, NEC” (I80-I89) are temporary complications 
that develop in the hospital during the treatment of other 
diseases. In particular, varicose veins are associated with 
mechanical conditions such as work involving standing, 
regardless of environmental hazards.

Strengths and limitations

The first strength of our prospective cohort study is that 
the independent variable was not an intermediate stage 
of disease (eg, high blood pressure) but rather admission 
to the hospital, which affords good diagnostic accuracy. 
The accuracy and reliability of hospitalization diagnoses 
will be better than those of outpatient clinics. A few 
studies have examined the inpatient diagnostic validity 
of cardiovascular disease using the NHICD database in 
Korea, which they determined to be good. The accu-
racy with which acute myocardial infarction was diag-
nosed by applying the ICD-10 to the Korean NHICD 
database was >70% (22), and the criteria for ischemic 
stroke had a sensitivity and specificity of approximately 
>90% (23). However, in terms of hypertensive disease, 
although diagnostic accuracy was ensured, we likely 
underestimated the case numbers. Thus, serious diseases 
are evaluated well compared with mild diseases using 
hospitalization data. The second strength is that we 
recorded the outcomes of almost 54 000 workers. Our 
cohort included most lead-exposed workers defined by 
the “Industrial Safety and Health Act of the Republic of 
Korea” and was thus very representative.

Our results should be interpreted cautiously. First, 
we were unable to consider other major modifiable risk 
factors such as smoking, body mass index, psychosocial 
stressors, socioeconomic status, and antihypertensive 
medication because individual data were lacking. We 

mentioned this limitation in our previous work (24, 
25), which can be summarized as follows. Although 
the smoking rate, which was recorded for only 10% of 
the cohort, did not differ significantly in the ≥10 µg/
dL and <10 µg/dL groups, our ability to estimate and 
interpret the overall results is limited. The data on body 
mass index and cholesterol did not differ substantially 
from those on smoking. We also had no access to socio
economic data; however, as most of our subjects were 
manual workers, they may have been similar to one 
another with regard to race, socioeconomic status, and 
education. Second, statistical adjusting does not com-
pletely control for confounding. Indeed, residual con-
founding occurs depending on how variables are trans-
formed (26). It is possible that the positive relationship 
between the BLL and increased AHR of cardiovascular 
diseases is related to the association between cardiovas-
cular disease and age. Lastly, a “healthy worker” effect 
may have been in play in that workers unfit to work 
would have been excluded. Those with cardiovascular 
diseases are less likely to be employed and hence would 
be excluded from the workplace.

In conclusion, we found both an association and a 
probable causal relationship between BLL and increased 
hospital admission to treat IHD and cerebrovascular dis-
eases. Further studies are certainly needed to elucidate 
the potential role of BLL in the development of cardio-
vascular diseases, but our study indicates that greater 
efforts must be made to reduce lead exposure. We sug-
gest that the American Conference of Governmental 
Industrial Hygienists and OSHA have set an overly 
high BLL standard (30 μg/dL). This should be lowered 
to prevent the cardiovascular effects of lead exposure.
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