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OszjecTives — The study investigated long-term effects of carbon monoxide (CO) exposure on foun-
dry workers’ morbidity and mortality from cardiovascular diseases.

MEeTHODS — The study population comprised a cohort of 2857 men hired in 1950—1972 by 20 Finn-
ish foundries and also 931 men who were still active in 1972, exposed for at least 4.2 years, took part
in a health examination in 1973; 653 of the 931 had also been members of the cohort. These groups
were followed to the end of 1987.

ResuLTs — The age-standardized incidence density rate (ID/1000 person-years) for compensated med-
ication for hypertension was 4.7 for the unexposed workers and 9.4 for those exposed [rate ratio (RR)
2.0, 95% confidence interval (95% CI) 1.28—2.92]; for the iron foundry workers the rates were 4.7
and 9.9 (RR 2.1, 95% CI 1.24—3.38), respectively. During 1950—1987, 255 cardiovascular deaths
were observed (284 expected according to national rates). The observed number of deaths due to ischem-
ic heart disease was 183 (203 expected). The iron foundry workers’ mortality rate for cardiovascular
deaths was 99% of the national expected value. No remarkable differences were found between the
CO-exposure categories. For the health-examination group, the age-standardized incidence rate for
compensated medication for hypertension was 9.1 for the unexposed nonsmokers and 21.4 for the ex-
posed smokers (RR 2.3, 95% CI 0.97—6.35); the difference originated among the iron foundry work-
ers, for whom the rates were 8.1 and 24.0 (RR 3.0, 95% CI 0.96—9.78), respectively. The age-stand-
ardized mortality rate (ID/1000 person-years) was 2.7 for nonsmokers with no or slight CO exposure
and 9.2 for exposed smokers (95% CI 1.13—12.11). This difference was mainly caused by ischemic
heart disease.

Concrusions — The results indicate that CO exposure increases the risk of cardiovascular morbidity

and mortality.

Key TERMS — carbon monoxide, foundries, hypertension, ischemic disease, morbidity, mortality.

The effects of prolonged exposure to carbon mon-
oxide (CO) on humans has been described as a com-
plex of neurological and cardiovascular symptoms,
such as angina pectoris, paroxysmal nocturnal dys-
pnea, chest pain, and the acceleration of coronary
heart disease (1, 2). The association of CO exposure
with cardiovascular diseases has been repeatedly re-
viewed (3, 4).

Evidence relating CO exposures to the develop-
ment of systemic hypertension is not conclusive.
Studies on blood pressure after CO exposure have
shown either no change (5, 6) or a transient increase
).

The pathological manifestations of CO exposure
have been suggested to be associated with reduced
oxygen delivery to the heart, the chemical effects of
CO on myocardial cell function, the development of
hypertension, or accelerated atherosclerosis and cor-
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onary lipid deposition due to chronic arterial hypoxia
in relation to carboxyhemoglobin (COHb) (4, 8).
There are controversial reports on the effect of dif-
ferent COHD levels on myocardial hypoxia in smok-
ing and nonsmoking patients with coronary heart dis-
ease (9, 10).

Other toxic actions of CO have been proposed in
addition to the production of COHb as a response
when CO is inhaled. For instance, CO competes with
oxygen for cytochrome a, in cellular mitochondrial
respiration (11—13). Extravascular CO is also bound
to other heme proteins, such as catalase and peroxi-
dases (14, 15). The predominant physiological effects
of increased levels of COHD are still best related to
reductions in the oxygen-carrying capacity of the
blood (16).

The Finnish foundry study was carried out by the
Finnish Institute of Occupational Health in 1972—
1975. It comprised dust measurements, measure-
ments of chemicals, and a study of the mortality,
morbidity, and turnover of active and retired foun-
dry workers in a representative sample from all foun-
dries.

The retrospective cohort study of 3876 foundry
men in 1973 did not reveal significant differences in



the mortality between the CO categories (17). In the
health examination of 931 still-active foundry work-
ers in 1973, the systolic and diastolic blood pressures
of CO-exposed workers were slightly higher than
those of unexposed workers when age and smoking
habits were taken into consideration (18). The prev-
alence of angina pectoris showed a clear dose-re-
sponse relationship with regard to CO exposure from
either occupation, smoking, or both.

The objective of the present study was to investi-
gate long-term effects of CO exposure on foundry
workers’ morbidity and mortality from cardiovascu-
lar discases.

Subjects and methods

Subjects

The study population comprised two groups. First
there was a cohort of 2857 men hired in 1950—1972
by 20 iron, steel, and nonferrous foundries (includ-
ed in the mortality study of Finnish foundry work-
ers in 1973). This sample consisted of all men who
had been employed during that period for at least five
years (N = 1305) or for three to five years (N = 606)
and every tenth of those exposed for three months
to one year (N = 946). The second group consisted
of 931 men from a cross-sectional study. These men
were still active in 1972, had been exposed for at
least 4.2 years, and took part in a health examina-
tion in 1973; 653 of them had also been members
of the aforementioned cohort.

The study groups were followed to the end of
1987. The vital status of the cohort members was
traced through the Population Data Register. The
causes of death were obtained from Statistics Fin-
land, and data on specially compensated medication
under the national sickness insurance law were ac-
quired from the Social Insurance Institution. Data on
the occupations of the men who underwent the health
examination were updated from the Population Data
Register. A new questionnaire study on occupation-
al history, smoking habits, and some diseases was
carried out in March 1993. The preliminary results
were used to control the validity of the data on oc-
cupational and confounding exposures in this study.

Exposures
CO was measured in 1972 in 52 iron, 10 steel, and
5 copper alloy foundries. The hygienic standard for
CO (50 cm® - m3) was exceeded in 72% of the air
samples from the iron foundries, in 9% of the sam-
ples from the steel foundries, and in 20% of the sam-
ples from the copper alloy foundries. The blood
COHD content of the iron foundry workers exceed-
ed 6% in 71% of the smokers and 28% of the non-
smokers (19).

On the basis of these CO measurements the foun-
dry occupations were classified into the following
three categories: (i) regular CO exposure: casters,
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furnacemen, and knock-out men; (ii) occasional or
slight CO exposure: fettlers, truck drivers, crane
operators, and loader drivers, and (iii) no CO expo-
sure: floor molders, machine molders, coremakers,
ingot casters, and other workers. In defining the main
exposure category through the occupational history
for the data analysis, the time-weighted average of
the CO exposure scores (i—iii) was used.

Confounding exposure to polycyclic aromatic hy-
drocarbons (PAH) was controlled in an analysis of
the results using PAH exposure categories. The foun-
dry occupations were classified into these categories
by an industrial hygienist, who used the measure-
ments of PAH in the foundries in 1972.

The confounding effect of heat could not be con-
trolled because the same occupational groups (cast-
ers and furnacemen) that were the most exposed to
heat were also the most exposed to CO.

Data on smoking habits were available for the 931
men who underwent a health examination; they were
taken from the questionnaire administered in 1973.
Of these foundry men, 53% were smokers, 31% were
ex-smokers, and only 16% were nonsmokers (18).

Statistical analysis

In the analysis of mortality, the age-standardized in-
cidence densities were calculated for all cardiovas-
cular diseases and for ischemic heart disease in dif-
ferent exposure categories. The age distributions of
the person-years for the cohort and for the health-
examined group were used as standard populations
when the age-standardized rates were computed for
the subgroups. The period of follow-up in the mor-
tality analysis was from 1 January 1950 to 31 De-
cember 1987 for the cohort and from ! January 1973
to 31 December 1987 for the men who underwent a
health examination. In addition, the age-specific ob-
served and expected numbers of deaths and the stand-
ardized mortality ratios were calculated. The expect-
ed numbers of deaths were calculated from the na-
tional incidences on causes of deaths with the use
of the median years of the cohort deaths (1977) (20)
and the deaths of the men who underwent a health
examination (1985) (21).

Morbidity from cardiovascular discases was meas-
ured with the use of medication for which a special
compensation (from 80 to 100%) is granted accord-
ing to the sickness insurance law. Hypertension, cor-
onary heart disease, cardiac insufficiency, and car-
diac arrhythmia were the cardiovascular diseases for
which specially compensated medicines could be
granted. The age-standardized incidences by disease
were calculated in the same way as the incidence
rates in the mortality analyses. Only the first grant
of the compensated medication for each disease was
included if the same person had several grants for
certain periods. The period of follow-up for the co-
hort started from the beginning of the register on spe-
cial medication on 1 January 1964 and ended on 31
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December 1987. The number of included grants was
503, of which 330 were due to hypertension. For the
men who underwent a health examination the inci-
dences were calculated for the period from 1 Janu-
ary 1973 to 31 December 1987 (230 grants were in-
cluded, 168 because of hypertension).

In the comparison of the exposure categories, both
observed numbers and person-years were summa-
rized by subgroups for the incidences needed to cal-
culate the expected numbers for both of the catego-
ries to be tested. The deviance of the total number
of observed (O) cases from the total number expected
(E) was tested by the chi-square test as follows (22):

X?2=[(|0-E, [-05E,,
and
X,2=[(|0,-E,|-0.5))E, .

In addition, Poisson regression was used in the
mortality and morbidity studies to clarify the rela-
tionship between cardiovascular diseases, CO expo-
sure, and smoking (23). The statistical significance
of each determinant in the model was based on like-
lihood ratio statistics.

Results

During the follow-up of the cohort (from 1950 to
1987) 255 cardiovascular deaths occurred, whereas

Table 1. Mortality (incidence density/1000 person-years) from
all cardiovascular diseases and ischemic heart disease among
the iron foundry workers by the degree of carbon monoxide
(CO) exposure. The period of follow-up for the cohort was
1950—1987.

Ischemic heart
disease

All cardiovascular
diseases

CO exposure

Years of exposure Years of exposure

<1 3-5 >5 <1 3—5 >5
Regular 2.3 28 41 2.3 2.1 27
Occasional 5.5 3.8 3.9 4.9 27 2.7
No 5.6 4.2 3.1 4.5 4.0 2.4
Total 5.3 36 3.6 43 3.1 26

Table 2. Age-standardized incidence densities (in units of 1000
person-years) for compensated medication for cardiovascular
diseases and hypertension separately (1964—1987) by ex-
posure to carbon monoxide (CO) in the different exposure cat-
egories of the cohort.

Cardiovascular

diseases Hypertension

CO exposure Period of exposure

{years)

Period of exposure
(years)

<1 3—5 >5 <1 3-5 >5
Regular 3.2 143 13.7 3.2 7.0 9.4
Occasional 85 7.0 114 3.9 3.8 8.0
No 7.7 6.2 10.2 4.7 4.2 6.3
Total 75 7.9 1.4 45 4.7 76
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283.5 were expected from the national rates. The
number of deaths due to ischemic heart disease was
183 (202.8 expected). The age-standardized inci-
dence rate per 1000 person-years of cardiovascular
diseases for the workers exposed for at least five
years was 3.6 for the iron foundry workers, 3.6 for
the steel foundry workers, and 2.5 for the nonferrous
foundries. Only small differences were found be-
tween the CO categories in the exposure time groups,
even among the iron foundry workers (table 1). The
same was true for ischemic heart disease.

On the contrary, the analysis of morbidity from
cardiovascular diseases (1964—1987) revealed dif-
ferences (table 2). The age-standardized incidence
rate for compensated medication for hypertension
was 4.7 for the workers whose exposure time was
less than one year and who were not exposed to CO
and 9.4 for those who were regularly exposed to CO
for at least five years [rate ratio (RR) 2.0, 95% con-
fidence interval (95% CI) 1.28—2.92]. Among the
iron foundry workers the corresponding rates were
4.7 and 9.9 (RR 2.1, 95% CI 1.24—3.38). The inci-
dence rates for compensated medication for all car-
diovascular diseases also showed statistically signif-
icant differences between the extreme exposure cat-
egories (RR 1.8, 95% CI 1.25—2.45). Within the
group of workers exposed for at least five years the
rate ratio between the regularly exposed and the un-
exposed was 1.3 for all cardiovascular diseases (RR
1.3, 95% CI 1.01—1.82) and 1.5 for hypertension
(RR 1.5,95% CI 1.03—2.16).

In the follow-up (from 1973 to 1987) of men who
underwent a health examination the age-standardized
incidence rate for compensated medication for hy-
pertension was 9.1 for the nonsmokers not exposed
to CO and 21.4 for the CO-exposed smokers (RR 2.3,
95% CI 0.97—6.35). The difference originated
among the iron foundry workers, for whom the rates
were 8.1 and 24.0 (RR 3.0, 95% CI 0.96—9.78) (fig-
ure 1). In addition, the differences between the un-
exposed nonsmokers and the exposed ex-smokers
were statistically significant. For the iron foundry
workers, the effect of CO only gave a rate ratio of
1.6 for the nonsmokers and 2.1 for the smokers. The
effect of smoking only gave a rate ratio of 1.4 for
workers not exposed to CO and 1.9 for the exposed
workers. The combined effect of CO exposure and
smoking showed a rate ratio of 3.0. For other car-
diovascular diseases (ie, coronary heart disease,
cardiac insufficiency, and cardiac arrhythmia) the
age-standardized incidence was similarly lowest for
the unexposed nonsmokers (2.8) and highest for the
CO-exposed smokers (6.7). The age-standardized in-
cidences for all cardiovascular diseases and hyper-
tension separately are presented in figure 2 and ta-
ble 3.

The morbidity from hypertension was also ana-
lyzed with the use of the Poisson regression model,
in which the independent variables were age, smok-
ing, and CO exposure. The fit of the multiplicative



model (age + smoking + CO) was good [deviance
12.7 on 10 degrees of freedom (df)]. The correspond-
ing additive model was inappropriate because of
some negative fitted values. The interaction between
smoking and CO exposure was nonsignificant. The
coefficient of CO exposure was statistically signifi-
cant (RR 2.3, 95% CI 1.28—3.99), whereas that for
smoking was nonsignificant (RR 1.6, 95% CI 0.81—

ID/1000 p-years
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3.13). The multiplicative model estimated the rate
ratio to be 3.6 (95% CI 1.50—8.71) for CO-exposed
smokers, as compared with unexposed nonsmokers.

Altogether, 140 deaths occurred in the health-ex-
amined group from 1 January 1973 to 31 December
1987; 78 of these deaths were caused by cardiovas-
cular diseases. The age-standardized mortality rate
for cardiovascular diseases was 2.7 for the nonsmok-
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Figure 1. Age-standardized incidence densities (ID) of com-
pensated medication for hypertension in 1973—1987 accord-
ing to type of foundry, carbon monoxide (CO) exposure, and
smoking habits (N = 931, the health-examined group). (p-
years = person-years, CO— = unexposed to CO, CO+ = ex-
posed to CO)
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Figure 2. Age-standardized incidence densities (ID) of com-
pensated medication for hypertension and all cardiovascu-
lar diseases (all CVD) in 1973—1987 according to carbon
monoxide (CO) exposure and smoking habits among the iron
foundry workers (N = 458, the health-examined group). (p-
years = person-years, CO— = unexposed to CO, CO+ = ex-
posed to CO)

Table 3. Relation of carbon monoxide (CO) exposure and smoking to morbidity from all cardiovascular diseases and from hyper-
tension among the iron foundry workers in 1973—1987. (Smoking— = nonsmokers, smoking + = smokers, CO exposure — =no
or slight exposure to CO, CO exposure + = exposed to CO, NS =not significant)

All cardiovascular diseases

Hypertension

Studied variables

Rate X2 Signifi- Rate X.0i2 Signifi-
ratio 0 cance ratio L) cance
CO exposure only
Smoking— CO exposure —
CO exposure + 1.3 0.21 NS 1.6 0.69 NS
Smoking + CO exposure—
CO exposure + 1.8 3.52 NS 21 5.06 <0.025
Smoking only
CO exposure — Smoking —
Smoking + 1.4 0.49 NS 14 0.38 NS
CO exposure + Smoking—
Smoking + 1.9 2.14 NS 1.9 1.85 NS
CO exposure and smoking
CO exposure — Smoking—
CO exposure + Smoking + 24 4.46 <0.05 3.0 4.27 <0.05
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ers slightly or not exposed to CO and 9.2 for the
smokers with CO exposure (RR 3.4,95% CI 1.13—
12.11). This difference was caused by ischemic heart
diseases, for which the corresponding rates were 1.0
and 7.3 (RR 7.3, 95% CI 1.39—60.96) (figure 3 and
table 4).

Mortality from ischemic heart disease was also
analyzed by the Poisson regression model. The in-
dependent variables were age, smoking, and CO ex-
posure. The fit of the multiplicative model (age +
smoking + CO) was good (deviance 10.1 on 10 df).
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Figure 3. Age-standardized mortality from ischemic heart
disease (IHD) and from all cardiovascular diseases (ALL
CVD) (cardiovascular diseases) according to CO exposure
and smoking habits. The period of follow-up was 1973—1987
(N = 931, the health-examined group). (ID = incidence den-
sity, p-years = person-years, CO— = unexposed to CO, CO+
= exposed to CO)

In this case the corresponding additive model was
also inappropriate. The interaction between smoking
and CO exposure was nonsignificant. Smoking was
statistically significant (RR 3.0, 95% CI 1.05—38.36).
The coefficient of CO exposure was not statistical-
ly significant, but it was slightly related to mortali-
ty from ischemic heart disease (RR 1.5, 95% CI
0.75—2.90). The multiplicative model estimated the
rate ratio as being 4.4 (95% CI 1.27—15.08) for the
CO-exposed smokers, as compared with the unex-
posed nonsmokers.

The analysis of mortality from ischemic heart dis-
ease among the workers with mild or severe angina
pectoris in 1973 showed the highest incidence rate
for CO-exposed smokers. (However, the analysis was
based on only 62 deaths.)

A detailed analysis of the 62 deaths from ischem-
ic heart disease showed that 38 originated in the iron
foundries, 21 in the steel foundries, and 3 in the non-
ferrous foundries. The median exposure time for the
workers who died from ischemic heart disease was
25 (range 5—48) years, whereas it was 21 (range 4—
49) years for those who died from the other causes.

Of the 62 workers who died from ischemic heart
disease, 28 died during foundry employment, 8 died
within two years after the cessation of foundry work,
and 16 of the remaining 26 had some heart disease
diagnosed during their employment.

Discussion

In estimating the validity of the results, the mortali-
ty and morbidity of the health-examined group was
reanalyzed using the updated occupational histories
(until 1985), derived from the population data reg-
ister and the national pension register. Both the mor-
tality and morbidity figures remained similar. The
register-based (updated as of December 1985) occu-

Table 4. Relation of carbon monoxide (CO) exposure and smoking to mortality from all cardiovascular diseases and from ischemic
heart disease among the foundry workers in 1973—1987. (Smoking — = nonsmokers, smoking + =smokers, CO exposure — =no
or slight exposure to CO, CO exposure + =exposed to CO, NS = not significant)

All cardiovascular diseases

Ischemic heart disease

Studied variables

Rate X2 Signifi- Rate X2 Signifi-
ratio 1) cance ratio M cance
CO exposure only
Smoking — CO exposure —
CO exposure + 2.6 1.36 NS 6.9 4.64 <0.05
Smoking + CO exposure —
CO exposure + 1.4 0.35 NS 14 0.33 NS
Smoking only
CO exposure— Smoking —
Smoking + 25 3.33 NS 5.2 4.77 <0.05
CO exposure + Smoking —
Smoking + 1.3 0.10 NS 1.1 0.00 NS
CO exposure and smoking
CO exposure — Smoking —
CO exposure + Smoking + 3.4 6.04 <0.025 7.3 7.76 <0.025
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pational histories were also controlled through the
recent questionnaire from March 1993. The exposure
time on the questionnaire was the same, + 2 years,
as that recorded from the registers for 82% of the
workers.

The confounding effect of smoking could be con-
trolled only for the men who underwent a health ex-
amination. The smoking habits were classified ac-
cording to the questionnaire data from 1973. A com-
parison of the data on smoking habits from March
1993 with those from 1973 revealed that 73% of the
respondents had the same smoking category (non-
smoker, smoker, or ex-smoker) through the 20 years,
and, if the categories of smokers and ex-smokers
were combined, the value rose to 93%.

During the investigation the CO concentration in
the foundry air was lowered. The measurements
showed that in 1972—1975 the mean CO concen-
tration was 94 mg - m™ in the smelting and cast-
ing areas, whereas in 1986—1989 the mean was
41 mg - m™ in the same areas (24). However, the
study populations were mainly exposed to the high-
er CO concentrations used in the exposure classifi-
cation in the data analysis. Of the whole cohort, 40%
had started their work before the 1960s and 75% be-
fore the end of 1965. For the men who underwent a
health examination the median year of entry was
1960. Of the total of 931 men, 38% had already ter-
minated work by 1980, and 63% by 1985, and of the
270 men who continued working after 1985, 78%
had started foundry work before the end of 1965.

In controlling for potential confounders other than
smoking, the age-standardized incidences of compen-
sated medication were calculated for hypertension
also according to the PAH exposure categories (25,
26) (table 5). The results did not show any dose-re-
sponse relationship with regard to exposure to PAH,
even though smoking was taken into consideration.
Less than 25% of the men exposed to PAH were also
exposed to CO.

It was not possible to eliminate the confounding
effect of heat because the same occupational groups
were exposed to both CO and heat and the outcome
diseases are at least partly the same. Tachycardia is
mentioned as an effect of several months in a hot
job. Hypertension and myocardial damage have been
reported to be the result of many years in a hot job
(27, 28).

Heart rate and blood pressure are the major deter-
minants of myocardial oxygen consumption, and the
adverse health effects of CO are thought to be relat-
ed primarily to the development of tissue hypoxia.
Particularly patients with atherosclerotic coronary
artery disease are potentially at increased risk of ad-
verse effects because of their limited ability to in-
crease coronary blood flow in response to increased
myocardial oxygen demand (29).

The previous cohort study in 1973 (17, 30), as well
as the present follow-up of the cohort, did not show
any notable differences in mortality from all car-
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Table 5. Age-standardized incidence densities (in units of 1000
person-years) for compensated medication for hypertension
(1973—1987) by exposure to polycyclic aromatic hydrocarbons
(PAH) and smoking habits in the group that underwent a health
examination.

Incidence density

PAH

exposure sn’j:,?ers Smokers sm!c?li ors Total
Heavy 6.1 1.5 18.6 12.9
Some 14.0 7.2 138 1.1
Low 121 19.0 20.0 18.0
Miscellaneous 7.0 18.0 15.3 15.3

diovascular diseases or that from ischemic heart dis-
ease between the CO-exposure categories. The
present prospective follow-up of the cardiovascular
mortality of the foundry workers who took part in
the health examination in 1973 suggested that both
occupational CO exposure and smoking independent-
ly increased mortality from ischemic heart disease,
and the combined increase was multiplicative. Sim-
ilar results have been reported by several authors
(31—34). The inconsistency of the results derived
from the cohort and the men who underwent a health
examination can be explained mainly by exposure
histories and smoking histories that were lacking in
the cohort study, as well as by health selection. Also
in the health-examined group, the differences be-
tween the CO-exposure categories would have been
small if the data on smoking had not been available.
(The age-standardized mortality rate for all cardio-
vascular diseases was 6.3 for the workers exposed
to CO and 5.7 for those who were slightly or not ex-
posed to CO; the corresponding rates for ischemic
heart disease were 5.5. and 4.5.) In addition, the ex-
posure time in foundry work was long for the men
who underwent a health examination. The minimum
exposure time in 1973 was 4.2 years, and the medi-
an was 25 years at the end of 1987. These results are
thus comparable only with those obtained from the
cohort study for the subgroup with at least five years
of exposure. Health selection findings in regard to
heart diseases had an important explanatory value in
the earlier phase of the cohort study (30). Angina
pectoris or severe chest pain lasting half an hour or
more or heart disorders were more prevalent among
former than among current employees, the preva-
lences being highest for ex-foundrymen who had
been exposed for less than one year.

In 1973 the prevalence of angina pectoris showed
a clear dose-response relationship with regard to oc-
cupational CO exposure and smoking. The highest
mortality rate for ischemic heart disease was ob-
served among the workers who had mild or severe
angina pectoris in 1973 and who were CO-exposed
smokers. The effect of even low increases in COHb
in the smokers with ischemic heart disease has to be
considered because COHb levels in smokers are gen-
erally higher than in nonsmokers (19, 35).
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The risk for cardiovascular disease is generally
assumed to increase steadily as blood pressure in-
creases. However, evidence relating CO exposures
to the development of systemic hypertension is not
conclusive (5, 6, 7).

Slightly higher blood pressure was found in 1973
among the workers exposed to CO when smoking
was taken into consideration. The present follow-up
of compensated medication for hypertension showed
higher incidences for the workers regularly exposed
to CO than for those with no or slight exposure both
in the cohort and in the group of men who under-
went a health examination. The dose-response ac-
cording to CO exposure and smoking was more ev-
ident among the iron foundry workers than among
the steel and nonferrous foundry workers (figure 1).
The result suggests that the difference between the
“CO exposure categories” cannot be explained by the
confounding effect of heat stress, even though the
heat would have augmented the total risk of hyper-
tension in the categories. This finding is in concord-
ance with the findings in 1972, namely, that the CO
concentrations were the highest in the iron foundries
around the cupolas and in the casting areas. Simi-
larly the COHD levels of the iron foundry workers
were high and showed an additional effect from
smoking (19).

Furthermore, the follow-up of the health-examined
group showed that the period between the diagnosis
of hypertension and death from ischemic heart dis-
ease was rather short (median 7 years, range 2—16
years). Thus it is unlikely that hypertension alone
would have increased the risk of mortality from
ischemic heart disease.

There is considerable uncertainty about the role of
CO exposure in the development of atherosclerosis
(4, 36). Although there are few empirical and epi-
demiologic studies supporting the hypothesis on the
CO-atherosclerosis relationship, it has been shown
that the development of atherosclerosis and coronary
lipid deposition can be enhanced by arterial hypox-
ia (37, 38). Tissue oxygen insufficiency caused by
long-lasting exposure to CO could be one pathogenic
factor in the development of atheromatosis. On these
grounds, the present prospective results support the
hypothesis of a relation between chronic CO expo-
sure and the development of atherosclerosis.
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