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Cardiovascular diseases and the work environment

A critical review of the epidemiclogic literature on chemical tactors

by Tage S Kristensen, MS¢!

KR!STENSEN TS. Cardiovascular diseases and the work environment: z critical review of the epidemio-
logic literature on chemica! factors, Scand J Work Environ Heaith 198%;15:245—264 This is the second
of twot articles reviewing the epidemioiogic research on cardiovascuiar diseases {CVD) and the work
enviranment. Jt deals with chemical factors, ie. lead, cadmium, cobalt, atsenic. carbon meonoxide, pas-
_qiv; smoking, organic solvens, carbon disuifide, nitroglycerin, aitroglycol. and others. The epidemiciog-
ic lizerature relating (o each is assessed on the basis of a number of methodological criteria. and the need
for future research. the methodology of literature reviews, ana preventive implications and perspeciives
are discussed. It is con¢luded that the causal relalionship berween two of the chemicals, carbon disulfide
and nitroglycenns nitroglveol. and CV D is very well documented. For iead and passive SMoking a causal
relatjon 10 CVD isdikety. More research is needed concerning ¢cobalt. arsenic. antmony, and other chemi-
cal compounds. Exposure to carbon monoxide increases the acute risk of C¥D but has probably no lasiing
atherosclerouc effect. Cadmium and organic solvents are probably not causally retated to CVD.

Key rerms: antimony, arsenic. beryllium, cadmium. carbon disulfide, carbon monoxide, chemicals. cobalt.
combusiion products, dinitroroluene, hypertension, ischemic heart disease. lead, nitrogtycerin, nitroglycol.
CLoUpation, organic salvents, erganophosphates, passive smoking.

This is the second of twe articles on the work enviren-
ment and cardiovascuiar diseases (CVD). [t reviews the
epidemiologic literature on occupational chemical fac-
tors and CVD. The results of the review are compared
with those aof earlier reviews in this field {1—13).

As in the previous article (14), 1 have dealt with oc-
cupational factors, but not with individual habits or
characteristics. Thus, for example, | discuss passive
but not active smoking, iead and cadmium but not seft
warter. To {actlitate the best paossibie clarification of
the occuparional factors considered, | have also in-
ciuded investigations which are not strictly occupa-
tional because most of the exposures are also found
outside the work environment.

The objectives of this article are the same as those
of the previous one, ie, (i) 10 record and integrate the
epidemiologic literature on CVD and the work environ.
ment: {il) to evaluate the research with the objective
of elucidating possible causalities between cccupational
factors and CVD; (iii} if possible, (o point out arsas
where enough is Known to start employing the research
results for the purpose of prevention, and (iv) to point
out defects and deficiencies in existing research with
the obiective of strengthening and improving future
research efforis.
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Materiais and mathods

The criteria for collecting and evaluating the epidemi-
clogic literature have been described in detait in the
previous article (14), The objective has been to include
all epidemiologic studies on the exposures in English,
Oerman or the Scandinavian languages {or which have
summaries in one of these [anguages). That objective
has not been fully realized, although this raview is more
comprehensive than earlier reviews on the same topic.
To give the readers an opportunity 16 supplement the
review of the individual exposures, some special
reviews from recent years have also been inciuded,
They contain extensive lists which also cover the
nonepiderniologic literature.

The most important objective of the review has been
to identify causal risk factors for CVD. With this in
mind, | have evaluated the following five central
methodological points for each study: (i} the time
dimension, (it} confounding, (iii) selection, (iv) mea-
surement of exposure and disease, and (v} adequate
design and staristical gnalfysis. On the basis of this crit-
ical evaluation, cach study has been given a score be-
tween “'x"" and “xxxxx’” for methodological quality.
(For more details of this scoring system, see refer.
ence [4.)

[t should be emphasized that, when [ refer to
“study’’ in the [ollowing discussion, | do not neces-
sarily mean an “article” or “‘paper.’’ An article may
coniain two or more studies, eg, when the same hy-
pothesis has been tested on two different populations,
such as men and women or inhabitants of two differ-
ent cities. If the analyses are published in such a way
that the results for each individual group can be iden.
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Tabie 1. Resully of 63 epidemdiogic studes of cardiovascu-
lar wiseases (@VD and leag exposure accoraing o the
matnpasiogical quanty of the studies. The table 15 based on
referances 28 33—107
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tified. they have been regarded as separate szudies. On
the other hand. the same research project is often pub-
lished tn several articles, eg, in prospective studies, in
which successive results are published as the cohort
grows older. In such cases, all articles have been evalu-
ated as a whole with regard to study outcome and
methodological quality.

Results

Lead

Many epidemiologic studies have been published on
tead and CVD. Nonetheless, the topic is treated very
superficially in the general reviews on the relationship
between environmentai exposures and CVD. In several
moere recent reviews, lead is not mentioned at all {3,
4.7, 8), while the topic is treated very briefly with a
maximum of three references in others (4, 2, 5, 9, 12).
Cnly in the eatly review by Warshaw from 1960 (1),
in Kurppa et al's review of 1984 (6}, and in the reports
of Rosenman (10, i1) is a reasonably thorough dis-
cussion of the possible lead-CVD relationship included.
These authors give six to twelve empirical references.
The general conclusion drawn by the authors who men-
tion the topic is that further research is nacessary.

In the more specific literature on lead, trace met-
als, or trace elements, similar divergencies are found.
There are sxamples of CVD not being mentioned in
reviews on fead and heaith (15} and of [ead no! being
mentioned in reviews on trace metals and CVD
{16—18). However, the most common conclusion in
these reviews is again that further ressarch is neces-
sary {19—24). Some reviews do, however, conclude
that lead has been shown o increase the risk of CVD,
eg, Teleky's review from 1937 {25y and Siofen's review
from 1974, which primarily deals with German and
East European studies (26).

In 1987 and 988, two reviews were published which
marked a naw departure in this field of research. One
is the comprehensive review by Sharp et al (27) on
epidemiologic, clinical, and toxicologic studies con-
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cerning low-level lead exposure and Hlood pressure
The other is a special issue of Eaviranmental Heairh
Perspectives (1988, volume 78}, which contains papers
and discussions from an international symposium on
the relationships between lead and blood pressure. This
issue contains several reviews of both experimental and
observational investigations {28—32). The conclusion
from these comprehensive reporis is that it must be
considered probable, though not ver definitively
proved, that low-level lead exposure increases blood
pressure and consequently ¢he risk of CYD.

In the present review, 62 empirical studies have bean
evaluated ¢table 1), The empirical research in the field
can be said to fall into three periods. ie, 1920— 1952,
1963 — 1980, and 1980—the present. In the first period
several siudies were published on the topic, especially
on the relationship between occupational lead exposure
and blood pressure. The methodology of most of these
studies is, naiurally, rather prirnitive, but there arg x-
ceptions ~ for example, Vigdorichik’'s remarkable
study from 1935 (51). [ have included six of the inves-
tigations from this early period in my review The sec-
ond period, 1963—1980, was heralded by Dingwall-
Fordyce & Lane's historical prospective mortality study
from 1963 (64, 66). During this period, at least ons
investigation was published on the topic every year,
but, as suggested earlier, these studies did not arouse
any particular attentien. From 1980 on. the situation
has changed dramatically. Many more studies have
been published (38 of the 83 investigations in rable |
are from the 1980s), and also interest is sharply rising
in the possible relatiohship between [ead and blood
pressure at very low-level lead exposures, correspond-
ing to those levels that the general population is ex-
posed 1o from leaded gasoline, food, warter, etc.

Table | reveals five features. First, many empiricel
investigations have been conducted. Second, virtual-
Iy all the studies have a [ow ot medium score for
epidemiologic quality. Third, 30 investigations {48 Th)
show a clear positive relationship between lead ex-
posure and CVD (or biood pressure), while nine {14 %)
show a positive tendency. Fourth, a very clear rela-
tionship exists between study quality and study out-
come. The percentage of positive studies increases as
one moves from %" to "‘xxxx’ as follows; 17, 47,
67, and {00 Y. Fifth, there is only one study which
shows a negative relationship between lead exposure
and CVD {13).

The large number of positive studies and the posi-
tive correfation between study quality and study out-
come supports the hypothesis of a causal relationship
between lead exposure and CVD.

A more-detailed examination of the 63 studies in-
dicates that they are very different with regard to study
design, study ¢nd points, and intensity of exposure.
Many of the studies are, eg, cross-sectional investiga-
nions of the relationship between rather low levels of
lead 11 blood and blood pressure, while others are
historical prospective studies of mortality among
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heavily exposed workers. However, turther analysis
shows that borh the share of positve studies and the
positis¢ trend with increasing siudy quality are virtually
the same when the ditferent 1vpes of studies are ana-
Ivzed separatels.

Whilz the refgtionship belween low-lesel lead ex-
posure and blood pressure. hy pertension has been dealt
with in detail in the carlier mentioned reviews rom
1987 and 1988 (27—32), studies of lead workers with
vonsiderably higher levels of exposure have not. As
these studies are of paruicular interest f'or ovcupational
medicine, [ have included six dealing with moriality
in My review,

Dingwall-Fordyce & Lane (64, 66) found incteasing
<erebrovascular morality with increasing lead ex-
posure. The standardized mortalits ratio (SMR) valuss
were 54, 98, and 160 for emploved lead workers as ex-
posure increased and 76, 176, and 258 for retired lead
workers, respectively. A later follow-up study showed
the same trend, but — as expecied — converging SMR
values (65).

Cooper and his co-warkers (37—=39) found moder-
ately elevated or normal SMR values tor cerebrovas-
cular mortzlity in two lead-exposed cohorts (SMR 132
and 23) but elevared values for “*other hyperiensive dis-
eases’’ {SMR 475 and 320) and “hypertensive heart dis-
eases”” (SMR 203 and 12%).

McMichael & Johnson (86) compared the mortali-
ty of workers with previous lead poisoning with the
mortality of gther lead workers and Australian men
in general. Using proportionate mortality ratios, they
found twice as many deaths due to cerebral hemor-
thage and 24 o more deaths due o other cerebrovas-
cular diseases among the formerly lead-poisoned work-
ers than ameng the other lead workers. In a compari-
son with Australian men, the differences were even
greater.

Davies (62) also studied men with previously regis-
lered lead poisoning and found an SMR of 410 for
cerebrovascular diseases,

Sefevan et al (93, 94) found fewer cerebrovascular
dearhs than expected (SMR B4), bul even in this “*nega-
tive™" study the SMR values for cerebrovascular deaths
increased with increasing exposure (<5 years: SMR
47; 5-—19 years: SMR 75, 220 years: SMR 145),

Finally, Gerhardsson et al ¢40) found an SMR of
130 for cerebrovascular diseases among lead workers.
[nternal comparisons showed a positive corraiation be-
tween both the mean blood-lead level and the peak
blood-lead level and cerebrovascujar mortality,

These six morality studies of lead-exposed work-
ers all have a medium level of epidemiologic quatity.
However, when the problems associated with histori-
cal prospective mortality studies are 1aken into con-
sideration, the investigations show a rather consistent
pattern with increased cerebrovascular or hypertensive
mortality in the highly exposed groups. In addition,
most of the studies showed an increased mortality as
a result of chronic renal disease.

http://legacy.library.ucsf.ed u/tiaﬁawaSCOOIpdf

Even though studies with high methodological qual-
ity {""xxxx"" or "xxxxx"') are few, the foilowing con.
clusicns seem reasonable on the basis of the exjsung
epidemiclogic literature: (i) there is 2 causal relaricn-
ship between lead exposure and blood pressure even
at {ow exposure levels corresponding to blood-lead
les #is below 30 ug-dl427, 28, 31, 70, 73, 74, 106}, and,
even if the relationship is weak, this relanonship may
have considerable public health implications due to the
widespread lead exposure throughout the industrial-
ized world (32, 72); (i) there is an increased incidence
of cerebrovascular diseases among wotkers who have
been occupationally exposed 1o lead, but the clarifi.
cation of the dose-response relationship is nol possi-
bie on the basis of the sxisting studies: (iii) no studies
have been found in which the incidence of ischemic
heart disease (1HD) increased as a result of Jead ex-
posure.

Cadmium

The relationship between cadmium and CVD has been
treated with considerable variability in general reviews
on environmental exposures and CVD. A few authors
dealt with the topic rather extensively (6, 10, [, 13),
but none gave more than 10 references. Others men-
tioned the possible relationship between cadmium and
CVD but treated the topic very superficially (1, 2. 5),
while the remaining authors did not mention cadmi-
um at alt {3, 4, 7—9, 12). In those articles in which
the topic is discussed, it is concluded that the ques-
tion is not sufficiently clarified and tha: further re.
search is necessary.

In the special reviews on the associations berween
trace metals or cadmium and CVD, the possible rela-
tionship between cadmium and blood pressure is treat-
ed exhaustively by all the authors. in the older reviews
from the t960s and the first half of tha 1970s. there
is generally a belief in the hypothesis of a cadmium-
blood pressure relationship (16—19, 108—1}10).
Among these reviews, Schroeder's experiments on rats
in the early 1960s play an important role. From 1976
on, skeptical articles and reviews (20, 23, 111—116)
alternate with more positive ones (117—119). Con-
siderable agresment exists regarding the relationship
berween cadmium exposure and increased biood pres-
sure shown in animal experiments with rats, dogs, and
rabbits, but thers is no consensus on the interpreta-
tion of research on humans. Afier more than a quar-
ter of a cenrury of research comprising hundreds of
experiments and investigations, Spieker 1 al {116) con-
¢luded in one of the most recent reviews: ' The data
available up 10 now [about the connection between hu-
man hypertension and cadmium pollution] can only
be considered as a first step to clarify this problem [p
35]"". This is, indeed, 2 modest profit from such great
eflorts.

in the present review, 33 investigations of cadmium
and CVD (mainly blood pressure/hypertension) have
been evaluated, In 11 of the studies, cadmium in blood,
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urine, hair. or kidneys has been compared for live
hypertensive and normotensive persons. [n nine stedies
persons who died from hypertensive heart disease or
related causes have been compared with persons who
died of ather sauses. [n these studies. the cadmium
content was generzlly measured from the kidnevs ar
liver. Five studies are cross-sectional investigations of
representative population groups for which the bload
pressure has been related 1o cadmium in bicod or urine.
Four studies have related cadmjum potlution in vari-
ous city areas to morbidity and mortality, and the last
four are occupational medical studies. Table 2 contains
a survey af the resulis and quality of these studies. The
table indicates the following: (i) the studies examined
have, in general, a low epidemiologic quality, and none
of the studies have been rated ''xxxx™ or "“xxxxx'’;
(ii} 13 of the studies (39 T9) show (a tendency towards)
a pasitive relationship [ + ot (+ )} between cadmium
exposure and CVD: and (iii) there is a negative rela-
tionship between study quality and '“positivity.”” Of
the studies with a rating of 'x,"" 46 % were positive:
of the studies with a rating of 'xx,"' 44 "o were posi-
tive; and of the studies with a rating of “'xxx."” 27 &
were positive.

Both the low share of positive studies and the nega-
tive trend in the (able speak against the cadmium-CVD
hypothasis. The conclusion therefare 15 that the null
hypothesis is best supported by the investigations ex-
amined.

The methodological level of the research on cad-
mium and CY D (especially biood pressure/hyperten-
sion} is 5o low that an identification of the most com-
mon errors and flaws is important to facilitate their
avoidance in future research. One of the worst prob-
iems concerns the measurement of cadmium exposure.
Many studies estimated the exposure by measuring cad-
mium it blood (77, 80, 124, 137, 138, 140, 141,
148—151, 153). The blood cadmium level is, however,
nat a very reliable measure of the cadmium body bur-
den, As early as 1976, Morgan (155) wrote: 'Bloed
and urine may be convenient fluids to measure, but
neither is well correlated with kidney or liver content,
which together comprise about one half of the body
burden [p 1361]."" In contrast. the biood contains only

Tabis 2. Results of 31 epidemiclagic studies of cargiovascu-
lar iseases (CVD) ang cadmium exposure accorging 10 the
methodological quality of the studies. The table 1s based on
raferences 55 77, 80, 95—87, 107, 120—154,

Maihodolagies quality

Dagree of —
bt e A x xx uxx R~ RET

N * ] * L N L
- -_— o voma - a 1 30
i~} - [ T M E I ] 4 120
Q 3 231 3 a3 5 455 11 333
143 2 154 - 0 3 273 5 182
+ & 308 ¢ dad - a a8 242
? 4 W8 - - 0 4 121

Tolal 13 100 ¥ 100 11 100 33 0

+ See tabie 1 for an arptanation of the symbois
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0.1 %% of the body burden. Morgan recommended mea-
suring ¢admium in hair. kidneys, or liver. This view
is strongiy supported by other experts, including
Lauwervs (}12) and Perry & Kopp (119). Several
studies have emploved cadmium in urine as a measure
of past exposure. but this measure must be regarded
as being even poorer than cadmium in blood (77, 93,
107. 138, 144, 183), Seven of the 13 positive studies
in table 2 have emploved ¢cadmium in blood or urine
as the measure of exposure.

Two of the remaining six positive studies employed
the cadrmium content in air in a2 number of American
cities as a measure of exposure. The resulis were then
correlated 1o CVD montality, and a positive relation-
ship was found (131, 132). This method is probiemat-
ical for many reasons. For example, the influence of
cadmium in air on body burden is very slight. The sig-
nificant factors are {ood, smoking, water, and occupa-
tional exposure.

Another major methodological problem concerns
the swudy design employed. Many of the investigarions
emploved a *'quasi case-referent’” design in which sick
persons (with hypertension or IKD) were compared
to healthy referents (77, 123, 124, 128, 130, 133,
140—142, 144—154}. These studies are called *'quasi
case-referent’” because in reality they are cross-
sectional studies in which *‘dissase’’ (hvpertension. for
example) is measured simultaneously with *‘exposure’”
(for example, cadmium in bloed), This design is prob-
lematical for several reasons. First, because blood pres-
sure and the bloed cadrnium level are measured simul-
taneously, it is not possible 1o exclude the possibility
that the direction of causation is reversed, ie, that per-
sons with hypertension have an increased conten: of
cadmium in their blood due 1o metabolic changes. This
possibility has, in fact, been mentioned by several
authors, and one study directly concluded that hyper-
tension increases the blood cadmium level (14}). Sec-
ond, in most studies the selection of both cases and
referents has been described very superficially or not
at all. Since selection is of paramount importance in
case-referent studies, this is an important potential
flaw. Third, in many studies, the researchers had
matched for smoking habits, and this is an error as
tobacco smoking is not a risk factor for hypertension.
In reality, it is overmaiching because an important
source of cadmiumi in the body is being blocked. Con-
versely, relative weight and education/social status
have not been matched, and such matching should be
done since both are risk factors for hypertension.
Fourth, comparing normotensive and hypertensive per-
sons leads to dichotomy. Instead, one should rather
have operated with the whole spectrum of values on
the blood pressure scale. This problem is especially im-
portant because many authors have hypothesized that
the refationship berween cadmium exposure and bleood
pressure has a reversed U shape with the largest effect
ar medium-high cadmium exposure levels,

£6289505¢z



Foilowing this critique of methedology, and turn-
ing back to the empincal siudies, 1 found only three
posiinve studies which measured the vadmiumn conrent
of the \idneys 1128, 1435, 147). These three studiss are
ol the "quasi case-refegrent ' rype just described and
have <o mary methodological errors thar they onh
weored T O U tor merhodologweal qualiy . Thus
they car be considered o ne of onl sery htle sig-
nifivance.

Only three insestigauons hasve been found which are
nol "tguast vase-rererent’” and which 3¢ not measure
cadmium s blood. unine. or air. ie. the historical
prospeciive morahny study of T000 workers by
Kazantzis #1 al {120—=122), the historical prospective
mortality study of £25 workears by Andersson ¢ al 1134,
135), and the various projects concerning the Shipham
inhabitants 1125—127). These three studies scored
“xxx”T for methodoiogical quality, and one of them
— the Shipham study — showed a weak positive rela-
tnonship berween cadmium and CVD, while the wo
oucupational studies showed a weak negative relation-
ship.

Thus the conclusion seems clear, ie, the apidemio-
logic research can in no way be considered 10 suppott
the hvpothests of a causal relaucnship between cad-
mium exposure and hypertension or CVD in general.
At this point it seems reasonable (0 conclude that such
a relaticnship does not exist. Over the past 25 years,
although the nurnber of studies in this field has grown
annually, the body of knowledge has not. Despite the
iast three studies mentioned. there 1s stuil a great need
for epidemiolegtcally sound studies on this Lapic.

Finally, tobacco smokers are moderately exposed o
cadmium and should therefore have increased blood
pressure. But the cardiovascular epidemniology shows
very clearly that tobacco smoking is not a nisk factor
for hypertension. This lack of relationship, which has
peen epidemiciozicalls very theroughly investigated,
is a further argumen: against the cadmium-blood pres.-
sure hyvpothesis.

Cobalt
In the mid-1960s, an spidemic of cardiomyopathies was
registered in Belgium, Canada. and the United States
amoneg heavy beer drinkers. The cause of the epidem-
1w was relanvely guickly established. Several beer
manufacturers had begun to add cobalt sulfate to the
beer in order 1o stabilize the foam (156—151). Nearly
half the patients examined in the various studies died
from their cardiomyopathy. It is paradoxic thar the
censumption of 6—8 mg of cobalr suifare per day
could have this dramatic effect. as cobalt has been used
in medicine in much higher doses without adverse ef-
fects. There seems 1o be agreement that the genesis of
this unexpecied adverse effect was a2 combination of
cobalt exposure, long.standing high alcohol consumep-
tion, and poor nutritional condition.

I[n the general reviews on CYD and environmental
exposures, the cobali-related cardiomyopathies among

http://legacy.library.ucsf.ed u/tid/bwaScOO/nb_df 7

beer drinkers has been mentioned bv several authors
{2, 6, 9=11}, while the remaining reviews do not men-
tion cobalt as a risk factor for CVD a all. In addi-
tion, two case reports hase been mentioned in a few
of the reviews. ie, those by Barborik & Dusek (1623
and Kennedy et al {163). These case teports describe
two cobalt-exposed men ¢41 and 48 years of age) who
both died from cardiomyopathy. The authors sug-
gesied that cardiomyopathy caused by cobait exposure
might often be neglected and misdiagnosed.

tn addition, three epidemiologic investigations of
cobalt-exposed workers were found, In 1980 and 1983,
Alexandersson & Arterhog (164, 165) published a study
of workers in the hard metal industry who were o¢-
cupationally exposed to cobalt {exposure level 0.01—
0.06 mg/m"). The 145 exposed workers were compared
10 an unexposed reference group with regard to elec-
trocardiography. pulse rate. and blood pressure. For
the cobali-exposed workers, Alexandersson & Arterhog
(164) found a higher prevalence of hypertension. a
higher average biood pressure, and more abnormal
elecrrocardiographic changes. The electrocardiographic
changes proved to a targe extent 1o be reversible (165).

In an abstract from 985, Horowitz et al (166)
described cardiac mamifesiaitons of cobalt exposure in
a group of 35 seif-referred hard meial workers. Elec-
trocardiographic abnormalities were found in 16 of the
35 workers.

The third study is a Danish investigation of female
porcelain workers exposed 1o cobalt blue dye in their
work (167). The median ¢obalt concentration in the
air was 0.80 mg-m' When the exposed women were
compared with an unexposed reference group. no
differences were found with regard to electrocardin-
graphic changes or blood pressure, but a higher aver-
age pulse rate was found in the exposed group. The
authers had no explanation for this finding.

Despite these empirical studies from the 19805, a
need still remains for more and berter investigations
of the relationship between occupational exposure (o
cobalt and heart diseases. In light of the widespread
use of cobalt in industry and medicine (1 60), it 18 sur-
prising that most of the literature deals with a brief
epidemic of cardiomyopathy among beer drinkers.

Arsemic

In the general reviews on cardiovascular diseases and
environmental exposures, arsenic and arsenic com-
pounds are mentionad inseven (1,2, 6, 9—11. 13y but
not i six {3—=5, 7, B, 12). The seven reviews which
deal with the topic include two to nine references to
empinical studies. In Landrigan's special review on
health effects from arsenic expositre (168), the cardio-
vascular effects were treated very briefly.

Three epidemiciogic studies of arsenic exposure and
CVD have been found. Pinto et al (169) investigated
mortality among 527 retired workers from & copper
smeitery durng the period 1949—1973, while Lee-
Feldstein (170, 171) siudied & cohort of more than

249

v6289505z



BO00 men during the period 1938—=1977, Axelson ef
al ti*2) conducted a case-referent study in which the
evposed persons were also vopper smeltery workers.
In all three studies, 1he 2vposure was arsenic triovide.
In the two histonical prospective studies. slightly gle-
vated 3MR values were found for CVD. Pinio ¢t al
found a ~alue of 109 for IHD and 113 for siroke, while
Lee-Felditen found SR values of abour 130 for IHD
and about 120 for stroke. in both studies, a compari-
son was made with the mortality experience of the rest
of the population in the area. In the study by Axelson
et ai, which 1s the best of the three (""wxxx'" for
methadologica! quality). an increasing relative risk for
heart disease with increasing arsenic exposure was
Tound {risk ratio 0.7, 3.0, and §.8 for three exposure
groupst. The study by Pinto et ai scored “*xx"' for
methodological quality, while the Lee-Feldstein study
scored xxx.”" Thus in these three investigations.
clearer evidence for a relationship between arsenic ex-
posure and TV D was found as the guality of the studies
increased.

Furthermore. arsenic was part of the mixed exposure
in Wingren & Axelson’s case-referent studies on mor-
tality in the Swedish glassworks industry (52, $3). in
these investigations a slight increase in CVD mortali-
Iy was round.

In addition 1o these studies of exposed workers, there
have been reports of a relationship between high lev-
els of arsenic in drinking water and the development
of both heart disease in children of northern Chile and
peripheral vascular disease in adults from Tamwan (1),
A special “arsemic beer scandal’” tock place in Man-
chester in 1900, when beer was accidentaily contami-
nated with arsenic. More than 6000 persons became
i1l and 70 died. almost all from C¥D (2, 156).

The relationship berween another arsenic com-
pound. arsine, and heart disease has been described
by Pinto et al {173}, This study dealt with {3 poisoned
men. of whom four died from acute myocardial in-
farction {(AMI), while electrocardiographic changes
were observed in the remainder. As far as is known,
no epidemiologic studies have been conducted on the
relationship berween arsine exposure and CVD.

Even if the total epidemiologic research concerning
the relationship between exposure [0 arsenic com-
pounds and CVIY is limited, a causal relationship is
sull likely. Further research is needed to clarify the rela-
tiohiship between the level and duration of the exposure
and the risk for CYD.

Carbon monoxide

The relationship between carbon monoxide (CO) and
CVD is dealt with in all the generai reviews on CVD
and snvironmental exposures (1 —7, 9—13) except one
{8}, In a few of these reviews {1, 6, 10}, the topic has
been thoroughly treated, and many references have
been discussed. MNaturally, no disagreement exists on
the porentially very sericus consequences of acute high
exposure 1o carbon monoxide, especially among per-
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sons with existing atherosclerosis. Bur there is consider-
able uncertainiy and conflicting s1ews about the pus-
sible sigmificance of carbon monoxide exposure 1n the
devzlopment of atherosclcrgsis. A lew reviews con-
vluded. without any further documentation. that car-
bon monoxde increases the risk of IHD {7, 12). Others
presenied a mare cautious poini of view. which san
be illusrrated by way of the tollowing three quotations:
OO may precipitate AN or serious arrhyvthmias in
persons with pre-¢aisting coronary atherossierasis p
L7 (%), "*the question of whether CO s atherogenic
remains unanswered even at the basic scienge lve] p
121817 (3. and ““chere is surprisingly litile enidence
for a chronic atheroselerptic effect of €O [p 2195 (1),
in addition 10 these general reviews. there are many
special reviews on the negative health erfects of carbon
monexide exposure t 1 74—189}, They contain derailed
descriptions of the phyvsiological roechanisms which re-
sult from the formauon of carbovyhemoglotin 1n
blood and present the results of many animal exper:-
ments. L will not discuss these topics in the present re-
view: rather 4 shouid simpiv be siressed that the de-
crease in the osvgen-carrying vapacity of the blood is
greater than sueggesied by the percentage of ¢arboyys
hemoglobin because of the reduced reiease to the tis-
sue of the oxsgen carried by the remaining hemoglobin.
The specific reviews on carbonr monoside and health
do net agree on the role of carben monowide in the
etiology of CVD. The most “"positive™ reviews are
probabiv the ones by Aronow (174, 175}, Goldsmith
& Arcnow (177), and Atkins & Baker (176), while
others are skeptical 1179, 182, 188). {n the remaining
reviews no clear position is taken. Among the most
skeptical reviews, Weir & Fabiano’s critical reevalua-
tion from (982 (188) should be emphasized. The
authors carry out an explicit and thorough discussion
of the evidence for a causal relation between carbon
monoxide and CVD. They specify the **. . .three ques-
tions that best define the current areas of controversy:
(1) Does chronic exposure 10 CO influence the develop-
meni of atherosclerosis? (i) By what mechanism does
acute exposure to CO reduce maximal exercise ability
in heaithy persons and in persons with pre-existing
CV¥D? (iii) Does acute CO exposure predispose in-
dividuals to cardiac arrhvthmias? {p 5201."' In the
evaluation of the empirical evidence for 2 causal rela-
tionship between carbon monoxide and CVD. itis im-
portant to keep these three questions separate, and 1
have attempted to do so in the fellowing discussion.
For the present review, 22 empirical studies have
been selected. Of them, most deal with persons who
have been exposed to carbon monoxide occupation-
ally, such as firemen, policemen, tolt booth operators.
garage personnei, motor vehicle examiners, bridge and
wunne! officers, foundry workers, and blast furnace
workers {190—210). {Reference 205 has been classi-
fied as 1wo siudies.)
Four of the empirical studies are not ¢pidemiologic
in the strict sense, but rather experimental (190—193).
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[r these Tour studies. which are very similar, [0 men
wirth angina pectoris wer2 esposed (0 different conven-
rranon: of carbon maneside. and the duration of ex-
ercise betfore the onder O paur was regisiered. All four
imvesngasions found that the time before the onse: of
paIn was sizmicanis sharier arrer esposure to car-
ban moenosde even when the sarbosy hemoglobin level
was ondy about Mo higher inothe evposed wituation
than mothe yoniral wituativn 193},

These resulis could have been evpected because the
angina panents afreads had [HD Nevertheless, these
e\pariments stress how dangerows an increased car-
bovyhemogiobin level can te 101 this group of parients.
As the prevalence of [HD s high in the population.
and ai exposure [0 carbon monovide is common =
predominantly through smoking and expesure to the
¢xhaust fumes from cars — this is a frequentlv occyr-
ring risk situarion,

Two studies vomparing the daily incidence of death
from IHD with the level of carbon monoxide in the
air can be said :0 elucidate the same complex of prob-
temns (165, 205). [n one. the expected relationship was
found between carbon monoxide lesels and fatality
from IHD. while the same relationship could not be
shown in the other. Both studies had a low methodo-
logical quality.

While the alorermentioned studies provide evidence
of the influenge of acute exposure 10 carbon monox-
ide on persons with ischemuc heart disease, the remain-
ing siudies have tried (0 #lucidate the role of carbon
meonoxide for the development of atherosclerosis. Ta-
ble 3 voniains a survev of these |6 studies. Table 3 il.
iustrares the following two points: iy most empirical
studies on this topic have a low methedological quali-
ty (' or xx7), and (i) there 1s ne relationship be-
tween study quality and study outcome, since half of
the poor studies (""x'" or “"xx'") and half of the better
studies (*'xxx'" or “*xxxx'') have a positive study out-
come [~ of (~ ).

The besy support for the hypothests of a relation be-
tween chronic carbon monoxide exposure and the de-
velopmenr of atherosclerosis comes from three posi-
tive studies with "xxx’" @r "xxxx’" for quatity (2,
a08. 2091. A closer examinarion shows, however, that
not even these studies support the hypothesis very
clearly. The cross-secrional study by Hernberg et al
(201) on angina pectoris, electrocacdiographic findings,
and blood pressure among foundry workers found a
relationship between carbon monoxide exposure and
angina pectoris but not between carbon manoxide and
..actrocardiographic findings indicating IHD. Further-
more, slightly higher blood pressure was found among
the persons exposed to carbon monoxide, but this
finding could have possibly resulted from exposure o
heay radiation. Altogether oniy the relationship be-
tween carbon monoxide and the prevalence of angina
pectoris was convincing, and this relationship does not
necessarily support the hypothesis of a lasting effect
of carbon monoxide.

http://legacy.library.ucsf.edu/tid/bwf05c00/pdf

The older of the two studies by Stern er al (208
found an SMR of 10 for CAVD among motor vehicle
examiners. Closer analvses showed that the excess
deaths occurred among examners with zero (o nine
vears of exposure ISMR for CVD 123). There was no
inerease in moriality among the examuners with longer
exposure,

The more recent of the invesugations by Stern et al
(209), which concerned bridge and runnef officers in
New York City, is probably the best epdemioiogic
study ol varbon monowvide and CA D 2ver published.
The study showed signsficantly higher IHD mortality
among the heavily exposed tunnel officers than amang
the bridge olficers. who had a low level of exposure.
Howerer, there was ne relationship 1o the duration of
the exposure, and the excess mortality among the tun-
nel officers disappeared in the course of a few vears
after the cessation of exposure. This pattern closely
resembles that seen in studies 07 tobacco smokars, in
which the increased risk for IHD disappears relative-
Iy guickly after the cessation of exposure. This pai-
tern does not fit the hypothesis of a lasting
atherosclerotic effect of carbon monovide exposure.

In light of the many studies on tobacco smoking and
CVD. it is surprising that it is still not known why
smoking increases the risk for CVD, A cross-sectional
study by Wald et at {2101 is often quoted (o show that
carbon monoxide increases the risk for atherosciero-
sis, but a larer — and mathodelogically better — case-
referent study by Kaufman er al (203) shows thar the
<arbon monoxide content of cigarerie smoke is un-
related to the risk of IHD ameng smokers.

All things considered, there is thus very little — if
anyvining — in the empirical studies referred 1o which
supperts the carbon monoxide-atheroscierosis hypoth-
esis. [n the literature, the animal experiments by the
Astrup-Kjeldsen group have plaved a large role, as
these experiments apparently showed increased
atherosclerosis in rabbiis exposed to carbon monox-
ide. However, the group published a reevaiuation in
1978. In these new investigations {211), they were not
able ro confirm the original findings, probably due to
the tact that the original studies were carried our with
small sample sizes and were not blinded. Several

Tabie 3. Resuits of 16 epigermclogic stuaies of cardiovascu-
tar diseases (VD1 ans Carboh Manoxide exposures aCLarBIng
1o tne metnpaclagical quanty af the studies. The latie s based
of. teterances 194, 196-=210.

MethodoloQical quaiity

Degres ot
relatonsnipt x Xx XXX [Tt ] Total
=1 —_— 1 1 _— 2
2 -— 1 1 4
[ —_ 1 1 - 2
- ¥ 3 1 1 ]
k] 2 -— — _ 2
Total s 3 ] 2 1€
* See taoig 1 101 an explanation of the symbols.
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review s, unfortunately, appear not to have been aware
of ths reevaluation. .

Regarding the first of Weir & Fabiano™s three ques-
11ons, guoted on page 150, the following conciusions
can be drawn: i there s no relationship between study
qualiny and support for the hvpothesis: {iil very few
studies are of high methodclogical quality. and these
siudtes 2ive almost no support for the hypothesis: and
Giiythe research group behind the animal experiments
masi often Juoted in support of the hypothesis has
withdrawn its resuhs in view of established flaws in
study design. Therelore, one can only consur with the
vonsiusion of Weir & Fabiano *'that there ts no evi-
dence to support the suggestion that exposure 1o low
to moaderate ievels of CO increases the rate of the de-
velopment of atheroscieroric disease in man. We pe.
lieve that sufficient evidence Is available to support the
conclusion thar. in fact, TO is not of pathogenic con-
sequence in atherosclerotic disease [p 5331 (188).

Concerning the second of the three questions men-
tioned. Weir & Fabiano's conclusion also seems well-
founded: ‘*Acute exposure o fow levels of CO does
result in reversible. nonprogressive, exercise perfor-
mance decrements in healthy and diseased individu-
als [p 32317 (188).

In the present review, | have pot examined studies
on carbon monoxide exposure and cardiac rhythm.
Therefore. 1 refer the reader again 1o Weir & Fabiano.
who concluded: “'ln summary, exposure o CO at
acutely toxic levels results in alierations of cardiac
rhyvthm. probably as a result of the induced hypoxia.
There is no convinaing evidence available 1o suggess
that exposure 1o low 1o moderare {evels of CO affects
cardiac rhythm [p 323)"" (188).

Even if these conclusions on carbon monoxide and
CVD seemn well-founded. there is still a need for fur-
ther — and better — research in this field. In the
epiderniologic area. there is specifically a need for the
following: (1) prospective siudies in which both the ex-
posure and the developmeni of the disease can be fol-
lowed (none of the existing studies have been prospec-
tive), and {ii) studies in which carbon monoxide (s not

an integrated part of a mixed exposure. which 13 the
case with cigarette smoke, exhaust fumes. erc.

Fassive smoking

Fassise smoking has not besen mentioned in a any of
the general reviews on CVD ang environmental 2--
posures, partls due to the faet that almost all research
on passive smoking and chronic diseases — including
iung cancer and CVD — has been conducted during
the 1980s.

Most of the literature on passive smoking and CVD
has. on the other hand. been reviewed in three thor-
ough reviews on the health effects ol passise smok-
ing, ie, the Surgeon General's report {212), the report
from the National Research Council (2311 — bath
from 1986 — and Fielding & Phenow's review from
1988 {214). These reviews all conclude that further re-
search on CVD and passive smoking is needed.

The most important information concerning the
studies which have been published currently on |HD
and passive smoking is shown in wable 3, These studies
have all been published during the period 1981 — 1988
and are all based on a comparison ol the incidence of
IHD in nonsmoekers married 1o smokers and nonsmok -
ers married 10 nonsmokers. Five of the studies
(215—2201 are prospective cohort studies, while the
last one (221 is a case-referent study.

As shown in table 4, the < fies vieided nine esu-
mates of reiative risk. These ¢st.onares varied from .93
t¢ 3.25 with an accumulauon of v&lues 1n the area of
i.24 10 1.3}, The median relative risk for all the studies
was about 1.3, and it is also approximately 1.3 when
only the better studies [(*'xxx'" or “*xxxx'' for quaijity}
are considered separateiy. Oniv few of these relative
risk values are significantly Jdifferent from 1.0 when
they are regarded individually. However, | am, in this
paper, more interesied in the toral pattern that appears
when the studies are viewed as a whole.

A relative risk of 1.3 for passive smoking seems high
in relation to the relative risk of about 2.0 often men-
tioned for active smoking. When comparing the two

Table 4. Reviaw Of tha spidemiciogic Studits On 1SCRemic hear disease (14D) and passive smokng.

Stug RR
Stugy Study aasign Poputatien quh‘;y, for 1HDE
Hirayama (215, 216) 16-year fotlow-up 91 450 women '] 1.24
Gillis et at (217 6-tS 11-yhar {oHow-up 827 men xx t.28
197 women 325
Garlang ar &l (218) 10-yaar follow-up 695 women NAXE 27
Svendsen et al {278) 10-year foliow-up 1 245 man AR 1.64
Helsing &t al (2201 12-year tollaw-up 4 182 men xxx 1.3
9 14 873 women 1.24
Lae &t 2l (221) Case-rafarant study of patants 41 rate IHD panents nxy 1.24
anag 133 refarents
77 female IHD patients 2.9

and 318 relarents

t The critena for methocological Qualily are expiained 10 the text
& Felaiive nsk for IHD among nonsmokers Marriad 1o SMokers compared 19 NONSMOoRErs Marned 10 NANSMokers

252

1628915052



values. one should keep in mund the foliowing three
facts: 13) the relative risk Yor active smohers is usually
vaiculated with nonsmokers as the reference group:
since nemsmokers are almost aiw avs passive smokers,
and not really unevposed. 100 low a relative rish s
sielded 1o active sitiohing: Gib several studies indicate
that the marginal effect per cigarette on the risk tor
THD s highest ar a low level of consumption and is
thus not linear 12223 and (iii) mainstream 2nd side-
stream smoke contain aimost the same components,
but not in the same proportions. One does not know
why cigareite smohking moereases the risk for [HD:
therefore, 115 ditficult to extrapolate directiy from ac-
tve 1O passive smoking.

In evaluaring roday whether there is an increased tisk
for IHD among passive smokers. the biggest probiem
ts nor the staristical uncertainty or other methodolog-
ical difficulties. In fact. the studies in 1able 4 are of
rather high gquatity compared with the other research
refzrred to in this article, The greatest problem must
be assumed 1o be a possibie publication bias. as it can.
with some justificauon. be claimed thar negative
studies were of no interest until a number of positive
studies were recently published. Thetefore, more
methodologically good studies of 1HD and passive
smoking need 1o be carried out and 1o be published
regardless of the result.

In addition to the aforementioned studies of IHD
and passive smoking, there are several investigations
addressing ithe nme lag before the onse: of pain in an-
gina pectoris patients exposed to passive smoking or
carbon monoxide. These investigations have been re-
ferred 1o in the secnion on carbon monoxide since the
incredsed tevel of carboxvhemoglobin is very proba-
bly the factor which provokes the earlier onset of an-
gina. Finally, an abstract was published in 1987 by
Moskowatz et ab (2239, [1 claims that passive smoking
increases the risk of 1HD among pubertai boys.

Esven if more studies on passive smoking and [HD
are still needed, it 1s now reasonable to conclude that
the studies published have a high methodological qual-
ity. that the resulis are refatively consistent (refative
risk for [HD about 1.3), and that a small, but increased
risk for [HD 15 biologically plausibie.

Organtc solvernts
A few of the general reviews treat organic solvents
thoroughty (1. 2, 6, 1G). Others treal the topic more
superficially (3. 7, 9, 11, 13), and some do not men-
ton it at all (4. 5, 8, 12). In those reviews in which
the topic is dealt with, most of the emphasis 15 placed
on the halogenated hydrocarbens {perchiorosthylene,
trichlproethane, trichloroethylene, fuorocarbons,
methylene chioride, and other soivents containing chlp-
tine, fluorine, bromine or iodine). Most of the studies
mentioned have covered acute heavy exposures resuft-
ing in arrhythmia or sudden death.

Cardiovascular effects of exposure 1o organic sol-
vents have also been treated io several special reviews

http://legacy.library.ucsf.ed u/tid/bwaScOO/paf

(224227, Reinhardt ec al 1235) concluded tha: the
sudden dearhs in connection with acute heavy exposure
1o solvents were due 1o ventricular fibrillation due to
sensitization of the heart to epinephrine. The review
by Reinhardt et 2l also inciuded a survev in which the
sohvents were evaluated according 10 cardiac sensiti-
zation properties. The most active group contained
benzene, heptane, chloroform, and trichiorgethviene.
Sterfes's review (226) of the cardiovascular effects of
inhaling anesthetics 1s very thorough, listing 201 refer-
:nces. [n addition. the review by Zakhari & Aviado
(2271 on the cardiovascular toxicolopy of halogenated
hydrocarbons it both thorough and comprehensive
(218 references and a very useful appendix with chem-
ical formulas and properties).

The empirical basis for the aforementioned reviews
consists primarily of animal experiments, which [ have
not discussed in this review, several case repor:s, and
a few epidemiologic studies.

There are two (vpes of case reports. They dezl with
exposure to very high levels of solvents sither in con-
nection with glue sniffing or in connection with oc-
cupational exposure. Glue sniffing has primarily been
practiced by teenagers (224, 228—232), and many sud-
den deaths have been reporied in both the United Stares
and the LUnited Kingdom. although a clear under.
reporting is likely since no anatomical changss can be
abserved in deceased persons. In some of the cases
described, the strongly affected young *'sniffer”” stood
up. started running, and then dropped dead (228).

The occupational case reports deal with workers
who, in most instances. have been exposed 1o very high
levels of solvents (231, 233=237). Most of the case
reports concern the sudden death of healthy men
20—50 years of age afier exposure to chlorinated sol-
vents, but also after exposure to benzene (234} and
methyl-cellulose paint {233). These case reporis have
many features in common. and several of the authors
suggest that underreporting probably 1akes place with
respect (0 this type of exposure also.

in addition to the case reports mentioned, five
epidemiologic studies have been found (238~~242).
They were published during the period 1975—1988,
and there is no indication of increasing rescarch ac-
tivity in this area despite the increased interest in or-
ganic solvents. The methodological quality score for
these studies is medium {*'xx"" to “*xxxx"").

Speizer et al (238) studied the residents in a hospi-
tal pathelogy depariment who were exposed to fluoro-
carbon aerosols during the processing of cryosiar sec-
tions and used radiclogy deparument employees as the
reference group. They found @ much higher prevalence
of paipitation among the pathology residents and also
2 dose-response relationship between exposure to
flugrocarbon 22 and the prevalence of palpitation.
Moreover, resting electrocardiograms and 24-h elec-
trocardiographic moniioring indicaied premature atrial
contractions, paroxysmal atrial fibrillation, and an in-
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crease n premature wentricular beats. These results
were unespested imoa group of voung, healthy adults.
hramer 2t al 1239 examineg L3 industrial workers
who had been exposed (o 1.1, l-trichioraethane and L 51
matched referents. There was no difference with re-
gard to electrovardiography, blood pressure. or serum
chulesierol, Most af the persons evamined were
women. and most were below 35 vears of age.

Blair et al (240) examuined the distribution of causes
of aeath among 1) deceased dry cleaning workers ex-
posed 10 tetrachioroerthylene. For CVD, a proportion-
ate mortality ratio of 79 was found. significantly less
than the “'zxpected " vaiue of (K}, The proportionate
mottality rano has well known limitations, and this
negative study onlyv scored **xx'* for study quality.

[ the historical prospective study by Wilcosky &
Tvroler (2411, the mortality of 1283 workers exposed
o several different solvents was analvzed. An excess
frequency of deaths from [HD was found among
workers who had been exposed 1o vcarbon disulfide,
ethanol. and phenol.

Finallv. Eskenaz et al (242) studied the prevalence
of adverse pregnancs complications among 90 women
exposett 10 orgame seolvemis and 180 unexposed
matched referents. They found a sienificantly higher
proporuon of women with preeclampsia (a disorder
of pregnancy characterized by hypertension, edema,
and proteinurial and hypertension among the exposed
women.

These ¢pidemiclogic studies are very different with
regard to exposures. study design, and study end
points. Therefore it is not possible 10 draw any con-
clusions on the basis of these investigarions. No studies
of occupational mortality have found increased CVD
martality ameng painters of other groups exposed to
organic solvents. It is, therefore, not very likely that
ofrganic solvent exposure at moderate levels increases
the risk for CVD.

Carbon disulfide
Carben disulfide has been mentioned and recognized
as a risk factor for IHD n virtually all reviews of CVD
and environmenial exposures published during the last
20 years. As will bacome apparent, this unique scien-
tific consensus 1s primariiy due 1o the Finnish study
of viscose rayon workers, which was conducted by
Hernberg, Nurminen. Tolonen, and their co-workers.

The first researchers to call attention to the relanca-
ship between carbon disuifide and {HD were Tiler et
al, who in 1968 published their study of moriality
among viscose rayon workers exposed to carbon dis-
uifide (243). 1t actually consisted of two studies, one
of the proportion of |HD deaths among workers from
three factories, and the other a historical prospective
moriality study of a cohort {Tom one of the factories.
Both studies showed a positive refationship between
carbon disylfide exposure and 1HD morializy.

The resuits from the study on Finnish viscose rayvon
workers have been published in many articles during
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a 15-vear period (244—2531 Furthermore, the atuds
has been used as a pedagogicai example 1n one ot the
fen textbooks on the epidemiology of occupational
mediving (254}, The study was a 15-vear follow-up of
two cohoris with 343 men in ¢ach. The study cohort
was exposed to carbon disulfide in a viscose faciory.
but otherwise resembied the reference cohort. whieh
worked at another factory in the same town. Artar
about five vears of follow-up. a relative risk of £.6 for
coronary deaths was determined for the esposed group.
This {inding resulied in several different intervennons
to reduce both the carbon disu!fide leve! and the ex-
posure of the individual workersin the viscose ractory.
Eight vears after this intervention the relative risk was
approximately one (248).

This exemplary epidemiologic study was scored
xxxxx'' for quaiity. fris 2 prospective study over |5
veats with good conlounder control. reasonable knowi-
edge of past and present exposure. many relevant study
end peoints, a good, ciear and understandable analy -
sis. and intervention (reduced sxposure) that was fol-
lowed by the expected reduction in the disease studied.
The studv demenstrates that it is possible 1o convince
the scientific community of a causal relatienship via
a "'small'’ studyv of 2 x 343 persons i one has weil
seiected study groups, 2 good analysis. and a lor of
patience. .

The relationship between carbon disulfide and [HD
has been confirmed during the 19805 in Amerikan
studies (255, 256), of which the latest (286) s the largest
ever undertaken, the cohort studied comprising more
than 10 000 workers.

Since the causal relationship between carbon disuf-
fide and IHD is. with good reason. generally accepted.
there is po reason 1o go into mere dewail. References
to additional studies on this subject can be found in
the very exhaustive reviews which have been published
[257-—261).

Nitroglycerin and ethylene giycol diniirate
fritroglyecol}

The relationship between heart disease and aliphatic
nitrates is mentioned in virtually all raviews on CVD
and environmental exposures, and it is one of the few
relationships which all authors regard as definizively
demonstrated. Nitreglycerin has been used both in the
medical industry and for the production of dynamite
since the middle of the last century. Ethylene glycol
dinitrate has been used together with nitrogiycerin for
dynamite production since the 19305, as ethylene glycol
dinitrate improves the quality of the product and is
cheaper. However, sthylene glycol dinitrate is far more
toxic and more volatile than nitroglycerin.

The first siudies of the relationship between nitro-
glycerin/ethylene glycot dinitrate and beart disease
were published in Germany and ltaly in the 19505 (262,
263). They were case descriptions of the phenomenon
which has later been called **Monday morning angi-
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na' or *‘londas morning death.”” The nonfaral cases
are aitack- which resembie angina pectorns, bui which
are nul prosohed by evercise or psschic arousal. The
attachs ocour -3 d arter exposure e nitroglveenn:
erhvieny ghhoobdimitraie ceases. and consequently the
Jevignanor rnnraie withdrawal ~ompioms’” has besn
wsed, This expression wosers vanous conditions, such
Iy ANINU. COTenan spa~m. myocardial inrarction, ar-
rhathmea, and sudden death. In those instances 1n
which autopss wa~ performead. normal coronary ar-
teries were found.

Simaiar case reports Rave been published in other
countriey (264—266), and Morion's comprehensive re-
view fram 1977 (287 conrains an excellent review of
the literature voncerning withdrawal hazards related
to oucupational habituauon 10 aliphatic nitrates (74
references). 1t appears from Morton's review that, dur-
ing the period 195321973, articles were published
abcur Monday meorning aitacks in Germany, lraly, Ja-
pan. France. Sweden. Czechosiovakia. the Sosiet
Umon, and the United States. [t appears furthermore
that the firs) Aamerican descriprion was not Carmichael
& Lieben's arncle from 1963 (264, as Tormeriy be.
lieved. but an article from 1943 by Foulger {268). Foul-
ger's article on "tewposure to toxic chemucals’ did not
meniion. howeser, thal it concerned niirogiycering
ethviene giveol dinitrate. (See. in addition. the cor-
respandence between Foulger and Morton (269) and
Morten’s article on the ethical problems of conceal-
ing medical know ledge within occupaticenal medicine
{270

Half a vear afrer “orron's review, Hogstedt &
Axelson (271) inroduced a new era in this research by
publishing the first iruly epidemiologic study. It was
a vase-referent study which was later supplemented
with a prospecriv e study {272) and with hygienic mea-
surements {273). which together with two additional
articles formed part of Hogstedt's thesis (274), In these
warks of high epidemiclogic quality. it is documented
'n a convincing way thar exposure to nitroglycerin/
2thy lene glveol dinttraie not ondy causes symptoms. dis-
vases. and deaths due 1o nitrate withdrawal, but alse
rarses the risk for CVD many years after the cessation
of exposure.

Hogstedt's results have been confirmed during the
1980s by two other investgations (275, 276}, both of
which are historical prospective studies. In these
studies, more CY D deaths were found than expecied
among the exposed workers despite preemployment
screening and- or medical my.mtoring of the employees.

Thus it is now ciear that nitroglycerin and, especial-
iv. ethylene giycol dinitrate increase the risk for CVD
in the following two ways: partly via the specific
“‘Monday morning attacks™ due to nitrate withdraw-
al and partly via an increased risk for CVD which per-
sists tong after the cessation of exposure. This double
effect is described 1n 2 few of the reviews, such as
Fine's (1) and Kurppa er al’s {6), while reviews on the
1opic were still being published during the 19805 which
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only or almost exclusively Jescribe nitrate withdrawal
and '*Monday morning artacks™ {2, 3. 5. 277

Qther chemical substances and compounds

This section briefly reviews sarious studies concerning
CVD and other chemical substances — areas in which
only a few studies have been vonducted of in which
several ‘competing™ exposures ocour in the same
study.

Dinteroroluene. In 1986, Levine et al (278) published
a historical prospective study of workers in twop fac-
tories in which the empiovees had been exposed 10
dinitrotoluene (278). As in so many other instances.
it was a suspicion of carcinegenicity which mortivated
the study, but no in¢reased incidence of cancer was
found among these workers. However, an increased
incidence of [HD{SMR 14]) appeared when the data
from both factories were combined, with a relation-
ship between the duration and the intensity of the ex-
posurs and the incidence of [HD. According to the
authors. only very few of the workers had been ex.
posed 1o mitroglvesrin or sthylene glveol dinitrate.

Crganophasphares. Two cross-sectional studies — one
Danish 1279 and one Indian {280} — have shown an
increased prevalence of ischemic' elecirogardio-
graphic changes among workers exposed 1o or-
ganophosphates. The Indian study included 155 ex-
posed persons and 60 referents, while the Danish in-
vestigarion included 446 workers, of whom [14 were
classified as heavily exposed. In the Danish study, the
higher prevalence of electrocardiggraphic ¢hanges
among the heavily exposad individuals remained afier
conirol for age and smoking.

Anvimony trisulfide, Inthe work by Brieger et al from
1954 (281}, a {actory was mentioned in which 125 men
were exposed (0 antimony trisclfide for eight months
to two years. During this period, eight of the workers
died suddenly. Two of the deaths were due 1o chronic
heart disgase. Four of the deceased were under 48 years
of age. Because of this finding, the workers were ex-
amined, and elecirocardiographic changes were found
in 37 of the 75 examined, A review of the literature
on animal experimeants with antimony trisulfide seemed
10 show that the substance is cardiotoxic. At the fac-
tory siudied, the use of antimony trisuifide was
stopped, and no further sudden deaths were observed.
In 12 of 56 reexamined workers, the observed elec-
trocardiographic changes persisted. No other studies
on antimony trisulfide were found in the literature.

Berpilium. In a historical prospective study by
Wagoner #1 al (282), morality was investigated in a
cohort of 3055 warkers who had been exposed 10 be-
rylliurmn. Despite an assumed healthy worker effect, an
SMR of 113 (P <0.0%) was found for heart disease in
comparison with the mortality of American white
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males. The highest value (SMR 129) was recorded for
those exposed {or at ieasr five years.

Poiveyelic aromaite Compounds. In a case-referent
study (283) of 6000 men employed by a primary alu-
minum srneltery. there were 106 new cases of IHD dur-
ing the period 1975— 983, The persons concerned
were compared with 575 matched referents. Among
the blue-collar workers, a relative risk for IHD of 2.1
was found. The risk was particularly elevaied among
workers employed in the reduction divisions, These
workers had a relanve risk of 1.7 for IHD when com-
pared with the remaining biuve-collar workers. Unfor-
tunately, the referents were matched for duration of
empiovment, and this rype of maiching prevented the
researchers from uncovering a possibie relationship
with the duration of the exposure.

Boih a Danish (284) and a Swedish (285) mortality
study of chimney sweeps found an excess frequency
of THD. The Danish study cohort consisted of 713
chimney sweeps, and the SMR for THD was 222 when
employed men were used as the reference. The Swed-
ish study cohort consisted of more than 3000 chim-
ney sweeps, and the SMR for THD was found 1o be
138 when all Swedish men were used as the reference
group. In both instances, the excess was significant at
the 5 %o level.

In a historical prospective study of gas workers,
Gusravsson & Reuterwall (286) found excess mortali-
ty due to IHD {SMR 125) and siroke (SMR 152). In
this study, occupationally active persons in Stockholm
were used as the reference group. Due 1o the small
numbers, these results were not statistically significant.

Common for aluminum reduction workers, chim-
ney sweeps, and gas workers is that they are exposed
10 combustion products. According to several authors
(6, 284, 286), it can be hypothesized that polyeyclic
aromatic hydrocarbans or other polyeyelic aromang
compounds are not only carcinogenic, but also increase
the risk for IHD. This assumprion is in accordance with
the monocional hypothesis of atherosclerosis proposed
by Benditt & Benditt (287). according to which
atherosclerotic lesions might be derived from the
proliferation of a single cell and could be considered
to be benign tumors. The excess frequency of both
IHD and lung cancer among Danish cooks and bakers
(288} in the national Danish mortality study further
supports this theory, as it must be assumed that many
working in these trades are exposed to polycyelic aro-
matic hydrocarbons.

Coneluding remarks

During my collection of the material for this review
of the literature, [ found no additional studies that
could be judged as sufficiantly relevant for inclusion.
Since, of course, the judgment of which studies are
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to be regarded as refevant is inevitably subjective, the
readsr may wish [0 supplement this review with other
comprehensive ones dealing with CVD and chemipa]
exposure (1, 2, §, 6, 9, 10). -

In 2 recently published article (283) concerning
chemical exposures at work and the risk for IHD, the
authors wrote: '‘Several personal risk factors are
known 1o contribute to the development of IHD, bur
the effects of adverse working conditions have re-
mained almost unexplored [p 639} (253). This is a very
widespread conception, but both the present review of
the literature concerning chemical occupational fac-
tors and CVD and the previous article concerning non-
chemical factors {14) have shown thar the conception
is not completely correct. Hundreds of studies, in fact,
have been carried out in this field, and, in several areas,
knowledge today is considerable.

The present review has, in some areas, confirmed
other reviews of the literature, while in others the con-
clusions reached are contrary to the curzent view, For
carbon disulfide and nitroglycerin/ethylene glycol dini-
trate, the general opinion is confirmed. In these areas.
studies have been conducted which have convinced vir-
tually everybody about the causal relatianship betwesn
these substances and CVD. [t should be emphasized
that what has convinced the scientific community is
not the number of studies — as a marter of fact, there
are very few — but the high methodolegical quality
of the studies.

For irad and passive smoking, this review concludes
more positively than others. The research concerning
lead and CVD is very oid, but not until recently has
it been H*discovered’” in earnest, This phenomenon is,
to a large extent, due 1o the remarkable resuits con-
cerning low-level lead exposure and blood pressure
from the National Health and Nutrition Examination
Survey [[, which were published in highly estesmed
journals (70, 72). The research concerning passive
smoking is new, and there are stili relatively few
studies, but they have a high guality and the results
are consisient.

[n other areas, the conclusions are more negative
than usual. especially for cadmium and carbon monox-
ide. The research concerning cadmium and CVD is
generally of poor quality, but the few good studies,
together with the fact that tobacco smeking is not a
risk factor for hypertension, makes it reasonable to
conclude that cadmium is not a CY¥D risk factor. For
carbon monoxide, the situation is more complicated,
since there might be acute, short-term, and long-term
effecis. It is concluded that chere are acute effects and
possibly short-term, reversible effects. but that carbon
monoxide does not increase the risk for atherosclero-
sis in occupationally exposed individuals,

In table 5, an attempt has been made o classify the
possible cardiovascular risk factors which have been
reviewed in this and the previous article. The basis for
this classification is the view that empirical relation-
ships are nos “*proved” once and for all. Hypotheses
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are confirmed or imvalidated through the collective and
cumulative work which researchers carry out. and svs-
tematic oritical reviews of the literature consutute an
ever mare imperiant part of this process.

Several of the faciors mentioned under “*very defi-
nite” and guite definite’ 1n 1able 5 are widespread
in industrialized countries. This is true for physical
inactivity ar work. noise. shitt work. work strain. lead.
and passive smokine. Evenif the relative risk for CVD
connected with ea.n of these factors 1 modest (from
approxunatedy 1.1 1o 2.0), the total eriologic fraction
tattributable rrsk) will be considerable, and therefore
the porennial preventive benefit 1s great.

Now the classic question *'1s enough known (o use
this knowiedge for preventive activiiies? " arises. This
15 naturaliy not 3 sciencific question but is still ang with
which researchers are ofren confronted and are ex-
pected 1o be abie 1o answer. One answer could be thar
enough is known about the factars which have besn
mentioned under *“very definite’” and **quite definite™
in table 5 to initiate prevenuon. There could however
be a nsk of making a mistake since one or more of
the eight risk factors mentioned, at some point in the
future, might prove not to be 2 risk facter for CVD.
With respest 10 this possibility, the foliowing two
points are worth making: (1) if one chooses not to act
until one has ** 100 %o certain evidence,” one is likely
16 make mistakes which have serious conseguences for
the health and mortahity of many people, and {ii} the
factors which have been mentionad in table § are all
risk factors for disezses other than CVD. [f one or
more should prove not 1o be a risk factor for CVD,
there would still be a positive effect from reducing of
removing these ractors.

It should be emphasized that table § only incledes
factors which have been mentioned in the literature as
possible risk factors for CVD, The absence of evidence
about a causal relationship should. of course, never
be confused with evidence about an absent caysal rela-
nonship. Bt should further be mentioned that the ta-
ble deals with levels of exposure which occur **nort-
mally'" at workplaces in Europe and North America.

Marmot & Theorel! (289) recently claimed that psyv-
chosocial strain at work is probably part of the expla-
nation for the negative correlation between social class
and CVD incidence which is seen in industrialized
countries. In their review, they emphasize Karasek's
job strazin model. The deliberations by Marmot &
Theorell are an important supplement and corrective
to the prevailing explanations which virtually always
have their starting point in individual risk factors. {t
should be stressed, however, that not only job strain,
but aiso several of the other faciors mentioned in ta-
bie 5. are more widespread in the lower social ¢lasses.
Therefore changes in the work environment might con-
iribute 10 the effores 1o raduce the social inequiries in
morbidity and moenality which constitute an impor-
1ant target in the program '"Health for All by the Year
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20007 of the World Health Organization and in the
health pelicy of many individual countries.

Finally. some remarks on the form and content of
literarure reviews within medical research. [1is true for
most reviews that the critera for collecting the |fera-
ture and for evaluating rhe individual studies are ner-
ther #xplicit nor svstematic. The most commaon mode
is that the authors of the review mention some post-
tive and negative studies, observe the evident lack of
vonsensys, and conclude thag further resqarch is neces-
sary, This kind of review does net live up to elemen-
tary scientific demands and does not contripute to the
development and clarification of research.

One of the consequences of the steeply rising num-
ber of scientific investigations all over the world is that
researchers and other persons become ever more de-
pendent on reliable reviews of the existing literature,
Therefore reviews must try to live up to the demands
for validity, reliability. precision. and reproducibitity
which are in foree for 1 individual empirical studies.
To the extent that reviews do live up ta these scientif-
ic demands. they will be able to serve two very nobie
purposes: (1) the clarification of {uture research needs
(one must not think only of stréssing the ever pretent
“need for more research.™ but of a sharper clarifica-
tivn of hypotheses. meihod and design problems, mea-
surement problems, etc) and (i) to indicate those areas
in which the evidence is so “'certain’’ that preventive
aclivities ought not be postponed further. In this con-
neciion. it should be pointed oul that some uncertainty
must alwavs be accepted, as 15 the case in other hu-
man and social contexts.

As is noted in this and the previous article (14), sev.
eral reviews have been published in recent years in
which atiempis have been made 10 live up to the men-
tioned demands (5, 27, 188, 280—2%6). One must hope
that development in the direction of more systematic
reviews will continue in the years to come,

Table 5. Classitication of possibie rigk factors 1or cardiovas.
cular giseasa (CVD) in the work enviroament.

Gausgl reialion Risk tactor

w0 GvD Nohchemcai Chemical

vary salirite PrysSics INacivity Caroan disuliige nire-
at work @ivcenumtroglycs!

Quite getnite Work strmn figh Lead* pastive
demangy g iow ;. -O0Ing
Tiusnce), 3hiht work,

Possibis neas CouMl. arsenit,

cembuslion progucts

Sompwnat wHealt irradiabion. Organaphrolphates. &

paspble power frpquency mag:  mitotoluet. aNLIMONY.
netic heas. 19w beryibum, Carbon
Hreouency nouse MOADA

Probanty no Microwiees. coidy Cagmium, organtic

relatiansnip otveniss

2 (RCreases Lha nas tor CWD through Ncragsed Diood pressure.

8 HLEN vl BxD0IUTE TAY DO BN FEGSC ALY when ComBbined with oim
wr ek 2GS

S HIGH-IEvE) #XO03UTE MAY TR CATOLEC JITRYThm:a and 3aden death
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