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- CARBON DISULFIDE AND ISCHEMIC HEART DISEASE:

A REANALYSIS OF ’IHE SWEETNAM (1987) AND PRICE (1997) DATA

| Summary

We reanalyzed data from a published study to characterize the dose-response relationship

between carbon disulfide (CS;) exposure and ischemic heart disease (IHD) mortality. Among i

the studies identified by OSHA for its carbon disulfide assessment, only'that by SWeetnam ot al :

(1987) reported the cross-classification of a cohort by CS; eXposure scores and IHD mortality

necesSary for dose-response modeling. This cohort consisted of 1,664 men with at least 10 years
~ of work experience in the viscose rayon industry who were occupationatly exposed to CS, for at

least one year between 1945 and 1949 and followed for ]HD'mortality through 1982. :Average |

CS, exposures for this cohort were reconstructed by Price et' al (1997)k using external data :
because direct air samphng measurements were not avallable Although these appeared to be the7
best ava11able exposure data, the fact that they were obtalned from other cohorts added add1t10na1 |
uncertainty to the estimates of exposure for the Sweetnam et al cohort This uncertamty carned

over into our estimates of the dose-response relatlonshlp and attributable risk of IHD mortahty

for CS,.

Using Standard‘ statistical 'methods, the dose—respOnse “relationship for the relative ﬁsk of
death due to IHD ‘was characterized using three‘ exposure measures; curnulative CSz cxpOSure
cumulative CSz exposure during the mostrecent 2 years and averagﬁ CSz exposure durlng the
most recent 2 years A stronger dose~response trend was observed for recent CSz exposure (both

cumulative and average exposure during the most recent 2 years) than for cumulatwe CSz :



eXposure. A signiﬁcant linear trend was found for averaoeexposure during the rnost‘ recent 2
years as hrgh as 61 ppm or 43 ppm, but not for 26 ppm or 1ess The assoc1at10n between CSg
exposure and THD mortality was much diminished after 65 years of age compared to 1nd1v1duals:
younger than 65.

The data were consistent with an exposure threshold at an'occupational (time—wei ghted 8- " ‘
hour average) exposure to CSz of 26 ppm, a higher level than the current legal perm1581b1e -
exposure level (PEL) of 20 ppm The data were also consistent w1th an approx1mately linear

(eb "% relationship between CSz exposure and the relative risk of IHD mortahty Assummg a

linear relationship, we estlmated the add1t10nal nsk of IHD mortallty attributable to constant = -

lifetime occupatlonall CSzt exposure._ leenb_that the actual lifetime probablhty of dying from_v |
IHD in the United States is approximatety 30%, this analysis suggested that constant lifetime . 3
occupational exposure to CSZ at 5, }10, or 20 ppm theoretiealljt could increase this probability to -
30.1%, 30.3%, or 30.6%, respectively. The corresponding risks attrihutable to CS; exposure are |

equal to or less than risks associated with other PELs recently issued by OSHA.

Introduction

On behalf of the Amencan Chemlstry Council Carbon Drsulﬁde Panel the K. S Crump L

vGroup conducted an assessment of potentlal risk of cardlovascular dlsease assocxated with
| occupational exposure to carbon dtsulﬁde (CSZ) OSHA 1dent1ﬁed the key studlesl s for 1ts
carbon dlsulﬁde assessment ata meetlng with the Chemrcal Manufacturers Assoc1atlon Carbon
‘» _bDlsulﬁde Panel (now the Amencan Chemrstry Counc1l Carbon Drsulﬁde Panel) on Apnl 5

2000. The K S Crump Group was dlrected to conduct 1ts assessment using the same studles



1dent1ﬁed by OSHA and using models consistent w1th the mechanrsm bof actron sug gested by -
those studies. |

Among the studies identiﬁed by OSHA, only that by Sweetnam et all met the minimum
criteria necessary for dose-response modeling: cross-classification of a COhort‘by' quantitative”_
CS; exposure and disease occurrence;" SWeetnam et al (1987) conducted a retr'ospective cohort
| analysis of 1,664 men with at least 10 years of work experience in the viscose rayon industry.-
These men were occupationally exposed to carbon disulﬁde for atdleas‘t one year'during 41945-49,
;a’nd were followed through 1982 for mortality due to ischemic heart disease (IHD)." We
reanalyzed,the results published by Sweetnam et al to characterize the dose-response reiationship k:

between CS; and [HD mortality.

Statistical Methods

Sweetnam et al assigned CSz 'exposure scores to workers based on an ordinal rating of
CSz exposure intensity (O*"‘no exposure” to 4—-“h1ghest exposure” , multlphed by the number of |
months spent on a particular job, and summed over all jobs.' These scores reflect both 1ntens1ty
and duration of ‘exposure. Price et al (1997) used these exposure scores and the C82 air
concentrations reported in 15 other’published studies to estirnate upper and lower bounds for“ |
average CS, eXposure (in ppm) for thrs ‘cohort, The ’reader can refer 'to Price ‘et al for more _
detarls of the exposure assessment methods - £

Standard statlstlcal methods vt/ere used to- charactenze the relatlonshlp between
occupatlonal CSz' exposure and death fromrrs‘chemrc heart drsease‘ Porsson regressron is the ‘.
r method of choice for quantltatlvely charactenzmg the assocratron between categones of an

~observed exposure and counted outcomes such as the nurnber of cause-spccrﬁc deaths Poisson



regression results based on the Sweetnam dara were eombined wirh U.sS. 'mor'tality: rates for [HD
to estimate the additional risk of THD mortali'ry 'atvtributable‘to constant Iifetime oecup‘at‘ional CS;
exposure at speciﬁed levels (5,10, 20 ppm).. Thesevmethodswill be eXplained in_rnore detail
below. | | |
The Porsson regression model was used to estimate the relative risk of THD rnortaliry, as

approximated by the standardized mortality ratio' (SMR)_, associated with average CS?eXposure
in this oecupationalicohort. The number of observed deaths due to IHD was 'modeledas the
outcome variable. CS, exposure was modeled in threev altemative_ways: D cumuiative exposure ‘
(ppm-years), 2) cumulative exposure dunng most recent 2 years (ppm—years) and 3) average
exposure durmg most recent 2 years (ppm). These exposure measures were dlctated by the data
presented in Sweetnam et al.! Each of these measures was modeled as a grouped ‘hnear variable .
in separate models.! k | ’

- The observed number of IHD deaths was rnodeled as a Poisson vanable with expected
value equal to the‘ expected number of IHD deaths based on populatlon rates multiplied by,e”’ D,
where b is the regressmn coefficient and d is the CSz exposure variable included in the model.
" The model assumes that the numbers of observed deaths in drfferent exposure categones are
independent and Poisson distributed. The intercept was assumed to be zero, whlch is equrvalent
to ﬁxing the SMR equal to 1 among non—exposed; The adequaey of the dose-response regression
model was evaiuated by _applying the. Poisson goodness-of-ﬁt cbi—s-q‘uared, test to each ‘ﬁtted

“model. All regreésionswere performed usingvthe Stata statistical software.®

! The analysis conducted by Sweetnam et al presumably utilized a categorization of person-years rather than

persons. For example, to categorize data according to cumulative exposure during the most recent two years, each '
person-year of observation of each subject was assigned an exposure equal to the cumulative exposure to CS; during
the most recent two years prior to that person-year of observation. These exposures were then used to categorize
each worker’s person-years of observation and his resulting mortality experience. For example, if a worker retired

at age 65 his person~year of observation between the age of 70 and 71 would be a551gned zero cumulative exposure




Additional nsks of IHD mortahty from vanous po51ted theoretlcal exposures were
estimated using a life table approach based on 1997 rates for IHD mortahty in the U.s. general
population. Rates for 1997 were used in order to make the estimates more apphcable to current :
and future workers. Addltlonal risk atmbutable to constant llfetlme occupatlonal CS;_ exposure‘
(age 20 to age 65) was estlmated by P(1) - P(0), where P(l) is the lifetime probablhty of dymg‘
from THD while exposed to a spec1ﬁed constant leVel of CSz, and P(O) is the Iifetime baselinev '
probability of dying from' IHD in the general population. CSZ exposurewas evaluated at levels
of 5 ppm, 10 ppm and 20 ppm. Using the life table approach,‘ P(O) is computed recursively as
the probablhty of dymg ata partlcular age condltlonal on surv1v1ng up to that age, summed over

all age strata (in 5-year categones) P(l)isa modlﬁcatron of thlS probablhty in whlch the age-

specific IHD mortahty rates are multlphed by e(b ")

where b is the regression coefficient from
the Poisson analysis of the Sweetnam et al data and d is the appropriate exposure measure, taking

into account the exposure measure used in the Poisson regression, the age category, and the

' assumed occupational exposure pattern. - For example if the age'category was 45-50 years the

exposure measure used in the P01sson regressmn was. cumulatlve exposure dunng the most

recent two years, and the exposure pattem was 10 ppm begmmng at age 20, then d=20 ppm-

years Because the exposure of interest is occupat10na1 the hfe table was constramed 80 that

exposure is 0 before age 20 and after age 65. The hfe table approach models the attrition from -
~other causes *of death; thus it was not necessa_ry to assume a‘typlcal_ value for a human hfespan" |
 (e.g., 70 years) in thlsanalys1s The v95%vboor1fidenoe'v intervals for addttional nsk were eomputed :
using the 95% confidence 1imbits.“for thevP:oiss,on regression coefﬁoients ir1 the same life"table :

method.

 during the most recent two years. Note that the term “recent” is relatlve to the person—year of followup under :
consideration, and does not refer to absolute calendar tlme




Results

| Table 1 summarizes the SMRs for ischemic heart diSease associated vvithr the maxirnum
and minimum estimates of average CS; exposure reported by Price et al.” A dose-response trend
appeared more pronounced for more recent CS, exposures.‘ These trends are depicted _in F1 gures _
1-3»for cumulative exposure, cumulative eXposure in the most recent two years, and average
exposure during the most recent two years, respectively.

Table 2 preserits the Poisson regression‘ results for assor:iation between e‘ach CS,
exhos_ure metric and THD rrxortality; The reported coefficients are statistically significant if the »
95% conﬁdence intervals exclude zero, which was the case for each exposure metric. The
regression coefficients for association between cumulative CS, eXpoSure in the last 2 years and
IHD mortality ranged from 0.0039 (for estimated max1mum exposure) to 0.012 (for estlmated
minimum exposure) both of which were statlst1ca11y s1gmﬁcant The coefficient 0. 0039 may be
1nterpreted as follows: a group of workers with cumulative CS; exposure durmg the most recent .
- two years that was 10 pprn-years higher on average than a‘ eomparison group of vvorkers had a
relative risk of death due to ischemic heart disease of e(10)(o.003'9) = >1.04, or a 4% ihcreased ﬁsk of
this outcome. |

The goodness-of-ﬁt chl‘—squared tests were noh-srgnrficant for each ﬁtted ’ model

1ndlcat1ng that the data did not depart s1gn1ﬁcantly from the assumed hnear dose—response e®” )
However, as Figures 2 and 3 suggest, the data'were also cons1stent w1th other dose—response‘
‘relationships including a threshold' resp()nse. “We teStedfor a threSh'old relattonShip, or 2 10

| observed effect level (NOEL) using the followmg procedure We tested for .a linear do"se-"

L response trend afier removmg the highest average current (average over the most recent two




years) exi:»osure level (61 ppm) ‘from’the Poisson regreseion rriodel.} Ifa sfgniﬁcént result was
obtained, we removed the next-highest average current exposure level (43 ppm) end agéin tesfed
for a linear dose~response trend. We‘repeated this process ﬁntil we found the higheSt exp’os‘ure
level at :whvich there was no significant linear trend. We fou‘nd a sighiﬁcan’t 1ineai' trendkfor
averege eXposures‘ during the most recent‘two years as high as 61 ppm or 43 ppm, but not for 26
ppm or less. Thus no effect was observed for occupational expo‘sure to CS; as higﬁ as 26 ppfn. |
The resuits of th1$ formal statistical analysie are confirmed by Figure 3 which clearly shows thet
the obsefved SMR did not begin to increase until average expoSuire during the most recent two :
years reached approx1mately 43 ppm..

~ Table 3 presents the additional nsks and 95% confidence mtervals‘that Were estlmated
using the linear model. A geometric average of the add1‘;1ona1 nsks for maximum and mlmmum :
exposure was computed : as a summary. result. Statistical significance of “ additional vn'sk}
necessarily correspond_s to that’, of the corresponding regression coefficient. The esﬁmated excess
risk of IHD mortality from continuous 'oceupational CS, exposin’e between the ages of 20 and 65
to 5 ppm, 10 ppm, or 20 ppm was 1.4 per ‘thousz.mvd, 2.9 per thousand, or 6.3 perb thousa‘nd,\v

respectively.

Dlscussmn

The methods used in this analy31s assume that the risk of IHD mortahty 1S proportlonal to
CS; exposure and higher in persons with higher background nsks Goodness of- ﬁt tests (Table .‘ 7
2) 1ndlcated that the data were conslstent _w;th/these assumpt;ons. However, these data were also -

consistent with other dose-response relationships, including a threshold response. As indicated -




| in Figure 3, no effect was evident Whenever,'CSZ exposures during the’ most recent two years-
were below 26 ppm. | | |
‘Although th.e'data from Sweetnarn etal' and Price et al’ appeared to be the best available d |
for dose-response modeling of CSZ exposure and THD mortaiity,' they also " had considerablev :
limitations. Sweetnam s 3551gnment of ordinal exposure scores accordmg to _]Ob descriptlons
was adm1tted1y crude; although it was based on area monitonng data no CSZ air samphng :
concentrations were reported. Price 'reconstructed CSZ air concentration estimates usmg air -
sampling data from 15 other studies conducted from 1941 to 1995. The coupling of these -
external measurements to Sweetnamp’s €XpOosure scores introducedadditi.onal uncertainty to the
estimates of CS, exposure on which the present analysis is based.
Nevertheless, these data do suggest some insights into the biologic mechanism by Wliich :
kCSz ‘may be involved in cardiovascular disease. | If CS, promotes 'atherosc1erosis' through
impaired lipid metabolism and increased blood pressure, one would expect mortality from THD
to remain high even when exposure has ceased. In these data, the' essociation between' CSZ
exposure and IHD 'mortality was much‘ diminished after age 65 years compared to individuals
younger than 65 (data not shown) This is consrstent with the hypothesm that the cardiovascular |
effect of CS, is direct and reversrble such as thrombos1s or arrhythmla and may subside aﬁer"
- exposure ceases. This hypothesis was further supported by the fact that IHD mortahty was more
strongly associated w1th C82 exposure durmg the most recent two years than w1th total‘i
cumulative exposure. If the predomlnant blologlc effect of CS; is d1rect and rever51ble thenb
more recent exposures are the most important for,_nsk assessment. The‘present analysis found a :. |
r dose-response relationship between recent CS; e)rposures (both cumulative exposureduring. the

most recent two 'years,_ and average exposure during'the_ most recent two years) and THD




mortality that was consistent both wrt}r a hnear response i ) and w1th a no-’observed-effeot—‘ '
level (threshold) of 26 ppm. . | | ‘
If a linear dose-response relatlonshlp is assumed our rlsk assessment besed on
cumulative exposure during the most recent two years resulted in best’estlmate risks ra'ngmg '
from 1.1 to 3 6 per thousand from hfetlme occupatmnal exposure to 5 ppm CSz, from 1.9t0 6.4
per thousand from 11fet1me occupational exposure to 10 ppm CSz, and from 3.6 to 13 per
thousand from lifetime occupational exposure to 20 ppm CS; (Table 3). R.l_sk estimates based on |
average exposure during the most recent two years were very sirnilar. To pﬁt these risks into
vperspective ‘we searched the literaturé for estimated mortality risks from lifetirhe occupational :
exposure to other chemicals at permissible exposure levels (PELSs) promulgated by' O»SHA. We‘v

found the following examples:

Chemical Date "PELL  ~ RiskatPEL
: | e R - (per thousand) - -
1,3-butadiene’® 1997 lvppm‘k k,1.3vto 8.1
cadmium'®© 1992 . Spgm® 391090
carbon tetrachloride'! o 2 ppm 37
vinyl bromide'* k “Sppm 40

Thus, our estimates of risk from exposure to the current CSz PEL of 20 ppm (based on a linear

model applied to cumulative exposure during the most recent tw'o‘year's) were similar to risks L

estimated at these PELsprcviously promulgated by O_SHA;
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