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- percent of the cancers diagnosed in the United States! Studies of occupa:i$na’l risk factors for myeloma
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: |
A large population-bared rase-contml study evaluated occupfational eXPO | res in 1,098 Danish males diag-
nosed With multiple myeloma from 1976 to 1984 and in 4,369 age- and gen er_matched controls alive at st'ﬁe
time Of case-diagnosis. Industrial histories were obtained fyomithe Supplemebtary Pension Fund which, since
3%64, has recorded employmentsofadul Danes: occupation came from subjects’ most recent tax records.
Four industrial hygienistscreated a job-eXpOSUIe matrix for 47 substances based on 15,060 unique industry/
occupation combinationsin subjects’ histories. Risk of myeloma was signifitantly devated among mad and
railroad workers. precisionmetalwarkers, and workers in the transportation and communication industries.
Risk increased significantly with duration of employment in: production of synthetic yarns, plastic packag-
ing, and miscellaneous chemical compounds; fabricating structural metal andl sta tionary tanks; body factor-
les; electrical plants; and retail sale of paint and wallpaper. Risks of myeloma were clevated, though
statistically nonsignificantly, in all categories of exposure to gasoline and sgine exhavsts. Risks rose with
likelibood and duration of exposure to phthalates, and were statistically si&gunt and nearly fivefold with
probable exposure to viayl chloride for five or more years After adjusting for multiple cxposures and dis-
regarding exposures within 10 years of diagnosis (or selection as a control), probable exposure to vinyl chlor- .
ide was associated with increased risk of myeloma, which rose tp fivefold with anger exposure, Associations
with gasoline, engine exhausts, and phthalates persisted, but weE: inconsistent Wi th duration and probability
ere not con&rmed by these data,

of exposure. Previously reported associations with agriculture

chloride,

|
Introduoction — : i i

Multiple mydmm (MM), a tumor of weil-differen- 3nabilize?d or dcmascd}slight]y."rhe etiology of MM is
tiated plasma cells, is responsible {or about one totwo largely unknown.t |

100,000, is similar to that of men in Finland, the United cxposure 1o jonizing jradiation and an cxcess risk

Kingdom, and US Whites.: Myeloma incidence  among farmers,’ few specific assocations have been

increased berween 1943 and 1962 in Denmark, then  observed consistently. Prior studies of occupational
: : ) | . . : .
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factors in mycloma have been hamnpered by relntively
small sizc (given the rarity of thedisease) and by lagk of
detailed information on potential exposures. ln;'this
collaborative study. w e attempted to overcome some
of the limitations of prior studies by amassing a large
numbcr of incident cases and employing indusgiial
hygienists to assess exposures in subjects' jobs. This
paper, which evaluates occupational exposures and
MM among men, is 2 companion report 1o an catlicr
publication on women.*

Methads and materials

Suirjects

Men diagnosed with MM in Denmark between 1970
and 1984 and reported to the Danish Cancer Registry
werc eligible for the study. Of all malignancies diag-
nosed :n Denmark since 1943, an estimated 95 to 98
percent arcincluded i0 the Registry.¢ Subjects bom he-
fore April 1897 or under age 18 at date Of diagnosis
were cxcluded, because they were not included ju i
Danish Supplementary Peasion Fund (SPF), the pri-
mary sousce of employment information for ghas
study. Ninety-two percent of cases Nad been verified
histologicaily.

Four live controls were chosen randomly from the
Danish Central Population Registry for rhc year mn
which the case was diagnosed, matihed tu che case on
sex and year of birth. Subjects were excluded if they
were diagnosedwith a malignancy other than myelona
for a case or any malignancy for a ¢ontrol, 91 o mwure
days prior to anindex date—the dare of diagnosis of the
CAST.

t

Data collection

Information on employment historics was obtained by
linking Cancer Registry records to those of the SPF,
using subjccts’ unique Danish identity numbes and
name. ‘Established in 1964, the SPF contains infor-
mation on all wage-earners aged 16 10 66 who are
cmploycd at least 10 h per week by any one employer.
Information iS kept for peasionets and deveased ‘per-
sums, Type of industry was identified for jobs held by
subjectsfrom 1964 to the index date, except for a small
mumber of jobs (8.8 percent) fur which the employer
was not in business after 1977. NO data werc available
for jobs hdd while self-employed.

Occupation was determined by the job ude M-
orded on subjects’ most recent tax revords, Norm-od
of carlicr occupations was available. occupation and
industry were classified using Danish codes, Which are
based on the 1968 lorcrnational Standard Industrial
Classification of all Economic Activiues {ISIC).
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xpoiurc Assessment
The 15,000 unigue combinations of occupation and/or
industry codcf for the study subjects were divided
mong four Denish industrial hygienists, who assessed
i::fosurc (non;;possible, probable, or unknown) to 20
najor categories of substances and 27 specific
stances. I their assessment, the hygienists gave pri-

ary weight [to industry. Occupation was (&
g-lrima.n'ly to détermine whether or not a subject was
jk:ly 10 be a 'blue-collar' worker (exposed to pro-
lesses of prodg.lction) within an industry, with wo
exceptions. Fot job/industry combinations N which
tbe study subjécts were employed for less than one
year, exposures were coded based on occupation alone.
In the casc of farming occupations, an induswrial
ygienist judgéd whether the indusiry was one in
which a person was likely 10 be cmployed while also
farming, If so, that industry/occupation combination
was assigned exposurcs typical for both the industry
and che farming occupation,

I

Analyses

Of the 1,222 cabes and 4,888 controls, NO information
available on either occupation or industry for 124

cases (10 percent) and 719coNtrols(15 perceat). These
subjects were oiteed from further consideration.

Maximum lkelihood estimares of the 0dds ratio
(é)R) and 95 pércent confidence intervals (CI) were
caleulated according to Gart,' adjusting for age in four
categories (<60, 60-69, 70-79, and 80+ years). Cls

thich excludedione (before rounding to one decimal)
were considered staristically significane,

| Risks for each occupation were caleulated compared
with all other }ccu pations combincd. Men lacking
occupation. infofmation and those with uninformative
entries for occupation (e.g., peasioner, student, warker
‘not otherwise specified’) were excluded from analyses
-, spedific occupations, leaving 835 cases and 2,979
controls, Risk for employment in specific industries
was evaluarcd atnong subjects for whom the Pension
Fund recorded 4t least one industry (791 cases, 3,070
cdntrols). For cach industry, subjects never employed
in} that induscry, comprised the referent group. For
anzlyses of specific substances, the referent group con-
sists of subjects judged never to have been exposed o
the substance. Subjects lacking any industrial history
were excluded from these analyses, as werc subjects
with unknown exposure to a given substance.

nalyses of duration, whether {or indusirics or
agents, were resticted to men with at least five years of
cil;\ployment recbrded on the file. Trends of risk with
duration of emplpyment (less than five years, five years
or;more) in indysiries were tested for lincarity using
i

| !
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the Mantel extcision test for wend,” as wore trends
with duration of exposure (ie., employment in ljc‘m
judged to entail possible or probable exposure t6 an
agent). Risks allowing fort latency period were caleu-
lated by lagging ¢xposure data, that is, DY discegarding
employment o exposures Within five ar 10 years of the
index date (the dare of diagaosis Of the case).

Logistic regression was used to adjust simul-
taneously for exposure to multiple agents (categori-
cally, by probability and duration),controlling for age
as a continuous variable.

Results

The 1,098 cases and 4,169 controls with information on
occupation and/ot industry wcrc mostly in their 605
and 70s at diagnosis. Of thc 843 excluded subjects with
information om neither, 87 percent bad beea more than

Risk factors for multiple myeloma

ncluded subjpcts. Among the 3,964 subjects with
employment récords inthe Pension Fund (75 percent),
the majority (2,9%2, 75 percent) had one to three jobs
isted,

bccupation
Mcn whose miost recent tax record listed either no
dccupation or ‘pensioner’ had a significantly lower risk
of MM than oFcr Danish men (81 cases, OR =04,
1=0.3-0.5; 4nd 169 cases, OR=08 CI=0.6-0.9,
E-pcctively). laclusion of these men in the referent
troup for snalyses of occupation would have inflated
timates for all ather occupations. The other excluded
en (worker ‘fot atherwise specified,” student) were
similar in risk to the remaining subjects (137 cases,
OR = 1.0, C1 =0.9-1.3),
| In13 broad otcupational categories (Table 1), risk of
yeloma was iricregsed only among Danish men in the

ilitary. Amoug more narrowly defined occupations,
risks wereel cvaﬁ‘od significantly among ‘other specialty
‘ !

f 55 years ofage in 1964, when the Pension Fund began
recording information, compared with 47 percent of

. . o

Table 1. Age-adjusied vdds ravios (OR) and 95% confidence iritcr\'\al (C1) for risk &f multiple mycloma for rnost recent oecu-

pation* among Danish men P ; :

Occupation . Cases : Cosiwrols OR (Ch

=) (= 2,979)

Managerial/professions] S0 | " 09 03-1.2)
Duoctor/denuist/pharmacist ‘ : : s ! 4 0.5 {01-1.2)
Veterina ian/issistant co : 2 ] 1 0.6 {0.1-3.1)
Teacher ’ 1 } 3 1.t (046-1.9)
Seulpar/anist/photographer - 7 1 16 {04-4.1)

Technicai/saleuiadministrative support wr ! % 11 @9-1.9)
Wholcsaler . ; ) 27 % ¢ 2B ©3-8.3)
Groxcer : i - ‘ {! 15 (©8-2.8)

Service ' o 152 ) 0 13)
Cook/carerer : A 3 1.2 (0.0-12.4)
Proteetive service : : j ’ % 0.5 {0.2-1.3}

- Jankor, drycleaning S S ? 1.0 (©4-24)
" Military s B 22  (06-75)

Agriculture : Com o4 u (6.9-1.3)
Farm owner : P4 2 10 (0.8-1.3)
‘Tenant farmer, agricultural garden worker: ' L 98 it 11 {0.9-1.5)

Herdnnan ‘ 4 2 g 1.8 . 0.5-6.6)
Nutscryman Pl : 13 (0.3-5.5)
Onher specialty faniy wocker . § 4 16 . (1.1-20.3)

Farentry/fishing _ 4 ' 04 ©1-13

Foreman/technical Jeadér/contractor 3N ) Hg 1.0 {0.6-1.5)
Contractar e ] i 238 {©.6-12.1)

Construction trades o 204 02. ©.7-1.3)
Bricklaycr/brickworkér ¥ £ i 63 07 Q3-13)°
Eleawrician/clectrical installer e 15 14 {0.8-4.3)

Continued ...
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farm workers’ (e. g , bee kecper, kennel worker), pre- | .

cision metalworkers, road and radroad workefs. and

other Lransportation worhcrs,

Industry

Mea who warked in transportationor communication.

had a sauistically significant30 percent excess of MM
(Table 2), an excess Seen among those employed parti-
cularly in the railroad, bus/taxi/freight, and communi-
cation industries. None of the other eight bréad
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Table 1. Continxed
Occupation Caoex Cantrols OR ©y
(n=RY) (n=2,979)
Carpenterfivines 10 57 06 ©.3-1.3)
Printer 11 38 1.0 (0.5-2.1}
Mins/other extractive workers e 2 — —
Precislon nscehanic/repair & 46 0.5 (o2-1.1)
Precision production 96 330 10 (0.8-1.%)
Pabricatdr/ansembler b 1] 138 o8 (Os-12)
Food/alcohol/iabuienr worker 19 | 75 0.9 (0.5-1.8)
Butcher/slaughterhouse 7 40 0.6 {0.3-1.5)
Baker/confectioner 2 22 03 {0.1-14)
Cirsin miller 1 2 1.9 (01-26.3)

Tailor/cutter 1 12 12 {0.3-4.0)

Textile fabricatien 4 16 09 {€.3-24)

Precision shoc/lesther 2 b o] 04 01-1.8)
Leacher tanning 0 6 — —

Precivion wood worhor 26 74 1.3 {0.8-2.0)

Furniture maker 19 - 55 1.2 (0.7-2.1)
Sawmillfother wood worker 8 ! 27 11 , {0.4-2.9)
Paper and cardboard worker 2 6 12 0.2-64)
Print/graphics labeication 4 46 11 (0.6-2.0)

Typographer/compoasitor 4 2 0.6 (0.2-2.0)
|

Precision stone worker 6 ! 11 20 0.6-5.7)

Glass/ceramic worker/glazier 6 8 2.7 {D.R-87)
Glass blower/maker 1 2 18 (0-1-25.1)
Ceramis and portelain worker 2| + 1.8 (0.2-11.5)
Glazier ) 3! 2 54 {0.7-46.6)

Rubsber/plastic worker D 4 —_ —

\

Precision metal/machinist 1| as 1.4 {1.8-2.3)
Sroith 3 25 19 (0.9-3.8)
Machine fiver 7 Ic 1.6 0.5-4.1)

Machinist/cagi 1 6 ' s2 1.1 (06-2.0)

Other pmumn mctalworker i 3 4 26 (0.5-13.8)

'T'ootmaker, skilled and unskilled mmlworkcr 6 ! 13 12 (0.4-32)

Insulator/pipefivter/hoilesmaker { 13 0.3 (0.0-2.0)

Welder 5 11 2.0 {D.6-5.7)

Transporiation and material bandling H 19 1,2 0.2- 1.6}

Road/vailroad worky H 19 23 {1.c-4.9;

Chauficur . [ 23 1.2 (08-17)

Orher transportation warker | 2 74 (1.2-58.9)

- * Occupation is that fisted oit subjects’ mos( revent tax record. F’m each vegupation, the unexposed vorints of all other vccupations. Subjects
with missing or noninformative oocuPatmn eodes were excluded frmn theianalygis.
I

dustry-categaries showed a significantly elevated
risi, Among wer industries, a significant deficit
of myeloma wr%lgl')served amongworkersin che food/
alcohol/robacco indusery, Also significant werc a

arly threefold risk for workers in cement plants and a

ofold risk astociated with employment in fabricat-
ing structural mctal and statonary canks {with similar
risks found in:iboth subdivisions of the industry).
though nor syausucally Slgnlflcant ORswere two-

to rthreefold in: wool spinning and weaving; manufac-
re of synthetic yarns; ‘other’ chemical compounds
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Risk factors for multiple myeloma
Table 2. Risk of multipic mycloma among Danish men cmployed u* selected industtics (Danish industrial code); age-adjusted
odds ratios (OR)ind 95% confidence interval (CI) .
Indusmiry , Cases kamh .OR €}
(a=791)  (n~1070)
Agriculty re/lnummg/fomhy/fmhmg ( ) B ) ' 10 {0.8-14
Agricolture (11101} -, : 5 F 11 (0.8-1.5)
Truck garden/orchard/nurscry (4 1 102) | 10 30 13 (0.6-2.8)
, Porestry (12) .10 )9 10 {0.5-2.1)
L i
! Extraction of raw material (2) 1 ht 1.5 Q7-3.2}
Manufseturing (3) .y 1323 2.9 ©3-1.1)
Food/alcohol/tobaccs (31) o 7 %8 07 (0.6-1.9)
Sluvghtcr/meat (3111) : 2 ™ 09 0.5-1.4)
; Dairies {31121) ; 1% » 13 (0.7-2.4)
; Grain/bakety {31560-31174) = 5 M ® (©.2-15)
1 Textile manufacrure (321) : b4 $7 1.2 0.7-2.1)
] Wool spinsing/weaving (32111} 6 % 29 0.9-9.3)
} Cotron spianingiweaving (32112) 2 i6 1.3 ©2-7.2)
! Synthetic yarne (32113) 3 L] 29 (05-154)
; Leather/shoe (32310-32409) $ 24 0.8 (0323
. Wood/wood products (33) 34 138 vl (0.6-14)
= Lumber (33111-23414) 2o 48 07 C03-13)
Miscellancows wood products (33121 - 33197) 8 1;9 16 {0.7 -4.0)
i Peper/printing (34} : 25 ( 138 8.7 0.5-1.1)
Chemicalsrubber/ plastic (35) 50 | 20y 0? ©7-1.3%
- Onther chemieal compounds (35119) 5 9 2.2 0.6-72)
Paine (35210} 3 5 2. ©4-11.1)
Rubber (385) 6 | o 10 (04-17
Plastic (356) LI 3 09 (0.4-20)
Plastic packaging (35601) . 5 | 8 25 ©.7-3.3)
Stonesclay/glass (36} 49 187 ta (07-1.4)
Porcclain and glass (36101 - 36202) 11 | Wy L1 (0.6-2.4)
Porcelain/ceramics (36101 - ¥6102) s » 15 05-44)
Cement plant (36921} 9 | 1 2.7 (1.1-6.7)
Conerere products (36993) - 19 | 75 10 (0.6-17)
Other stonefelay/gliss, including 'nbesrus (36939) 4 . ] .20 ©5-2.3)
Peimary motal (37) . 3 &) o2 Q:4- 16)
Fabricated metal/shipbuilding/machinery ?8) 132 : 529 10 ©3-1.2)
Structural metalfianks (38131 - 2) g 15 ¥, .0 (1,0-4.0)
Bady {actory cxeluding auo (38432) 8 17 1.8 (0.7-4.5)
Eleetricity/gassheat/ water (1) ; 18 i 44 1.6 (Q.9-2.9)
Elec/gas/heating supply (41) : 16 39 16 (0.7-3.9)
Eloctrical planes {41010) : : 12 I, }l 15 {O.7-3.1)
¢ Quinz,utilities (41020 42000) [ : 11 1.8 {©.6-51)
Building/planning (5) : 140 - 560G 10 (08-1.2)
Gencral contracung (50121) . : . 82, 34 09 ©.7-1.2}
Painting/wallpapering (S0150) :, S} 2 D3 {8.1-1.9)
Tradé/restaurantfhotel (6) . ms ‘ny 1.0 ©.9-13)
“Wholcaslc trade (61} 1330 C e 10 {0.8-1.0
Grain (61161} ' : A | 0§ 12 0.7-2.0)
Woud/lumber/building muemls ’bllbs) ‘ P20 i 65‘ . 12 0.7-2.0)
Fuei/oil/gas (61192) ‘ . L 12 ! 56 o8 04 -1.6)
Reeail 1rade (62) ©8% | 2y 1o (0.771.3)
Paim (621313 : o2 5 1.5 (0.2-9.0)
Restaurantsthouel (83) - - o : P21 9?! ‘ 0.9 {0.5~1.5)
Transportation/ ication {7) ; ity = I 1.3 . (10-16)
Trapsportation (71 . 100 - . 320 12 . (10-1.8)

Railrcads (71110) .. 96 14 (0.9-2.1)

Conginged ...

“Cancer Cavses and Commol. Voi 20992 559




1271897 13:56 DUKE UNIV. PED CTR LIBRARY 318
E. F. Heineman ct al
i
Table 2. Continued
Industry Cawes f Conttrols OR (Cl)
tn=791), (v =3.070)
Bus/tax/freight (71120 -49) ! .1 13 (0.8-2.0)
Communication (72) ! a8 1.2 (0.8-2.0)
Banking/finance/real ctate/administracion (8) 1 420 2 (1.6-15)
Service (9) | 1751 09 (08-1.1)
Chimney sweeping {92023} 2,0 {0.1-276)
Health car: (933) 1 419 38 (02 2.6)
Repair/laundry/personal services (95) ) 7t 11 0.7-1.9
Repuir (951) \ 131 1.5 ©.7-2.1)
|2 59 {04-38.0)

Aurto painting (9%133)

(including emulsifiers, enzymes, tanning cxtracts,
dyes, sulfonamides, and pesticides as single coin-
pounds); plastic packaging; ‘other’ stone, clay and glass
(including asbestos) products; and body factories
excluding automeobiles (e.g., trailers, camping, and
farm vehicles). Risk ofmyeloma was elevated in paint
manufacture, retail sale of paint, and auto painting, but
not among painting and wallpapering contractors.
Smaller risk increases were cvident in Loth clecerical
plants and other utilities. Risk of myeluma was not
elevated in agriculture {cxcept fur a noasignificant 30
pereent increase in truck gasdening; orchards, or nur-
series) or forestry, the leather ar shoe, paper or print-
ing, oc rubber industries.

Among men lor whom five ot mure total years of
employment were recorded, risk of myeloma did not
increase With duration in the brod industrial catego-
ries, except for a small, stacistically significant increase
for employment :n banking, finance, and real estate
(Table3). Risk of myelomaincreased significantly wath
duration of employment in manufacture of synthetic
yarns, ‘othcr’ chemical compounds, plastic packaging,
fabricated structural meeal and seationary tanks, body
factorits, and retasl sale of paint and wallpaper.
Employment in the food, aleohol, and tobacco induys-
try of cither morc or less than five ycars was associated
with the same reduced risk (OR = 0.6), though rhc rest
for wend was significant. Compared with men
employed for less than five years, risk of myelomawas
higher, though not significantly se, among men
émploycd longer in dairies, in manufactureof miscella-
neous wood products, chemical raw materials, paigt,
porcelain and glass, in electrical plants, in wholesale
trade in grain, and in real estate.

In most industries, disregarding employment within
five ycars of the indcx date {noe sShown) had lirtle effect
on the ORs. The only significant individual risk was
tha: forfive or more years’ ecmployment in retail sale of

56D  Cancer Cavses and Conrrol. Vol ), 1992
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paint and wallpdper. Statistically significant increases
with duration > employment were apparent for:
manufacture of dynthetic varns (OR= 1.9for Icss than
fiye years [based on one casc OR = o for more than
five years [two cises, no contruls]); fabricated structur-
al'metal and stationary tanks (OR = 2.3 [10 cases], and
3.% [three cases]): body factory (2.9 [five cases) and 2.6
{two cases]); and rezail sale of paint and wallpaper (1.3
{tvo cater] and 15.5 [four cascs)). Risk clevations with
intreased duratibn were enhanced and trends were
statistically significant for manufacture of miscella-
nguus wood praducts (OH: 1.} Iibree vases} and 60
[_thrcc cases]), atd wholesale trade in grain (L4 (12
uakes], 2.1 [.chelll cases]), The mnerease with duration
wta nearly significant for employment in eleanic
plants (1.2 [five, cases] and 2.4 {five cases]). Longer
employment in Jlmnufacturc of plastic packaging was
sull associated with increased risk of mydoma (1.%
{rwo cases] and 3.9 [one case]) but the trend was no
lopger 51gmﬁcam

Ia contrast, afeer lagging exposurcs, risi of myeloma
wis higher among men who worked fewer thaz five
years, but Jower among men emplaycd longer in
manufacture of tc.fth«-.r chemical compounds (OR= 4.0
{four cases) and:1.9 [one case]) and paint (OR = 1.9
[two ca:cs] and @ [no cases, onc control}). For indus-
tries in which at Jleast five cases were available, resulu
for analyses :llowmg for a 10-year latency period (not
sho‘wn) were similar to those presentedabove.

A ’enrx

Rigk of mye]o oivfrom potential cxposure 1o spcciﬁc
tances is shotvn in Table 4. Onfy men cmployed in

10‘75 which cnthdcd possible exposurc o engine

cxhausts or to rqw milk had a significantly increascd

risk of myelomal Risk of MM was higher among men

prbbably exposefl than among chose possibly exposed




289

possible exposure to benzene, hair dyes (based on one
_casc), manufacturc of rubber. leadrer dust, furred ani-
mals and products, liviag farm animal , raw milk, and
jonizing radiaton, risks were nor elevated among men
probably cxposed to these agents. .
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Risk factors for multiple mycloma
Table 3, Rish of mycloma by duration of cmployment in sclected industries (Danish industrial code), among Danish men with
at least five years” employment recorded in the Supplementary Pension Fund (SPY), age-adjusted odds ralios (ORDnd 95%
confidence intervals (CI) ;
Industry | Conploysd uwul!h o < 5 ydars Employed 5+ yeans P
Cases  Controls OR (d 1) Cases{ Controls OR {Cn trend
Agriculture/hunting/forestey/fishing (1) k¥4 128 i1 : 17 b ] 08 (05-1.5 0.82
Agriculiure (11301) 24 78 [z . 9 43 08 (04-1.7} 095
Truck gardenforchard/mursery (11102) 4 15 18 1 8 05 (0.0-3.8) .80
Extraction of raw material (2) ] 6 22 1 8 05 (00-38) 04
Manufacturing (3) 91 39 1.0 177 734 09 (0.7-1.1) 047
Food/alcoholMtobacco (31) 25 143 0.6 2 163 06 {04-1.0) 0.00%
Dhairics (31121) A 2B 10 5 3 15 {(U3-43) 052
Textile manufacture (321} 6 28 o3 a 22 14 {€C.6-33) 049
Wool spining/weaving (32111) 5 5 23 H 3 13 (01-139 £33
Synthetic yarng (32113) ] 3 - 3 i 1L9 (0.1-2972) 003
Wood/wood products (33} {6 54 Ll i 47 09 (0.4- 1.B) 0.8
Misecltaneous wood products 3 13 a8 3 3 3.9 (06-244) 019
(33121 -33197)
Chenical raw materials (351) 12 40 10 9 : 23 1.5 (C.7-3.5) 0.40
Other chemical compounds {35119) 3 5 T4 z 2 39 (04388 006
Pant (36210) | 4 Lt 1 | 3.8 (0.171307) 044
Rubber (355) 2 16 08 b4 10 .8 (0.1-1.8) 0.64
Dlastic {356) 6 310 3 $ 13 (03-52) 0.4
Plastic packaging (35631) 3 4 29 2 2 19 (04-382) O
Poreeluin/glass {36101 - 36202) 3 o 1) 7 19 14 (05-36) O3
Cement plant (36921} 3 3 38 5 7 17 @377.1) 0.18
Other srone/clay/glass including 3 3 1.9 1 4 10 (00-9.2) 0.39
ashostos (36999}
Fabricated metal (381) 17 36 03 15 36 16 (0.8-3.1} 050
Swructural wetalftanks (38131-2) ? >} 14 7 s 55 (1.6-199) 0.003
. Body factory eucluding aute (33432) 6 8 24 2 2 J9 (04-387) 001
Electricity/gas/heat/water (#) 3 19 16 7 ] 14 {03-34) 05
Blectrical plants (41010} 4 12 13 6 15 L5 {0.5-4.3) 0.
Orher utilicies (41020 -42800) 4 7 23 t 5 08 (0.0-6.8) 0.58
Building/planning (5) 70 231 1.2 43 225 08 (0e-12) 0.55
Paiming/wallpapering {50150} 1 B0 1 9 04 (0.0-3 0.29
‘Trade/restaurant/hotel (6) 7Q 255 .1 (98- ll ) 84 298 L1 (08-15) B8 ]
Gran (81161} 1z ¥ 13 (9.6-28) b4 14 20 (0.7-5.2) 010
Wood/lumber/building matcrials 11 34 1.3 (0.6-26) 6 19 12 (90.4-32.3) 0.43
{61168) ‘
. Painuwallpaper (revsil) (62331) 1 5 & (©0-48 5 3 64 (L3-34) 001
Transportation/ ication (7} 4 142 1 @8- 59 0 197 12 (9-18)  OM
Railroads (71110) ) 9 24 4 {0.6-3%) 17 67 10 (OS-1.7) 0.95
Banking/finance/real cotate’ bs 241 I.? (0.9-1/6) 60 182 1.3 (L0-1.8) @03
administration () ! 5
Real cstare (83) 59 205 . g ©3-1}5) . 39 109 1.4 (09-2.3) 007
Service (9) 66 237 18 (0814} 143 597 0 ®B7-11) 08
Repsir (951 9 1720 (0.8-48) 2 8 10 (D1-49) . 029
to gasoline, 0il products, textile dyes, plithalates, and We next evaluated stisk of myelomawith durationof
vinyl chloridc. Alchough ORs were 1.3 or greater with  exposure within probability categories among men

with five or more yeats recorded in the Pension Pund.
When exposures werg not lagged (Table 5, columns 3
and 2), all categories iof exposure to gasoline and ©
engines}xhausis showed a similar 20 to 50 percent
increase in risk of myeloma. Although rests for trend
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Tabie 4. Rish of mycloma amol Damsh men with ssxble or bahle exposure (0 agents as assessed by industrial hygienists
bascd on work history; lgemdl;gsnd odds ratios ((5;) ind 95% confidence intervals (CT) !

Agent® ; Pouiuc uPow: €10 apent Probsble exposusc ta sgent
' Cascs Cdmml: ) cn Cises  Conuwole UR (chy
Products of coal and of 19 766 10 (08-13) B¢ B 10 (013
Codl s8 _zu 1 (08-1.%) 12 15 L1 (65-2.3)
T Fasphalt/svvt : 19 173 14 (0.8-1.6) 17 113 06  (03-10)
Cutting oils : 178 679 12 (Q8-1.3) 43 1% 10 {(0.7-14)
Gasoline . : 146 500 12 (1.0-1.9) “ 123 14 (09-21)
Qil producy ) i 200 71 ] Il 0.9-1.39) 7 ¥4} 14 (109
Enygine sahausts : 125 395 1;{: (1.0-1.6) s 267 13 (-1.6)
Oryanis sulvents . 214 rie 11 (09-14) 119 49 @D 071
Benrene L 137 "ns 1 (1.0-1.6) 52 253 0.8 (06-L1)
Whitc spisit : ! 151 506 £ (09-1.4) 70 264 10 (08-14)
Halogenmal organic solvents 150 500 11 (0.9-1.4) 39 154 10 {0.6-1.4)
Methylcthylkerone 110 352 L (1.0-1.6) 41 192 28  (0.6-1.2)
Anacathetic gases ; 4 19 0B (02-7.4) o 12 — -
Paints and lacquers 6% 3 10 . (08-14) 33 174 08 (06-1.2)
Pigments . $8 216 L (07-14) 17 104 06 (04-11)
Texule dyes : 8 ‘26 £ (05-2.7) 7 21 13 (6.5-3.3)
Printing ik I (39 1.5 (05-21) 5 32 06 (0.2-16)
Har dyes : 1 ‘1 3.?' (01-132.1) 0 7 -_ -—
Manufacturs of rubber and vukmlmlon 5 EIE T X S YT 3 13 6% 2.3
of rubber 'j
Plastic macerials and adhesives except thén 126 440 I.F ©.9-1.4) 0 2 11 (0.8-15)
bascd on formaldchyde and phenol :
Styrene ; 79 465 1.; {0.9-1.5) 6 4+ 05 (0.2: 1.3}
Phehzlaces | 34 9 1.# ©.9-2.0) 1 21 20 (09-44)
Vinyl chloride . : 22 83 1.0 (06-1.7) 4 20 1.7 (07-40)
Acrylonisile : 102 336 ! (6.9-1.5) 18 31 0.9 (035-13)
Isocyanaccs o {10 32 1) (09-1.4) 9 46 0.8 (03-19
Formaldchydes : 144 527 L8 (0.B8-1.3) 41 142 11 (07-1.8)
Phenols - uz 435 (0.8-1.3) 13 138 09 (06-1.3)
Meuais . 170 S92 (@2-1.4 78 330 0.9 (0.7-1.2)
Lead 46 204 06-1.3) 11 53 07 (04-15)
Mercury ’ : 31 too ©8-1.8) 3 15 0.7 {0.2-2.5)
Soldering v 72 28 4 (08:15) 10 45 08 (04-17)
Wood dust . 110 360 12 {0.2-1.3) 49 222 0.8  (06-L2)
Lewher dust : 3 F 14 (0I3-89) G 7 — —_
Other biologic organic dust 123 406 1.1 (0.9-1.4) 137 615 a8 (0.74.0)
Asbestos . 3 135 442 3 (1.0-1.5) 19 79 1.3 (0.6-17)
Silica dust _ : 97 320 12 (0.9-15) 18 a1 12 (0.7-29)
COnhier inarganic dun : 206 693 1. (0.9-1.4) 118 467 1.0 (0.8:1.3)
Arimals or products of : 40 133 11 (0.8-18) a7 Jeb 3.9 (0r-1.1)
Furred animals® 11 26 Lg  (0.7-3.4) 10 &6 06 (0.3-1.2)
Farm animals (living) . ; 26 76 1.3 (©8-2.n $9 a7 18 (07-14)
Raw meat . 31 126 0.9  (0.6-14) 29 162 or (04 1.0)
Raw mitk 7 31 21 (1.1-4.0) 60 222 10 {(08-1.4)
Pesticides M3 W1 L1 (09-1.4) 105 o4 10 (0.8-13)
Fungicides (wood) 106 383 1.1 (09-1.3 20 » 09 (0.5-15
Pasticides in agnwlum.-. foresury or 24 78 I (0.7-1.9) 1] 3o 1,0 (08-1.#)
gardening ‘
fonizing radison f IS 37 15 (0829 0 10 — -
Non-ionizing radiation ‘ 17 70 0'} ©5-1.56) ] 3 26 04  (0.1-15)

* For each agent, the stferent group consists of men considered by the ind+sm‘al hygicaistti 1ave never been exposed to that subsiance.
* Principally ‘fue-fasmers’ (c.g., of mink, ermine) and workers Bandling futs or hides of thes i other animals.
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Table 5. Risk of myrioma associated \m.h ‘duration and probabtllty
least 5 years of employment recorded in the Supplememary Ponsl(m Flin

| Risk Jactors for multiple mycloma

osure o sclectcd agenk amomg Danish men with at
JP age-adpwtcd odds ratios (OR ) and 95% confidencg

ntervals (CI} )
Agent : No l'B&“‘S of taposure b 1.agging exposuss 10 yeaer
" Possible cxposure Probable exposure! Pméble.eipmuu Probable exposure
‘ to agent 16 agTmt (o ayEnt 0 sgpok
Cors Comrols OK (€)' Casen Comrols OR  (C3) | Cases Conwrols OR  (C])  Cases Comrols OR  (CIY

Gasoline ! i
I manth. <5 years €1 13 (0919 1 €13 OBI29) 51 1M ) (0816 I8 40 19 {10-35)
54 years BS 307 £2(09-1%) M L 0z 3% ” L6 (10-23) 3 N 06 {03-21)
P for trend* 009 T : o0 24

Qil producty . ; ; )
3 months<$ years 52 212 12 (0.8-18) 19 5 13 {08-26)| 71 2% L0 (@7-L3) - 20 60 1.4 {03-24)
$4 years 131 490 Ll 091 n 9 14 (0321 448 162 12 (03-1.7) 7 35 03 (83.20)
P for tond 0.20 ‘ 0.04 : (%3 042

Enginc cxhausts }
1 momb-< S year 52 147 1S (19-21) 25 71 14 03-24) ) 56 163 1¥ (1.0-20) 29 9% 13 (08-21)
5+ years % 242 131010 52 6% L3 (0.9-1.8) j 1) 2 (10-2n 19 s Ll (06~ 1.9)
Plor end 0.m ; 008 | 0,002 ' 024

Benzenc : :
1 manth- < 5 yoars 83 147 15 QA 2 67  F2{07-11) $1 B2 12 0818 2 722 14 (©038-23)
5+ years 88 246 11 (08-435) 25 148 02/ (0A- rl) 3 o L] 07-1% 6 5% 04 (02-1.0)
Pfar uend nis 0.07 LA IR 012

Teatile dyes
1 month-< & years 5 727 (O7-94) 4 8 1 {0560 3 2 0§ (0.0-42) H 7 35 (Q0-44)
84 years 4 21 0.7 0.2-2.2) 1 B 05 (0030 1 ool {0.0-2.6) 0 5 —
# 4o trend 0.50 046 . ; 015 o0

Dhihalares )
t momh. <5 years 12 41 11 {06-2.3) 3 6 1.9 (04-83) 7 4 06 ©I-15 4 721 (0.5-19)
S+ years 1z S¢  12{82-22) 7 25 (0920 7 14 1.9 (07-52) 1 6 07 (DO-34)
P for wend -02% 052 : 030 038

Vinyl chloride : )
3 month. < 5 years 9 W 07 QA0 2 %+ 09 }o.:-«.;) 3 B 03151 4 7 22 (p5-48)
$+ yours ? 37 07 @3-1.7) 7 B 46 (14.154) | 2 1B 05 (01-28) 3 4§ 19 (05-156)
Pforuend . 022 X ; 0o 4403

Asbastas . i .
3 month < § years 53 170 13 (0.9-1.8) ¢ ] 302 9012y (s 185 14 i{1.2-20) 730 10 {D4-23)
5+ years. 6 222 12 {09-18) | 13 711 Q622 |8 812 107-20) 6 2 11 (09.30)
Plor wond 008 : 0.42 ! 004 044

Pesucides in agriculture, forestey or gardening ‘ . | K ' .
1 month - <25 yaars ® M 10 a2 7?38 (0.5-1.5) 1 ¥ 08 ip3-18) 32 £ 15 (1D-29)
5+ years 19 13 {07-23) (45 142 L2 (0.8-1.% 3 6 08 €02-28) 12 6 0B (De.1.8)

for rend _9:20 D22 04 i 0.36

* Disregarding employmem wnhm 10 ycars of the index date (date ofdiagnosis (f £ case).

Trend over duration within each probabilitygroup.
’with:du

with duration were significant, risk estimates were
slightly lower among these probably expased for five
or more years to gasoline, oil products, and engine
exhausts than men exposed for shorter periods. Vl\?ﬂ‘l
employment within 10 years of the index date was dis-
regarded (Table 5, ¢cofumas 3 and 4), myeloma risks
among men exposed to gasoline wese significantly
elevated, and were higher inthe intermediate categories
.. (possibly exposed for five or morc yeary; probably
exposed {or less than five years), than N analyses with-
out lagging. However, risk fell among these probably
exposed far five Or more yearsto gascline. Among men
possibly exposed to engine exhausts, risks increased

tion, and Cls just excluded one, but sisks fell
among those probably exposed.

Risks {ncreased with duration of exposure to phtha-
lates in both pmbablhty groups when latency was not
ronsidered, rising significantly to 2.5 among those
probably exposed for five or more years. Whea
exposurcs were lagged 10 years, risks increased in
intermediate categories (possible/longer and probable/
shorter diration) of exposure but fell in the probable/
fonger ciwegory, wmpared with amlyses ‘without
laggmg. I

Amoné men probab[y exposed 10 vinyl chlorxde,
nsk of mxeloma increastd significantly with duration

‘ ; Cuuer-« and Cumml. Vol 3.1992 563'
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‘T'able 6. Risk of mycloma for exposure 1o four agents, :‘adjusiing for age and ocher agents by logistic r%
men with at least'5 years of employment recorded; odids ratios (OK) and ¥5% con ience mlervals
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lx'c)::xim). among Danish

Agent Probability Duration . No lagging Lagging 10 yoars*
~ OR (€1 OR (n
Gasoline Possible <5 years : 9,9 (0.641.5) 0.9 ©.6-1.3)
Possible 5+ years ©oa (0.641.2) 1.3 (0.7-2.25
Prokable <5 years 1o (0.542.1) 1.6 (0.8-3.2)
Probable 54 years }15] (0.651.9) 0.7 {0.2-1.9)
Engine exhaust Possible =5 years 15 (3-0-2.3) 1.5 (1a-2.3)
Finable 5+ years 1,3 (1.0419) t.s (0.9-2.7)
Probable <5 years iz (0.742.1) 10 0.6-1.%)
Probable §+ years 112 (0.B-19) 1.0 (0.5-2.0)
Phthalates Ponsibie <5 years 2 (0.6+2.4) 0.7 (C3-1.8)
Possible 5+ years L4 (0.842.5) 2.2 10.8-6.0)
Probahle <5 yoars 2 (05 -10.5) 35 (0.7-173)
Probable 5 « years ne (0.245.9) 0.3 (0.0-42Y
Viny} chioride Possible <5 years o3 03417 0.3 (0.1-1.0
Possible 5+ years U5 (0241.5) 0.5 (0.1-2.4)
Probable <5 years a7 {0.1:3.7) 1.5 (9.3-64)
Probabie 5+ years 36 (1.0413.1) 6.1 . (0.8-32.3)

* Disregardiag enployurent within 10 years of 1he index datc (datc'of di

to nearly fivefeld (Cl= 1.4-15.4) among those prob-
ably exposed fox more than five years. The intermedi-
ate categones showed slight risk deficits. Disrsgarding
employment within 10 years of the index date, the
inerease Of risk with duration of employmens among
men probably ¢xposed to vinyl chloride remained stat-
istically significant, but risks in most categories were
lower than without lagging.

Without lagging, for oil productsand rubber manu-«
facturc and vulcanization{not shown), risk was higher
among the probably than amongthe possibly cxposed,
but without consistent patterns with duration. For
benzene, textile dyes, silica {(not shown), and raw milk
(not shown), risk was lowest among men exposed lon-
ger with higher probability. Similarly, for asbestos;
pants and lacquers (not shown), and wood dust (nor
shown), risk was highest among those possibly
exposed for five or fewer vears. For oil products, ben:
2ene, textile dyes, asbestos, and agriculrural pesticides,
when exposureswithin 10 years of the index date were
disregarded, risk of myeloma changed only slightly,
and decreased among men probably exposed for more
than five years.

Because exposures overlapped, we excluded men
with a potentially confounding exposure in swratified
analyses. In the highest caposure category (men cons
sidered probably exposed for five oe more years}, those
exposed to phthalates but never to vinyl chloride
(8R= 28, Cl=01-275 [one ¢ase]) and those
exposed to vinyl chloride bur never pbthalaces
(OR=2.6, C1=0.3-192 [two cases]) both experi-
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l .
lenced an clevdted risk of myelonia compared with men
i never exposed ta cicher. Men privbably exposed to both
g phthalates and viny] chloride for five ur mure year's had
- yethigher risks (OR=15.2, C1 = 1.0-29.5 {{our cases]}.
A sitilar anilysis considering gasoline and enginc
| exhausts {not shown) yielded results similar to those
4’ irom the logistic regression presented below. Too fow
‘cases were avaslable {or thesc analyses to consider
Jawucy by lagging cxposures.
We also used logistic regression to evaluare risks for
1 exposurc to gasoline, engine exhausts, phehalates, and
vinyl chloride uimuitancously (Tables). When latcncy
was not considered, men exposed to gasoline had no
increased risk of mydoma, but with lagging, risk rose
slightly in thie intermediatc categories of exposure.
Risks werc tlevated for men in all caccgorics of
cxpusure w efigine exbausts when all employment was
considered; the risks rose slightly for those: possibly
exposed, and fell for tbose probably exposcd when jubs
within 10 years ofthe indcx date were disregarded. For
phthalates, without lagging, mcn probably cxposed
tad higher risk of my-duma than these possibly
exposcd. When caposures were lagged, no clear pat-
werns with duration and prebability of exposure were-
observed, thaugh risks rese i n the intermediate catego-
ries. Rink of mycloma was highest among men judged
at high probability of expasurc-to vinyl chloride far
five OF More years, with astatistically significant O R of .
3.6 without lagging and a fivefold risk ‘when the
employment iwithin 10 years of the index date was
disregarded.
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Discussion

We conducted this populntion-based case-comtrol
study among Danish men 1o evaluate previousi
repurted associations ofoccupational factors and

and to gencrate new hypotheses. Because of the large
number of comparisons, some observed associations
may bc duc to chance. However, exposure-response
relationships and the consistency ofthese findings with
previous reports suggest that a few assaciations may be
worthy of further evaluaton. The most interesti
associations wcrc berween MM and potentia
exposures ta vinyl chloride, phthalates and certain
metal industries.

Men probably exposed to vinyl chloride for five or
more years had a statistically significant fourfold
excess rish. With consideration of a 10-year latency and
exposures ta other agemts, risk rose to fivefold,
athough it was no langer sigmificant. Those possibly
exposed had no excess risk of myeloma. Men con-
sidered probably exposed to vinyl chloride werc pre-
dominately electricians or ¢lectrical installers. line and
cable workers, or employed in plastics manufacturing,
In the anly cohort study of vinvl chloride workers in
which data are reported separately for myeloma, no
elevated zisk for myeloma incidence or for mortality
{rom myeloma and other lymphatic neoplasms
(ICD -8 codes 202 - 203} was observed. Electric cable
manufacture was associated with a ponsignificant risk
(approximartely threefold (calculated by authors}) In
one case-control study of myeloma. Vinyl chloride is
carcinogenic in humans and experimental animals; tar-
getsites IN humans include the liver, and perhaps brain;
lung, and lymphatic and hematopoetic system in
humans.

Risk of myeloma increased significantly with dur-
auon ameng Danish men probably exposed © phtha-
fates, rising to 2.5 among men exposed for five or more
years. Afeer considerationof latcncy and adpusiment
for exposurc o vinyl chloride, risk ofmyecloma from
exposureto phthalates no lenger displayed a duration
o exposure etfect. However, it duration of employ-
ment is a poor surrogate for camulative exposure, the
resuiting exposure misclassification would tend to
dilutc exposure-rcsponre gradients.” Nearly all men
considered probably exposed to phthalates worked N
plastics manufacturing, OF were painters {including
building, auto, and machine painters); over me-third
were considered also to have been cxposed o vinyl
chloride.

Phthalate ester plasticizers are used widely, pri-
marily. in plastics, rubber, and as a substiture for PCBs
in electric capacitors.'* They art also used in paints

(includingalkyd resinsused on cars), hydraulic fluids,

13:52 DUKE UNIY.

Risk factors for mulisple myeloma

inyl locr covgrings, aircraft jet enginefubricants, and
esticides. The most commen, di-2-cthylhexyl
hthalate (DEHP), causes peroxisome Proliferation,
nd is an animal hepatocarcinogen and teratogen.™
tyl benzyl phthalate and dially! phthalate increased
incidence OF leukemia in female rats.’
{though theé numbers of cases and controlsexposed
tVphthalates is small and the excesses may bC chance
ﬁ!-‘ndings, some ¢haracteristics Of phthalates suggest the
isociations may deserve a second look. Phthalic anhy-
dIides induce an immunologically mediated hypersen-
sitivity respons¢.'*% Workers Who manifest allergic
S)\?mptoms to a phthalate compound have elevated
levels of IgE and¥/or IgG specific to that phrhalate; e
highly exposed WOrkers have higher levels of specific
IgiG than workess With lowerexposure, irrespectiveof
aliergic symptoms.” Increases i MM have been
obiserved N workerswith potential €xposure to o m -
pational allergeris, such as farmers,? and geain® and
extile workers.® Immune stimulation, defined vari-
ously as chrodic infections,* auroimmune dis-
or&ers,"'”‘ asthnia,” hay fever,®?” and allergies, " has
been cvaluated 1n previous studies but results are not
COﬁSiSlcn(.“M”%HOWCVEI‘, risk of lnyelonu has fot
been evaluated in populations with quantified
exposure zo specific occupational allergens, indepen-
dem of allergic sympeoms.’

Lirtle evidence is availabie 10 evaluate an association
of mydoma and phthalate exposure. A population-
baséd caw-coned study” of incident niyeloma found
twafold risks (botderline statistical signiftcance} with
expbsure to “organically high polymers.” A cohortina
pol, amide-polyester factory,* whose exposures
incttdcd terephthalic acid and dimethylrevephthalate,
suftéred no cacess of lymphatic and hematopoietic
cangers other than leukemia (two obscrved, 4.4
expéeted [calculated by authors]). NO risk extimates
were provided forhematopoictic tumors in a cohort of
Swedish men® exposed o both vinyl chloride and
phlh&h’cacid esters: Although DEHP 35 readily leached
from flexible plastic medical devices, "> patients On
dialysis have N0 excess risk of myeloma, ™’ However,
idlop-up time in dialysis cohorts is typically short
(usuallyless thanfive yearsys or ntycloma is excluded
a‘fpn'Q[ﬁ because chrénic renal failure may indicate carly
stages of myeloma Previous studics have reported
significant excesses bf myelama in a Swedish cohortin
punt! manufacturing, parucularly with  higher

and among painters.** TWO studies""
repo cd nonsignificant excesses with paints ar paint-
ing. Higher risks have been observed among car/spray/
signwriter painters (OR=2.8) than construetion/
gener{rl painters {OR =1.8).% In this study, Danish
men employed in painu manufacturing (OR=2.3) or
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auto painting (OR= 3.9) had highcr risk of myé¢loma
than those employed by {construstion) painting con-
tractors (OR =0.5).

Risk of mycloma was clevated alse among Danish
men With poysible and probable exposure to gasoline
and engine exhausts. Consideration of latency and
overlapping exposures dampcened thesc risks. ORs
remained slightly elevated among men possibly
exposed for more than five years; or probably exposed
far shorter periods vo gasoling and among those poss-
ibly, but not probably, cxposed to cagine cxhausts.
Previous studics have reported significant excess risks
of mycloma with engine exhausts (considering a five-
year latency period)? with self-reported exposure o
petrolewn products,™ and carbon meanoxide (includ-
Ing diesel, jet, and auto exhaust, as well as coal fumes;
and smoke)." In a care-control study ncsted in the
American Cancer Society Prospective study,” rinks
werc nonsignificantly increased for self-reponed
exposure to diesel exhaust ({OR = 1.4} but not gasoline
exhaust {OR =0.9). A rccent case-control study in
Northern Sweden® found a slight elevation of risk with
exposure to cnginc exhausts (OR= 1.4, 90 percent
CI =Q.9- 2.1[61 cases]); this risk fell in the multivariate
analysis when numerous agriculture-related variables
werc incleded. Although the evidence for an associ-
ationt of mvelotna with gasoline or engine exhausts in
these data 15 weak, neither exposure should be dis-
missed until studieswith morc precise exposure assess-
ments arc available.

Anassociation With agriculture? 24+ was not con-
firmed by these data. W saw ne ingrease in myeloma
among subjects whose most recent tax form Jisted
occupation as farm OWNEr, tenant farmer, or agricul-
wral or garden worker. Sclf-cmployed farmers arc not
included in the Pension Fund, hutfarm owner is gencr-
ally alifelong occupationin Denmark; so results Lased
on tlicreceat ax {furm may reflect a true lack of excess
risk of myeloma among farmers in Denmark. In a
recerit populaion-based case-control study; farmers
who reported tracror-driving hod a highcr risk of MM
than ones whe did not (OR=23, 90 percent
CI=0.8-7.5). Farmers may be exposed to cuginc
exthausts® and gasoline, though it seems walikely that
these exposures would ensircly cxplain farmers’ excess
risk observed clsewhere. N U association was obsérved
with pesticides, in contrast to an association with self-
reported exposure in onec study:? Specific classes of
pesticides or individual compounds wcrc not
evaluated.

Our data did not confirm previously suggested
associations With asbestos'2 and solvents,” " paru-
cularly benzene,”* which have been contradictied by
other studies# Although risks were elevared
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slightly among precision wood-workers (OK= 1.3)
and rosc to nearly fourfold among men cmplaycd in
miscellaneous wood-product fabrication, resulis did
not confirm possible associations with wood dust? or
{tesh wood.® Several occupations and industnies
associated Wl.th higher risk of mycloma in previous
studics, sm.h as cooks,’" leather tanners,t’ and rhe
food,'* shoe or leather,™ paper,” or rubbert' ¥ in&-
wies, had & detectable excess of MM in this
population. |

Without iadditions] informative  abeut  the
craploycrs md jobs, we could not attributc a nearly 12-
fold sk {hased on three cares) among men employed
far five or more years in-the manufacwure of synthetic
yarn to. any ppecific exposure. The association may
warrant future investigation. A parallel study of Dan-
ish women® obscrved e slight clcvation of risk among
Splnnersal’ldweavere (OR=1.6,CI = 0.3-6.8).Others
have reported a risk of 2.7 (#-<0.01; for myeloma
among femalg textile workers in the Swedish wool
industry,” and a nearly twofold incresse (CI = 0.8 - 4.4
[eight cases})¥ with seif-reported exposure to textie
fibers and dusts in ¢he US. Counties in the US with a
highcr proportion of the population cmployed in syn-
thetic fiber manufacture had significantly higher rates
of mveloma.# A nearly threefold risk of death from
mycloma (standardmed mortality ratio= 2.7, Cl =
D.7-6.9 [4 cases]) was observed in A zobort of cotron
textile workets in the USS

Precision r:hct:d workers and machinists, somiths,
machine ftters, and welders all bad slighuy elevated
risks. Risks among men employed in manufacture of
structural regal or stationary tanks and in body factor-
ies (excludmg .automobiles) rose significantly with
Juration Ofcmpkwmz.nl ta 55 and 3.9, respectively.
Several studics have reportedslight or nonsignificantly
elevated riski in metal-working occupations and
ndustries (smc]m and me:allu:gy workers,™ com-
sositors,” foyndry workers,” in diese] engine manu-
facture®’) or with exposure to mesals.* No specific
=xposure cleaply cxplains thesc risks; risks were ot
tevated for cf_:posurc to metals or meral dusts, lead, or
mereury.

A nearly folurfold rick in Daaish stokers (based on
lour ¢ ascs) 18 ’,‘mhkd y to enirely explain the myeloma
sxcess obscrvcd among clectrical workers, but the
stokers gould not be idemified separately N this
itudy.* Electricians were at significanuy lower risk of
myeloma in aiceent case-control study in Sweden.®

The strengths of thisstudy were: its large size, allow-
ng the cxamination of a greater number of specific
sxcupations and industries; the availability of accuraee
ndustrial smployimem historiesafter 1964; and assess-
nent of exposure by industrial hygienists, basedon job
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titles and employment history ofsubjects. Howevet,
the occupational histories have limitations, Because
myeloma is predominately a disease Of older people,
most subjects had spent at least two decades of their
working lives before 1964, when the SPF began rec-
ording employment histories. Risks considering
latency, In particular, were difficult to interpret due o
small numbers. For many substanccs, for example, Cls
often encompassed hoth the risks and Cis calcnlated
without consideration of latency. W& therefore did
not dismiss otherwise suggestive findings tha were
weakened D the latency analyses. Jobs N which sub-
jects were self-employed were excluded, Which made it
difficult to evaluate risk for farmess and with agricul-
tural exposuresin detail. Occupational tive, limited i 0
that recorded on the tax form, reflected only the most
recent occupation. However, job mobility, at least for
farmers and skilled workers, is very low in Denmark
compared Wirb that of,¢.g., the US, reducing some of
the likely misclassification, We also atiemipted to
reduce misclassification by using occupat:on primarily
to distinguish berween production {"biue collar’) and
managerial (' whize collar’) jobs, eliminating pensioners
(more likely to be survivingcontrols)from all analyses,
omitting subjects with only sccupation from analysts
of specific substances, a d restricring analysts of dur-
ation to subjects with at least five years recorded in the
Pension Fund.

Thesc limitations would twend to reduce statistical
power, and to misclassify men employed (in aa indus-
try) or exposed (to a substance) before 1964 as
unexposed. This misclassification, nondifferential with
respect to case status, most likely would result in dim-
inution of true risks. Associations corrobarated by
previous studies therefore may be stronger than indi-
cated by these data alone.

The lack of strong and consistent zssocjations 1
these and uther data, and the low aturibugable risk for
Most occupstional exposures probably reflect a rela-
tively minor role for occupation” in the etiology of this
tumor. Nonethcless, improvements in  exposure
assessment arclikely to better ourunderstanding of the
importance of widespread exposures such Is solvents
and engine exhausts in the development of myeloma.
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