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Toinvestigate the rele of employmenthistory and workplace okposum a8 I‘I;k factorsfor multiplemyeloma
among women, 2 population-based case-control study using the Danish Canger Registry data linkage systen

was conducted. All cases of myeloma dugnosed in Danish women between 1970 and 1984 (1,010 cases) ang

4,040 age-matched women alive at the time of cnsc-dmgnosns *vm identified. Industria. hissories from 1964
forward were obtained from the natzonmde Pension Fund fér 363 cases and 1,517 controls. and the most
recent occupation on the tax record was available for 607 cases and 2,596 controfs. Using industry/occu:

pational-cade combinations for the cases and controls who had industry émployment, Danish industria

hygienists assessed the likelihood of exposure 1o 47 workplace substances, An increased myeloma risk (odd:
ratio [OR] = 1.2, 95 percent confidence interval [CI] = 1,0-1.5) was seen for women not in the Pension Fund
butwhe had an occupational title coded as‘Mrs/homemaker.’ Nonugmﬁcantly elevated risksof 1.3 or greater
were observed for employmentin: producuon of agricultural products; orchardllnnrmes‘ spinning/weav-
ing; other textile and plastics manufagturing; hotel. entertaidment. and so¢izl services industries, Elevated,

but nonsignificant riskswere observed for possible and probable exposure to exhaust fumes, formaldehyde,
wood dust, animalsor animal products, and pesticides, The strongest association With myelomawas employ-
ment in the agriculturalindustry {OR =1.5, CI = 0,8-2.8). hg ever, the nu‘mber dfwomen who worked on
family farms was unknown and could not be included in this|risk estimate. |

I
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Introduction )

The etiology of multiple myeloma (MM) is largely
unknown. A number of epidemiologic studies has
shown an increased risk of myeloma among men
employed in occupationser industriesassociated with
agriculture, rubber manufacturing, and petroleum
refining,' Data on occupationalrisk factors for women
with myeloma, however, have been limited. The Dan-
ish computerized-linkage system? that combines data
in the national Cancer Registry with population census
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(n =1,010) were identified from the Danish Cancer
Registry (DCR),’ a national computerized registry of
all malignancies diagnosed in Denmark. 1t has been
estimated that 95-98 percent of all cancersdiagnosed in
Denmark since 1943are included in the DCR.’ Cases
diagnosed with another cancer morethan three moriths
prior to the diagnosis date of myeloma or bom priorto
April 1897 were excluded from the study.
Four population-bad controlsper case {n = 4,940)
. were selected from the Central Population Registry
(CPR),* a computerized roster containing personal
information (e.g., vital status, date of death, occu-
pational title) on all Danish residents. The controls
were matched to eachease on year of birth and gender,
and had 1o be alive in the diagnosis year of the case
(index date). Potential controls were excluded if they
were diagnosed with a malignancy more than three
months prior to the index date.

Listkage wih employment information

Industry informarion since 1964 wasobtained by link-
ing the civil registration number of each case and con-
trol to the Supplementary Pensiion Fund (SPF).? The
SPF, established in 1964, is compulsory for Danish
wage-carners, aged 18 ro 66 ,who arcemployed at least
10 hours per week by any one employer. Employment
information such as name and address of the company,
type of industry, and dace of employment at each com-
pany is retained in the SPF files on employed individ-
uals (other than self-employed), pensioners, and
deceased workers. Since occupation was not available
fran the SPF, the Central Population Registry was
used to obtain the occupational title that was reported
on the subjects* most recent annual income-tax form.
'The date associated with this tax form was not avail-
able. Occupation and industry were coded using a five-
digitnumber based on the 1968 Internationat Standard
Industrial Classtfication of All Economic Activities.*
Women who listed Mrs, MiSS, ar homemaker as their
occupational title were considered te be unskilled
workers if they had an industrial history recorded in
thePension Fund. If they were not listed in the Pension
Fund, they were classified as ‘Mrs/homemaker’ and
were excluded from the industry and exposure
analyses.

Exposnre assessment

For each subject in the SPF, the mast recent occu-
pational title available from the Central Population
Registry was combined with each industry code. These
industry/accupational-code conbinations were dis-
tributed among four Danish industrial hygienistswho
assessed exposureto 20 broad substancecategoriesand
27 specific substances far each combination. Like-
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lihood of exposure t cach substance was designated as
none, jpossible, probiable, and unknown. For most of
the in iustry/occupauon combinations, the hygnemsts
gave primary weig lito industry, and used occupation
to defermine whetller the worker was likely to be
exposkd to the proc(iss of production in a ‘blue-collat’
job ot not (‘white-collar’). Women with no industry
hxptort], including t*mse coded as “‘Mrs/homemaker,’
were ¢xclnded fromlthns exposure asscssment.

Statistical analysis

Maxufpum likelihood procedures were used w com-
pute astimates of agQ-ad;usted odds ratios (OR) and 95
pcrcei\t confidenceiptervals (Clyasdescribed by Gant,*
For ehch occupatiopal title, ORSs were calculated by
comparing each indjvidual occupational title with alf
other! occupational® tides combined. ORs for each
industry were calcplated by comparing individuals
emplved in an inddstry with thosencver employed in
that particular industry. Only women wigh anindustry
histoty were included in the analysis of workplace
expogures. ORSwere calculated for probable and poss-
ible exposure to a Workp!ace exposure using subjects
unexposed to that substance as the comparison group.

|
!

Resfllts

Ocmpanon :
S;xty. percent (607)pf the cases and 64 percent (2,5%6)
of the controls rcpqncd an occupational title on their
tax récords; Of these individuals, occupations of
percdnt of the casesfnd 49 percenr Of the controlswere
coded as *Mrs/homemaker.” AN additional 19percent
of ché cases and 22 percent of the controls were coded
as funskilled’ vorkers, not-otherwise-specified
(NOB), leaving a pral of 166 cases and 765 controls
withja specific occypational title. Table 1 presents the
age- dd)usted ORs for 2 individual or grouped oecu-
patidnal titles. Only women With the occupationaltide
‘Mrsfhomemaker’ #ho were not in the SPF had a sta-
tistic& 5|gn|f|cant elevated risk of myeloma. Of thc
proféssional occupations, only the enginecr/lawyes/
accointant categojy was associated with myeloma
risk. For the blue-collar jobs, elevated, but nonsignifi-
cant.! risks were seen for: food/alcohol/tobacco work-
ers; $pinning/weaving textile workers; miscellancous
workers; cook/kitchen assistants;and household help.
No dlevation in risk was observed for farmers, cutter/
milliner/dressmakars, or unskilled workers. No cases
worked in the pap t/printing occupations, or in dry-
clealrng/laundry operations (occupauons found to be
a risk factor for mén in previous studies).

}
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Industry

According to the SPF compurer filcs, 61 percent d
both the cases and controls were not employed in an
industry since 1964, These subjects, in addition to 28
¢ases and 71 controls whu were in the SPF bur had an
employer for which ¢he industry could no longer bc
idennfied, were excluded from the analysis. The final
population on Which the industry analysis was based
was 363 cases and 1,517 controls. The average length of
employment since 1964 (the date of SPF start-up) was
5.4 years fur cascs and 5.8 years lor controls. The mean
number of industries in WhiCh cases and controls
waorkcd was 2.6,

Table 2 presents the age-adjusted: ORs of MM

associated With employment since 1964 in selected

Table 1. Age-adjusted odils ratios (OR) of multgplc mycloma
for most recent occupational titles among Danish women

Occuyalional title Cases Controls (OR {Cly
(i = 607) {n=2,506)

Farm/land owner, farmes =~ 4 IS 09 @339
‘Teamnt farmerfgardencr 0 7 Qb -
Foad/aleohol/iobaccn

worker - L 8 22 (D5-7.9)
Cutter/milliner/

dressmaker 1] 49 10 {0.5-1%)
Spinning/weaving/other

tavtile 3 8 1.6 (0.3-5.8)
Paper/printing .0 4+ 00 =
Plant owner/foreman i t 05 (00-4.2)
Warchouvse/factory

worker ’ 33 09 mdan
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:'ndu ies. AlthougL none of the risks was statistically
significant, clevations in risk of 30 percent or more
wer observed for c}np!oymcm in the following indus-
tries: producuon of agricultural products; orchards/
nursgries; spmmng/wcavmg, other textile and plasiics
manmyfacturing; hatel, entertainment, and social
services. When analysis was restricted to women born -
after |1913, thus agéd 50 and younger in 1964—the
grouﬂi more likely to have been employed at the start
up ofithe Pension Fnd—the ORs increased to 1.9 for
producuon of agricultural products, 2.0 for orchards/
nbrscrics, and 2.5 for plastics manufacturing, and
atay about the sa eforspmmng/weavmg, other tex-
tile, hptel, entertainment, and social services industries.

' Based on the occupational title from the tax record,
over percent of the women (both cascs and controls)
stipl yed in the agriculwral, spinning/weaving, and
odtcr texulc mdnst Hics were ‘blue collar’ workers.

Tal:ie 3e-a<l)u|ted ds ratios {OR) of multiple myeloma -
associ dwuhcmplo ent since 1964 in selected industries

amongl Danish women
lndsuﬂry Employed since 1964
: Canss Conyols OR (C.l)_'_——
1: (s = 363} {m=1517)
Agticullural products 1 41 L5 (0828
Orchards/nutserics b on 15 {0.7-32)
Togd Eom 117 12 (088
Alcohal - 1710 (0a3)
Tobiaceo i 2 12 87 (0.1-33)
Spinningrweavine iz 1 11 e
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Only one ease employed in the plastics industry had an
occupational title and it wascodcdae ‘unskilled, NOS.’
OF rhc 12 controls employed in the plastics indysiry,
rho only non-‘blue collar’ occupational code was for
onc officc assistant.

Exposures

Table 3 presenuthe age-adjusted ORs associared with
possibleand probableexposure to 20 broad categbries
of workplace subsiances {or the 1,880 subjects iwith
industry information. ORs for the 27 specific sub-
stances are not prcsmwd in the table since exposm'e 10
only afow of thesc substances increased MM risk (dis-
cussed below). Amang the substanees within vhe broad
categories, elevated, but nonsignificant, ricks were
abserved for both possible and probable exposute to
exhaust fumes, formaldehyde, wood dust, animals or
animal products, and pesticidcs. Exposurc to gasdline,
a specific exposure (not shown), Kad elevared but non-
significant risks for possible (OR = 18; 4 cases, 10icon-
trols) and probable expusure (OH=2.1; 1 case, 2
controls). Exposure 1o domestic animals and raw milk
contributed the most to rhc increased risk of mycloma
assuciated with the expusw ¢ category "animals or mi-
mol products.’Risks of one or leswere seen for pirob-
able and possible expasure to cual and oil products,
organic solvents, paints, plastic materials, soldering,
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'metals, silica _Aust, ather inorganic dust, and ionizing
radiation. !
|

Discussion

This popuiatiin-bascd caw-controlstudy is one of the
first to evaludte employment history and workplacc

exposuresas disk factors for women with MM ,Access
o the Danish record-linkage system provided over
1,000 ncwly Idiagnosed cases of mycloma among
women -from i1970-84. Although only 36 percent of
these cases 38 percent of the controls worked inan
industry sinsy) 1964, these employment figures arc
comparable t thme inthe United Suates based on 1970
tabor statistids.* This underscores the difficulty in
sudying wdrkplacc CXposures  among women,
mmcjally for diseases that affect the clderly such as

Nu qhecmd mdustry or workplace cxposure was
‘ound to be sthtistically associated with myeloma risk
imong Danisi women. Howcver, nonsignificant risks
of 1.3 or greargr Were observed for several occupations,
ndustries, and workplace exposures Which have been
mgeated 29 Pk factorsin previous swdics.

Employmef in agricultural activities such as farm-
ng is a weilidocumcnted risk factor for myeloma
unong males'ii' and has been suggested a5 a risk factor

Table 3. Age-adjusied oddc ratios (PR} of muhiple myeloma isociated with pnmblc and probable workplace exposurcs

amang, Danish womene

EN]?UJ e

Possib!c mposuxv. l‘-

Probsble exposure

Cnics  Controls | QR Py i Cases  Comrnls  OR . (Cly
Coal and oi} products ‘3 e LY ( 0.7-1.5) ] 2 11 0.8 (0.1:3.9)
Exhaust gases Ly 26 td | (ng3.2) Vo u 1.6 (0.4-5.9)
Orgapic sulvents 59 27y s | 0713 s 4 2.6 ©.2-L.4)
Painrs and lacquers 10 54 X { {04-1.6) i 7 43 07 (0.3-1.7)
Rubber manufacturing/vulcanization | 0 2 o — i 1 2 21 (0.1-302)
“Plastic materialsradhesive 13 54 | LD { (as-2.0) ! 8 35 1.0 {04-2.2)
Formaldehyde 56 25l | (a8-1.6) P4 12 1.6 {0.4-5.%)
Phenol : ‘24 108 | 2 (07-1.9) i 2 23 0.6 (0.1-2.2)
Merals and nwial contpounds 120 91 Lo | (0.61.8) H 3 36 0.4 {0.1-1.3)
Soldering 3 31 a4 L (B)1.5) ; ) 1 0.0 -
Wood dust s 12 LE | (0657 P 7 1.9 {0.4-8.1)
Leather dust . ! 2 21 | (129.7) 1 0 = —
Cher biologic orgatic dust (51 306 o : {0.5-1.9) iost 19R 11 . {07.1.6)
Ashestos P2 & b1 (D2-5.4) i .0 | 0.0 -
Stlica gust P2 14 G6 - (0.4-2.8) : 0 1 0.0 -
-Cnher inorganic dust, laq 29 @Bl (Q6-1) [ 78 1.0 (0.5-1.7
Animzli or animal products ‘20 8O r2 | 720 {26 102 12 0.7-1.9)
Festicides TR 7 TE Y P oo ? 19 (0.4-8.4)
Jonizing radiation - ) 29 6% | (nd-23) o 6 0.0 —_
Monionizing rldlallon ' L6 21 1'25. i {0.4-3.3) o 0 — —

* Bascd on 363 eases and 1,517 conrole w}\o had ea industry l;lsr.on-.

Cl=95% oonﬁdcnm intcrval,
* Daocs nol include formnldch, deand phcnol bucd Adhcuvcs.
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for women in at feast onc swdy.® The specific
exposures responsible for this association arc net
known, although suspected agents include pesti-
cides.” ** engine exhausts, >t grain dusts," and dumestit
animals.” In this study, Danish women emploved i
the agricultural industry had a 2.5-fold risk of myelr
oma. Elevated nonsignificant risks of myeloma werp
observed among women with possible and probable
exposure to pesticidés and animals or aaimal products.
NO risk was seen for the occupational title ‘farmer’ at
listed on the tax record, however, the seH- or {zauly-
employed women who worked on family farms bui
did mot list rhecir occupation as farmers were not
included in this analysis. Thus, this report may not
accurately reflect the agriculturally related risk of
myeloma among wosmen.

The elevated risk of myelomaamongDanish women
employed in the spinning/weaving and other textile
industries resembles findings from a Swedish study
which noted an increased risk of myeloma among
female textile workers in the wool industry.™ Delzell er
4" observed 1o ¢xcess of myeloma, howcver, in a
cohort study of female textile workers.

Positive asrociations also were found GQr women
employed in food, restaurant, hotel, and entertainment
industries. Specific occupations such as food/alcohol/
tobacco workers. and eooks/kitchen assistants had
clevaved risks. This is in agreement With several other
studies which showed increased 1isks for various food/
beverage-related jobs® Employment as houschold
help also was associated with myeloma in our study.
Other studies have shown excess myeloma with
employment as a maid ot janitor.**

Employment in the plastics manufacturing industry
was associated with niyeloma risk, aithpugh based on
small numbers. The plastics industry has not been
singled owt previously as a workplace with excess
myeloma incidence; however. organic solvents and
other potential carcinogensare used commoniy. A few
studies have suggested a link berween myeloma and
occupational exposure to benzene »*®but our exposure
analysis revealed NO association With any organic sol-
vents including benzene (OK=0.8, for possible or
probable exposure). Excess deaths due to mycloma
have been reported for women employed in an aircraft
maintenancefacility, who had exposures to  variety of
solvents.# Although an association with organically
high polymers (plastics and elastomers) has been
observed in a population-based case-control study,”
exposure to plastic materials or nonformaldehyde or
phenol-based adhesives, in our stedy, did nut increase
the risk of myceloma. Om daw do suggest that, unlike
other studies,? exposure to tormaldebyde may influ-
ence myeloma risk. Excesses of mycloma among

DUKE UMIY., E D CTR LIBRARY

918

Mulgple myeloma among Danish wemen

wognen occupztiainally exposed to rubber have been
‘reported in two previous studies.? In our swdy,
‘however, only ong case was exposed 10 rubber manu-
‘facﬁring or vulc:;izatiun.

: ﬁr significantly tlevated myeloma risk was observed
for the women who listed Mrs, Miss, or homemaker
{"Mrs/homemaket’) as ctheir occupation on their tax
records and wha were not in the Pension Fund.
Becpuse no date was associated with an occupational
title, it is unclear for how many years these women
were 50 listed on their tax records. We only know chat
since 1964, they Hid not have an industry history,
Although Danish iwomen may become homemakers
late in life, they wnd to revain their past occupational
titles on their tax fecords, especially if schooling was
frquired o attain the position. This also suggests tha
thes¢ women werie probably homemakers. HOMe
makprs potentiallyjare exposed ta a number of chemi-
dals, jcoolking fumeb, and other indoor pollutants that
coul Jput them at increased risk ofcances. The p s i-
bility wof a chance finding, however, cannot he ruled
aut. ‘Women who listed the occupational title Mrs,
Missj or homemakdr but who worked inan industry at
least since 1964 (considered here ‘unskilled workers,
NOS), did net havie an increased risk of myeloma.

- Two previous studies have suggested a positive
assochation berweed myeloma and employment as a
cosmgtologist,** while a large cohort study OF cos-
n@e&o&gists in Conheeriewt” and an Australian popu-
lation-based  caseicontrol  study® showed no
u;so;latinn. Other studies have reported excesses of
MM among users I hair dyes# In our study, no

excess risk of myeloma was observed among hair-
dressyrs (based on ane case and six controls}.

Several aspects of: this study need to be considered
when interpreting the findings. Although the perceni- -
age of Danish womeh employed since 1964 was similar
10 that of other developed countries, the numbes Of
women working in a:lxy one specific industry was fairly
small. TI‘hc power to detect significant findingswas low
for some of the narr¢wly defined industries, however,
it was hot low for sothe of the broader industries or for
many of the exposures, Industrial cmployment histor-
ies since 1964 were ?ased on records maintained in a
nalionwvide central office and were highly accurate and
compléte. Industry isformation prior wo 1964 was net
available; thus, indusgral workplace exposures which
océ_uraﬁd earlier in Hife could not be evaluated. The

occupational title, frém the tax record, reflected only
the mast recent occypation ‘with no year associated
with it Therefore, the occupational title was used pri-
matily to distinguish between "blue-collar’ and *white-
colisr’ jobs for assijsing workplace exposures. The
 exposure assessments provided by the industrial hy-
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gienists were based on their general knowledge o:‘f che
coded industries and secupations rather than interview
or monitoring data. This method of evaluation Kad a
numbes of limilations: (i) cxposure misclassification
may have occurred if occupasion and industry dodes
could not be lintked specifically to exposures; {iij the
specific chemicals used by certain industries may not
have been evideat from the industry codes; and (i)
changes in exposuresover time eoutld not be addreéscd.

Despite these potential limitations, the Danish link-
age computerized system was an éxcellent resource for
identifying female myeloma cases and controlsand for
investigating employment history and workplace
cxposures as potential risk factors. Our Andings of an
increased myeloma risk among Danish women
employed in agricultural and textileindustries arcgon-
sistent with previously suggested associations and
deserve further investigation,
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