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Gender Differences in Risk of Renal Cell Carcinoma 

and Occupational Exposures to Chlorinated 

Aliphatic Hydrocarbons 

Mustafa Dosemeci, PhD, 1• Pierluigi Cocco, MD,2 and Wong-Ho Chow, PhD1 

Background: Organic solvents have been associated with renal cell cancer; however, the risk 
by gender and type of solvents is unclear. 
Methods: We evaluated the risk of renal cell carcinoma among men and women exposed to all 
organic solvents-combined, all chlorinated aliphatic h.vdrocarbons (CAHC}-combined, and 
nine individual CAHC using a priori job exposure matrices developed by NCI in a 
population-based case-control study in Minnesota, U.S. We interviewed 438 renal cell cancer 
cases (273 men and 165 women) and 687 controls (462 men and 225 women). 
Results: Overall, 34* of male cases and 21% of female cases were exposed to organic 
solvents in general. The risk of renal cell carcinoma was siv1ificantly elevated among women 
exposed to all organic solvents combined (OR= 2.3; 95% Cl= 1.3-4.2), to CAHC combined 
(OR = 2.1; 95% Cl= 1.1-3.9), and to trichloroethvlene (TCE) (OR = 2.0; 95% Cl = 

1 . 0 -4.0). Among men, no si,:nificant excess risk was observed among men exposed to any of 
these nine indll'idual CAHCs, all CAHCs-combined, or all organic solvents-combined. 
Discussion: These observed gender differences in risk of renal cell carcinoma in relation to 
exposure to organic solvents may be explained by chance based on small numbers, or by the 
differences in body fat content, metabolic activity, the rate of elimination of xenobiotics from 
the body, or by differences in the level of exposure between men and women, even though they 
have the same job title. Am. J. Ind. Med, 36:54-59, 1999. Published 1999 Wiley-li�·s, Inc, 1 

KEY WORDS: renal cell cancer; solvents; chlorinated hydrocarbons; trichloroethylene 

INTROOUCTION Jin et al., 1996]. For example, excess risks ofRCC have been 

reported among workers exposed to asbestos [Selikoff et al., 
1979: Enterline et al., 1987; McCredie and Stewart, 1993], 

arsenic [Tsuda et al., 1990; Enterline et al., 1995], polycyclic 

aromatic hydrocarbons (PAH) [Sharpe et al., 1989; Poole et 

al.. 1993; Mellemgaard et al., 1994; Boffetta et al., 1997], 

gasoline [Siemiatyck.i et al., 1988: Partanen et al., 1991; 

Mellemgaard et al., 1994; Lynge et al., 1997], benzidine 

[Morikawa et al., 1997], solvents [Lynge et al., 1995], 

formaldehyde [Hansen and Olsen, 1995], and lead [Steen­

land et al., 1992, Cocco et al., 1997], Workers employed in 

certain industries also have been found to have elevated 

risks, including dry cleaning and laundry workers [Katz and 

Jowetl, 1981; Duh and Asal, 1984: McCredie and Stewart, 

1993; Lynge et al., 1995], steel workers [Urbaneja Arrue et 

al., 1995], textile workers and tailors fAuperin el al., 1994], 

The role of occupational risk factor� in the etiology of 
renal cell carcinoma (RCC) is poorly understood [McLaugh­
lin et al., 1996], Although RCC is not commonly considered 

an occupational cancer, a number of occupational risk 

factors have been suggested [Mandel et al., 1995; Mclaugh-
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Solvents and Renal Cell Carcinoma in Women 55 

TABLE I. Prevalence of Exposure to Solvents and Chlorinated Aliphatic Hydrocarbons (CAHCs): NCI JEM Applied to 

Minnesota Cancer Registry Data (1988-1990) 

""' 
Solvents type ,,� Control 

All organic solvents combined 0.34 0.34 

CAHCs combined 0.26 0.26 

1, 1,2 Trichloroethane 0 07 0.08 

1,2 Dichloroethane 0.10 0.08 

Carl>on tetrachloride 0.16 0 19 

Chloroform O.Q3 0.02 

Methyl chloride 0 08 0.09 

Methyl chloroform 0.19 0.21 

Methylene chloride 0.21 0.24 

Perchloroethylene [PCE] 0.15 0.13 

Trichloroethylene [TCE] 0.12 0.11 

l)il refinery workers [Bertazzi et al., 1989; Shallenberger et 
al., 1992; Poole et al., I 993; Rushton, 1993]. gasoline station 
attendants [McLaughlin et al., 1985], farmers [Forastiere et 
al. 1993], printers [Paganini-Hill et al .. 1980: Sinks et al.. 
1992]. and coke-oven operators [Redmond et al.. 1972; 
McCredie and Stewart, 1993: Mellemgaard et al.. 1994]. 
Most of these occupations suggest that organic solvents. 
partii.:ularly chlorinated aliphatic hydrocarbons (CAHCs), 
may be associated with risk of RCC. To evaluate the effects 
of organic solvents on RCC risk, we analyzed data from a 
population-based case-control study of RCC in Minnesota, 
m;ing job exposure matrices (JEMs) for ten CAHCs and 
organic solvents developed at the National Cancer Institute. 

METHODS 

Details concerning the design of this population-based 
case-comrol study ofRCC are presented elsewhere [Chow et 
al.. 1994]. Briefly, a total of 796 white patients newly 
diagnosed with histologically confirmed RCC were identi­
ticd through the Minnesota Cancer Surveillance System, a 
�latewide cancer regis1ry from July I. 1988, to December 
June 31. 1990. Interviews were obtained for 690 (870r) 
cases, including 241 interviews with next of kin of patients. 
For subjects age 20-64 years, an age- and gender-stratified 
random sample of white controls was obtained with random 
t.!1git dialing. For subjects age 65-85 years. an age- and 
gender-stratified systematic sample of white control� was 
uhtained from the listing of the Health Care Financing 
.4.t.!ministration. A total of 707 population-based comrols 
1\ere interviewed, representing an overall response rate of 
X6'7r from these two sampling frames. In the occupational 
analysis. 438 cases (273 men and 165 women) and 687 
rnmrols (462 men and 225 women) with complete personal 
interviews were included. A questionnaire, which covered 

Women '"'' 
Case ""'"" '"' Control 

0.21 0.11 0.29 0.27 

0.18 0 09 0.23 0.21 

0 02 0.02 0.05 0.06 

0 09 0.04 0.09 0.07 

0,07 0.04 0.12 0.14 

0.04 0.02 0.03 0,02 

0.04 0.05 0.06 0-□7 

0.08 0,07 0 15 0.17 

0.06 0.07 0.16 0.18 

0.05 0.06 0.11 0 11 

0.13 O.o? 0.13 0.10 

demographic and ethnic variables, occupational and residen­
tial history, die1, smoking habi1s, medical history. and drug 
use, was administered in the homes of the respondents by 
trained interviewers unaware of the case or control status of 
the \tudy subject. Occupational history included the most 
recent and usual occupation and industry, job activities. year 
�tarted and year ended, and part-time/full-time status. In 
addition, duration of employment in 13 specific m:rnpations/ 
industries and seven jobs with specific exposures was 
ascertained. 

Occupations and industries were coded according to the 
standard occupational classification (SOC) [US DOC, 1980] 
and standard industrial classification (SIC) [US 0MB. I 987) 
schemes. The National Cancer Institute has developed JEMs 
for nine individual CAHCs (i.e., I, 1,2 trichloroethane, 1.2 
dichloroethane, carbon tetrachloride, chloroform, methyl 
chloride, methyl chloroform, methylene chloride, perchloro­
ethylene {PCE), and trichloroethylene (TCE)), all CAHCs­
combined, and all organic solvems-combined for use in 
various case-control studies. These JEMs were merged with 
assigned SOC and SIC to determine the exposure status to 
these chemicals for each study subject. Details of the 
application of the job exposure matrices are presented 
elsewhere [Dosemeci et al., 1994; Gomez et al., 1994). 

The logistic regression model was used to estimate 
relative risks and the 95% confidence limits [Breslow and 
Day, 1980]. The relative risk was estimated in terms of odds 
ratio (OR) and adjusted for age, smoking, hypertension 
status and/or use of diuretics and/or anti-hypertension drugs. 
and body mass index for men and women separately. 

RESULTS 

The prevalences of exposure to a!l sol vents and 
individual and combined CAHCs are presented in Table I. 
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TABLE 11. Risk of Renal Cell Ganeer by Exposure to Solvents and TABLE Ill. Gender-Specific Risks of Renal Cell Cancer for Various 
Chlor",nated Ali phatic Hydrocarbons Adjusted for Age, Gender (for total), Exposures in Other Stud'1es 
Smoking, Hypertension and/or Use of Diuretics and/or Anti-hypertension 
Drugs and Body Mass Index, Minnesota Registry Oata (1988-1990) 

.....,.., 

MM 

OR 

w-

OR 

MM w- Total lnvestigators/cltaUon ,_ (95% Cl) {95%Q) 
OR [nJ OR (n] OR [nJ 

""""'""' (95%CI) (95% Cl) (95% Cl) Asal et al., [1988] Dry-cleaning 0.7 2.8 

(0.2-2,3) (0.8-9.8) 

Solvents in general 0.93 [91] 2.29 [35] 1.16 [126] Mellemgaard el al., Dry-cleaning 2.3 2.9 

(0.7-1.3) (1,3-4.2) (0.9-1.5) (1994] (0,2-27) (0.3-33) 

CHG combine<! 0.94 [70] 2.08 [29] 1.15 [99] Solvents 1.5 6.4 

(0.7-1.3) ( 1 . 1 -3.9) (0.9-1.6) (0.9-2.4) (1.8-2.7) 

1, 1.2 Trichloroethane 0.90 [20] 0.95 [3] 0.91 [23] Herbicides 1.7 5.7 

(0.5-1.6) (0.2-4.4) (0.5-1.6) (0.7-4.3) (0.6-58) 

1,2 Dichloroethane 1.13 [261 2.34 [14] 1.37 [40] Ward et al., [1994] Gable mfg. 12 15 

(0.7-1.9) 10.9-5.9) (0.9-2.2) Cohort (0.7-1.9) (0.5-3.6) 

Carbon tetrachlOOde 0.79 [43] 1.88 [11] 0.90 [54] Ruder et al., [1994) Dry-cleaning cohort 0.7 2.4 

(0.5-1.2) (0.7-5.0) (0.6-1.3) (0.02-3.7) (0.5-7.0) 

Chloroform 1.27 [9) 1.89 (6) 1.48 [15] Mandel et al., [1995] Dry-cleaning 1.4 16 

(0.5-3.2) 

Methyj chloride 0.85 [21) 

(0.5-1.5) 

Methyl chloroform 0.88 [53] 

(0.6-1.3) 

Methylene chloride 0.85 [58] 

(0.6-1.2) 

Perchloroethylene [PCE] 1.12 [42] 

(0.7-1.7) 

T richloroettiylene [TCE] 1.04 [33) 

(0.6-1.7) 

(0.5-6.7) 

o.88 rn 
(0.3-2.4) 

1.26 [13] 

(0.6-2.8) 

0.95 [10] 

(0 4-2.2) 

0.82 [8] 

j0.3-2.1) 

1.96 [22) 

(1.Q--4.0) 

(0.7-3.1) 
0.87 (28] 

(0.5-1.4) 

0.94 [66] 

(0.7-1.3) 
0.87 [68) 

(0.6-1.2) 

1.07 [50] 

(0.7-1.6) 

1.30 [55] 

(0.9-1.9) 

The prevalence of exposure to all organic solvents-com­
bined was 34% among male controls, and 11 % among 
female. For individual CAHC, estimated exposure preva­
lence ranged from 2% for chloroform lo 24% for methylene 
chloride among male controls, and from 2% for chloro­
form and 1, 1,2-irichloroethane to 7% for methylene t:hlo­
ride, methyl chloroform and TCE among female controls. 

Relative risks of RCC by exposure to all solvents­
combined and individual and combined CAHC are pre­
sented in Table II. Among women. significantly elevated 
relative risks of RCC were observed exposed to all o r ­
ganic solvents-combined (OR = 2.3: 95% CI: 1.3-4.2), all 
CAHCs combined (OR = 2.1: 95% CI: 1.1-3.9) and 
TCE (OR = 2.0; 95% CI: 1.0-4.0). Nonsignificant exce�s 
risks were observed for 1,2 dichloroethane (OR = 2.3; 95% 
Cl: 0.9-5.9), chloroform (OR = 1.9: 95% Cl: 0.5--6.7), 
carbon tetrachloride (OR = 1.9; 95% CI: 0.7-5.0), and 
methyl chloroform (OR = 1.3; 95% CI: 0.6---2.8). Among 
men, little or no excess risk of RCC was associated with all 
solvents-combined, all CAHC-combined or any individual 
CHAC. 

(1.1-1.7) (1.0-2.7) 

DISCUSSION 

Our findings suggest that there may be gender differ­
ences in RCC risk associated with occupational exposure lo 
organic solvents. Previous studies of RCC in relation to 
organic solvent exposure have primarily focused on men. 
Table III presents studies that have reported gender-specific 
risk estimates for various exposures and industries. Al­
though in some studies, risks were not significant due to the 
small number of women in the study population, women 
consistently showed higher RCC risk than men for the same 
exposures. Asal et al. [ 1988] and Ruder et al. [ 1994] reported 
almost 3-fold risk differences between men and women who 
worked in the dry-cleaning industry, in which various 
chlorinated aliphatic hydrocarbons (e.g., carbon tetrachlo­
ride, TCE, PCE, and I,1,1 trichloroethane) have been used 
since the 1930s [JARC, 1995]. Me!lemgaard et al. [1994] 
reported more than 4-fold significant risk differences be­
tween men and women exposed to solvents in general. 

Recently, a critical review of epidemiologic studies of 
TCE and PCE and risk of renal-cell cancer [McLaughlin and 
B101, 1997} concluded that "the totality of epidemiologic 
evidence clearly does not support a causal association with 
TCE and PCE." In some of the articles reported in this 
review, women employed in the dry-cleaning industry 
showed excess risk of RCC [Katz and Jowett, 1981; Asal et 
al., 1988; McCredie and Stewart, 1993; Mandel et al., 1995]. 
In general, associations between solvents and renal+cell 
cancer are more consistent among women than men. Studies 
without a gender-specific evaluation are less likely to 
observe these associations due to the small proportion of 
women exposed to solvents in most study populations. 
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Gcmkr d1ffcn:m: e-, in can,:er ha\ c hccn -,ug:gc,;icd in 

,,tlwr ..:pidcminlogic and laboratory -audie,. For example. 

thL· linc,tr incrl.'ase in ri-,J.. of oral c'anLTr wa-, ,ignilirnntly 

higlicr for women than men fore\ l.'ry c,1tegory of ,mnking 
[\ !tN·,1t cl al .. 1996]. Similar gendcr d1tkrcncc, han· been 

rcp,1rtcd for the a-,,ociation between lung: c:inc<er ,111d ,rnok­

lll,'2 [Rrov.-n-,on ct .ii.. 1 992: Ri-,eh ct al.. 1 99:1: Zang and 

\\\11dcr. 19961. Higher lc\cb of p5:I mutation, and hydro­
ph,lblL' DNA adduct len:1 ha\·e al'io been found in female 
lung canc<er patient-, than in male. c\·cn though the le\'el ,,f 
c,1,,i.-ure to ..:arcinog..:ns from cigareltc ..,moking v,,-a,,; lower 
a111,111g th..: km.ile-, than .imong thc male-, I Kure cl al .. 1996; 
Gu1m:e ct ;;I .. 1995]. Expcrimental "1udie-, ,howed a highcr 
k\cl of licpatic tumor promotion acti\·ity in female mice 

c·,1111pan:d to male mice [Siglin ct al .. 1 995]. 

There i, no clear e\ idence to <explain the\e gl.'ndcr 
d1ffcrcncc� in ri:-.k of renal-cell rnnL·er a-,-,ociatcd with 
exp11wrc to -,olYcnt�. Our ob�crv;;tion ma� be explained h) 

dian..:e ha�l·d on small number: however. p1-c\·iou-, -,tudie� 
c1 aluating gender di lTcrcm.:cs in cancer de\clopment ha\'C 
puint<ed to ,ome hints that might �uppmt our tindings. For 
n,m1ple. anatorrn..:al and pliy,mlogical parameter,. �uch ;1-, 

hody n1mpo,ition (fat and \hller ..:ontentL ,urfacc arca. 
T1k'tah,1li,111. and t:;_irdio\·;1-,cular. pulnmnary. ga,trointe�t1-
naL and renal l'unt:tion an: gcncr;;lly different in men and 
ll llllll'll ISi l\'aggio and \1atti�on. 19941. On avcrage. towl 

body waler i, -10',!, greater in men than women. and wurncn 
ha1c' almml I0Wf more fat ti:-.-,ue th;;n men fHeadapohL 

J <)lJ3J. A� 1110,1 ,nlvenb arc ,tored rn tat 1i,,ue. thi-, 
differl.'ncc in body fat t:ontcnt �uggc,t� that women may 
h;l\ c' longer internal cxpo,ure to ,oh·<ent, tlian m<.'n. Other 
,tudic� �uggest th.it ther<.' m.iy h<e gender d1 fferent:c, in 
grnctic �usceptihihty en1yme,. wch a-, GST\1 1 .  which nm) 
pl,i� a rolc in the detoxification proce-..� of \ arwu� cm·iron­
lllL'ntal xcnobiolic-, I Ryberg ct al . .  1 99-i: Rodi Ila cl al.. 1996; 
K1harn cl al.. 1 99.'i: Alcxandrie ct al . 199-+I. Indeed. the 

(ISTM I null gcnotype wa-, markedly more prc\ a lent among 
1\omcn than men. -,ugge�ting a poorer dc10,ifying capability 
.ig,iin,t cnvironmental xenohiotic, [K ihara et .il.. 19951 In 
another ,tudy. gender difkrence� in the dimination rate of 
. \c:nohioti..:s from thc body have been reported [Sil\aggio 
:ind Matti�on, 1 994]. I n  general. after ;;dju'ilmenl for hody 
,urfat:c ;;rca. it Ila� been �hown that renal hlood flow. 
gl\lmerular tlltration. tubular ,ecretion. and tubular rcabsorp­
lion are greater in men than womi:n. �ug:ge�ting that men 
h:ive a higher c!imin.1tion rate of ,�<.'nobiotH.:s than \HJmcn 
[ Hytten and Chamberlain. 1 980). Finally. it i, po-,-,ihk tliat 
there may be dilkrcncc, in th..: level of expmure bel\.\ecn 
111en and women e\'Cn tliough thcy h.i\e the -,ame job titlc. 
S..:vera1 \tudies ha\'C reported gcnder difference� in exp0\lll'e 
h!lth qualitatively ;.ind quantitati\'ely. cwn \\hen men and 
ll'omen worked in the �ame indus;try nr in the -,arnc joh title 
iHernbcrg ct aL 1988: Mes�ing: et al.. 1 994: Grecnh<erg and 
Dement. 1994: Ste,.,,,art and Blair. 1 994: Roxburgh. ! 996]. 
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Limitation, in  tlii, ,tudy include potential ,un i\al bias. 

a, all ca\es \\ ho died (35<7<) were excludcd from the analy�i.., 
lo a, (lid u,111g next-of-kin in ten iews. and limited occupa­

tional h1 'i1nry. -,mce we had only current and u,ual job�. 
rather than a lifetime \\orl-.. hi�tory. Howc:\·cr. a priori 
a'i\C�\ment of expn,ure to -,ol\ent� u�ing JFJ'vh \\ a, a crucial 

componcnl in thi� ,tudy hecau�c thi\ approach a\ oid, recall 

bia, bcl\\C:l.'n men and \\omen or bCl\1ccn ci�I.'� and 

contrnh. W11hout a detailed work lii\tory. th<' ability of nn a 
priori JE�l to capture potential expo�ure-, i:-. l imited [Do-,em­
eci cl al .. 199-t.J. We wc:re unable to c\aluatc the ri�k hy level 
of cxpo�ure� lo individual �oll'cnt� in this; report. duc Ill tile 

,mall numbcr of expo,ed subject� 111 our study population. 

Largcr interdi�l·iplinary -,tudics with �uffinent number\ of 

men and women arl.' needed lo confirm ;.ind to pn.1\·ide new 
C\'idence to e\plain the gender difference, oh\er\'ed in this 
�tudy. 
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