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Objectives This study examined the risk factors for lip cancer among farmers. 
Methods A series of meta-analyses of peer-reviewed studies of lip cancer and farming were performed using 21 
studies published between 1981 and 1997. Prior to the meta-analyses, all the studies were reviewed and evaluated 
for heterogeneity and publication bias. Combined relative risks (RR) were calculated using the random effect 
model. 
Results The combined RR for lip cancer was 2.0 [95% confidence interval (95% CI) 1.74-2.301 for all the 
studies and 1.28 (95% CI 0.79-2.08) for studies involving female farmers. Additional meta-analyses were 
undertaken on a subset of studies reporting on skin cancer among farmers. The combined RR for nonmelanotic skin 
cancer was 1.0 (95% CI 0.89-1.14), and for malignant melanoma it was 0.88 (95% CI 0.74--1.05). 
C O ~ C ~ U S ~ O ~ S  The findings suggest that male farmers have a significantly elevated risk for lip cancer. Lip cancer 
and skin cancer do not share a common etiologic factor. Besides sunlight exposure, other factors such as viral 
infection or reduced immunity may play a role in the etiology of lip cancer. 
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Lip carcinoma accounts for nearly 25% of all oral can- 
cer cases, and in some countries it is the most common 
site for oral cancer to occur (1). International data show 
that lip cancer is primarily a disease of aging white men, 
with Newfoundland having extremely elevated rates 
while in Switzerland and Japan the occurrence of the dis- 
ease is negligible (2). 

Lip cancer has long been considered to be causally 
associated with tobacco smoking and prolonged exposure 
to sun light (3). However, several investigators have 
questioned this long-held belief. Several investigators 
have reported data which are inconsistent with the actin- 
ic radiation or smoking hypothesis. Lip cancer is more 
common in rural than in urban areas (4), and higher rates 
have been reported for outdoor occupations such as farm- 
ing, fishing, and forestry (5). Because of the great occu- 
pational stability, farmers are a group uniquely suited for 
assessing the potential contribution of a given exposure 
to the occurrence of a disease. Since farmers' prevalence 
of smoking is less than that of the general population (6) 
excess lip cancer in this group suggests that the relative 
contribution of smoking to the occurrence of the disease 
is minimal. Since farmers experience lifelong sunlight 
exposure, assessing the contribution of sunlight to the 
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occurrence of the disease can be accomplished by exam- 
ining the association between lip cancer and farming. In 
this study, a series of meta-analyses of peer-reviewed 
studies of lip cancer and fanning was performed and eval- 
uated in the context of study design and exposures that 
are associated with the disease and are experienced by 
fanners. 

Maferial and methods 

The Medical Abstract and Cancer Abstracts databases 
were searched for articles about farming and lip cancer. 
The search of MEDLINE data was from 1981 until 31 
December 1997. The Cancer Abstracts database search 
included articles published from 1980 until 3 1 Decem- 
ber 1997. References cited in the studies found by ex- 
amining the 2 data bases were also included in the meta- 
analyses. Articles were excluded from the analyses for 
any one of the following reasons: (i) occupations other 
than farming were included in the definition of exposure 
and no data specific to farmers were published, (ii) in- 
sufficient data for determining an estimator of relative 
risk or a confidence interval were published, (iii) the 
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group studied was included in another study of similar 
design examining a greater number of subjects, (iv) the 
disease studied was not specifically designated as lip can- 
cer or lip cancer was included with other oral cancers. 

The remaining articles were then examined and esti- 
mators of the relative risks (RR) were extracted. The RR 
estimators were odd ratios (OR) for case-referent stud- 
ies, standardized incidence ratios (SIR) for cohort stud- 
ies, and proportional mortality ratios (PMR) for mortali- 
ty studies. 

Once the studies had been selected, a series of meta- 
analyses was conducted, and the results were evaluated 
in the context of the published literature. The homoge- 
neity of the estimators of relative risk was tested using 
Cochran's Q statistics (7). This is a chi-square test with 
degrees of freedom equal to the number of studies minus 
one. It tests the null hypothesis that the within-study es- 
timates of relative risk are homogeneous across studies. 
Significant heterogeneity was detected within the groups 
of studies; therefore, the random effects model (8) was 
used to obtain the combined RR and its standard error 
(SE). 

The first meta-analysis examined all studies that met 
the criteria for inclusion. A second meta-analysis was 
restricted to female farmers (studies reporting on farm- 
ers who were female or female relatives of farmers who 
assisted in farming). Additional meta-analyses were con- 
ducted for subsets of studies that reported skin cancer 
(malignant melanoma and nonmelanotic skin cancer). 

The relation between the estimator of relative risk and 
study size was explored by plotting the natural logarithm 

of the estimator of relative risk (In RR) versus the in- 
verse of the standard error (USE). An adjusted rank cor- 
relation test (9) was used to test for potential bias due to 
study size. The absence of significant correlation acted 
to reassure that the studies had been selected in an unbi- 
ased manner. 

Twenty-four studies examining the association between 
farming and lip cancer were identified. Two studies (5, 
10) were excluded from the analyses because the expo- 
sures examined were not specifically limited to farmers. 
One study (1 1) was excluded because of insufficient data 
to calculate relative risk. The remaining 21 studies are 
listed in table 1. 

Most of the studies included in the analyses were re- 
stricted to whites and male farmers. One study (12) was 
restricted to women, and 4 studies provided data for fe- 
male farmers (table 2). Nine studies provided data on 
malignant melanoma and nonmelanotic skin cancer (ta- 
ble 3). Out of the 21 studies included, 17 studies report- 
ed a significant positive association between lip cancer 
and farming, and 3 studies reported a nonsignificant as- 
sociation. The estimator of relative risk ranged from 1.30 
to 5.30. The estimator of relative risk for skin cancer 
ranged from 0.42 to 1.29 for malignant melanoma and 
from 0.69 to 1.50 for nonmelanotic skin cancer. A plot 
of In RR versus 1ISE showed no relation between 

Table 1. Description of the studies included in the meta-analysis of lip cancer and farming. 

Reference Country Study period Method Exposed Relative 95% GI 
cases risk 

Cohort studies 
Wiklund & Dich, 1994 (12) 
Kristensen et al, 1996 (41) 
Ronco et al, 1992 (13) 
Wiklund & Dich, 1995 (14) 
Gunnarsdottir & Rafnsson,l991 ( 
Pukkala & Notkola,1997 (32) 
Stark et al, 1990 (1 6) 
Pukkala et al, 1994 (45) 
Lynch & Thygesen, 1990 (17) 
Mortality and morbidity studies 
Wiklund, 1983 (18) 
Blair et al, 1993 (1 9) 
Burmeister, 1981 (20) 
Gallagher et al, 1984 (21) 
Case-referent studies 
Keller & Howe, 1994 (46) 
Fincham et al, 1992 (31) 
Reif et al, 1989 (42) 
Franceschi et al, 1993 (22) 
Brownson et al, 1989 (23) 
Spinelli et al, 1990 (24) 
Haguenoer et al, 1990 (25) 
Dardanoni et al, 1984 (26) 

Sweden 
Norway 
Denmark 
Sweden 

:15) Iceland 
Finland 
United States 
Finland 
Denmark 

Census 
Agriculture census 
Cancer register 
Census 
Farmer pension 
Farmer register 
Farm bureau 
Census 
Census 

Sweden 
United States 
United States 
Canada 

Census data 
Death certificate 
Death certificate 
Death certificate 

United States 
Canada 
New Zealand 
ltaly 
United States 
Canada 
France 
Italy 

Medical record 
Questionnaire 
Cancer register 
Interview 
Medical record 
Medical record 
Interview 
Questionnaire 
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relative risk and study size (figure 1). The test for publi- 
cation bias indicated no evidence of bias due to study 
size (P=0.95). 

The meta-analysis including all studies yielded a 
combined RR of 2.0 [95% confidence interval (95% CI) 
1.74-2.301. The estimator of relative risk for female 
farmers was 1.28 (95% CI 0.79-2.08). 

The meta-analysis for the studies reporting on skin 
cancer yielded a combined RR of 0.88 (95% CI 0.74- 
1.05 ) for malignant melanoma and 1.0 (95% CI 0.89- 
1.14) for nonmelanotic skin cancer. The combined esti- 
mate for lip cancer in these studies was 2.0 (95% CI 
1.71-2.34). 

Discussion 

This study attempted to investigate the epidemiologic 
characteristics of lip cancer in farmers and to determine 
the degree to which known risk factors influenced the 

prevalence. The significant association between lip can- 
cer and farming resulting from the meta-analysis of the 
21 selected studies suggests that farming is a risk factor 
for the disease. This finding is in agreement with the re- 
sults of other meta-analyses of farming and cancer (27, 
28). The preponderance of significant positive studies 
among the studies with the greatest number of subjects 
also supports an association between lip cancer and farm- 
ing. However, the insignificant association between 

Table 2. Relative risks and 95% confidence intervals from stud- 
ies of lip cancer among female farmers. 

Reference Exposed Relative 95% CI 
cases risk 

Wiklund & Dich, 1994 (12) 7 0.94 0.38-1.93 
Kristensen et al, 1996 (41) 2 2.78 0.28-8.58 
Pukkala & Notkola,1997 (32) 18 0.95 0.56-1.49 
Pukkala et al, 1994 (45) 10 1.67 0.80-3.07 
Blair et al, 1993 (1 9) 1 12.20 0.16-68.0 

Combined 38 1.28 0.79-2.08 

Table 3. Skin cancer and malignant melanoma for studies included in the meta-analysis. 

Reference Skin cancer Malignant melanoma 

Exposed Relative 95% CI Exposed Relative 95% CI 
cases risk cases risk 

Kristensen et al, 1996 (41) 
Ronco et al, 1992 (13) 
Wiklund & Dich, 1995 (14) 
Gunnarsdottir & Rafnsson,l991 (1 5) 
Pukkala & Notkola,1997 (32) 
Stark et al, 1990 (1 6) 
Wiklund, 1983 (18) 
Blair et al, 1993 (19) 
Burmeister, 1981 (20) 
Keller & Howe, 1994 (46) 
Fincham et al, 1992 (31) 
Reif et al, 1989 (42) 
Brownson et al, 1989 (23) 

Combined 3038 1 .OO 0.89-1 . I 4  1643 0.88 0.74-1.05 

- Figure 1. Relationship between the  estimator of 
30 relative risk and study size in meta-analyses of lip 

cancer and farming. 
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exposure and the disease produced by the meta-analysis 
limited to female farmers does not support an associa- 
tion between farming and lip cancer. This finding sug- 
gests that the women's exposures were significantly low- 
er than those of the men's. Many studies report that male 
exposure to sunlight is higher than female exposure. A 
possible explanation for this gender difference is that 
outdoor farming activities are to a large degree carried 
out usually by the male farmer on a tractor. However, 
this practice may not be that important if the induction 
time is several decades, which might be true considering 
the old age of most persons with lip cancer. Furthermore, 
it is likely that the women worked actively outdoors in 
some types of farming earlier, at least in some countries. 
It has been hypothesized that the protection both from 
the sun and from chapping which is afforded by lipstick 
or other lip covering could account for the much lower 
lip cancer rate for women (29). 

The majority of studies examined in this meta-analy- 
sis attributed the significant increase in lip cancer among 
farmers to their outdoor work and, more specifically, to 
sunlight exposure. However, none of the studies utilized 
a direct measure of solar exposure. In the literature, the 
bulk of evidence that implicates sunlight as an etiologic 
factor for lip cancer is based on analyses using indirect 
measures of solar exposure, such as residence, outdoor 
occupation, or an association of lip cancer with other 
types of cancers, known to be affected by sunlight (2). 
The majority of lip cancer is squamous cell carcinoma, 
and therefore the simultaneous occurrence of squamous 
cell cancer in multiple sites of the body has been assumed 
to suggest a common exposure. The high occurrence of 
multiple primary cancers of the lip and skin (1 1) have 
been used as support for the actinic radiation lip cancer 
hypothesis. In the present study, lip cancer was compared 
with skin cancer to determine the effect of sunlight on 
these diseases. Exposure to ultraviolet radiation in sun- 
light is a well documented major risk for skin cancer (30). 
In the present study, the meta-analyses of substudies re- 
vealed an insignificant association between farming and 
skin cancer (melanotic and nonmelanotic). This finding 
suggests that lip cancer and skin cancer do not share a 
common etiologic factor. The epidemiologic profile of 
lip cancer differs substantially from that of skin cancer 
in the same population and within the same period. The 
results of this study support the notion that different eti- 
ologic factors are involved in the development of lip can- 
cer versus those involved in skin cancer. Sunlight is not 
the sole risk factor for lip cancer, and exposures other 
than ultraviolet light from the sun may be associated with 
the disease. Fincham et a1 (3 1) noted that the excess of 
lip cancer among farmers and a deficit of malignant 
melanoma can be accounted for by the evidence that lip 
cancer is positively associated with cumulative chronic 
doses of ultraviolet light, whereas malignant melanoma 

appears to be positively associated with short but intense 
sun exposure and may be inversely related to chronic low 
exposure. Sun bathing, for example, not usually practiced 
by farmers, is a major risk factor for skin cancer and not 
associated with lip cancer (10). It is possible that chron- 
ic exposure to sunlight protects against malignant 
melanoma by increasing melanin production or strength- 
ening the immune system (31). Sunlight exposure from 
outdoor work might not be the most decisive factor in- 
volved in the etiology of lip cancer. It is possible that 
there is a synergistic effect of sunlight with other etio- 
logic factors. Besides sun exposures, other factors caus- 
ing dryness of the lips, such as dust, wind, lengthy peri- 
od of outdoor work, might be involved in the etiology of 
the disease. 

Farmers are exposed to, or come in contact with, sev- 
eral potentially hazardous chemicals and biological 
agents, including pesticides, solvents, fuels, dust, and 
zoonotic viruses (32). Chemical compounds such as or- 
ganochlorine, organophosphates, arsenic, psoralen, and 
polycyclic aromatic hydrocarbons are widely used in ag- 
riculture. Many of these compounds are known or sus- 
pected as carcinogens. In vitro studies support the no- 
tion of a close relationship between exposure to environ- 
mental chemical carcinogens and the occurrence of H- 
ras oncogene mutations in squamous cell carcinoma of 
lip vermilion (33). In a cohort study, an excess of lip can- 
cer was reported in association with exposure to chlo- 
rine gas, hydrochlorine aerosols, chlorinated aromatics, 
and sulfur dioxide (34). Moreover, an excess of lip can- 
cer has been reported for oil refinery workers (33 ,  phar- 
maceutical workers (36), creosote-exposed workers (37), 
and workers exposed to engine exhaust (38). The report- 
ed excess of lip cancer among these industrial workers 
adds some evidence to the possibility that agricultural 
chemicals may play a role in the etiology of lip cancer. 
However, it is possible that a large proportion of the in- 
dustrial workers was comprised, in fact, of part-time 
farmers or workers who had given up farming for indus- 
trial work. 

Viral infection is a possible risk factor for lip cancer. 
A positive relationship has been noted between squamous 
cell carcinoma of the lip in mice and sequential expo- 
sure to the virus HSV-2, ultraviolet radiation, and a tu- 
mor-promoting chemical agent. However, Cassai et a1 
(39) found no difference in virus susceptibility between 
human tumor cells and normal human cells cultured in 
vitro. Since exposure to cattle is associated with numer- 
ous infectious diseases (40), farmers who produce beef 
or milk are at risk for infectious diseases, and this factor 
may have contributed to an excess of lip cancer. Kris- 
tensen et a1 (41) found a significant association between 
lip cancer and exposure to animal farming. Lip cancer 
has been associated with dairy farming in New Zealand 
(42). Pukkala & Notkola (32) noted that small dairy 
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farmers had a significantly elevated risk for lip cancer. 
However, they noted that farmers having many cows or 
pigs had a lower risk of lip cancer than farmers in gener- 
al. 

Tobacco use is considered to increase the risk of tu- 
mor induction. Although smoking has been clearly dem- 
onstrated as a risk factor for oral cancer in general, its 
relative importance in lip cancer is not clearly defined 
(2). Keller (1 1) found an association between lip cancer 
and all types of tobacco consumption. On the other hand, 
Spitzer et a1 (43) found no relation between lip cancer 
and use of tobacco. It has been hypothesized that smok- 
ers experiencing recurrent herpes simplex virus (HSV- 
1) infections are more liable to tumor initiation (44). 
Pukkala et a1 (45) indicated that the joint influence of 
outdoor work and smoking on the risk of lip cancer seems 
to be so strong that other possible risk factors may not 
be detected. Among the studies included in this meta- 
analysis, only two (31,46) adjusted for cigarette smok- 
ing. The majority of studies indicated that the prevalence 
of cigarette smoking among farmers is lower than among 
the general population. However, the prevalence of oth- 
er forms of tobacco consumption (such as tobacco chew- 
ing, pipe smoking) by male farmers may not differ from 
that of the general population, at least in some countries. 

Lip cancer, like many other farm-related cancers, can 
be considered immune-related since the risk is strongly 
increased among immunosuppressed patients (40). The 
occurrence of lip cancer among patients with naturally 
and medically induced immunosuppression suggests that 
the high rates among farmers may be due to factors that 
affect the immune system (47). There may be factors in 
the agricultural environment that induce immune system 
deficiencies (40). Exposure to pesticides or organic dust 
of animal or plant origin may have resulted in decreased 
immunocompetence and therefore may have increased 
the occurrence of the disease. Reduced immunity could 
be a normal process possibly related to aging since most 
lip cancer cases are reported for older age farmers. 

A deficiency of melanin pigment has also been sug- 
gested as a risk factor for lip cancer. Support for this hy- 
pothesis stems from the relative lack of the disease in 
dark-skinned people (1). Similarly, white persons with a 
ruddy or fair complexion have made up a large propor- 
tion of the farmers with lip cancer. 

Concluding remarks 

In conclusion, this study found a significant elevation in 
the risk of lip cancer among male farmers. The lack of 
association between skin cancer and farming suggests 
that sunlight is not the major risk factor for lip cancer. 
Further studies simultaneously examining other risk 

factors are indicated. Farmers' exposures to multiple risk 
factors, including sunlight, infectious microorganisms, 
and agricultural chemicals, make it plausible that an as- 
sociation between lip cancer and farming actually exists. 
The role of sunlight as a risk factor for lip cancer needs 
re-evaluation, and its relative importance as an etiologic 
agent or carcinogen needs to be better defined. More 
studies are needed to explore the gender differences in 
the relative risk of lip cancer in farmers. 
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