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Cigarette smoking and liver cancer 
among US veterans 
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The relationship of tobacco use with risk of primary liver cancer was investigated using data from a 26-year mortality 
follow-up of nearly 250,000 US veterans, mostly from World War I. Significantly increased risks for liver cancer 
(289 deaths) were associated with most forms of tobacco use, including pipe and cigar smoking. Elevated relative 
risks (RRs) were seen for current cigarette smokers (RR = 2.4; 95 percent confidence interval [CI] 1.6-3.5)  and 
former cigarette smokers (RR = 1.9, 1.2 - 2.9). A strong dose - response relationship (P < 0.001) was found for 
cigarette smoking, with smokers of 40 or more cigarettes per day having almost a fourfold risk (RR = 3.8, 1.9 - 8.0). 
Risks were also found to increase significantly with years of cigarette use and with earlier age at the start of cigarette 
smoking. These results are consistent with those of other cohort and case-control studies, suggesting that cigarette 
smoking may be related to the risk of liver cancer. 
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Introduction 
Primary liver cancer (PLC), including hepatocellular 
carcinoma (HCC) and cholangiocarcinoma (intrahepatic 
bile duct carcinoma), is one of the most common cancers 
in the world, accounting for a million deaths every 
year. 1 In high-risk areas, such as the sub-Saharan coun- 
tries and Asia, liver cancer contributes up to 15 percent 
of all cancers, although in the United States it accounts 
for only 0.6 percent of all cancers, z 

Chronic infection with hepatitis-B virus (HBV) and 
contamination of foods by mycotoxins, especially 
aflatoxin B a, have been implicated in the etiology of 
PLC in high-risk countries) '4 However, because PLC 
occurs three to five times more commonly in men than 
in women in both high-risk and low-risk areas, 1 and 
because serologic markers of HBV have not been found 
in the majority of PLC patients in low-risk countries, 
additional factors--such as alcohol use, cigarette 
smoking, occupational exposures and, recently, hepatitis- 
C virus--have been suggested)-8 

The role of cigarette smoking in the etiology of liver 

cancer is not clear. Since Trichopoulous et aL 9 first 
reported a positive association of cigarette smoking with 
HCC among low-risk populations in 1980, several studies 
have examined this association in populations with a low 
prevalence of hepatitis-B surface antigen (HBsAg) 
positivity. Most have reported positive findings, 1°-25 
although in two recent reviews of the health consequences 
of smoking, 26'27 liver cancer was not considered to be 
tobacco-related. 

We have had the opportunity to evaluate the relation- 
ship between tobacco use and primary liver cancer in a 
large cohort of (mostly) US World War I veterans, a 
population presumably with a low prevalence of HBsAg, 
whose mortality experience has been followed for 26 
years. 

Materials and methods 

The study design and methods of follow-up have been 
described elsewhere in detailfl 8'29 Briefly, 293,916 
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government life-insurance policy holders, who served in 
the US Armed Forces during 1917-40, were mailed 
questionnaires either in 1954 or 1957, requesting 
information mainly about tobacco use. After the 1957 
mailing, a total of 85 percent had responded. No 
additional information has been collected on smoking 
habits since this time; thus, categories of smokers are 
defined as reported in 1954 - 57. 

The Beneficiary Identification and Record Locator 
Subsystem (BIRLS) of the Veterans Administration (VA) 
was used to follow the cohort for all causes of death from 
1January 1954 to 30 September 1980, with a 96 percent 
follow-up. Death certificates were obtained for 98 percent 
of the decedents. A total of 192,756 deaths, including 
289 certificates of death from primary liver cancer, were 
identified after 26 years of follow-up. All deaths were 
coded according to the International Classification of 
Disease, 7th Revision (ICD-7). 3° Primary liver cancer 
(ICD-7 155.0) was defined as a primary malignant tumor 
of the hepatic cells or intrahepatic bile ducts. 

The 289 PLC deaths accounted for 0.9 percent of all 
cancer deaths (N = 30,441) observed in this cohort 
during the 26-year follow-up, which is comparable to the 
percent of primary liver cancer among US cancer deaths 
in white males (1.1 pecent). 2 In addition, there were 
1,037 subjects who had secondary liver cancer (ICD-7 
156) mentioned on death certificates; they were not in- 
cluded in this analysis. 

A Poisson regression model 31 was used to calculate 
relative risks (RR) and confidence intervals (CI) for various 
categories of tobacco use. Unless otherwise specified, all 
figures following RR estimates in the text are 95 percent 
CI. Five-year age intervals and calendar time periods were 
used for age and time adjustments. 

Results 

Table 1 shows that RRs were significantly elevated among 
current cigar or pipe smokers (RR = 3.1, 2 .0 -  4.8), 
former cigarette smokers (RR = 1.9, 1 .2-2.9) ,  and 
current cigarette smokers (RR = 2.4, 1.6-3.5).  A 
significant dose-response relationship (P < 0.001) was 
observed for number of cigarettes smoked, with smokers 
of 40 or more cigarettes per day having a 3.8-fold 
increased risk. In addition, risks of liver cancer increased 
significantly with both an earlier age at the start of 
cigarette smoking (P < 0.001) and number of years of 
smoking (P < 0.01) (Table 2). 

Although information on alcohol intake was not 
available, we attempted to assess this variable indirectly 
by excluding the 61 liver-cancer subjects with any 
mention of liver cirrhosis (ICD-7 581) on the death 
certificate. There was little effect on the results: the RR 
for current cigarette smokers was 2.5 (1.6-3.8);  for 
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Table 1. Relative risks, with 95 % confidence intervals (CI), of 
primary liver cancer by tobacco use among US veterans, 
1954 - 80 

Smoking category No. of  Relative CI 

deaths risk a 

Total number  of cases 289 

Nonsmokers b 37 1.0 

Current  c igar /p ipe  47 3.1 2.0 - 4.8 

Former cigarette smokers, 

not current c iga r /p ipe  48 1.9 1.2 2.9 

Other  43 1.8 1.2 - 2.8 
Current  cigarette 

smokers '  114 2.4 1.6 - 3- 5 

< lO/day 18 2.2 d 1.2 - 3.8 

10 - 20 /day  48 2.0 1.3 - 3.0 

21 - 39/day 39 2.9 1.8 - 4.5 

> 39/day  9 3.8 1.9 - 8.0 

aAdjusted for age and calendar t ime period. 

blncludes two nonsmokers who used smokeless tobacco. 

Clncludes cigarette smokers who also used pipes, cigars, or smokeless 

tobacco. 

dLinear trend with a m o u n t  smoked,  P < 0.001. 

former smokers, 2.3 (1.5 - 3.7); and for pipe or cigar 
smokers, 3.0 (1.8 - 4.9). None of the 289 liver cancer 
subjects had mention of infectious hepatitis (ICD-7 092), 
alcoholism (ICD-7 322), or alcoholic psychosis (ICD-7 
307), on the death certificate. Compared to US white 
males, ~2 this cohort of veterans had a standardized 
mortality ratio (SMR) for cirrhosis of the liver of 0.53 
(0.50 - 0.56). 

Discussion 

Our results support the hypothesis first proposed in 
19809 that cigarette smoking plays a role in the etiology 
of liver cancer. Since then, 12 case-control studies 1°- 21 
and four cohort studies 22 -25 have examined the role of 
cigarette smoking, with six of the case-control 1°- 15 and 
all of the cohort studies 22- 25 reporting a significant 
positive association. In addition, two 18'2° of the six case- 
control studies reporting no association with smoking ac- 
tually had positive findings, although they were not 
statistically significant. Earlier cohort studies either did 
not report on PLC or combined it with biliary tract 
c a n c e r s .  

The type of liver cancer associated with cigarette 
smoking in the literature has been primarily hepato- 
cellular carcinoma (ICD-9 155.0). In our survey of US 
veterans, the cause of death was coded using ICD-7, 
which combines HCC with intrahepatic bile duct cancer. 
Nevertheless, the observed smoking effect likely reflects 
an association with HCC, which comprises at least 80 
percent of PLC. z 

We were unable to evaluate the effect of smoking 
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Table 2. Relative risks, with 95 % confidence interval (CI), of primary liver cancer by age started cigarette smoking and duration 
of smoking among US veterans, 1954- 80 

Smoking variables No. of Relative CI 
deaths risk ~ 

Nonsmoker 37 1.0 
Age of first cigarette use b 

<20 72 2.9 c 1.6- 5.3 
20- 24 32 2.3 1.2- 4.3 

>24 9 1.0 0.4 - 2.3 
Number of years smoked cigarettes b 

<35 18 0.9 c 0A- 2.1 
35- 39 35 2£ 1.4-4.9 

>39 60 2.7 1.5 -4.9 

~Adjusted for age, calendar time period, and number of cigarettes smoked. 
bFor smokers, only current cigarette smokers (1954- 57) were included. 
CLinear trend P < 0.001 (test of linear trend performed for smokers only). 

independent of chronic HBV-infection and alcohol use, 
which were not asked for in the questionnaire. However, 
since the chronic HBV-carrier rate in the US is relatively 
low, ranging from 0.26 to two percent 3~'34 compared to 
23 percent in hyperendemic areas of the world, 35 
chronic HBV-infection is unlikely to account for PLC in 
this cohort. Heavy exposure to mycotoxins, a reported 
risk factor in high-risk areas, also is uncommon in the 
US)  6 

Prolonged and excessive use of alcohol is a risk factor 
for PLC, especially in the aftermath of alcoholic hepatitis 
and cirrhosis. 37 Since drinking and smoking habits are 
correlated with one another, it is important to consider 
possible confounding of the smoking-related risks by 
alcohol intake. 

Although veterans of World War II, Korea, and 
Vietnam have more drinking problems and alcohol- 
related diseases than the rest of the US population, 3s'39 
the prevalence of alcohol use in this cohort of mostly 
World War I veterans is unknown. However, it may not 
be high, since the death rate from liver cirrhosis was 
actually well below US norms. Excluding those PLC sub- 
jects with accompanying liver cirrhosis mentioned on the 
death certificates had virtually no effect on the risks for 
cigarette smoking. Moreover, the SMRs for alcohol- 
related cancer sites such as the oral cavity, larynx, and 
esophagus in this cohort were 0.53 (0 .48-  0.57), 0.43 
(0.37 - 0.49) and 0.57 (0.52 - 0.62), respectively, sug- 
gesting that these veterans experienced fewer alcohol- 
related cancer deaths than the US white male popula- 
tion. In addition, the prevalence of ever-smoking in this 
cohort (57 percent) was considerably lower than that of 
US white males (74 percent) of the same age, 4° and the 
SMR for lung cancer was 0.62 (0.61 - 0.64)--indicating 
that, as a group, members of this cohort have lower rates 
of smoking-induced cancer. Thus, drinking and smok- 
ing patterns of these World War I veterans may not 

resemble those of other veterans, perhaps because of 
selection criteria for this cohort, which was chosen based 
on continued payments for life insurance benefits after 
discharge from the service. 28 The cohort members were 
better educated and more likely to hold management and 
skilled-worker positions than US white males of the same 
age. z8 

Earlier reports on this cohort combined deaths from 
cancers of the liver and biliary tract. 28'29 In the 16-year 
follow-up, a 2.3-fold risk was associated with cigarette 
smoking for the combined sites. 29 In our 26-year 
follow-up, we found a 2 A-fold risk for liver cancer alone; 
in a separate analysis of biliary tract cancer, the risk from 
cigarette smoking was 1.4, with no dose-response 
relationship for amount smoked. 

Misclassification of smoking exposure is likely to have 
occurred in this study, since no additional information 
on smoking was obtained after 1954-  57. However, if 
the quitting patterns among veterans resemble those of 
other American men, more than 40 percent may have 
quit smoking in the ensuing 26 years since they reported 
themselves as smokers. 4° Hence, risk ratios for current 
smokers are likely to have been underestimated. 

We used only subjects with mention of primary liver 
cancer on the death certificate for analysis. However, since 
the liver is a common site for metastasis, some cases of 
secondary liver cancer are likely to be misclassified and 
reported as PLC. One study compared the diagnoses of 
PLC recorded on death certificates to those on hospital 
records and found that only 72 percent of the death 
certificate diagnoses of PLC were confirmed by hospital 
records. 4~ If a similar proportion of liver cancer deaths 
among this cohort were misclassified, and if an increased 
proportion of these were smokers, the association with 
smoking would be overestimated, but such an effect is 
likely to be negligible. 

Despite the limitations of this study, our results are 
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consistent with most other epidemiologic studies, and 
indicate that smoking is a risk factor for primary liver 
cancer in tow-risk areas such as the US. 
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