DIETARY VITAMIN A, BETA-CAROTENE AND
RISK OF EPIDERMOID LUNG CANCER AMONG

CHINESE MALES
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SYNOPSIS

A study of 50 pairs of Chinese male epldermold lung cancer patlents and controls matched on age, sex and eth-
niclty revealed an Inverse dose-responsa relatlonship between beta-carotene Intake and lung cancer risk. A com-
parison of the lowest and highest quartiles of intake gave an odds ratio of 3.8 and a 95% confldence limit of 1.0 -
15.2. The relationship Is stronger among the age group 60 and above (O.R. = 8,7; 95% C.L. = 1.3 - 66.5). SImliar
analyses showed no significant association between total dletary vitamin A Intake and lung cancer risk, Little
correlation is found between smoking and vitamin A intake (r = 0.04) or between smoking and beta-carotene in-

take (r = -0.121).

INTRODUCTION

Lung cancer is a leading cause of cancer death in many
populations. In the United States and many other
developed as well as developing countries, lung cancer
ranks top among all cancer deaths{1). Lung cancer has a
high monrtality. The five year survival rate of epidermoid
cancer, the most common type of lung cancer, is only
about 9%.

In Hong Kong, in 1983, lung cancer gave the highest
cancer mortality rates for both males and females. The
rates were 50 and 25 per 100,000 respectively. From
1974 1o 1983, lung cancer moentality rate in males in-
creased from 30.7 to 49.6 per 100,000. The incidence
rates for both sexes increased sharply from age 55 and
peaked at 70-79(2).

Postulated astiological factors of lung cancer include
smoking, occupational exposure to radioactive materials in
mines({3), asbestos{4), nickel, coal, mustard gas, arsenic,
beryllium, iron, and chromates, and also air pollution(5).
Among these, smaoking is agreed to be the principal
cause. Case control studies of bronchogenic carcinoma
carried out as early as the 1950s(6) show a strong statisti-
cal association between cigarette smoking and lung can-
cer. The association was confirmed by other case control
studies and cohont studies conducted later(7,8). In addi-
tion, the cancer risk was found to be reduced among ex-
smokers, and the death rale was reduced with increasing
duration of giving up smoking.

Besides astiological factors, substances which may be
protective against lung cancer have been investigated. A
number of case- control studies on the relationship be-
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tween vitamin A intake and lung cancer show an odds
ratio of around 2 between studied subjects with low
vitamin A and high vitamin A intakes {9-12).

A cohort study by Bjelke(13) of 8278 men in Norway
found that the (smoking adjusted) risk in a lower vitamin A
intake group was 2.6 times highaer than in a higher intake
group. Ancther cohort study by Shekelle et al.(14)} showed
a relative risk of 7 among men in the lowest quartile of
carotens intake compared to men in the highest quartile.
Two other cohort studies also showed an inverse relation-
ship between serum vitamin A and the subsequent
development of lung cancer(15,16).

Studies have also shown a sex and histological dif-
ference in the risk of lung cancer with decreased vitamin A
intake(11,12,16,17). While an association was found
among males, it was not so apparent in females. H has
also been suggested that vitamin A and carotene are
primarily protective against epidermoid lung cancer rather
than against adenocarcinoma(13).

The protective effect of vitamin A is not confined to lung
cancer only. Over the past decade, accumulating
evidence, both experimantal and epidemiclogical, has sug-
gested that other cancer risks including stomach, bladder,
larynx, and esophagus may also be reduced by dietary in-
take of vitamin A and carctena{18-21).

The objective of this paper is to report a study of the
relationship between dietary vitamin A and beta-carotene
intake with epidermoid lung cancer in Chinese male
patients. The study was confined to male patients as pre-
vious studies have failed to show any relationship of these
dietary variables among females; and to squamous cell
lung carcinoma because of the more apparent relationship
with this histological type.

The common distary methods for estimating food intake
in epidemiological studies include 24-hour recall, diet diary
and dielary history directed o a certain period of time. The
dietary history was preferred for this study as current food
intake might be influenced by the disease process(22-24).
Russell-Briefel, Caggiula & Kuller(26) compared and
evaluated the measurement of vitamin A intake using
three dietary methods directed lo a time interval one year
ago. The results showed that the food frequency question-
naire was less costly, less time-consuming, and much
easier fo administer and analyze. The food frequency
questionnaire was recommended as the preferable method
for the estimation of vitamin A intake of individuals. The
reliabiiity of food frequency questionnaite was also found
o be high with 80% or greater agreement of responses.
The method has been found to be of acceptable
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validity(12,26,27). Thus, a semi-quantitative food frequan-
¢y method was adopled in this study.

METHODS

The study included all surviving Chinese male pafients
with the diagnosis of primary squamous carcinoma of lung
managed in the Clinical Oncology Department of the
Prince of Wales Hospital, one of the 2 teaching hospitals
in Hong Kong. All diagnoses were confirmed by broncho-
scopic biopsies,

The controls were hospital patients in Orthopaedic, Sur-
gical or Medical wards of the same hospital. They were
not suffering from malignancy and represented patients
with a wide spectrum of disease pattern. Each case was
maiched with a control patient by age, sex and athnicity.
The age ditference between cases and conirols was maxi-
mally 5 years. Data were collected by means of personal
interview with a structured questionnaire. Interviewers
were 4th year medical students who wers undertaking a
project in epidemiology in the Chinese University of Hong
Kong.

Besides the dietary questionnaire, the interview
covered medical history, family history of cancer, smoking
habits and occupation. The presence of any of the follow-
ing gastrointestinal problems in the medical history was
noted. These were gasireclomy, chronic pancreatitis,
chronic diarrhoea or gastrointestinal operations, Patients
who had any of the above conditions before the ap-
pearance of symptoms of lung cancer or the present dis-
ease condition were excluded because such conditions
might affect vitamin absorption. Altogether 50 cases and
an equal number of controls were included in the study.

The intensity of smoking was quantified in terms of
pack-years (the product of packs of cigarette consumed
per day and years that the patient smoked). Occupations
classified as high risk in our study were thosa with ex-
posure of more than 1 year 10 radioactive ores, asbestos,
certain chemicals like coal, mustard gas and certain me-
tals like arsenic, chromates, and nickal.

A semi-quantitative food fraquency method was used in
this study. The cases were asked about the intake of cer-
tain food items directed to the one-month period three
months before the appearance of any symptoms of ‘their
disease. A total of 58 food items which give the major
contribution to vitamin A and beta- carotene in the Hong
Kong Chinese diet were included in the questionnaire, The
food items included vegetables, fruits, liver, poultry, eggs
and milk products.

For each particular food item the subject reported his
frequency of intake in one month and the usual amount
consumed each time. The amount was quantified by the
patient in terms of percentages of common household
Measures. For example, for a special food item, the sub-
ject may indicate 'a quarter of a medium-sized Chinese
bowl once a week’. Vitamin supplements and tonics con-
tributing to dietary vitamin A waere also included. Dietary
vitamin A intake (in terms of retinol aquivalents) is the sum
of preformed vitamin A in foods and supplements and that
converted in vivo from the pro-vitamin A, beta-carotene,
The relationship of beta-carotene with lung cancer was as-
sessed separately.

Seasonal dilerences in dietary intake were taken into
consideration by asking the matched control about the
dietary habits for the same season and time period as for
the case. Each interview lasted about 45 minutes.

RESULTS

The distribution of the controls were 24% from the medi-
cal, 30% from the surgical and 46% from the orthopaedic
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wards. The ages of the subjects ranged from 30 to 90 with
a similar distribution among both cases and controls. The
mode was at 60 to 70 with 34% of controls and 42% of
cases falling into this group.

The occupational distribution was also quite similar be-
tween cases and controls. The group of “production
worker, transport worker, mechanics and labourers” heads
the list with 60% of the cases and 52% of the controls
belonging to this group. Quite a few of the study subjects,
24% of the cases and 30% of the controls, were "service
workers” and “fishermen and farmers”. Only 10% of the
cases and 12% of the controls were of the higher occupa-
tional groupings - “professionals”, “administrative staff”
and “secretaries and teachers”. The occupational clas-
sifications show that our subjects largely came from the
lower social classes.

The numbers of subjects with positive answers of
family history of cancer and occupational risk axposure
were small. Although the odds ratios were found to be 2
for these 2 risk factors, the McNemar test showed no
statistical significant association between either of this and
the risk of lung cancer at the 5% level of significance.

Table 1 shows the paired distribution of cases and
controls according to their smoking status. The relative
risk of smoking against non-smoking towards lung cancer
risk is found to be 3.67 and the association of lung cancer
with smoking is marginally significant with p = 0.06,

TABLE 1
PAIRED DISTRIBUTION OF CASES NAD
CONTROL BY SMOKING STATUS

Control
Case Smoker | Non-smoker | Total

Smoker 35 11 46
Non-smoker 3 1 4
Total 38 12 50

)(2 = 35

df = 1

p = 0.06

Odds Ratio 3.67 (95% confidence limit 0.8-23.9)

However, a chi-square test for trend (Table 2) with
smoking categorised to different levels of pack-years
showed a significant dose-response relationship {p=0.003)
belween smoking and risk of lung cancer. The risk of fung
cancer increases correspondingly with the level of smok-
ing. Those who smoked 60- 160 pack-years had a relative
risk of 6.9 compared to the non- smokers.

The relationship of dietary vitamin A intake and lung
cancer was assessed by calculating equivalents as well
as carotene intake. The retinol equivalent was the sum of
retinol contained in foods (from pre-formed vitamin A) and
that converted in-vivo from pro- vitamin A (beta-carotene).

The levels of intake were divided into quartiles with as
near as possible one quarter of the total cases and con-
trofs in each quartile. The distribution of the cases and
controls is shown in Table 3. Except for the quartile of
above 50,000 ug where more controls (30%) than cases




{18%) were observad, no specific trend could be seen. It
seems that for any level of intake less than 50,000 ug per
month the risk of lung cancer is higher, with a relative risk
of about 2 compared to those who have vitamin A intake
at the highest quartile. Adjustment for smoking and age

TABLE 2
DISTRIBUTION OF CASES AND CONTROLS
ACCORDING TO LEVEL. OF SMOKING

(Table 4) also did not reveal any significant relationship al-
though lung cancer risk seemed to be increased compar- Smoking
ing the low and the high vitamin A intake among the age Level Case Control | O.R.| 985% C.L,
group at or above 60. No correlation was seen between (pack)
smoking in terms of pack- years and vitamin A intake in P
terms of pg of retinol squivalents (r=0.04).
The relationship of carotene and lung cancer risk was
similarly studied. An inverse relationship between the two 0 4 12 1
variables was observed (Table 5). A chi-square test for
trend showed a borderline p-value of 0.06. The relative .
risk of getting lung cancer was 3.8 for people who had e = 21 19 Ve i
carotene intake in the lowest quartile compared to those
at the highest quartile. As smoking was a possible con- | 40-59 17 10 5.1 1.1-258
founding variable, adjustment for smoking was carried out.
The relative risk of lung cancer for smokers having beta- 60-180 16 7 69 1.3-38.7
carolene intake at the lowest quartile was 3.3 compared
with those having an intake at the highest quartile. As the
number of non-smokers was small (4 i.e. 8% among the
cases and 12 i.e. 24% among the controls), no specific
trend was observed. Adjustment for smoking seemed to | Chi-square test for trend
slightly decrease the odds ratio between the low and high
intakes. However there was little correlation between 2 - 91
smoking and beta-carotene intake {r=-0.121), Ty
Adjustment for age showed a more pronounced effect daf = 1
of low carotene intake among the subjects aged 60 and p = 0003
above (Table 6). An odds ratio of 8.7 was observed be-
i
TABLE 3
RELATIONSHIP OF LUNG CANCER RISK AND VITAMIN A BY APPROXIMATE
SUBJECT QUARTILES AMONG ALL SUBJECTS AND AMONG SMOKERS
Total Vitamin A All Subjects Smokers
{ug/month} Case | Control O.R. {95% C.L.} | Case | Control 0.R. {95% C.L.}
2000-16000 13 12 18 (0.5-6.6) 13 8 1.6 {0.4-7.1)
16000-27000 14 12 19 (0.5-7.1) 13 10 1.3 {0.3-5.4)
27000-50000 14 11 21 (0.6-7.9) 11 11 1.0 (0.2-4.2)
Above 50000 9 15 1.0 9 9 1.0
X = 13 x2 = 024
di = 1 d = 1
p = 025 p = 6

tween the low and high intakes and the 95% confidence
limit did not cover 1.0. A stronger and more significant
dose-response relationship was also apparent in this age
group.

Paired analyses using the paired t-test revealed no
significant difference between the pairs of cases and con-
trols in terms of vitamin A intake, and a borderline level of
significance for beta-carotene intake.

Another paired analysis using conditional multiple
logistic regression revealed that, with adjustment for
smoking, a decrease in 10,000 ug carotene intake gave a
relative risk of 1.033 (logistic regression coefficient = -
0.0328 and p = 0.09) of getting lung cancer. With an

average difference belween the lowest quartie and
highest quartile of 400,000 ug per month, this gave a rela-
tive risk of 3.7 for the low intake group. The result was
consistent. with what we found comparing the fowest and
highest quartiles of intake (O.R.=3.8). Similar analyses for
vitamin A revealed a relative risk of 1.8 between the
lowest and highest quartile (logistic regression coefficient
=-0.0117 and p = 0.18).

DISCUSSION

Both family history of cancer and high risk occupation
showed no significant association with lung cancer risk in
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TABLE 4 .
RELATIONSHIP OF LUNG CANCER RISK AND VITAMIN A BY APPROXIMATE
SUBJECT QUARTILES AND BY AGE GROUP

Total Vitamin A Under 60 60 & above
{ng/month) Case | Control O.R. {(95% C.L.) | Case | Control O.R. {95% C.L.)
200016000 3 6 05 {0.04-5.2) 10 6 3.7 {0.7-21.1)
16000-27000 6 2 3.0 {0.2-194.1) 8 10 1.8 {0.4-9.1)
27000-50000 6 8 0.8 {0.1-5.9) 8 3 59 (0.847.5)
Above 50000 4 4 1.0 5 11 1.0
x2 = 1.83
df = 1
p = 018
TABLE 5
RELATIONSHIP OF LUNG CANCER RISK AND BETA-CAROTENE INTAKE BY
APPROXIMATE SUBJECT QUARTILES
Beta-carotene All Subjects Smokers
intake
(ng/month) Case | Conirol O.R. | (95% C.L.) |Case | Control O.R. | (95% C.L)
14000-70000 15 8 3.8 (1.0-15.2) 16 7 3.3 {0.7-15.2)
70000-120000 13 15 1.7 {0.5-6.3) 12 11 1.6 (0.4-6.2)
120000-220000 14 11 26 {0.6-9.6) 11 10 1.6 {0.4-7.0)
220000-900000 8 16 1.0 7 10 1.0
X2 = 36 x2 = 225
df = 1 di = 1
p = 0.058 p = 013

this study. However, the number of persons with positive
exposure lo these two variables was few. The positive
finding of cigarette smoking as a significant risk factor is in
agreement with previous studies which confirmed the lung
cancaer risk of smoking (7,8).

The dietary questionnaire employed in the study con-
tained food items with major dietary contributions of
vitamin A and beta- carotene among the Hong Kong
Chinese diel. Few studies have ditferentiated vitamin A
from pro-vitamin A intake. A case control study by Hinds
el al.(12) showed thal lung cancer risk among males was
affected by dietary vitamin A and carotene intake, but with
a slightly stronger effect observed for carctene. On the
other hand, Shekelle &t al.(14) in his Western Electric
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Study of about 2,000 men found that the only dietary vari-
able associated with lung cancer was beta-carotene. No
relationship with retinol equivalents was found. Peto et
al.(28) argued that dietary beta-carotene rather than retinol
lowers the cancer risk in man. Our data seem to be more
in support of Shekelle’s finding and Peto’s argument in
that beta-carotene was found to have a strong inverse
relationship with lung cancer while no significant refation-
ship was found for retinol equivalents.-Peto also pointed
out that although the relative risk obtained from dietary
questionnaire comparing low and high intake has been
around 2 in many studies, the relative risk comparing true
low with true high intake might be greater because most of
these dietary questionnaires were designed for more




TABLE 6
RELATIONSHIP OF LUNG CANCER RISK AND BETA-CAROTENE INTAKE BY
APPROXIMATE SUBJECT QUARTILES

Beta-carotene Under 60 60 & above
intake

(rg/month) Case | Control |OR. | (95% C.L) | Case | Control | O.R. | (95% C.L)
14000-70000 2 3 0.8 (0.2-10.7) 13 5 8.7 (1.3-66.5)
70000-120000 7 5 1.7 (0.2-12.3) 6 10 2.0 (0.3-14.2)
120000-220000 5 6 1.0 (0.1-7.4) 9 5 6.0 (0.948.3)
220000-900000 5 6 1.0 3 10 1.0

x° = 511

df = 1

p = 0.024

general purposes. The greater relative risks of low com-
pared lo high beta-carotene intakes (3.8 for all subjects
and 8.7 among subjects 60 and above) found in this study
are therefore not too surprising. First, only male epider-
moid fung cancer patients for whom vitamin A has been
shown to have a greater effect were included. Previous
studies have showed that the dietary association was sig-
nificant among male rather than female patients and
among those with the histological lype of squamous celt
rather than adenocarcinoma. Secondly, the dietary ques-
tionnaire was designed specifically to assass vitamin A
and beta-carotene intake. The total morthly intake thus
obtained would probably represent a truer picture of intake
compared to studies with a more general purpose.

Our data did not support the finding of Hinds and
others of a more pronounced effect of vitamin A intake on
lowering the lung cancer risk among smokers(10,12).
Negative or very weak correlation of smoking with retinol
and bela-carotene found in this study also indicated that
smoking is nol a slrong confounding factor. Rather, the
protective etfect of high beta- carotene intake was noted
to be much stronger among the older age group. This
relationship has not been explored by other studies and
deserves fuller investigation. Perhaps the effect of beta-
carotene is of a long term accumulative effect and is more
fully expressed in the clder age group.

This is the first case-control study on Chinese male
patients with epidermoid lung cancer specifically designed
for the study of the relationship of vitamin A and beta-
carolene intake with lung cancer risk. Our results support
the carotene-lung cancer hypothesis in that carotene in-

REFERENCES

take is associated with reduced relative risk of lung can-
cer and the effect is independent of smoking and vitamin
A. That beta-carotene is an important risk factor is also in
agreement with two other studies with large samples
which suggested thal the daily consumption of green- yel-
low vegetables (rich sources of bela-carotene) reduces
lung cancer risk{9,29).

Our study suggests that carotene is an important inde-
pendent dietary factor in modifying the expression of pul-
monary carcinogens in older men. Various possible
mechanisms have been postulated including quenching
the energy of excited oxygen, trapping free radicals, or
through some other unknown hormone- like mechanism.
The protective effect of beta-carotene may also be due to
some other products whose presence is closely related to
that of beta-carolene(30).

ACKNOWLEDGEMENT

The authors thank Mr. Albert Cheung and Mr. Ben
Cheung for their statistical assistance and Ms. Pamela
Tang for typing this manuscript. The authors also thank
Chan Siu Yuen, Cheung Kin Leung, Chiu Chi Suen, Chow
Ki Yau, Fan Tak Chung, Ho Luen Cheung, Ho Ying Ho,
Ko Tin Choi, Kwong Sui Wa and Lam Yan Kit for their
participation in the study.

i. Wynder EL, Goodman MT. Smoking and lung cancer: Some unresolved issues. In: Nathanson N, Gordis L, Gregg MB, Szklo M.
eds. Epidemiclogic Reviews. Ballimore: The School of Hygiene and Public Health of the Johns Hopkins University, 1982, 5:177.

2. Medical and Health Department Institute of Radiclegy and Oncology. Cancer Incidence in Hong Kong. Cancer Registry Hong Kong.

1974-1983.

217



12

13,

14.

16.

17.

18.

20.

21

22.

23.

24,

25.

26.

27.

28,
29.

30.

218

Wagoner JK, Archer VE, Lundin FE, et al: Radiation as a cause of lung cancer among uranium miners. N Eng! J Med 1065;
273:181- 8.

Liddell D: Asbestos and public health. Thorax 1981; 36:241-4.

United States Public Health Service. Smoking and Health, A report of the Surgeon General. Washington D.C.: U.S. Government
Printing Office. 1979; Chapter 5:5.1-5.74.

Doll R, Hill AB: A study of the aetiology of carcinoma of the lung. Br Med J 1952; 2:1271-86.
Doll R Peto R: Mortality in relation to smoking: 20 years' observations on male British doctors. Br Med J 1976; 2:1525-36,

Rogot E, Murray JL: Smoking and causes of death among U.S, veterans: 16 years of observation. Public Health Rep 1980; 95:213-
22.

Maclennan R, DaCosta J, Day NE, Law CH, Ng YK, Shanmugaratnam K: Risk factors for lung cancer in Singapore Chinese, a
population with high female incidence rates. Int J Cancer 1977; 20:854-60.

Mettlin C, Graham S, Swanson M: Vitamin A and lung cancer. JNCI 1979; 62;1435-8.

Gregor A, Lee PN, Roe FJIC, et al: Comparison of dietary histories in lung cancer cases and controls with special reference to
vitamin A. Nutr Cancer 1980; 2:93-7.

Hinds MW, Kolonel LN, Hankin JH, Lee J: Dietary vitamin A, carotene, vitamin C and risk of lung cancer in Hawaii. Am J Epidemiol
1984; 119:227-37.

Bjelke E: Dietary vitamin A and human lung cancer. Int J Cancer 1975; 15:561-5.

Shekelle RB, Lepper M, Liu S, Maliza C, Raynor Jr WJ, Rossof AH: Dietary vitamin A and risk of cancer in the Western Electric
Study. Lancet 1981; 2:1185-90.

Wald N, tale M, Boreham J, Bailey A: Low serum vitamin A and subsequent risk of cancer. Lancet 1980; 2:813-5.

Kark JD, Smith AH, Switzer BR, Hames CG: Serum vitamin A (retinol) and cancer incidence in Evans County, Georgia. JNCI 1981:
66:7-16.

Smith PG, Jick H: Cancers among users of preparations containing vitamin A. Cancer 1978 42:808-11,
Mettlin C, Graham S: Dietary risk factors in human bladder cancer. Am J Epidemiol 1979; 110:255-63.
Stehr PA, Gloninger MF, Kuller LH, et al: Dietary vitamin A deficiencies and stomach cancer. Am J Epidemiol 1985; 121:65-70.

Graham S, Metllin J, Marshali R, Pricre R, Rzepka T, Shedd D: Dietary factors in epidemiology of cancer of the larynx. Am J
Epidemiol 1981; 113:675-80,

Wynder EL, Bross 1J: A study of etiological factors in cancer of the esophagus. Cancer 1961; 14:389-413.

Jain M, Howe GR, Johnson KC, Millar AB: Evaluation of a diet history questionnaire for epidemiclogic studies. Am J Epidemicl
1980; 111:212.9.

Nomura A, Hankin JH, Rhoads GG: The reproducibility of dietary intake data in a prospective study of gastrointestinal ¢cancer. Am J
Clin Nutr 1976; 29:1432-6.

Rehan TE, Potter JD: Retrospective assessment of dietary intake. Am J Epidemiol 1984; 120:876-87.

Russell-Briefel R, Caggiula AW, Kuller LH: A comparison of three dietary methods for estimating vitamin A intake. Am J Epidemiol
1985; 122:628-36,

Hankin JH, Nomura AMY, Lee J, Hirchata T, Kolonel LN: Reproducibility of a diet history questionnaire in a case-control study of
breast cancer. Am J Clin Nutr 1983; 37:981-5,

Morgan RW, Jain M, Miller AB, et al: A comparison of dietary methods in epidemiologic studies. Am J Epidemiol 1978; 107:488-
98.

Peto R, Dolt R, Buckley JD, et al: Can dielary beta-carotene materially reduce human cancer rates? Nature 1881; 290:201-8.
Hirayama T: Diet and cancer. Nutr Cancer 1979; 1:67-81,

Doll R, Peto R. The causes of cancer. Oxford University Press. 1981; 1226-37,



