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OBJECTIVE To Jnvest~gate the relationship between body mass ~ndex (BMI) 

and tung cancer risk among men in urban Shanghai, China. 

METHODS Between January 1,1986 and September 30,1989, a total of 

18,244 male readents of urban Shanghai were recruited in the prospective 

cohort study. The eligible study subjects were those aged 45 to 64 years and 

w~thout history of cancer. Through July 10 ''~, 2003 (17 years follow-up), 467 

new cases of lung cancer were identified in the cohort. Cox regression 

models were used to estimate the adjusted relative risks (RRs) and 95% 

confidence intervals (CIs). 

RESULTS The risk of lung cancer decreased with increasing in BMI. After 

adjustment for some potential confounding factors, a relative risk of 0.6 

(highest versus lowest quintile of BMI) was observed (P-trend =0.01). 

Stratified by smoking status, an inverse association of body mass index with 

lung cancer risk still existed among current smokers. There were too few 

cases of tung cancer to draw a valid result among men who never smoked. 

The results also showed that the association of BMI with the risk of lung 

adenocarcinoma was more apparent than with other histological subtypes. 

CONCLUSION An inverse association of BMI with lung cancer risk may exist 

among men in Shanghai. 
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B ody lVlass Index(BMI). defined as a person's weight in kilograms 

divided by the square of height in meters, is often used in 

epidemiologic studys as an approximate measure of general body fat. 
BMI has been shown to be positively associated with risk of a variety 

of cancers, including endometrial, colon and prostate cancer, lung 

cancer, however, is an exception, for which an inverse association 
between BM[ and lung cancer risk has often been observed i~-,i. The 
precise relationship between body mass index and the risk of lung 
cancer remains controversial ~-~, and information on the relationship 

among adults in China is minimal E'~-t'L The goal of this stud S, was to 

prospectively examine the relationship between the BM[ and risk of 

lung cancer in a large cohort of middle-aged men in Shanghai, China. 

MATERIALS AND METHODS 

Between January 1, 1980 and September 30, 1989, men ageD 45-64 

years living in four small geographically defined areas of urban 
Shanghai were invited to participate in a prospective study of diet and 
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cancer. At recruitment, each subject was interviewed 

in person using a structured questionnaire that included 

information on level of education, occupation, adult 

height and usual adult weight, history of tobacco and 

alcohol use, current diet (~15 food items), and medical 

history. During the 3-year recruitment period, 18,224 

men (about 80% of eligible subjects) enrolled in the 

study. 
All surviving members of the cohort were contacted 

annually. Retired nurses employed by Shanghai 

Cancer Institute visited the last known address of each 

living cohort member and recorded details of the 

interim health history. Another supplementary method 

for identifying new cancer cases among cohort 

members was through linkage with the population- 
based Shanghai Cancer Registry. Medical abstracts 

were collected from hospitals to confirm the diagnosis 

for every new cancer case. For those subjects who died 

, copies of their death certificates were collected from 

the Shanghai vital statistics unit. By July 10th 2003, 

the 18,244 original participants in the cohort 

contributed 247,644 person-years of fol low-up.  

Follow-up was lost for only 405 subjects (2.2%). 

The BMI was calculated using self-reported usual 

adult weight in kilograms divided by the square of 

self-reported height in meters (kg/m2). We classified 

cohort members into five categories of BMI according 

to the quintile cu t -of f  points. Relative risks (RRs) 

were used to measure the association between lung 

cancer risk and BMI. Using the lowest quintile of BMI 

as reference, we calculated the relative risks of lung 

cancer for other categories of BMI after adjustment for 

age, educational level, cigarette smoking and history 

of emphysema. Cox proportional hazards regression 

was used to estimate RRs and their corresponding 95% 

confidence intervals. To test for a linear trend across 
BMI categories, an equally-spaced ordinal variable 

for five BMI categories was included in the regression 
model. All P-values are two-sided. The histologic 

subtypes were grouped as follows: squamous 

carcinoma of the lung, adenocarcinoma of the lung, 

and all others/unkown subtypes. 

RESULTS 

At recruitment, 50% of the cohort members were 

current smokers, 7% were former smokers, and the 

remaining 43% had never smoked. Of the study 

subjects,43% drank alcoholic beverages regularly and 

the other 57% were non-drinkers. By July 10 th, 2003, 

~67 incidence lung cancers in the cohort were 

identified. 
As shown in Table 1, the risk of lung cancer was 

negatively associated with the level of education. 

Compared with subjects without higher than primary 

school education, those with middle or high school 

education had a 20% reduced risk of lung cancer, and 

those with college education had a 30% reduced risk of 

lung cancer (RR = 0.7, 95%CI: 0.5 -1.0, P for trend= 

0.03). Compared with those who never smoked, 

former smokers had a 3-fold increased risk of lung 

cancer (RR = 3.1, 95%CI: 1.9 - 4.8), current smokers 

bad a statistically significant 6-fold increased risk of 

lung cancer after adjustment for age (RR=6.4, 95%CI: 

4.8-8.5). Similarly, smoking in pack-years was also 

associated with increased lung cancer risk(P for trend< 
0.01). No association was found between consumption 

of alcohol and risk of lung cancer. Compared with 

those without a history of emphysema, those with a 

history of emphysema had a 2-told increased risk of 

lung cancer after adjustment for age and pack-years of 

smoking (RR = 1.8, 95% CI: 1.3-2.5). Pulmonary 

tuberculosis and asthma might slightly increase the 

risk to develop lung cancer(RR=l. 1, 95%CI: 0.9-1.4; 

RR=I.2, 95%CI: 0.8-1.8, respectively). 

Firstly, we examined the association of body mass 

index with lung cancer risk of all histologic subtypes 
combined. Table 2 shows that increasing BMI was 

associated with decreasing risk of lung cancer. After 
adjustment for age, educational level, pack-years of 

smoking, men in the highest quintile of BMI were at a 

40% lower risk of developing lung cancer than were 

men in the lowest quintile (RR= 0.6, 95%CI: 0.5-0.9). 

After stratification by smoking status, the inverse 
association between BMI and risk of lung cancer was 

still observed among current smokers, the relative risks 

across the quintiles were 1.0, 0.8, 0.8, 0.8 and 0.7, 

respectively (P-trend = 0.03). However, among non- 
smokers the lung cancer risk across increasing BMI 
quintiles displayed no clear pattern: compared with 

men in the lowest quintile, the relative risks were 0.7, 

1.0, 1.2 and 0.7, respectively, for each succeeding 

quintile. To evaluate whether undiagnosed lung cancer 

cases during the baseline survey affected the body 

weight reported at recruitment, analyses were 

performed in two ways: 1) with all years of follow-up 

and lung cancer cases included and 2) with the first 

two years of follow-up as well as lung cancer cases 
identified during the first two years excluded. Risk 

estimates were altered only slightly when the first two 

years of fol low-up as well as lung cancer cases 

diagnosed in the first two years were excluded. Thus, 
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Table 1. A g e -  and smoking-adjusted associatioin of educational level, lifestyle and medical historty with lung cancer risk in 

the Shanghai middle-aged men cohort study, 1986-2003 

Age-adjusted Smoking-adju,,ted** 

\ aJ d)ale Lung cancer ca>e,, Per,,,on-vear.', RRI95%CI)* RR(95%CI) 

Educational lmel 

~< primar} ,,cho,~l 212 68.249 1.0 1.0 

middle school 127 72.568 0.610.5-0.8) 0.8~0.6-0.91 

high school 83 58.919 0.6(0.4-0.8) 0.8(0.6-1.1 ) 

college 45 47.908 0.410.3-0.61 0.71.0.5-1.0) 

P lrend<0.01 P hend=0.03 

Smoking -,latu- at ba~,e[me 

never 53 107.939 1.0 

I})rmer 29 16.041 3. I I 1.9-4.8) 

i ' u r l e l l t  385 123,664 6.4~4.8--8.51 

Pack-~ear- ~,f smoking 

none 53 107.939 1.0 

I - 19 78 63,517 2.711.9-3.8) 

20-39 191 55.699 6.9{ 5.1-9.31 

411+ 145 20.489 II .618.5-16.01 

P lrend<O.O I 

\h.,,hol con,,tmlpfionIgram per da~ 

nerel" 224 142.038 1.0 

1-19 79 49.978 1.010.8-1.4l 

20+ 164 55.628 1.7( 1.4-2.11 

P trend<0.01 

1.0 

0.810.6-1.11 

1.010.8-1.3~ 

I' trend=0.96 

} l u h l t l ) l l a l ' \  l u ] )e ' r ( '  tl [o:-,1 m 

no 3811 205.213 1.0 1.0 

) e,, 87 42.431 1.0~0.8-1.31 I, 1~0.9-1.41 

L,,lhma 

nc~ 438 239.176 1.0 1.0 

~es 29 8.468 1.711.2-2.4) 1.210.8-1.81 

1']mld~ ) ~ema 

no 421 238.431 1.0 1.0 

~e-, 46 9.213 2.411.7-3.21 1.8{ 1.3-2. 5) 

E'RI/: teJative risk: CI: cont'idenee interval. **Adju-,ted for age and pack-year ,  of ~,moking 

this paper presents only those analyses that included all 
years of follow-up. 

Then, we investigated the associations between BMI 
and risk of specific histologic subtypes of lung cancer. 

Among the 467 lung cancer cases there were 149 cases 
of squamous cell carcinoma, 11T cases of adeno-  
carcinoma, and 47 cases of other types (including 
small-cell carcinoma, large-cell carcinoma, etc.), the 
154 remaining cases were not specified. As shown in 
Table 3, after adjustment for age, educational level, 
pack-years of smoking and history of emphysema, 

men in the upper quintiles of BMI were found to be at 
decreased risks of both squamous cell carcinoma and 
adenocarinoma. Compared with men in the lowest 
quintile of BMI, men in the highest quintile of BMI 

had statistically significant reduced risks of both 
squamous cell carcinoma and adenocarcinoma (RR= 
0.6, 95% CI: 0 . 3 - l . 0 ) .  Furthermore, the trend of 
decreasing risk of lung cancer across increasing BMI 
quintiles was more pronounced for adenocarcinoma 
than squamous cell carcinoma (P-trend =0.03 for 
adenocarcinoma and P-trend=0.09 for squamous cell 
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Table 2. The assoaciation of body inass index ~ith lung cancer risk by smoking status in Shanghai middle-aged nlen cohort 

study, 1986-2003 

lh.lv 'da-- hulexlkg/mel Lung 'Id]l('l+]" ' I{I "e" I~et-,m-x,+ctr- I'{II(95%Cir I~R(95 ,q-Cll 

\LI. sul)jecl, 

< 19.5 127 48.954 I.I1 1.0" 

19.5-21.1 97 49.341 0.810.6-1.01 0.810.6- I. 1 

21.2-22.7 95 51.818 0.710.5-0.9) 0.810.6-I. 11 

22.8-24.5 81 47.630 0.710.5-0.9~ 0.810.6-I. I) 

24.6- 67 49.901 0.5t0.4-0.7) 0.610.5-0.% 

P tiIencl<O.O I ] ) h en,l=O.O1 

{ i|llIIIe'llt -llltlke'l:" 

<19.5 I l l  27.371) l.O 1.0 I' 

1 9 . 5 - - 2 1 .  I 8 2  2 7 . 0 1 9  0 .8 t l  1.6-- ] .01 0 ig(  0 . 6 -  l i I ) 

21.2-22.7  77 25.985 0.8~0.6-1.0) 0.810.6-1. I I 

22 .8-24.5  65 21.978 0.7q0.5-1.01 0.810.6-1. I ) 

24 .6 -  50 21.313 (I.6{0.4-0.81 0.7i0.5-0.91 

P Irend<O.O I P irend=O.03 

[~ e+\ e'l ~llll>ket~ 

<19.5 I1 19.024 1.0 1.0' 

19.5-21. I 7 19.656 0.610.2-1.61 0.7{0.3-1.71 

21.2-22.7 12 22.762 0.9( 0.4-2.0~ 1.0( 0.4-2.21 

22.8-24.5 14 22.275 I. l (0.5-2.4) 1.2(0.5-2.7 i 

24.6- 9 24.223 t).O(0.3- 1.5) 0.710.3-1.6i 

P treml=0.67 I > trend=0.82 

a: A,Iju.,led {[ )11 ~{~e b: '~lljtl-ted Ira age.  ,+dm.ati.mtl lexel, pack-}Call'* .I , r e . k i n g  unll h i s l on  uf e m p h y s e m a  

,': ~dju~ted fin" age.  educa t iona l  level and Ilish)i~' ,)f  enl[llly~enla 

The  r e suhs  for fornier sm o ke r s  i .  not relial)le +it+< + to Ioo le+,x h ing  cat lcer  ea..+e. +, (data tlOl slloxXlll) 

carcinoma). For other subtypes and those 

specified, no clear pattern was observed. 

DISCUSSION 

no[ 

A reduced risk of lung cancer associated with higher 

levels of BMI has been reported in both case control 

and cohort studies conducted in western countries. 

However, in China, the relationship between BMI and 

the risk of lung cancer has not been fully explored p~q~l. 

This is the first prospective study to evaluate the 

relationship between BMI and lung cancer risk among 

Chinese men. A cohort study conducted in Finland, 

which involved 25.994 male participants, showed that 

there was a significant inverse gradient between body 

mass index and the incidence of lung cancer. After 

adjustment for age, smoking, social class, s e l f -  

perceived general health, history of stress symptoms 

and chronic cough, the relative risks of lung cancer 

were I.I), 1.4, 1.5 and 1.8 {Pfor trend less than 0.(t01 ). 

respectively, fl'om the highest to the lowest quartiles of  

body mass index t~i. Also, tile Iowa Women ' s  Health 

Study in the U.S.A, a prospective cohort study of 

H,<q36 Iowa women, reported that lung cancer risk 

was inversely associated with body mass index. 

Compared with women in the lowest quintile of BMI, 

women in the highest quintile had a statistically 

significant reduced risk of  lung cancer (RR=0.4, % %  

CI: 0.3-t) .7,  P for trend<0.00l ) after accounting for 

established risk factors. The association between BMI 

and lung cancer risk persisted among current smokers, 

former smokers, and even among those who never 

smoked after stratification by smoking status i,,i 

It is well known that smoking is an established risk 

factor for lung cancer. On the other hand, smokers tend 

to be leaner than n o n - s m o k e r s  due to the higher 

metabolic rate among smokers ~t~-t4j The inverse 

association of body mass index with lung cancer might 
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stem flom incomplete adjustment for the effects of 
cigarette smoking. To account for the effects of 
smoking as completely as possible, we stratified the 

analysis by smoking status. The inverse association 

between BMI and lung cancer risk persisted among 

current smokers after adjustment for p a c k - y e a r s  of  

smoking, however,  among those who never smoked no 

association was found between BMI and lung cancer 

risk, and among former smokers there were too few 

lung cancer cases to permit such an analysis. More 

lung cancer cases are needed to draw valid conclusions 

among those who never smoked and former smokers. 

+fable 3. The association of body mass index and lung cancer, 

by cell type, Shanghai middle-aged men cohort study, 1986- 
2003 

Body [~la~s [ndexikg/m -~) ~'ase,- RRI95%(:1)' RHI95<;~'CI) i' 

'4qiianiou~, ('ell c a r c i n o m a  

<19.5 43 1.0 1.0 

19.5-21.1 28 0.710.4-1.1 ~ 0.710.4-1.1 p 

21.2-22.7 34 0.810.5- 1.2) 0.910.6-1.4~ 

22.8-24.5 24 0.6(0.4-1.% 0.710.4-1.2) 

24.6- 20 0.440.3-0.81 0.6(0.3- 1.01 

l ) h'elid<O.O 1 P trend=O.09 

~< ttql< it'Hll '1 llOllld 

< 19.5 35 1.0 1.0 

19.5-21.1 27 ().8(0.5-1.31 0.810.5-1.3} 

21.2-22.7 19 0.5(0.3-0.91 0.610.3-1.01 

22.8-24.5 18 0.510.3-0.91 0.610.3-1.11 

24.6- 1~ 0.510.3-0.9) 0.6i0.3-1.01 

I > tr,md<0.01 P trend=0.03 

Other- and uuknm~n 

< 19.5 49 1.0 1.0 

19.5-21.1 42 11.91().6- 1.3) 0.910.6-1.41 

21.2-22.7 42 0.8(0.5-1.21 1.010.6-1.5) 

22.8-24.5 39 0.8<0.5-1.31 1.1{0.7-1.61 

24.6- 29 (1.6t0.4-0.9) 0.8(0.5-1.21 

I ~ ttend=O.02 I ~ trenll=0.48 

a: \djti~ted for age 

ll: ~djusted |br age. ellucationdl lexel, ikick-~eal'+ ,Jl +lnoking 

and history of enlphysenla 

Because weight loss is usually observed among lung 
cancer patients, undiagnosed lung cancer at tile 
baseline of the survey might affect the body weight 
reported, leading to the inverse association between 
BMI and lung cancer. To exclude this possibility, the 
first two or three years of follow-up have often been 

excluded from analysis in prospective cohort studies. 

In this study, similar results were obtained when we 

restricted the analysis to lung cancer cases and person-  

years of  f o l l o w - u p  that occurred at least two years 

after enrollment. 

Our results showed the trend of  decreasing risk of  

lung cancer across increasing BMI quintiles was more 

apparent for adenocarcinoma than squamous cell 

carcinoma. This is probably because smoking is the 

primary risk factor for squamous cell carcinoma, while 

for adenocarcinoma there may have other important 

causes. Earlier studies suggested that adenocarcinoma 

was least closely associated with smoking and would 

have the highest probability of  being influenced by 

non- tobacco- re l a t ed  causes l is.l<,] 

One explanation of  the observed inverse association 

between BMI and lung cancer risk is that an increased 

metabolic rate associated with leanness could, in turn, 

be associated with excess lung cancer via accelerated 

cell turnover in the lung lu. Some investigators 

hypothesized that major action of  various risk factors 

for human cancer is to increase cell division i~ri 

Another possibility is that leanness may be associated 

with decreased levels of  nutrients that may play a 

protective role against lung cancer. The National 

Health and Nutrition Examination Survey data indicate 

that lean men had lower levels of  vitamin A and 

carotene than did obese men tmi. In addition, the 

hormonal level associated with the body fatness may 

also play role in the etiology of  lung cancer t~+i. Further 

studies are needed to determine whether the inverse 

association of  BMI and lung cancer risk is due to the 

influence of  factors associated with obesity or to a 

biologic effect of  obesity itself. 
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