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Introduction: The incidence of lung cancer in the United States decreased by 1.8% from 1991 

to 2005 while it increased by 0.5% in females. We assessed whether nonsmokers afflicted with 

lung cancer at Staten Island University Hospital are disproportionately female in comparison to 

national averages. We also evaluated different factors including race, histology, and body mass 

index (BMI) in correlation with smoking history.

Methods: A retrospective chart review was conducted from 2005 to 2011 on 857 patients. 

Patients were divided into two groups according to their smoking status: current or ever-

smokers, and former or never-smokers. A chi-square test for categorical data and multivariate 

logistic regression analyses was used to study the relation between BMI and the other clinical 

and demographic data.

Results: Forty-nine percent of patients were men and 51% were women with a mean age at 

diagnosis of 67.8 years. Current smokers were most common (50.2%) followed by ever-smokers 

(18.2%), former smokers (15.8%) and never-smokers (15.6%). Forty eight percent had stage IV 

lung cancer upon presentation. Never-smokers with lung cancer were 24 times more likely to be 

females. However, the proportion of female former smokers (31.6%) was lower than the propor-

tion of male former smokers (68.4%) (P=0.001). There was no significant association between 

American Joint Committee on Cancer (AJCC) stage, sex, race, and histological type in the two 

smoking groups. Current/ever-smokers tended to be younger at age of diagnosis (P=0.0003). 

BMI was lower in the current/ever-smokers (26.8 kg/m2) versus former/never-smokers (28.8) 

in males (P=0.0005). BMI was significantly higher in males (30.26) versus females (25.25) in 

the never-smoker category (P=0.004). Current smokers, compared to others, had a lower BMI 

in males (26.4 versus 28.3; P=0.0001) and females (25.5 versus 26.9; P=0.013) but the mean 

BMI for all groups was in the overweight/obese range.

Conclusion: Our population of lung cancer patients although demographically distinct, reflects 

a similar proportion of afflicted nonsmokers to the national population. Smoking is a major 

risk factor for lung cancer, but there is also a possible direct correlation with BMI that would 

support obesity as a potential risk factor for lung cancer.
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Introduction
Recent Centers for Disease Control trends show a decline in the incidence of lung 

cancer in the United States by 1.8% from 1991 to 2005.1 Despite a decrease in mortality 

from lung cancer of about 1.9% per year from 1993 to 2005 among men, the number of 

deaths in women during the past years has remained relatively unchanged until 2011.2 

Smoking is a well-known risk factor for lung cancer, but lung cancer in non-smokers 
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Table 1 Difference in BMI, race, age, AJCC stage and histology 
type in different smoker groups

Smoking status Current/ever Former/never P-value

Mean BMI kg/m2 (male) 26.8 28.8 0.0005
Mean BMI kg/m2 (female) 26.4 26.01 0.66
Smoking distribution in  
different age group 
 � Between 50–75 years 

Older than 75 years

 

426 (52.79%) 
125 (15.49%)

 

167 (20.69%) 
89 (11.03%)

0.0003

Race 
 �C aucasian 

African American

 
561 (95.57%) 
11 (1.87%)

 
253 (93.7%) 
5 (1.85%)

0.3391

AJCC stage 
 �S tages I and II 

Stages III and IV

 
119 (15.76%) 
398 (52.72%)

 
55 (7.28%) 
183 (24.24%)

0.977

Histology type 
 �N on-small-cell lung cancer 

Small-cell lung cancer

 
345 (40.3%) 
205 (23.95%)

 
154 (17.99%) 
88 (10.28%)

0.151

Abbreviations: BMI, body mass index; AJCC, American Joint Committee on Cancer.
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is also one of the leading causes of death in the United States 

making up about 10%–15% of lung cancer cases.3 A recent 

study by the American Association for Cancer Research 

(AACR) used an internet-based protocol to collect informa-

tion about never-smokers with lung cancer and reported that 

88% of the cases of non-smokers with lung cancer were 

females.4 Although stage at diagnosis and performance status 

impact the overall prognosis and outcomes of lung cancer 

patients, studies have also indicated an improved survival 

in female non-smokers and a possibility that the biology of 

these tumors may be unique.5

There is little literature studying the differences in lung 

cancer trends in female smokers versus non-smokers, or 

female non-smokers versus male non-smokers. Most studies 

evaluating non-smokers with lung cancer include a diverse 

population of subjects and this adds many variables to the 

analyses of non-smokers versus smokers. In our clinical 

setting we serve a population with relatively homoge-

neous socioeconomic levels and environmental exposures. 

Examining a small cohort of such patients with lung cancer 

could lend further support to the finding that non-smokers 

with lung cancer are disproportionately female and has the 

advantage of reducing confounding factors in drawing this 

conclusion. In addition, studies have also assessed asso-

ciations between lung cancer and other risk factors such as 

obesity. A recent meta-analysis showed an inverse correlation 

between BMI and lung cancer incidence especially in current 

and former smokers.6,7

Aims and objectives
Our objective was to perform a retrospective chart review of 

patients diagnosed with lung cancer, separate non-smokers 

with lung cancer, and further stratify these patients based 

on smoking status in order to assess our population on 

Staten Island. We also aimed to assess whether non-smokers 

afflicted with lung cancer in our population were dispro-

portionately female. We also studied the relation between 

weight, smoking, and lung cancer.

Patients and methods
We performed a retrospective chart review of 857 patients 

from 2005 to 2011. We divided the population into four 

groups according to their smoking status: current smok-

ers (active or quit #1 year), ever-smokers (quit .1year 

but #15 years), former smokers (quit .15 years ago) and 

never-smokers. We also evaluated different factors includ-

ing race, tumor histology, and body mass index (BMI) and 

examined their correlation with smoking history.

The association between sex, American Joint Committee 

on Cancer (AJCC)  stage, tumor histologic type, and smoking 

status were tested using the chi-square test. A chi-square 

goodness of fit test was used to test the rate of smoking/

non-smoking among lung cancer cases at our institution to 

the rate for United States reported by the AACR.

For continuous endpoints (BMI, age at diagnosis), the 

Mann–Whitney test was used to determine whether there 

was a difference between smoking groups on the variables 

of interest (BMI, age at diagnosis).

Results
We reviewed 857 charts of which 416 (48.5%) were men 

and 441 (51.4%) were women. Most of the study population 

was Caucasian 94.98% and 2% was African-American. The 

mean age at diagnosis was 67.82 (standard deviation ±10) 

years. Forty-eight percent of the patients had stage IV lung 

cancer at the time of diagnosis. Current smokers were most 

common (50.29%), followed by ever-smokers (18.2%). For-

mer and never-smokers accounted for 15.87% and 15.64%, 

respectively, of the study population.

There was a significant association between smok-

ing status and sex. Never-smokers with lung cancer were 

24 times more likely to be females. However, the proportion 

of female former smokers (31.62%) was significantly lower 

than the proportion of male former smokers (68.38%) with 

a P-value of ,0.0001.

We divided the population into two groups: former and 

never-smokers versus current and ever-smokers (Table 1). 

There was no significant association between AJCC stage and 

sex or smoking status. There was no statistically significant 
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25
Males

Sex
Smoking status Never Former Ever Current

Females

26

27

28

29

30

31

Mean BMI (kg/m2)

BMI as a function of sex and smoking status

Figure 1 Body mass index (BMI) difference in different smokers groups in both sexes.
Notes: Females tend to have lower BMI than males in all smoking categories, except for ever-smokers (though the difference is not significant), where females have higher 
BMI than males. The significant difference is in the never-smoking groups.
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difference in the race or the histologic type (small-cell lung 

cancer [SCLC] versus non-SCLC [NSCLC]) in both groups. 

Comparison based on differentiation of tumor (squamous cell 

versus adenocarcinoma of the lung) in relation to smoking 

or age wasn’t performed.

We also noted that the smoking pattern changed as people 

aged. A significantly greater proportion (77%) of the current/

ever-smokers were between 50 and 75 years old compared 

to 65% in the former/never smokers group (P,0.0003). 

Additionally there were more patients older than 75 years in 

the former/never-smokers group (35%) compared to current/

ever-smoker group (23%) (P,0.0003; Table 1).

Analysis of variance revealed that BMI was signifi-

cantly higher in males versus females (P,0.002). Fur-

ther analysis showed a significantly higher BMI in males 

(30.26±1.67 kg/m2) versus females (25.25±0.52 kg/m2) in the 

never-smoker category (P,0.0044; Figure 1). In men there 

was also a significant difference in BMI between both smok-

ing groups (26.8 kg/m2 in the current/ever-smokers versus 

28.8 kg/m2 in the former/never-smokers group) (P,0.001; 

Table 1). The male current smokers with lung cancer had 

a lower BMI than all the other groups of men (P,0.001; 

Table 2). Never-smoker males in particular had a higher BMI 

(30.2 kg/m2) compared to the other groups (27.2 kg/m2), but 

this was not statistically significant. In women, there was no 

significant difference in the BMI in the former/never-smoker 

group compared to the current/ever-smoker group but women 

in the current smokers group tended to have a lower BMI 

(25.57 kg/m2) compared to the other groups (26.8 kg/m2) 

(P,0.013). Patients weren’t further evaluated for presence of 

diabetes or any metabolic syndrome in relation to lung cancer, 

and this could be also a subject for further studies.

Discussion
The majority of lung cancer cases worldwide are related to 

smoking. This was evident in our institution where 84.4% 

of the patients have a history of smoking. It is well-known 

that smoking accelerates the malignant transformation of the 

cells.8 Also, smokers are younger at the age of lung cancer 

diagnosis than non-smokers. We had an equal distribution 

of males and females and the majority of our patients were 

Caucasian, which reflects the demographics of Staten Island 

residents in particular. Females accounted for 91% cases of 

nonsmokers in our group of lung cancer patients which is 

similar to the national statistics (88%).4 Smoking is a major 

risk factor for SCLC. Interestingly, there was no difference in 

the distribution of smoking pattern among patients with SCLC 

(Table 1). We attribute this finding to the high number (n=88) 

of patients found in the (former/never) group. This could be 

explained by the high incidence of secondhand smoking in 

our population and by the fact that former smokers (n=30) 

had a median 35 pack-year history of smoking.
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Table 2 Current smokers’ body mass index (BMI) compared to 
others

Sex Male Female

Smoking groups

Mean BMI (kg/m2) current smokers 
versus never-, former, and ever-
smokers

26.4 versus 28.3 
(P,0.0001)

25.5 versus 26.9  
(P,0.013)

Notes: Smoking is an important confounding factor and has an effect on the BMI 
distribution among both sexes.
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Although recent studies postulated an inverse correla-

tion between BMI and the incidence of lung cancer among 

men and women especially in the current smokers group,5 in 

our study, the mean BMI in all groups is in the overweight/

obese range regardless of their smoking status. Current 

smokers tended to have a lower BMI compared to the other 

groups in both men and women with a mean BMI of 26.43 

and 25.57 kg/m2 respectively. Recently, it has been proven 

that smoking induces the over-expression of the AZGP1 

(alpha-2-glycoprotein 1) gene in the airways epithelial cells 

of smokers. This gene is involved in lipolysis and fat loss.9 

Smoking may be a possible confounding factor in the evalu-

ation of weight and lung cancer.

It has been postulated that excess weight affects the 

metabolism of sex hormones, immune responses, and oxida-

tive stress. Chronic hyperinsulinemia, due to excess weight, 

is implicated in the pathogenesis of several cancers.10 In vitro 

studies demonstrated that insulin and insulin-like growth fac-

tor (IGF)-1 induce cell proliferation and inhibit apoptosis.11 

Adipocytokines inhibit leukocyte migration and enhance the 

tumor proliferation, invasion, and metastasis.11 Recent studies 

highlight the role of adipose tissue in immune dysfunction 

and carcinogenesis. IGF-1 also affects the synthesis and the 

biological activity of sex steroids.12,13

Estrogen may play an important role in lung carcinogen-

esis among nonsmokers.14 Estrogen is synthesized in situ via 

aromatase in both sexes and females maintain higher levels of 

estrogen even after menopause. It acts through the estrogen 

receptor beta to promote malignant cell proliferation and poten-

tiate the effect of IGF-receptor 1 in NSCLC.15 Some studies 

have even demonstrated the antitumor activity of aromatase 

inhibitors in NSCLC.16 Others demonstrated a link between 

estrogen genetic polymorphism variation and lung carcinogen-

esis among non-smokers.17 These factors, and the fact that more 

men than women are smokers18 may explain the disproportion-

ate number of female never-smokers with lung cancer.

We are already aware of adipose tissue promoting andro-

gen conversion to estrogens. Perhaps the higher BMI seen in 

the small number of male never-smokers in our group should 

be explored in a larger study as well.

Conclusion
Despite the new modalities of cancer therapy, lung cancer 

remains the leading cause of cancer death worldwide as the 

majority of cases present with advanced stage (48.6% in our 

study). There has been a decrease in the incidence of lung 

cancer attributed to the decreased incidence of smoking.2 

Further studies are needed to explore the role of other risk 

factors. Our study confirms interesting reports of the links 

between obesity and sex and their role in the incidence of 

this disease in patients without a smoking history.

There is clear association between obesity and some 

types of cancers like colon cancer, postmenopausal breast 

cancer, endometrial, and pancreatic cancer.19 This relation-

ship is still inconclusive in lung cancer. While some studies 

demonstrate an inverse association between lung cancer and 

obesity, others demonstrate a positive association in former 

and never-smokers.

Our study has demonstrated that our population of lung 

cancer patients reflects a similar proportion of afflicted 

nonsmokers as compared to the national population. These 

patients involved in our study were predominantly Caucasians 

and this reflects the demographic nature of Staten Island. 

The study shows a possible direct relationship between BMI, 

smoking history, and lung cancer and these findings warrant 

further evaluation. Assessing further parameters such as 

diabetes mellitus or metabolic syndrome in relation to lung 

cancer especially in the nonsmokers group might add to our 

data and warrants further studying.
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