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Obesity and nonalcoholic
 fatty liver disease
associated with adenocarcinoma in patients with
lung cancer
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Abstract
Lung cancer has become the leading cause of cancer-related deaths around the world. In addition to genetic risk factors and
smoking, the metabolic risk factors remain to be elusive.
To evaluate the associations between obesity, nonalcoholic fatty liver disease (NAFLD) and pulmonary adenocarcinoma in patients

with lung cancer.
Consecutive operation-proven lung cancer patients with assessment of metabolic disorders and liver ultrasound in 2009 and 2013

were retrospectively enrolled. T-test and multivariate logistic regression were applied to evaluate the contribution of individual factors
to lung adenocarcinoma, as well as the synergistic effects between these factors.
Among 3664 lung cancer patients with ultrasound examination, 2844 cases were enrolled for further analysis. Of them, 1053

(37.0%) were females, 1242 (43.7%) were cigarette smokers, 1658 (58.3%) were diagnosed as lung adenocarcinoma, 744 (26.2%)
had obesity, and 614 (21.6%) had NAFLD. Proportion of female gender, nonsmoker, obesity, NAFLD, and serum lipid levels in
patients with adenocarcinoma were significantly higher than those in other subtypes of lung cancer, and in 2013 than in 2009 (all
P< .01). NAFLD and obesity were shown as independent factors and positively associated with pulmonary adenocarcinoma, along
with female gender and nonsmoking, higher serum levels of cholesterol. NAFLD and other contributing factors exhibited no
synergistic effects on adenocarcinoma.
Obesity and NAFLDmight increase the risk for pulmonary adenocarcinoma, especially in nonsmoking females, and underscore the

need for further study into carcinogenic mechanisms and preventive interventions.

Abbreviations: AKP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, EGFR =
epidermal growth factor receptor, GGT = g-glutamyltransferase, HCC = hepatocellular carcinoma, HDL-C = high-density-
lipoprotein-cholesterol, LDL-C = low-density-lipoprotein-cholesterol, NAFLD = nonalcoholic fatty liver disease, TC = total
cholesterol, TG = triglycerides.
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1. Introduction

Primarybronchogenic carcinoma (lung cancer) arises fromthe cells
that line the airways of the respiratory system. Lung cancer is the
leading cause of cancer death in the mainland China and around
the world.[1] Pulmonary adenocarcinoma is the common type of
lung cancer, and is characterized by distinct cellular andmolecular
features including gland and/or duct formation and/or significant
amounts of mucus production. This type of lung cancer is usually
found on the periphery of the lungs, as opposed to small cell lung
cancer and squamous cell lung cancer, which tend to be located
more centrally. Pulmonary adenocarcinoma is also considered as
the most frequently diagnosed histological subtype of non-small-
cell lung cancer, followed by squamous cell carcinoma.[2] Over the
past few decades, the incidence of pulmonary adenocarcinoma has
dramatically increased.[3] The prognosis of lung cancer depends on
the stage of the respective disease. Though the prognosis acts as a
best tool for patients with early stage of the disease, with small
tumors, no spread to lymph nodes, and no distant spread
(metastasis) to other organs, the overall 5-year survival for all types
of lung cancer showed no good results, even with extensive
therapeutic intervention. Pulmonary adenocarcinoma has rela-
tively the better prognosis of any type of lung cancer.[4,5]
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In addition to the genetic risk associated with lung cancer and
pulmonary adenocarcinoma, multiple environmental and host
factors are considered to be critical in promoting the
carcinogenesis.[6] Based on previous large-scale epidemiological
studies, the use of tobacco (most through smoking) is regarded
as the leading risk factor for lung cancer, including pulmonary
adenocarcinoma.[7] Additionally, the changes in cigarette
designs (like cigarette filter ventilation that lowers smoking
machine tar yields) have increased the incidence of lung
adenocarcinoma.[8] With the dramatic change in diet and
human lifestyle during the past decades, obesity has been
regarded as one of the major global issues of human health.
Obesity has become a well-known risk factor for various
cancers, but its potential role in lung cancer has not been
thoroughly evaluated. According to a recent report, obesity may
contribute to the sex-specific incidence of epidermal growth
factor receptor (EGFR) mutation in lung adenocarcinoma in
different ways.[9,10] An population-based survey with nearly 40
year follow-up including 35,212 patients indicated that obesity-
associated mortality was inversely linear for lung cancer.[11] But
further research should aim to confirm this relationship and
examine the potentially protective effect of obesity on lung
cancer occurrence.
Nonalcoholic fatty liver disease (NAFLD), which is closely

related to obesity and metabolic syndrome, is the leading chronic
liver disease in the world. NAFLD is a chronic noninfectious
disease affected by environmental and metabolic stresses as well
as genetic basis. Ultrasound diagnosis of NAFLD showed
abnormal metabolism and so glycolipid toxicity is regarded as
more accurate and informative than high body mass index (BMI)
or large waist circumference.[12–14] NAFLD is associated with the
risk of several cancers, such as hepatocellular carcinoma (HCC)
and colorectal carcinomas.[12,15–19] Clinical studies have found
that NAFLD patients with HCC were often combined with
obesity and metabolic disorders,[20] leading to the speculation
that weight control and prevention of NAFLD may help reduce
the incidence of HCC and possibly other types of oncogenic
lesions like lung adenocarcinoma. Hence, in this study, we
conducted a retrospective analysis based on recent clinical-
pathological data to explore the association betweenNAFLD and
pulmonary adenocarcinoma in patients with operation-proven
lung cancer.
2. Methods

2.1. Study population

The clinical-pathological information of a large cohort of
consecutive patients with lung cancer who underwent thoracic
surgery in Shanghai Pulmonary Hospital in 2009 and 2013 was
retrospective collected. The criteria for patients to be enrolled in
the study included: patients
(1)
 who underwent operation for lung lesion with pathological
confirmation of lung cancer,
(2)
 examined fasting blood biochemical tests and abdominal
ultrasound 1 week before the operation,
(3)
 no alcohol abuse (daily average alcohol consumption less
than 30g in male and 20g in female),[21]
(4)
 no chronic liver diseases other than NAFLD.
The study protocol was approved by the Ethics Committee of
Shanghai Pulmonary Hospital.
2

2.2. Data collection

For patients involved in this study, the following information
from the EMR system was collected: age, height, body weight,
blood pressure, detailed history of smoking, alcohol drinking and
diseases, fasting blood biochemical test results (including fasting
blood glucose, triglycerides [TG], total cholesterol [TC], high-
density-lipoprotein-cholesterol [HDL-C], low-density-lipopro-
tein-cholesterol [LDL-C], alanine aminotransferase [ALT],
aspartate aminotransferase [AST], alkaline phosphatase [AKP],
and g-glutamyltransferase [GGT]), and results of radiographic
and pathological examination.
2.3. Diagnostic criteria

The diagnosis of each type of lung cancer (squamous cell
carcinoma, pulmonary adenocarcinoma, small cell lung cancer,
glandular squamous cell carcinoma, carcinoid, sarcomatoid
carcinoma, etc) was based on pathological examination of
resection specimens.[22] BMI was calculated by dividing body
weight (kg) by the square of height (m2), and obesity was defined
as BMI ≥25kg/m2.[23] The diagnosis of NAFLD is based on the
typical changes of abdominal ultrasound (GE Vingmed Ultra-
sound AS, Horten, Norway).[24]
2.4. Statistical analysis

Datawas collected and analyzed by SPSS20 (IFM) software with t
test and x2 test as indicated, and presented the values in means ±
standard deviation. The forward multivariate logistic regression
was applied to analyze the association between NAFLD and
pulmonary adenocarcinoma, and the 2-tailed P-values<.05 were
considered to be statistically significant.
3. Results

3.1. General characteristics

There were 3664 consecutive nondrinkers with surgical pathology
proven lung cancer and hepatic ultrasound findings both in 2009
and in 2013. In total, 2189 (59.7%) cases were lung adenocarci-
noma and 807 (22.0%) cases had NAFLD, prevalence of NAFLD
in patients with lung adenocarcinoma was 24.9%. 820 cases were
rejected from the study as lacking complete medical history or
results of serum lipid profile. Therefore, a total of 2844 cases was
enrolled for further analysis, the average age was 60.1±9.9 years
(range 18–89 years), and 1053 (37.0%) were females, 1242
(43.7%) were cigarette smokers, 1658 (58.3%) were diagnosed as
lung adenocarcinoma, 744 (26.2%) had obesity, and 614 (21.6%)
hadNAFLD (Fig. 1). The proportion of females, adenocarcinoma,
andNAFLD in patientswith lung cancer in 2013were significantly
higher than those in 2009 (39.5% vs 32.1%, 67.3% vs 40.3%,
23.0% vs18.8%, respectively, all P< .05). After stratification of
gender and age, proportion of NAFLD in male patients, especially
in younger than 55 years in 2013, were significantly higher than
those in 2009 (P< .01). The proportion of adenocarcinoma and
NAFLDcombined patients in total lung cancer population in 2013
was significantly higher than that in 2009.

3.2. Associated factors with pulmonary adenocarcinoma

There were significant differences of proportion of gender,
smoker, NAFLD, obesity, and serum levels of TC, TG, HDL-C,



Figure 1. Baseline information of this study.
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LDL-C, ALT, AST, AKP, and GGT between patients with
adenocarcinoma and other types of lung cancer (Table 1).
Therefore, these factors were further analyzed by multivariate
logistic regressions to explore the contribution of these factors to
the risk for pulmonary adenocarcinoma in 2844 patients with
lung cancer. The dependent variable included the occurrence of
adenocarcinoma and 12 independent variables included NAFLD,
gender, smoking history, obesity, TC, TG, HDL-C, LDL-C, ALT,
AST, AKP, and GGT. The forward logistic regression analysis
indicated that 7 factors including NAFLD, obesity, smoking,
gender, TC, HDL-C, and AKP, significantly contributed to the
occurrence of adenocarcinoma in our lung cancer patients
(Table 2,). The regression equation was as follows: Logit (P)=
1.030+ .247�NAFLD+.330�obesity� .530� smoking�
1.351�male gender+ .139�TC+.402�HDL� .01�AKP.

3.3. Association between NAFLD and pathological types
of lung cancer

Of the 2844 cases with lung cancer, the prevalence of NAFLD in
patients with pulmonary adenocarcinoma, squamous cell
Table 1

Characteristics of pulmonary adenocarcinoma and nonadenocarcino

Items Adenocarcinoma (n=1658)

Age, yr 59.79±9.61
Female 52.3% (867/1658)
BMI, kg/m2 23.34±3.20
Smokers 30.9% (513/1658)
Obesity 28.0% (465/1658)
NAFLD 24.4% (405/1658)
FBG, mmol/L 5.77±1.68
TG, mmol/L 1.49±1.15
TC, mmol/L 4.76±0.95
HDL-C, mmol/L 1.23±0.32
LDL-C, mmol/L 2.99±0.85
ALT, IU/L 23.11±23.85
AST, IU/L 22.60±15.35
AKP, IU/L 78.42±25.57
GGT, IU/L 34.63±40.96

AKP= alkaline phosphatase, ALT= alanine aminotransferase, AST= aspartate aminotransferase, FBG= fa
C= low-density-lipoprotein-cholesterol, NAFLD=nonalcoholic fatty liver disease, TC= total cholesterol, T
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carcinoma, small cell lung cancer, and other pathological types
of lung cancer was 24.4% (405/1658), 16.1% (117/727), 18.1%
(13/72), and 20.4% (79/387), respectively. The association of
NAFLD with different pathological types of lung cancer showed
significant differences (P< .01), (Fig. 2).

3.4. Synergistic effects of NAFLD with other factors on
pulmonary adenocarcinoma

As shown in Table 2, male gender, smoking, obesity, TC, HDL-
C, and AKP showed significant differences between lung patients
with adenocarcinoma and nonadenocarcinoma (P< .05). It
would be intriguing to explore the potential interactions between
NAFLD and the above-mentioned factors in predicting the
existence of pulmonary adenocarcinoma in patients with lung
cancer. Hence, additional interaction analysis was performed.
The results showed that the independent variable factor
interacted with NAFLD in the occurrence of pulmonary
adenocarcinoma. Among 2448 patients with lung cancer, the
groups of obese patients, regardless of combination of NAFLD or
ma patients involved in this study 5656.

Nonadenocarcinoma (n=1186) P-value

60.48±9.58 .057
15.7% (186/1186) <.001

22.83±3.17 <.001
61.5% (729/1186) <.001
23.5% (279/1186) .007
17.6% (209/1186) <.001

5.87±1.90 .134
1.41±1.03 .035
4.48±0.91 <.001
1.13±0.31 <.001
2.84±0.78 <.001
26.72±27.67 <.001
24.91±19.74 .001
87.79±34.19 <.001
47.45±57.83 <.001

sting blood glucose, GGT=g-glutamyltransferase, HDL-C=high-density-lipoprotein-cholesterol, LDL-
G= triglycerides.
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Table 2

Multivariate logistic regression analysis on the risk factors of
pulmonary adenocarcinoma.

Items P-value OR (95% CI)

Gender (male versus female) <.001 0.259 (0.208–0.323)
Smoking (yes versus no) <.001 0.588 (0.486–0.712)
Obesity (yes versus no) .001 1.391 (1.135–1.704)
NAFLD (yes versus no) .029 1.281 (1.025–1.600)
TC .005 1.150 (1.044–1.266)
HDL-C .008 1.495 (1.109–2.014)
AKP <.001 0.991 (0.988–0.994)

95% CI=95% confidence interval, AKP=alkaline phosphatase, HDL-C=high-density-lipoprotein-
cholesterol, NAFLD=nonalcoholic fatty liver disease, OR= odds radio, TC= total cholesterol.
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not, displayed a higher rate of pulmonary adenocarcinoma than
other groups of non-obese patients, and the proportion of
NAFLD and obesity in lung cancer patients with pulmonary
adenocarcinoma were significantly higher than that in patients
with non-adenocarcinoma lung cancer. However, NAFLD and
obesity showed no synergistic or antagonistic effects to each
other (Table 3).
Table 3

Analysis of interactions between NAFLD and other factors on pulmo

Factor RR RERI (95% CI)

Gender 0.256 0.003 (�0.525, 0.530)
Smoking 0.447 �0.257 (�0.812, 0.298)
Obesity 1.477 �0.487 (�1.596, 0.622)
TC 2.809 0.165 (�2.724, 3.054)
HDL 6.080 1.898 (�4.371, 8.167)
AKP 0.702 0.010 (�0.459, 0.479)

95% CI=95% confidence interval, AP= attributable proportion, RERI= relative excess risk of interactio

Figure 2. Association of NAFLD with different pathological types of lung cancer
squamous cell lung carcinoma, small cell lung carcinoma, and other types of lung ca
fatty liver disease.
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4. Discussion

This is a single-center retrospective study using a large cohort of
consecutive operation-proven lung cancer patients with abdomi-
nal ultrasound examination within 1 week. We have demon-
strated that the proportion of pulmonary adenocarcinoma and
the prevalence of obesity and NAFLD in 2844 patients with lung
cancer was 58.3%, 26.2%, and 21.6%, respectively, and all
reported rates significantly increased from 2009 to 2013. Percent
of female gender, nonsmoker, and prevalence of obesity, and
NAFLD in patients with pulmonary adenocarcinoma were
significantly higher than those in patients with other subtypes
of lung cancer. After adjustment of age, gender, smoking, obesity,
and NAFLD were found to be independent predictive factors of
pulmonary adenocarcinoma in patients with lung cancer.
However, there was no synergistic effect between NAFLD and
other associated factors in pulmonary adenocarcinoma.
Tobacco smoking is accepted as a major risk factor for lung

cancer, especially for squamous cell carcinoma.[7,8] According to
1985Global estimation, 85% of the 676,000 cases of lung cancer
in men are attributable to tobacco smoking. With the tobacco-
control efforts strengthened in some countries and areas,
proportion of cigarette smoking-related cancer cases have
nary adenocarcinoma.

AP (95% CI) S (95% CI)

0.011 (�2.047, 2.069) 0.996 (0.491, 2.020)
�0.575 (�2.012, 0.862) 1.869 (0.361, 9.688)
�0.329 (�1.208, 0.549) 0.495 (0.085, 2.880)
0.059 (�0.958, 1.075) 1.100 (0.196, 6.177)
0.312 (�0.494, 1.118) 1.596 (0.372, 6.846)
0.014 (�0.653, 0.682) 0.967 (0.211, 4.427)

n, RR= relative risk, S= synergy index.

. All the cases with combination of NAFLD and pulmonary adenocarcinoma,
ncers were analyzed to reveal different association rates. NAFLD= nonalcoholic
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produced a comparable reduction. In Taiwan, greater than 50%
of patients with lung cancer had never smoked. At the present
study, only 43.7% of patients had smoking history, and the
proportion of smoking in lung adenocarcinoma cases was
significantly lower than that in other type of lung cancer (30.9%
vs 61.5%, P< .001). Therefore, other risk factors for lung cancer,
especially for increased incident lung adenocarcinoma should be
explored.
The association between BMI and the incidence of lung cancer

still remained controversial. In a Swedish study, obese men
demonstrated a significantly increased risk of all cancers
combined when compared to men with normal BMI.[25]

According to a meta-analysis, overweight (BMI ≥25kg/m2) were
inversely associated with lung cancer incidence compared with
normal weight (BMI=18.5–24.9kg/m2) in current and former
smokers.[26] In contrast, Kabat et al used data from the Canadian
National Breast Screening study and found that BMI was
negatively correlated with the occurrence of lung cancer in female
patients with smoking history, but the BMI and lung cancer was
positively correlated in nonsmokers.[27] Recently, Kim et al
reported that age and obesity may contribute to the sex-specific
incidence of EGFR mutation in lung adenocarcinoma in different
manners. In this cohort study, prevalence of obesity was higher in
adenocarcinoma cases than other type lung cancer cases, and
hypercholestemia was common in patients with lung adenocar-
cinoma. Further, multivariate regression analysis showed that
obesity is independently associated with adenocarcinoma in
patients with lung cancer. These results suggested that obesity
might contribute to increasing rates of lung adenocarcinoma,
especially in nonsmokers. Excessive consumption of diets rich in
total fat, saturated fat, cholesterol, and well-done read meat,
might be the common mechanism of obesity and related lung
adenocarcinoma.[28–34]

NAFLD is usually the manifestation of obesity in the liver and
NAFLD is regarded as visceral obesity as well. NAFLD has been
linked with increased risk for cancers of the liver, colon, and
breast. However, the relationship of NAFLD with lung cancer is
not reported as yet. The present study demonstrated, for the first
time, that NAFLD is close associated with pulmonary
adenocarcinoma, regardless of age, gender, smoking, obesity,
and serum cholesterol level in patients with lung cancer. Lung
adenocarcinoma is associated with distinct genomic alterations
compared with other lung cancer subtypes and the EGFR
mutation is one of the most important factors in the
development and treatment of lung adenocarcinoma. Scheving
et al reported that EGFR plays a role in the regulation of liver
and plasma lipid levels in adult male mice. Recently, Lou et al
found that the combination of the liver X receptors agonist
T0901317 and gefitinib (epidermal growth factor tyrosine
kinase inhibitor) can inhibit the migration and invasion of lung
cancer both in vivo and in vitro.[35] These results suggest that
regulation of cholesterol, fatty acid metabolism, inflammatory
responses, and glucose homestatsis in patients with NAFLD
might play a role in the development of lung adenocarcinoma.
Therefore, obesity, hypercholesterolemia, and NAFLD might be
independent risk factors for pulmonary adenocarcinoma in both
nonsmokers and smokers. Lung adenocarcinoma might be
screened in older patients with obesity and NAFLD. Since
unhealthy lifestyle plays a role in the development of lung
adenocarcinoma, patients suspected for lung cancer should be
investigated for smoking history and their dietary and exercise
habits as well. Unless integrated measures for tobacco-control
5

and intensive lifestyle modification are strengthened in China,
the massive rise in cigarette consumption and prevalence of
obesity and NAFLD over the past decades will produce a
continued rise in lung cancer within the next 10 to 30 years.
However, the present study has some limitations. This was a

retrospective study conducted in a single-center without dada
between 2010 and 2012. Regarding this, the EMR system was
used for data collection. However, the EMR of our hospital was
established and tested in 2009, and then was re-designed from
2010 to 2012. It was officially put into use in 2013. This study
began in 2014, and so we had data only in 2009 and in 2013. In
addition, occupations of the patients (whether they were
exposure to radon, asbestos, arsenic, or other carcinogens)
and dietary habit (whether they favor foods of Vitamin A or beta-
carotene) are also important in etiology of lung cancer, but most
of the cases we got from EMR were lack of these detail
information. These results should be further confirmed in large
sample multi-center prospective cohort studies with long-term
follow-up in the future.
In summary, our study found that obesity and NAFLD are

more common in patients with pulmonary adenocarcinoma than
other subtypes of lung cancer. Obesity, hypercholesterolemia,
andNAFLDmight contribute to the increased risk for pulmonary
adenocarcinoma, especially in female gender and nonsmokers.
These findings underscore the need for further study into
carcinogenic mechanisms and preventive interventions.
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