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Abstract

Background: Metabolic syndrome (MetS) has been related to the pathogenesis of variety categories of cancers. This
meta-analysis aimed to determine the association between MetS and the incidence of lung cancer.

Methods: Relevant cohort studies were identified by search of PubMed, Embase, and Cochrane’s Library databases.
Cochrane’s Q test and I statistic were used to analyze the heterogeneity. Random-effect model which incorporates
the potential heterogeneity was used for the meta-analysis.

Results: Five cohort studies with 188,970 participants were included. A total of 1,295 lung cancer cases occurred
during follow-up. Meta-analyses showed that neither MetS defined by the revised NCEP-ATP Ill criteria (hazard ratio
[HR]: 0.94, 95% confidence interval [CI]: 0.84 to 1.05, p=0.25; I=0) nor the IDF criteria (HR: 0.82, 95% Cl: 0.61 to 1.11,
p=0.20; I?=0) was associated with an affected risk of lung cancer. Subgroup analyses showed consistent results in
women and in men, in studies performed in Asian and non-Asian countries, and in prospective and retrospective
cohorts (p all>0.05). Meta-analysis limited to studies with the adjustment of smoking status also showed similar
results (HR: 0.91,95% Cl: 0.80 to 1.05, p=0.21; I’=0).No publication bias was detected based on the Egger regression
test (p=0.32).

Conclusions: Current evidence from cohort studies does not support that MetS is an independent risk factor for the
incidence of lung cancer.
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Background

Metabolic syndrome (MetS) is a cluster of metabolic dis-
orders characterized by the pathophysiological presence
of central obesity, insulin resistance, high blood pressure,
and dyslipidemia [1]. With the aging of the global popu-
lation, MetS has become a common health problem in
both the developed and the developing countries, with
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the reported prevalence of 10-30% of the adult popu-
lations [2-4]. Accumulating evidence confirmed that
patients with MetS are at higher risk for the development
of many other diseases, such as cardiovascular diseases
[5], recurrent stroke [6], venous thromboembolism [7],
sleep-disordered breathing [8], and osteoporosis [9].
Lung cancer is one of the most common cancers. In
2012, there were about 1.8 million new lung cancer cases
and 1.6 million cases of death, respectively, account-
ing for about 13% of the total number of cancer diagno-
sis and 20% of the total number of cancer deaths [10].
Smoking is currently the most important risk factor for
lung cancer, but there are still about 25% of lung cancer
patients that are non-smokers [11]. Due to the high inci-
dence and mortality related to lung cancer, identify risk
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factors for the pathogenesis of lung cancer is of impor-
tant significance. Previous studies showed that MetS
may be associated with cancer [12], probably due to their
shared pathophysiological mechanisms such as low-grade
chronic inflammation [13, 14]. However, subsequent
studies showed that the association between MetS and
cancer is likely to be site-specific the association between
MetS and the incidence of lung cancer has not been fully
determined [15]. In a previous meta-analysis [12], by
including four cohort studies [16—19], the authors con-
cluded that presence MetS did not affect the risk of lung
cancer. However, besides studies reporting the incidence
of lung cancer, they also included a study that reported
the lung cancer mortality [16]. Since the outcome of can-
cer mortality could be affected by many clinical factors
such as the anticancer treatments, including studies with
mortality data may confound the overall result. Moreo-
ver, some subsequently published cohort studies were not
included in the previous meta-analysis [20-22]. There-
fore, we performed an updated meta-analysis to evaluate
the association between MetS and subsequent incidence
of lung cancer.

Methods
We performed the meta-analysis in accordance with
the MOOSE (Meta-analysis of Observational Studies
in Epidemiology) [23] and Cochrane’s Handbook [24]
guidelines.

Literature search

Databases of PubMed, Embase and Cochrane’s Library
were searched for relevant records. As for the search
strategy, the combined terms were entered into the above
databases as a single search, as ("metabolic syndrome"
OR '"insulin resistance syndrome” OR "syndrome X")
AND ("lung" OR "pulmonary” OR "respiratory") AND
("cancer" OR "neoplasm" OR "carcinoma") AND ("pro-
spective" OR "prospectively” OR "retrospective” OR "ret-
rospectively” OR "followed" OR "follow-up" OR "cohort"
OR "cohorts" OR "risk" OR "incidence"). We used this
keywords search strategy instead of those searched as
"text words" or as "Mesh terms" or “Emtree” to retrieve
more comprehensive records. The search was limited to
human studies published in English language. The refer-
ence lists of original and review articles were also ana-
lyzed using a manual approach. The final literature search
was performed on April 20, 2020.

Study selection

Articles were included in the meta-analysis if they met
all the following criteria: (1) published as full-length
article in English; (2) reported as cohort studies (pro-
spective or retrospective, regardless of sample size) with
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the follow-up duration of at least one year; (3) included
adult population (> 18 years of age) without lung cancer
at baseline; (4) MetS defined according to the criteria of
the original articles was identified as exposure of inter-
est at baseline; (5) participants without MetS at baseline
was considered as controls; (6) documented the inci-
dences of lung cancer during follow-up; and (7) reported
the adjusted hazard ratios (HRs, at least adjusted age and
gender) and their corresponding 95% confidence inter-
vals (CIs) for the incidence of lung cancer comparing
individuals with MetS at baseline to those without MetS.
Reviews, letters, editorials, preclinical studies and non-
cohort studies were excluded.

Data extracting and quality evaluation

Two authors independently performed literature search-
ing, data extraction, and quality assessment according
to the predefined inclusion criteria. Discrepancies were
resolved by consensus. Data that were extracted include:
(1) name of first author, year of publication and country
where the study was performed; (2) design characteris-
tics (prospective or retrospective); (3) characteristics and
numbers of the participants; (4) criteria for the diagnosis
of MetS; (5) follow-up period; (6) number of lung can-
cer cases in each study; and (7) variables adjusted when
presenting the results. The quality of each study was
evaluated using the Newcastle-Ottawa Scale [25] which
ranges from 1 to 9 stars and judges each study regarding
three aspects: selection of the study groups; the compa-
rability of the groups; and the ascertainment of the out-
come of interest.

Statistical analyses

We used HRs as the general measure for the association
between MetS at baseline and the incidence of lung can-
cer. Data of HRs and their corresponding stand errors
(SEs) were calculated from 95% CIs or p values, and
were logarithmically transformed to stabilize variance
and normalized the distribution [24]. The Cochrane’s
Q test and I” test were used to evaluate the heterogene-
ity among the include cohort studies [26]. A significant
heterogeneity was considered if I*>50%. We used a ran-
dom-effect model to synthesize the HR data because this
model is considered as a more generalized method which
incorporates of the potential heterogeneity [24]. Sensitiv-
ity analyses, by removing individual study one at a time,
were performed to test the robustness of the results [27].
Predefined subgroup analyses were performed to evalu-
ate whether the association between MetS and lung
cancer incidence was affected by gender of the partici-
pants, country of the study, and study design character-
istics. Since smoking has been related with increased
risk of lung cancer [28], we evaluated whether MetS is
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associated with lung cancer incidence in studies after
adjustment of smoking. Moreover, potential publication
bias was assessed by funnel plots with the Egger regres-
sion asymmetry test [29]. We used the RevMan (Version
5.1; Cochrane Collaboration, Oxford, UK) and STATA
software for the meta-analysis and statistics.

Results

Literature searching

The processes of database searching were presented in
Fig. 1. Briefly, 893 articles were found via initial litera-
ture searching of the PubMed and Embase databases, and
868 were excluded through screening of the titles and
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abstracts mainly because they were not relevant to the
purpose of the meta-analysis. Subsequently, 25 potential
relevant records underwent full-text review. Of these,
20 were further excluded for the reasons listed in Fig. 1.
Finally, five cohort studies were included [17-21].

Study characteristics and quality evaluation

The characteristics of the included cohort studies were
presented in Table 1. Briefly, our meta-analysis included
188,970 participants from five cohorts. Two studies were
performed in Europe [17, 20], and the other three were
performed in Asia [18, 19, 21]. Regarding the design, two
studies were retrospective [19, 21], whereas the other
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three were prospective [17, 18, 20]. Four of the studies
included general populations [17-19, 21], whereas the
other one included patients with vascular disease [20].
All of the included cohorts defined MetS according to the
criteria of revised National Cholesterol Education Pro-
gram’s Adults Treatment Panel III (NCEP-ATP III) [30],
and two of them also included data of MetS diagnosed
with the International Diabetes Federation (IDF) crite-
ria [31]. Diagnosis of MetS according to NCEP ATP III
or IDF criteria were based on the baseline measurements
of the components of MetS combined with the con-
firmed treatments such as use of the antihypertensives
or glucose-lowering agents among the included studies
[17-21]. The incidence of lung cancer cases were mainly
confirmed by the local cancer registries and 1,295 lung
cancer cases occurred during follow-up. Age and gender
were adjusted in all of the included studies when present-
ing the results, whereas smoking and alcohol intake were
adjusted in four cohorts [18-21] except for one study
[17]. The Newcastle-Ottawa scale varied from 7 to 9 in
the included cohort studies (Table 2), suggesting the gen-
erally good study quality.

Association between the revised NCEP-ATP lll defined MetS
and lung cancer risk

Five cohort studies [17-21] with 188,970 participants
reported the association between MetS diagnosed by
revised NCEP-ATP III at baseline and the subsequent
risk of lung cancer incidence. Since three of them [18,
19, 21] reported the outcomes separately according to
the gender of the participants, a total of eight datasets
were included. Result of the meta-analysis did not sup-
port a significant association between MetS and the
risk of lung cancer (adjusted HR: 0.94, 95% CI: 0.84 to
1.05, p=0.25; Fig. 2a) with no significant heterogeneity
(p for Cochrane’s Q test=0.72, >=0). Results of sensi-
tivity analyses by excluding one study at a time did not
significantly affect the result, suggesting the stability
of the main result (Table 3). Specifically, excluding the
study [17] in which smoking status was not adjusted
showed similar result (adjusted HR: 0.91, 95% CI: 0.80
to 1.05, p=0.21) with no significant heterogeneity (p
for Cochrane’s Q test=0.65, I?=0). Results of subgroup
analyses according to the gender of the participants were
also similar (for male: adjusted HR: 0.95, 95% CI: 0.80
to 1.12, p=0.55, I*=27%; for female: adjusted HR: 0.84,
95% CI: 0.66 to 1.07, p=0.15, *=0; Fig. 2b). The differ-
ence between the results in male and female participants
was not statistically significant (p =0.40; Fig. 2b). In addi-
tion, subgroup analyses showed similar results in studies
performed in Asian and non-Asian countries (p>0.05,
Fig. 3a), and in prospective and retrospective cohort
studies (p >0.05, Fig. 3b).
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Association between IDF defined MetS and lung cancer risk
Two cohorts [18, 19] with 66,556 participants reported
the association between IDF defined MetS and the sub-
sequent risk of lung cancer. Results of the meta-analysis
did not show a significant association (adjusted HR: 0.82,
95% CI: 0.61 to 1.11, p=0.20; I I*=0; Fig. 4). Results of
subgroup analyses according to the gender of the partici-
pants were also similar (for male: adjusted HR: 0.78, 95%
CIL: 0.44 to 1.39, p=0.40, 12=50%; for female: adjusted
HR: 0.81, 95% CI: 0.50 to 1.31, p=0.39, I*=0; Fig. 4). The
difference between subgroups was not statistically signifi-
cant (p=0.93).

Publication bias

The funnel plot regarding MetS diagnosed by revised
NCEP-ATP III at baseline and risk of cognitive decline
was shown in Fig. 5. The funnel plot was symmetry on
visual inspection. Results of Egger regression test sug-
gested that no significant publication bias was detected
(p=0.32). The publication bias for the meta-analysis of
association between IDF defined MetS and the subse-
quent risk of lung cancer was difficult to estimate since
limited cohorts were included.

Discussion
In this meta-analysis, by pooling the results of five cohort
studies of 188,970 participants, the result showed that
presence of MetS does not significantly influence the
subsequent incidence of lung cancer. The results were
consistent in male and female participants, in studies
performed in Asian and non-Asian countries, in pro-
spective and retrospective cohorts, and in studies in
which smoking habit was adjusted in multivariate anal-
yses. Moreover, the association between MetS and lung
cancer incidence was not affected by the definitions of
MetS (based on the revised NCEP-ATP III or IDF crite-
ria). These results suggested that current evidence from
cohort studies does not support that MetS is an inde-
pendent risk factor for the incidence of lung cancer.
Results of our meta-analysis may reflect the fact that
the components of MetS may have different influences
on the risk of lung cancer. For the association between
obesity and lung cancer risk, current evidence is not
consistent. A previous meta-analysis 31 studies showed
that obesity is protective factor against lung cancer [32],
whereas another study in Chinese patients suggested
that the protective effect of obesity against lung cancer
may be confounded by the smoking status [33]. Subse-
quent meta-analysis of six prospective cohort studies
indicated that abdominal obesity may be a risk factor
for the incidence of lung cancer [34]. Interestingly, a
recent meta-analysis with 28 prospective cohort studies
suggested a significantly positive relationship between
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Subtotal (95% Cl)

1.2.2 Female
Russo 2008-F
Inoue 2009-F
Osaki 2012-F

Ko 2016-F
Subtotal (95% Cl)

a Study or Subgrou log[Hazard Ratio SE_Weight
Russo 2008 -0.02020271 0.09380734 36.2%
Inoue 2009-M -0.15082289 0.21032734 7.2%
Inoue 2009-F -0.41551544 0.32268712 3.1%
Osaki 2012-M -0.4780358 0.26364107  4.6%
Osaki 2012-F 0.0861777 0.2883574 3.8%
Kruijsdijk 2013 0 0.19492319 8.4%
Ko 2016-M -0.03045921 0.10664385 28.0%
Ko 2016-F -0.07257069 0.19040604 8.8%
Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chiz = 4.52, df =7 (P = 0.72); I?= 0%
Test for overall effect: Z = 1.14 (P = 0.25)

b
Study or Subgrou log[Hazard Ratio SE_Weight
1.2.1 Male
Russo 2008-M 0.06765865 0.1024557 30.3%
Inoue 2009-M -0.15082289 0.21032734 9.0%
Osaki 2012-M -0.4780358 0.26364107 5.9%
Ko 2016-M -0.03045921 0.10664385 28.6%

73.7%

Heterogeneity: Tau? = 0.01; Chi® = 4.13, df = 3 (P = 0.25); I?=27%
Test for overall effect: Z = 0.59 (P = 0.55)
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Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.00; Chi? =7.82, df =7 (P = 0.35); I? = 10%
Test for overall effect: Z=1.17 (P = 0.24)

Test for subaroup differences: Chi2 = 0.72. df =1 (P = 0.40). 12 = 0%
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1.00 [0.68, 1.47]
0.97 [0.79, 1.20]
0.93 [0.64, 1.35]

0.94 [0.84, 1.05]
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Fig. 2 Forest plots for the meta-analysis of the association between the
overall participants; b forest plots for the subgroup analysis by gender

revised NCEP-ATP Il defined MetS and lung cancer risk. a forest plots for the

Table 3 Results of sensitivity analysis

Studies omitted HR 95% Cl 12 P for effect
Russo 2008 091 0.80 to 1.05 0 0.21
Inoue 2009-M 0.94 0.84t01.06 0 032
Inoue 2009-F 0.95 0.851t01.06 0 0.35
Osaki 2012-M 0.96 0.85t01.07 0 0.44
Osaki 2012-F 0.93 0.83t01.04 0 0.22
Kruijsdijk 2013 0.95 0.83t01.04 0 0.23
Ko 2016-M 093 0.81to01.05 0 0.24
Ko 2016-F 0.94 0.84to 1.65 0 0.28

HR hazard ratio, Cl confidence interval

waist circumference, rather than BMI, and lung cancer
risk, suggesting there might have an etiological con-
nection between central obesity and lung cancer devel-
opment [35], rather than overall obesity as evidenced

by increased BMI. Moreover, as for the lipids profiles,
recent evidence indicated that higher high-density lipo-
protein cholesterol level is protective against the lung
cancer, whereas higher triglyceride is associated with
higher lung cancer incidence [36], and these findings
are confirmed by a subsequent case—control study in
Chinese patients with and without non-small cell lung
cancer [37]. However, a recent prospective cohort
study showed that the association between triglycer-
ide and lung cancer risk may be more complicated than
expected and presented as a U-shaped association [38].
In addition, results regarding the association between
hypertension and lung cancer risk are inconsistent. The
result Metabolic Syndrome and Cancer Project indi-
cated a small increased lung cancer risk in men with
elevated blood pressure level, but not in women [39].
However, an early study in Korean men showed that
hypertension was not an independent risk factor in
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a Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Asian
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Total (95% CI) 100.0% 0.94 [0.84, 1.05] q
Heterogeneity: Tau? = 0.00; Chi? = 4.52, df = 7 (P = 0.72); 12 = 0% 0’5 0’7 ] 1‘5 2
Test for overall effect: Z = 1.14 (P = 0.25) Favours .non—l\./letS Favo;Jrs MetS
Test for subaroun differences: Chi2 = 0.58. df = 1 (P = 0.45). 12 = 0%
b Hazard Ratio Hazard Ratio
r Subgrou log[Hazard Rati E Weight IV, Random, 95% CI 1V, Random, 95% CI
1.4.1PC
Russo 2008 -0.02020271 0.09380734 36.2% 0.98 [0.82, 1.18]
Inoue 2009-M -0.15082289 0.21032734  7.2% 0.86 [0.57, 1.30] - 1
Inoue 2009-F -0.41551544 0.32268712  3.1% 0.66[0.35,1.24] — [
Kruijsdijk 2013 0 0.19492319  8.4% 1.00 [0.68, 1.47] - 1
Subtotal (95% Cl) 54.8% 0.95[0.81, 1.10] <
Heterogeneity: Tau? = 0.00; Chi? = 1.67, df = 3 (P = 0.64); I? = 0%
Test for overall effect: Z = 0.74 (P = 0.46)
1.4.2RC
Osaki 2012-M -0.4780358 0.26364107 4.6% 0.62[0.37, 1.04] I
Osaki 2012-F 0.0861777 0.2883574 3.8% 1.09 [0.62, 1.92] - 1
Ko 2016-M -0.03045921 0.10664385 28.0% 0.97 [0.79, 1.20]
Ko 2016-F -0.07257069 0.19040604  8.8% 0.93 [0.64, 1.35] %
Subtotal (95% Cl) 45.2% 0.93 [0.79, 1.09]
Heterogeneity: Tau? = 0.00; Chi? = 2.82, df = 3 (P = 0.42); I? = 0%
Test for overall effect: Z = 0.88 (P = 0.38)
Total (95% Cl) 100.0% 0.94 [0.84, 1.05]
Heterogeneity: Tau? = 0.00; Chi? = 4.52, df =7 (P = 0.72); I? = 0% 055 057 1' 155 é
Test for overall effect: Z = 1.14 (P = 0.25) Favours 'non—l’;/letS Favo.urs MetS
Test for subaroup differences: Chiz2 = 0.02. df =1 (P = 0.88). 12 = 0%
Fig. 3 Forest plots for the subgroup analysis of the association between the revised NCEP-ATP IIl defined MetS and lung cancer risk. a forest plots
for the subgroup analysis by study country; b forest plots for the subgroup analysis by study design

lung cancer mortality [40]. Similarly, result of a meta-
analysis of 14 cohort studies also concluded that dia-
betes was not associated with lung cancer risk [41]. A
recent cohort study showed that the potential impact
of diabetes on the risk of lung cancer may be modi-
fied by smoking status of the patients, and diabetes
may have minimal impact on lung cancer development
in the never-smoking population [42]. Taken together,
it seems that association between the components

of MetS and the risk of lung cancer remain uncertain
and may be modified by many factors including smok-
ing status. Additionally, since people with MetS often
have unhealthy life styles, such as smoking, alcohol
drinking and less exercise, these factors may also con-
found the association between MetS and lung cancer.
Most of the included studies in our meta-analysis have
adjusted these factors, which may therefore weaken the
association between MetS and Lung cancer incidence.
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Test for overall effect: Z = 1.29 (P = 0.20)

1.3.1 Male

Inoue 2009-M -0.01005034 0.23130645 43.8% 0.99 [0.63, 1.56]

Osaki 2012-M -0.61618614 0.36063606 18.0% 0.54[0.27, 1.09]

Subtotal (95% ClI) 61.8% 0.78 [0.44, 1.39]

Heterogeneity: Tau? = 0.09; Chi? = 2.00, df = 1 (P = 0.16); I> = 50%

Test for overall effect: Z = 0.84 (P = 0.40)

1.3.2 Female

Inoue 2009-F -0.49429632 0.38074402 16.2% 0.61[0.29, 1.29] -1
Osaki 2012-F -0.01005034 0.32649615 22.0% 0.99[0.52, 1.88] T
Subtotal (95% CI) 38.2% 0.81 [0.50, 1.31] D _ o
Heterogeneity: Tau? = 0.00; Chi? = 0.93, df =1 (P = 0.33); 2= 0%

Test for overall effect: Z = 0.87 (P = 0.39)

Total (95% CI) 100.0% 0.82[0.61, 1.11] q

Heterogeneity: Tau? = 0.00; Chi? = 2.94, df = 3 (P = 0.40); I = 0%

Test for subaroup differences: Chi? = 0.01. df =1 (P = 0.93). = 0%
Fig. 4 Forest plots for the meta-analysis of the association between IDF defined MetS and lung cancer risk stratified by gender;
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Fig. 5 Funnel plots for the meta-analysis of the association between

the revised NCEP-ATP IIl defined MetS and lung cancer risk

Moreover, accumulating evidence showed that treat-
ments against the components of Mets, such as the use
of metformin, may lead to a reduced risk of lung cancer
incidence [43]. Whether these factors may confound
the association between MetS and Lung cancer risk
also deserves further investigation.

The strengths of our study, compared with the pre-
vious meta-analysis [12] may include the followings.
Firstly, we included only studies with multivariate anal-
yses, which minimized the potential influences of study
or participant characteristics on the outcome. Sec-
ondly, only studies reporting the incidence of lung can-
cer were included, rather than the studies that reported
the morality of lung cancer. Since lung cancer mortality
could also be affected by treatment status after diag-
nosis, the previous meta-analysis combining the data

of lung cancer incidence and mortality may confound
the results [12]. Finally, we included five cohort studies
with eight datasets, which enabled us to perform mul-
tiple stratified analyses to confirm the findings of the
main analysis. Despite of this significance, our study
also has limitations which should be considered when
interpreting the results. Firstly, as a meta-analysis of
observational studies, results of our study did not sup-
port a sequential association between MetS and lung
cancer incidence. Since lung cancers of different histo-
pathological type may have different biological features,
the association between MetS and different histo-
pathological type of lung cancer should be analyzed.
However, since data according to the histopathological
type of lung cancer were not reported in either of the
included cohort studies, we were unable to evaluate the
outcomes according to the histopathological type of
lung cancer. Future studies are warranted in this regard.
Secondly, although MetS defined by revised NCEP-ATP
IIT or IDF criteria was not associated with lung cancer
incidence, association between MetS defined by other
criteria and subsequent lung cancer incidence remains
undetermined. Thirdly, although our study combined
the data of 188,970 participants and 1295 cases of
lung cancer, we could not fully exclude the possibil-
ity that the meta-analysis is statistically underpowered
for the detection of the association between MetS and
lung cancer incidence. Finally, as previous mentioned,
although we combine multivariate adjusted data, we
could not exclude that there remains residual factors
that may confound the result, such as smoking status,
dietary factors, and concurrent medications including
metformin et al.
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In conclusion, results of our meta-analysis showed that
current evidence from cohort studies does not support
that MetS is an independent risk factor for the incidence
of lung cancer. The influences of each component of
MetS on pathogenesis of lung cancer should be evaluated
in future studies.
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