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Abstract 

Background A growing body of evidence points to the association between insulin resistance (IR), metabolic syn-
drome (MetS) and its components and lung cancer incidence, but remains controversial and unknown.

Methods A systematic search was conducted through PubMed, Embase, Cochrane Library, the China National 
Knowledge Infrastructure (CNKI) and Wanfang databases for the corresponding studies. Each study reported the risk 
estimate and 95% confidence intervals (CI) for lung cancer, and a fixed effects model or random effects model 
was used for outcome.

Results We included 31 publications involving 6,589,383 people with 62,246 cases of lung cancer. Diabetes mellitus 
(DM) (RR = 1.11, 95% CI  1.06–1.16, P = 0.000) and IR (RR = 2.35, 95% CI  1.55–3.58, P = 0.000) showed a positive associa-
tion with lung cancer risk. BMI (RR = 0.66, 95% CI  0.54–0.81, P = 0.000) and HDL-C (RR = 0.88, 95% CI  0.79–0.97, P = 0.010) 
were negatively correlated with lung cancer. MetS(RR = 0.99, 95% CI  0.90–1.09, P = 0.801), TC (RR = 0.93, 95% CI  0.81–
1.06, P = 0.274), TG (RR = 0.99, 95% CI  0.88–1.12,P = 0.884), LDL-C (RR = 1.01, 95% CI  0.87–1.16, P = 0.928), hypertension 
(RR = 1.01, 95% CI  0.88–1.15, P = 0.928), FBG (RR = 1.02, 95% CI  0.92–1.13, P = 0.677) and obesity (RR = 1.11, 95% CI  0.92–
1.35, P = 0.280) were not associated with lung cancer.

Conclusion Our study showed that the risk of lung cancer is correlated with DM, IR, BMI, and HDL-C. Timely control 
of these metabolic disorders may have a positive effect on preventing lung cancer.

Trial registration Our study has been registered in the Prospective Register of Systematic Reviews (PROSPERO), ID: 
CRD42023390710.
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Introduction
Metabolic syndrome (MetS) is a term that comprises 
multiple metabolic components, which has a seri-
ous impact on health. These metabolic components are 
mainly obesity, hyperglycaemia, hypertension and dys-
lipidaemia [1]. Cardiovascular disease and diabetes mel-
litus (DM), which are most closely related to MetS, are 
currently the deadliest chronic noncommunicable dis-
eases [2]. Insulin resistance (IR) is the weakening of the 

Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Diabetology &
Metabolic Syndrome

†Jingxuan Liu and Rui Wang are contributed equally to this work.

*Correspondence:
Aihua Hou
hah6877@163.com
1 College of Traditional Chinese Medicine, Shandong University 
of Traditional Chinese Medicine, Jinan, China
2 Department of Oncology, Yantai Hospital of Traditional Chinese 
Medicine, Yantai, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13098-024-01308-w&domain=pdf


Page 2 of 11Liu et al. Diabetology & Metabolic Syndrome           (2024) 16:63 

responsiveness and sensitivity of tissues to physiological 
insulin levels, which can lead to metabolic abnormalities 
and continued progression to type 2 diabetes mellitus 
(T2DM) and MetS [3].

Lung cancer plays an important role in the global can-
cer burden with the second highest incidence and the 
highest mortality [4]. The five-year survival rate is only 
22.9% worldwide for lung cancer patients because early 
clinical symptoms are insidious and when most patients 
are diagnosed, they have reached the advanced stage [5]. 
Early diagnosis, screening and identification of risk fac-
tors to prevent the disease at its root may go a long way 
in improving the situation.

Recently, the relationship between MetS and vari-
ous cancers has been gradually confirmed, which can 
increase the mortality of cancer patients by 2.4 times [6]. 
IR is positively correlated with the risk of colorectal can-
cer [7], prostate cancer [8], endometrial cancer [9], thy-
roid cancer [10], breast cancer [11] and other cancers. 
Nevertheless, the relationship between the MetS and its 
components or IR and lung cancer risk is controversial or 
unknown. Overall, we tested  the hypothesis that MetS, 
its components and IR are related to lung cancer in this 
systematic review and meta-analysis.

Materials and methods
Methodology and search strategy
This study is based on Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
(Additional file 1: Table S1) and is registered in the Pro-
spective Register of Systematic Reviews (PROSPERO), 
ID: CRD42023390710.

A systematic search was conducted through PubMed, 
Embase, Cochrane Library, the China National Knowl-
edge Infrastructure (CNKI) and Wanfang databases 
up to 30 June 2023. The keywords used were “meta-
bolic syndrome”, or “diabetes”, or “insulin resistance”, or 
“hyperglycemia”, or “hypertension”, or “dyslipidemia”, 
or “hyperlipidemia”, or “obesity”; and related terms for 
lung cancer are “lung cancer”, or “pulmonary neoplasm”, 
or “lung carcinoma”. In addition, the use of “cohort”, or 
“case”, or “cross-sectional” restricted the search results to 
cohort studies, case–control studies and cross-sectional 
studies (Additional file 1: Table S2). Two authors (J.L and 
R.W) carefully reviewed the references in the articles 
and hand-searched relevant reviews without time and 
language restrictions. In case of necessity,  we actively 
contacted the original author to obtain some data. After 
removing duplicates, two authors (J.L and R.W) indepen-
dently screened the studies based on title, abstract and 
complete text. In case of disagreement, we invited the 
third investigator (X.Z) to discuss and decide.

Study selection
The included studies must record the risk ratio (RR), 
odds ratio (OR) or hazard ratio (HR) estimates with 95% 
confidence intervals (CI) for the incidence of lung cancer, 
or may be speculated from relevant data. The exposure 
factors to be analyzed include MetS, its components and 
IR, such as body mass index (BMI), high-density-lipopro-
tein cholesterol (HDL-C), total cholesterol (TC), triglyc-
eride (TG), low-density lipoprotein cholesterol (LDL-C), 
hypertension, DM, obesity and fasting blood glucose 
(FBG). Normal values or definitions need to be described 
with similar methods. Studies focused on adults, exclud-
ing animal studies and studies of minors. The excluded 
studies are literature without original data, conference 
abstracts, case reports, reviews and letters to the editor. 
We used EndNote version X8.1 (Clarivate Analytics) soft-
ware to complete the retrieval and preliminary screening.

Quality assessment
Using the Newcastle–Ottawa Scale (NOS), two authors 
independently assessed the quality of studies. Outcomes 
were scored (0–9) by population selection and compa-
rability, including conformity of entry criteria, compa-
rability of research methods and completeness of data. 
Studies with scores ≥ 5 were recognized as high-quality 
studies and included in our research.

Data extraction and analysis
Data were collected from the included literature to 
extract RR, HR, OR and 95% CI for the relationship 
between MetS, its components and IR and lung cancer. If 
studies were multivariate adjusted, multivariate adjusted 
risk estimates and corresponding 95% CIs were recorded 
and information on adjusted variables was also recorded. 
Basic study information (title, authors, year, country, lit-
erature source, year of case entry, follow-up time, study 
design) and case information (number of cases, age, sex, 
ethnicity) were recorded categorically. The above process 
was carried out independently by the two researchers, 
and in case of any disagreement, the disputed article was 
discussed and reviewed.

We applied random effects models to obtain the total 
RR and 95% CI. Effect indicators were extracted as effect 
sizes after adjusting for the most confounding factors if 
the included studies were corrected for confounding, 
and raw effect sizes were extracted as study data if the 
included studies were not corrected for confounding. The 
results were assessed using RR and 95% CI, and when the 
effect indicator was HR or OR, it was equated to RR for 
analysis. Heterogeneity was analysed by the I2 test. When 
I2 > 50% or P of I2 < 0.05, statistical heterogeneity was con-
sidered to exist between studies and data were analysed 
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and combined based on a random effects model; when 
I2 < 50% or P of I2 > 0.05, statistical heterogeneity between 
studies was considered to be low. Sensitivity analysis was 
used to exclude the data with a large influence in the high 
heterogeneity group. If no these data were found, we 
solved heterogeneity with subgroup analysis. For com-
bined results with high heterogeneity in subgroup analy-
ses, regression meta-analysis was performed to identify 
influencing factors. For the assessment of MetS and its 
components, the overall effect size and 95% CI were cal-
culated separately for the relevant disorder components. 
IR was evaluated by the Homeostatic Model Assessment 
of Insulin Resistance (HOMA-IR), a commonly used 
surrogate indicator. By sensitivity analysis, we detected 
the influence of deleting a single document on the total 
result, and excluded the documents that had a large influ-
ence on heterogeneity to ensure the stability of the result. 
We reported bias evaluation with Begg’s test and funnel 
plots. We performed all statistical analyses using STATA 
version 17.0 (College Station, TX, USA).

Results
Literature search
A total of 2586 papers were searched from various data-
bases and after careful reading of titles, abstracts, key-
words and full texts, 31 papers were finally included in 
this study. According to statistics, 3 for MetS [12–14],15 
for DM [15–28, 30], 11 for lipid indicators [14, 27–29, 
31–37], 4 for IR [38–41] and 8 for other associated fac-
tors [14, 22, 27, 35, 37–39, 42]. The included literature 
contained 22 cohort studies and 9 case–control studies. 
Figure  1 displays a thorough flowchart of the literature 
screening.

Literature characteristics
There were 18 Asian studies, 8 European studies, 4 
North American studies and 3 Australian studies in the 
31 included papers. Of these, two papers reported cases 
across 3 countries [26, 36]. All the studies we included 
involved a total of 6,589,383 people, including 62,246 
cases of lung cancer. The study that included the largest 
number of participants amounted to 1,298,385 [22] and 
a maximum follow-up of 34 years [36]. The mean NOS 
evaluation score was 7.0, with 87.1% of the studies scor-
ing ≥ 6 and all studies scoring ≥ 5. Most of the literature 
reported adjusting factors included age, sex, smoking 
state and family history of malignancy (Additional file 1: 
Table S3).

Metabolic disorders and lung cancer
Analysis actually showed that MetS cannot  be proven 
to increase the risk of lung cancer (RR = 0.99, 95% 
CI  0.90–1.09, P = 0.801, Fig. 2A). In contrast, IR not only 

promoted the development of lung cancer but showed 
a higher RR (RR = 2.35, 95% CI  1.55–3.58, I2 = 0.0%, 
P = 0.000, Fig. 2B). As for the components of MetS, DM 
was positively correlated with lung cancer incidence 
(RR = 1.11, 95% CI  1.06–1.16, I2 = 34.1%, P = 0.000, 
Fig.  3A). BMI was evidently negative for the risk of 
lung cancer (RR = 0.66, 95% CI  0.54–0.81, I2 = 0.0%, 
P = 0.000, Fig.  2C). In comparison, TG (RR = 0.99, 95% 
CI  0.88–1.12, I2 = 29.4%, P = 0.884, Additional file 1: Fig. 
S1A), LDL-C (RR = 1.01, 95% CI  0.87–1.16, I2 = 45.5%, 
P = 0.928, Additional file  1: Fig. S1B), hypertension 
(RR = 1.01, 95% CI  0.88–1.15, I2 = 0.0%, P = 0.928, Addi-
tional file 1: Fig. S1C), FBG (RR = 1.02, 95% CI  0.92–1.13, 
I2 = 16.1%, P = 0.677, Additional file 1: Fig. S1D), and obe-
sity (RR = 1.11, 95% CI  0.92–1.35, I2 = 0.0%, P = 0.280, 
Additional file 1: Fig. S1E) were not associated with lung 
cancer development. (Table 1, Fig. 2).

High heterogeneity was seen in the HDL-C (I2 = 83.4%) 
and TC (I2 = 78.2%) data. We performed sensitivity analy-
sis and revealed a large effect of Hao’s data in the HDL-C 
group. Exclusion of these data resulted in significantly 
lower heterogeneity (I2 = 22.3%), also demonstrating a 
negative correlation between HDL-C and the incidence 
of lung cancer (RR = 0.88, 95% CI  0.79–0.97, I2 = 22.3%, 
P = 0.010, Fig. 2D).

The TC group’s sensitivity analysis showed that no 
data were found for a significant effect on lung cancer 
incidence. Subgroup analysis according to sex revealed 
reduced heterogeneity of TC indicators in women and no 
connection with lung cancer incidence (RR = 0.98, 95% 
CI  0.80–1.19, I2 = 24.2%, P = 0.827, Fig. 3B). Nonetheless, 
there was still significant heterogeneity in groups of both 
sex (I2 = 79.6%) and men (I2 = 78.2). We performed meta-
regressions for factors that may have influenced (study 
type, geography, age), but negative results emerged (Adj 
R-squared = 33.20%, I-squared_res = 69.56%, F = 0.3402). 
Because of the apparent variability in the relevant infor-
mation recorded across studies, we ultimately found no 
additional factors that might have influenced heteroge-
neity. Our study was unable to demonstrate a correlation 
between TC and lung cancer incidence.

Publication bias
The funnel plots for all metabolic factors showed basic 
symmetry, with those for the DM and TC groups shown 
below (Fig.  3C, D). No publication bias was found in 
Begg’s test (P > 0.05). A summary graph of all results is 
displayed in Fig. 4.

Discussion
The aim of this study was to explore the relationship 
between MetS, its components and IR and lung cancer. 
The most important result of this work is that the MetS 
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cannot be summarized as a risk factor influencing the 
development of lung cancer. However, among the com-
ponents of the MetS, DM was positively associated with 
lung cancer risk, and BMI and HDL-C were negatively 
associated with lung cancer risk. Interestingly, IR, which 
is closely related to the MetS, showed a strong correlation 
with lung cancer risk.

In recent years, there has been growing epidemiologi-
cal evidence that MetS is associated with the occurrence 
or progression of a variety of cancers [43–47]. Our statis-
tical findings are not sufficient to demonstrate a positive 
association between lung cancer and MetS, a conclusion 

that is not one-sided. MetS appears to be more closely 
associated with a higher incidence of colorectal cancer 
in both sexes [48], liver cancer in men [49], and breast 
cancer in women [50], as evidenced by the large body of 
literature on targeted studies of MetS and the above can-
cers. The current mechanisms linking MetS to cancer 
risk are not well defined. We investigated the relation-
ship between lung cancer and metabolic components of 
MetS as much as possible to provide direction to other 
researchers in their search for specific mechanisms.

DM is the most represented disorder of glucose metab-
olism. Our findings suggest that there is a connection 

Fig. 1 Flow chart of literature screening
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Fig. 2 Relationship between metabolic factors and lung cancer. A MetS and lung cancer. B IR and lung cancer. C BMI and lung cancer. D HDL-C 
and lung cancer
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Fig. 3 Analysis of DM and TC. A Relationship between DM and lung cancer. B Relationship between TC and lung cancer (subgroup analysis). C 
Funnel plot of DM. D Funnel plot of TC

Table 1 Results of meta-analysis (after including sensitivity analysis and subgroup analysis)

MetS: metabolic syndrome, FBG: fasting blood glucose, TG: triglyceride, TC: total cholesterol, HDL-C: high-density lipid-cholesterol, LDL-C: low-density lipoprotein 
cholesterol, BMI: body mass index, DM: diabetes mellitus, IR: insulin resistance, F: Fixed effects model, R: Random effects model
a By sensitivity analysis

Factors Datasets RR (95% CI) P I2 (%) P of  I2 Model P of Begg’s test

MetS 6 0.99(0.90–1.09) 0.801 10.4 0.349 F 0.060

BMI 4 0.66(0.54–0.81) 0.000 0.0 0.750 F 0.308

HDL-C 5 0.73(0.54–0.99) 0.041 83.4 0.000 R –

HDL-Ca 4 0.88(0.79–0.97) 0.010 22.3 0.277 F 0734

TG 6 0.99(0.88–1.12) 0.884 29.4 0.215 F 0.452

TC 12 0.93(0.81–1.06) 0.274 78.2 0.000 R 0.732

Both sex 3 0.77(0.50–1.19) 0.246 79.6 0.007 R –

Men 6 0.99(0.84–1.15) 0.852 78.2 0.000 R –

Women 3 0.98(0.80–1.19) 0.827 24.2 0.267 R –

LDL-C 4 1.01(0.87–1.16) 0.928 45.5 0.139 F 0.734

Hypertension 6 1.01(0.88–1.15) 0.928 0.0 0.794 F 1.000

FBG 5 1.02(0.92–1.13) 0.677 16.1 0.312 F 0.462

DM 21 1.11(1.06–1.16) 0.000 34.1 0.064 F 0.833

Obesity 5 1.11(0.92–1.35) 0.280 0.0 0.445 F 0.462

IR 4 2.35(1.55–3.58) 0.000 0.0 0.426 F 0.308
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between DM and lung cancer, which is consistent with 
other literature [51–53]. In a 2013 meta-analysis, Lee 
et  al. suggested that pre-existing DM may promote the 
occurrence of lung cancer, especially in women with 
DM. However, this association disappeared when the 
confounding factor of smoking was not controlled [51]. 
A subsequent, more comprehensive meta-analysis also 
supported the connection between DM and lung cancer 
in women, suggesting that the effect of DM on lung can-
cer risk may be influenced by smoking status. This could 
explain why the majority of research found a weak cor-
relation between lung cancer in men with DM [53]. A 
prospective cohort study from the United States, the first 
to examine overall survival in women with DM, suggests 
that women with lung cancer who have pre-existing DM 
had a worse overall survival rate [54]. The exact mecha-
nism by which DM affects the development of lung can-
cer is unclear, and epithelial-to-mesenchymal transition 
(EMT) pathway-mediated lung fibrosis under activation 
of the inflammatory factor transforming growth factor 
beta1(TGF-β1) [55] with high insulin like growth factor 1 
receptor (IGF-1R) and insulin receptor substrate 2 (IRS-
2) protein expression [56] may be a potential factor.

The evidence we have collected so far does not sup-
port a relationship between high FBG and lung can-
cer, and the information we have gathered thus far does 
not support such an association either [22, 35, 39]. The 
results of Huang et al. show that abnormal fasting plasma 

glucose (FPG) (FPG between 5.6–6.9  mmol/l and 6.1–
6.9 mmol/l) is associated with an increased overall can-
cer risk, but site specific secondary analyses also found it 
to be unrelated to lung cancer [57]. However, their study 
excluded individuals with FPG ≥ 7.1 mmol/l, a slight dif-
ference from our criteria. In addition, either too high 
(> 110 mg/dl) [58] or too low (< 91 mg/dl) FBG reduced 
survival in patients with NSCLC [59].

Dysregulation of lipid metabolism is a prominent met-
abolic manifestation of cancer, and cancer cells promote 
their own proliferation, survival, migration, invasion and 
metastasis through the regulation of lipid metabolism 
[60]. Our analysis showed that BMI was negatively corre-
lated with lung cancer but obesity was not. Petrelli et al. 
found that obesity was associated with increased overall 
cancer mortality, but for lung cancer patients, those with 
concurrent obesity had significantly longer survival than 
those without obesity [61]. According to several studies, 
BMI is inversely related to lung cancer risk [62], which 
is consistent with our results. However, this relationship 
disappears when discussing only BMI in nonsmoking 
lung cancer patients [63]. Therefore, even after adjust-
ment, our results may still be confounded by smoking. 
In response to this controversy, Zhu et  al. published a 
meta-analysis of statistics with 29 observational studies 
of never-smokers. Their results still suggest that a greater 
BMI is linked to a lower risk of lung cancer, particu-
larly in women [64]. It should be noted that the “obesity 

Fig. 4 Summary data
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paradox” exists in some chronic diseases. In some studies 
of pulmonary [65] or cardiovascular disease [66], obese 
people have a longer expected survival time, but this does 
not mean that obesity is a protective factor for these dis-
eases. The obese group may represent people who have 
not lost weight and muscle mass as a result of the disease 
and who have higher nutritional reserves in their bodies, 
which has been suggested by some researchers as the rea-
son for the existence of the “obesity paradox”. The BMI 
shown in this study does not fully represent excess body 
fat, which may also be the reason for presenting a nega-
tive correlation between BMI and lung cancer risk. The 
exact reasons for this inverse relationship remain to be 
investigated, and this result still needs to be considered 
with caution.

Hypertension and cancer-specific mortality had a 
positive connection [67]. A recent study on the preva-
lence of comorbidities in a high-risk group for lung 
cancer showed that hypertension was the most signifi-
cant comorbidity (approximately 35.2%) [68]. Zeng et al. 
examined 181 patients with advanced NSCLC with 
T2DM and suggested that hypertension may worsen 
their prognosis [69]. Among patients with lung cancer, 
another related study also suggests that hypertension is 
not a risk factor for postoperative readmission [70]. The 
differences in these results may be influenced by sample 
size, age of participants and the use of antihypertensive 
drugs. There is currently no solid proof that hypertension 
and lung cancer are related.

In our analysis of the connection between the lipid 
profile and lung cancer, we found that low HDL-C will 
increase the incidence of lung cancer, although TG, TC, 
and LDL-C had no concern with it. Lin’s analysis differed 
slightly from our results in that their data showed a posi-
tive association between TG (RR = 1.68, 95% CI  1.44–
1.96) and lung cancer risk, and an inverse association in 
TC group, whose findings for HDL-C analysis (RR = 0.76, 
95% CI  0.59–0.97) were consistent with ours [71]. The 
studies we analysed for TG were all Asian, where TG 
levels are inherently slightly higher compared to Cauca-
sians [72], so there may be unavoidable confounding in 
the data. The connection between TC and lung cancer 
development has received less attention and is unclear. 
In  vitro studies have shown that lung adenocarcinoma 
cells are encouraged to migrate and invade by 25-hydrox-
ycholesterol [73]. Our study could not prove the connec-
tion between high TC and lung cancer risk, but the exact 
mechanism remains to be elucidated. Zhou et al. clearly 
suggested that high expression of HDL-C reduces the risk 
of death in lung cancer patients [74], which may be asso-
ciated with the anti-inflammatory and antioxidant activi-
ties of HDL that inhibit tumor cell proliferation [75, 76]. 
This finding was also confirmed in the study by Hao et al. 

that the risk of lung cancer is lower and the survival of 
lung cancer patients is higher with higher HDL-C levels 
[77]. In addition, low HDL-C is one of the hallmarks of 
IR. However, the condition of patients with low HDL-C 
in the studies we included was limited to the value of the 
index, and it was not documented in detail whether these 
patients were also IR patients. So the effect of IR on the 
results in the HDL-C group is questionable. We believe 
that the confounding of the HDL-C group by IR is lim-
ited. Because IR is often accompanied by disorganization 
of multiple factors. The studies which we included were 
adjusted for the relevant factors. For LDL-C, the corre-
sponding epidemiological data are imperfect and we only 
included four case–control studies from China. More 
researches are necessary to explore the impact of LDL-C 
levels on lung cancer.

The relevance of IR to cancer has been demonstrated 
in clinical studies. Insulin, as a peptide hormone that 
stimulates tissue accretion, has a cancer-promoting effect 
[78, 79]. Karlstad et  al. demonstrated that insulin use 
increases the risk of lung cancer [80]. Hyperinsulinemia 
can contribute to increased cancer incidence [81] and 
mortality [82]. At the same time, MetS, which is closely 
related to IR, was not identified in 2 meta-analyses as a 
factor promoting the development of lung cancer [83, 
84]. However, the triglyceride glucose index (TyG), a 
more convenient index of IR, was proven to be related to 
cancer risk (RR = 1.14, 95% CI  1.08–1.20, P < 0.001) [85]. 
Our study found a high positive association between IR 
and lung cancer risk in 463 lung cancer patients out of 
1,175 participants. Furthermore, there is currently insuf-
ficient epidemiological evidence connecting IR with lung 
cancer. However, there are only four included case–con-
trol studies, in which small samples and unclear adjust-
ment factors may confuse the results.

Limitations
Our study provides a comprehensive analysis of the influ-
ence of MetS, IR and related factors on the development 
of lung cancer and compares the results of different fac-
tors. This is the first analysis of hypertension, FBG and 
IR, but there was unexplained heterogeneity in the TC 
subgroup across both sex and men, which may reduce 
the reliability of the results. In addition, some of the fac-
tors were less well studied and more consistent results 
might have been obtained if more studies could have 
been included.

Conclusion
DM and IR are expected to increase lung cancer risk, 
especially IR. Meanwhile, there was a negative correla-
tion between BMI and HDL-C and lung cancer. MetS, 
TC, TG, LDL-C, hypertension, obesity and FBG are not 
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associated with the development of lung cancer. These 
results might indicate that controlling the condition of 
DM and IR patients in time and improving the physical 
condition of patients with low BMI or low HDL-C have 
a positive effect on preventing lung cancer. Further 
clinical studies and mechanistic studies are needed to 
clarify the relationship of MetS, its components and IR 
with lung cancer risk.
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