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Abstract. Patients with certain ABO classifications are at 
increased risk of certain types of malignancies. In the present 
study, a meta‑analysis was performed to explore the asso‑
ciation between the ABO blood group and the risk of lung 
cancer from an evidence‑based medical perspective. The 
PubMed, Embase, Web of Science, Medline, China National 
Knowledge Infrastructure, Google Scholar, Science Direct 
and Wanfang databases were searched for relevant papers. 
Review Manger 5.4 was used to analyze the association 
between the ABO blood group and the risk of lung cancer. 
Trial Sequential Analysis (TSA) was used to determine 
whether the sample size of the meta‑analysis was sufficient. 
A total of 29 studies were included in this paper. The results 
of the case‑controlled studies showed that the proportion of 
patients with blood type A in patients with lung cancer was 
significantly higher than that in healthy individuals [odds 
ratio (OR), 1.10; 95% confidence interval (CI), 1.02‑1.19]. 
Based on the subgroup analysis, type A blood showed hetero‑
geneity in ethnicity and source of control (social or hospital). 
Additionally, type O blood was determined to be a protec‑
tive factor for lung cancer in Caucasians (OR, 0.92; 95% CI, 
0.85‑0.99). TSA results suggested that there were sufficient 
participants in the case‑controlled studies. Overall, the results 
of the cohort studies showed that the risk of lung cancer and 
blood type were weakly associated, and that the difference 
was not statistically significant. The case‑controlled studies 
suggested that blood type A was associated with a higher 
risk of lung cancer. In addition, the analysis confirmed that 
Caucasians with type O blood had a lower risk of lung cancer. 
However, prospective cohort studies have not been able to 
draw this conclusion. Different experimental designs may 
have had a notable influence on the results obtained.

Introduction

Lung cancer is one of the leading causes of cancer morbidity 
and mortality in the world. According to GLOBOCAN 
estimates for 2020, lung cancer is the most common type 
of cancer in men and the third most common type of cancer 
in women  (1). Furthermore, lung cancer has the highest 
cancer‑associated death rate in men and the second highest 
cancer‑associated death rate in women (1). The World Health 
Organization predicts that by 2025, the number of individuals 
with lung cancer in China will reach 1 million (2). Thus, lung 
cancer is a considerable public health concern.

The development of lung cancer is affected by several 
factors, such as environmental and genetic factors  (3). 
Environmental factors include smoking, drinking, infec‑
tion and exposure to ionizing radiation, amongst others (4). 
As environmental factors play such a strong role in lung 
cancer, less attention is paid to genetic factors. The ABO 
blood types are a very stable genetic trait. Reports have 
linked it to cancer risk  (5‑7); however, the molecular 
mechanisms involved are less clear. Blood group antigens 
may influence systemic inflammatory responses associated 
with malignancy (8‑11). In addition, blood group antigens 
are expressed in several tissues, including certain malig‑
nant cells. However, there are some differences between 
ABO antigens expressed on the surface of malignant cells 
and those on normal tissues  (12,13). This may influence 
the behaviors of the tumor cells, thereby promoting or 
inhibiting the proliferation of tumor cells (14).

The association between gastric cancer and blood type A 
was first noted by Aird et al (5) in 1953. Since this, a study 
by Hems (6) reported a correlation between breast cancer 
and type A blood, and a study by Vioque and Walker  (7) 
also reported that type A blood was associated with an 
increased risk of pancreatic cancer in 1991. There have been 
several reports on the association between lung cancer and 
blood type. However, consistent conclusions have not been 
drawn. Urun et al (15) showed that non‑O blood types were 
associated with an increased risk of lung cancer. However, 
Peng et al (16) reported that the occurrence of lung cancer 
was independent of blood type. Association studies with 
small sample sizes lack statistical power and may result in 
contradictory results. Based on the aforementioned points, a 
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meta‑analysis was conducted on the association between the 
ABO blood classification types and the occurrence of lung 
cancer.

Materials and methods

Search strategy. A comprehensive search of PubMed 
(pubm e d. ncb i . n l m. n i h .gov/ ),  E mba s e  (emba s e.
com/landing?status=grey), Web of Science (webofscience.
com), Medline (https://www.nlm.nih.gov/medline/index.
html), China National Knowledge Infrastructure (CNKI, 
https://www.cnki.net/), Google Scholar (scholar.google.
com), Science Direct (https://www.sciencedirect.com) and 
Wanfang databases (https://www. wanfangdata.com.cn/) was 
performed for studies published before February 1, 2022. 
The following English search strategy was used: (‘lung carci‑
noma’ OR ‘lung cancer’) AND ‘ABO’. A manual search was 
performed by reviewing a list of references in the retrieved 
studies. The studies were included if they were in English or 
Chinese only.

Eligibility criteria. The literature inclusion criteria were: 
i) Clear pathological diagnosis and ABO blood group typing; 
ii) case‑controlled study or a cohort study; iii)  the source 
and the raw data for the cases and controls were present; and 
iv) data on ethnicity, geographical distribution and publication 
year of the study were available.

The exclusion criteria were: i)  Review articles and 
meta‑analyses; ii) irrelevant or repetitive literature; iii) studies 
without a control group; and iv) studies with no useful data.

Data extraction. Information was extracted from all eligible 
studies by two reviewers independently. The information was 
then cross‑checked to ensure no required data were missing. 
The following variables were extracted from each study: The 
year of publication, the name of the first author, the country of 
origin, the source of the control group (social means that the 
control group used routine patients attending health checkups 
or healthy blood donors from the area. Hospital means that the 
control group used non‑cancer patients or patients attending 
health checkups from the same hospital as the experimental 
group), the study design, and the number of cases and controls 
with different ABO blood group types. If there was a disagree‑
ment in the extraction of information, it was discussed and 
reviewed with a third author. All the data presented in the 
study were agreed upon.

Study quality assessment. The Newcastle‑Ottawa Scale (NOS) 
was used to evaluate the quality of the included articles. Articles 
with a NOS score of ≥6 were considered high quality (17). 
The evaluation of case‑controlled studies included selection 
(4 points), comparability (2 points) and exposure (3 points). 
The evaluation content of the cohort study included selection 
(4 points), comparability (2 points) and outcome (3 points).

Trial sequential analysis (TSA). TSA was performed using 
TSA v0.9.5.10 Beta software developed by The Clinical Trial 
Center in Copenhagen, Denmark (18). In a case‑controlled 
study, the OR was set to be reduced to 20% with a probability 
of type I error of A=0.05 and b=0.2 to estimate the required 

information size (RIS). If the cumulative Z value exceeded 
the RIS threshold, the result was considered statistically 
significant and the sample size was sufficient. If it did not 
exceed the RIS, the sample size was considered insufficient, 
suggesting that additional data were needed to draw the 
conclusion.

Statistical analysis. Case‑controlled studies and cohort 
studies used odds ratios (ORs) and relative risks (RRs) with 
95% confidence intervals (CIs) to assess the association 
between different blood types and lung cancer risk, respec‑
tively. Heterogeneity was assessed using I2 statistics and a χ2 
test. I2>50% or P<0.10 was considered statistically significant 
heterogeneity. In cases where significant heterogeneity was 
detected, the random‑effects model was used. Otherwise, the 
fixed‑effect model was used. In this paper, funnel plots were 
used to identify publication bias. Each article was sequentially 
removed for sensitivity analysis to determine the impact and 
stability of merging OR or RR from individual studies. In 
addition, subgroup analysis was conducted for publication 
year, ethnicity, study type and source of control. P<0.05 was 
considered to indicate a statistically significant difference. All 
analyses were performed using Software Review Manager 5.4 
(RevMan 5.4; Cochrane).

Results

Study selection and characteristics. According to the search 
strategy, 372 articles were identified from the PubMed, Embase, 
Web of Science, Medline, CNKI, Google Scholar, Science 
Direct and Wanfang databases. A total of 6 articles were 
identified through citation searching. After removal of dupli‑
cations, the search returned 232 records. Finally, after further 
screening using the aforementioned inclusion and exclusion 
criteria, 29 studies (15,16,19‑45) were eligible for evaluation 
of ABO blood types and lung cancer risk (Fig. 1). There were 
26 case‑controlled studies involving 12,598 patients with lung 
cancer and 3,299,927 healthy controls. The characteristics 
of the included studies are shown in Table  I. Of these, 22 
experiments were based on individuals of Chinese descent and 
4 were based on individuals of Caucasian descent. In terms 
of selection of the control group, 20 studies were from the 
general populace and 6 studies were from healthy individuals 
in hospitals. Blood types were recorded for both the case and 
control groups in all studies. There were 3 cohort studies with 
363,805 participants, and ultimately, 2,198 patients with lung 
cancer. The characteristics of the included studies are shown 
in Table II.

Study quality. The quality of the included literature was evalu‑
ated according to the NOS. Finally, 29 high‑quality studies 
were included. The 26 case‑controlled studies included were 
of high quality (Table III). The 3 cohort studies were all of 
high quality as well (Table IV).

Meta‑analyses of the case‑controlled studies
Meta‑analysis regarding blood type A. Based on the results 
of 26 case‑controlled studies, the OR (CI; P‑value) of type A 
blood and the risk of lung cancer was 1.10 (1.02‑1.19; P=0.02). 
This showed that there was a difference in the distribution of 
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type A blood between healthy individuals and patients with 
lung cancer (Fig. 2). The heterogeneity in the study was statisti‑
cally significant (I2=67%; P<0.00001), and the random‑effects 
model was used.

Meta‑analyses regarding blood type B. Based on the 
results of 26 case‑controlled studies, the OR of type B blood 
and the risk of lung cancer was 0.96 (0.89‑1.04; P=0.30). 
This showed that there was no significant difference in the 
proportion of type B blood between healthy individuals and 
patients with lung cancer (Fig. 3). The heterogeneity in the 
study was statistically significant (I2=58%; P=0.0001), and 
the random‑effects model was used.

Meta‑analyses regarding blood type AB. Based on the 
results of 26 case‑controlled studies, the OR of type AB blood 
and the risk of lung cancer was 0.96 (0.82‑1.12; P=0.57). 
This showed that there was no significant difference in the 
proportion of type AB blood between healthy individuals and 
patients with lung cancer (Fig. 4). The heterogeneity in the 
study was statistically significant (I2=72%; P<0.00001), and 
the random‑effects model was used.

Meta‑analyses regarding blood type O. Based on the 
results of 26 case‑controlled studies, the OR of type O blood 
and the risk of lung cancer was 0.94 (0.86‑1.02; P=0.14). 
This shows that there was no significant difference in the 
proportion of type AB blood between healthy individuals and 
patients with lung cancer (Fig. 5). The heterogeneity in the 
study was statistically significant (I2=72%; P<0.00001), and 
the random‑effects model was used.

Sensitivity analyses. Sensitivity analysis was performed by 
removing each individual study in turn. The results showed 
that the combined results were not significantly affected by 
any specific individual, indicating that the combined results of 
the meta‑analysis were reliable (Table V).

Publication bias regarding blood type. Publication bias was 
assessed using funnel plots. The funnel diagram of the associa‑
tion between the ABO blood group and the risk of lung cancer 
is shown in Fig. 6. Funnel plots were mostly symmetric, and the 
corresponding points of the majority of data were within the 
95% CI, indicating that publication bias had been adequately 
controlled.

Subgroup analysis. To assess the effect of each parameter 
on outcomes, subgroup analyses were performed based on 
ethnicity and the source of the control group (Table VI). In the 
subgroup analysis of ethnicity, blood type A was associated 
with the risk of lung cancer in patients from China (P=0.03), 
but was not associated with lung cancer risk in Caucasians 
(P=0.18). Blood type O was not associated with lung cancer 
risk in patients from China (P=0.14), but was associated with 
lung cancer risk in Caucasian patients (P=0.03). The other 
blood types did not show heterogeneity regarding ethnicity. In 
the subgroup analyses of the control source, type A blood was 
associated with the risk of lung cancer in the control groups 
that were from the general populace (P=0.04). In the control 
groups from healthy individuals in the hospital, there was no 

Figure 1. Flowchart showing the search strategy for studies reporting on the ABO blood group and lung cancer susceptibility.
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association with the risk of lung cancer (P=0.34). The other 
blood types did not show heterogeneity regarding the source 
of the control group.

TSA. TSA was used to reduce the risk of type 1 error, and 
the RIS was evaluated by maintaining a 5% risk of type 1 
error and a 20% relative risk reduction (80% power). As 

Table I. Main characteristics of case‑control studies included in the present meta‑analysis.

	 Lung cancer
	 group, n	 Control group, n
	 Publication	 Source	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
First author/s	 year	 Area	 of controla	 A	 B	 AB	 O	 A	 B	 AB	 O	 (Refs.)

Xu et al 	 2006	 China	 Social	 10	 14	 3	 17	 1952	 1211	 434	 1822	 (19)
Oguz et al 	 2013	 Turkey	 Social	 97	 30	 20	 74	 7756	 2819	 1316	 5423	 (20)
Li et al 	 2014	 China	 Hospital	 357	 279	 83	 373	 648	 492	 168	 670	 (21)
Sun and Zheng	 2001	 China	 Social	 76	 24	 29	 53	 92	 66	 31	 115	 (22)
Yang et al 	 2000	 China	 Social	 47	 56	 45	 41	 984	 1060	 344	 909	 (23)
Li et al 	 1995	 China	 Social	 35	 49	 23	 44	 5979	 7184	 2189	 5899	 (24)
Wang and Liang	 2000	 China	 Social	 30	 24	 9	 55	 238	 281	 79	 265	 (25)
Gao et al 	 1998	 China	 Social	 128	 114	 42	 98	 312	 252	 96	 340	 (26)
Xiao et al	 2021	 China	 Hospital	 297	 276	 74	 256	 342	 259	 81	 379	 (27)
Feng and Ying 	 2013	 China	 Social	 164	 122	 37	 140	 9274	 7986	 2717	 10542	 (29)
Chen et al	 2004	 China	 Social	 230	 270	 50	 346	 11958	 13979	 2634	 14848	 (30)
Tang et al	 2001	 China	 Social	 29	 58	 11	 45	 23	 36	 13	 49	 (32)
McConnell et al	 1954	 UK	 Social	 312	 55	 31	 379	 406	 81	 32	 481	 (33)
Peng et al	 2014	 China	 Hospital	 306	 265	 69	 367	 4101	 3308	 975	 4819	 (16)
Zhao et al	 1993	 China	 Social	 45	 51	 11	 69	 1664	 1712	 406	 2714	 (34)
Rennie and Haber 	 1961	 Australia	 Social	 90	 18	 3	 107	 11520	 2910	 900	 14670	 (35)
Jiang and Wang 	 1989	 China	 Social	 92	 62	 22	 112	 6262	 4672	 1463	 6781	 (36)
Pan et al	 2006	 China	 Social	 382	 268	 93	 399	 771	 727	 251	 714	 (37)
Liu et al	 2017	 China	 Hospital	 41	 30	 15	 29	 24	 33	 7	 34	 (39)
Zhang 	 1990	 China	 Social	 139	 81	 8	 113	 6382	 4491	 1581	 7207	 (40)
Jin et al	 2000	 China	 Hospital	 43	 45	 19	 51	 331	 402	 123	 403	 (41)
Urun et al	 2013	 Turkey	 Social	 896	 354	 167	 627	 1276032	 493769	 229554	 1023528	 (15)
Liu et al	 2006	 China	 Social	 97	 46	 9	 67	 3576	 1870	 824	 3820	 (43)
Guo 	 2001	 China	 Social	 99	 43	 13	 66	 9270	 6060	 2463	 10055	 (42)
Cai et al	 2006	 China	 Hospital	 187	 152	 41	 228	 998	 1087	 297	 1312	 (44)
Wang	 1993	 China	 Social	 178	 163	 26	 119	 1484	 1922	 650	 1597	 (45)

aSocial means that the control group used routine patients attending health checkups or healthy blood donors from the area. Hospital means that 
the control group used non‑cancer patients or patients attending health checkups from the same hospital as the experimental group.

Table II. Main characteristics of cohort studies included in this meta‑analysis.

	 All participants, n	 Lung cancer group, n
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
First author	 Publication year	 Area	 A	 B	 AB	 O	 A	 B	 AB	 O	 (Refs.)

Huang et al	 2017	 China	 5586	 4891	 1890	 5702	 302	 256	 104	 302	 (28)
Hsiao et al	 2015	 China	 1716	 1388	 335	 2865	 54	 35	 13	 67	 (31)
Sun et al	 2015	 China	 90972	 82631	 20279	 145550	 294	 281	 61	 429	 (38)
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shown in Fig. 7, when studying the effects of blood type 
A on the occurrence of lung cancer, the sample size of 
study 21 (Jun Feng, 2013) crossed the TSA boundary and 
reached a positive conclusion in advance. This is consistent 
with previous meta‑analysis results, suggesting that blood 
type A increases the risk of lung cancer. In the study of 
the influence of blood types B, O, and AB blood on the 
occurrence of lung cancer, the Z‑curve did not cross the 
TSA boundary, but crossed the RIS line (Figs. 8‑10). The 
results showed that blood types B, AB, and O had no effect 
on the occurrence of lung cancer. Moreover, the sample 
size was sufficient and no more case‑controlled trials are 
required.

Meta‑analyses of cohort studies
Forest plot for meta‑analysis. Based on the results of 3 cohort 
studies, the RR of blood type A and lung cancer was 1.05 
(0.96‑1.15; P=0.32), the RR of blood type B and lung cancer 
was 1.04 (0.94‑1.14; P=0.47) the RR of blood type AB and lung 
cancer was 1.03 (0.88‑1.20; P=0.71), and the RR of blood type 
O and lung cancer was 0.92 (0.85‑1.01; P=0.08). This indicated 
that there was no statistically significant difference in blood 
type regarding the risk of lung cancer (Fig. 11). Heterogeneity 
was not statistically significant in the study, and a fixed‑effect 
model was adopted.

Publication bias regarding the cohort studies. Due to the 
small number of included cohort studies, funnel plots were not 
used to assess publication bias.

Discussion

Lung cancer seriously affects the quality of life of patients. 
Thus, identifying similarities in the occurrence and devel‑
opment of lung cancer is key to identifying methods to 
reduce the incidence and mortality of affected patients. 
Since the discovery of the ABO blood group system by 
Landsteiner  (46,47), >20 independent systems have been 
developed for human erythrocyte surface antigens. Due 
to its stable heritability, an increasing number of medical 
researchers are paying attention to its role in the occurrence 
and development of diseases (5‑7). Multiple researchers have 
performed studies on the ABO blood group and the risk of 
lung cancer (15,16).

The present study comprehensively analyzed the influence 
of the ABO blood classification on the risk of lung cancer. By 
reviewing all eligible case‑controlled studies, it was deter‑
mined that blood type A was associated with the occurrence 
of lung cancer, and that this blood type may be a risk factor for 
lung cancer. The other blood types were not associated with the 
overall risk of lung cancer. In addition, to further explore the 
impact of ethnicity and source of control, subgroup analyses 
were performed. The results showed that type A blood was 
heterogeneous regarding ethnicity and source of control. These 
results were obtained when the study ethnicity was Chinese or 
the control group was from the social population. In addition, 
type O blood was determined to be a protective factor for lung 
cancer in Caucasian individuals. In Chinese individuals, type 
O blood had no effect on the prevalence of lung cancer. TSA 
results suggested that the sample size of the case‑controlled 
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study was sufficient; thus, additional case‑controlled studies 
are not needed. Furthermore, the results from the cohort 
studies suggested that blood type was not associated with the 
risk of lung cancer.

The ABO blood group system consists of A and B anti‑
bodies and their corresponding antigens. The ABO blood 
type of can be determined by simply testing for the pres‑
ence of antigens A or B in the blood. Individuals with type 

Figure 2. Forest plot for meta‑analysis of blood type A and lung cancer risk in the case‑controlled studies. CI, confidence interval.

Figure 3. Forest plot for meta‑analysis of blood type B and lung cancer risk in the case‑controlled studies. CI, confidence interval.
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A blood have only A antigens on their red blood cells, and 
individuals with type B blood have only B antigens on their 
red blood cells. Individuals with type O blood have neither 
A nor B antigens in their red blood cells. Conversely, 

individuals with type AB have both A and B antigens. 
These antigens are present on the surface of red blood cells 
and also in several other tissues in the human body. The 
genes that determine ABO blood groups are located in the 

Figure 4. Forest plot for meta‑analysis of blood type AB and lung cancer risk in the case‑controlled studies. CI, confidence interval.

Figure 5. Forest plot for meta‑analysis of blood type O and lung cancer risk in the case‑controlled studies. CI, confidence interval.
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long arm of chromosome 9, region 3 and band 4 (9q34) (48). 
It was found that 9q34 contains the human DNA repair gene 
XPA, and proto‑oncogene C‑abl. If these genes are mutated 
or defective, they may cause tumor cell proliferation (49). 
Additionally, blood group antigen‑associated glycosyltrans‑
ferases encoded by the 9q34 gene can regulate intercellular 
adhesion and signal transduction  (50). This may play an 
important role in immune monitoring of tumor cells and 
their sensitivity to apoptosis (51). On the other hand, the 
underlying mechanism associated with the ABO blood 
group and tumorigenesis also includes the inflammatory 
state of the body. Studies have identified an association 
between the ABO blood group and the circulating levels 
of TNF‑α, soluble ICAM‑1, e‑selectin and p‑selectin. The 
association was precisely found to be associated with the 
genotype of the A allele (8‑10). This suggests that blood 
type A may influence inflammation throughout the body, 
leading to the development of cancer. Experimental study 
has also found that antigen A may improve immune escape 
capacity and prevent apoptosis  (52). The aforementioned 

conclusions may underlie the increased incidence of 
patients with lung cancer with type A blood. The effect of 
ethnicity on the results may be due to the fact that lung 
cancer is caused by several factors. The incidence of lung 
cancer differs in different regions due to the different life‑
styles of individuals. Furthermore, the ABO blood group 
affects several diseases. Therefore, the proportion of blood 
types in the control group from the hospital may differ 
from that of the total population, resulting in different 
results in the control groups from the different sources in 
this study.

The present study covered a wide range of subjects over 
a relatively large span of time. ABO blood group is a very 
stable genetic factor, which has not changed over decades. 
Therefore, the data from early studies are still valuable and 
can be included in this study. This meta‑analysis provides 
a more accurate assessment of the association of the ABO 
blood type with lung cancer risk than previous studies. 
Additionally, the cohort study was added based on the inclu‑
sion of case‑controlled studies. However, this analysis also has 

Table V. Sensitivity analysis of the association between blood type A and lung cancer risk in the case‑controlled studies.

First author	 Publication year	 OR	 (95%CI)	 P‑value	 I2 %	 (Refs.)

Cai et al 	 2006	 1.10	 1.01‑1.19	 0.030	 68	 (44)
Chen et al	 2004	 1.11	 1.03‑1.21	 0.008	 66	 (30)
Feng and Ying 	 2013	 1.10	 1.01‑1.19	 0.030	 68	 (29)
Gao et al	 1998	 1.10	 1.02‑1.20	 0.020	 69	 (26)
Guo 	 2001	 1.08	 1.00‑1.17	 0.040	 63	 (42)
Jiang and Wang 	 1989	 1.11	 1.02‑1.20	 0.010	 68	 (36)
Jin et al	 2000	 1.10	 1.02‑1.20	 0.020	 69	 (41)
Li et al	 2014	 1.11	 1.02‑1.20	 0.020	 68	 (21)
Li et al	 1995	 1.11	 1.03‑1.21	 0.008	 67	 (24)
Liu et al	 2017	 1.10	 1.01‑1.19	 0.020	 68	 (39)
Liu et al 	 2006	 1.09	 1.01‑1.18	 0.030	 67	 (43)
McConnell et al	 1954	 1.11	 1.02‑1.20	 0.010	 68	 (33)
Oguz et al	 2013	 1.11	 1.02‑1.20	 0.010	 68	 (20)
Pan et al	 2006	 1.10	 1.01‑1.20	 0.020	 69	 (37)
Peng et al	 2014	 1.11	 1.02‑1.21	 0.010	 67	 (16)
Rennie and Haber 	 1961	 1.10	 1.01‑1.20	 0.020	 69	 (35)
Sun and Zheng	 2001	 1.09	 1.01‑1.18	 0.030	 67	 (22)
Tang et al	 2001	 1.10	 1.02‑1.19	 0.020	 69	 (32)
Urun et al 	 2013	 1.10	 1.01‑1.21	 0.030	 69	 (15)
Wang 	 1993	 1.08	 1.00‑1.16	 0.040	 60	 (45)
Wang and Liang	 2000	 1.11	 1.02‑1.20	 0.010	 68	 (25)
Xiao et al	 2021	 1.11	 1.02‑1.20	 0.020	 69	 (27)
Xu et al 	 2006	 1.12	 1.03‑1.20	 0.005	 65	 (19)
Yang et al	 2000	 1.11	 1.03‑1.21	 0.007	 67	 (23)
Zhang 	 1990	 1.09	 1.01‑1.18	 0.030	 66	 (40)
Zhao et al	 1993	 1.11	 1.02‑1.20	 0.020	 69	 (34)
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Table Ⅵ. Subgroup analysis of the association between ABO blood group and lung cancer risk in case‑control studies.

	 Test for
	 heterogeneity
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 n	 Blood type	 OR (95% CI)	 P‑value	 I2, %	 P‑value	 Analysis model

Ethnicity							     
  Chinese	 22	 A	 1.12 (1.01‑1.23)	 0.03	 72	 <0.0001	 R
	 22	 B	 0.96 (0.88‑1.05)	 0.40	 62	 <0.0001	 R
	 22	 AB	 0.93 (0.78‑1.12)	 0.47	 75	 <0.0001	 R
	 22	 O	 0.93 (0.83‑1.03)	 0.14	 75	 <0.0001	 R
  Caucasian 	 4	 A	 1.05 (0.98‑1.13)	 0.18	 0	 0.7300	 F
	 4	 B	 1.02 (0.92‑1.13)	 0.73	 17	 0.31	 F
	 4	 AB	 1.08 (0.94‑1.25)	 0.27	 0	 0.42	 F
	 4	 O	 0.92 (0.85‑0.99)	 0.03	 41	 0.17	 F
Source of control							     
  Social	 20	 A	 1.11 (1.00‑1.23)	 0.04	 72	 <0.0001	 R
	 20	 B	 0.94 (0.86‑1.03)	 0.21	 52	 0.0030	 R
	 20	 AB	 0.92 (0.75‑1.13)	 0.45	 78	 <0.0001	 R
	 20	 O	 0.94 (0.84‑1.04)	 0.24	 75	 <0.0001	 R
  Hospital	 6	 A	 1.04 (0.96‑1.12)	 0.34	 19	 0.29	 F
	 6	 B	 1.00 (0.84‑1.18)	 0.97	 71	 0.004	 R
	 6	 AB	 0.96 (0.83‑1.10)	 0.53	 0	 0.43	 F
	 6	 O	 0.94 (0.81‑1.08)	 0.36	 64	 0.02	 R

F, fixed‑effect model; R, random‑effect model; OR, odds ratio; CI, confidence interval.

Figure 6. Funnel plot analysis of blood type. Funnel plot analysis of (A) blood type A, (B) blood type B, (C) blood type AB and (D) blood type O and lung 
cancer risk in the case‑controlled studies. OR, odds ratio; SE, standard error.
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some limitations, as follows: i) Most of the studies included in 
the paper included patients of Chinese descent, thus there is 
a notable selection bias; ii) lung cancer has several different 
types of pathology, and different pathological types have 
different paths of pathogenesis (53); therefore, the study results 
may change when studying a specific pathological type of lung 
cancer; iii) case‑controlled studies are observational studies 

that may have a selection bias due to incomplete randomiza‑
tion; iv) only a portion of the case‑controlled studies retrieved 
in this paper corrected for traditional risk factors; therefore, the 
confounding effect of other risk factors cannot be completely 
controlled; and v) only the Chinese and English literature were 
included in this study, and the results may be affected by the 
inclusion of incomplete data.

Figure 7. Trial Sequential Analysis of the association between blood type A and the risk of lung cancer. The required information size was calculated based on 
a two‑sided α=5% and β=15% (power 80%), and a relative risk reduction of 20%. RIS, required information size.

Figure 8. Trial Sequential Analysis of the association between blood type B and the risk of lung cancer. The required information size was calculated based on 
a two‑sided α=5% and β=15% (power 80%), and a relative risk reduction of 20%. RIS, required information size.
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In conclusion, the meta‑analysis of the case‑controlled 
studies analyzed in the present study suggest that patients with 
blood type A are at a higher risk of lung cancer. However, this 
result does not apply to Caucasians. In addition, this study also 
confirmed that Caucasians with type O blood have a lower 
risk of lung cancer. No association was found between other 
blood types and the prevalence of lung cancer. Differing study 

designs have a considerable impact on the research outcomes. 
The results of only three cohort studies showed that blood 
type was not associated with the risk of lung cancer. Larger 
and higher quality prospective studies recruiting patients 
from several international hospitals are required to better 
explore a more precise association between ABO blood group 
and the risk of lung cancer.

Figure 10. Trial Sequential Analysis of the association between blood type O and the risk of lung cancer. The required information size was calculated based 
on a two‑sided α=5% and β=15% (power 80%), and a relative risk reduction of 20%. RIS, required information size.

Figure 9. Trial Sequential Analysis of the association between blood type AB and the risk of lung cancer. The required information size was calculated based 
on a two‑sided α=5% and β=15% (power 80%), and a relative risk reduction of 20%. RIS, required information size.
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