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Introduction

Leukemia is a heterogeneous, malignant, and clonal disease. 
Mutations in hematopoietic stem cells or progenitor cells 
may be the main cause of the disease. Its main clinical 
manifestations are abnormal blood cells, bone marrow and 
uncontrolled infiltration and growth of other hematopoietic 

tissues, which inhibit normal hematopoietic tissues and 
further produce corresponding clinical manifestations (1). 
Clinical studies have shown that about 34% of leukemia 
patients who are identified each year have acute myeloid 
leukemia (AML), 28% have chronic lymphocytic leukemia 
(CLL), 13% have chronic myeloid leukemia (CML), and 
11% have acute lymphocytic leukemia (ALL) (2). From the 
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above findings, it can be seen that AML is one of the main 
types of leukemia (3). Clinical studies have shown that ALL 
occurs mostly in children between the ages of 2 and 10, and 
the disease is the second leading cause of death in patients 
under 15 years of age (4). In contrast, the incidence of AML 
gradually increases with age, the median age of onset is  
60 years old.

There is no consensus on the cause of leukemia. At 
present, 3 factors are considered to be related to the onset 
of leukemia, namely ionizing radiation, benzene, and 
alkylating agents (5-7). However, the currently known risk 
factors can only explain the pathogenesis of a small number 
of patients, while the pathogenesis of most of these diseases 
remain to be elucidated. Recent studies have shown that 
smoking, electromagnetic fields, hair dye, organic solvents, 
and viral infections may be risk factors for leukemia (8-11). 
Since the beginning of the century, there has been gradual 
development of artificial electromagnetic fields, especially 
low-frequency electromagnetic fields such as power plants, 
radios, radars, televisions, computers, mobile phones, 
microwave ovens, and countless large-scale equipment 
used in medical treatment and factories. Technological 
advancements such as these have raised concerns about the 
health effects of unprecedented levels of electromagnetic 
field exposure. At present, related studies have reported the 
relationship between high-voltage lines in the environment 
and childhood blood cancer (12). Some scientists have 
pointed out that exposure to the electromagnetic field 
environment generated by the high-voltage power line 
system is related to several types of cancer. For example, 
cancers such as leukemia, breast cancer, and melanoma, 
among others, can cause fertility disorders, birth defects, 
neurological disorders, and Alzheimer’s disease (13). 
However, a limited number of studies have demonstrated 
that exposure to electromagnetic fields in residential or 
workplace environments can cause adult leukemia (14).

At present, the etiology of acute leukemia is mostly 
related to some clinical studies, these studies have not 
reached a unified conclusion, and there are few articles 
related to systematic summary analysis. This study analyzed 
a total of 10 articles, reviewed the results of domestic and 
foreign case comparison studies, and carried out screening 
and meta-analysis to explore the risk factors of AML, so as 
to provide a reference and basis for better prevention and 
treatment of the disease in clinical practice. We present the 
following article in accordance with the MOOSE reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-27/rc).

Methods

Strategies for article retrieval

The literature was searched from Medline, Excerpta Medica 
Database (EMBASE), EBSCO, OVID, Chinese Biology 
Medicine Disc (CBMDISC), Web of Science, and Wanfang 
by taking “acute myeloid leukemia”, “AML”, “exposure 
factor”, and “risk factors” as key words. The key words were 
combined with “or” and “and” for joint search. It should 
search for clinical studies related to the risk of AML that 
have been published in the period from the establishment of 
the database to September 2021. All search keywords were 
freely combined and input into each database to search the 
target literature. There were no language restrictions when 
searching.

Inclusion and exclusion criteria

Inclusion criteria for this article were given as follows: 
the study was a case-control study; the cases were clearly 
diagnosed as AML patients, and the specific type was not 
limited; the research content was the risk factors of AML; 
baseline data of cases and controls were comparable; and 
the article detailed the gender, age, sample size, risk factors, 
and data of AML patients.

Exclusion criteria were as follows: articles which were 
individual case reports, literature reviews, and reports 
without primary data; articles reporting only deaths and 
accidental exposures; literature on animal experiments; 
repeated studies; and articles which were rated on the 
Newcastle-Ottawa Scale (NOS) low-quality research.

Article screening

The ar t i c le  sc reen ing  and  da ta  ex t rac t ion  were 
independently conducted, and then cross-checking was 
performed. If there were different opinions, experts were 
consulted to decide the data selection.

Information extraction

Two researchers independently read the included articles 
to check whether the article was a case-control or cohort 
study and whether the data was complete. According to the 
requirements of meta-analysis, all relevant articles that met 
the inclusion criteria were screened out, and the quality of 
the articles was evaluated to exclude duplicate reports, those 
of poor quality, and too little confidence. The data was 
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extracted according to the established tables, and a database 
was established to check the data. If the research report 
was incomplete, the author was contacted for verification, 
and the articles that were confirmed to be unavailable were 
excluded from this study. If the two researchers disagreed, 
a discussion would be held with a third party to solve the 
problem. After the full text was obtained, data was extracted. 
If there were repeated reports, the most recent research was 
selected. The data to be extracted for this study included 
basic information (document title, first author, publication 
year, author information, and source), basic characteristics 
of subjects (gender, age, research sample size, and baseline 
comparability), research methods, research plan design, 
intervention measures of the experimental group and control 
group, outcome evaluation indicators, and outcome data.

Data extraction

The forest map also makes clear the results of individual 
studies, combining those studies with corresponding 
confidence intervals (CIs). If there is no overlap between 
the trust intervals of the results of each study, it indicates 
statistical heterogeneity between the studies. Further 
subgroup analysis is required to combine stochastic and 
fixed models with acceptable inhomogeneity. It can be 
divided into subgroups according to different designs. Then, 
the influence size of each subgroup can be ignored when the 
heterogeneity between studies can’t be ignored and different 
properties can’t be dealt with for the heterogeneity. Select 
the combined statistical model of the statistical model. 
Sensitivity analysis: sensitivity analysis of study results by 
investigating whether individual studies affect the overall 
results of combinations. Each study included in the study 
was removed at a time, and combined with the results of the 
remaining studies, the combined results of each study were 
compared with their own results to confirm whether the 
results were the same. In general, this study is expected to 
have an impact on the comprehensive study in the following 
two situations. First, if a study is deleted, the presumed 
size of the combined effect is 95% greater than the size of 
the combined effect, and the results will be significantly 
different when a study is deleted. If there is little difference 
in the results of one study affecting the whole, it indicates 
the sensitivity of the combined results and the results 
obtained are unstable. On the contrary, the results show 
that the sensitivity is stable and the conclusion is correct.

Quality evaluation

The NOS was used to evaluate the quality of the literature. 
NOS was suitable for the quality evaluation of case-control 
studies and cohort studies, mainly including three parts and 
a total of eight aspects. The NOS scale included 4 points 
for study population selection; 2 points for comparability 
between groups; 3 points for appropriate measurement 
of exposure factors, or 3 points for appropriate outcome 
measures. The full score was 9 points, and the high-quality 
literature was above 6 points.

Statistical analysis

RevMan5.3 software was used for meta-analysis of the 
included literature. The calculation method used risk ratio 
(RR) or odds ratio (OR) as the effect size, and 95% CI 
was adopted to express the result. A heterogeneity test was 
performed on the included articles, taking α=0.1 as the test 
level. If there was no heterogeneity among the included 
articles (P>0.1; I2<50%), the fixed effects model (FEM) 
was selected for meta-analysis. Otherwise, the random 
effects model (REM) was selected for meta-analysis, 
and a subgroup analysis was performed on the included 
data. P<0.05 indicated that the difference was statistically 
significant. When a single risk factor analysis included 
more than 10 articles, a funnel plot was used to analyze the 
publication bias of each risk factor.

Results

Literature search, basic data, and quality assessment

A total of 3,366 related articles were retrieved in this 
study. According to the requirements, 1,389 articles were 
initially eliminated, and 1,451 articles that obviously did not 
meet the inclusion criteria were eliminated after the titles 
and abstracts were read. Subsequently, 513 articles were 
eliminated through simple reading of the full texts, and 
after careful reading of the articles, 3 articles with unclear 
grouping and unclear outcome indicators were excluded. 
Finally, 10 articles (15-24) that met the inclusion criteria 
were included. The quality of the literature was evaluated by 
NOS, 2 papers were scored 6 points, 3 papers were scored 
7 points, and 5 papers were scored 8 points. Therefore, the 
quality of the included literature was high. The details are 
shown in Figure 1 and Table 1.
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Figure 1 Article retrieval process.

Table 1 Basic information and NOS score of the included articles

First author Number of cases Controls Year of publication Country Region NOS score

Wen WQ 302 558 1998 America/Canada America 6

Perrillat F 279 285 2001 France Europe 8

Rudant J 773 1,681 2007 France Europe 8

Ripert M 472 567 2007 France Europe 7

Gentile G 431 862 1996 Italy Europe 6

Anderson LA 61,464 122,531 2008 America America 7

Kang J 3,932 15,562 2011 North Korea Asia 8

Gao Z 958 785 2018 China Asia 8

Ding G 176 180 2012 China Asia 7

Shih TY 58 232 2014 China Asia 8

NOS, Newcastle-Ottawa Scale.
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Relationship between family history of tumor and AML

Meta-analysis was performed on 4 AML-related articles 
through article screening. During the analysis, “with a 
family history of tumors” was the exposure, while the 
control group studied cases with “no family history of 
tumors”. The definitions of exposure/non-exposure in all 
articles were similar. The heterogeneity analysis results 
showed that I2=94% and P<0.00001. According to the early 
article, I2=94% was greater than 50%, so the REM was 
used for analysis. The combined effect size result was RR 
(95% CI): 0.98 (0.57, 1.69); Z=0.08; P=0.94. The analysis 
results showed that there was a difference between the 
experimental group and the control group in terms of family 
history of tumor, but the difference was not significant 
(P>0.05). This suggests that family history of tumor may be 
one of the risk factors for AML. The forest plot between 
family history of tumor and AML is shown in Figure 2.

The relationship between hepatitis B virus (HBV) infection 
rate and leukemia

Meta-analysis was performed on 3 articles of AML patients 
and the general population obtained through article 
screening. In the analysis process, “with HBV” was the 

exposure, while the control group studied cases with “no 
HBV”. The definitions of exposure/non-exposure in the 
studies were similar. The heterogeneity analysis results 
showed that I2=98% and P<0.00001, so the REM was 
used for analysis. The combined effect size result was OR 
(95% CI): 1.34 (0.57, 3.13); Z=0.68; P=0.50. The analysis 
results showed that there was a difference in the prevalence 
of HBV between the experimental group and the control 
group, but the difference was not significant (P>0.05). This 
suggests that HBV infection may be one of the risk factors 
for the occurrence of AML. The forest plot between HBV 
infection rate and AML is shown in Figure 3.

The relationship between hepatitis C virus (HCV) infection 
rate and AML

Meta-analysis was performed on 3 articles of AML 
patients and the general population obtained through 
article screening. During the analysis, “with HCV” was 
the exposure, while the control group studied cases with 
“no HCV”. The definitions of exposure/non-exposure in 
all articles were similar. The heterogeneity analysis results 
showed that I2=76% and P=0.01. As I2=76% was greater 
than 50%, the REM was used for analysis. The combined 

Figure 2 Forest plot of the relationship between tumor family history and acute myeloid leukemia. CI, confidence interval.

Figure 3 Forest plot of the relationship between HBV and AML. CI, confidence interval; HBV, hepatitis B virus; AML, acute myeloid 
leukemia.
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effect size result was OR (95% CI): 1.60 (1.17, 2.19); 
Z=2.92; P=0.003. The analysis results showed that there 
was a difference between the experimental group and the 
control group in the HCV infection rate, and the difference 
was significant (P<0.05). This suggests that HCV infection 
may be one of the risk factors for the occurrence of AML. 
The forest plot between HCV infection rate and AML is 
shown in Figure 4. Figure 5 is an inverted funnel plot of the 
relationship analysis between the 2. As shown in Figure 5, 
the funnel plot is basically symmetrical, and most of the 
data corresponded to points within the 95% CI, suggesting 
that the quality of the included articles was high and the risk 
of deviation was low.

The relationship between environmental exposure and 
AML

Meta-analysis was performed on 3 articles of AML patients 

and the general population obtained through article 
screening. In the analysis process, “with a history of home 
decoration, X-ray inspection, and exposure to pesticides” 
were the exposures, while the control group studied cases of 
“no history of home decoration, no X-ray inspection, and 
no exposure to pesticides”. The definitions of exposure/
non-exposure in all articles were similar. The heterogeneity 
analysis results showed that I2=63% and P=0.07, I2=63%, 
which was greater than 50%, so the REM was used for 
analysis. The combined effect size result was OR (95% 
CI): 1.49 (1.01, 2.21); Z=2.02; P=0.04. The analysis results 
showed that the experimental group and the control group 
were significantly different in terms of history of home 
decoration, X-ray inspection, and exposure to pesticides 
(P<0.05). This suggests that home decoration history, X-ray 
inspection, and pesticide exposure may be risk factors for 
AML. The forest plot between home decoration history, 
X-ray inspection, pesticide exposure, and AML is shown 
in Figure 6. Figure 7 shows a funnel plot of the relationship 
analysis between them. As shown in Figure 7, the funnel plot 
is basically symmetrical, and most of the data correspond to 
points within the 95% CI, suggesting that that the quality 
of the included articles was high and the risk of deviation 
was low.

Discussion

Leukemia threatens human life and health, and its incidence 
rate is increasing year by year worldwide. Epidemiological 
data show that the incidence of leukemia is highest in 
Mexico City and Latin America, with 5.80 cases per 
100,000. The annual incidence rate of leukemia in China 
from 1986–1988 was 2.76 cases per 100,000 (25). Statistics 
from 2003 to 2007 showed that the incidence of leukemia 

Figure 4 Forest plot of the relationship between HCV and AML. CI, confidence interval; HCV, hepatitis C virus; AML, acute myeloid 
leukemia.
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in China was 5.17 cases per 100,000, a significant increase 
compared to the survey results in 1986–1988, with a 
mortality rate of 3.94 cases per 100,000. The morbidity 
population is mainly those under the age of 35, including 
the 2 main morbidity groups of adults and children (26). 
Leukemias are generally classified into AML, CLL, CML, 
and ALL. Among them, AML and CLL are the most 
common and frequent. Clinical data show that about 34% 
of leukemia cases which develop each year are AML, 28% 
are CLL, 13% are CML, and 11% are ALL (27). Adult 
leukemia in China accounts for 10% of malignant tumors 
and adult AML accounts for 60–70% of newly diagnosed 
adult leukemia and its incidence is increasing year by year. 
In addition, the morbidity rate also gradually increases with 
age, and the mortality rate of adult AML ranks sixth among 
malignant tumors (28). The incidence of AML in children 
is lower than that in adults, but it is still as high as 25% (29).

The pathogenesis of AML is currently unclear. Although 
many studies have revealed that viruses may be the main 
factor. In addition, some cytotoxic substances (including 
alkylating agents and topoisomerase inhibitors, ionizing 

radiation, benzene, and other risk factors) can also cause 
chromosome breakage and susceptibility. This can make 
the position of the oncogene move and become activated 
and cell mutation and immune function to decline, which is 
conducive to the occurrence of leukemia (30,31). However, 
the medical community has not yet clarified whether 
the causes of hair dyeing, smoking, obesity, green tea, 
radiation, and other lifestyle factors have a certain impact 
on the occurrence of leukemia. With the continuous 
modernization of lifestyles, these possible risk factors for 
the onset of leukemia have become more and more closely 
related to people’s lives (32). In addition, China is a major 
hepatitis country, and one-tenth of population is a carrier of 
HBV. At the same time, whether family history of tumors 
is a risk factor for predicting the onset of AML is also a 
controversial issue (33). For children, in addition to the 
above factors, they will also be affected by maternal factors 
related to pregnancy. For example, relevant studies show 
that maternal hair perming, drinking and smoking during 
pregnancy will increase the risk of leukemia in children (34). 
Therefore, it is necessary to explore the causes of AML. In 
this study, the etiology of AML was investigated. A total of 
10 articles were included. Meta-analysis of risk factors for 
AML was carried out from the perspectives of family tumor 
history, HBV, HCV, and environmental exposure. The 
analysis results showed that family tumor history, HBV, 
HCV, and environmental exposure were all closely related 
to the onset of AML and were risk factors for AML.

Conclusions

This study included 10 articles and explored the influence 
of factors such as family tumor history, HBV infection 
rate, HCV infection rate, and environmental exposure rate 
on the incidence of AML. The results showed that HCV 
infection and environmental exposure were risk factors for 
the onset of AML. Whether family tumor history and HBV 

Figure 6 Forest plot of the relationship between environmental exposure and AML. CI, confidence interval; AML, acute myeloid leukemia.
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infection are risk factors for the onset of AML should be 
studied in further clinical trials to verify the results.
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