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Introduction  

Despite a lot of success in preventing and controlling 

infectious diseases in recent decades, the rate of 

chronic diseases is continuously growing.1 Cancer is a 

leading cause of death worldwide, responsible for 9% 

of all deaths.2,3 This group of disease is known as the 

second cause of mortality in developed countries and 

the fourth in developing countries.4 Hematologic 

cancers are the most common type of all new cancer 

cases followed by the cancers of lymphatic glands, 

bone and joints, central nervous system (CNS), eyes, 

brain, kidneys and urinary tract, digestive system, 

skin, soft tissues, thyroid, endocrine glands, 

respiratory system, lips, mouth and throat, breast, and 

male and female sex organs, respectively.5 

Hematologic cancer affects all age groups and leads to 

a significant morbidity and mortality rate, so that its 

diagnosis and treatment impose a high financial 

burden on the patients, their families and the 

healthcare system.6 

In Iran, cancers are the third most frequent cause of 

mortality after cardiovascular diseases and traffic 

accidents, accounting for 20% of deaths.7 There are 

many factors that influence individuals in different 

situations and age groups. Nowadays, we are 
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Background: Leukemia and lymphoma account for the leading cause of death worldwide and in Iran. Numerous studies have 

been conducted with various results in different regions of Iran.  The largest study was conducted on 18,353 lymphoma cases in 

Iran during 2003-2008. The present study aimed to gather a higher level of evidence for an aggregated 1,478,583 cases of 

leukemia and lymphoma. 

Objective: Risk factors and etiology of leukemia and lymphoma are variable in different parts of the country; therefore, 

identifying them is essential for prevention and better management.  

Method: The present study is a systematic review and meta-analysis to indicate the risk factors and to estimate the incidence of 

leukemia and lymphoma in Iran. All databases, including PubMed, Scopus, Springer, Cochrane, Google Scholar, were searched 

between 1970 and 2016. Out of the 152 selected articles in the preliminary search, 15 articles were reviewed, and the results 

of 11 studies were finally combined using the random-effects meta-analysis approach. The meta-regression and I₂ statistic were 

used to assess the heterogeneity. Data analysis was performed using STATA 12 software. 

Results: In addition to non-modifiable risk factors, modifiable risk factors are effective in the development of the disease. The 

incidence and overall prevalence of leukemia and lymphoma in Iran were estimated to be 3.26% (95% confidence interval: 

2.7%-3.7%) and 7.15% (95% confidence intervals: 5.92%-8.37%), respectively. 

Conclusion: It can be stated that there is an increasing rate of hematologic cancers in Iran. This increase may be due to 

enhanced reporting and the presence of modifiable risk factors. 
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witnessing an increasing rate of non-communicable 

diseases, due to population ageing and lifestyle 

changing in different societies. Geographic distribution, 

race and lifestyle are factors which have ranked cancers 

as the third cause of death in Iran.8,9 

Although hematologic cancer in children accounts 

for less than 1% of deaths from cancer, it is still one of 

the main causes of mortality in children.10,11 

Epidemiologic studies which investigate the prevalence 

and risk factors of cancer in Iran include cross-

sectional, population-based and geographic-based 

studies. Data also come from the cancer registration 

statistics.12,13 The study of leukemia and lymphoma in 

various research works indicates the geographical 

diversity of risk factors in different provinces of the 

country. On the other hand, only a few studies have 

examined the risk factors of the disease, and the data 

collected from the Cancer Registry are limited to the 

type of cancer, incidence, sex and age, and less 

attention has been paid to subjects’ life-style, 

education, job and socioeconomic status. 

Objective: The aim of this research is to provide a 

study with a higher level of evidence and to 

investigate the risk factors that increase the incidence 

of leukemia and lymphoma. 

 

Methods 

Search strategy 

The present study is a systematic review and meta-

analysis on risk factors for the incidence and prevalence 

of leukemia and lymphoma in Iran, which was carried 

out through a review of literature and meta-analysis of 

available data. To find the studies conducted on this 

subject in the country, articles published in English 

language journals and local conferences, as well as the 

articles in the bibliographic databases, such as PubMed, 

Embase, Google Scholar, were been considered. Search 

was mainly done using the systematic search of 

Persian keywords and their English equivalents 

in accordance with their Medical Subject Headings 

(MeSH), with all the possible combinations of 

important, original and sensitive words. The keywords 

used in the search included epidemiology, prevalence, 

incidence, leukemia, lymphoma, and risk factors. 

Definition of Reviewed Variables  

In this study, original data about the incidence of 

leukemia and lymphoma in general, in men and women 

separately, and their prevalence were obtained from 

studies carried out in Iran without time limitation. 

Selection Criteria and Quality Assessment of Studies 

First, we searched articles based on titles, followed 

by their abstract screening, so that non-related abstracts 

or repetitive titles were deleted. The full text of the 

related articles was extracted, and the quality 

assessment was done by two researchers independently 

based on the Critical Appraisal Skills Programme 

(CASP) checklist. The main inclusion criterion 

included articles which estimated the incidence and 

prevalence of leukemia and lymphoma in the Iranian 

population and mentioned to risk factors.  In the first 

stage, 152 papers were selected based on the title, of 

which 49 were excluded as they did not meet the 

inclusion criteria. The full text of 15 articles was 

reviewed for risk factors, and then 11 articles entered 

the meta-analysis. Required information including 

corresponding author’s name, publication time, type of 

study, sample size, demographic characteristics, risk 

factors and the indices and statistical tests results were 

extracted from the articles and sorted in a table by their 

publication time. Fifteen studies were evaluated for 

risk factors of leukemia and lymphoma. All the 

reviewed studies described the risk factors and none of 

them mentioned the odds ratio or relative risk.  Five 

studies had been conducted on the incidence and six on 

prevalence.  

The inclusion criteria were studies which discussed 

the risk factors for leukemia and lymphoma, the 

incidence and prevalence of leukemia (myeloid and 

lymphoma), lymphoma (Hodgkin and non-Hodgkin), 

without time limitation in general, and for men and 

women separately. The exclusion criteria included 

studies that reported a crude incidence, age-

standardized studies, and works that did not include 

enough information, as well as poor-quality studies 

based on the CASP checklist.  The CASP checklist has 

11 parts; each part was given one point except some 

parts which were more important for the research team. 

Data Extraction 

In the next step, the full text of the articles was 

reviewed, and the papers were evaluated using the 

CASP checklist. Finally, data were extracted from the 

11 selected papers and introduced into the STATA12 

software. 

In the preliminary search, 152 articles were found, of 

which 15 articles entered the final process based on the 

inclusion and exclusion criteria.  Most studies 
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conducted in Iran had not directly examined the risk 

factors, so what the authors had reported as probable 

factors in different provinces was examined. Out of 15 

studies, 11 studies had estimated the incidence and 

prevalence of leukemia and lymphoma, and all 15 were 

examined in terms of risk factors. Since the 

information about both incidence and prevalence was 

not available in all reviewed articles, the articles 

containing information about the incidence and/or 

prevalence were separately analyzed.  

The extracted data included: corresponding author’s 

name, province where the study was conducted, 

publication date, sample size under study, and study 

type. Some of the most important characteristics of the 

selected studies are listed in Table 1. In these 11 

papers, there were 10 cross-sectional studies and one 

literature review. 

Heterogeneity and Subgroup Analysis 

For heterogeneity assessment, we used the accumulation 

graph method and Chi-square test. Because of the 

difference in incidence rates and the high heterogeneity 

index in studies (I₂), a random-effects model, and meta-

regression was performed to examine the relationship 

between the incidence of leukemia and the year of the 

study. 

Statistical Analysis 

At first, the incidence and prevalence rates of leukemia 

and lymphoma in Iran were extracted from the selected 

studies. In case the confidence interval was not 

reported in a study, it was calculated. Heterogeneity 

was calculated by the Cochran test and I₂ index. To 

calculate the incidence and prevalence rate, the 

inverse-variance method and the fixed model were 

used in the homogeneity, and DerSimonian-

Laird random-effects method was carried out for those 

with heterogeneity. Because of the type of analyzed 

data (incidence and prevalence), and the evaluation of 

articles by quality control checklist, there was no need 

to determine the distribution bias and draw a funnel 

plot. Data analysis was done using the STATA 12 

software and the “metan” command. In the heterogeneity 

test, P value less than 0.05 was considered statistically 

significant. 

 

Results 

In this systematic review and based on original 

results, among the 152 articles found in the initial 

search, the full text of 15 articles was reviewed for risk 

factors, and then 11 articles entered the meta-analysis 

The article selection process is shown in Figure 1. 

Studies in Iran were carried out between 1970 and 

2016. The aggregated sample size was 1,478,583 from 

11 cross-sectional and literature review studies. 

Original results were collected from studies in different 

provinces (Tabriz, Ardebil, Sistan and Baluchestan, 

Mazandaran, Fars, Kerman, Mashhad, and Cancer 

Registry Center). All studies have been done on both 

sexes. Out of the total studies on leukemia or 

lymphoma in Iran, six studies reported incidence rates, 

and five reported prevalence (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Flowchart of articles entry and selection process 

Articles were found by searching databases and bibliographies 
(N=152) 

Remaining articles after removing duplicates (N=142) 

 

Selected articles after inclusion criteria (N=103) 

 

Remaining articles after full-text review (N=80) 

Evaluated quality assessment of 56 articles 

15 articles included in systematic review that 11 articles entered in meta-analysis 

Six articles entered for prevalence Five articles entered for incidence 

Removed 

duplicate articles 
(N=10) 

Removed 20 articles 
by first reader 

Removed 19 articles 

by second reader 
according to 

inclusion criteria 

Removed 15 

books 
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Table 1. Characteristics of the articles entered the study 

 

Risk Factors of Leukemia and Lymphoma 

In the study of Fathi et al. they showed a direct 

relationship between the incidence of leukemia in 

northwest of Iran (Ardebil) with blood group, family 

history of cancer, taking medicine during pregnancy, 

father’s job, history of radiation, smoking of parents, 

residence less than 500m from high pressure electric 

lines, and exposure to electromagnetic fields greater 

than 0.45 micro Tesla.14 

In another study in the northwest of Iran (Tabriz), 

Dastgiri et al. also indicated that the incidence of 

leukemia among males was much higher than females. 

Age was also considered to be a factor in the incidence 

of leukemia, with the highest incidence occurring 

between the ages of 15-29 and over 60 years.15 

Salehiniya et al. showed that the rate of leukemia in 

male cases was much higher than in females in the 

Sistan and Baluchestan province, like other common 

cancers in that area.16 In the study by Tahmasebi et al. 

in Mazandaran Province in 2006, they reported that the 

highest incidence of leukemia and lymphoma was seen 

in men over the age of 70. Income, nutritional status, 

and environmental exposures, such as physical and 

chemical exposure, which are affected in some way by 

socioeconomic status, also contribute to the incidence 

of these two diseases.17 

Mosavi-Jarrahi et al. indicated that the incidence of 

leukemia due to job-related exposures in the population 

of Tehran metropolitan area is very low, although 

males are at greater risk than females.18 In another 

study by Salehiniya et al. conducted in the southeast of 

Iran (Province of Kerman), the authors reported that 

leukemia among males is more widespread than among 

females. They discussed that smoking is one of the 

most important risk factors for leukemia, and one of 

the causes of the increased incidence of leukemia in 

Corresponding 

author’s name 
Place Time 

Sample 

size 

Incidence of 

leukemia and 

lymphoma 

Sample 

size 

Incidence 

in male 

population 

Sample 

size 

Incidence 

in women 

population 

Prevalence of 

leukemia and 

lymphoma 

Saeed Dastgiri Tabriz 2011 334 3.7 377 4.34 292 3.50 - 

Saeed Dastgiri Ardebil 2011 335 4.9 - - - - - 

Hamid 

Salehiniya 

Sistan and 

Baluchestan  

Province 
2015 3535 2.31 - - - - 6.93 

Hamid 

Salehiniya 
Mazandaran  

Province 
2007 10418 2.38 6509 1.55 3904 1.14 - 

Bahram 

Tahmasebi 

Mazandaran  

Province 
2007 10418 3.53 6509 3.3 3904 0.8 - 

Farzane Zolali 
Fars 

Province 
2005 1438030 2.26 737382 3.79 700648 2.71 - 

Alireza Mosavi 

Jarrahi 
Iran 2009 - - 12488020 0.6 677469 0.22 - 

Hamid 

Salehiniya 
Southeast of 

Iran 
2015 10595 - - - - - 7.05 

Malekzadeh Kerman 2007 5884 - - - - - 4.6 

Malekzadeh Kerman 2007 5884 - - - - - 5.8 

Parviz Haghighi 
Fars 

Province 
1970 3295 - - - - - 5.03 

Haleh  

Boroumand 
Mashhad 2016 1764 - - - - - 10.30 

National Report 

on Cancer 

Registration in 

2008 

Iran 2011 4393 - - - - - 10.64 

Alireza khoshdel Iran  2015 - -- - - - - - 

Azim mehrvar iran 2015 - - - - - - - 

Talaiezadeh abd iran 2013 - - - - - - - 

Salman khazaei iran 2016 - - - - - - - 

Hosein 

rafiemanesh 
iran 2015 - - - - - - - 
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Kerman is the higher rate of smoking in that province. 

They mentioned also other reasons such as changes in 

lifestyle, and the increase of life expectancy.19 

The incidence of leukemia and lymphoma were 

reported mostly for under the age of 25 and in both 

sexes, in the study by Sajadi et al. carried out in the 

province of Kerman in 2007.20 In a work by 

Boroumand et al. in Mashhad in 2016, they concluded 

that the incidence of leukemia and lymphoma in Iran is 

increasing which may be due to the improvements of 

the cancer registry system, in addition to all the other 

risk factors.21 

In the work by Khoshdel et al. in 2015, they 

summarized the main leukemia and lymphoma risk 

factors as follows: the exposure to chemicals such as 

benzene, pesticides, and insecticides, radiation, and 

weakened immune systems.2 For a rare type of non-

Hodgkin’s lymphoma, they listed some specific 

infections including HTLV-1 that is transmitted 

through sexual and contaminated needles and syringes, 

as vertical transmission. Non-Hodgkin’s lymphoma 

occurs in adults with an average age of 60 years. 

Khazaei et al. in their assessment of geographical 

distribution of the incidence in Iran indicated the difference 

of incidence of leukemia and lymphoma in central and 

northwest regions )leukemia was less common in the 

central region than in the southwest). They argued that the 

difference is due to factors such as genetics, nutrition 

status, cultural context, and behavioral patterns.6 

In the investigation conducted by Taleiezadeh et al. 

in the southwest of Iran, Khuzestan Province, in 2013, 

they reported a low incidence of lymphoma due to 

more exposure to sunlight and vitamin D sufficient. On 

the other hand, occupational-related exposures were 

one of the risk factors for leukemia.22 

Out of 11 selected articles, the highest and lowest 

incidence rates were seen in Ardabil and Fars, with 4.9 

and 2.26, respectively, and the highest and lowest 

prevalence was found in Mashhad and Kerman, 10.3 

and 4.6 respectively, as presented in Table 1. 

The Results of Meta-analysis on the Incidence of 

Leukemia and Lymphoma in Iran 

Adequate information was obtained about the 

incidence rate with a sample size of 1,453,670 subjects 

from six studies. The selected studies had high 

heterogeneity, and this heterogeneity was confirmed by 

Q-Cochran test = 2140.64 and I2 = 99.8. So, the 

random-effects model was used to combine the results 

extracted from the studies. According to this model, in 

five articles, the incidence of leukemia and lymphoma 

in Iran was 3.26% (95% confidence interval: 2.80%-

3.73%) (Figure 2). 

Meta-analysis Results of the Incidence of Leukemia 

and Lymphoma in Iranian Men and Women 

Five articles had sufficient information on the incidence 

rate of these diseases in men and women separately, 

resulting in 13,238,757 males and 1,386,217 females 

entering the analysis. The high level of heterogeneity 

between the studies was confirmed by I2 = 100. Combining 

the results was done using the random-effects model. 

According to this model, the incidence of leukemia and 

lymphoma in males and females in Iran was 

respectively 2.7% (95% CI: 1.34%-4.06%) (Figure 3-A) 

and 1.66% (95% CI: 0.46%-2.86%) (Figure 3-B). As 

shown in Figures 3-A and 3-B, the incidence of 

leukemia in Iranian males is higher than in females. 
 

 
Figure 2. The incidence of leukemia in Iran and 95% confidence interval based on the random-effects model (The midpoint of each 

line segment shows the incidence rate of each study, and the diamond shape represents the total incidence rate of the country in all 

studies 
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Figure 3. The incidence of leukemia in Iranian A: male and B: female population, according to studies and based on the random-effects 

model 

 

 

Figure 4. The prevalence of leukemia and lymphoma in Iran and 95% CI in the reviewed studies, based on the year and the area of 

study using a random-effects model (The midpoint of each line segment shows the prevalence rate while the segment length is 95% 

confidence interval, and the diamond shape represents the total prevalence rate of the country in all studies) 

 

Meta-analysis Results of the Incidence of Leukemia 

and Lymphoma in Iranian Men and Women 

Five articles had sufficient information on the 

incidence rate of these diseases in men and women 

separately, resulting in 13,238,757 males and 

1,386,217 females entering the analysis. The high level 

of heterogeneity between the studies was confirmed by 

I2 = 100. Combining the results was done using the 

random-effects model. According to this model, the 

incidence of leukemia and lymphoma in males and 

females in Iran was respectively 2.7% (95% CI: 

1.34%- 4.06%) (Figure 3-A) and 1.66% (95% CI: 

0.46%-2.86%) (Figure 3-B). As shown in Figures 3-A 

and 3-B, the incidence of leukemia in Iranian males is 

higher than in females. 

The Results of Meta-analysis on the Prevalence of 

Leukemia and Lymphoma in Iran 

Out of 11 studies, six had sufficient information on 

disease prevalence; therefore, 35,350 subjects entered 

the analysis. The selected studies had a high 

heterogeneity confirmed by Q-Cochran test = 1208.05 

and I2 = 99.5. So, the random-effects model was used 

to combine the results extracted from the studies. In the 

six reviewed articles, the leukemia and lymphoma 

prevalence in Iran was 7.15% (95% CI: 5.92%-8.37%) 

(Figure 4). As shown in Figure 4, the prevalence rate 

of leukemia in Iran has increased over time. The 

highest prevalence rate was in Mashhad, while the 

lowest was found in Kerman Province. 
 

Discussion 

In this systematic review and meta-analysis, the full 

text of articles were examined from various aspects, 

and 56 articles were evaluated for quality assessment. 
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Then, 15 papers entered the systematic review and 

meta-analysis. 

In each of the 15 studies, several risk factors were 

identified, where each one affected the geographical 

distribution of leukemia and lymphoma. Numerous risk 

factors have been mentioned in studies conducted in 

other parts of the world. Adalberto Miranda-Filho in 

2018 indicated that the geographical diversity of 

leukemia is due to gene-environment interactions.23 

Some studies in reported the father's occupation and 

smoking as factors associated with leukemia and 

lymphoma. 

Hashemi et al in a case-control study performed on 86 

children with leukemia or lymphoma and 188 healthy 

children showed that in comparison between two 

groups, the fathers' job in the case group was mostly 

farming (58.1%), painting and jobs exposed to 

hydrocarbons (16.6%). On the other hand, the use of 

cigarettes (43%), alcohol (5.8%) and addiction (18.6%) 

in the fathers of the case group was more than the 

control group and this relationship was statistically 

significant.24 In a study of 1764 children, 

Hashemizadeh et al. reported that men were more 

likely to develop leukemia and lymphoma than women 

(33.1%, 23.2% respectively).21 

Income, nutritional status, and environmental 

exposures, such as physical and chemical exposure 

(benzene (OR = 2.10) and vinyl chlorides (OR = 2.81), 

creosote and tanning solutions (ORs = 2.68-4.03) and 

socioeconomic status, smoking (RR = 1.40) and life 

style are other factors probably affecting the incidence 

of leukemia and lymphoma.25,26 

Our studied population was of both sexes. Out of 11 

articles that entered the estimation analysis of 

incidence and overall prevalence, 10 articles were 

analytic-descriptive and one article was literature 

review. Eleven studies evaluated the incidence or 

prevalence of hematologic cancer. Based on 

population-based studies, the hematologic cancers with 

the highest incidence in the Iranian population were 

leukemia and lymphoma.  

Influencing risk factors of prevalence and incidence of 

hematologic cancer vary in different regions and 

ethnicities; we therefore examined the results in 

various regions and in both sexes. This is the first 

systematic review on the risk factors of leukemia and 

lymphoma in the Iranian population. In this systematic 

review, we reported an overall incidence for leukemia 

and lymphoma (equal to 3.26) because we did not have 

enough articles to do a meta-analysis on lymphoma 

and leukemia incidence rates separately.  

Sant Milena et al. examined the hematologic cancer 

subgroup incidence rates in the European regions. 

They reported the overall crude incidence rate of 

lymphoid subgroup as 2.49, and of leukemia subgroup 

as 1.28.27 The overall incidence was higher in males 

than females as in our study.  

Xin-Chuan and Xin-Zu,1 in a study in 2012, compared 

the mortality-to-prevalence ratio of leukemia, non-

Hodgkin lymphoma, Hodgkin’s lymphoma, and 

multiple myeloma between Europe and China. The 

prevalence of leukemia, non-Hodgkin lymphoma, and 

Hodgkin’s lymphoma were respectively 6.7, 6.3, and 

0.6 per 100 000 individuals in China, which were 

lower than Europe. In our study, this value was 11.63. 

The higher prevalence in Iran compared to Europe and 

China is due to the fact that in Iran, the overall 

prevalence of hematologic malignancies was assessed.  

Alex Smith et al. reported that hematologic 

malignancies can be diagnosed at any age, the median 

age ranging from 15.3 years to 77.3 years in 2011. 

Most subtypes had an older median diagnostic age 

(70.6 years for all hematologic malignancies 

combined).7 In our study, patients had an age range of 

15-76 years old. 

In 2018 Bray et al. reported that leukemia was the 

15th, in terms of the number of cases involved, and the 

11th cause of mortality worldwide in 2018. They also 

indicated that leukemia is more widespread among 

males than females.28 Also, Bispo Jordan A et al. in 

2019 discussed the leukemia and lymphoma causing 

factors, including genetic abnormalities, inherited 

disorders, ionizing radiation, chemotherapy, and 

carcinogenic chemicals like benzene.29 

 

Conclusion 

The aim of this study was to investigate the risk 

factors of leukemia and lymphoma and to estimate the 

prevalence and incidence of hematological 

malignancies. The limitations of this article included 

few existing studies, so more surveys are needed to 

find the reported risk factors, and the heterogenecity of 

studies in the meta-analysis. The other limitation was 

the lack of sufficient studies to calculate the 

hematologic malignancy subgroups incidence and 

prevalence. 
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