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Introduction

Epidemiology as a science plays an important role 
in prevention of diseases. Interpretation of the findings 
of epidemiologic studies, identifying populations at 
increased risk, ascertaining the cause of their risk, and 
analyzing the ways of eliminating or reducing exposure 
to the causal factors all require an understanding of basic 
epidemiologic concepts (Gordis, 2008; Modak et al., 
2011). Today cancer is an eminent health problem (Xie 
et al., 2012), which is responsible for a leading cause of 
death in developed countries and a second leading cause 
of death in developing countries (Jemal et al., 2011; 
Siegel et al., 2012). About 12.7 million cancer cases and 
7.6 million cancer deaths are estimated to have occurred 
in 2008 (Rajabli et al., 2013). According to Globocan 
2008, the age-standardized incidence rates (ASR) of 
all cancers were 202.8 in men and 164.4 in women per 
100,000 population. In Kazakhstan, malignancies also 
have remarkable incidence (www.stat.kz - the Republic 
of Kazakhstan Statistic Agency).

. ASR of all cancers were 225.4 and 166.5, respectively 
(Ferlay et al., 2010). 

Leukemia is the general term for hematological 
cancers occurring in the tissues responsible for blood 
formation, with various clinical and pathological 
presentation (Goldman et al., 2012; Tahmasby et al., 
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Abstract

 Cancer is a major health problem facing the entire world, and Kazakhstan is not the exception. The aim of 
this study was to present an epidemiological assessment of leukemia in the population of Kazakhstan during 
2003-2012. This descriptive and retrospective study was based on data obtained from all oncological organizations 
of the whole country. Age standardized incidence rates per 100,000 population for leukemia were calculated. 
Totally, 6,741 new cases of leukemia were registered in Kazakhstan during the 10 year period. The mean age of 
patients with leukemia was 48.5. The ASRs for leukemia among men and women were 5.3 and 3.6, respectively 
(p<0.001). In conclusion, our results showed a high incidence rate of leukemia in Kazakhstan, especially in 
the north of the country. The incidence of leukemia was significantly higher in males and increased with age. 
Determining and controlling important risk factors of leukemia may lead to decrease in its burden.
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2013), which plays an emotive role in the modern society, 
as a result of its relatively high incidence and often poor 
survival (Modak et al., 2011). In children leukemia is the 
most common form of cancer, accounting for one-quarter 
to one-third of childhood malignancy cases (Campana et 
al., 2008). In adults, leukemia is included in the top 15 of 
the most common forms of cancer according to the WHO 
(Kampen, 2012). Leukemia may arise from lymphoid or 
from myeloid cells and are generally classified as acute 
if the cells are arrested early in differentiation (blasts or 
early progenitors), or as chronic if the cells are mature. 
Risk factors for leukemia include genetic factors, physical 
and chemical exposures, infectious agents and other 
environmental factors (Goldman et al., 2012).

The ASRs of leukemia worldwide were 5.8 in men 
and 4.3 in women per 100,000 inhabitants (Rajabli et al., 
2013). The highest rates for men have been registered in 
such countries as New Zealand (14.3), Israel (13.4), USA 
(12.1), Australia (11.9), for women in New Zealand (9.8), 
Italy (8.6), French Polynesia (8.3), Israel (8.1). Worldwide, 
age standardized mortality rate from leukemia in males 
is high (>6) in Lebanon, Iraq, Iran, Uruguay, for female 
(>5) in Kuwait, Vanuatu, Albania, Qatar. According to 
Globocan 2008, in Kazakhstan the ASRs of leukemia 
per 100,000 population were 6.8 (men) and 5.0 (women), 
mortality rates were 5.0 in male and 3.7 in female (Ferlay 
et al., 2010).
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Study the epidemiological features, geographical 
variation, changes in incidence of leukemia allow to 
monitoring its trends and assess the impact of possible 
causal factors of risk. Thus, epidemiological studies 
of malignant tumors plays a vital role in learning 
about the cancer. The aim of this paper was to present 
epidemiological assessment of leukemia in the Kazakhstan 
population during 2003-2012 with a focus on age and sex 
characteristics.

Materials and Methods

This study is descriptive and retrospective. Data 
on leukemia (C91-96) were collected from all cancer 
institutions of the whole country (form N7). Incidence 
data discussed in this paper were based on cases of first 
diagnosed leukemia among Kazakhstan population during 
2003-2012. Data from the Agency of Statistics of the 
Republic of Kazakhstan on the entire, male and female 
populations, age structure were used (www.stat.kz).

In the study extensive and intensive indexes, crude, 
age-specific and age-standardized incidence rates per 
100,000 population, average values, mean error, 95% 
confidence interval and the average annual growth/decline 
rate (T, %) were calculated (Glantz, 2001). Trends were 
calculated using least squares method, age-standardized 
rates by the direct method. The method of map compiling 
was used, based on the calculation of the standard 
deviation (σ) from the mean (x) (Igissinov, 1974).

Results 

During the period 2003-2012 in Kazakhstan were 
registered 6,741 new cases of leukemia, of which 3,578 
(53.1%) were men and 3,163 (46.9%) women. The ratio 
of male and female patients was 1.13:1. The average age 
at diagnosing patients with leukemia was 48.5±0.3 (95% 
CI=47.9-49.1). The average age among men was 46.9±0.4 
(95% CI=46.1-47.7), women 50.2±0.5 (95% CI=49.3-
51.2) (p<0.05) (T=+0.1% and T=+0.7%, respectively). 
Average annual trend of change in age was T=+0.4%. In 
dynamics, the average crude incidence rate of leukemia 
per 100,000 population during 10 years period in total over 
the republic decreased (Table 1). Average annual trends 
of decline were T=−3.3% (both sexes), T=−3.9 (men) and 
T=−2.5% (women). 

During the study period, the ASR for leukemia in 
Kazakhstan per 100,000 population decreased (Table 
1). In average the ASR for leukemia equaled to 4.4±0.2 
(95% CI=4.0-4.7). T=−3.3%. Average annual trends of 
decline among male and female population were T=−3.7 
and T=−2.9%, respectively.

In dynamics, a high proportion of patients with 
leukemia (both sexes) were found in 65-69 years 

(10.8%), a similar pattern was for men (9.9%) and women 
(11.9%). The distribution of age-specific incidence rates 
of leukemia per 100,000 population over the republic 
showed the higher rates in age group 75-79 (21.1%, 29.9% 
in men, 17.0% in women). The age distributions in men 
and women had similar patterns (Figure 1). 

Figure 2. Cartograms of Leukemia Incidence per 
100,000 among A) Males and B) Females in Kazakhstan 
for the Years 2003-2012

Regions: 1. Akmola, 2. Aktobe, 3. Almaty, 4. Atyrau, 5. East Kazakhstan, 
 6. Zhambyl, 7. West Kazakhstan, 8. Karaganda, 9. Kostanai, 
 10. Kyzylorda, 11. Mangystau, 12. Pavlodar, 13. North Kazakhstan, 
 14. South Kazakhstan
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Figure 1. Average Age-specific Incidence Rates of 
Leukemia in Male and Female Populations per 100,000 
Inhabitants in Different Age Groups in Kazakhstan 
for 2003-2012

Table 1. Crude and Age-standardized Leukemia Incidence Rates in Male and Female Populations per 100,000 
in Kazakhstan, 2003-2012 
              2003                   2012             Average
                    Both sexes       Men  Women         Both sexes     Men        Women      Both sexes       Men      Women

Crude rate 4.3 4.9 3.7 3.2 3.5 2.9 4.3 4.8 3.9
ASR 4.3 5.5 3.5 3.2 3.9 2.7 4.4 5.3 3.6
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Regional distribution of leukemia incidence rates per 
100,000 inhabitants in men and women are illustrated in 
a maps (Figure 2). Four groups were determined. The 
highest rates of leukemia over 10-years period were found 
for men in North-Kazakhstan (9.0) and Pavlodar (8.5) 
regions, for women in North-Kazakhstan region (8.2), 
the lowest rates both for men and women in the Almaty 
region (2.1 and 1.6, respectively).

Discussion

Our study showed that incidence rate of leukemia 
was higher in males than females. Overall incidence ratio 
of leukemia in male to female was 1.13:1. The gender 
distribution pattern of leukemia in Kazakhstan was in line 
with those found in other studies (Rajabli et al., 2013; Peter 
et al., 2013; Novak et al., 2012; Thygesen et al., 2009). It 
may be proposed that gender has the possible impact on 
the incidence of leukemia and men are at higher risk of 
leukemia due to genetic or environmental factors (Peter 
et al., 2013).

In this study, the ASRs for leukemia among men 
and women were 5.3 and 3.6 per 100,000 population, 
respectively (p<0.001). These rates were higher than those 
reported for Oman (4.8 for men and 3.3 for women per 
100,000 population) and approximately equal to Kuwait 
(4.9 and 3.8) (Salim et al., 2009). But these rates were 
lower reported for Hong Kong (5.9 and 4.6) (Xie et al., 
2012), Jordan (7.2 and 5.4) (Ismail et al., 2013), Egypt 
(5.4 and 4.1) (Salim et al., 2009) and the world (5.8 and 
4.3) (Ferlay et al., 2010).

In dynamics, the lowest age-specific incidence rate of 
leukemia was at age group 10-14 years, the highest at age 
group 75-79 years, which showed a relationship between 
patient’s age and morbidity of leukemia, which also was 
found by other researchers (Tahmasby et al., 2013; Longo 
et al., 2011; Robert et al., 2011, Sanoff, 2009).

As in the present study clear differences in incidence 
rates based on age, gender, residence have been reported 
(Tahmasby et al., 2013), indicative of environmental 
influences. High exposure to pesticides and other 
agricultural related products have been implicated in 
some studies (Rajabli et al., 2013; Zheng et al., 2013), 
but not others (Balasubramaniam et al., 2013). Tobacco 
appears to be a risk factor (Balasubramaniam et al., 2013). 
and null genotypes of both GSTM1 and GSTT1 genes 
may confer elevated risk of chronic myeloid leukaemia 
(Bhat et al., 2012), implying carcinogen involvement. 
It is of clear intest that earlier studies of breast cancer 
showed highest incidences where pollution was highest, 
including Pavlodar (Bilyalova et al., 2012). Similarly 
laryngeal cancer demonstrates highest incidences in North 
Kazakhstan and Pavlodar (Igissinov 2013a), like leukemia 
here. This might be partly due to the prevalence of Russian 
ethnicity in these provinces, given the ethnic differential 
in incidence rates (Igissinov et al., 2013). In contrast, 
esophageal cancer appears most frequent in the West of 
the country (Igissinov et al., 2012a) and cervical cancer 
in the northern half (Igissinov et al., 2012b).

Among the environmental factors affecting the 
health of the northern regions inhabitants, one could be 

high content of sulphate and ammonia in water, which 
are risk factors in the occurrence and development of 
the blood and blood circulation diseases (Lihodumova, 
2009). It is also important to pay attention on aspects 
of radiation exposure on human health. According 
to scientists approximately 90% of leukemia with an 
unclear etiology, ionizing radiation is recognized as the 
main environmental risk factor (Belson et al., 2007). In 
Kazakhstan from 1949 to 1989 in the areas adjacent to 
the nuclear test site, which was located on the border of 
the Semipalatinsk (now the East Kazakhstan), Pavlodar 
and Karaganda regions, residents were hundreds of times 
exposed to ionizing radiation (Baimukhanov et al., 2002). 
As a consequence increase of cancer cases, cardiovascular 
diseases, leukemia, central nervous system disorders 
among the population was noted (Baimukhanov et al., 
2002; Hirabayashi et al., 2008).

In conclusion, the present results indicated differences 
of incidence rate based on age and sex and geographical 
location. The ASRs for leukemia both in men and women 
are lower than world rates but remain high. Our results 
showed the higher incidence rate of leukemia in men 
compared to women, the leukemia morbidity increase 
with age and inhabitants of north and east regions of 
Kazakhstan are more predisposed to disease. These results 
can serve as a basis for detailed study of the causes of 
high and low levels of leukemia in different regions 
of Kazakhstan. Determining and controlling important 
exogenous and endogenous risk factors may decrease its 
burden in the Kazakhstan population.
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