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Burden of major cancer types 
in Almaty, Kazakhstan
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Globally, cancer is the second leading cause of death, with a growing burden also observed in 
Kazakhstan. This study evaluates the burden of common cancers in Almaty, Kazakhstan’s major 
city, from 2017 to 2021, utilizing data from the Information System of the Ministry of Health. In 
Kazakhstan, most common cancers among men include lung, stomach, and prostate cancer, while 
breast, cervical, and colorectal cancers are predominant among women. Employing measures like 
disability-adjusted life years (DALYs), we found that selected cancer types accounted for a total DALY 
burden of 25,016.60 in 2021, with mortality contributing more than disability (95.2% vs. 4.7%) with 
the ratio of non-fatal to fatal outcomes being 1.4 times higher in women than in men. The share of 
non-fatal burden (YLD) proportion within DALYs increased for almost all selected cancer types, except 
stomach and cervical cancer over the observed period in Almaty. Despite the overall increase in cancer 
burden observed during the time period, a downward trend in specific cancers suggests the efficacy 
of implemented cancer control strategies. Comparison with global trends highlights the significance 
of targeted interventions. This analysis underscores the need for continuous comprehensive cancer 
control strategies in Almaty and Kazakhstan, including vaccination against human papillomavirus, 
stomach cancer screening programs, and increased cancer awareness initiatives.
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The disability-adjusted life year (DALY) was introduced by the World Bank in 1993 to assess the worldwide 
burden of disease and help in prioritizing the development of health policies1. The DALY is a quantitative meas-
ure that combines both death (measured in years of life lost owing to premature mortality [YLL]) and disability 
(measured in years lived with disability [YLD]) over a specific period of time. Thus, the main aim of the burden 
of disease concept is to make disease and death comparable on a unified scale, which is the YLL, allowing for 
ranking of the impacts of different diseases on population health. To this end, adjustments are made when 
calculating YLD using disability weights (DW) to weight disease in populations according to level of severity.

Cancer has become the second most common cause of death worldwide2, estimated at over 18.1 million new 
cases (without non-melanoma skin cancer) and nearly 10.0 million cancer-related deaths in 20203. This makes 
cancer the main obstacle to increasing life expectancy in all countries worldwide4. The burden of malignant dis-
eases continues to increase globally. A 47% rise in cancer incidence is projected on a global scale by 2040, with 
most of this increase in transitioning countries owing to population growth and aging3. The most prevalent types 
of malignant neoplasm are breast, lung, colorectal, prostate, stomach, and cervical cancers5. Kazakhstan belongs 
to the countries with a high-middle Socio-Demographic index (SDI) (0.723 in 2019) and is in the early stages of 
demographic aging with an increasing proportion of older people in the age structure of the country’s popula-
tion (7.1% in 2009 and 8.3% in 2023) and city residents (56.1% in 2009 and up to 61.2% in 2023)6,7. Kazakhstan 
is a country with a relatively young population with high under age 25 fertility rate of 0.867 (over 60% higher 
than in average in high-middle SDI group of countries, which in year 2019 was 0.537)8. At the same time, the 
socio-economic and cultural landscape of Kazakhstan is characterized by significant differences between urban 
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and rural areas and by a multi-ethnic population, both being related with varying health outcomes and unequal 
access to health services.

Quantifying the burden of cancer is an important tool for cancer control policies, resource allocation, and 
health system planning9,10. The high share of YLL in the burden of most cancer types points to the need for 
prioritizing resources toward prevention, early detection, and health care to increase survival in patients with 
cancer. However, an increasing share of YLD indicates improved early detection and better survival. This would 
bring the focus of health care to improve quality of life among patients with cancer, to avoid progression and to 
achieve cure in some cases.

One example of the escalating impact of the cancer burden involves malignancies of the respiratory tract11. 
According to the Global Burden of Disease (GBD) study, tracheal, bronchus, and lung cancer (i.e., lung cancer) 
rank among the 20 leading causes of DALYs globally, rising from the 20th position in 2000 (32,285,637.30 
DALYs) to the 14th position in 2019 (45,857,963.50 DALYs)10. However, there has been a similar rise in the 
DALYs for nearly all types of cancer globally, excluding stomach cancer, liver cancer secondary to hepatitis 
B, Hodgkin lymphoma, and leukemia, demonstrating an increasing burden of cancer in both developed and 
developing countries. In Kazakhstan, the DALYs for lung cancer ranked 13th (99,097.82) in 2000 and shifted 
to 9th (118,130.34) place in 2019. After lung cancer, the most notable rise in DALYs is observed in colorectal, 
breast, and pancreatic cancers11.

In 2019, according to the GBD study, all diseases and injuries in Kazakhstan amounted to 5.8 million DALYs, 
of which approximately 600,000 were associated with malignant neoplasms. Compared with countries in the 
Central Asia region (9.5%), the proportion of DALYs associated with cancer in Kazakhstan (10,4%) is slightly 
higher than that in Uzbekistan (7.7%), Kyrgyzstan (7.6%), and Tajikistan (6.7%) and is lower than that in other 
neighboring countries (Azerbaijan 11.5%, Armenia 15.8%, Mongolia 14.6%)12.

During 2021 in Kazakhstan, of 32,572 registered new cases of cancer, the most common types were breast 
(15.4%), lung (11.1%), stomach (7.9%), cervical (5.5%), lymphatic and hematopoietic (5.3%), colon (5.2%), and 
rectal (4.9%) cancers. Cancer of the lung, stomach, and prostate were the leading pathologies in the male popula-
tion whereas breast, cervical and colorectal cancer predominated among women. According to the oncological 
registry of the Republic of Kazakhstan, in 2021 the city of Almaty exhibited a lower incidence and mortality 
rates for lung, stomach, rectal, and cervical cancers compared with the national averages across Kazakhstan. 
Conversely, analogous indicators for breast cancer, colorectal cancer, and prostate cancer surpassed the nation-
wide averages13.

To our knowledge, no studies have been conducted to assess DALYs attributed to cancer on a regional level 
in Kazakhstan. Therefore, the objective of our study was to assess the prevalence, mortality, and DALYs associ-
ated with the most frequent types of cancer based on the best available national data sources in the largest city of 
Kazakhstan, namely, Almaty. The results were compared with existing estimates for other capitals or large cities 
in high-, middle-, and low-income countries to better assess the cancer epidemiology in Kazakhstan.

Methods
This study was conducted in Almaty, the most populous city in Kazakhstan, which had approximately 2 million 
inhabitants as of 2021. The study was roughly based on the GBD study methodology11. This study was carried 
out as part of the project CATINCA (Capacities and Infrastructures for Health Policy Development). The burden 
associated with the most prevalent cancer types in both sexes was determined using data from annual reports of 
the oncological service of the Republic of Kazakhstan from 2017 to 202113. The burden of cancer was assessed 
using the DALY indicator, which is the sum of YLD and YLL14. This indicator reflects the loss of life years owing 
to non-fatal and fatal consequences of disease15.

Types of cancer
This study included six types of cancer with the corresponding International Classification of Disease Tenth 
Revision codes, corresponding to the GBD study: cancer of the trachea, bronchus, and lung (i.e., lung cancer, 
C33–C34.9), colorectal cancer (C18–C21.9), stomach cancer (C16–C16.9), breast cancer (C50–C50.9), cervical 
cancer (C53–C53.9), and prostate cancer (C61–C61.9). In 2017, the most common cancer types by incidence in 
Kazakhstan for both sexes were breast, lung, colorectal, stomach, cervical, and prostate cancers13. These cancers 
(except stomach cancer) are also among the most common cancers in Europe. Colon cancer and rectal cancer are 
recorded separately in the oncological register of Kazakhstan and were combined into one group for the calcula-
tions. At the same time, rectal cancer and anal cancer were combined (C19–C21) and included in the colorectal 
cancer group. Breast cancer in men is generally rare; therefore, only women were included in the calculations. 
Isolated cases of cervical cancer in men were also recorded in the data and assigned to women.

Population data and standardization
Population data for Almaty were taken from public sources, namely, the Agency for Strategic Planning and 
Reforms of the Republic of Kazakhstan and the Bureau of National Statistics website, based on the national 
population census, the most recent of which took place in 2009 and 202116. The population of Almaty ranged 
from 1,553,267 in 2017 to 1,977,258 people in 2021, making up between 8.5 and 10.5% of the total population of 
Kazakhstan. The direct method of standardization was applied using the GBD 2019 World Standard Population17.

Mortality data and YLL calculation
Data from the Information System of the Ministry of Health (ISMH) of the Republic of Kazakhstan on the inci-
dence and mortality for selected types of cancer were provided upon request by the Republican Center for Elec-
tronic Health (RCEZ) of the Ministry of Health, where data are collected on numerous public health indicators, 
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including the oncological registry of Almaty. Upon request, aggregated cancer mortality data were provided, 
broken down by disease code, age group, sex, and year of death in the city of Almaty. There were 18 age groups 
in total, in 5-year intervals from age 0 to 85 years and older. Because mortality data were only provided from 
2017 onward, all calculations were for the period from 2017 to 2021. Mortality data provided by the RCEZ were 
reconciled with annual reports from the oncological service of the Republic of Kazakhstan. The match between 
the two sources was 98–99% over the different years.

Using YLL, the disease-specific impact of mortality on population health is measured, considering the age of 
deceased individuals. Thus, the YLL reflects the burden of disease in terms of the statistically identified number 
of potential years of life not lived, and therefore, the number of life years lost owing to mortality. In the present 
YLL calculation, the GBD 2017 standard life expectancy table was used, which was derived from the minimum 
observed mortality risk within each 5-year age category across national populations worldwide exceeding 5 mil-
lion inhabitants (the so-called aspirational life expectancy). The GBD tables provide one uniform life expectancy 
for both sexes18. Life expectancy corresponding to the midpoint of the 5-year age range was used to calculate 
age-specific YLL. YLL for all cancers for each sex and by age were calculated using the formula:

where I is the age group, D is the number of deaths, and RLE is residual life expectancy.
GBD standard life expectancies allow for comparisons of YLL between countries. However, the actual life 

expectancy in the Republic of Kazakhstan, and thus, the realistic number of YLL, are considerably lower. Com-
parisons of GBD life table life expectancy estimations by the World Health Organization (WHO), based on 
national Kazakh vital statistics, can be seen in Supplementary Fig. 1.

In line with the current GBD methodology and the WHO, we did not discount future unlived years and we 
did not weight according to age19.

Prevalence data and YLD calculation
As in the GBD study we used 10-year-prevalence as the basis to calculate YLD. However, we used Kazakh regis-
try data in order to directly estimate the 10-year prevalence20. Prevalence data for this study were also obtained 
from the ISMH at individual level in the form of a list of patients diagnosed with cancer, with the date of birth, 
disease code, date of diagnosis, and date of death when applicable. The 10-year-prevalence was calculated for the 
reference years 2017–2021. This meant that patients diagnosed within 10 years before one of these reference years 
and who were still alive in the reference year were considered prevalent cases and categorized by age group, sex, 
and cancer type. Cancer prevalence also included patients in terminal stages who died from the disease within 
the reference year. For these cases, it was assumed that death occurred in the middle of the year, thereby incor-
porating 6 months into the YLD estimations. The received data did not contain information about treatment and 
therefore did not allow for estimation of the frequencies of different severity grades in the diseased population. 
According to the GBD methodology, many cancers exhibit at least four categories of sequelae: diagnosis and 
primary therapy; controlled; metastatic; and terminal phases with specific variations for the controlled phase 
such as colostomy for colorectal cancer, mastectomy for breast cancer, infertility for cervical and prostate cancer; 
and others20. For this study, the prevalence of each cancer sequela in Kazakhstan was sourced from the GBD 2017 
study, stratified by sex and age21. To check the sensitivity of GBD sequelae in the final results for some types of 
cancer (except cervical cancer and stomach cancer), we used age- and sex-specific severity distributions from 
the German Burden of Disease Study22,23. The respective distribution of sequelae was applied to the population 
with disease from national Kazakh data. YLD for each sequela were calculated using the following formula:

where i is the age group, x is the cancer sequela, PS is the 10-year prevalence of cancer sequela, and DWS is the 
disability weight (DW) for cancer sequela.

DWs for each health state were derived from the GBD 2013 study, which were calculated using various 
methods, including expert and general population surveys (Supplementary Table S1)24. The sum of YLD for all 
sequelae represents the final estimate of YLD associated with each type of cancer.

To conduct a comparative analysis of DALY rates for specific cancer types in Almaty, we examined analo-
gous metrics from major cities in Germany and Scotland, as well as from Mexico and Indonesia. This analysis 
also encompassed comprehensive data for the entirety of Kazakhstan and the broader Central Asian region, to 
which Kazakhstan is integral. We decided to make a comparison between different major cities of the world. 
Our sample included Glasgow and Berlin, for which data are readily available in public national databases. We 
also randomly selected the cities of Mexico City and Jakarta, with similar SDIs to Kazakhstan (0.732 and 0.802, 
respectively) for which we extracted data from the GBD 2019 study results tool. Data for Berlin were also avail-
able from the German Burden of Disease study, for which we had data with age distribution. YLL data from the 
German Burden of Disease Study (BURDEN 2020) on Berlin, the largest German city, were recalculated for the 
present study using the GBD study life expectancy estimates.

YLL =

n∑

i=1

DI × RLEi

YLD =

n∑

i=1

PSxi × DWSxi
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Results
Morbidity and mortality
In 2021, the city of Almaty reported a total of 2018 newly diagnosed cases and 921 recorded deaths attributed 
to stomach, lung, colorectal, breast, prostate, and cervical cancers. The most prevalent cancers observed were 
prostate and colorectal cancers in men and breast and cervical cancers in women. The highest mortality rates 
were associated with lung and stomach cancer in men and breast and colorectal cancer in women (Table 1).

When comparing indicators in 2017 and 2021, a decrease in the crude and age-standardized rates of preva-
lence and mortality was observed for nearly all types of cancer. Exceptions were noted for stomach cancer in 
men, where both crude and standardized mortality rates showed an increase by 5.5% and 2.6%, respectively. 
Additionally, for colorectal cancer in men, an increase in crude 10-year prevalence rates (by 5.0%) was observed, 
accompanied by a decrease in standardized rates by − 2.0%. The most notable difference between 2017 and 2021 
was found in women, revealing a substantial rise in both the crude and standardized 10-year prevalence rates 
for lung cancer, by 15.9% and 0.41%, respectively.

Absolute numbers and age‑standardized rates for DALY
Absolute DALYs
Cancers of specified types accounted for a total of 25,016.70 DALYs in Almaty during 2021, with a distribution 
of 95.2% attributed to YLL and 4.7% to YLD. Among these, the most substantial burden was linked to lung and 
stomach cancers in men and to breast and colorectal cancers in women (Fig. 1). The total DALYs attributed to 
the selected cancer types in 2021 amounted to 14,270.90 DALYs in women and 10,745.80 DALYs in men.

Relative changes in DALYs between 2017 and 2021
The burden associated with the selected cancers rose from 22,105.70 DALYs in 2017 to 25,016.60 in 2021, repre-
senting a 13.2% relative increase (Table 2). Among the selected cancer types, the most noticeable rise in absolute 
DALYs was observed for stomach cancer in in men (+ 30.7%) and women (+ 40.2%). This observed rise was pri-
marily attributable to population growth. In contrast, age-standardized DALYs for these cancer types declined in 
total from 2,015.80 to 1,609.80 per 100,000 individuals, a notable reduction of 16.0% primarily attributed to YLL.

Over the course of 4 years, the age-standardized DALY rate per 100,000 increased only for stomach cancer 
in men; for all other cancer types, a decrease in the rate was noted in both men and women (Fig. 2). The most 
substantial reduction was found in prostate cancer among men, and lung and breast cancer among women. 
Notably, this decline was more closely associated with a decrease in YLL (− 36.0% for prostate cancer and − 40.6% 
for lung cancer in women) than in YLD (Supplementary Table S2).

Ranking
In 2017, the most substantial burdens affecting both sexes were for lung cancer, followed by breast, colorectal, 
stomach, cervical, and prostate cancer. In 2021, breast cancer was in the leading position, followed by lung, 
stomach, colorectal, cervical, and prostate cancer. Figure 3 presents a comparative ranking of selected cancers in 
Almaty by age-standardized DALY rates per 100,000 population, for both men and women, spanning from 2017 
to 2021. The lung cancer rank decreased by one position whereas breast cancer ascended by a single position 
within the observed period. All other cancer types maintained their respective standings, with prostate cancer 
exhibiting the most pronounced reduction in DALY rates.

Table 1.   Crude and age-standardized prevalence and mortality rates for certain cancer types per 100,000 in 
Almaty in 2017 and 2021. *Standardized using the Global Burden of Disease 2019 Standard World population.

Cancer type

Prevalence, crude (age-
standardized*)

Mortality, crude (age-
standardized*)

2017 2021 2017 2021

Men

 Lung 38.4 (49.1) 39.4 (45.0) 19.0 (23.8) 17.5 (20.8)

 Breast – – – –

 Colorectal 74.6 (96.8) 78.3 (94.9) 9.6 (12.3) 8.8 (11.8)

 Stomach 33.7 (43.2) 32.2 (38.4) 10.9 (13.7) 11.47 (14.1)

 Cervical – – – –

 Prostate 125.6 (177.6) 115.1 (161.6) 9.87 (14.7) 6.7 (10.2)

Women

 Lung 24.7 (24.1) 28.6 (24.2) 7.84 (7.6) 5.3 (4.7)

 Breast 538.5 (501.2) 456.7 (387.1) 22.18 (20.4) 17.1 (14.4)

 Colorectal 107.6 (103.1) 94.8 (79.3) 10.76 (9.7) 9.7 (8.4)

 Stomach 27.1 (25.4) 23.1 (19.1) 6.51 (5.7) 5.6 (4.8)

 Cervical 196.5 (176.6) 147.8 (127.6) 6.91 (6.3) 5.6 (4.8)

 Prostate – –
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The largest cancer burden among men exhibited no change in 2017 and 2021 and was primarily attributed 
to lung cancer, followed by stomach, colorectal, and prostate cancer.

The foremost contributors to DALYs among women remained consistent in both 2017 and 2021. These were 
breast cancer, followed by colorectal cancer and cervical cancer. In 2017, the fourth and fifth positions among 
the selected cancer types were for lung and stomach cancer, respectively. In 2021, there was a reversal in these 
rankings, with stomach cancer surpassing lung cancer among women in Almaty. The primary cancer burden 
among women in both 2017 and 2021 was owing to breast cancer, followed by colorectal, cervical, lung, and 
stomach cancers. Notably, in 2021, the absolute DALYs for stomach cancer exceeded those of lung cancer in 
women (Supplementary Figs. S1 and S2).

YLD and YLL proportions
The proportion of YLD in the total DALYs differed depending on the type of cancer, with minimal values 
observed for stomach cancer (2.4%) and lung cancer (3.3%) and maximum proportions noted for breast cancer 
(6.7%) and prostate cancer (8.4%) in 2021. In women, the proportion of total YLD (for all observed cancers) 
constituted 5.6% whereas in men, YLD for the selected types of cancer accounted for 3.4%, with the difference 
in the ratio of non-fatal to fatal consequences (YLD:YLL) being 1.4 times higher in women. In the case of neo-
plasms affecting both sexes, including lung, colorectal, and stomach cancers, the ratio of YLD:DALYs was also 
1.4 times higher than in men. Between 2017 and 2021, a relative reduction in the YLL proportion was appar-
ent for prostate cancer (− 2.9%), breast cancer (− 0.8%), lung cancer (− 0.7%), and colorectal cancer (− 0.3%). 
Conversely, there was a slight relative increase in the YLL proportion for cervical and stomach cancer (+ 0.2% 
and + 0.2%, respectively) (Fig. 4).

Age distribution of DALY by cancer type
DALYs per 100,000 people for the selected cancer types in both sexes remained relatively low until age 35 years, 
beyond which a gradual increase was observed (Fig. 4). Among men, the highest rates were identified in the age 
group 65–74 years for lung and stomach cancer and 75–84 years for colorectal cancer and prostate cancer. For 
women, the age ranges at which the highest DALY rates per 100,000 were observed were for breast cancer, with 
a first peak occurring at age 45–54 years and a second peak at age 65–74 years.

Fig. 1.   Disability-adjusted life years (DALYs) according to sex for each selected cancer type with proportions 
of years lived with disability (YLD) and years of life lost owing to premature death (YLL) in Almaty, 2021. 
Disability-adjusted life years (DALYs), delineated in this figure for Almaty in 2021, encompass both the years 
lived with disability (YLD, represented in orange) and the years of life lost to premature mortality (YLL, depicted 
in purple), with these metrics disaggregated by sex for selected cancer types.
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Cervical cancer displayed a peak in the DALY rates in the age group 45–54 years, with a slight decline 
observed in the age group 65–74 years. Both stomach and lung cancer demonstrated their highest DALY rates 
in the age group 65–74 years. However, colorectal cancer rates began to ascend notably from the age group 
55–64 years, reaching their peak in the age group 75–84 years (see Fig. 5).

Sensitivity analysis: YLD for Almaty based on German severity distribution
Owing to the absence of Kazakh data on the frequency of sequelae, two sources were used for the DALY calcula-
tions, estimations from the GBD study for Kazakhstan and data from the German Burden of Disease study22,25. 
In the German study, data were available for breast, colorectal, lung, and prostate cancers. Upon applying the 
German severity distribution to the 2021 Almaty data, breast cancer resulted in 647.0 YLD, marking a 37% 
increase compared with the 407.9 YLD calculated using Kazakhstan’s severity distribution from the GBD study. 
A comparable trend was evident in the cases of prostate cancer (+ 25.8%), colorectal cancer in men (+ 18.3%), 
and colorectal cancer in women (+ 14.2%). Conversely, when applying the German severity distribution data to 
calculate the YLD for lung cancer in men, the figures were lower than those calculated using the GBD study’s 
severity distribution data, with a difference of − 21.1%; for lung cancer in women, a difference of − 4.2% was 
observed. In the distribution of different stages of breast cancer within the German and GBD studies, a disparity 
was observed in the controlled phase, with and without mastectomy. Within the German data, the proportion of 
these two stages was relatively balanced within the disease structure, accounting for 47% and 39%, respectively. 

Table 2.   Absolute numbers and rates per 100,000 population of DALY and YLL proportion for selected cancer 
types with relative changes in 2017 and 2021 in Almaty* *Standardized using the Global Burden of Disease 
2017 Standard World population. **Rates for all cancer types were computed for both men and women. 
***Rates for cancer types were computed for the respective sexes. YLL years of life lost, DALY disability-
adjusted life year.

Cancer type

DALY, years DALY rate per 100,000, Crude (age-standardized) YLL proportion of DALY, %

2017 2021
Relative change 
(%) 2017 2021

Relative change 
(%) 2017 2021

Relative 
change (%)

Both sexes*

 Breast 5352.7 6045.2 12.9 344.6 (333.0) 305.7 (286.6) − 20.6 
(− 23.4) 94.0 93.3 − 0.8

 Lung 5667.8 5901.8 4.1 364.9 (374.2) 298.5 (285.3) − 18.2 
(− 23.7) 97.4 96.7 − 0.7

 Colorectal 4013.8 4805.7 19.7 258.4 (264.6) 243.0 (239.1) − 5.9
(− 9.6) 96.0 95.6 − 0.3

 Stomach 3612.6 4842.7 34.1 232.6 (234.0) 244.9 (232.9) 5.3
 (− 0.5) 97.3 97.6 0.2

 Cervical 1874.3 2210.6 17.9 120.7 (105.5) 111.8 (95.1) − 17.0
(− 20.5) 93.1 93.3 0.2

 Prostate 1584.5 1217.5 − 23.2 102.0 (113.0) 61.6 (63.9) − 32.2
 (− 34.0) 94.3 91.6 − 2.9

 Total 22,105.7 25,016.6 13.2 2013.8 (2015.8) 1692.1 (1609.8) − 16.0
 (− 20.1) 95.7 95.3 − 0.5

Men***

 Lung 4011.7 4356.1 8.6 501.2 (579.9) 480.3 (543.2) − 4.2
(− 6.3) 97.6 97.4 − 0.2

 Stomach 2343.5 3063.5 30.7 292.8 (334.7) 337.7 (376.3) 15.4
(12.4) 97.6 97.8 0.2

 Colorectal 2010.0 2108.6 4.9 251.1 (290.3) 232.5 (278.7) − 7.4 
(− 4.0) 96.4 95.7 − 0.7

 Prostate 1584.5 1217.5 − 23.2 198.0 (281.5) 134.2 (185.9) − 32.2
(− 34.0) 94.3 91.6 − 2.9

 Total 9949.7 10,745.8 8.0 1243.1 (1486.4) 1184.7 (1384.2) − 4.7 
(− 6.9) 96.8 96.5 − 0.3

Women***

 Breast 5352.7 6045.2 12.9 711.0 (638.9) 564.9 (489.5) − 20.6
 (− 3.4) 94.0 93.3 − 0.8

 Colorectal 2003.2 2696.1 34.6 266.1 (248.5) 251.9 (220.0) − 5.3
 (− 11.5) 95.5 95.6 0.1

 Cervical 1874.3 2210.6 17.9 249.0 (222.6) 206.6 (177.1) − 17.0
 (− 20.5) 93.1 93.3 0.2

 Lung 1653.5 1540.1 − 6.9 219.6 (211.7) 143.9 (125.8) − 34.5
(− 40.6) 97.1 95.0 − 2.2

 Stomach 1268.9 1778.9 40.2 168.5 (151.1) 166.2 (142.2) − 1.4 (− 5.8) 96.9 97.1 0.3

 Total 12,152.7 14,270.9 17.4 1614.2 (1472.8) 1333.5 (1154.6) − 17.4
 (− 21.6) 94.8 94.4 − 0.5
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The GBD data for Kazakhstan depicted the controlled phase without mastectomy as predominating over all other 
stages, constituting 81%, whereas the phase with mastectomy comprised 12%. In the computation of DALYs, 
the relative discrepancy in total DALYs between the GBD and German severity distribution varied from − 0.5% 
to + 3.8%, given that the predominant component of the DALY metric is YLL. For more detailed results, refer 
to Supplementary Table S2.

Fig. 2.   Age-standardized disability-adjusted life years (DALYs) rates for certain types of cancer in men 
(left) and women (right) from 2017 to 2021 in Almaty. This figure shows trends in age-standardized disability-
adjusted life years (DALYs) rates per 100.000 population  among men and women in Almaty over the 5-year 
period, 2017 to 2021,  for lung, stomach, colorectal, prostate, breast, and cervical cancers.

Fig. 3.   Ranking of selected cancers based on age-standardized disability-adjusted life year (DALY) rates in 
both sexes between 2017 and 2021. This figure shows comparative rankings of selected cancers based on age-
standardized disability-adjusted life year (DALY) rates in Almaty for both sexes, compared with 2017 and 2021. 
Changes in ratings are indicated by color coding: red indicates an escalation in ranking, green signifies a decline, 
and yellow means no change. The accompanying percentages and brackets represent the relative change in age-
standardized DALYs between two years for each cancer type.
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2017 2021 2017 2021 2017 2021 2017 2021 2017 2021 2017 2021
Lung Breast Colorectal Stomach Cervical Prostate

YLD, % 2.6 3.3 6.0 6.7 4.0 4.4 2.7 2.4 6.9 6.7 5.7 8.4
YLL, % 97.4 96.7 94.0 93.3 96.0 95.6 97.3 97.6 93.1 93.3 94.3 91.6
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Fig. 4.   Contribution to disability-adjusted life years (DALYs) of years lived with disability (YLD) and years of 
life lost owing to premature death (YLL) by cancer type and sex in 2017 and 2021, Almaty. This figure shows 
the proportional contribution of years lived with disability (YLD, shown in orange) and years of life lost due 
to premature death (YLL, shown in purple) to total disability-adjusted life years (DALYs) for each specific case 
by cancer type and sex in Almaty for lung, breast, colorectal, stomach, cervical and prostate cancer, reflecting 
temporal changes in disease burden over the period 2017–2021.
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Fig. 5.   Age distribution of disability-adjusted life year (DALY) rate per 100,000 in Almaty during 2021 for men 
(left) and women (right). This figure shows the age distribution of DALYs (disability-adjusted life years) per 
100,000 men and women in Almaty in 2021 for age groups from 0–4 years to 85+ years.



9

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20536  | https://doi.org/10.1038/s41598-024-71449-5

www.nature.com/scientificreports/

Comparative analysis of DALYs in Almaty and other metropolitan areas
We compared DALY rates per 100,000 population in Almaty with similar indicators from studies conducted 
in major cities of Germany and Scotland, as well as using open data from the GBD study for all of Kazakhstan, 
Mexico City and Jakarta, as well as Central Asian regions, which include Kazakhstan25–27. Overall, the DALY 
rates based on national data for Almaty were similar to the GBD rates for Jakarta and Mexico City whereas the 
rates for Glasgow and Berlin derived from national studies tended to be much higher. Almaty generally showed 
lower DALY rates for colorectal and prostate cancers in men and breast and lung cancers in women, as compared 
with other locations. Exceptions to the observed trends were discernible in the age-standardized DALY rates 
for stomach cancer in Almaty, which surpassed those in Glasgow and Jakarta for both sexes and exceeded those 
for men in Mexico City. Moreover, for the male population of Almaty, DALY rates for lung cancer were elevated 
in comparison with their counterparts in Mexico City; concurrently, women in Almaty exhibited higher DALY 
rates for cervical cancer relative to those in Jakarta. Upon comparing DALY rates for Almaty derived from our 
research with data for Kazakhstan from the GBD study, Almaty presented lower DALY rates for all cancer types 
across both sexes.

When comparing DALY rates for Almaty in our study and those for all of Kazakhstan from the GBD study, 
lower rates were observed in Almaty for all cancer types in both sexes. A more detailed presentation of age-
standardized DALY rates per 100,000 for the specified regions is provided in Table 3.

To explore age differences between cities, using Berlin and Almaty as examples, the DALY rates attributed to 
lung, breast, colorectal, and prostate cancers among both men and women were compared for 2020. The burden 
of these cancer types in Berlin exceeded that of Almaty, particularly in the older age groups. DALY rates for colo-
rectal and prostate cancer in men aged 85+ years were lower in Almaty compared with those in Berlin, by 20 and 
six times, respectively, with a similar trend in women for colorectal cancer (by four times) and breast cancer (by 
10 times). In younger age groups, the differences were minimal or absent in these cities (Supplementary Fig. S2).

Discussion
In this study, we examined the burden of breast, lung, stomach, colorectal, cervical, and prostate cancers in 
Almaty, Kazakhstan from 2017 to 2021. In 2021, the total burden for selected cancers in Almaty was 25,023.60 
DALYs, primarily attributed to death rather than disability. The largest burden was seen in men for lung and 
stomach cancer; in women, breast and colorectal cancer had the largest burden. Non-fatal burden (YLD) pro-
portion in DALY increased for almost all selected cancer types, except stomach and cervical cancer over the 
observed period in Almaty. The non-fatal to fatal burden ratio for all selected cancer types was higher in women 
than in men, meaning that the proportion of total YLD in the total DALYs was 1.6 times higher for women. 
Men’s cancer burden peaked at ages 65–84 years whereas women had two peaks at ages 45–54 years (breast and 
cervical cancers) and 65–84 years (breast, colorectal, stomach, and lung cancers).

Between 2017 and 2021 in Almaty, the age-standardized prevalence and mortality rates showed a decrease 
for most cancer types in both men and women. The only exceptions were a 2.6% increase in stomach cancer 
mortality in men and a slight increase in lung cancer prevalence in women (0.41%). Age-standardized DALY rates 
exhibited a decline for nearly all cancers in both sexes, averaging 20%, with the exception of stomach cancer in 
men. The increase in lung cancer prevalence in women is contributing to a rise in YLDs, which accounted for only 
5% of DALYs in 2021. Along with a substantial decrease in age-standardized mortality and YLLs, this is leading 
to a decrease in age-standardized DALY rates. Notably, previous studies reported a decrease in stomach cancer 
mortality in Almaty from 2009 to 2018. In our study, we noted a gradual decrease from 2017 to 2020, followed 
by an increase in mortality from 2020 to 202128. This could potentially be related to the COVID-19 pandemic, 
which may have impacted access to health care, although rates for other cancers did not show an increase. In 
2021, Almaty’s stomach cancer incidence rates, although slightly higher, were comparable to the global average 
(ASIR globally in 2020 is 15.8 per 100,000 for men and 7.0 per 100,000 for women). However, stomach cancer 

Table 3.   DALY per 100,000 in Almaty and other cities, countries, and regions among men and women (age-
standardized). DALY disability-adjusted life year, GBD Global Burden of Disease. *Value (lower and upper 
bounds).

Cancer type Almaty (2019) Berlin (2017) Glasgow (2019) Kazakhstan (GBD 2019)* Mexico City (GBD 2019)* Jakarta (GBD 2019)*
Central Asia region 
(GBD, 2019)*

Men

 Lung cancer 527.8 1209.4 2567.6 1011.2 (856.3–1179.9) 231.3 (179.4–294.5) 789.3 (477.8–1235.4) 845.2 (750.3–941.0)

 Stomach 285.0 n/a 264.7 534.8 (460.1–614.5) 236.8 (185.1–306.2) 145.1 (102.0–195.5) 581.2 8 (524.8–641.7)

 Colorectal 278.6 506.5 967.0 378.8 (327.1–439.5) 280.4 (219.5–357.1) 569.4 (292.2–850.4) 305.9 (279.3–337.1)

 Prostate 200.1 418.0 328.2 214.2 (168.2–288.0) 326.8 (234.7–445.1) 277.7 (164.5–431.3) 209.8 (167.5–250.3)

Women

 Breast 422.0 712.3 614.9 486.4 (411.2–572.5) 443.7 (349.9–551.8) 623.0 (435.9–880.3) 523.9 (464.1–588.7)

 Colorectal 195.6 309.6 775.8 263.6 (226.3–304.0) 206.1 (164.4–256.6) 425.3 (199.5–679.9) 218.8 (198.5–241.4)

 Cervical 193.9 n/a n/a 262.0 (217.6–317.8) 230.8 (175.0–365.8) 172.2 (95.3–284.4) 249.4 (217.4–288.1)

 Stomach 155.0 n/a 114.8 214.0 (186.4–246.9) 177.6 (139.7–222.8) 98.0 (58.0–140.5) 261.5 (236.7–290.3)

 Lung 128.3 659.9 2294.2 187.7 (156.5–220.9) 145.0 (115.1–180.9) 499.9 (217.0–858.0) 185.2 (165.2–207.5)
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mortality rates for men in Almaty exceeded the global average (14.8 in Almaty vs. 11.0 per 100,000 worldwide). 
Notably, the highest incidence and mortality rates are in East Asian countries, where the mortality rate for men 
reaches 21.1 per 100,000 and 8.8 per 100,000 for women29. Stomach cancer remains a significant global health 
concern, ranking fifth in incidence and fourth in mortality worldwide. In Kazakhstan, it ranks second in both 
morbidity and mortality among men, and fifth and fourth, respectively, among women. The incidence rate 
is 13.7 per 100,000, and the mortality rate is 9.3 per 100,000 for both sexes, which are higher than the global 
averages of 9.2 and 6.1, respectively3. Given these disparities, it is imperative to implement initiatives to control 
stomach cancer in Almaty and Kazakhstan in general, including primary prevention through the eradication of 
Helicobacter pylori, especially in people with chronic gastritis or a family history of stomach cancer, as well as the 
reduction of other risk factors such as excessive salt intake, smoking, obesity, and alcohol consumption30. Early 
detection through the introduction of endoscopic screening is of great importance because it has the potential 
to reduce mortality by up to 40% in Asian populations31. Further research is necessary to investigate the specific 
risk factors for stomach cancer in Kazakhstan. An increase in lung cancer prevalence in women aligns with the 
global trend linked to the rise in smoking among women since the 1960s. In Kazakhstan, tobacco consumption 
in women increased from 4.5% to 10.1% between 2014 and 2021. This rise may be due to the growing popularity 
of vaping devices, often perceived as safer than traditional tobacco products32. The 2021 assessment of DALYs 
in Almaty showed that breast and lung cancer accounted for the largest burden in both sexes, followed by stom-
ach and colorectal cancer. These data on the cancer burden in Almaty differ from global average trends, where 
lung cancer typically holds the top position, followed by colorectal and stomach cancer. Notably, the prevalence 
of these cancers is generally higher in countries with a higher SDI, except for cervical cancer, which is more 
prevalent in low-SDI countries11.

The DALY ranks of the selected cancer types in Almaty also differed from those in Kazakhstan as a whole, 
according to GBD data. In Kazakhstan, cervical cancer overtakes colorectal cancer among women whereas in 
Almaty colorectal cancer ranks second and cervical cancer ranks third21. Comparing the GDB study data obtained 
for Almaty with data for the whole of Kazakhstan, it can also be noted that the DALY rates for stomach cancer in 
Almaty did not show the decrease observed in Kazakhstan, which emphasizes that greater attention is needed to 
the prevention of stomach cancer. For breast cancer, colorectal cancer, and lung cancer in Kazakhstan, based on 
the GBD study, there is an increase in rank and a decrease in DALYs; in our study, with the same increase in rank, 
there was a sharper decrease in DALYs, highlighting better survival. In this regard, it is important to note that 
to assess and discuss the full picture, it is important to also evaluate national data. In Almaty during 2017–2021, 
men’s rankings by absolute DALYs remained stable whereas among women, lung cancer dropped one position 
and stomach cancer rose one position. Whereas direct comparisons with global rankings are challenging owing 
to differences in time periods and the limited scope of cancer types in our study, it is informative to note that, 
globally from 1990 to 2016, the lung cancer DALY rank remained unchanged from the first position. Stomach 
cancer dropped from second to third place whereas colorectal and breast cancer showed no change; cervical 
cancer declined by two positions, and prostate cancer ascended one position20. The age-specific DALY rates per 
100,000 population in Almaty for colorectal, breast, and prostate cancers in the age group 85 years and older 
were markedly lower compared with those observed in Berlin for the same age category. A similar pattern was 
observed in a study of DALYs associated with acute myocardial infarction in Kazakhstan in comparison with 
patients in Portugal, where the highest burden was also found in the older age group33. This difference between 
countries can be explained by variations in health care systems, the mode of detection, patient survival, and 
access to medical care. Also, sociodemographic and cultural factors, such as the age composition (proportion of 
the older population) in the two cities had a role, and the care system and social support for older people differ34. 
Data collection and quality may also contribute to the observed differences.

The proportions of YLD and YLL in DALYs in Almaty exhibited similarities to global averages from the GBD 
study for breast and stomach cancers. The proportion of YLL in Almaty was slightly higher than the proportion 
of YLL globally for prostate cancer (92% share of YLL in Almaty vs. 91% globally) and colorectal cancer (96% in 
Almaty vs. 95% globally); this was lower for cervical cancer (93% in Almaty vs. 96% globally) and lung cancer 
(97% in Almaty vs. 99% globally)8. For cancers such as cervical, breast and colorectal cancer, early diagnosis and 
therapy have a significant impact on disease outcome, potentially increasing YLD at the expense of YLL owing 
to improved and longer patient survival. Kazakhstan has implemented national screening programs for cervical 
and breast cancers since 2008 and for colorectal cancer since 2011, potentially explaining the higher YLD rates 
associated with cervical cancer compared to the global average. In our study, the proportion of the non-fatal 
burden (YLD) within the total DALY increased for nearly all selected cancer types in Almaty during the observed 
period, with the exception of stomach and cervical cancers.

The effectiveness of cancer screening programs has been assessed in several studies. From 2009 to 2018, the 
incidence of breast cancer in Kazakhstan rose from 39.5 per 100,000 to 49.6 ± 0.70 per 100,000 in 2018. However, 
the proportion of locally advanced and advanced cancer stages decreased, with stage III cases dropping from 22.2 
to 8.6% and stage IV cases from 6.4 to 3.6%35. Population mammography screening was carried out for women 
from 50 to 69 years of age, and in 2018 extended for women from 40 to 70 years of age. Up to 30% of breast cancer 
cases are detected through screening, with 90–95% of these being in the early stages. Breast cancer mortality rates 
have declined from 16.5 per 100,000 in 2009 to 13.6 per 100,000 in 2020. Although more time is needed to fully 
assess the effectiveness of screening programs, the data described over the past decade suggest that the observed 
increase in breast cancer incidence, along with the decrease in mortality and advanced-stage cases can tentatively 
be attributed to the impact of ongoing screening efforts and increased screening coverage36. New cases of cervical 
cancer are more prevalent in developing countries, where early diagnosis and prevention programs are limited. 
In Kazakhstan, cervical cancer is also a significant public health issue, with incidence rates considerably higher 
than those in developed countries. Population-based cytological screening was only introduced in 2008. Initially, 
cervical cancer screening was conducted using the conventional Pap test every 5 years for women aged 30–60. In 
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2017, the screening interval was shortened to 4 years, and the target age range was extended to include women 
up to 70 years old. Between 2008 and 2016, cervical cancer screening coverage decreased from 75.6 to 46.2% 
in 2012. However, after implementing an active invitation strategy in 2019, coverage increased to 83.2%. This 
change was accompanied by a rise in the detection of high-grade squamous intraepithelial lesions (HSIL) from 
0.06 to 0.43% among women undergoing cervical cancer screening. Since 2008, the incidence of cervical cancer 
has increased from 17.1 to 18.7 per 100,000 women, although there is a downward trend in mortality, which 
has decreased from 7.7 to 6.2 per 100,000 women over 12 years37. Despite improvements in screening coverage 
and the detection of precancerous lesions, cervical cancer morbidity and mortality rates remain relatively high. 
It is important to note that primary prevention through human papillomavirus vaccination for cervical cancer 
has not been introduced in Kazakhstan. Previously, in 2014, HPV vaccination was launched as a pilot project in 
four sub-national regions. However, the program was halted in 2017 due to extensive media coverage about the 
potential or perceived side effects of the vaccine, leading to widespread parental refusal38. A national vaccination 
program is planned for the third quarter of 2024. In Kazakhstan, colorectal screening is conducted using immune 
analysis of fecal occult blood for individuals aged 50–70 and total colonoscopy if fecal test results are positive, 
with a screening interval of 2 years. Coverage of the target population varied from 78.4% in 2012 to 53.1% in 
2020. Screening efforts increased the incidence of colorectal cancer from 15.5 in 2011 to 16.5 per 100,000 in 
2020, while reducing mortality from 9.3 to 8.0 per 100,000 over the same period39. Between 2004 and 2018, the 
incidence rates for stages I and II colorectal cancer doubled from 35 to 67.4%, while stage IV cases decreased 
from 19.3 to 13.1%, and stage III cases from 45.7 to 19.5%39.

Previously, Kazakhstan conducted screening programs for prostate, stomach, and liver cancer from 2013 to 
2018. However, prostate cancer screening was discontinued owing to limited effectiveness and global debate 
about its contribution to mortality. Consequently, the introduction of prostate cancer screening led to increased 
morbidity rates without a corresponding decrease in mortality. Nevertheless, the 5-year survival rate gradually 
improved from 55.7% in 2013 to 62.2% in 201940. Currently, screening for prostate cancer is only available for 
rural residents aged 55–75 years41. Since 2013, stomach cancer screening in the form of gastroscopy was gradually 
introduced in Kazakhstan, which was discontinued in 2018. In some regional studies, the results of the screen-
ing program showed a low detection rate of stomach and esophageal cancer during gastroscopy and amounted 
to only 8.7% of all identified primary cancer cases42. However, other studies showed that from 2009 to 2018, 
the detection of early stages of cancer (I and II) increased from 24.5 to 41.3%43. From 2013 to 2018, liver cancer 
screening in Kazakhstan was conducted by measuring alpha-fetoprotein levels in blood serum and performing 
liver ultrasound examinations among patients with liver cirrhosis of both sexes. The annual age-standardized 
incidence rate was 5.7 ± 0.1 (mean ± SE) per 100,000 for 2005–201944. An analysis of this program’s effectiveness 
in one region revealed low detection rates and low cost-effectiveness45. These findings may be attributed to the 
complexities of liver cancer screening, such as identifying appropriate risk groups, accurately diagnosing liver 
cirrhosis, ensuring test accuracy, and managing patients with abnormal screening results.

Our study found an increasing burden of stomach cancer and a high prevalence of cervical cancer in Almaty, 
while globally efforts have reduced the burden of these cancers through improved screening and prevention 
strategies. Cervical cancer remains one of the most common cancers among women in Almaty, highlighting the 
need to strengthen HPV screening and vaccination programs.

As a comprehensive measure of health that covers the burden of both fatal and non-fatal outcomes of can-
cers, the DALY estimates in this study can be used as a complementary and comprehensive tool for assessing 
population health to inform health policies and interventions. Such comprehensive assessments are scarce in 
Almaty as well as in the wider context of Kazakhstan and the Central Asian region. Given Kazakhstan’s ongoing 
epidemiologic transition, the development of cancer control strategies will become increasingly important. This 
study used direct calculations based on cancer registry data. The DALY calculation method used in this study 
has the potential to be adopted for routine annual assessment of health status, interventions, and implementa-
tion of new prevention and treatment measures in the future among patients with cancer. In general, the use of 
national data sources opens up the possibility of basing burden of disease calculations less on modeling than 
in the GBD study and more on real-world data. The results can thus be better interpreted and the data quality 
assessed against the background of existing health care provision and systems of data collection. This also offers 
the possibility of sub-national analyses based on real variance in the available data; thus, the analysis could be 
extended to other disease groups.

Despite the strengths of this study, there are some limitations. The data collection period coincided with the 
COVID-19 pandemic in Kazakhstan, leading to a decline in cancer detection (from 194.7 in 2019 to 172.1 in 
2020 and 191.3 per 100,000 people in 2021) and constraints on accessing treatment. This may have resulted in 
underestimation of the cancer burden in 2020 and 2021, necessitating further research to evaluate the pandemic’s 
long-term impact on the national cancer burden13. The YLL calculation was based on life expectancy from the 
GBD study, which is much higher than that in Kazakhstan. Therefore, the final YLL and consequently the DALYs, 
as well as the share of YLL versus YLD, may be overestimated. The database of cancer cases we used did not con-
tain information about treatment, and therefore, the sequelae of the disease. Instead, we used sequelae prevalence 
from the GBD database and the German Burden of Disease study. Sensitivity analysis showed a considerable 
impact of different severity distributions on the YLD calculations; however, this had hardly any effect on the 
DALYs owing to predominance of the YLL in assessing the burden of disease for cancer. Notwithstanding, the 
real distribution of severity in Kazakhstan and Almaty is unclear. Although the GBD study relies on modeling and 
not on national data, it is unclear to what extent the German distributions are transferable. Epidemiological and 
clinical data, which refer to the severity of disease, are therefore of particular importance for burden of disease 
calculations at national level. In future studies, it would be beneficial to have reliable Kazakh data available on 
the prevalence of cancer sequelae to provide more accurate results. In this study, we used a method to calculate 
YLD based on 10-year prevalence data; however, the results may differ if incidence data were applied. Although 
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various sources have compared these two approaches and found no significant differences, future research would 
benefit from comparing these methods in the context of Kazakhstan46. In this study, we identified data limitations 
that precluded the use of a longer follow-up period to assess disease trends.

Conclusion
This was the first study to assess the burden of the five most common types of cancer in the city of Almaty, 
Kazakhstan from 2017 to 2021. DALYs owing to these types of cancer are steadily increasing; however, morbidity 
and mortality rates per 100,000 tend to decrease, which indicates the effectiveness of preventive measures and 
management in patients with cancer. Future studies should focus on improving evaluation of the cancer burden 
and advancing estimation techniques in Almaty and across Kazakhstan. Critical strategies for cancer control 
must encompass the initiation of primary preventive measures against cervical cancer, including human papil-
lomavirus vaccination, and the implementation of stomach cancer screening. Enhancing current prevention 
programs and treatment approaches, along with raising awareness about cancer and its risk factors among the 
Kazakhstani population, are also crucial steps.

Data availability
The data sets created and/or examined in this study are not publicly available due to restrictions imposed by the 
Republican Center for Electronic Health under the Ministry of Health of the Republic of Kazakhstan. The data 
can be obtained from the corresponding author upon reasonable request.
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