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Purpose: Until recently, reports on chronic obstructive pulmonary disease (COPD) in Kazakhstan have been sporadic and reflected 
the disease burden in only one largest city, Almaty. We, therefore, aimed to characterize the prevalence and risk factors of COPD 
confirmed with a high-quality spirometry in a nationwide population-based study.
Patients and Methods: We enrolled 5058 subjects, and hereinafter analyzed complete data for 4626 (age 47; interquartile range 
(IQR) 31;60 years) participants from the general population from five cities in Kazakhstan representing the West, North, South, East 
and the central part to fill in a questionnaire and undergo spirometry with bronchodilation. COPD was confirmed when post- 
bronchodilation forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) was below −1.64 z-scores. The 
association of selected predictors with COPD was tested in multivariate regression models.
Results: Seven percent of the entire group (9% in men vs 6% in women) had COPD. The corresponding prevalence in the group 40 
years and older was 10.7% (14.5% in men and 7.6% in women). For ΔFVC, 78% could achieve A or B quality, whereas 83% could 
attain A or B quality for ΔFEV1. Only 30% of COPD patients were told they had it before. Ever-smoking (OR 2.44; 95% CI 
1.81;3.33), low educational level (OR 1.80; 95% CI 1.42;2.28), exposure to vapors, gases, dusts and fumes (VGDF) (OR 1.41; 95% CI 
1.10;1.82) and tuberculosis in the past (OR 4.12. 95% CI 2.19;7.45), adjusted for each other, age, sex and physical activity put subjects 
at risk for COPD.
Conclusion: COPD in Kazakhstan remains a highly underdiagnosed disease. Most COPD patients do not yet have a timely diagnosis 
and remain untreated. Smoking, occupational exposures and even tuberculosis in the past significantly increase the risk of this disease.
Keywords: spirometry, occupational, smoking, respiratory, population-based

Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive inflammatory disease, which usually develops in 
subjects over 40, exhibits increasing burden worldwide and is associated with enormous financial burden.1,2 Low- and 
middle-income countries may experience greater challenges in combatting the disease due to the need for a lifelong need 
for treatment, poor excess to timely and high-quality spirometry and increasing smoking prevalence and ambient and 
indoor air pollution.1,3–5 COPD patients suffer not only from symptoms but face early disability, constantly deteriorating 
quality of life and usually emerging comorbidities.3,6,7 Although potent pharmacological treatment, including combined 
bronchodilators, is available in most countries, COPD remains the third leading cause of death all over the world, 
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because smoking,4,8–10 ambient11–14 and indoor4,5,15,16 air pollution and exposure to aerosol in the workplace4,5,17 need 
colossal public health effort, yet unattainable in many countries.

The true prevalence of COPD is unclear, whereas the reported and estimated prevalence depend largely on the 
methodology.18 The number of patients officially reported by the governmental agencies differs dramatically from the 
estimates within the population-based epidemiological studies, and the discrepancy may be dramatic. Thus, our preceding 
study in Almaty, in which COPD was defined as FEV1/FVC below lower limit of normality (LLN), demonstrated that 
only 24% patients with confirmed diagnosis ever heard they had COPD, and most of these patients were of middle age 
with minimum or no symptoms.19 Similarly, in patients who reported the disease and received treatment, only 22% had 
obstructive ventilation defect. Furthermore, there exists a considerable difference in the exposure to ambient and indoor 
air pollution and smoking rates in the country,20 given that Kazakhstan is a large country with contrasting climate, 
population employment in the industry, and ambient air pollution level.

In addition, fine particulate matter concentrations during the heating season in most cities exceed recommendations 
threshold values, including the cities of the current study.15,21–24 Preceding studies showed that fine PM concentrations 
during the heating season may exceed exposure limits 10–20-fold and sometimes more.15,24 However, the extent to which 
biomass fuel, which is a dominating source of pollution,21,22 is used for heating during the cold season may explain 
disparities in the concentrations and the populational exposure. In fact, the fraction of exposed population and thus 
number of COPD cases in more industrialized central and eastern Kazakhstan may contrast with those elsewhere in the 
country. Taken together, this prompts that the burden of COPD in Kazakhstan may be severely understudied and most 
patients with a disease remain undiagnosed with no treatment.

Given that population-based studies designed specifically to assess COPD prevalence and its risk factors have never 
been published from Kazakhstan, except from one largest city,19 there has been a vital need for a systematic approach to 
ascertain the burden of COPD in the country, considering pronounced heterogeneity in air pollution, occupational 
exposure to aerosol and smoking rates. In addition, spirometry protocols were updated in 2019, but were never applied 
to test Kazakhstan population. Because spirometry quality protocols are essential for accurate diagnosis, including the 
approach to rely on LLN instead of 70% threshold for FEV1/FVC, a population-based study with a standardized 
questionnaire and lung function testing protocols was needed. Therefore, the aim of this study was to characterize the 
prevalence and risk factors of COPD confirmed with a high-quality spirometry in five major geographical locations 
(west, east, north, south and center) of Kazakhstan.

Materials and Methods
Study Design and Sample
This was a population-based nationwide epidemiological study, which included subjects from all five major geographical 
locations of Kazakhstan. The study was approved by the Committee on Bioethics of al-Farabi Kazakh National 
University (approval IRB-A387, dated 17.03.2022), whereas all participants provided a written informed consent to 
participate. This study was completed in compliance with the Declaration of Helsinki and local legislation on studies in 
humans. Because Kazakhstan is a large country with notable change in population employment structure, socioeconomic 
status, smoking rates, air pollution and even access to care between the regions, we divided the country into five locations 
(Aktobe (West), Kostanay (North), Shymkent (South), Ust-Kamenogorsk (East) and Karagandy (Center)) and chose one 
city in each location where a qualified medical doctor was trained. Five medical doctors from these regions were offered 
a full in-person training on spirometry using a standard methodology.

For sample size calculation, we assumed the prevalence of 10%, also guided by our preceding study of a similar 
design in the largest Kazakhstan city, Almaty, margin error 3% and up to 10% missing data, 1000 participants from each 
geographical location would be needed. The overall sample for 5 regions was set to 5000 participants. Study participants 
were recruited from local outpatient medical facilities in all locations. Because all local population is covered by these 
centers, the latter can provide the best representation of the population of all ages. Participants were invited to participate 
from the list of enlisted population using random numbers. Should the person fail to attend, the person next to the 
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assigned number was invited. Participants arrived at the medical center for an appointment and were asked to complete 
a questionnaire and undergo spirometry.

Questionnaire
Our questionnaire was offered either in Russian or Kazakh following the written informed consent signature. In this 
study, we used the core of our previous questionnaire in the preceding study,19 supplemented with a few more questions. 
Basic demographic information consisted of full name, mobile phone, ID, date of birth, biological gender, residential 
address, ethnicity, highest attained education, and the estimated family income per person per month (stratified into (a) 
below 100,000 tenge a month; (b) 101–500,000 tenge a month, and (c) 501,000 tenge or more a month). We then 
collected information on all occupational history, including all places of work in a lifetime with positions held and work 
duration in years. Employment history was considered for positions held for at least one year.

We asked a detailed history on cigarette smoking, electronic device smoking, and waterpipe smoking. With regard to 
cigarette smoking and with a set of a few questions, subjects could be then classified into (a) never-smokers; (b) ex- 
smokers; (c) current occasional smokers, and (d) current daily cigarette smokers. For the latter, we asked for a number of 
cigarettes smoked a day and the overall smoking duration in years. For ex-smokers, we collected information on the 
years of smoking overall and the duration of smoke-free history since quitting. For waterpipe smokers, we offered an 
additional question on smoking frequency per month. Finally, all subjects were also asked whether they were exposed to 
environmental tobacco smoke (secondhand smoke) at home or in the workplace.

In addition, we also considered other environmental COPD risk factors, including exposure to woodsmoke or burning 
coal for heating at home and for cooking (any fuel other than natural gas or electricity). Living with a cat or dog was also 
considered with one more question. Finally, we asked whether a subject was born in pre-term deliveries and whether he/ 
she was hospitalized for in-patient treatment for COVID-19 sometime in the past.

Medical history of COPD and symptoms were ascertained with a set of ten questions. We first offered a validated 
CAT questionnaire, which consisted of eight items, scoring from 0 to 5, and the overall score thus ranged from 0 to 40. 
The tool allowed to discriminate between “fewer symptoms” to “more symptoms”, as well as to score the symptoms 
severity on a continuous scale. Shortness of breath (if any) was assessed using mMRC tool, in which the score of only 
one question ranged from 0 to 4. We then asked if a subject ever experienced wheezing (more on expiration) and whether 
he/she ever woke up at night from wheezing. Finally, we asked if a participant had ever been diagnosed with chronic 
bronchitis, COPD, bronchial asthma, allergic rhinitis, or pulmonary tuberculosis. The last section of our questionnaire 
consisted of eight questions of general health-related quality of life, for which we used SF-8 widely used instrument, but 
these are not analyzed in the current presentation.

JEM-Defined Exposure to Vapors, Gases, Dusts, Fumes and Mists
In a preceding study,19 we defined exposure to vapors, gases, dusts and fumes (VGDF) based on a consilium, and 
a detailed occupational history with job lists throughout work history was collected in each participant. Following debate 
on the accuracy of such occupational exposure definition vs the use of job-exposure matrices (JEM),25–27 we decided to 
convert all jobs held into exposures using an airborne chemical job exposure matrix (ACE JEM) in the current study. 
ACE JEM has been reported as a reliable instrument to develop information on the occupational exposure via 
inhalational route from the UK Biobank.28 We identified each position held for a year or more, linked it to the 
Standard Occupational Classification (SOC) 2000 codes and then produced occupational exposure to either vapor, gas, 
dust, biodust, mineral dust, fume, diesel exhaust, fiber, mist, asbestos, metal, as well as for a composite exposure to 
VGDF. These exposures were reported as binary variables. We did not consider work positions held for less than 
one year. In addition, we also computed the overall years in service for all positions defined as VGDF-associated.

Spirometry
In all subjects, we completed reproducible forced expiratory spirometry using a calibrated spirometer “MAS-2PC” 
(Belintelmed LLN, Belarus), which operated with a licensed software on a notebook. We applied GLI-2012 reference 
values for all participants. For a forced spirometry, we aimed to perform as many attempts as needed to attain repeatable 
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curves graded A for either forced expiratory volume in 1 second (FEV1) or for forced vital capacity (FVC).29 ΔFEV1 or 
ΔFVC could be achieved when at least three repeatable (difference less than 150 mL) were received. We also ensured 
high quality by checking the end-curve errors, back extrapolation volume and curved acceptability as required by the 
guidelines.29 We analyzed z-scores (N standard deviations from the predicted values), and subjects with FEV1/FVC 
below lower limit of normal (LLN) were asked to do bronchodilation with salbutamol with a spacer. To consider a patient 
having an irreversible obstructive ventilation defect and COPD, we relied on post-bronchodilation FEV1/FVC < LLN. 
All procedures, including criteria for reversibility, time of repeated test and salbutamol dose were guided by the 
international recommendations.29,30 COPD patients were defined as those with irreversible obstructive defect (post- 
bronchodilator FEV1/FVC below −1.64 z-scores). We also measured other volumes and flows, but only FEV1, FVC and 
FEV1/FVC are analyzed in the current context.

Statistical Analysis
The primary outcome of interest in this study was the overall COPD prevalence in the studied population aged 18 years 
and older, as well as the prevalence in those aged 40 and older. Secondary outcomes were the odds of COPD from a list 
of exposures, which we considered in the questionnaires. We first tested all variables for normality, and most of them 
were non-normally distributed; therefore, we only used and presented non-parametric tests hereinafter. Medians with 
interquartile ranges (IQR) were shown for all continuous variables, whereas the binary variables were characterized 
with percent to the whole group. Non-parametric tests to compare two groups were Mann–Whitney U-test or χ2 tests for 
binary data from contingency tables. Multiple groups were compared in the univariate analyses using Kruskall–Wallis 
test (or χ2 tests for binary data). A range of univariate comparisons included tests of men vs women; subjects with 
obstruction vs those with no obstruction and even mild with moderate and severe COPD. Such tests included all variables 
from the questionnaires, including demographics, smoking, exposure to VGDF, exposure to the use of fossil fuel for 
cooking and heating, secondhand smoke, regular exercise 3 times a week or more, tuberculosis in the past, preterm birth 
and so on.

For secondary outcomes, we first tested all variables for their association with COPD in the entire group in the 
univariate comparisons (in detail specified in the Results) and then checked multicollinearity. Those significantly 
associated with COPD using χ2 tests, were then included in the adjusted for each other multivariate model, in which 
we reported adjusted odds ratio (OR) with the corresponding 95% confidence intervals (CI) for each predictor. For 
convenience, in addition to univariate comparisons of risk factors using χ2 tests for binary data or Mann–Whitney U-test 
for continuous variables, we also present crude ORs with their corresponding 95% CIs in the unadjusted (crude) logistic 
regression models. Therefore, such adjusted ORs for a selected predictor reflected its effect independent of all other 
included variables. In all tests, p-values below 0.05 were considered significant, and all tests were completed in 
NCSS2025 (Utah, USA).

Results
Overall Sample Descriptive Data
Overall, we collected data for 5058 participants, but excluded 432 subjects due to missing or unacceptable quality 
spirometry. Therefore, our analysis was based on 4626 study participants (age 47; IQR 31;60 years), equally distributed 
from all five regions. Participants’ demographic, lifestyle and exposure data are presented in Table 1. This study 
participants demonstrated educational and socioeconomic profile typical for the general public portrait in Kazakhstan, 
with 33% possessing university or academic degree and most having an income of below 500,000 tenge a month. Women 
were significantly more educated, but men were younger and taller. Thirty-eight percent of our population were either 
current or former cigarette smokers, with rates of current smoking notably greater in men compared to women (Table 1). 
Waterpipe smoking or electronic cigarette use was reported by a small number of subjects in the study. Furthermore, 
much more men were exposed to environmental (secondhand) tobacco smoke (41% vs 20%, p < 0.001) and were 
employed for occupations with VGDF exposure (62% vs 46%, p < 0.001). However, their overall occupational exposure 
was shorter in years compared to women, apparently because women were generally older.
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Lifetime exposure to VGDF for more than one year was the most prevalent environmental exposure. More than half 
of the population under study has ever been exposed, as assessed with JEM. Within this group of airborne exposures, 
study participants could be exposed to only one inhalant domain or in their combination. Thus, 1320 subjects (29%) were 
exposed to vapor, 1462 (32%) to gas, 2129 (46%) to dust, 1142 (25%) to biodust, 1500 (32%) to mineral dust, 1247 
(27%) to fume, 903 (20%) to diesel, 812 (18%) to fiber, 891 (19%) to mist, 1377 (30%) to asbestos, and 379 (8%) to 

Table 1 Demographic, Lifestyle and Exposure Data of Study Participants

Variable Overall Men Women

N (%) 4626 (100) 2339 (51) 2287 (49)

Age, years* 47 (31;60) 42 (28;58) 49 (36;62)

Height, cm* 168 (161;175) 175 (170;179) 162 (157;166)

Weight, kg* 74 (64;85) 78 (68;90) 70 (60;80)

Highest attained education*

Secondary school 58 (1) 44 (2) 14 (0)

High school 1434 (31) 709 (30) 725 (32)

College 1596 (35) 865 (37) 731 (32)

University degree 1500 (32) 710 (30) 790 (35)

Academic degree 38 (1) 11 (1) 27 (1)

Total family income a month, tenge

Up to 100,000 tenge 285 (6) 130 (6) 155 (7)

101,000 to 500,000 tenge 3670 (79) 1847 (79) 1823 (80)

501,000 tenge and more 671 (15) 362 (15) 309 (13)

Cigarette smoking status, N (%)*

Never-smoker 2857 (62) 859 (37) 1998 (87)

Former smoker 668 (14) 551 (24) 117 (5)

Current smoker 1072 (23) 913 (39) 159 (7)

Occasional 29 (1) 16 (0) 13 (1)

Waterpipe smoking, N (%)* 191 (4) 148 (6) 43 (2)

Electronic cigarette use or vaping, N (%)* 164 (4) 119 (5) 45 (2)

Exposure to secondhand smoke, N (%)* 1427 (31) 967 (41) 460 (20)

Use of fossil fuel for cooking, N (%) 111 (2) 52 (2) 59 (2)

Use of fossil fuel for heating, N (%) 182 (4) 88 (4) 94 (4)

Lifetime exposure to VGDF, N (%)* 2518 (54) 1459 (62) 1059 (46)

Total years of exposure in those ever exposed for more than a year, years* 13 (6;24) 12 (5;21) 15 (7;25)

FEV1/FVC, z-score* 0.13 (−0.51;0.67) 0.12 (−0.6;0.63) 0.21 (−0.49;0.7)

FEV1/FVC below LLN, N (%)* 345 (7) 206 (9) 139 (6)

Note: * - p < 0.05 in either Mann–Whitney U-test for continuous variables or χ2-test for categorical variables. 
Abbreviations: VGDF, vapors, gases, dusts and fumes; FEV1, forced expiratory flow in one second; FVC, forced vital capacity; LLN, lower limit of normal.
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metal. Any lifetime exposure to VGDF was not only associated with sex (Table 1) but also with ever-smoking 
(unadjusted OR 2.33 (95% CI 2.04;2.63)) and poorer education (data not shown).

Quality of Spirometry
The overall number of spirometric maneuvers ranged from 1 to 27, whereas the median number of maneuvers was four 
(Table 2). As a whole, quality criteria attainment for FEV1 was generally easier compared to FVC. The median ΔFVC 
was far below the threshold value of 0.15 L for adults, indicative of high maneuvers reproducibility, and 78% of 
participants could achieve A or B grade for ΔFVC quality (Table 2). ΔFEV1 quality criteria were achieved in even more 
participants (median ΔFEV1 was 0.06) with 93% of subjects to fall below 0.15 L. Similarly, the quality of such tests was 
graded high, because 83% subjects could reach quality A or B for ΔFEV1. Of note, COPD patients performed 
significantly better on ΔFEV1 criteria than ΔFVC, and more COPD patients could reach A quality for ΔFEV1 compared 
to non-obstructive patients. As Table 1 shows, the median z-score of FEV1/FVC was 0.13, and 345 (7%) participants had 
obstruction, because their post-bronchodilator FEV1/FVC was below LLN. This represented the prevalence of COPD in 
the general population of population 18 years and older in this study.

COPD Prevalence
Seven percent of the entire studied group had COPD (N = 345), more in men compared to women (9% vs 6%, Table 1). 
Despite having a brisk clinical presentation (median CAT score 13 in COPD patients vs 0 in non-obstructive partici
pants), only 105 of these 345 (30%) COPD patients were ever told they had COPD, leaving 70% of such patients with no 
diagnosis before. Chronic bronchitis as a diagnosis ever mentioned by a doctor to these patients was reported by 75 
(22%) of them, bronchial asthma by 102 (30%) and allergic rhinitis in 33 (10%). On the other hand, out of 268 subjects 
who stated they were told by a doctor they had had COPD before, obstructive defect was found in only 103 of them 
(38%). Should subjects of age 40 and older be considered (N = 2853), 304 subjects had COPD (prevalence 10.7%). In 
this age group, men again demonstrated greater COPD prevalence (14.5%, 184 of 1266) compared to women (7.6%, 120 
of 1587), but the difference now increased dramatically.

COPD patients exhibited high exposure to all studied environmental exposures, including cigarette ever-smoking, 
secondhand tobacco smoke and VGDF (Table 3). With advancing disease, classified with FEV1/FVC z-score, patients 

Table 2 Summary Table of Spirometry Quality Overall and in COPD Patients as Compared to Non- 
Obstructive Participants

Quality Criterion Overall Subjects with FEV1/FVC  
Equal or Above LLN

Subjects with  
FEV1/FVC Below LLN

N (%) subjects 4626 (100) 4281 (93) 345 (7)

N maneuvers* 4 (3;5) 4 (3;5) 3 (3;4)

ΔFVC, mean* 0.07 (0.03;0.12) 0.07 (0.03;0.12) 0.08 (0.04;0.13)

N tests with ΔFVC < 0.15 L* 4142 (90) 3861 (90) 281 (81)

N tests graded A for ΔFVC* 3510 (76) 3271 (76) 239 (69)

N tests graded B for ΔFVC* 108 (2) 94 (2) 14 (4)

ΔFEV1, mean* 0.06 (0.03;0.10) 0.06 (0.03;0.10) 0.05 (0.02;0.09)

N tests with ΔFEV1< 0.15 L 4293 (93) 3965 (93) 328 (95)

N tests graded A for ΔFEV1* 3780 (82) 3479 (81) 301 (87)

N tests graded B for ΔFEV1 59 (1) 51 (1) 8 (2)

Note: * - p < 0.05 in either Mann–Whitney U-test for continuous variables or χ2-test for categorical variables. 
Abbreviation: FEV1 – forced expiratory flow in one second; FVC -forced vital capacity; LLN – lower limit of normal.
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were older, had significantly greater symptoms burden and were more exposed to all studied exposures, except second
hand smoke. Of note, the number of smoking subjects and percent of exposed to VGDF in their lifetime reached 71% and 
76%, accordingly in the group of most severe FEV1 lessening.

COPD Risk Factors
In the univariate analyses of selected risk factors for COPD in the entire group, COPD was associated with age, male sex, 
cigarette ever-smoking, lifetime exposure to VGDF, lower education, regular physical activity and tuberculosis sometime 
in the past, but not with exposure to secondhand smoke, low income or pre-term birth (Table 4). All significant 
predictors, non-collinear, were included in the multivariate model to test their association with COPD. Such model 
showed highly significant associations of age (OR 1.05; 95% CI 1.04;1.05), ever-smoking (OR 2.44; 95% CI 1.81;3.33), 

Table 3 Exposure and Symptoms Scores in COPD Patients as a Whole and in Different Severity Groups Classified with FEV1 z-Scores

Variable All 
(z-Score > −1.645)

Mild 
(z-Score Between −1.645 and −2.5)

Moderate 
(z-Score Between −2.51 and −4)

Severe 
(z-Score < −4.1)

N (%) 345 (100) 133 (39) 121 (35) 91 (26)

Age, years* 61 (50;69) 61.4 (45;67) 65 (54;71) 62 (50;69)

BMI, kg/m2* 25.2 (22.2;29.4) 26 (22.7;30.3) 25.4 (22.9;29.6) 24.1 (21;27.3)

Cigarette ever-smokers, N (%)* 207 (60) 63 (47) 79 (65) 65 (71)

Exposure to secondhand smoke, N (%) 95 (28) 35 (26) 30 (25) 30 (33)

Lifetime exposure to VGDF, N (%)* 235 (68) 80 (60) 86 (71) 69 (76)

CAT score (0–40)* 13 (5.5;19.5) 11 (2;17) 12 (6.5;19.5) 16 (11;21)

mMRC score (0–4)* 1 (0;2) 0 (0;1) 1 (0;2) 1 (0;2)

Note: * - p < 0.05 in either Kruskall–Wallis test for continuous variables or χ2-test for categorical variables from 2*3 tables. 
Abbreviations: FEV1, forced expiratory flow in one second; FVC, forced vital capacity; BMI, body mass index; CAT, COPD Assessment Test; mMRC, modified Medical 
Research Council.

Table 4 Selected Risk Factors for COPD in the Univariate Comparisons

Variable All COPD 
Patients

Non-Obstructive 
Participants

Crude OR from the Univariate 
Regression

Age, years* 47 (31;60) 61 (50;69) 45 (30;59) 1.05 (1.04;1.05)

Males, N (%)* 2339 (51) 206 (60) 2133 (50) 1.49 (1.19;1.87)

Cigarette ever-smoking, N (%)* 1769 (38) 207 (60) 1562 (37) 2.63 (2.08;3.22)

Exposure to secondhand smoke, N (%) 1427 (31) 95 (28) 1332 (31) NS

Lifetime exposure to VGDF, N (%)* 2518 (54) 235 (68) 2283 (53) 1.87 (1.48;2.36)

Education below college, N (%)* 1492 (32) 152 (44) 1340 (31) 1.73 (1.38;2.16)

Income below 100,000 tenge, N (%) 284 (6) 25 (7) 259 (6) NS

Exercising 3 times a week or more, N (%)* 803 (17) 15 (4) 788 (18) 0.20 (0.12;0.34)

Pre-term birth, N (%) 88 (2) 6 (2) 82 (2) NS

Tuberculosis in the past, N (%)* 50 (1) 18 (5) 32 (1) 7.31 (4.06;13.2)

COVID-19 in need of hospitalization in the past, N (%) 218 (5) 16 (5) 202 (5) NS

Note: * - p < 0.05 in either Mann–Whitney U-test for continuous variables or χ2-test for categorical variables Crude effects are shown with their corresponding 95% 
confidence intervals. 
Abbreviations: VGDF, vapors, gases, dusts and fumes; OR, odds ratio; NS, non-significant.

International Journal of Chronic Obstructive Pulmonary Disease 2026:21                                                https://doi.org/10.2147/COPD.S574409                                                                                                                                                                                                                                                                                                                                                                                                       7

Vinnikov et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



low educational level (OR 1.80; 95% CI 1.42;2.28), exposure to VGDF (OR 1.41; 95% CI 1.10;1.82), regular exercise 
(OR 0.37; 95% CI 0.21;0.63) and tuberculosis in the past (OR 4.12. 95% CI 2.19;7.45) with COPD, with all these 
predictors putting humans at risk for the disease, except exercise. Sex had no association with COPD when other 
predictors were considered. Figure 1 demonstrates the magnitude of effects for selected predictors of interest adjusted for 
each other, sex and age.

Discussion
This is the first study in Kazakhstan that assessed the prevalence of COPD all over the country, including central, 
southern, northern, eastern and western cities and which applied FEV1/FVC < LLN criterion for obstruction along with 
graded quality approach. This study is also a pioneer population-based nationwide study, which ascertained occupational 
exposure status using JEM in Kazakhstan. This study demonstrated that, overall, COPD was a common disease with the 
prevalence of 7% in the age group 18 years and older, greater in men. In subjects aged 40 years and older, the prevalence 
dramatically rises in men, reaching 15%. Lower socioeconomic status, age, cigarette smoking, occupational exposure to 
VGDF and tuberculosis in the past were also significantly positively and independently associated with COPD in the 
general population, whereas regular exercise had an independent protective effect.

The overall prevalence of COPD in the country reached 7%, somewhat similar to the data in Almaty only from the study 
completed six years ago.19 Although we did not observe the increase in the disease prevalence, higher burden of this disease in 
men over 40 years is a worrisome trend for the country, likely resulting from the growing ambient air pollution,15 high smoking 
prevalence,20 occupational exposures and wide use of coal for heating. Data from Central Asian countries have long remained 
scarce, when most reported studied and those included in the systematic reviews and meta-analyses were from high-income 
countries, including USA and Western Europe, along with China recently. Moreover, smaller studies from the region in the local 
literature are often based on the FEV1/FVC < 70% outdated criterion,31 not taking age into account and with no spirometry quality 
control. Such disparity in the data presentation in the literature results in underrepresentation of Central Asian data in the world 
estimates of disease burden. Furthermore, unlike smoking, occupational exposures as a major risk factor are yet insufficiently 
characterized in these countries, creating a gap in understating the overall burden on COPD in the region.17 The current study now 
fills thus gap assessing the risk from a range of external predictors.

A recent systematic review and meta-analysis demonstrated that COPD prevalence in subjects aged 40 and older could fall 
within the range of 10.75%–14.65% based on a fixed ratio and 5.47%–9.55% based on below LLN ratio.18 Higher prevalence in 

Figure 1 Odds ratios with their corresponding 95% CIs for selected predictors for COPD adjusted for each other, sex and age in a multivariate model.
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men in our study was somewhat comparable to the world data.18 Despite higher precision of below LLN criterion to detect airway 
obstruction, fixed ratio is still widely used in many studies and some benefits of such approach have been demonstrated,32 

although some studies debate whether fixed ration is more applicable for primary care settings.31 Irrespective of the approach to 
confirm COPD, there is still a notable discrepancy in the prevalence across the world, likely resulting from varying sampling 
approaches. Given that the disease is chronic, uncurable and progressing, our data of about 7% prevalence in adults is indicative of 
a very high medical and societal costs to manage these patients. The so-called early COPD33 and a small-airway disease34 with 
expected progression to COPD with time, will further increase that burden. Official data with patients with the diagnosis and on 
treatment in Kazakhstan, of note, are times smaller compared to our findings of 7% prevalence. This indicates that most COPD 
patients are yet unaware they have a disease, and a critical time when early interventions could be efficient, are missed. 
Furthermore, growing COPD prevalence in women,16 even with much lower burden of smoking and occupational exposures, 
will necessitate further action. This has, indeed, clear public health implications.

One of the novelties of this report was the use of JEM for occupational exposure classification in Kazakhstan. Despite no 
consensus in the academic community whether JEM are more accurate compared to self-reported exposure, this tool for airborne 
pollutants in COPD helps identify exposures in the workplace where subjects were uncertain whether they had been 
exposed.25,27,35 These JEMs are easy to use in the general population surveys, but the estimates of risk via JEM as compared 
to self-report may be different.35 Our current data from all over the country revealed a 41% greater risk in subjects with lifetime 
ever-exposure to VGDF, somewhat greater compared to estimates from the meta-analysis.35 These estimates imply that early 
interventions, increase in awareness, wider use of personal protective equipment may eventually dramatically increase the risk and 
lessen the burden to the health system for decades of life when these subjects would live with the disease.

Among other risk factors with significant associations with COPD in multivariate analyses, tuberculosis in the past 
was a variable with the largest magnitude of effect. This finding is consistent with preceding reports,36–38 also in low- and 
middle-income countries, especially in very low resource settings, such as in Africa.38 Meta-analyses of observational 
studies consistently demonstrated an increase of COPD incidence in subjects with tuberculosis in the past, greater in low- 
income countries.37,38 This has clear implications for COPD prevention, since subjects with tuberculosis in the past 
should probably be offered a more intense screening for COPD and other risk factors elimination, such as smoking.

In addition to the novel use of JEM to classify occupational exposures, this study has also other strengths, including the use of 
z-scores of FEV1/FVC as opposed to fixed ratio; the use of a detailed questionnaire to elucidate a range of potential confounders, 
including smoking, secondhand smoke, use of fossil fuel for heating and even socioeconomic status. Moreover, this study is the 
first to include cities outside the list of three major locations usually involved in epidemiological studies, such as Aktobe, Kostanay 
and Ust-Kamenogorsk. Another strength is a strict quality control of spirometry with the subsequent analysis of quality criteria, 
never done before in Kazakhstan. Altogether, this makes this epidemiological study a pioneer report on the COPD burden in 
Kazakhstan. However, the limitations should also be noted. We could not match data on air quality in the selected cities so that the 
contribution of air pollution could be taken into account to explain COPD in never smoking and never exposed to VGDF patients. 
Secondly, we could not, due to logistic reasons, include subjects living outside the cities. Finally, we could not offer a detailed 
clinical assessment to patients with COPD, other than CAT and mMRC with history.

We believe that our study is important for policy in chronic disease management and has clear implications. First, a large 
fraction of patients with the disease, mostly at the initial stage, are unaware of the disease, have not been offered high-quality 
spirometry and did not receive treatment. Moreover, treatment effectiveness, compliance with treatment and performance in the 
use of inhaled are almost uncovered in Kazakhstan. Other countries reported high percent of COPD receiving treatment,39 but this 
may unlikely be the case of Kazakhstan, because most patients with COPD have yet not received the diagnosis. This study 
necessitates more active case finding in subjects at risk and even with symptoms, and this will save years of life for COPD patients 
in future, if the disease is timely recognized. At present, COPD patients in Kazakhstan have their condition recognized only with 
notable clinical signs and when they have access to high-quality spirometry.

Ways to mitigate the effects of established risk factors of COPD also need a deeper look both by the research 
community and decision makers. High smoking prevalence, severe air pollution in winter and high levels of exposure in 
some workplaces need a comprehensive policy plan, including monitoring, assessment and action. Population protection 
from heavy air pollution and secondhand smoke must be set as a public health priority in Kazakhstan for healthier living 
overall and reduced burden of chronic respiratory disease in particular.
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Conclusion
This nationwide population-based study clearly articulated the problem of unacceptable case finding and poor access to 
screening to detect COPD at early stages in Kazakhstan. Disease prevalence was times greater compared to patients on 
treatment in the state registries. Independent of each other, smoking, occupational exposure, poorer socioeconomic status 
and even past tuberculosis increased the risk in Kazakhstan population. Primary prevention should be then targeted to 
smoking cessation, reducing exposure to airborne occupational hazards, active involvement in recreational physical 
activity and population’s active participation in early screening.
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