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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Cervical cancer (CC) remains one of the leading 

causes of cancer-related mortality among women in Kazakhstan, 
particularly in rural areas where access to preventive measures is 
limited. The aim of this study was to assess the effectiveness of 
a digital screening model for CC implemented in rural settings, 
compared to standard practice.

Materials and Methods: The study was conducted in Almaty 
region from 2018 to 2024 using a mixed design: a retrospective 
analysis of data on screening coverage, detection rates, and patient 
routing (2018–2022), and a cluster-randomized prospective 
study (2023–2024) with the implementation of digital solutions. 
In the intervention group, telemedicine, electronic registries, 
and an SMS notification system were implemented. The 
primary indicators included screening coverage, detection of 
pathologies, patient follow-up, and satisfaction measured using 
the PSQ-18 scale.

Results: In the intervention group, screening coverage reached 
94.0% in urban and 90.0% in rural areas, compared to 92.0% 
and 88.0% respectively in the control group (p < 0.001). The 
detection rate of pathological changes was 15.0% in urban and 
12.0% in rural areas in the intervention group, versus 13.0% 
and 10.0% in the control group (p < 0.001). The proportion 
of patients enrolled in follow-up among those with detected 
abnormalities was also higher in the intervention group: 
75.0% in urban and 60.0% in rural areas, compared to 55.0% 
and 40.0% in the control group (p = 0.0016 and p = 0.0011, 
respectively). Satisfaction scores on the PSQ-18 scale were 
significantly higher in the intervention group in the following 
domains: technical quality (4.5 ± 0.4 vs 3.9 ± 0.7; p = 0.001), 
accessibility (4.5 ± 0.3 vs 3.7 ± 0.2; p = 0.001), and financial 
aspect (4.4 ± 0.4 vs 4.0 ± 0.7; p = 0.023).

Conclusion: The digital model for CC screening has proven 
effective in settings with limited access to healthcare. The results 
support scaling up this model within the national oncology 
strategy and contribute to achieving the global cervical cancer 
elimination targets.

Key words. Cervical cancer, mass screening, rural population, 
digital health, telemedicine, health services accessibility, 
Kazakhstan.
Introduction.

Cervical cancer (CC) is one of the most preventable forms of 
malignant neoplasms, yet it remains one of the leading causes 

of cancer-related mortality among women worldwide [1,2]. 
According to the World Health Organization, it is the fourth 
most common cancer in women, with approximately 660,000 
new cases and around 350,000 deaths from CC registered 
globally in 2022 [3]. 

Approximately 94% of all deaths from CC occur in low- and 
middle-income countries, reflecting inequality in access to 
prevention and healthcare services [4]. At the global level, the 
issue of CC has prompted strategic action; in 2020, the WHO 
launched the Global Strategy to Accelerate the Elimination of 
Cervical Cancer, which sets the “90–70–90” targets by 2030 
(90% coverage of HPV vaccination among girls, 70% screening 
coverage among women, and 90% access to treatment for 
precancerous lesions and invasive cancer) in order to eliminate 
CC as a public health problem [5].

In Kazakhstan, the incidence and mortality of CC remain 
among the highest in the region. CC ranks second among all 
malignant tumors in women, following only breast cancer 
[6,7]. According to estimates by the International Agency for 
Research on Cancer, about 1,700–1,800 new cases of cervical 
cancer are diagnosed annually in the country, and more than 800 
women die from the disease [8].

CC accounts for a significant proportion of oncological 
morbidity among women of reproductive and working age; the 
highest mortality is observed in the 30–54 age group, which 
corresponds to the socially active period of life [9]. Despite 
some positive trends—recent years have seen a decline in 
CC mortality (from ~7.2 to ~5.9 per 100,000 women between 
2013 and 2019) against the backdrop of screening program 
implementation—CC incidence in Kazakhstan remains 
consistently high (approximately 18–19 cases per 100,000 
female population) [10]. 

Moreover, the coverage of preventive measures is significantly 
lower than recommended benchmarks, and organized screening 
covers only about 48–50% of the target group, whereas global 
experience indicates the need for at least 70% coverage to 
substantially reduce mortality [11]. 

For comparison, countries with well-established early 
detection programs have achieved a 50–75% reduction in CC 
mortality [12]. This situation highlights the need for further 
improvement of preventive measures, especially among 
undercovered population groups.

Of particular concern is the low accessibility of CC screening 
for the rural population of Kazakhstan [13]. More than 40% of 
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the country's population lives in rural areas, and it is precisely in 
these women that advanced-stage cases are often detected due 
to missed preventive examinations [13]. According to recent 
studies, participation in the screening program is significantly 
lower among rural women compared to urban women, with 
only about 38% of rural residents undergoing timely cytological 
testing, whereas this figure reaches 70–75% in cities. The 
coverage gap is caused by a combination of factors.

For example, geographic barriers play a significant role—
many villages are located far from specialized medical centers, 
and poor road and transportation infrastructure hinder regular 
trips for smears and examinations [10]. Organizational barriers 
include a shortage of specialized professionals (obstetricians-
gynecologists, cytopathologists) in rural areas and insufficient 
integration of rural healthcare into a unified oncological 
screening pathway. There is often no active invitation or 
reminder system for women about the need for screening; 
many rural women are unaware that the procedure is free and 
important [14]. 

According to local studies, lack of awareness and distrust in 
the necessity of screening are among the key reasons for refusal 
to participate in the program [15]. Cultural and psychological 
factors also play a role; for example, women may experience 
fear of cancer detection, shame, or discomfort during 
gynecological examinations, which is especially pronounced in 
small settlements [16]. 

Finally, digital barriers and limited communication 
infrastructure hinder the use of modern methods of remote 
consultation and monitoring [17]. In a number of remote areas, 
reliable internet is still lacking, and medical statistics are mainly 
kept on paper, which slows down data exchange and timely 
feedback to patients.

Kazakhstan is taking steps to improve the situation with 
cervical cancer at the national level [18]. Since 2008, a national 
cervical cancer screening program has been in place, under 
which women aged 30–70 are invited for preventive cytological 
examination (Pap smear) once every four years at primary care 
clinics based on their place of residence.

Screening is included in the guaranteed volume of free medical 
care, which allows for the examination of broad segments of the 
population. From 2016 to 2019, the State Health Development 
Program "Densaulyk" was implemented, one of the objectives 
of which was to improve oncological services and cancer 
prevention. During its implementation, the volume of screening 
studies in the country increased, with greater attention given to 
technical infrastructure and medical personnel.

Kazakhstan has taken a course toward the introduction of 
HPV vaccination and improving the effectiveness of screening, 
guided by international recommendations. In recent years, 
digital technologies have been introduced in healthcare, which 
may become key to overcoming a number of barriers [19]. For 
example, electronic screening registries are being developed to 
track each patient and automatically generate lists of those who 
did not attend their examination. The use of mobile applications 
and SMS notifications reminding women about doctor visits has 
begun [20].

Nevertheless, one of the promising directions is the 
development of a digital model of cervical cancer screening 

adapted to rural conditions.
The digital model implies the comprehensive use of information 

and communication technologies to improve all stages of the 
screening process – from active invitation and education of 
women to remote diagnostics and treatment monitoring [21].

Thus, this study aims to create and pilot an innovative digital 
approach to the early detection of cervical cancer, capable of 
overcoming existing geographical and organizational barriers. 
The implementation of this model in the long term will 
reduce morbidity and mortality from cervical cancer in rural 
communities, contribute to the overall improvement of women's 
health indicators in Kazakhstan, and bring the country closer to 
achieving the goals of the global strategy for the elimination of 
cervical cancer.
Materials and Methods.
Ethical Considerations:

The present study was approved by the Local Ethics Committee 
of the Kazakh National Medical University named after S.D. 
Asfendiyarov (Protocol No. 35 dated 12.05.2022). Participation 
in the study was voluntary, with informed consent obtained in 
advance.
Study design:

The study employs a mixed design incorporating both 
observational and interventional components.

In the first stage, a retrospective analysis was conducted using 
data from the existing cervical cancer screening program in rural 
and urban areas (to assess baseline effectiveness and identify 
access-related issues).

In the second stage, a prospective study with quasi-
experimental elements (a cluster randomized controlled trial) 
was carried out to implement a digital solution within primary 
healthcare settings.

The study design and description were developed in accordance 
with international standards: the main components of the 
IMRAD structure were followed, and reporting was prepared 
based on the STROBE guidelines (for observational data) and 
CONSORT guidelines (for interventional components) [22].
Participants and Study Conditions:

The analysis was conducted in rural districts of the Almaty 
region (Republic of Kazakhstan), where access to screening is 
geographically limited. The retrospective component included 
aggregated data of all women in the target age group for 
screening (e.g., 30–70 years) over the past five years (2018–
2022) in this region.

In the second (prospective) part of the study, the subjects 
were women of the same age range eligible for screening during 
the intervention period (e.g., 2023–2024) and registered with 
participating primary healthcare organizations (PHC) in rural areas.
Inclusion Criteria:

Women residing in rural areas, belonging to the target screening 
group according to the national protocol (no contraindications 
to screening, no history of invasive cervical cancer).
Exclusion Criteria:

Women who had previously undergone screening in the current 
cycle (to avoid duplication) or those who refused to participate.
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Study Sample:
A cluster-based approach was used for the interventional 

component. Twenty rural outpatient clinics (PHC) in the Almaty 
region were randomly divided into two groups (intervention and 
control).

Each clinic cluster included all women of the target age 
category registered with that clinic. Cluster distribution was 
chosen to avoid "cross-contamination" between groups, as the 
intervention was implemented at the clinic level.

Randomization was performed using random number 
generation; neither participants nor physicians were blinded due 
to the nature of the intervention.

All participants in both the intervention and control groups 
received standard screening services; the differences were 
limited to the additional digital services in the intervention 
group.
Description of the Digital Intervention:

A comprehensive digital solution for screening was 
implemented in the intervention group of PHC organizations 
(Figure 1).

Figure 1. Comprehensive Digital Solution for Screening.

It included: (1) a telemedicine system for remote consultation 
and decision-making support – feldshers and obstetrician-
gynecologists of rural outpatient clinics could transmit 
examination results (cervical images from visual inspections) 
to specialists at the regional oncology dispensary for remote 
assessment; (2) an electronic call and reminder system – a mobile 
application and SMS notifications were developed to invite 
women to screening, remind them of visits, and notify them 
of the need for follow-up if results were positive. This system 
also provided educational messages about the importance of 

screening; (3) digitalization of record-keeping and monitoring 
– an electronic screening registry integrated with the regional 
health information system was implemented in rural clinics, 
allowing real-time tracking of coverage and outcomes.

In the control clinics, standard screening practices continued 
(invitations for examinations were made through regular means 
of communication or during visits, telemedicine support was 
absent, and record-keeping was done on paper with subsequent 
periodic aggregation).
Data Collection:

Retrospective data were obtained from the "Healthcare 
Statistics" database of the S. Kairbekova National Scientific 
Center for Health Development. For each year from 2018 to 
2022, information was collected on the number of women 
subject to screening in rural areas, the number who actually 
underwent screening, and the number of identified pathological 
cases.

In turn, during the implementation period (2023–2024), 
prospective data were collected quarterly from each 
participating polyclinic, including the screening coverage 
among women in the target group, the number of positive 
findings (suspicion of dysplasia or cancer), and subsequent 
steps (attendance for confirmatory diagnostics, initiation of 
treatment). In the intervention clinics, additional data on the 
performance of the digital system (number of invitations sent, 
number of telemedicine consultations, percentage of women 
who responded to SMS messages) were recorded for process 
evaluation of the intervention.

All data were recorded in electronic forms; for the intervention 
clinics, a new electronic registry was used, while for the control 
clinics, their routine reporting data were manually entered by 
the researchers into a standardized electronic table. Data quality 
was ensured through selective verification (audit of medical 
records) to assess completeness and accuracy.
Variables and Indicators:

The main explanatory variables were assignment to the 
intervention or control group (presence of digital support for 
screening) and type of district (rural or urban, for retrospective 
interregional analysis).

The primary outcome was screening coverage, defined as 
the percentage of women in the target group who underwent 
screening within a given period. This indicator was calculated for 
each district/clinic and compared with the WHO-recommended 
target level of ≥70%.

Secondary indicators for assessing satisfaction included 
the validated PSQ-18 questionnaire, which covers 7 domains 
(quality, accessibility, communication, etc.) on a 5-point scale. 
The survey was conducted among 458 female patients; 227 
questionnaires from the intervention group and 231 from the 
control group were analyzed. Data were collected anonymously. 
The results were used for intergroup and temporal comparison 
of screening perception.
Statistical Analysis:

Statistical analysis was performed using IBM SPSS Statistics 
v.26.0. Categorical variables are presented as absolute and 
relative frequencies (%), and continuous variables as mean ± 
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region, randomly assigned into intervention and control groups.
In total, 32,573 women were screened in the intervention 

group over two years, and 25,056 in the control group. In 2023, 
15,034 women underwent screening in the intervention group, 
of whom 6,314 (42%) resided in urban areas and 8,720 (58%) 
in rural areas. In the control group for the same period, 12,027 
women were screened: 7,324 (60.9%) from urban areas and 
4,703 (39.1%) from rural areas. The intergroup differences in 
geographical distribution in 2023 were statistically significant 
(p = 0.026).

In 2024, the intervention group demonstrated an increase in 
overall coverage — 17,539 women were screened, of whom 
9,752 (55.6%) were from urban areas and 7,787 (44.4%) from 
rural areas. In the control group in 2024, 13,029 women were 
screened, with a distribution of 5,891 (45.2%) urban and 7,138 
(54.8%) rural. During this period, the differences in distribution 
between groups were not statistically significant (p = 0.123).

However, a year-by-year analysis within each group revealed 
significant changes. In the intervention group, the proportion 
of urban patients among those screened significantly increased 
from 42% in 2023 to 55.6% in 2024 (p = 0.047), whereas in the 
control group the opposite trend was observed — the share of 
urban women decreased from 60.9% to 45.2% (p = 0.001).

In 2023, in the intervention group (Table 4), screening coverage 
in urban areas was 94.0%, and in rural areas — 90.0%. In the 
control group, these indicators were lower: 92.0% in urban areas 
and 88.0% in rural areas. The same difference persisted in 2024: 
94.0% and 90.0% versus 92.0% and 88.0%, respectively. On 
average over the two years, coverage in the intervention group 
was 94.0% in urban areas compared to 92.0% in the control 
group (p < 0.001), and 90.0% versus 88.0% in rural areas (p < 
0.001).

The detection rate was also higher in the intervention group: 
on average, 15.0% in urban areas and 12.0% in rural areas, 
whereas in the control group — 13.0% and 10.0%, respectively. 
The differences in detection rates between the groups were 
statistically significant both in urban (p < 0.001) and rural areas 
(p < 0.001).

The proportion of those enrolled for follow-up among the 
detected cases also differed: in the intervention group, it 
averaged 75.0% in urban areas and 60.0% in rural areas, while 
in the control group — 55.0% in urban areas and 40.0% in 
rural areas. The difference between the intervention and control 
groups for this indicator was +20 percentage points for urban 
areas (p = 0.0016) and +20 percentage points for rural areas (p 
= 0.0011).

As part of the survey (Table 5) conducted among 458 female 
patients, 227 questionnaires from the intervention group and 231 
from the control group were analysed. Satisfaction was assessed 
using the PSQ-18 scale, which includes seven domains.

The mean score for overall satisfaction in the intervention 
group was 4.6 ± 0.3, which was statistically significantly 
higher than in the control group — 4.2 ± 0.5 (p = 0.045). In 
the “technical quality” domain, the intervention group also 
demonstrated a significant advantage: 4.5 ± 0.4 versus 3.9 ± 0.7 
(p = 0.001). Similar differences were observed in the domains 
of “financial aspect” (4.4 ± 0.4 versus 4.0 ± 0.7, p = 0.023) and 
“accessibility” (4.5 ± 0.3 versus 3.7 ± 0.2, p = 0.001).

standard deviation. Differences between groups were assessed 
using the χ² test or Student’s t-test, depending on the distribution. 
Statistical significance was defined as p < 0.05. ANOVA and 
post hoc Bonferroni correction were used for comparison of 
proportions across years and between groups.
Results.

Between 2018 and 2022, data on women who underwent 
screening in Almaty Region were analysed (Table 1). During 
this period, screening coverage, detection rate of pathologies, 
and the proportion of women placed under medical supervision 
were consistently higher in urban areas compared to rural ones. 
The average screening coverage in urban areas was 89.7%, 
while in rural areas it was 78.0% (p = 0.0056).

The detection rate of pathological changes among those 
examined reached 12.7% in urban areas and 10.8% in rural 
areas (p = 0.0012). The proportion of women placed under 
medical supervision after detection was also higher in urban 
areas—58.7% versus 49.9% in rural areas (p = 0.0021). In 
2022, despite the increase in rural screening coverage to 88.9%, 
the rate of medical follow-up decreased to 29.9%, whereas in 
urban areas it was 42.1%, confirming a persistent gap in the 
completion of the screening pathway.

It should be noted that during the period from 2018 to 2022, 
between 43,068 and 49,907 women were examined annually in 
rural areas of the Almaty region (Table 2), and between 28,712 
and 33,271 in urban areas. The average number of normal 
cytological smears amounted to 30,663.4 in rural areas and 
20,442.0 in urban areas. Cases of microorganisms detected in 
smears averaged 7,535.0 in rural areas and 5,023.2 in urban 
areas.

The number of other epithelial cell changes averaged 1,787.6 
in rural areas and 2,184.6 in urban areas. The ASC-US indicator 
ranged from 990 to 1,128 in rural areas and from 1,210 to 1,379 
in urban areas, with average values of 1,057.8 and 1,292.6, 
respectively. For ASC-H, there were between 184 and 216 cases 
annually in rural areas, and between 225 and 265 in urban areas, 
with average values of 196.2 and 240.2. LSIL cases ranged from 
1,323 to 1,494 in rural areas and from 1,616 to 1,827 in urban 
areas, with average values of 1,412.6 and 1,722.6. HSIL was 
identified on average in 547.2 cases in rural areas and 630.6 in 
urban areas.

The number of detected carcinoma in situ (CIS) cells was 
minimal: from 0 to 2 cases annually in both types of areas. 
Endometrial cells in women over 40 years of age were recorded 
on average in 292.0 cases in rural areas and 349.8 in urban areas. 
The number of atypical glandular cells (AGC) averaged 68.2 in 
rural areas and 91.8 in urban areas. AIS was detected on average 
in 5.8 cases in rural areas and 11.4 in urban areas.

A comparative analysis showed statistically significant 
differences between urban and rural areas for all cytological 
indicators (p < 0.001). Urban areas consistently recorded higher 
values for all abnormal results, including ASC-US, ASC-H, 
LSIL, HSIL, AGC, and AIS.

In the second block of the study, an analysis of the results 
from a prospective study using digital solutions within a cluster 
design was conducted. The study included data from 2023–2024 
(Table 3), collected from 20 PHC institutions in the Almaty 
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Year Area Eligible for 
Screening Screened Coverage (%) Cases 

Detected % Detected Registered for 
Follow-up % Registered

2018 Rural 58261 40583 69,7 3463 8,5 1662 48,0
Urban  38841 31197 80,3 2997 9,6 1697 56,6

2019 Rural 57592 42000 72,9 4120 9,8 2175 52,8
Urban 38395 32880 85,7 3742 11,4 2149 57,4

2020 Rural 56819 43000 75,7 4712 11,0 2600 55,2
Urban 37879 34900 92,2 4636 13,3 3008 64,9

2021 Rural 56313 46600 82,7 6080 13,0 3880 63,8
Urban 37542 36555 97,4 5561 15,2 4024 72,3

2022 Rural 50160 44600 88,9 5220 11,7 1560 29,9
Urban 33440 31058 92,9 4312 13,9 1814 42,1

Table 1. Cervical Cancer Screening Indicators in Almaty Region for 2018–2022.

Year Area Examined Normal Microorg. Other 
changes

ASC-
US ASC-H LSIL HSIL CIS Endometrial 

cells 40+ AGC AIS

2018 Rural 43068 28675 7066 1673 990 184 1323 512 0 270 63 5
Urban 28712 19116 4710 2045 1210 225 1616 626 0 329 77 6

2019 Rural 44928 29913 7370 1746 1033 192 1380 534 0 281 66 5
Urban 29952 19942 4914 2133 1262 235 1686 653 0 344 80 6

2020 Rural 46740 31120 7667 1816 1075 200 1436 556 0 292 68 5
Urban 31160 20746 5112 2219 1313 244 1754 679 0 358 84 7

2021 Rural 49907 34896 7465 1939 1128 216 1494 543 2 223 106 8
Urban 33271 23264 4976 2369 1379 265 1827 663 2 273 130 10

2022 Rural 45403 28713 8107 1764 1063 189 1430 585 1 364 38 4
Urban 30269 19142 5404 2157 1299 232 1747 716 2 445 47 6

Table 2. Cytological results of cervical cancer screening patients in Almaty region (2018–2022).

*ASC-US — atypical squamous cells of undetermined significance. ASC-H — atypical squamous cells – cannot exclude HSIL. LSIL — low-grade 
squamous intraepithelial lesion. HSIL — high-grade squamous intraepithelial lesion. AGC — atypical glandular cells. AIS — adenocarcinoma in situ.

Year Intervention group n (%) Total Control group N (%) Total P valueUrban Rural Urban Rural
2023 6314 (42) 8720 (58) 15034 7324 (60.9) 4703 (39.1) 12027 0.026*
2024 9752 (55.6) 7787 (44.4) 17539 5891 (45.2) 7138 (54.8) 13029 0.123
Р value 0,047* 32573 0,001* 25056

Table 3. Geographic distribution of women who underwent screening in the intervention and control groups (2023–2024) and intergroup 
differences.

Indicator
2023 2024
Intervention group Control group Intervention group Control group
Urban Rural Urban Rural Urban Rural Urban Rural

Targeted for 
screening 6314 8720 7324 4703 9752 7787 5891 7138

Screened 5935 7848 6738 4139 9167 7008 5420 6281
Coverage (%) 94 90 92 88 94 90 92 88
Diagnosed cases, (%) 890 (15) 942 (12) 876 (13) 414 (10) 1375 (15) 841 (12) 705 (13) 628 (10)
Registered for 
follow-up, (%) 668 (75.1) 565 (60) 482 (55) 166 (40.1) 1031 (75) 505 (60) 388 (55) 251 (40)

Table 4. Screening Indicators After the Implementation of the Digital Intervention (2023–2024).

Indicator Intervention Control p-value
Overall satisfaction 4.6±0.3 4.2±0.5 0.045*
Technical quality 4.5±0.4 3.9±0.7 0.001*
Courtesy and politeness 4.7±0.2 4.5±0.1 0.125
Communication 4.6±1.1 4.2±0.8 0.457
Financial aspect 4.4±0.4 4.0±0.7 0.023*
Time spent with physician 3.8±0.6 4.5±0.1 0.001*
Accessibility 4.5±0.3 3.7±0.2 0.001*

Table 5. Patient Satisfaction Assessment According to the PSQ-18 Scale.
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Conversely, for the “time spent with doctor” indicator, higher 
scores were reported in the control group — 4.5 ± 0.1 compared 
to 3.8 ± 0.6 in the intervention group (p = 0.001), which may be 
associated with workload redistribution under digitalization and 
remote consultations.

In the remaining domains — “courtesy and politeness” 
(4.7 ± 0.2 vs. 4.5 ± 0.1; p = 0.125) and “communication” 
(4.6 ± 1.1 vs. 4.2 ± 0.8; p = 0.457) — no statistically significant 
differences between the groups were observed.
Discussion.

The present study enabled a comprehensive assessment of the 
effectiveness of a digital cervical cancer screening model in 
rural regions of Kazakhstan, revealing statistically significant 
differences between the control and intervention groups in both 
screening coverage and detection indicators.

Analysis over a five-year period showed that the average 
screening coverage in urban areas of the Almaty region 
was 89.7%, while in rural areas it was 78.0% (p = 0.0056). 
Throughout all years, urban areas consistently showed higher 
coverage: in 2021, it reached 97.4% in urban areas compared 
to 82.7% in rural areas; in 2022 – 92.9% versus 88.9%. These 
figures indicate persistent inequality in access to preventive 
services between urban and rural territories. The gap is explained 
by a combination of factors: transportation remoteness of 
villages from screening points, shortage of personnel in primary 
healthcare, and low awareness among the rural population 
[23,24]. Comparable disparities by urbanization and screening 
accessibility were also observed, for instance, in India [25], 
where urban coverage exceeded 80%, while in rural areas it 
ranged between 50–60%, which is similar to our findings.

In our study, the proportion of detected pathological changes 
among screened women was higher in urban areas (12.7%) 
compared to rural areas (10.8%), p = 0.0012. A difference was 
also noted in patient registration for follow-up: in urban areas, 
58.7% of detected patients were enrolled, whereas in rural areas 
– 49.9% (p = 0.0021). Despite the increase in rural screening 
coverage to 88.9% in 2022, the proportion enrolled for follow-
up declined to 29.9%, while in urban areas it remained at 42.1%. 
This indicates a disruption in the continuity of the screening 
pathway in rural areas. Causes include poor routing after initial 
detection (absence of an automated referral system), lack of 
oncogynecologists and cytopathologists, and weak integration 
of primary care into the oncological network [26]. A similar 
situation is observed in other Central Asian countries: in 
Kyrgyzstan and Uzbekistan, follow-up care in rural areas 
accounts for less than 50% of detected cases [27].

A comparative analysis of cytological smears demonstrated 
that a higher number of all types of epithelial abnormalities were 
registered in urban areas. The average number of ASC-US cases 
in urban areas was 1292.6 compared to 1057.8 in rural areas; 
HSIL — 630.6 versus 547.2; AGC — 91.8 versus 68.2. For all 
indicators, the difference between urban and rural settings was 
statistically significant (p < 0.001). These differences reflect not 
only the true epidemiological distribution but also the variability 
in smear collection and interpretation quality. In rural areas, 
manual staining methods are more commonly used, and double 
verification is often lacking, which reduces the diagnostic 

sensitivity. In resource-limited countries, the sensitivity of the 
cytological method can range from 55% to 70%, depending on 
the personnel’s qualifications and smear sampling standards 
[28].

The intervention group, where the digital model was 
implemented (telemedicine, electronic reminders, digital 
registry), demonstrated higher coverage: on average, 94% in 
urban areas and 90% in rural areas, whereas in the control group 
— 92% and 88% respectively (p < 0.001). These data confirm 
that the digitalization of processes leads to improved accessibility 
of services. In particular, SMS notifications and telemedicine 
consultations help compensate for staffing and transportation 
limitations [29]. Similar results were demonstrated in a study 
conducted in Uganda, where the introduction of mHealth 
applications increased screening coverage in rural areas [30].

In the intervention group, the detection rate was 15% in urban 
and 12% in rural areas, compared to 13% and 10% respectively 
in the control group (p < 0.001). The proportion of women 
enrolled for follow-up among those with positive findings 
was also higher in the intervention group: 75% in urban vs. 
55% in control (p = 0.0016), and 60% in rural vs. 40% (p = 
0.0011). The increase in these indicators is associated with the 
implementation of an automated electronic referral system: 
patients with positive results were automatically placed on a 
list for follow-up visits. Similar improvements in routing were 
described in a pilot program in Rwanda [31], where electronic 
registration helped reduce the proportion of those lost to follow-
up by 35%.

In 2023, 42% of urban and 58% of rural women were screened 
in the intervention group, while in 2024 — 55.6% of urban and 
44.4% of rural women. In the control group, the opposite trend 
was observed: the proportion of urban women decreased from 
60.9% to 45.2%. These differences are statistically significant (p 
< 0.05) and demonstrate that digital methods more effectively 
stimulate participation among urban populations. This may be 
due to better access to mobile networks and the internet, as well 
as higher levels of digital literacy. A previous study also noted 
that engagement in digital programs is higher among women 
with urban employment and secondary/higher education [32].

The average score of overall satisfaction with the screening 
process in the intervention group was 4.6 ± 0.3 compared to 
4.2 ± 0.5 in the control group (p = 0.045). In domains such 
as "technical quality," "financial aspect," and "accessibility," 
the intervention group also showed statistically significant 
advantages. The only exception was the "time with physician" 
domain, which was higher in the control group (4.5 ± 0.1 vs. 3.8 
± 0.6; p = 0.001). In our opinion, this is explained by the fact that 
the digital model optimized logistics but reduced the duration 
of personal contact. Comparable findings were obtained in a 
study where the implementation of telemedicine increased the 
efficiency of care pathways but reduced subjective satisfaction 
with consultation time [33].
Limitations of the Study.

The study is limited to the geographic area of a single region 
(Almaty region), which reduces the generalizability of the 
results to other areas of Kazakhstan. The absence of blinding for 
participants and physicians could have influenced behavioral 
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aspects and perceptions of quality. Data in the control group 
were partially collected manually, which potentially increases 
the risk of information bias. Furthermore, a long-term analysis 
of the intervention’s impact on cancer incidence and mortality 
was not conducted.
Conclusion.

The digital screening model implemented in rural areas of the 
Almaty region demonstrated a significant increase in coverage 
(up to 90.0% in rural areas and 94.0% in urban areas), detection 
rate of pathologies (12–15%), and the proportion of women 
enrolled for follow-up (60.0% in rural areas and 75.0% in urban 
areas) compared to the control group. The use of telemedicine, 
electronic registries, and SMS notification systems led to 
improvements at all stages of the screening process. Patient 
satisfaction in the intervention group was higher across key 
PSQ-18 domains, including technical quality, accessibility, and 
financial aspects. The results confirm the effectiveness of the 
digital approach in overcoming organizational and geographic 
barriers and justify its further scaling as part of the national 
strategy to reduce cervical cancer incidence and mortality.
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