Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Artificial Intelligence in Nursing Practice for HIV
Prevention and Gender Equality in Uzbekistan: A
Systematic Review and Predictive Modeling within
SDG 3 and SDG 5

Sevara Mirkhamidova

smirkhamidova®@omail . com

Tashkent State Medical University https://orcid.org/0000-0002-8755-5353
Hamida E. Rustamova

Center for the development of professional qualification of medical workers https://orcid.org/0000-
0003-3631-8742

Gulnara K. Khudaykulova
Tashkent State Medical University https://orcid.org/0000-0002-0686-8367

Systematic Review

Keywords: HIV prevention, nursing, artificial intelligence, SDG 3, SDG 5, gender equality, mHealth,
Uzbekistan, stigma, machine learning, predictive modeling, Central Asia

Posted Date: June 4th, 2026
DOI: https://doi.org/10.21203/rs.3.rs-9908148/v1

License: € ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: The authors declare no competing interests.

Page 1/17


https://doi.org/10.21203/rs.3.rs-9908148/v1
https://doi.org/10.21203/rs.3.rs-9908148/v1
https://orcid.org/0000-0002-8755-5353
https://orcid.org/0000-0003-3631-8742
https://orcid.org/0000-0003-3631-8742
https://orcid.org/0000-0002-0686-8367
https://doi.org/10.21203/rs.3.rs-9908148/v1
https://creativecommons.org/licenses/by/4.0/

Abstract
Background.

The Eastern Europe and Central Asia region has experienced the steepest global rise in new HIV
infections since 2010. Uzbekistan faces compounding challenges: low HIV literacy, entrenched stigma
among healthcare workers, and a critical shortage of infectious disease specialists that necessitates
greater reliance on community nurses. Artificial intelligence (Al) and mobile health (mHealth) tools offer
scalable solutions, yet evidence from nursing-led, community-based HIV prevention in this region is
virtually absent from the international literature.

Methods.

We conducted a multi-stage mixed-methods study (2019-2025) combining: (1) a systematic literature
review (SLR) of 1,021 peer-reviewed publications retrieved from Scopus, PubMed/MEDLINE, Embase,
and CINAHL, supplemented by Russian-language databases (eLibrary.ru, CyberLeninka), (2) a cross-
sectional survey of 1,367 community respondents and 688 nurses with validated bilingual instruments
(Uzbek/Russian); (3) a quasi-experimental prospective cohort intervention (n = 500) deploying the nurse-
led training programme "Let's Stop HIV Together" and the mHealth application "For Life / Hayot uchun"
with pre-, post-, and 24-month follow-up assessment; and (4) a Random Forest predictive model (AUC
0.87,95% Cl: 0.84-0.90) to project HIV incidence scenarios through December 2026. All projections are
accompanied by 95% confidence intervals derived from 1,000 bootstrap resamples.

Results.

The intervention produced statistically significant improvements across all 20 HIV knowledge and
stigma indicators (p < 0.001). The most striking finding was a 9.0-fold increase in willingness to study
alongside an HIV-positive classmate (from 9.7% to 86.9%). Nurse stigma was the second-strongest
predictor of HIV risk behaviour in the predictive model (feature importance: 0.21), following low
knowledge score (0.28). Without scaled-up intervention, the model projects the youth share of new HIV
cases to reach 31.2% (95% Cl: 28.7-33.6%) by end-2026. Scaling the platform to 5,000 community
nurses is projected to reduce overall incidence to 7.1 (95% CI: 6.5-7.8) per 100,000 and avert an
estimated 200 (95% Cl: 156-244) infections annually, generating net health system savings of

357.5 million UZS per year and a return on investment of 2.8:1.

Conclusions.

Al-enhanced, nurse-led digital interventions represent a feasible, cost-effective, and contextually
appropriate strategy for advancing SDG 3 (Good Health) and SDG 5 (Gender Equality) in Central Asia.
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Prospective cluster-randomised validation is planned for 2026-2028 to confirm these findings.

1. Introduction

In 2015, the United Nations Member States adopted the 2030 Agenda for Sustainable Development,
committing to 17 Sustainable Development Goals that represent an urgent call for action across a global
partnership [1]. Among these, SDG 3 aims to "ensure healthy lives and promote well-being for all at all
ages," with Target 3.3 specifically committing to ending the AIDS epidemic by 2030. SDG 5 aims to
"achieve gender equality and empower all women and girls," recognising that gender inequality remains a
persistent barrier to health access and outcomes worldwide [2].

The Eastern Europe and Central Asia (EECA) region has experienced a 49% increase in new HIV
infections between 2010 and 2023 — the steepest rise globally [9]. In Uzbekistan, approximately 43,000
people were living with HIV as of 2021, with a concerning demographic shift: the proportion of new
cases among youth aged 15-24 rose from 14% in 2010 and is projected to reach 29.5% in 2025 [10].
Despite national efforts, three critical barriers persist. First, HIV literacy remains critically low: only 20.1%
of schoolchildren correctly identified that HIV is not transmitted through coughing in the 2019 baseline
survey. Second, stigma is entrenched among healthcare workers, with 48% of surveyed nurses believing
that HIV-positive patients require isolation in separate wards. Third, structural constraints are severe,
with only 0.8 infectious disease physicians per 10,000 population, making a greater role for community
nurses both necessary and appropriate [11].

Advancements in Al and mobile health technologies offer transformative potential for public health
delivery in resource-limited settings. Al is increasingly applied to diagnosis, treatment recommendations,
patient engagement, and administrative functions [6]. The World Health Organization's 2021 guidelines
explicitly recommend digital health interventions, including mHealth tools and clinical decision-support
systems, to improve the quality and reach of HIV prevention services [7, 8]. However, while Al
applications in HIV research have grown — predominantly in biomarker discovery and drug development
— their deployment within nursing-led, community-based prevention programmes in Central Asia has not
been documented in the peer-reviewed literature.

This study addresses that gap. We ask: Can Al-enhanced, nurse-led HIV prevention interventions
expedite the achievement of gender equality and health sustainability goals in Uzbekistan? We situate
this question within an interdisciplinary framework that integrates nursing science, digital health, gender
studies, and health economics, and adopt intersectionality [14] as a conceptual lens to analyse
compounding barriers faced by women — both as providers and recipients of care.

2. Methodology
2.1 Systematic Literature Review
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This SLR was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA 2020) guidelines [PRISMA 2020 checklist provided as Supplementary File 1].
The review protocol was prospectively registered on the PROSPERO international registry prior to data
extraction. The review was conducted from data collected between January 2018 and 30 June 2024.

2.1.1 Search Strategy

To mitigate publication-language bias, we searched six electronic databases: Scopus,
PubMed/MEDLINE, Embase, CINAHL, and two Russian-language databases — eLibrary.ru and
CyberLeninka — the latter being essential given the Central Asian focus of the review and the
predominance of Russian-language scientific publication in the post-Soviet space. Search strings used
Boolean combinations of the following concept blocks: ("HIV prevention" OR "AIDS prevention") AND
("nurs*" OR "community health worker") AND ("artificial intelligence" OR "machine learning" OR "mHealth"
OR "digital health") AND ("gender equality" OR "women's health" OR "stigma") AND ("Sustainable
Development Goal" OR "SDG 3" OR "SDG 5"). Full search strings for each database are provided in
Supplementary File 2.

The initial combined sample across all databases consisted of 2,743 records. After deduplication, 2,156
unique records were screened. English and Russian-language articles were eligible for inclusion. Records
published in other languages were excluded, as translation resources were not available for the full-text
review stage. This represents an acknowledged limitation. The screening and eligibility assessment were
performed independently by all three authors using Rayyan systematic review software. Inter-rater
reliability, measured using Cohen's kappa, was k = 0.81 (95% Cl: 0.76-0.86), indicating strong agreement.
Disagreements were resolved through structured consensus discussion, with no third-party arbitration
required. The final sample comprised 1,021 articles.

Articles were categorised into five thematic clusters (Table 1), with each article assigned to one primary
cluster based on its principal contribution. Cluster assignments were made independently by two
authors and verified by the third.
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Table 1
System of Article Categorisation: Al-Enhanced Nursing in HIV Prevention and SDGs

Cluster Thematic Markers Keyword Examples
1: Gender Equality & Gender norms, women's health, gender equality, women and HIV,
HIV HIV stigma, key populations stigma, discrimination, PrEP access
2: Health Al & Digital Al, machine learning, mHealth, Al, machine learning, digital health,
Interventions predictive modeling, chatbot mobile app, predictive analytics, NLP
3: Sustainable SDG 3, SDG 5, 2030 Agenda, SDG 3, SDG 5, sustainable
Development Goals health equity, UHC development, health policy, equity
4: Research RCT, cohort study, mixed- cohort, randomised trial, meta-
Approaches methods, cost-effectiveness analysis, cost-effectiveness,
qualitative
5: Geographical Central Asia, EECA, Uzbekistan, Uzbekistan, Central Asia, EECA, low-
Focus low-resource settings income, community-based

2.2 Primary Data Collection

In addition to the SLR, we conducted a multi-stage mixed-methods study in Tashkent, Uzbekistan (2019-
2025), approved by the Ethics Committee of Tashkent State Medical University (Protocol No. 08-16715,
13 June 2022) and conducted in accordance with the Declaration of Helsinki. Supplementary ethical
approvals were obtained from the Tashkent City Department of Public Education and all participating
institutions.

2.2.1 Study Design

» Cross-sectional survey (2019-2021): Assessment of HIV knowledge and stigma among three
community population groups (n =1,367) and nurses (n = 688).

» Prospective quasi-experimental cohort intervention (2019-2025): Implementation of the nurse-led
programme "Let's Stop HIV Together" and the mHealth application "For Life / Hayot uchun" with pre-,
post-, and 24-month follow-up evaluation (n = 500). A quasi-experimental rather than fully
randomised design was selected given the ethical constraints of withholding an established
educational intervention from schoolchildren; this limitation is discussed in Section 4. Attrition
between baseline (n = 500) and 24-month follow-up (n = 434; 13.2% loss to follow-up) was analysed
by comparing demographic characteristics of completers versus non-completers; no statistically
significant differences were observed in age, gender, or baseline knowledge score (all p >0.10),
reducing the likelihood of attrition bias.

 Predictive simulation modelling (2025-2026): Development of a Random Forest machine learning
model to project HIV incidence scenarios through December 2026 under two policy conditions (see
Section 2.4).

2.2.2 Participants
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Community respondents (n = 1,367) were divided into: Group | — Childhood and Adolescence
(schoolchildren aged 14-18; n=811); Group Il — Youth (university students aged 18-29; n = 355); Group
[l — Mature and Middle Age (aged 30+; n =201). Random cluster sampling was performed across 15
schools in all 11 districts of Tashkent. An additional online survey via smirkhamidova.com (n = 256)
supplemented offline data collection; online participants were recruited via school-administered links,
were required to confirm age eligibility, and IP-level duplicate screening was applied to minimise
fraudulent responses. Self-selection bias among online respondents is acknowledged as a limitation.

Nurses (n = 688) were recruited from primary healthcare facilities (main group, n = 614) and specialised
AIDS centres (control group for the nurse survey, n = 74), plus 28 head nurses for organisational
assessment. The AIDS-centre nurses served as a knowledge-benchmark comparator rather than an
intervention control group; these two roles are analytically distinct and reported separately.

2.2.3 Instruments

Structured questionnaires were developed in Uzbek and Russian and validated through a two-stage
process: (1) expert content validity assessment by a panel of five infectious disease and public health
specialists (Content Validity Index: 0.91); and (2) pilot testing with 30 respondents not included in the
final sample, followed by item refinement. Internal consistency of the final instruments was satisfactory:
Cronbach's a=0.79 for the 19-item community questionnaire and a = 0.74 for the 11-item nurse
guestionnaire. For the general population, the instrument assessed HIV transmission knowledge,
prevention awareness, and stigmatising attitudes. For nurses, the instrument evaluated HIV knowledge,
willingness to provide care, and discriminatory attitudes.

2.2.4 Intervention

The training programme "Let's Stop HIV Together" was delivered through interactive seminars using ICT
tools, illustrated booklets, and participatory exercises, conducted by trained nurses in school settings.
The digital platform comprised the website smirkhamidova.com and the mobile application "For Life /
Hayot uchun," featuring knowledge modules, a stigma self-assessment tool, and a rule-based virtual
consultant. These components constituted the evaluated intervention (2019-2021). In 2024, a prototype
large language model (LLM) chatbot was subsequently integrated into the platform as a future-facing
enhancement; this component was developed and piloted after the close of the intervention evaluation
period and its outcomes are not reflected in Table 4. Prospective evaluation of the LLM component is
planned as part of the 2026-2028 cluster-RCT.

2.3 Statistical Analysis

Categorical outcomes were compared using Pearson's x2 test; continuous outcomes were compared
using Student's t-test or ANOVA for repeated measures, as appropriate. Odds ratios (OR) with 95%
confidence intervals (Cls) are reported throughout. The significance threshold was set at a =0.05. All
inferential statistics were computed in SPSS v.26; confidence intervals for proportions were calculated
using the Wilson score method to ensure validity at the distributional extremes.
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2.4 Predictive Simulation Modelling

A Random Forest classifier (1,000 decision trees) was trained to predict the binary outcome "HIV risk
behaviour" at the individual level, with input features: age group, gender, HIV knowledge score, stigma
score of assigned primary care nurse, mHealth platform access, educational attainment, and geographic
location (urban/peri-urban). The model was built on a combined dataset comprising 10,500 real data
points from the primary study, augmented to 50,000 agents via Gaussian copula-based synthetic data
generation to achieve sufficient statistical power for subgroup analyses. To evaluate the effect of
augmentation on model performance, we compared AUC metrics between the real-data-only model (AUC
0.81,95% CI: 0.76-0.86) and the augmented model (AUC 0.87, 95% Cl: 0.84-0.90); the improvement
reflects enhanced minority-class representation rather than data leakage, as confirmed by the consistent
performance on the held-out real-data test set.

The model was validated on a temporally separated hold-out set (real data from 2023-2024, n = 1,847
observations not used in training), yielding sensitivity = 0.82 and specificity = 0.79. Prospective external
validation on an independent cohort from regions outside Tashkent is planned for 2026-2027 and is a
prerequisite before the model is used for clinical or administrative decision-making. All projections in
Section 3.3 were generated by running the model across 1,000 bootstrap resamples of the agent
population; 95% confidence intervals reflect the 2.5th and 97.5th percentiles of the resulting projection
distributions. Model code and the synthetic dataset are publicly available at
https://github.com/smirkhamidova/ForLife-Almodel (DOI: 10.5281/zenodo. XXXXXXX).

3. Results
3.1 Gender Equality and HIV Stigma in Nursing

Nursing in Uzbekistan is a predominantly female profession (over 95% of nurses are women), meaning
that gender dynamics intersect directly with healthcare delivery. Our survey of 688 nurses revealed a
significant gender dimension to HIV stigma: the most stigmatised care procedures were those related to
women's reproductive health. Despite 96% (95% Cl: 88.0—99.0%) of control-group nurses (specialised
AIDS centres) being willing to measure blood pressure on an HIV-positive patient, only 51% (95% ClI:
39.2-62.8%) were willing to assist in childbirth for an HIV-positive woman — the lowest willingness rate
for any clinical task in that group (Table 2). In the main group (non-specialised facilities), childbirth
assistance willingness was 59% (95% Cl: 55.0-63.0%), with 25% (95% Cl: 21.7-28.6%) of nurses
reporting fear or anger when informed a patient is HIV-positive.
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Nurses' Willingness to Provide Care to HIV-Positive Patients (n = 688)

Table 2

Question Control Group (n = Main Group (n= - X2
74) % (95% Cl) 614) % (95% CI) value
Must patients disclose HIV statusto 68 (56.5-78.1) 59 (55.0-63.0) 0.11 2.57
health workers?
Must relatives be informed of 18 (10.1-28.9) 46 (42.0-50.1) < 17.9
patient's HIV status? 0.001
Willing to measure blood 96 (88.0-99.0) 89 (86.3-91.3) 0.04 4.15
pressure/pulse of HIV+ patient
Willing to perform 89 (79.7-94.8) 72 (68.3-75.5) < 12.3
injections/dressings for HIV+ patient 0.001
Willing to assist in childbirth for 51 (39.2-62.8) 59 (55.0-63.0) 0.15 2.07
HIV+ woman
Believe HIV+ patients need separate 20(11.9-30.9) 29 (25.5-32.7) 0.07 3.28
wards
Willing to use shared toilet with HIV+ 80 (69.2-88.2) 49 (45.0-53.1) < 19.6
person 0.001
Will provide full medical care 97 (89.9-99.6) 77 (73.5-80.2) < 14.9
knowing patient is HIV+ 0.001
Feel fear or anger knowing patient is 11 (5.2-20.4) 25(21.7-28.6) < 7.82
HIV+ 0.001
Note: 95% Cls calculated using the Wilson score method. Bold p-values indicate statistical significance
ata=0.05.
Table 3
Distribution of Survey Respondents by Age Group and Gender (n =1,367)

Age Group Female % (n) Male% (n) Totaln % of Sample

14-18 years (Group 1)  58% (470) 42% (341) 811 59.3%

18-29 years (Group Il)  62% (220) 38% (135) 355 26.0%

30 +years (Group Il 64% (129) 36% (72) 201 14.7%

Total

60% (819) 40% (548)

1,367 100%

3.2 Digital Intervention Outcomes

The training programme and mHealth application were implemented among 500 participants (87%
students aged 14-18, 7% teachers, 6% parents) from two Tashkent schools. At baseline (2019), zero of
the 20 indicators reached the 85%-correct threshold. By 24-month follow-up (2021), 12 of 20 indicators
exceeded 85% correct responses (Table 4). All changes were statistically significant (p < 0.001).
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Table 4
Knowledge and Attitude Changes Among Schoolchildren (n = 434, pre- vs. post-intervention)

Indicator 2019 2020 2021 Fold p
Pre (%) Post (%) Fo;Iow-up Change
%

HIV is not transmitted through 20.1 71.7 74.6 3.5% <
coughing / sneezing 0.001
HIV weakens the body's immune 33.3 85.1 92.7 2.8x <
system 0.001
An HIV+ mother can give birth to a 12.6 45.7 49.4 3.9% <
healthy baby (with PMTCT) 0.001
HIV can be transmitted through 32.4 72.6 89.4 2.8x <
blood and sexual fluids 0.001
HIV is not transmitted through 20.1 77.4 81.2 4.0x <
casual contact / communication 0.001
HIV infection cannot be cured (no 20.1 86.9 85.3 4.2x <
vaccine) 0.001
Positive HIV test # AIDS diagnosis 10.1 49.8 58.0 5.7x <

0.001
Would NOT refuse to study with an 9.7 48.7 86.9 9.0x <
HIV+ classmatet 0.001

T Indicator 20 is reversed: the percentage shown represents those who would NOT refuse (i.e., tolerant
attitude). Full 20-indicator results are provided in Supplementary Table S1.

3.2.1 Predictive Model: Feature Importance

The Random Forest model identified the following ranked predictors of HIV risk behaviour (feature
importance scores, mean decrease in Gini impurity):

Feature Importance Score
Low HIV knowledge score 0.28

High nurse stigma score (assigned primary care nurse)  0.21

Absence of mHealth platform access 0.17
Age 18-24 years 0.14
Female gender in peri-urban / rural setting 0.09
Low educational attainment 0.06
Geographic remoteness (outside central districts) 0.05
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3.3 Epidemiological Projections and SDG Alignment

According to official data from the Republican AIDS Centre, HIV incidence in Uzbekistan decreased from
14.6 per 100,000 population in 2009 to 8.4 in 2020. However, a disaggregated analysis reveals a
concerning demographic shift toward younger populations (Table 5). Under the business-as-usual
scenario (no scaled-up digital intervention), the model projects the youth share of new infections (ages
15-29) to reach 31.2% (95% CI: 28.7-33.6%) by end-2026 — a trajectory incompatible with meeting SDG
Target 3.3 by 2030. The scale-up scenario — in which 5,000 community nurses are trained and equipped
with the "For Life" Al-mHealth platform — projects an overall incidence reduction to 7.1 (95% Cl: 6.5-7.8)
per 100,000 and a youth share of 25.1% (95% Cl: 22.8-27.5%).

Table 5
Age Distribution of New HIV Cases in Uzbekistan: Observed and Projected, 2015-2026
Year 0-19yrs (% 20-29 yrs 30+yrs (% Total incidence  Source
new cases) (% new new cases) per 100,000
cases)

2015 7.8 18.2 74.0 10.2 Observed
2020 9.2 24.5 66.3 8.4 Observed
2023 11.5 27.0 61.5 8.1 Observed
2025 (projected, no 13.1 29.5(27.1- 574 7.9 (7.3-8.5) Modelled
scale-up) 31.9)

2026 (projected, no 14.8 31.2(28.7- 54.0 8.2 (7.6-8.9) Modelled
scale-up) 33.6)

2026 (projected, with  11.2 25.1(22.8-  63.7 7.1(6.5-7.8) Modelled
Al+mHealth scale- 27.5)

up)

Note: Parenthetical values are 95% Cls from 1,000 bootstrap resamples. Observed data from Republican
AIDS Centre [10]; projected values from the Random Forest simulation model. Scale-up scenario
assumes training of 5,000 nurses and platform deployment across all 14 regions of Uzbekistan.

3.4 Cost-Effectiveness Analysis

The economic evaluation follows a budget-impact analysis framework, comparing direct medical costs
under two scenarios over a one-year horizon (2026). We do not claim this constitutes a full health-
technology assessment; a formal cost-utility analysis reporting cost per DALY averted is planned as part
of the prospective cluster-RCT protocol and will be reported separately. The 200 averted infections (95%
Cl: 156-244) used as the key parameter in Table 6 are derived from the bootstrapped projection
distributions described in Section 2.4.

Indirect costs, including nurse time allocated to training (estimated at 16 hours per nurse at an
opportunity cost of approximately 55,000 UZS per nurse, totalling 275 million UZS for 5,000 nurses), are
excluded from Table 6 as they are not captured in direct health system expenditure accounts. Their
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inclusion would reduce the net saving to approximately 82.5 million UZS per year, maintaining a positive
return on investment. Sensitivity analysis across a + 30% range of key cost parameters is provided in
Supplementary File 3.

Table 6
Projected Budget Impact of Al-Enhanced Nurse-Led Intervention (2026 Horizon, Million UZS)
Cost Item Scenario A: No Scenario B: Al + mHealth
Intervention Scale-Up (5,000 nurses)
Treatment costs for 200 averted new HIV 364 (284-444) 0 (prevented)
cases (95% Cl: 156-244) x 1.82M UZS
Treatment of 5 averted occupational nurse 195 0 (prevented)
infections x 39M UZS
Training 5,000 nurses 0 65
Al platform development (one-time) 0 65
Annual mHealth platform maintenance 0 6.5
Differentiated training programme 0 65
development
Total direct system cost 559 (479-639) 201.5
Net annual direct saving — 357.5(277-438)
Note: All cost parameters are expressed in millions of Uzbekistani Som (UZS) at 2025 prices.
Parenthetical values propagate the 95% CI of averted infections. A formal cost-utility analysis is planned
for the 2026—-2028 prospective study phase. Sensitivity analysis is provided in Supplementary File 3.

4. Discussion

Our findings indicate that a relatively low-cost, nurse-led digital intervention can produce substantial
improvements in HIV knowledge and stigma reduction among youth in Tashkent. The 9.0-fold increase in
willingness to study alongside an HIV-positive classmate — sustained at 24-month follow-up —
represents a clinically and socially meaningful shift in normative attitudes. This result aligns with Stangl
et al. [44], who demonstrated that community interventions combining information, participatory
methods, and contact with affected groups can shift stigmatising attitudes within short timeframes.

The predictive model identifies nurse stigma as the second-strongest individual-level predictor of HIV
risk behaviour (feature importance: 0.21), after low knowledge score (0.28). This finding is particularly
salient in the Uzbek context, where over 95% of the nursing workforce is female. Entrenched stigma
among nurses does not only harm patients — it represents a professional development gap for a
predominantly female workforce and undermines the SDG 5 goal of investing in women's economic
participation and empowerment. Equipping nurses with digital decision-support and anti-stigma training
is therefore simultaneously a public health intervention and a gender equality investment.
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4.1 Limitations
This study has several limitations that should inform interpretation of findings and guide future research.

e Geographic scope: Data were collected in Tashkent and may not be representative of rural areas —
particularly Karakalpakstan, the Fergana Valley, and Surkhandarya — where internet connectivity,
digital literacy, and health system infrastructure differ substantially.

» Study design: The quasi-experimental design, adopted for ethical reasons, precludes definitive
causal inference. We characterise our findings as "strong preliminary evidence" that the intervention
is associated with improved outcomes, rather than proof of causation. A cluster-randomised
controlled trial is planned for 2026—2028.

e Predictive model: The model relies on a feature set that does not include direct behavioural
indicators of sexual risk (e.g., condom use, partner number), which are established primary drivers
of transmission. These variables were excluded due to data sensitivity constraints. Additionally,
external validation on populations outside Tashkent has not yet been conducted; the model should
not be used for individual-level clinical risk assessment pending such validation.

* SLR language scope: Despite the inclusion of Russian-language databases, literature in Uzbek and
other regional languages was not retrievable through the searched platforms, representing a
residual language bias.

» Self-report bias: Stigma and knowledge were measured through self-report instruments, which are
subject to social desirability bias, particularly in a context with high baseline stigma.

4.2 Policy Implications

The findings carry several actionable policy implications for Uzbekistan and the broader EECA region.
First, the "For Life" mHealth platform should be integrated into the national HIV prevention strategy with
dedicated funding for scale-up across all 14 regions. Second, continuous professional development on
HIV stigma reduction should be mandated for all primary care nurses. Third, a national task force on
gender equality in health Al should be established to ensure that digital tools are co-designed with and
for women. Fourth, the predictive model should be prospectively validated and, upon confirmation,
deployed to support data-driven resource allocation in HIV prevention.

In relation to the EU Al Act [29] — enacted in August 2024 and now in its phased implementation period
— Al tools deployed in public health settings such as this may qualify as high-risk systems under Annex
Il (health and safety systems), triggering requirements for transparency, human oversight, and
conformity assessment. Policymakers adopting the platform should account for these regulatory
obligations, and international partners supporting digital health in Central Asia should incorporate such
frameworks into their technical assistance.

5. Conclusions
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This study provides, to our knowledge, the first comprehensive empirical evidence from Uzbekistan —
and among the first from Central Asia — that Al-enhanced, nurse-led digital interventions can
significantly improve HIV knowledge, reduce stigma, and offer a cost-effective pathway toward achieving
SDG 3 and SDG 5 simultaneously. Key findings include a 3.2-9.0-fold improvement across knowledge
and attitude indicators, nurse stigma identified as the second-strongest modifiable predictor of HIV risk
behaviour, and a projected budget saving of 357.5 million UZS per year (95% CI: 277-438 million) under
full scale-up.

Critically, these findings are characterised as strong preliminary evidence from a quasi-experimental
study. Definitive causal confirmation awaits the planned 2026-2028 cluster-randomised trial. The
predictive model, while demonstrating promising internal performance (AUC 0.87), requires prospective
external validation before application to clinical or policy decision-making.

The integration of SDG 3 and SDG 5 within a single intervention framework — in which female nurses are
simultaneously the agents and beneficiaries of technological empowerment — represents a novel
contribution to the global health literature. These findings provide actionable evidence for policymakers
in Uzbekistan and across the EECA region to invest in scalable, contextually adapted, Al-enabled nursing
platforms as tools for achieving the 2030 Agenda.

Declarations

Author Contributions

Conceptualisation: S.M.M. and H.E.R. Data curation: S.M.M. Formal analysis: S.M.M. and G.K.K. Funding
acquisition: S.M.M. Investigation: S.M.M., H.E.R., and G.K.K. Methodology: S.M.M. and H.E.R. Project
administration: S.M.M. Resources: H.E.R. and G.K.K. Software: S.M.M. Supervision: S.M.M. Validation:
S.M.M,, H.E.R,, and G.K.K. Visualisation: S.M.M. and G.K.K. Writing — original draft: S.M.M. Writing —
review and editing: S.M.M., H.E.R., and G.K.K. All authors have read and agreed to the published version
of the manuscript.

Funding

No external funding was received for this study. This work was conducted as part of the corresponding
author's doctoral research.

Competing Interests
The authors declare no competing interests.
Ethics Approval

This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics
Committee of Tashkent State Medical University (Approval No. 08-16715, 13 June 2022). Additional

Page 13/17



approvals were obtained from the Tashkent City Department of Public Education and all participating
schools and healthcare facilities.

Informed Consent

Informed consent was obtained from all participants. For participants under 18 years of age, written
parental or guardian consent was obtained prior to enrolment.

Data Availability

The de-identified aggregate data underlying Tables 2-6 are available from the corresponding author
upon reasonable request, subject to a signed data use agreement (contact:
smirkhamidova@gmail.com). Individual-level data containing HIV-related attributes are not publicly
available due to privacy protections under Uzbekistan law and the Declaration of Helsinki.

Code Availability

All analysis code, including SPSS syntax for inferential statistics and Python scripts for Random Forest
model training, hyperparameter tuning, and bootstrap resampling, is deposited in the public repository.

References

1. United Nations. Transforming our World: The 2030 Agenda for Sustainable Development. New York:
United Nations; 2015. Available from: https://sdgs.un.org/publications/transforming-our-world-
2030-agenda-sustainable-development-17981

2. Gupta GR, Oomman N, Grown C, et al. Gender equality and gender norms: framing the opportunities
for health. Lancet. 2019;393(10190):2550-2562. https://doi.org/10.1016/S0140-6736(19)30651-8

3. Jha A, Kickbusch I, Taylor P, Abbasi K. Accelerating achievement of the sustainable development
goals. BMJ. 2016;352:i409. https://doi.org/10.1136/bm;.i409

4. Cleghorn E. Unwell Women: Misdiagnosis and Myth in a Man-Made World. New York: Dutton,
Penguin Random House; 2021.

5. Deziel S. How Medical Research Has Failed Women. Chatelaine. 2016.

6. Davenport T, Kalakota R. The potential for artificial intelligence in healthcare. Future Healthc J.
2019;6(2):94-98. https://doi.org/10.7861/futurehosp.6-2-94

7. World Health Organization. Consolidated Guidelines on HIV Prevention, Testing, Treatment, Service
Delivery and Monitoring: Recommendations for a Public Health Approach. Geneva: WHO; 2021.

8. World Health Organization. Recommendation on Digital Health Interventions for HIV Prevention,
Testing, Treatment, and Care. Geneva: WHO; 2021.

9. UNAIDS. The Urgency of Now: AIDS at a Crossroads. Global AIDS Update 2024. Geneva: UNAIDS;
2024.

Page 14/17



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Republican Centre for AIDS Control of the Republic of Uzbekistan. Official Statistical Report on HIV
Incidence and Prevalence, 2010-2023. Tashkent: Ministry of Health of the Republic of Uzbekistan;
2024.

Mirkhamidova SM, Rustamova HE, Khudaykulova GK, Azizova F, llyasova M. Results of seminars on
HIV prevention in Tashkent city educational institutions. E3S Web of Conf. 2023;381:01093.
https://doi.org/10.1051/e3sconf/202338101093

Vinuesa R, Azizpour H, Leite |, et al. The role of artificial intelligence in achieving the Sustainable
Development Goals. Nat Commun. 2020;11:233. https://doi.org/10.1038/s41467-019-14108-y

Sawers N, Bolster N, Bastawrous A. The contribution of artificial intelligence in achieving SDGs:
lessons from eye health. Front Public Health. 2021;9:752049.
https://doi.org/10.3389/fpubh.2021.752049

Crenshaw K. On Intersectionality: Essential Writings. New York: The New Press; 2017.

Mustafa F, Lodh S, Nandy M, Kumar V. Coupling of cryptocurrency trading with sustainable
environment goals. Bus Strategy Environ. 2022;31(3):1152-1168. https://doi.org/10.1002/bse.2948
Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71

Schaap R, de Wind A, Coenen P, Proper K, Boot C. Effects of exit from work on health across
socioeconomic groups. Soc Sci Med. 2018;198:36-45.
https://doi.org/10.1016/j.socscimed.2017.12.015

King TL, Kavanagh A, Scovelle AJ, Milner A. Associations between gender equality and health: a
systematic review. Health Promot Int. 2020;35(1):27-41. https://doi.org/10.1093/heapro/day093

Heise L, Greene ME, Opper N, et al. Gender inequality and restrictive gender norms: framing the
challenges to health. Lancet. 2019;393(10189):2440-2454. https://doi.org/10.1016/S0140-
6736(19)30652-X

Mirkhamidova SM. Nursing-Led HIV Prevention in Uzbekistan: Strategies, Stigma Reduction, and
Pathways to Strengthening Vulnerable Population Outcomes. Research Square Preprint. 2026.
https://doi.org/10.21203/rs.3.rs-9614177/v1

Benyamini Y, Todorova I. Women's reproductive health in sociocultural context. Int J Behav Med.
2017;24(6):799-802. https://doi.org/10.1007/s12529-017-9695-7

Oram S, Khalifeh H, Howard LM. Violence against women and mental health. Lancet Psychiatry.
2017;4(2):159-170. https://doi.org/10.1016/S2215-0366(16)30261-9

Barker LC, Stewart DE, Vigod SN. Intimate partner sexual violence: an often-overlooked problem. J
Womens Health. 2019;28(3):363-374. https://doi.org/10.1089/jwh.2017.6811

Kruse CS, Goswamy R, Raval YJ, Marawi S. Challenges and opportunities of big data in healthcare: a
systematic review. JMIR Med Inform. 2016;4(4):e38. https://doi.org/10.2196/medinform.5359

Deo RC. Machine learning in medicine. Circulation. 2015;132(20):1920-1930.
https://doi.org/10.1161/CIRCULATIONAHA.115.001593

Page 15/17



26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

Gerke S, Minssen T, Cohen G. Ethical and legal challenges of Al-driven healthcare. In: Bohr A,
Memarzadeh K, eds. Artificial Intelligence in Healthcare. Cambridge: Academic Press; 2020:295-
336.

Meng F, Guo X, Peng Z, Ye Q, Lai KH. Trust and elderly users' continuance intention regarding mobile
health services. Inf Technol People. 2022;35(1):259-280. https://doi.org/10.1108/ITP-11-2019-0602

Mirkhamidova SM, Rustamova HE. The Unseen Architecture of Trust: Seven-Year Mixed-Methods
Evidence on Nurse-Led HIV Prevention and the Paradox of Stigma in Uzbekistan. Research Square
Preprint. 2026. https://doi.org/10.21203/rs.3.rs-9297183/v1

European Parliament and Council. Regulation (EU) 2024/1689 of the European Parliament and of
the Council of 13 June 2024 laying down harmonised rules on artificial intelligence (Artificial
Intelligence Act). Official Journal of the European Union. 2024;L 2024/1689.

Marcus JL, Hurley LB, Krakower DS, et al. Use of electronic health record data and machine learning
to identify candidates for HIV pre-exposure prophylaxis. Lancet HIV. 2019;6(10):e688-e695.
https://doi.org/10.1016/S2352-3018(19)30137-7

Manandhar M, Hawkes S, Buse K, Nosrati E, Magar V. Gender, health and the 2030 agenda for

sustainable development. Bull World Health Organ. 2018;96(9):644-653.
https://doi.org/10.2471/BLT.18.211607

United Nations Statistics Division. SDG Indicator Metadata: 3.3.1 Number of New HIV Infections per
1,000 Uninfected Population. New York: United Nations; 2024.

. World Health Organization; Office of the United Nations High Commissioner for Human Rights. Fact

Sheet No. 31: The Right to Health. Geneva: WHO; 2008.

Patsopoulos NA, Analatos AA, loannidis JP. Relative citation impact of various study designs in the
health sciences. JAMA. 2005;293(19):2362-2366. https://doi.org/10.1001/jama.293.19.2362

Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. 3rd ed. Philadelphia: Wolters Kluwer /
Lippincott Williams & Wilkins; 2008.

UNAIDS. UNAIDS Data 2023. Geneva: UNAIDS; 2023.

Lester RT, Ritvo P, Mills EJ, et al. Effects of a mobile phone short message service on antiretroviral
treatment adherence in Kenya (WelTel Kenya1). Lancet. 2010;376(9755):1838-1845.
https://doi.org/10.1016/S0140-6736(10)61997-6

Bi WL, Hosny A, Schabath MB, et al. Artificial intelligence in cancer imaging: clinical challenges and
applications. CA Cancer J Clin. 2019;69(2):127-157. https://doi.org/10.3322/caac.21552

Alimadadi A, Aryal S, Manandhar |, et al. Artificial intelligence and machine learning to fight COVID-
19. Physiol Genomics. 2020;52(4):200—-202. https://doi.org/10.1152/physiolgenomics.00029.2020

Marcus JL, Sewell WC, Balzer LB, Krakower DS. Artificial intelligence and machine learning for HIV
prevention: emerging approaches to ending the epidemic. Curr HIV/AIDS Rep. 2020;17(3):171-179.
https://doi.org/10.1007/s11904-020-00490-6

Page 16/17



41.

42.

43.

44,

45.

46.

47.

Stangl AL, Earnshaw VA, Logie CH, et al. The Health Stigma and Discrimination Framework: a global,
crosscutting framework to inform research, intervention development, and policy. BMC Med.
2019;17(1):31. https://doi.org/10.1186/s12916-019-1271-3

Mesko B, Gorog M. A short guide for medical professionals in the era of artificial intelligence. NPJ
Digit Med. 2020;3:126. https://doi.org/10.1038/s41746-020-00333-z

Danesi CC. The impact of artificial intelligence on women's rights: a legal point of view. In: Miller K,
Wendt K, eds. The Fourth Industrial Revolution and Its Impact on Ethics. Cham: Springer; 2021:267-
282.

Stangl AL, Pliakas T, Izazola-Licea JA, et al. Removing societal and structural barriers to HIV
services: a global review of stigma and discrimination interventions. J Int AIDS Soc.
2020;23(S1):€25556. https://doi.org/10.1002/jia2.25556

Fottrell E, Ahmed N, Morrison J, et al. Community groups or mobile phone messaging to prevent
type 2 diabetes in Bangladesh (DMagic): a cluster-randomised controlled trial. Lancet Diabetes
Endocrinol. 2019;7(3):200-212. https://doi.org/10.1016/52213-8587(19)30001-4

Richardson SS, Reiches MW, Bruch J, et al. Is there a gender-equality paradox in STEM?
Commentary on Stoet and Geary. Psychol Sci. 2020;31(3):338-341.
https://doi.org/10.1177/0956797619872762

World Health Organization. Ethics and Governance of Artificial Intelligence for Health: WHO
Guidance. Geneva: WHO; 2023.

Page 17/17



