Supplementary Data Tables
Beyond Direct Savings: Administrative Productivity, Dual Workflows and Risk-Adjusted Assessment of Healthcare Digitalization in Kazakhstan
Data note. This document provides cleaned supplementary data tables supporting the manuscript. Empty rows without numerical or qualitative information were removed. Calculated indicators are marked as author calculations. The data are aggregated institutional records of the University Hospital of NJSC Semey Medical University and should not be interpreted as patient-level microdata or audited financial savings.
Table S1. General hospital activity indicators, 2019-2025
	Indicator
	Unit
	2019
	2020
	2021
	2022
	2023
	2024
	2025

	Beds
	units
	490
	465
	465
	465
	465
	465
	465

	Average annual number of employees
	persons
	608
	603
	586
	595
	610
	636
	618

	Physicians
	persons
	132
	135
	129
	133
	145
	153
	160

	Nursing staff
	persons
	436
	434
	419
	424
	425
	440
	428

	Administrative staff
	persons
	36
	34
	38
	38
	40
	43
	30

	Treated patients / cases
	units
	16,563
	14,353
	17,638
	17,393
	19,195
	20,163
	20,087

	Hospitalizations
	units
	16,429
	14,266
	17,743
	17,371
	19,048
	20,181
	20,066

	Outpatient visits
	units
	28,175
	21,919
	43,385
	35,867
	35,867
	37,434
	39,268

	Average length of stay
	days
	8.9
	8.4
	8.5
	8.9
	8.3
	8.4
	8.1

	Bed turnover
	times
	33.8
	30.9
	37.8
	37.4
	41.3
	43.4
	43.2

	Bed occupancy
	days
	304.2
	257.9
	322.4
	332.9
	342.6
	364.2
	349.9

	Laboratory tests
	units
	807,035
	506,266
	870,828
	807,140
	1,051,002
	1,163,455
	1,232,611

	Diagnostic examinations
	units
	134,489
	122,872
	130,102
	150,743
	163,052
	170,306
	181,258


Note: compiled by the authors based on aggregated hospital data.


Table S2. IT and digitalization expenditures, 2019-2025
	Indicator
	Unit
	2019
	2020
	2021
	2022
	2023
	2024
	2025
	Total

	Total IT and digitalization expenditures
	thousand KZT
	6,852
	11,535
	14,974
	37,392
	26,273
	59,848
	25,734
	182,608

	Software
	thousand KZT
	0
	400
	720
	0
	0
	29,630
	0
	30,750

	Equipment
	thousand KZT
	0
	3,413
	5,353
	26,399
	12,544
	7,610
	0
	55,319

	Integration with external systems
	thousand KZT
	0
	0
	0
	649
	840
	954
	1,149
	3,592

	Technical support
	thousand KZT
	6,852
	7,722
	8,901
	10,344
	12,889
	21,054
	24,051
	91,813

	Licences and subscriptions
	thousand KZT
	0
	0
	0
	0
	0
	600
	134
	734

	Staff training
	thousand KZT
	0
	0
	0
	0
	0
	0
	400
	400

	Trained employees
	persons
	0
	0
	0
	0
	0
	0
	2
	2

	Workstations connected to the system
	units
	0
	356
	356
	356
	356
	356
	356
	-


Note: rows with no data in the original file were removed. Zeros indicate that no amount was reported for the relevant year.












Table S3. Implemented digital solutions
	Digital solution / system
	Start year
	Full launch year
	Departments
	Main function
	Reported use, %
	Comment

	Medical information system / HIS / MIS
	2019
	2019
	All departments
	Keeping inpatient records and electronic medical records
	100
	Implemented and fully used according to hospital data

	Electronic health record / EHR
	2019
	2019
	Polyclinic
	Maintaining electronic health records
	100
	Implemented and fully used according to hospital data

	Laboratory information system
	2019
	2019
	Laboratory
	Ordering and performing laboratory tests in inpatient records and EHR
	100
	Implemented and fully used according to hospital data

	Integration with SHIF / eGov / Ministry of Health systems
	2019
	2019
	All departments
	Integration with Ministry of Health portals
	100
	Implemented and fully used according to hospital data

	Telemedicine
	2024
	2024
	Clinical departments
	Medical consultations / consilia
	Not quantified
	Reported as used; no quantitative use percentage provided


Note: systems with no reported implementation data were excluded from this cleaned supplementary table.

Table S4. Digital activity and system use indicators, 2019-2025
	Indicator
	Unit
	2019
	2020
	2021
	2022
	2023
	2024
	2025

	Electronic medical records
	units
	15,841
	19,515
	18,495
	18,763
	21,444
	24,011
	26,219

	Share of patients with electronic health records
	%
	n/a
	n/a
	n/a
	n/a
	n/a
	100
	100

	Electronic referrals
	units
	28,175
	21,919
	43,385
	35,867
	35,867
	37,434
	39,268

	Online appointments / electronic registrations
	units
	15,000
	10,000
	21,248
	12,356
	15,896
	14,852
	13,456

	Registration employees working in the system
	persons
	4
	4
	4
	4
	4
	4
	5


Note: rows with no data in the original file were removed. n/a means that the indicator was not reported for the year.	

Table S5. Administrative and operating expenditures, 2019-2025
	Indicator
	Unit
	2019
	2020
	2021
	2022
	2023
	2024
	2025

	Total administrative expenditures
	thousand KZT
	4,195,158.8
	4,217,192
	5,453,446
	6,404,505
	7,419,035
	7,896,803
	8,723,279

	Registry expenditures
	thousand KZT
	1,449,756
	1,449,756
	552,884
	854,350
	1,286,448
	2,435,525
	2,349,368

	Archive expenditures
	thousand KZT
	1,800,545
	1,589,422
	1,436,223
	2,345,210
	3,049,132
	4,156,442
	7,945,033

	Paper-based document flow costs
	thousand KZT
	3,487
	4,279
	6,595
	6,968
	3,758
	14,009
	20,772

	Stationery and printed materials
	thousand KZT
	3,887
	4,496
	4,980
	7,711
	6,709
	9,144
	14,114

	Administrative expenditures per treated case (author calculation)
	KZT per treated case
	253,285
	293,820
	309,187
	368,223
	386,509
	391,648
	434,275


Note: administrative expenditures per treated case were calculated by the authors. These contextual indicators were not used as direct evidence of cost reduction in the manuscript.













Table S6. Reported standard processing-time benchmarks used for scenario modelling
	Indicator
	Unit
	Benchmark
	Interpretation

	Average patient registration time
	minutes
	3
	Benchmark only; not annual measurement

	Average time to retrieve a medical record / case history
	minutes
	3
	Benchmark only; not annual measurement

	Average time for physician documentation
	minutes
	3
	Benchmark only; not annual measurement

	Average discharge preparation time
	minutes
	2
	Benchmark only; not annual measurement

	Average referral processing time
	minutes
	2
	Benchmark only; not annual measurement

	Average laboratory result processing time
	minutes
	3
	Benchmark only; not annual measurement

	Average reporting preparation time
	hours
	1
	Benchmark only; not annual measurement

	Average processing time for one insurance / financial case
	minutes
	75 before 2024; 60 from 2024
	Benchmark only; reported change


Note: compiled from reported hospital processing-time indicators. Benchmarks in Table S6 are used only as supporting information for scenario modelling and are not interpreted as annual measured empirical variation.

Table S7. Staff time-saving parameters used in author calculations
	Staff category / process
	Indicator
	Unit
	2019
	2020
	2021
	2022
	2023
	2024
	2025

	Physicians
	Average time saving per treated patient
	minutes
	20
	20
	20
	15
	15
	15
	15

	Nursing staff
	Average time saving per treated patient
	minutes
	20
	20
	20
	15
	15
	15
	15

	Registration office
	Time saving per online appointment / registration
	minutes
	10
	10
	7
	7
	7
	7
	7

	Archive
	Time saving per electronic record search / issue
	minutes
	5
	5
	5
	5
	5
	5
	5


Note: these parameters were used to estimate annual working time savings. They are not audited financial savings.

Table S8. Author calculation of staff time savings and monetized benefits
	Year
	Physician hours
	Nursing hours
	Registration hours
	Archive hours
	Total hours
	FTE equivalent
	Monetized benefit, million KZT

	2019
	5,521.0
	5,521.0
	2,500.0
	1,320.1
	14,862.1
	8.4
	37.2

	2020
	4,784.3
	4,784.3
	1,666.7
	1,626.2
	12,861.6
	7.3
	32.2

	2021
	5,879.3
	5,879.3
	2,478.9
	1,541.2
	15,778.8
	9.0
	39.4

	2022
	4,348.2
	4,348.2
	1,441.5
	1,563.6
	11,701.6
	6.6
	29.3

	2023
	4,798.8
	4,798.8
	1,854.5
	1,787.0
	13,239.0
	7.5
	33.1

	2024
	5,040.8
	5,040.8
	1,732.7
	2,000.9
	13,815.1
	7.8
	34.5

	2025
	5,021.8
	5,021.8
	1,569.9
	2,184.9
	13,798.3
	7.8
	34.5

	Total
	35,394.2
	35,394.2
	13,244.2
	12,023.9
	96,056.5
	54.6
	240.1


Note: FTE equivalent is calculated using 1,760 working hours per year. Monetized benefit is calculated using an assumed average labour cost of KZT 2,500 per hour. These are author calculations based on reported activity drivers and time-saving parameters.

Table S9. Diagnostic examinations by type, 2019-2025
	Examination type
	Unit
	2019
	2020
	2021
	2022
	2023
	2024
	2025

	X-ray
	units
	49,502
	36,480
	41,964
	47,484
	50,878
	53,899
	60,760

	CT
	units
	1,640
	1,932
	3,343
	2,212
	3,794
	980
	3,968

	Ultrasound, budget-funded
	units
	36,433
	33,879
	40,354
	46,898
	51,978
	59,452
	61,703

	Ultrasound, paid
	units
	3,325
	974
	874
	1,039
	2,078
	2,024
	2,804

	Functional diagnostics, budget-funded
	units
	36,635
	43,799
	38,048
	45,917
	45,909
	46,785
	44,447

	Functional diagnostics, paid
	units
	939
	318
	349
	709
	1,520
	1,450
	411

	Endoscopy
	units
	6,015
	5,490
	5,170
	6,484
	6,895
	5,716
	7,165

	Total diagnostic examinations
	units
	134,489
	122,872
	130,102
	150,743
	163,052
	170,306
	181,258


Note: compiled from hospital diagnostic examination records.	


Table S10. Scenario assessment used in the manuscript
	Scenario
	Assumptions
	Benefits, million KZT
	Costs, million KZT
	Net effect, million KZT
	ROI, %
	NPV, million KZT

	Optimistic
	Benefits +20%; costs unchanged
	288.2
	182.6
	105.6
	57.8
	82.3

	Baseline
	Estimated benefits and actual IT costs
	240.1
	182.6
	57.5
	31.5
	50.8

	Risk-adjusted
	Benefits adjusted for system use and risk
	147.7
	182.6
	-34.9
	-19.1
	-9.8

	Pessimistic
	Benefits -25%; costs +15%
	180.1
	210.0
	-29.9
	-14.2
	-4.5


Note: Benefits are estimated through the monetized equivalent of staff time savings. These results should be interpreted as an economic model rather than audited financial savings.

Important methodological note. The manuscript does not claim a direct reduction in administrative expenditures per treated patient. The key administrative result used in the article is administrative productivity, calculated as treated cases per administrative employee. The risk-adjusted ROI and NPV estimates are author calculations based on aggregated hospital data and the assumptions explicitly stated above.

