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Abstract

Relevance. Chronic limb-threatening ischemia is the most severe manifestation of peripheral artery
disease, carrying high rates of amputation and mortality. Structured patient education programs have
demonstrated benefit in other chronic diseases, yet remain largely unevaluated in peripheral artery disease,
particularly chronic limb-threatening ischemia.

Objective. To evaluate the effectiveness of a structured multimodal educational program (CLTI
School) compared with standard care on clinical outcomes and quality of life in patients with peripheral
artery disease.

Materials and Methods. Parallel-group randomized controlled trial conducted in Astana, Kazakhstan.
A total of 184 patients with peripheral artery disease (Rutherford categories 2-5) were randomized 1:1
and followed for 12 months. The program comprised eight vascular surgeon-led group sessions, a digital
platform, peer support groups, and smoking cessation counseling. Per-protocol analysis included 81
experimental and 78 control participants. Co-primary outcomes were health-related quality of life (SF-12)
and peripheral artery disease -related hospitalization rate.

Results. At 12 months, the experimental group showed significantly higher SF-12 Physical
Component Summary (44.76 vs. 35.08; p < 0.001) and Mental Component Summary (43.42 vs. 35.90; p <
0.001) scores. Hospitalizations (14.8 % vs. 20.5 %; p = 0.346) and amputations (4.9 % vs. 7.7 %; p = 0.476)
were numerically lower but did not reach statistical significance. Smoking cessation was threefold higher
(25.0 % vs. 8.5 %; p=10.026), pain declined significantly (median VAS 3 vs. 5; p <0.001), and QALY's were
higher (0.67 vs. 0.60; p < 0.001). No adverse events attributable to the program were recorded.

Conclusions. The Chronic limb-threatening ischemia School significantly improved patient-reported
outcomes and smoking cessation in patients with peripheral artery disease. Structured educational programs
should be considered an integral component of comprehensive peripheral artery disease management.

Keywords: peripheral arterial disease, patient education as topic, quality of life, smoking cessation,
secondary prevention, randomized controlled trial.

Introduction artery disease (hereinafter — PAD), characterized
Chronic limb-threatening ischemia (herein- by severely reduced tissue perfusion leading to rest
after — CLTTI) is the most severe form of peripheral ~ pain, trophic ulcers, and gangrene [1]. PAD affects
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approximately 10 % of adults over 40 and 20 % of
those over 70 [2]. The global incidence of CLTI is
estimated at 500-1,000 new cases per million popu-
lation per year [3]. In high-risk populations — indi-
viduals aged >70 years, or aged 50-69 years with
diabetes mellitus or a smoking history >10 pack-
years — prevalence reaches 29 % [4].

The prognosis for CLTI remains extremely
poor. Within the first year after diagnosis, the am-
putation rate reaches 30 %, and mortality is 25 %;
five-year survival is below 50 %, comparable to
many malignancies [4]. In addition to high mor-
tality and disability, CLTI is associated with a
significant decline in quality of life, severe pain,
limited mobility, and social isolation [5]. Direct
medical costs per patient average $24,000-$72,000
in the first year, with hospitalizations and surgical
procedures accounting for the majority of expen-
diture; annual costs in subsequent years decrease
to $3,500-$17,000 depending on the treatment ap-
proach [6]. Despite advances in vascular surgery
and interventional radiology, restenosis rates after
endovascular interventions reach 20-40 % within
the first year, and not all patients are candidates for
revascularization [7].

Modifiable risk factors — smoking, physical
inactivity, uncontrolled diabetes, hypertension, and
dyslipidemia — are central to PAD development and
progression [8]. Smoking cessation substantially
reduces mortality: within 5 years, mortality among
quitters was 14 % compared with 31 % among
those who continued smoking. However, adherence
to lifestyle modification remains low: only 5-30 %
of PAD patients successfully quit smoking, and
fewer than 50 % regularly perform recommended
exercise [9].

Patient education has proven effective in
chronic diseases such as type 2 diabetes, chronic
heart failure, and COPD, improving self-manage-
ment and clinical outcomes [10-12]. Yet signifi-
cant knowledge gaps exist in PAD patients: only
54.1 % are aware of multiple treatment options,
and only 31.3 % understand that smoking cessa-
tion takes priority over invasive interventions [13].
A systematic review encompassing 32 studies and
5,268 PAD patients demonstrated inadequate health
literacy in the majority, with socioeconomic status
and educational attainment as key modifying fac-
tors [14]. A further systematic review of education-
al interventions targeting physical activity in PAD
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identified only six eligible studies, concluding that
evidence was inconclusive [15]. Critically, patients
with CLTI — who face substantially higher risks —
remain virtually unstudied in the context of educa-
tional interventions. No randomized controlled trial
has, to our knowledge, evaluated the impact of a
comprehensive educational intervention on hospi-
talization rates, need for surgery, or risk of amputa-
tion in CLTL

Objective. To evaluate the effectiveness of a
structured multimodal educational program (CLTI
School) versus standard care on clinical outcomes
and health-related quality of life in patients with
peripheral artery disease, with co-primary end-
points of PAD-related hospitalization rate and SF-
12 scores, and secondary endpoints of pain severity
(VAS), new disability incidence, smoking cessation
rate, pain-free walking distance, and quality-adjust-
ed life years (QALY3s).

Materials and methods

Study design and participants

This was a two-arm, parallel-group, supe-
riority randomized controlled trial conducted in
Astana, Kazakhstan, in accordance with the Dec-
laration of Helsinki (2013 revision) and reported in
accordance with the CONSORT 2025 guidelines.
The protocol was approved by the Local Bioethics
Committee of NCJSC Astana Medical University
(Protocol No. 7 dated September 27, 2024) and reg-
istered on ClinicalTrials.gov (NCT07201168). Trial
registration was completed after enrollment initia-
tion; however, the protocol, including all outcome
measures and the statistical analysis plan, was fully
approved prior to enrollment of the first participant,
and no modifications were introduced thereafter.
The cost-effectiveness analysis originally included
as a secondary outcome was removed from the trial
registry and will be reported separately. The study
was conducted at the National Research Oncology
Center LLP in Astana, Kazakhstan.

Patients were eligible if they were: aged >18
years; had a confirmed diagnosis of PAD (Ruther-
ford categories 2-5); were fluent in Russian; and
had access to a telephone and internet. Exclusion
criteria were: severe cognitive impairment; concur-
rent participation in another clinical trial; planned
major amputation within 3 months; type 1 or type 2
diabetes mellitus; and severe visual or hearing im-
pairment. Patients with diabetes mellitus were ex-
cluded because structured educational programs for
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this population already exist in Kazakhstan, and to
avoid confounding from diabetes-related neuropa-
thy and altered pain perception. All participants
provided written informed consent. Patients and
members of the public were not involved in the de-
sign, conduct, or reporting of this research.

Randomization

A total of 184 participants were randomized
1:1 using a computer-generated stratified block
randomization sequence (variable block sizes of 2,
4, and 6) prepared by an independent statistician.
Stratification was performed by Rutherford catego-
ry (Stratum A: categories 2-3; Stratum B: catego-
ries 4-5). Patients in Stratum B had undergone per-
cutaneous transluminal balloon angioplasty prior to
enrollment as standard clinical management; pro-
cedures were classified as above-the-knee (ATK)
or below-the-knee (BTK). Allocation concealment
was achieved through a centralized sequence ac-
cessible only to the independent statistician, with
group assignments disclosed only after eligibility
confirmation and written informed consent. Out-
come assessors were blinded to group allocation.
Blinding of participants and care providers was not
feasible given the nature of the intervention. Enroll-
ment occurred between September 30 and Decem-
ber 26, 2024; a 12-month follow-up was completed
on December 26, 2025.

Interventions

Experimental group participants received
the CLTI School — a four-week structured multi-
modal educational program —in addition to standard
vascular surgery consultations [16]. The program
comprised eight interactive group sessions led by
experienced vascular surgeons (with a minimum of
5 years of clinical experience), twice weekly, each
lasting 90 minutes, covering disease pathophysi-
ology, risk factor modification, treatment options,
and practical wound care skills. Participants also
received access to a dedicated digital platform with
multimedia materials mirroring classroom content,
instructional videos, printed reference materials
(a patient guide and symptom diary), a medical
helpline, peer support groups, and smoking cessa-
tion counseling.

Control group participants received stan-
dard clinical management per current guidelines,
comprising vascular surgery consultations and
follow-up visits as clinically indicated, with stan-
dard oral and written instructions and access to the

same pharmacological and surgical treatment op-
tions. Concomitant pharmacological therapy was
not systematically recorded, and no restrictions on
concomitant medications were imposed on either
group.

Outcomes

Co-primary outcomes were: (1) frequency
of PAD-related hospitalizations (limb infections,
unplanned revascularization, and amputation) per
patient over 12 months; and (2) health-related qual-
ity of life assessed using the SF-12, yielding Physi-
cal Component Summary (PCS) and Mental Com-
ponent Summary (hereinafter — MCS) scores (range
0-100, higher = better), administered at baseline, 6,
and 12 months [17]. Secondary outcomes included:
pain intensity by Visual Analog Scale (VAS; 0-10)
at baseline, 6, and 12 months [18]; pain-free walk-
ing distance (six-category ordinal scale: 1: 0-50
m; 2: 51-100 m; 3: 101-200 m; 4: 201-500 m; 5:
501-1,000 m; 6: >1,000 m); new disability occur-
rence over 12 months; smoking cessation rate at 12
months; and QALYs calculated from SF-6D utility
scores derived from the SF-12, administered via a
digital survey application [19]. Adverse events po-
tentially attributable to the educational intervention
were monitored and recorded at each follow-up
visit.

Statistical analysis

All analyses were performed using IBM
SPSS Statistics (version 27.0.1.0). Normality was
assessed with the Kolmogorov-Smirnov test. Nor-
mally distributed continuous variables are presented
as mean + SD; non-normally distributed variables
as median [IQR]. Between-group comparisons used
the independent-samples t-test, Mann-Whitney
U test, or Pearson chi-square test, as appropriate;
odds ratios (hereinafter — ORs) with 95 % confi-
dence intervals (Cls) were calculated. All tests were
two-tailed; p < 0.05 was statistically significant. No
interim analyses were planned or conducted, and
no stopping rules were pre-specified. Sample size
was calculated a priori using G*Power (v3.1.9.7):
Cohen's d=0.6, a=0.05, power=0.95, 1:1 allocation,
yielding a minimum of 74 per group (148 total);
accounting for 20 % attrition, the recruitment target
was 184. The primary analysis was per-protocol;
participants with missing outcome data were ex-
cluded without imputation. Pre-specified subgroup
analyses stratified by Rutherford category were
conducted for all primary and secondary outcomes.
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Results

A total of 184 participants were randomized
in equal numbers by Rutherford category (Stratum
A: n = 46; Stratum B: n = 46). Seven experimental
and six control participants did not receive the al-
located intervention for personal reasons; four ex-
perimental and eight control participants withdrew
consent during follow-up. The final per-protocol
analysis included 81 experimental (Stratum A: n =
39; Stratum B: n = 42) and 78 control participants

Table 1. Baseline parameters

(Stratum A: n = 37; Stratum B: n = 41). Baseline
characteristics were comparable between groups
(Table 1). The overall median age was 66 [59-71]
years; 114 participants (72.0 %) were male; the
mean BMI was 31.19 + 4.13 kg/m?. In Stratum B,
the distribution of ATK (64.3 % experimental vs.
75.6 % control) and BTK angioplasty (35.7 % vs.
24.4 %) did not differ significantly between groups
(p=0.064).

Stratum A Rutherford Stratum B
Overall (n =159) 2-3 Rutherford 4-5
_ Ctrl Exp | Ctrl
Parameter Value Exgln B Coilt;;l EXP_S;; StrA | p Str B | Str B p
n " n=37 n=42|n=41
Demographics
Age, median 65 [58.5-| 67 [59- 0.133 67 [63- 67205 0.489 536275 65 [58- 0.097
[IQR], years 69.5] 72] ' 74] [7 4"5]' ' [6 62 5]' 69.5] |
BMI, mean + 3099+ | 31.39+ 3091+ | 31.72 31.07 | 31.10
SD, kg/m? 4.18 4.10 0.545 408 |+4.67 0.428 +4.32 | +3.55 0.969
114 59 (72.8 | 55(70.5 28 (71.8 25 31 30
Male, n ( %) (71.7%) %) ' %) T 10.745 %) | (67.6 [0.688| (73.8 | (73.2 [0.947
] %) %) %)
45(28.3 122 (27.223(29.5 11(28.2 12 11 11
Female, n ( %) %) ' %) ' %) ' %) 1 (324 - (26.2 | (26.8 -
%) %) %)
Baseline smoking status
Smokers at 99 (62.3 | 52 (64.2 | 47 (60.3 25 (64.1 19 27 28
. ' ' "~ 10.083 | (51.3 [0.260| (64.3 | (68.3 [0.699
baseline, n ( %) %) %) %) %) %) %) %)

Exp = Experimental group; Ctrl = Control group; Str A = Stratum A (Rutherford 2-3); Str B = Stratum B
(Rutherford 4-5); IOR = interquartile range; SD = standard deviation; BMI = body mass index

Source: compiled by the authors

Quality of life

Baseline SF-12 PCS and MCS scores were
comparable between groups (Table 2). By 12
months, the experimental group had significantly
higher PCS scores (44.76 [39.42-48.52] vs. 35.08
[29.74-39.83]; p < 0.001) and MCS scores (43.42
[37.17-48.19] vs. 35.90 [27.72-40.98]; p < 0.001),
with highly significant differences across both stra-
ta (all p<0.006). Within-group analysis revealed
significant PCS improvement from baseline to 12
months in the experimental group (p < 0.001 over-
all; Stratum A: p = 0.001; Stratum B: p = 0.004),
with scores plateauing between 6 and 12 months
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(p=0.931) (Table 3). In contrast, the control group
showed no significant change from baseline to 6
months (p = 0.308) but experienced a significant
decline from 6 to 12 months (overall: p = 0.001;
Stratum A: p = 0.010; Stratum B: p = 0.027), with
overall deterioration from baseline to 12 months
reaching significance (p = 0.033). For MCS, ex-
perimental group scores improved modestly from
baseline to 6 months (p = 0.041) and remained sta-
ble through 12 months (p = 0.375 for 6-12 months
change; p = 0.066 for 0-12 months overall), where-
as the control group deteriorated significantly from
6 to 12 months (p < 0.001) and from baseline to 12




months (p < 0.001 overall) (Table 3). The between-
group MCS difference, therefore, reflects preserva-
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tion of mental health status — a clinically meaning-

Table 2. Outcomes at Baseline, 6 Months, and 12 Months [median, IQR]

ful outcome in a condition typically associated with
progressive psychological decline.

Experimental group Control group Between-group p-value
Outcome :(1::; ?IV:I;‘]H St=r ?911 Stzrfzn (I)lv=el:7a;l St=r ;A;n nSt=r:31 Overall | StrA | StrB
SF-12 Physical Component Summary (PCS) [median, IQR]
39.01 42.70 | 36.27 37.02 40.10 | 34.47
Baseline | [33.18- | [37.73-| [30.6- | [32.62- | [35.95- | [32.2- | 0.194 | 0.093 | 0.855
43.55] | 47.07] | 40.86] | 41.16] | 43.65] | 38.37]
6 4374 | 47.30 | 39.88 38.28 39.83 | 37.90
PCS months [39.31- | [43.74- | [35.03- | [31.94- | [35.5- |[30.94- | <0.001 | <0.001 | 0.047
49.46] | 50.78] | 44.30] | 44.44] | 46.13] | 42.29]
12 4476 | 47.10 | 40.90 35.08 35.30 | 32.73
months [39.42- | [42.5- | [34.49- | [29.74- | [30.62- | [28.28- | <0.001 | <0.001 | <0.001
48.52] | 50.50] | 46.73]1 | 39.83] | 41.15] | 39.52]
SF-12 Mental Component Summary (MCS) [median, IQR]
40.73 | 42.02 | 39.04 41.65 46.06 | 38.34
Baseline | [35.57- | [37.43- | [34.65- | [36.88- | [40.99- | [35.03-| 0.493 | 0.048 | 0.477
46.34] | 48.19] | 45.58] | 47.86] | 50.91] | 42.81]
6 4449 | 44.47 | 44.55 39.36 42.37 37.5
MCS months [38.25- | [38.67- | [36.28- | [34.86- | [38.15-|[32.29-| 0.003 | 0.530 | <0.001
48.22] | 47.52] | 48.56] | 45.11] | 49.18] | 42.03]
12 4342 | 4599 | 39.68 35.90 39.57 | 31.88
months [37.17- | [37.77-| [35.92- | [27.72- | [34.2- |[25.85-| <0.001 | 0.006 | <0.001
48.19] | 49.28] | 45.94] | 40.98] | 41.81] | 37.02]
VAS Pain Intensity [median, IQR, scale 0-10]
Baseline | 5[4-6] | 4[3-5] | 5[4-7] | 5[4-6] | 4[3-6] | 4[4-6] | 0.614 | 0.677 | 0.739
5
6
VAS Pain | months 412-5] | 3[2-4] [3.67]5- 5[4-6] | 4[3-5] | 6 [5-7] | <0.001 | 0.001 | <0.001
12 3[2-5] | 2[2-4] 4.5 13- 51[4-6] | 5[4-6] | 6 [5-7] | <0.001 | <0.001 | 0.002
months 6] ' ) )
Pain-free Walking Distance [median, IQR, scale 1-6]
Baseline | 4 [4-5] | 5[4-5] | 4[4-5] | 4[4-5] | 5[4-5] | 4[4-5]| 0.907 | 0.384 | 0.398
Walking moflths 5[4-5] | 5[5-5] | 41[4-5] | 4[4-5] | 5[4-5] | 4[3-4] | <0.001 | 0.002 | 0.015
distance. 12
months 5[4-5] | 5[5-5] | 4[4-5] | 4[4-5] | 4[4-5] | 4 [3-4] | <0.001 | <0.001 | <0.001
Quality-Adjusted Life Years (QALY, SF-6D)
QALY 12 0.67 0.72 0.64 0.60 0.65 0.58
(SF-6D) months [0.64- | [0.69- | [0.61- | [0.57- | [0.62- | [0.54- | <0.001 | <0.001 | <0.001
0.72] 0.73] 0.67] 0.65] 0.67] 0.59]

SF-12 PCS/MCS: higher scores = better health (range 0-100). QALY derived from SF-6D utility scores
(trapezoidal method, range 0-1). Between-group p-values from the Mann-Whitney U test. Str A = Stratum
A (Rutherford 2-3), Str B = Stratum B (Rutherford 4-5).
Source: compiled by the authors

Pain intensity
Baseline median VAS pain scores were com-

parable between groups (5 [4-6] vs. 5 [4-6]; p =

0.614) (Table 2). At 12 months, pain scores were sig-
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nificantly lower in the experimental group (3 [2-5]
vs. 5[4-6]; p<0.001), consistent across Stratum A (2
[2-4] vs. 5 [4-6]; p <0.001) and Stratum B (4.5 [3-6]
vs. 6 [5-7]; p=0.002). Pain scores in the experimen-

tal group remained stable from 6 to 12 months (p =
0.640), confirming sustained analgesic benefit, while
the control group showed significant worsening over
the same interval (p = 0.033) (Table 3).

Table 3. Within-Group p-Values: 0 — 6 months, 6 — 12 months, 0 — 12 months

Experimental group Control group

Outcome Interval Overall Strz:um Strz;;um Overall Strz;:um Strz;;um
SF-12 Physical Component Summary (PCS) — within-group p-values

0 — 6 months <0.001 | <0.001 0.003 0.308 0.635 0.382
PCS 6 — 12 months 0.931 0.635 0.722 0.001 0.010 0.027

0 — 12 months <0.001 0.001 0.004 0.033 0.126 0.156
SF-12 Mental Component Summary (MCS) — within-group p-values

0 — 6 months 0.041 0.322 0.069 0.066 0.102 0.274
MCS 6 — 12 months 0.375 0.769 0.149 <0.001 0.084 <0.001

0 — 12 months 0.066 0.125 0.905 <0.001 | <0.001 0.041
VAS Pain Intensity — within-group p-values

0 — 6 months <0.001 | <0.001 | <0.001 0.971 0.197 0.040
VAS Pain 6 — 12 months 0.640 >().999 0.539 0.033 0.002 0.515

0 — 12 months <0.001 0.002 <0.001 0.054 0.150 0.190
Pain-free Walking Distance — within-group p-values

0 — 6 months 0.007 0.025 0.085 0.077 0.933 0.012
Walking distance 6 — 12 months 0.508 >0.999 0.386 0.132 0.133 0.553

0 — 12 months 0.003 0.059 0.021 0.004 0.158 0.007

Within-group p-values from the Wilcoxon signed-rank test. Str A = Stratum A (Rutherford 2-3), Str B =

Stratum B (Rutherford 4-5).
Source: compiled by the authors

Hospitalizations, revascularization, and
amputation

PAD-related hospitalizations occurred in 12
experimental (14.8 %) versus 16 control partici-
pants (20.5 %; OR=1.48, 95 % CI: 0.65-3.38; p =
0.346) (Table 4). Mean hospitalizations per patient
were 0.15 = 0.36 versus 0.21 = 0.41 (p = 0.349).
Stratified analysis showed numerically lower rates
in both Stratum A (2.6 % vs. 8.1 %) and Stratum B
(26.2 % vs. 31.7 %), neither reaching statistical sig-
nificance. Revascularization was required in 9.9 %
versus 12.8 % (p = 0.558). Amputation occurred in
4.9 % versus 7.7 % (OR=1.60, 95 % CI: 0.44-5.90;
p = 0.476), representing a 36 % relative reduction
without statistical significance; no amputations
were recorded in Stratum A.

Disability status

At baseline, disability was present exclu-
sively in Stratum B patients (experimental: 21.4
%; control: 24.4 %; p = 0.748) (Table 4). New dis-
ability developed in 3 experimental (3.7 %) and 5
control participants (6.4 %; p = 0.686). Among par-
ticipants with baseline disability, changes in status
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(improvement, worsening, or stability) did not dif-
fer significantly between groups (p = 0.686 over-
all). The majority remained stable in both groups
(experimental: 92.6 %; control: 91.0 %).

Smoking cessation

At baseline, 52 (64.2 %) experimental and
47 (60.3 %) control participants were active smok-
ers (Table 4). At 12 months, cessation was achieved
by 25.0 % of baseline smokers in the experimen-
tal group, compared with 8.5 % in controls (OR =
3.13, 95 % CI: 1.07-9.19; p = 0.026). The benefit
was most pronounced in Stratum B: 37.0 % ver-
sus 7.1 % (OR=6.09, 95 % CI: 1.24-29.84; p =
0.014). Among those who continued smoking, the
proportion who reduced smoking intensity was sig-
nificantly higher in the experimental group overall
(37.0 % vs. 19.2 %; OR=1.93, 95 % CI: 1.13-3.29;
p = 0.013) and in Stratum B (47.6 % vs. 19.5 %;
OR=2.44, 95 % CI: 1.21-4.90; p = 0.007).

Pain-free walking distance and QALYs

Pain-free walking distance improved sig-
nificantly in the experimental group from baseline
to 12 months (p = 0.003 overall; Stratum B: p =
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Table 4. Smoking and smoking intensity change, disability status, and PAD-related clinical events over

12-month follow-up

Overall Stratum A Stratum B
(Rutherford 2-3) (Rutherford 4-5)
Expn= | Ctrln= Exp A Ctrl_ Exp_ Ctrl_
Outcome 31 78 P |, =39 An=| p [Bn=|Bn=| p
37 42 41
Smoking cessation and intensity at 12 months
25 19 27 28
Baseline smokers 32 0(/6)4'2 47 (;6)0'3 0.083 | (64.1 | (51.3 [0.260| (64.3 | (68.3 |0.699
° ’ %) | %) %) | %)
: 3 2 10
V)
Sa‘lsletlj‘;elgri‘l’gf voof |13 (;2)5 = 4(;8)'5 0.026 | (120 | (10.5 | 0.688| (37.0 | 2 (;7)'1 0.014
0 () %) %) %) (]
. 8 5 7
Ef,}cr:f:fg smoking, n 10 0(/1)2'3 12(;1)5 410579 205 | 13.5 |0.418] 2 (;4)'8 (17.1 |0.071
0 0 ()] %) %) (0 %)
. 10 7 20 8
g/ecsgiile)d smoking, n 30(;3)7'0 15 (;1)9'2 0.013 | (25.6 | (18.9 |0.482| (47.6 | (19.5 | 0.007
° ’ ’ %) | %) %) | %)
Disability status at baseline and over 12-month follow-up
o . 9 10
](z/ls;ablhty atbaseline, n | g 1) g4 | 10 (;1)2‘8 0.740| © /(;) 0 /(;) ~ | 214 | (244 |0.748
(] 0 (\ () %) %)
o 5(6.4 2(5.1 3.1 1241249
0 0
New disability, n (%) 3(3.7%) %) 0.686 %) %) 0.600 %) %) 0.765
Disability: o 2(2.6 00O | 0(0 3(7.1 1249
Improvement, n (%) 33.7%) %) 0.686 %) %) ) %) %) 0.765
Disability: Worsening, o 5(6.4 ) 2(5.1 | 3(8.1 124 (249 i
n (%) 3 (3.7 %) %) %) %) 0.600 %) %)
e 37 34 38 37
lll)z?;l))lhty. No change, 75(;9)2.6 71(;9)1.0 i 949 | 91.9 i 90.5 | (902 i
’ ’ ° %) | %) %) | %)
PAD-related clinical events over 12-month follow-up
e 11 13
Hospitalizations, total, 12 (14.8 | 16 (20.5 1(2.6 |3(8.1
0.346 0.283 | (26.2 | (31.7 |0.582
n (%) %) %) %) %) (% ) %)
Hospitalizations per 0.15+ 021 = 0.03+[0.08 0.26 £]0.32 +
patient, mean + SD 0.36 0.41 0.349 0.16 | 0.28 0.283 0.45 | 047 0.582
7 7
Revascularization, n (%) | 8 (9.9 %) 10(12.8 0.558 12613 (8.1 0.279 | (16.7 | (17.1 |0.961
%) %) %)
%) %)
6
: 6 (7.7 00O | 0(0 4(9.5
0 0, -
Amputation, n (%) 4 (4.9 %) %) 0.476 %) %) %) (})/456 0.475
0

Smoking cessation was defined as complete abstinence in the preceding month at 12-month follow-up.
Smoking intensity classified as: 0 = non-smoker; 1 = <I0 cigarettes/day; 2 = 11-20/day; 3 = >20/day.
Disability change categories: improvement, worsening, or no change from baseline to 12 months. Str A =
Stratum A, Str B = Stratum B.

Source: compiled by the authors
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0.021), while the control group showed significant
deterioration (p = 0.004 overall; Stratum B: p =
0.007). Between-group differences at 12 months
were highly significant overall and within both stra-
ta (all p <0.001) (Tables 2-3). QALY scores were
significantly higher in the experimental group (0.67
[0.64-0.72] vs. 0.60 [0.57-0.65]; p < 0.001), con-
sistent across Stratum A (0.72 [0.69-0.73] vs. 0.65
[0.62-0.67]; p < 0.001) and Stratum B (0.64 [0.61-
0.67] vs. 0.58 [0.54-0.59]; p < 0.001) (Table 2).

No adverse events attributable to the educa-
tional program were recorded during the 12-month
follow-up.

Discussion

This randomized controlled trial demon-
strates that a structured multimodal educational
program significantly improves patient-reported
outcomes and smoking cessation in patients with
PAD, including CLTI. To our knowledge, this is
the first RCT to evaluate the impact of a compre-
hensive educational intervention on hospitalization
rates, amputation rates, and quality of life, specifi-
cally in this population.

The 9.68-point between-group difference
in PCS at 12 months represents a clinically mean-
ingful effect comparable in magnitude to that re-
ported in diabetes self-management programs [20].
The MCS difference reflects preservation of mental
health status against progressive deterioration in
controls — an important finding in a condition char-
acterized by chronic pain, limited mobility, and so-
cial isolation [21].

Hospitalization and amputation rates were
numerically lower in the experimental group (14.8
% vs. 20.5 % and 4.9 % vs. 7.7 %), but did not
reach statistical significance, likely due to insuf-
ficient power to detect rare events. The 36 % rela-
tive reduction in amputation rate is clinically nota-
ble and warrants confirmation in larger trials. The
threefold higher smoking cessation rate (25.0 %
vs. 8.5 %) is particularly significant, as smoking
is the most potent modifiable risk factor for PAD
progression [22]. The cessation rates observed
are consistent with published estimates from in-
tensive behavioral programs, and were especially
pronounced in Stratum B (37.0 % vs. 7.1 %), sug-
gesting that prominent symptoms may heighten
motivation [23].

These findings align with evidence from
analogous interventions. A meta-analysis of struc-
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tured exercise combined with patient education
for intermittent claudication showed an increase
in maximum walking distance of approximately
120 meters compared with usual care [24]. The
CLEVER trial demonstrated that structured ex-
ercise outperformed invasive interventions in im-
proving functional outcomes for PAD at 6 months
[25]. A systematic review of group-based self-
management education in type 2 diabetes report-
ed quality-of-life improvements of comparable
magnitude to those observed here [20]. A further
systematic review by Rochfort et al. identified im-
provements in disease knowledge, self-efficacy,
and behavioral outcomes from patient self-man-
agement programs in chronic conditions, although
that work did not assess hard clinical endpoints
such as hospitalizations and amputations [26]. A
distinguishing feature of the present study is that
educational interventions proved effective even at
advanced disease stages, challenging the nihilistic
approach that sometimes prevails in the manage-
ment of severe PAD cases and supporting second-
ary prevention across the full disease spectrum.

The mechanisms underlying the improve-
ments are likely multifactorial and synergistic. En-
hanced patient knowledge may have encouraged
timely medical consultation, preventing complica-
tions from escalating to hospitalization or amputa-
tion — the concept of patient activation has been
associated with better outcomes across multiple
chronic conditions [27]. Instruction in foot and
wound care was particularly relevant given the
susceptibility to infectious complications in CLTI
[28]. Smoking cessation counseling, structured ex-
ercise guidance, and psychosocial support through
peer group interaction likely contributed synergis-
tically. The digital platform reinforced knowledge
and skills between sessions, allowing participants
to review material at their own pace. Improved ad-
herence to pharmacological therapy — including an-
tiplatelet therapy, statins, and blood pressure con-
trol — though not directly measured, may also rep-
resent an important mediating mechanism [29]. The
hybrid approach addresses key barriers, including
limited digital literacy among older patients, con-
sistent with evidence that digital interventions are
most effective when used as supplements to direct
physician-delivered education [30].

Strengths and limitations

Strengths include the rigorous RCT design
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with adequate statistical power, prospective ethics
approval, adherence to CONSORT 2025, stratifi-
cation by Rutherford category to ensure balanced
disease severity across groups, validated outcome
instruments, a comprehensive hybrid intervention
design reflecting contemporary chronic disease
management, and low attrition (11.4 % experi-
mental; 15.2 % control). The 12-month follow-up
allowed assessment of both short- and medium-
term effects, and the inclusion of a broad range of
outcomes — from patient-reported quality of life
to hard clinical events — provided comprehensive
program evaluation.

Limitations include: infeasibility of par-
ticipant and provider blinding, potentially in-
troducing performance and attention bias; self-
reported measures may have been influenced by
awareness of group assignment. The single-cen-
ter design in Kazakhstan may limit generalizabil-
ity to other healthcare settings and geographical
regions with different socioeconomic conditions.
The study was underpowered to detect statisti-
cally significant differences in rare events such
as amputation and hospitalization, as sample size
calculations were based on anticipated differ-
ences in quality-of-life scores. The per-protocol
analysis may overestimate treatment effects rela-
tive to an intention-to-treat approach. Trial reg-
istration was retrospective (with no post-enroll-
ment protocol changes). Participant adherence to
individual program components was not system-
atically recorded, limiting evaluation of dose-
response relationships. Concomitant pharmaco-
logical therapy was not tracked, representing an
unmeasured potential confounder. Cost-effec-
tiveness was not assessed, and follow-up beyond
12 months is needed to establish the long-term
durability of effects.

Conclusion

The CLTI School significantly improved
quality of life, pain intensity, functional capacity,
and smoking cessation in patients with PAD, in-
cluding chronic limb-threatening ischemia. Differ-
ences in hospitalization and amputation rates were
clinically meaningful but statistically underpow-
ered. These findings support integrating structured
educational programs into standard PAD manage-
ment as an essential component of comprehensive
care and an effective secondary prevention strategy,
even in patients with advanced disease.
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HNEPUDPEPUAJIBIK APTEPUS AYPYJIAPBI AACBIHIA AAKTBIH TPO®UKAJIBIK 7KA-
PAJIAPBI BAP )KOHE )KOK HAHMEHTTEPII OKBITYIABIH MYJIbTUMOJAJIB/bI
BAYTJAPTAMACBIHBIH TUIMALJIT'T

. T. Xacenos'", C. baxtusip?, C. C. Canap6aes’, T. A. Cynranajues’,
A. M. Unnamues’, JI. Apunac’, P. K. CyxneiimenoBa', I. Y. Opa3oBa'
"'KEAK «Acrana mequnuHa yHuBepcuTeTi», Kazakcran, Actana
2 M. KosbibaeB arsiagarsl Contyctik Kazakcran ynusepcuteti, Kazakcran, [letpomnasn
3 «On-Kammy» XKIIIC, Kazakcran, Acrana
4 «¥nTTHIK FRUTBIMU OHKOJIOTHS opTanbirey JKIIIC, Kazakcran, Actana
> Xorapsb! OiTIMHIH FEUTBIMUA UHCTUTYTHI, bonuBus, Canta-Kpyc-ne-na-Creppa
*Koppecnondenm asmop

AHjgaTna

Ozexminiei. ASK-KONAapra Kayill TOHAIPETIH CO3BUIMAJIBI HIIEMHUS — NepuEepUsIIbIK apTepus
aypyBIHBIH €H aybIp TYpi, aMIIyTallis MEH OJiM-KITiM KayliMeH curaTTanaasl. [laiMeHTTep/ i OKbITYIbIH
KypbUIBIMIaNFaH OarmapiiaMaiapbl 0acka CO3bLIMANBI aypynap Ke3iHJe THIMILUTITIH ToNenae/i, anaiaa
nepudepusIIbIK apTepUs aypyshl, acipece AsIK-Kolaapra Kayil TOHIIPETIH CO3bUIMAIIBI HIIIEMHUSChHI KE31HIET1
JepeKTep KETKITIKCI3.

Maxcamui. llepudepusiabik apTepus aypybl 0ap HayKacTap/a CTaHAapTThl EMMEH CaJIbICThIPFaHJaF bl
MYJIBTUMO/IAMBIEI OisliM Oepy OGarmapnamachiHbiH (CLTI MekTe01) KIMHUKAIBIK HOTHKEIEPre KoHe eMip
camachlHA THIMJLUTITIH Oaranay.

Mamepuanoap men a20icmep. 1lapaniens TONTapMeH paHIOMHU3AIMIIAaHFAH OaKbUIAHATHIH 3€PTTEY
(Acrana, Kazakcran). [lepudepusuibik aprepus aypysl 6ap 184 naykac (Py3epdopna 2-5) 1:1 kareiHacsiHIa
pangomMu3anusiianabl, 12 aii 6oiibl OakpUTaHabl. barmapnaMa TONTHIK cabakTapibl, MUQPIBIK MIaTdop-
MaHbl, KOJ/1ay TONTApBIH XKOHE TEMEKiHI TacTayFa KeHecTi KamTbiabl. [IpoTokon OoifbiHma Tanmayna 81
HKCTIIEPUMEHTTIK koHe 78 Gakpliay TOOBIHBIH KaThICYIIBICH 3epTTeni. Herisri HoTmxkenep: eMip canachl
(SF-12) xoHe aypyxaHara KaTKbI3y JKULIITI.

Homuoicenepi. 12 aiinan keilin sxkcriepuMeHTTiK TonTa SF-12 ¢usuxansik (44,76 kapcesr 35,08; p <
0,001) >xoHe mcuxuKaIbIK KoMmrnoHeHTTepi (43,42 kapcst 35,90; p < 0,001) aiiTapibiKTaii >kOFapbl OOJIIBI.
Aypyxanara xartkpizynap (14,8 % xapcst 20,5 %; p = 0,346) xone amnyrauusinap (4,9 % xapcet 7,7 %; p
= 0,476) canmeH anrannia a3z 00mbl, Oipak CTATHCTUKAIBIK MaHBI3BLUIBIKKA KETKEH XKOK. TeMeKiHi TacTay
yur ece xkorapsl 6061 (25,0 % kapcest 8,5 %; p = 0,026), aysipceiny azaiiasl (Meauana BAII 3 kapcst 5; p
<0,001), QALY sxorapsl 60msl (0,67 kapest 0,60; p < 0,001).

Kopvimwinovr. CLTI wmexte0i mnepudepusiblk aprepusi aypybsl Oap HayKacTapAa IalMeHT-
xabapiiaHFaH HOTIDKENEP/ JKoHEe TeMEeKiHI TacTaydbl alTapibIKTai skakcapTThl. KypbuibiMaanran Oifim
Oepy Oarnapiamanapsl nepudepHsIblK apTepHst aypybIHBIH KeIIeHA1 0aKblIaybIHBIH MIHIETTI KOMIIOHEHTI
peTiHe KapacThIPbLTYbI KEpeK.

Tyiiin co30ep: nepughepuanvix apmepus aypybvl, nayuenmmi oKbimy, emip canacvl, memeKini ma-
cmay, eKiHuii pemmik anobiH any, paHOOMU3AYUALAHEAH OAKbIIAHAMbIH 3ePIMmeY.
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3OPEKTUBHOCTHh MYJIbTUMOJIAJIBHOM TPOI'PAMMbBI OBYYEHHUS MAIIMEHTOB C
HAJIMYUEM U BE3 TPOPUUYECKHUX S13B HUKHUX KOHEYHOCTEM HA ®OHE 3ABO-
JJEBAHUM NEPUPEPUUYECKUX APTEPUI

. T. Xacenos'", C. Baxrusp®, C. C. Canapoaes’, T. A. CyaTtanaiaunes’,
A. M. Unnamues*, JI. Apunac’, P. K. Cyneiimenosa', I. Y. Opa3oBa'
"HAO «MenuiuHckuii yauBepcuteT Actana», Kasaxcran, Actana
? CeBepo-Kazaxcranckuii yuusepcutet umern M. Ko3si0aeBa, Kazaxcran, [lerponaBinoBck
> TOO «Anp-Kamuy», Kazaxcran, Actana
* TOO «HaumoHasibHbII HayYHBIH OHKOJIOTMYECKHH 1IeHTp», Ka3axcraH, Acrana
> Hay4HbIli HHCTHTYT BbICIIETO 0Opa3oBaHus, bonusus, Canra-Kpyc-ne-na-Cbeppa
*Koppecnonoupyrowuii agmop

AHHOTaNug

AxmyanoHocmy. Kputndeckas UIIeMUsl HUKHUX KOHEUHOCTEH — Hanbonee Tsokénas gopma 3abo-
JIeBaHUs epUPEepUIECKUX apTEePUid, XapaKTepU3YIOIIasiCsl BHICOKUM PHCKOM aMITyTallly U JIETAIBHOTO HC-
xona. CTpyKTypHpOBaHHbIE 00pa30BaTeIbHbIE IPOTrPAMMBI IS MAIIMEHTOB MPOAEMOHCTPHPOBAIH 3 dek-
TUBHOCTH IIPH JIPYTHX XPOHUYECKUX 3a00JI€BaHUAX, OJHAKO MX BIHUSHHUE NPH 3a00JeBaHUM Tiepudeprde-
CKUX apTepuii, B 0COOEHHOCTH NMPH KPUTHUECKON MIIIEMHUH HIPKHUX KOHEYHOCTEH, U3y4eHO HEA0CTAaTOYHO.

Lenv. Ouenutb 3(p(HEeKTUBHOCTD CTPYKTYPUPOBAHHON MYJIBTUMOATIBHON 00pa3oBaTelbHOM Mpo-
rpamMsl (IIkona CLTI) no cpaBHEHUIO CO CTaHAAPTHOM MOMOIIBIO B OTHOILIEHUH KIIMHUYECKUX HUCXO/I0B U
KaueCcTBa JKU3HU MALMEHTOB C 3a00J€BaHuEM NepU(pepHUeCcKUX apTepHid.

Mamepuanvt u memoovi. PaHIOMU3UPOBAaHHOE KOHTPOJIMPYEMOE MCCIIEIOBAHUE IapalJIeNIbHbBIX
rpynn (Acrana, Kazaxcran). 184 mammenra c 3I1A (kareropuu Pyrepdopna 2-5) pangomusupoBans! 1:1
u Habmonanuch 12 mecsues. [IporpaMma BiITIO4asa rpynmnoBbie 3aHATHS, TH(PPOBYIO MIaTdhopMy, TPYIIIIbI
MOJAECPAKKN M KOHCYJBbTHPOBAHHE 10 OTKa3y OT KypeHHus. AHaIN3 MO MPOTOKOIy: 81 ydacTHHK 3KCHepu-
MEHTaJIbHOU U 78 KOHTPOJIBHOU Ipynmnsl. [lepBUYHbIE KOHEUHBIE TOUKU: KauecTBO kHu3HH (SF-12) 1 yacTto-
Ta TOCTIUTAIN3ALUH, CBA3aHHBIX C 3200J€BaHUEM MEpH(PEPUUECKUX aPTEPHIA.

Pezynomamer. Uepes 12 mecsieB sKcriepuMeHTalIbHAS TPyIIa MMoKa3ana 3HaYMMO Oosiee BHICOKHE
nokazatenu ¢usudeckoro (44,76 vs 35,08; p < 0,001) u ncuxuueckoro kommnoneHToB SF-12 (43,42 vs
35,90; p <0,001). I'ociuranuzanuu (14,8 % vs 20,5 %; p=0,346) u amnyrauuu (4,9 % vs 7,7 %; p =0,476)
YHCIIEHHO HUXE, HO 0e3 cTaTucTHueckoi 3HaunMocTu. OTKa3 oT KypeHust — BTpoe Bbime (25,0 % vs 8,5
%; p = 0,026), 6onp cam3mnack (Mmenuana BAIIL 3 vs 5; p < 0,001), QALY Berme (0,67 vs 0,60; p <0,001).

Bvi16o0ow. Hlkona CLTI 3HaunMo yiy4imia naueHT-OpueHTHPOBAHHbIE UCXO/IbI U IT0OKA3aTeNN OT-
Kaza oT KypeHus. CTpyKTypupoBaHHbIE 00pa30BaTeIbHbIE IPOrPaAMMBI CIIEIYET pacCMaTpUBaTh KaK HEOTh-
€MJIEMBII KOMIIOHEHT KOMIUIEKCHOTO JIeUeHHUs 3a00ieBaHui nepudepruiecKiux apTepHil.

Knroueswie cnosa: 3abonesanue nepugepuieckux apmeputl, 0Oyuerue nayueHmos, Kauecmaeao Hcus3-
HU, OMKA3 OM KYpeHusl, 6MOpUiHas npOOUIAKMUKA, PAHOOMUZUPOBAHHOE KOHMPOIUPYeMOe UCCLed08aHUe.
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