Resaerch Article

Cardiac Rehabilitation Utilization in Birjand, lran: Referral, Participation, and
Completion Rates in an Underprivileged Area - A Retrospective Cohort Study

Azar Zare Noughabi!, Maryam Sadat Rahimi?, Seyed Mohammad Riahi?, Fateme Mahdizadeh?, Toba

Kazemi?

1-Student Research Committee, Birjand University of Medical Sciences, Birjand, Iran.
ZCardiovascular Diseases Research Center, School of Medicine, Birjand University of Medical Sciences, Birjand, Iran.

*Corresponding authors: Toba Kazemi, Professor

Cardiovascular Diseases Research Center, School of Medicine, Birjand University of Medical Sciences,
Birjand, Iran.

Tel: +989155610860

Email: drtooba.kazemi@gmail.com

ORCID ID:

Azar Zare Noughabi: 0009-0004-8275-7804
Maryam Sadat Rahimi: 0000-0001-7650-3454
Seyed Mohammad Riahi: 0000-0002-3184-2126
Fateme Mahdizadeh: 0000-0002-4919-020X
Toba Kazemi: 0000-0002-6204-4514

Article info:
Received: 24 Nov 2025
Accepted: 9 May 2026

Citation: Zare Noughabi A, Rahimi MS, Riahi SM, Mahdizadeh F, Kazemi T. Cardiac Rehabilitation
Utilization in Birjand, Iran: Referral, Participation, and Completion Rates in an Underprivileged Area - A
Retrospective Cohort Study. Journal of Modern Rehabilitation. 2026;20(3):?-?

Running title: Cardiac rehabilitation utilization in an underprivileged region of Iran

Abstract
Background: Cardiac rehabilitation (CR) is a cornerstone of secondary prevention following coronary
revascularization; however, its utilization remains suboptimal in underserved regions. This study aimed to
evaluate referral, participation, and completion rates of CR and their associated factors in Birjand, Iran.
Material and Methods: This retrospective cohort study included 758 consecutive patients undergoing
percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) between April 2022 and
May 2023. Data on demographics, insurance status, education level, and physician CR familiarity were
collected using a structured checklist and phone follow-up. The CR program was defined as 36 supervised
sessions. Multivariate logistic regression models were used to identify factors associated with referral,
participation, and completion. All reported odds ratios were derived from fully adjusted models.
Results: Among 749 eligible patients, 197 (26.3%) were referred to CR, 103 (52.3% of referred) participated,
and 69 (67.0% of participants) completed the program. Multivariate analysis showed that higher education was
the strongest predictor of referral (OR = 9.50, 95% CI: 4.90-18.27, p < 0.001), followed by male gender (OR
=2.12,95% CI: [1.00-4.49], p = 0.005). Furthermore, Physicians familiar with CR had approximately a 3-fold
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higher referral rate compared to less-familiar colleagues. Insurance coverage was significantly associated with
completion of the program (78% of insured vs. 59% of uninsured completers, p = 0.018).

Conclusion: Referral is the main systemic barrier to cardiac rehabilitation utilization in this underprivileged
region. Participation and completion among referred patients reflect a selected group with adequate access,
highlighting the need for system-level interventions focused on physician referral practices—particularly for
women and less-educated patients—and improved insurance coverage to enhance equitable CR access.
Keywords: Cardiac rehabilitation; Referral; Patient participation; Treatment adherence

Introduction:

The global increase in the prevalence of coronary artery disease (CAD) presents a significant public health
challenge . While advancements in primary prevention and acute care have helped reduce early mortality,
secondary prevention strategies remain essential for long-term prognosis and quality of life [1].

Cardiac Rehabilitation (CR), a critical component of secondary prevention, demonstrably reduces all-cause
mortality, lowers hospitalization rates, and improves the physical and psychological well-being of patients
following events such as myocardial infarction, angioplasty, and cardiac surgery [2-5].

Despite the clear evidence and strong clinical recommendations, there is a persistent and significant gap in the
referral, enrollment, and participation rates for CR programs worldwide . Reports indicate that only 20% to
50% of eligible patients actually participate [6]. This access disparity is particularly pronounced in low- and
middle-income countries (LMICs), where essential CR infrastructure is often minimal [7]. Globally, only
38.8% of countries have CR programs, with the lowest prevalence in LMICs. For example, in the United States,
just 62% of eligible patients are referred to CR, but attendance drops sharply, with only 23% participating in
at least one session and just 5% completing a full cycle of 36 sessions [7].

Barriers to participation are complex and multi-faceted, encompassing both systemic and patient-specific
factors [1]. Systemic barriers include low referral rates by physicians and logistical issues, while patient-
specific factors often involve socioeconomic status, education level, and geographical distance to the
rehabilitation center [8]. A better understanding of these specific barriers is crucial for developing targeted
interventions.[9]

In Iran, efforts have been made to expand CR availability; the number of centers significantly increased
between 2018 and 2023 [10, 11]. However, this growth has primarily been concentrated in provincial capitals,
leaving vast segments of the population in non-capital cities or disadvantaged regions with limited or no access
to these life-saving services [11]. This disparity highlights a major ongoing challenge in achieving health
equity.

Birjand, a city located in a disadvantaged area of eastern Iran, exemplifies the challenge of limited access and
health inequity. The true rates of referral, enrollment, and completion of CR programs in this specific context
are unknown. Furthermore, the role of key local predictors, such as geographical distance, insurance status (as
a socioeconomic proxy), and physician familiarity with CR benefits and referral protocols, has not been
adequately studied here.

Therefore, this study was conducted on patients who underwent angioplasty and cardiac surgery in Birjand to
assess the rates of referral, participation, and completion of cardiac rehabilitation programs. Crucially, we also
sought to identify the impact of specific systemic and socioeconomic predictors on patient engagement within
this underserved region.

Materials and Methods:

Study Design and Population

This study was a retrospective cohort study. Patients were followed from hospital discharge through successive
stages of CR utilization (referral, participation, and completion). All consecutive adult patients undergoing PCI
or CABG at Razi Hospital between March 2021 and March 2023 were screened.



Exclusion criteria included:In-hospital death,missing baseline medical records,inability to establish post-
discharge follow-up and death after discharge but before CR assessment (n=9).Excluding post-discharge deaths
may introduce survivorship bias; however, these patients were not eligible for CR participation assessment.

Data Collection

Data were collected using a researcher-designed checklist based on prior literature and expert review. Face
validity was assessed by two cardiologists and one CR specialist.Clinical data were extracted from medical
records, while referral status, participation, completion, and reasons for non-referral were obtained via
structured telephone interviews. Telephone follow-up may introduce recall bias, which is acknowledged as a
limitation.

Variable Definitions

Referral was defined as a documented physician recommendation for cardiac rehabilitation (CR). Participation
was defined as attendance at at least one CR session following referral, while completion was defined as
attendance of all 36 prescribed sessions according to the local CR protocol. Physician familiarity with CR was
categorized a priori based on clinical role and historical referral volume.

Ethical Considerations
The study protocol was approved by the Birjand University of Medical Sciences Ethics Committee (approval
code: IR.BUMS.REC.1401.189).

Statistical Analysis

Normality was assessed descriptively. Given the large sample size, formal normality tests were interpreted
cautiously. Multivariate logistic regression models were constructed using clinically relevant variables.
Multicollinearity was assessed using variance inflation factors. Statistical significance was set at p<0.05.

Results

Patient Flow and Characteristics

A total of 758 patients were initially identified. Nine patients died after hospital discharge and before CR
follow-up and were excluded, resulting in 749 patients included in the final analysis (Figure 1).
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Figure 1. Flowchart of Patient Referral, Participation, and Completion of Cardiac Rehabilitation.

Baseline characteristics are presented in Table 1. Left ventricular ejection fraction was reported uniformly as
mean * standard deviation.

Predictors of Referral

Among eligible patients, 197 (26.3%) were referred to CR. Referral was significantly associated with younger
age, male sex, higher education, CABG surgery, insurance coverage, shorter distance to the CR center, and
physician category.The large magnitude observed for university education (OR=9.50) should be interpreted
cautiously due to small subgroup size and potential residual confounding.Variation in referral across physicians
suggests provider-level heterogeneity.

Table 1: Univariate characteristics associated with referral to cardiac rehabilitation

Non-referral to

CR (N=552 , P-value Univariate OR

Characteristics All Patients Referral to CR

(n=749 ,100%) (N=197,26%) 73%) (95% ClI)
Age (years) 61.77+£11.9 58.9+9.9 63.0+12.2 <0.001* 0.97 (0.96-0.99)
EF (%) 42.42 £11.1 45.0 % 45.0 % 0.14 1.01 (1.00-1.03)
Sex <0.001*
- Female 223 (29.8%) 35 (15.7%) 188 (84.3%) Ref



- Male
Occupation
- Housewife
- Retired

- Employee

- Self-Employment

Education
- lliterate

- Below University

- University
Marital Status

- Single

- Married
Insurance

- No

-Yes

Cigarette Smoker
- No

-Yes
Opium user
- No

- Yes

FH of CAD
- No

- Yes
History
CAD

- No

- Yes
Diabetes Mellitus
- No

-Yes
Dyslipidemia

- No

-Yes
Hypertension

- No

- Yes
Intervention

- PCI

- CABG

- Valvular Surgery

Doctor

- Doctor 1
- Doctor 2
- Doctor 3

Distance to CR

Center (km)

Previous

525 (70.2%)

212 (28.4%)
176 (23.6%)
37 (5.0%)

321 (43.1%)

235 (31.5%)
481 (64.5%)
30 (4.0%)

24 (4.0%)
725 (96.0%)

521 (70.0%)
224 (30.0%)

606 (81.0%)
143 (19.0%)

559 (75.0%)
190 (25.0%)

575 (77.0%)
174 (23.0%)

414 (55.3%)
335 (44.7%)

546 (73.1%)
203 (26.9%)

530 (71.0%)
219 (29.0%)

414 (55.3%)
335 (44.7%)

613 (81.7%)
125 (16.8%)
10 (1.6%)

539 (71.9%)
82 (10.9%)
127 (17.2%)

162 (30.9%)

31 (14.6%)
68 (38.6%)
17 (45.9%)
81 (25.2%)

29 (12.3%)
150 (31.0%)
18 (60.0%)

4 (16.7%)
193 (26.6%)

112 (21.5%)
84 (37.5%)

148 (24.4%)
49 (34.3%)

153 (27.4%)
44 (23.2%)

144 (25.0%)
53 (30.5%)

124 (30.0%)
73 (21.8%)

136 (24.9%)
61 (30.0%)

142 (26.8%)
55 (25.1%)

124 (30.0%)
73 (21.8%)

139 (22.7%)
56 (44.8%)
1 (10.0%)

128 (23.7%)
14 (17.1%)
55 (43.3%)

363 (69.1%)

181 (85.4%)
108 (61.4%)
20 (54.1%)

241 (74.8%)

206 (87.7%)
331 (69.0%)
12 (40.0%)

20 (83.3%)
532 (73.4%)

409 (78.5%)
140 (62.5%)

458 (75.6%)
94 (65.7%)

406 (72.6%)
146 (76.8%)

431 (75.0%)
121 (69.5%)

290 (70.0%)
262 (78.2%)

410 (75.1%)
142 (70.0%)

388 (73.2%)
164 (74.9%)

290 (70.0%)
262 (78.2%)

474 (77.3%)
69 (55.2%)
9 (90.0%)

411 (76.3%)
68 (82.9%)
72 (56.7%)

<0.001*

<0.001*

0.27

<0.001*

0.01*

0.26

0.15

0.01*

0.15

0.63

0.01*

<0.001*

<0.001*

<0.001*

2.40 (1.60-2.60)

Ref

3.70 (2.26-5.00)
5.00 (2.34-10.50)
2.00 (1.25-3.10)

Ref
3.03 (2.00-4.70)
9.50 (4.90-18.27)

Ref
1.81 (0.61-5.37)

Ref
2.20 (1.60-3.08)

Ref
1.61 (1.09-2.38)

Ref
0.80 (0.54-1.18)

Ref
1.31 (0.90-1.91)

Ref
0.65 (0.47-0.91)

Ref
1.30 (0.91-1.85)

Ref
0.92 (0.64-1.32)

Ref
0.65 (0.47-0.91)

Ref
2.77 (1.86-4.13)
0.38 (0.05-3.02)

Ref
0.66 (0.36-1.22)
2.45 (1.64-3.67)



- 0-10

- 10-30
- 30-100
->100

360 (48.5%)
35 (4.7%)

156 (21.0%)
192 (25.8%)

170 (47.2%)
7 (20.0%)
13 (8.3%)

7 (3.6%)

Participation Among Referred Patients
Among referred patients, 103 (52.3%) attended at least one CR session (Table 2).These findings apply only to

referred patients and should not be generalized to the entire eligible cohort.

190 (52.8%)
28 (80.0%)

143 (91.7%)
185 (96.4%)

Table 2: Characteristics of patients who participated in cardiac rehabilitation

All Patients Participation

(n=103 , 52%)

Characteristics (n=197,
100%0)

Age (years) 58.9+£ 9.9

EF % 45+99

Sex

- Female 35 (18%)

- Male 162 (82%)

Occupation

- Housewife 31 (16%)

- Retired 68 (35%)

- Employee 17 (8%)

- Self-employment 81 (41%)

Education

- lliterate 29 (15%)

_U _ Edl_Jcatlon Below 150 (76%)
niversity

- College/University 18 (9%)

Marital Status

- Married 193 (98%)

- Single 4 (2%)

Insurance

- No 112 (57%)

- Yes 84 (43%)

Cigarette Smoker

- No 148 (75%)

- Yes 49 (25%)

Opium user

- No 153 (78%)

- Yes 44 (22%)

FH of CAD

- No 144 (63%)

- Yes 53 (27%)

History Previous CAD

- No 124 (63%)

- Yes 73 (37%)

Diabetes Mellitus

58.8 +8.8
435 + 9.7

13 (37.1%)
90 (55.6%)

13 (41.9%)
40 (58.8%)
9 (52.9%)
41 (50.6%)
9 (31.0%)
82 (55%)
12 (66.7%)

100 (51.8%)
0 (0%)

61 (54.5%)
41 (48.8%)

81 (54.7%)
22 (44.9%)

82 (53.6%)
21 (47.7%)

75 (52.1%)
28 (52.8%)

64 (51.6%)
39 (53.4%)

Non-

participation
(n=94, 48%))

58.9 + 10.9
43.7 + 10.3

22 (62.9%)
72 (44.4%)

18 (58.1%)
28 (41.2%)
8 (47.1%)
40 (49.4%)
20 (69.0%)
68 (45%)
6 (33.3%)

93 (48.2%)
4 (100%)

51 (45.5%)
43 (51.2%)

67 (45.3%)
27 (55.1%)

71 (46.4%)
23 (52.3%)

69 (47.9%)
25 (47.2%)

60 (48.4%)
34 (46.6%)

P-value

0.95
0.85
0.04*

0.45

0.08

0.05*

0.43

0.23

0.49

0.92

0.80

0.21

Ref

0.28 (0.12-0.66)
0.10 (0.06-0.19)
0.04 (0.02-0.09)

OR (95% ClI)

1.00 (0.98-1.03)
1.00 (0.97-1.03)

Ref
2.12 (1.00-4.49)

Ref
1.98 (0.84-4.68)
1.56 (0.48-5.12)
1.42 (0.62-3.28)
Ref
2.58 (1.09-6.06)

4.24 (1.45-12.40)

Ref
0.80 (0.45-1.41)

Ref
0.67 (0.35-1.29)

Ref
0.80 (0.40-1.55)

Ref
1.03 (0.55-1.94)

Ref
1.08 (0.60-1.92)



- No

-Yes
Dyslipidemia
- No

- Yes
Hypertension
- No

- Yes
Intervention
- PCI

- CABG

- Valvular Surgery

Doctor

- Doctor 1
- Doctor 2
- Doctor 3

Distance to CR Center

(km)

- 0-10

- 10-30
- 30-100
->100

Completion of CR

136 (70%)
61 (30%)

142 (72%)
55 (28%)

124 (43%)
73 (37%)

139 (67%)
56 (18%)
1 (16%)

128 (59%)
14 (89%)
55 (12%)

170 (35%)
7 (37%)
13 (21%)
7 (18%)

68 (50.0%)
35 (57.4%)

70 (49.3%)
31 (56.4%)

64 (51.6%)
39 (53.4%)

82 (59.0%)
20 (35.7%)
0 (0.0%)

78 (60.9%)
5 (35.7%)
20 (36.4%)

90 (52.9%)
4 (57.1%)
6 (46.2%)
3 (42.9%)

68 (50.0%)
26 (42.6%)

72 (50.7%)
24 (43.6%)

60 (48.4%)
34 (46.6%)

57 (41.0%)
36 (64.3%)
1 (100.0%)

50 (39.1%)
9 (64.3%)
35 (63.6%)

80 (47.1%)
3 (42.9%)
7 (53.8%)
4 (57.1%)

0.47

0.80

0.02*

0.004*

0.91

Ref
1.35 (0.73-2.47)

Ref
1.26 (0.67-2.35)

Ref
1.08 (0.60-1.92)

Ref
0.39 (0.20-0.73)

2.73 (1.42-5.25)
0.97 (0.28-3.30)
Ref

1.50 (0.33-6.90)
1.78 (0.21-14.77)
1.14 (0.18-28)
Ref

Of participating patients, 69 (67.0%) completed the full CR program (Table 3).Interpretation is limited by the
small sample size and potential model overfitting. Variables with sparse data and unstable confidence intervals

were excluded from the final model.

Table 3: Characteristics of patients who completed cardiac rehabilitation

Characteristics

Age (years)
EF %

Sex

- Female

- Male
Occupation
- Housewife
- Retired

- Employee

- Self-employment

Education
- Hliterate

- Education below

university

Completion

All Patients CR
(n=103,100%) (n=69,67%)
58.8 + 8.8 505+8.7
435+97 43.4 +10.1
90 (87%) 59 (65.6%)
13 (13%) 10 (76.9%)
13 (13%) 10 (76.9%)
40 (39%) 28 (70.0%)
9 (9%) 6 (66.7%)
41 (39%) 25 (61.0%)
9 (9%) 7 (77.8%)
82 (80%) 53 (65%)

Non-completion
of CR (n=34
33%)

57.6+9.3

43.6 9.1

31 (34.4%)
3 (23.1%)

3 (23.1%)
12 (30.0%)
3 (33.3%)
16 (39.0%)

2 (22.2%)
29 (35%)

P-
value

0.29
0.90
0.41

0.70

0.34

OR (95% ClI)

1.03 (0.98-1.08)
1.00 (0.96-1.04)

1.75 (0.45-6.83)
Ref

2.13 (0.51-9.00)
1.49 (0.60-3.76)
1.30 (0.28-5.86)
Ref

Ref
0.46 (0.09-2.37)



College/University

Marital Status
- Married

- Single
Insurance

- No

-Yes

Cigarette Smoker

- No

-Yes
Opium user
- No

-Yes

FH of CAD
- No

- Yes

History  Previous

CAD
- No
- Yes

Diabetes Mellitus

- No

- Yes
Dyslipidemia
- No

- Yes
Hypertension
- No

- Yes
Intervention
- PCI

- CABG

- Valvular Surgery

Doctor

- Doctor 1

- Doctor 2

- Doctor 3
Distance to
Center (km)
- 0-10

- 10-30
- 30-100

->100

CR

12 (11%)

103 (100%)
0

61 (60%)
41 (40%)

81 (79%)
22 (21%)

82 (80%)
21 (20%)

75 (73%)
28 (27%)
64 (62%)
39 (38%)

68 (66%)
35 (34%)

72 (70%)
31 (30%)

64 (62%)
39 (38%)

82 (80%)
20 (20%)

78 (76%)
5 (5%)
20 (19%)

90 (88%)
4 (4%)

6 (6%)
3 (2%)

9 (75.0%)

69 (67.0%)
0 (0.0%)

36 (59.0%)
32 (78.0%)

55 (68.9%)
14 (63.6%)

57 (69.5%)
12 (57.1%)

49 (65.3%)
20 (71.4%)
40 (62.5%)
29 (74.4%)

44 (64.7%)
25 (71.4%)

44 (61.1%)
25 (80.6%)

40 (62.5%)
29 (74.4%)

52 (63.4%)
16 (80.0%)

52 (66.7%)
1 (20.0%)
16 (80.0%)

61 (67.8%)
2 (50.0%)

5 (83.3%)
1 (33.3%)

3 (25.0%)

34 (33.0%)
0 (0.0%)

25 (41%)
9 (22.0%)

26 (32.1%)
8 (36.4%)

25 (30.5%)
9 (42.9%)

26 (34.7%)
8 (28.6%)

24 (37.5%)
10 (25.6%)

24 (35.3%)
10 (28.6%)

28 (38.9%)
6 (19.4%)

24 (37.5%)
10 (25.6%)

30 (36.6%)
4 (20.0%)

26 (33.3%)
4 (80.0%)
4 (20.0%)

29 (32.2%)
2 (50.0%)

1 (16.7%)
2 (66.6%)

2.03

0.04*

0.56

0.28

0.55

0.21

0.49

0.06

0.21

0.25

0.04*

0.38

1.21 (0.18-8.22)

Ref

Ref
2.47 (1.01-6.06)

Ref
0.83 (0.31-2.22)

No
0.59 (0.22-1.56)

Ref
1.33 (0.51-3.42)

Ref
1.74 (0.72-4.20)

Ref
1.36 (0.56-3.31)

Ref
2.65 (0.97-7.27)

Ref
1.74 (0.72-4.19)

Ref
2.31 (0.71-7.54)

Ref
0.13 (0.01-1.18)
2.00 (0.61-6.60)

4.21 (0.37-
48.31)

2.00 (0.09-
44.35)

10.00  (40.00-
250.42)

Ref



Discussion

Our study reveals a critical gap in cardiac rehabilitation (CR) utilization in Birjand, eastern Iran, with only
26.3% of eligible patients receiving physician referral, a rate markedly lower than most international
benchmarks. For example, referral rates of approximately 80% have been reported in the Netherlands, where
older age, higher ejection fraction, and greater distance reduced referral, while gender showed no association
[12]. In contrast, Spain reported a referral rate of 13.8%, with age, gender, and coronary artery disease history
as independent predictors [13].In the United States, referral rates of approximately 40% have been described,
with male sex and Black race associated with lower referral likelihood [14]. More recently, the Queensland
Cardiac Outcomes Registry reported referral rates of 63% among over 33,000 eligible patients, largely
attributed to system-level interventions such as automated electronic referrals, financial incentives, and
dedicated quality-improvement personnel [15]. Evidence from Southeast Asia further supports the
effectiveness of automated referral systems, which doubled CR enrollment following coronary artery bypass
grafting [16]. These findings highlight the potential role of structured referral pathways and provider-level
interventions.

Consistent with prior Iranian studies, CR referral rates in our setting remain notably low. Previous reports from
Kermanshah and other regions have identified limited physician awareness, inadequate insurance coverage,
and geographic barriers as major impediments to referral [17,18]. Hybrid CR models have shown improved
referral rates in western Iran, although distance and female gender continued to negatively influence access
[19]. Our findings align with this literature, highlighting distance to CR centers and insufficient provider
recommendations as key barriers. However, given the retrospective observational design, these associations
should not be interpreted as causal, as distance and physician familiarity with CR may act as proxies for
unmeasured patient-, provider-, or system-level confounders.

Among the 197 patients who were referred, 52.3% participated in at least one CR session, a rate lower than
that reported in the Netherlands but comparable to or higher than several international and regional estimates
[12,20,21]. Prior studies have consistently shown reduced participation among women, older adults, and
patients with lower educational attainment, while higher participation has been observed among men and those
with greater socioeconomic resources [21-24].In our cohort, female gender was similarly associated with lower
participation, whereas marital status and stronger provider recommendations appeared to facilitate
engagement. PCI patients also demonstrated higher participation compared with CABG patients, potentially
reflecting differences in recovery trajectories, perceived illness severity, or functional capacity at discharge.
Although 67.0% of participating patients completed all 36 prescribed CR sessions, this completion rate should
be interpreted with caution. Comparable studies have reported substantially lower completion rates in
real-world settings [25,26], while others, particularly in highly organized systems, have achieved higher rates
[12]. In observational cohorts such as ours, elevated completion rates likely reflect selection and survivorship
effects, whereby patients who successfully overcome early barriers to referral and participation represent a
highly selected subgroup with greater capacity or motivation to persist in the program. Consequently,
completion among participants should not be interpreted as evidence of uniformly high adherence across the
broader eligible population.

Overall, while international comparisons provide valuable context, mechanistic explanations for the observed
local gender disparities remain incompletely elucidated. The findings primarily highlight systemic
shortcomings in referral pathways and access, emphasizing the need for cautious interpretation of participation
and completion metrics and for future prospective studies to better disentangle patient-, provider-, and
system-level determinants of CR utilization.

Conclusion

Physician referral constitutes the main systemic barrier to cardiac rehabilitation (CR) utilization in this
underprivileged region, with marked disparities affecting women, older adults, and less-educated patients.
Although participation and completion rates were moderate among referred patients, these outcomes reflect a
selected subgroup and are likely influenced by survivorship and selection effects. The substantial attrition
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across the CR cascade underscores the need for system-level interventions targeting physician referral
practices, insurance coverage, and geographic accessibility to improve equitable CR access.

Limitations

This study is limited by its retrospective design, reliance on partly self-reported data, and single-center setting,
which restrict causal inference and generalizability. Although major comorbidities were reviewed, incomplete
documentation and limited statistical power precluded their inclusion in multivariable models, raising the
possibility of residual confounding. Physician-level clustering and heterogeneity in referral behavior were not
fully accounted for and likely influenced referral estimates. Additionally, hospital- and system-level factors
(e.g., institutional referral pathways and resource availability) were not assessed despite their potential impact
on access and adherence. Exclusion of patients who died after discharge may have introduced survivorship
bias, potentially inflating participation and completion estimates.

Conflict of interest
The authors declared no conflict of interest.

Acknowledgments

This study was derived from a medical student thesis. The authors gratefully acknowledge the Clinical
Research Development Unit of Razi Hospital, Birjand University of Medical Sciences, for their valuable
support.

Authors’ contributions

Conceptualization, Data collection, and Writing: Azar Zare Noughabi, Toba Kazemi, and Maryam Sadat
Rahimi; Methodology: Seyed Mohammad Riahi; Data analysis: Fateme Mahdizadeh; Supervision, Writing,
and Data collection: Toba Kazemi and Maryam Sadat Rahimi; Conceptualization and Data collection: Azar
Zare Noughabi; Critical revision and final approval of the manuscript: All authors

References

1.  Harbi AS, Soh KL, Yubbu P, Soh KG. Effectiveness of Cardiac Rehabilitation for Patients after Coronary
Artery Bypass Graft: Randomized Controlled Trial. Journal of Modern Rehabilitation. 2025 Mar 16 ;
19(3):278-290.

2. Manandi D, Brieger D, Redfern J, Tu Q, Briffa T, Hafiz N, Hyun K. Socioeconomic Variation in the
Association Between Participation in Cardiac Rehabilitation and Clinical Outcomes in Patients With
Acute Coronary Syndrome. Journal of Cardiopulmonary Rehabilitation and Prevention. 2026;46(1):67—
75.

3. Voskuil M. Secondary prevention after acute and chronic coronary syndromes: are we still not there?
Netherlands Heart Journal. 2025 Feb , 33:74-75.

4. Onuma OK. Making secondary prevention the primary focus for cardiovascular disease control. Journal of
the American College of Cardiology. 2025 Feb 11;85(5):451-3.

5. Nordenskjold AM, Qvarnstrom M, Wettermark B, Lindahl B. Adherence to secondary preventive treatment
following myocardial infarction with and without obstructive coronary artery disease. PLoS One. 2025
May 23;20(5): e0324072.

6. Ramachandran HJ, Jiang Y, Tam WWS, Yeo TJ, Wang W. Effectiveness of home-based cardiac
telerehabilitation as an alternative to Phase 2 cardiac rehabilitation of coronary heart disease: a systematic
review and meta-analysis. European Journal of Preventive Cardiology. 2022;29(7):1017-43.

7.  Beatty AL, Beckie TM, Dodson J, et al. A new era in cardiac rehabilitation delivery: research gaps,
questions, strategies, and priorities. Circulation. 2023;147(3):254-66.

8.  Taylor RS, Dalal HM, McDonagh ST. The role of cardiac rehabilitation in improving cardiovascular
outcomes. Nature Reviews Cardiology. 2022;19(3):180-94.

10



9. Mbau L, Prabhakar PM, Khan Z. Effectiveness of Cardiac Rehabilitation Services in Low-and Middle-
Income Countries: A Systematic Review. Cureus. 2023;15(12).

10. Sadeghi M, Turk-Adawi K, Supervia M, et al. Availability and nature of cardiac rehabilitation by province
in Iran: A 2018 update of ICCPR’s global audit. J Res Med Sci 2023;28:1.

11. Mirzaei Najmabadi A, Rahimi MS, Riahi SM, Kazemi T. Cardiac rehabilitation is necessary for patients:
Providing experiences from the launch of cardiac rehabilitation in a deprived province in Iran. J Res Med
Sci 2024;29:57.

VY. Rodrigo SF, Van Exel HJ, Van Keulen N, Van Winden L, Beeres SL, Schalij MJ. Referral and
participation in cardiac rehabilitation of patients following acute coronary syndrome; lessons learned.
1JC Heart & Vasculature. 2021;36:100858.

13. Gomez Gonzélez L, Supervia M, Medina-Inojosa JR, et al. Predictors of Rehabilitation Referral Among
Cardiovascular Surgical Patients. Frontiers in Cardiovascular Medicine. 2022;9:848610.

14. Li S, Fonarow GC, Mukamal K, et al. Sex and racial disparities in cardiac rehabilitation referral at
hospital discharge and gaps in long-term mortality. Journal of the American Heart Association.
2018;7(8):e008088.

15. Thomas EE, Le Grande M, Phillips S, Cartledge S, Poulter R, Murphy BM. Predictors of Cardiac
Rehabilitation Attendance and Completion: Analysis of 33,055 Patients from the Queensland Cardiac
Outcomes Registry (2020-2022). Heart, Lung and Circulation. 2025 Jan 1;34(1):84-94.

16. Miralles-Resurreccion KV, Grace SL, Cuenza LR. Trends in cardiac rehabilitation enrollment post-
coronary artery bypass grafting upon implementation of automatic referral in Southeast Asia: A
retrospective cohort study. Journal of cardiovascular and thoracic research. 2022 Jun 28;14(2):84.

17.Soroush A, Heydarpour B, Komasi S, Saeidi M, Ezzati P. Barriers for the referral to outpatient cardiac
rehabilitation: A predictive model including actual and perceived risk factors and perceived control.
Annals of cardiac anaesthesia. 2018;21(3):249-54.

18. Moradi B, Maleki M, Esmaeilzaden M, Abkenar HB. Physician-related factors affecting cardiac
rehabilitation referral. The Journal of Tehran Heart Center. 2011,6(4):187.

19. Nalini M. Outpatient cardiac rehabilitation use after coronary bypass surgery in the west of Iran. Journal
of cardiopulmonary rehabilitation and prevention. 2014;34(4):263-70.

20- Bryant J, Rubenfire M, Katona AM, et al. Increasing cardiac rehabilitation participation through a “Nearer
to Home” patient referral program. Journal of Cardiopulmonary Rehabilitation and Prevention. 2021 Jan
1;41(1):E1-4.

21- Wang L, Liu J, Fang H, Wang X. Factors associated with participation in cardiac rehabilitation in patients
with acute myocardial infarction: A systematic review and meta-analysis. Clinical Cardiology. 2023
Nov;46(11):1450-7.

22- Salari A, Ebadollahian A, Parvaneh S, Fakhrmousavi A, Hasandokht T. Demographic and Social Factors
Affecting Participation in Cardiac Rehabilitation: A Cross-Sectional Study. International Journal of
Cardiovascular Practice. 2025 Jun;10(1).

23- Bakhshayeh S, Sarbaz M, Kimiafar K, Vakilian F, Eslami S. Barriers to participation in center-based
cardiac rehabilitation programs and patients’ attitude toward home-based cardiac rehabilitation
programs. Physiotherapy theory and practice. 2021 Jan 2.

24- Najafi M, Teimouri-Jervekani Z, Jamalian M, et al. Gender differences in cardiac rehabilitation
participation and outcomes: an 18-year retrospective study in Iran. The Egyptian Heart Journal. 2024 Oct
4;76(1):133.

25. Thrush AH. Cardiac Rehabilitation in Abu Dhabi: A Retrospective Investigation of Program Delivery,
Participants, and Factors Associated with Program Completion Utilizing a Hospital Registry. Journal of
the Saudi Heart Association. 2023;35(3):235

26. Peacock JM, Styles E, Johnson S, et alA. Surveillance of the Initiation of, Participation in, and Completion
of Cardiac Rehabilitation in Minnesota, 2017—-2018. Preventing Chronic Disease. 2023 Apr 13;20:E24.

11



