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Abstract

Background and Aim: Heart rate recovery (HRR) after exercise is a simple marker of autonomic function. Attenuated HRR has been linked
to increased cardiovascular risk and mortality. This study examined the associations between traditional cardiovascular risk factors, exercise-
induced ischemia, and HRR at one minute (HRR1) in a population from southwest Iran.

Materials and Methods: This cross-sectional study included 342 patients (mean age 50.7£10.3 years) referred for Bruce protocol treadmill
testing due to non-specific symptoms and clinical suspicion of ischemia. HRR1 was calculated as peak heart rate minus heart rate at one minute
after exercise cessation. Bivariate analyses were performed for age, sex, hypertension, diabetes, smoking, high plasma low-density lipoprotein
(LDL) cholesterol (>130 mg/dL), family history of coronary artery disease, and exercise-induced ischemia. Variables with P < 0.25 were entered
into multivariate linear regression. Multicollinearity was assessed using the variance inflation factor, and standard linear regression assumptions
were verified.

Results: The mean HRR1 was 31.4+10.4 beats per minute. In multivariate analysis, higher HRR1 was significantly and independently associated
with normotension (B=4.52, P = 0.001), absence of diabetes (B=3.81, P = 0.010), LDL cholesterol <130 mg/dL (B=2.67, P = 0.011), and a
negative exercise test for ischemia (B=3.94, P = 0.016). No significant associations were found with age, sex, smoking, or family history of
coronary artery disease.

Conclusion: Impaired HRR1was independently associated with hypertension, diabetes mellitus, elevated LDL cholesterol, and exercise-induced
ischemia in this population. These findings suggest that HRR1 can serve as a simple, useful integrative marker of cardiovascular risk during
routine exercise stress testing. Due to the cross-sectional design, causality cannot be inferred, and prospective studies are warranted.
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INTRODUCTION

Heart rate recovery (HRR), the rate at which heart rate slows
down after the termination of exercise, is defined by the
parasympathetic recovery along with the withdrawal of the
sympathetic branch of the autonomic nervous system.["
HRR reflects the integrated function of the cardiovascular,
respiratory, and metabolic systems, collectively referred to as
cardiorespiratory fitness.'!

Lower HRR values have been associated with adverse
outcomes, including systemic inflammation, arrhythmia-
related mortality,*® hypertension, and insulin resistance.l®”
Furthermore, established demographic and lifestyle factors
such as advanced age,® as well as smoking and caffeine
consumption,®" have been identified as influential variables
in previous studies.

Beyond its established diagnostic utility for detecting ischemia
via electrocardiography, exercise stress testing also provides
prognostic information through HRR determination, which
is of considerable relevance in primary prevention. These
dual capabilities continue to be investigated by the scientific
community.®3!

Objectives

Cardiovascular diseases remain a leading cause of mortality both
globally and in Iran. Considering the differences in lifestyle and
the varying prevalence of risk factors across regions, the aim of
this study was to investigate the relationship between HRR, an
important component of cardiovascular risk assessment, and
traditional risk factors including age, smoking, diabetes, and
hypertension in the Dezful region of western Iran, a population
for which such data have not previously been reported.

Notably, this study simultaneously examines the associations
of HRR with both traditional risk factors and exercise-induced
ischemia a combined assessment that has been infrequently
reported in the existing literature. It is expected that the results
from the current research will prove helpful in designing
effective preventive measures for improved health outcomes
in the region.

METHODS

This cross-sectional study was conducted in a specialized
cardiac clinic in Dezful, Southwest Iran, between October 2021
and October 2022.

Patients aged 30-70 years who were referred for exercise
stress testing due to non-specific symptoms and clinical
suspicion of ischemia were eligible for inclusion. Inclusion
criteria comprised: no known cardiovascular disease; normal
baseline electrocardiogram and echocardiogram; controlled
blood pressure (<140/90 mmHg) at the time of testing; and

ability to complete the test until reaching the age-predicted
maximum heart rate. Patients taking beta-blockers or other
medications known to significantly affect heart rate were
excluded. Additional exclusion criteria included premature test
termination due to chest pain, arrhythmias, or other limiting
symptoms, and incomplete HRR data. A total of 342 patients
met the inclusion criteria and were enrolled using convenience
sampling.

The study protocol was approved by the Institutional Review
Board and Ethics Committee of Dezful University of Medical
Sciences (approval no: IR.DUMS.REC.1401.086, dated:
17.01.2023). Written informed consent was obtained from
all participants after explanation of the study objectives and
procedures. Participants were assured of confidentiality and
their right to withdraw at any time. The study was conducted in
accordance with the Declaration of Helsinki.

Exercise Testing Protocol: Exercise testing was performed
using the BPL Dynatrac Neo Stress Test System treadmill
according to the standard Bruce protocol, following ACC/AHA
recommendations.["

Heart rate and blood pressure were recorded at the end of each
stage. The exercise testing equipment was regularly calibrated
by the center’s biomedical engineer, and its proper function
was verified before each test.

HRR1 was calculated as peak heart rate minus heart rate
measured at the first minute after exercise cessation, with the
patient in the standing position. Measurements were performed
by trained personnel under the supervision of a cardiologist,
according to a standardized protocol.

Data Collection: Demographic and clinical data including age,
sex, history of hypertension, diabetes mellitus, smoking status,
family history of coronary artery disease (CAD), and low-density
lipoprotein (LDL) cholesterol levels were extracted from medical
records. Definitions were as follows:

Hypertension: Blood pressure >140/90 mmHg on repeated
measurements in clinic or use of antihypertensive medication.!""!

Diabetes: Fasting blood glucose >126 mg/dL or 2-hour
postprandial glucose >200 mg/dL or use of antidiabetic
medication.["

Hypecholesterolemia: Plasma LDL cholesterol >130 mg/dL.['Z

Positive family history: CAD in first-degree male relative <55
years or female relative <65 years.['Z

Smoking: Lifetime consumption of =100 cigarettes."

Ischemic response: Defined according to standard

electrocardiographic criteria during testing.l']
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Statistical Analysis

Data were analyzed using SPSS version 26. Continuous variables
are presented as mean * standard deviation, and categorical
variables as frequency (percentage). The Kolmogorov-Smirnov
test was used to assess normality. Pearson correlation and
independent t-tests (or analysis of variance) were applied for
bivariate analyses. Variables with P < 0.25 in bivariate analysis
were considered for inclusion in the multivariate linear
regression model. This liberal threshold was selected given the
exploratory nature of the study in a specific regional population,
to reduce the risk of prematurely excluding potentially relevant
variables.

Prior to regression, assumptions of linear regression were
verified, including linearity, homoscedasticity, normality
of residuals, and independence of errors. Multicollinearity
was assessed using the variance inflation factor; all values
were below 2.0, indicating no significant multicollinearity. A
P-value < 0.05 was considered statistically significant in the
final model. All beta coefficients are unstandardized unless
otherwise specified.

RESULTS
Study Population

As shown in Table 1, a total of 342 patients were included in
this study. The mean age was 50.7£10.3 years, and 182 (53.2%)
were male. The mean HRR at one minute (HRR1) was 31.4%+10.4
bpm.

The prevalence of cardiovascular risk factors was as follows:
hypertension in 131 patients (38.3%), diabetes mellitus in 55
(16.1%), smoking history in 57 (16.7%), positive family history
of CAD in 68 (19.9%), and LDL cholesterol >130 mg/dL in 133
(38.9%). A positive exercise test for ischemia was observed in
21 patients (6.1%). Seventy-one participants (20.8%) had no
cardiovascular risk factors (not mentioned in the table).

Lower HRR1 values were significantly associated with the
presence of hypertension, diabetes mellitus, elevated LDL
cholesterol, and a positive exercise test for ischemia. No
statistically significant associations were observed between
HRR1 and age (r=-0.09, P = 0.11), sex, smoking status, or family
history of CAD.

Multivariate Analysis

Variables with P < 0.25 in the bivariate analysis were entered
into the multivariate model (Table 2). The final model included
age, hypertension, diabetes mellitus, LDL cholesterol level,
and exercise test result. The “number of risk factors” variable
was not included in the regression model to avoid conceptual
redundancy and multicollinearity with the individual risk
factors.

All  regression assumptions were satisfied (linearity,
homoscedasticity, normality of residuals, and no significant
multicollinearity). Beta coefficients reported below are
unstandardized.

Table 1. The relationship between hypertension, diabetes, plasma LDL, and the result of the exercise test with heart rate

recovery
Variable Category No (%) Heart rate recovery, mean * SD P-value
High 131 (38.3) 28.5110.14
Blood pressure 0.01
Normal 211 (61.7) 33.15+10.13
Yes 55 (16.1) 28.33+11.66
Diabetes 0.03
No 287 (83.9) 31.96+10.17
LDL >130 mg/dL 133 (38.9) 30.2+11.1
LDL level 0.01
Normal 209 (61.1) 32.13+£9.82
) Positive for ischemia 21 (6.1) 29+12.29
Exercise test - 0.03
Negative 321(93.9) 31.5+10.23
. Positive 57 (16.7) 30.33+£10.27
Smoking - 0.41
negative 285 (83.3) 31.594+10.39
o Positive 68 (19.9) 32.9%111.61
Family history of CAD - 0.21
Negative 274 (80.1) 31£10.02
Male 182 (52.2) 31.25+10.19
Sex 0.81
Female 160 (46.8) 31.52+10.59
LDL: Low-density lipoprotein, CAD: Coronary artery disease
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Table 2. Multiple linear regression analysis of factors associated with heart rate recovery

Variable B (unstandardized) SE B (standardized) |t P-value | 95% Cl for B
Age (years) -0.38 0.26 -0.09 -1.46 0.145 -0.89-0.13
Normotensive (vs. hypertensive) 4.52 1.12 0.22 4.04 0.001 232-6.72
Non-diabetic (vs. diabetic) 3.81 1.48 0.14 2.57 0.010 0.90 - 6.72
LDL <130 mg/dL (vs. >130) 2.67 1.05 0.13 2.54 0.011 0.60 - 4.74
Negative exercise test (vs. positive) 3.94 1.62 0.11 2.43 0.016 0.75-7.13
Constant 38.76 345 - 11.24 0.001 31.97 - 45.55
LDL: Low-density lipoprotein, CAD: Coronary artery disease, Cl: Confidence interval

DISCUSSION

This study demonstrated significant associations between
lower HRR1 and several major cardiovascular risk factors,
including hypertension, diabetes mellitus, elevated LDL
cholesterol, and the presence of exercise-induced ischemia,
in patients from southwest Iran. An inverse association with
age was observed in the bivariate analysis; however, this
relationship did not remain statistically significant in the
multivariate model. No significant associations were found
with sex, smoking history, or family history of CAD.

Our findings regarding hypertension, diabetes, and
dyslipidemia are consistent with previous reports. For
instance, Sydé et al.Pl followed over 20,000 patients and
observed that slower HRR was associated with older age,
diabetes, hypertension, obesity, and smoking, whereas
sex showed no statistically significant effect on HRR levels.
Similarly, Hughes and Chaturvedi™ reported inverse
associations between HRR and systolic blood pressure, blood
glucose, and body mass index. Grad and Zdrengheal'! also
noted associations between reduced HRR1 and older age,
male sex, high plasma triglycerides, and ischemic response
during exercise testing. In some prior studies, reduced HRR was
significantly related to both cardiacand non-cardiac mortality."!
However, the association between HRR and mortality was not
evaluated in our study, as such an analysis requires large cohort
studies.

The present results align with these studies regarding most
metabolic risk factors and extend them by providing data from
an lranian population in the Dezful region. More than one-
third of the individuals in the study area had hypertension and
elevated LDL cholesterol, which warrants attention in primary
prevention health programs in the region.

In the study by Ulleryd et al.[ an association between
autonomic dysfunction and carotid plaque and cardiac
inflammation was observed. Our research demonstrated a
significant correlation between low HRR and exercise-induced
ischemia, which is consistent with the findings of Ulleryd et
al.'"and Grad and Zdrenghea.l'"

This possible association may not be limited to overt ischemia,
as the literature suggests that reduced HRR values have also
been observed in cases of silent ischemia or microvascular
disease, even in the presence of normal stress testing.['>1€l

Given the possibility of cardiac ischnemia in the presence of low
HRR, the routine use of this parameter in sports centers for
ischemia screening is more prominently recommended.

Previous research has suggested that men tend to have higher
fitness levels than women across all age groups, possibly due
to higher hemoglobin levels, greater muscle mass, and higher
cardiac output.['67

Furthermore, a study by Beltrame et al.l'¥f observed that
estradiol levels in women of all ages may play a role in HRR
and autonomic nervous system response. In 2021, Zubac
et al.l"l indicated that the HR recovery rate continuously
declined with age in both males and females. However,
in a very comprehensive study by Jackson et al.[® the HR
recovery rate decreased in association with age (primarily
due to reduced sympathetic response), but the pace of
decline hastened beyond the age of 45 years. Nevertheless,
lower body mass index, greater levels of physical activity,
and being a non-smoker attenuated the reductions in
fitness levels and HR recovery rate associated with aging.®!
The lack of a significant association between age and HRR1
in the multivariate analysis differs from some earlier reports.
This discrepancy may be related to the relatively narrow
age range of our sample (30-70 years), sample size, or
unmeasured genetic and environmental factors specific to
this population.2021

The absence of sex differences in HRR1 is consistent with some
prior investigations that found no clear gender effect after
adjusting for other variables.

Previous studies have shown a link between smoking and
decreased HRR, and autonomic dysfunction has been identified
as the underlying cause.?>?!
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Likewise, the non-significant association with smoking, despite
lower mean HRR1 values among smokers, could be attributed
to the modest number of smokers (16.7%) and variations in
smoking intensity and duration that were not captured in this
study. While previous studies have described these relationships,
The present study uses regional data from southwestern Iran,
where cardiovascular risk profiles and lifestyles differ across
populations. The results of the above studies suggest that
HRR1 may serve as a useful integrative marker associated with
traditional risk factors and cardiac ischemia and could be
applied in clinical practice.

Study Limitations

Several limitations should be considered when interpreting
these findings. First, the cross-sectional design allows only
for the identification of associations and does not permit
conclusions about causality or temporal relationships. Second,
this was a single-center study conducted in one cardiac clinicin
Dezful, which may limit generalizability. Although participants
were classified as asymptomatic, they were referred to a cardiac
clinic for ischemia evaluation, indicating a clinical suspicion
that may not represent the general healthy population. Third,
this referral pattern introduces potential selection bias, and
the results may not fully represent asymptomatic community-
dwelling individuals. Due to the relatively small sample size
(n=342) and the low prevalence of certain factors—such as
smoking (16.7%) and positive ischemic response (6%) the study
may have been underpowered to detect statistically significant
associations for these specific variables. Additionally, objective
measures of cardiorespiratory fitness, such as VO,max or
METs, were not available, as gas exchange analysis was not
performed. We did not collect detailed information on physical
activity levels, dietary patterns common in the Western Iran
region, educational level, socioeconomic status, or caffeine
consumption, all of which could act as residual confounders.
Medication history was limited to the exclusion of beta-blockers,
and other drugs potentially affecting autonomic function were
not fully stratified. Heart rate was recorded manually from the
monitor screen at exactly one minute, a method susceptible to
minor human error or equipment lag compared to automated
digital beat-to-beat analysis. HRR was measured in a standing
position; different recovery postures (e.g., supine or active
cool-down) significantly alter parasympathetic reactivation,
potentially limiting the comparability of these results to studies
using different protocols. Finally, no formal sample size or
power calculation was performed, as this was a convenience
sample. Despite these limitations, the integration of HRR as an
inexpensive and practical risk stratification tool after exercise
testing is recommended. However, large-scale, cohort-based
complementary studies are still needed.

CONCLUSION

This cross-sectional study showed that impaired HRRT is
significantly associated with hypertension, diabetes mellitus,
high LDL cholesterol, and exercise-induced ischemia among
patients undergoing treadmill testing in Southwest Iran. HRR1
appears to be a simple and practical physiological marker
associated with cardiovascular risk profiles in routine exercise
stress testing. Due to the associative nature of the findings and
the limitations inherent in the study design, larger prospective
studies are needed to further evaluate the clinical utility of
HRR1T in diverse populations and to explore its relationship with
long-term cardiovascular outcomes and primery prevention

Ethics

Ethics Committee Approval: The study protocol was approved
by the Institutional Review Board and Ethics Committee of
Dezful University of Medical Sciences (approval no: IR.DUMS.
REC.1401.086, dated: 17.01.2023).

Informed Consent: Written informed consent was obtained
from all participants after explanation of the study objectives
and procedures.

Footnotes
Authorship Contributions

Surgical and Medical Practices: H.S., M.K.,, AK, MH., SS.,
Concept: H.S., MK, AK., M.H, S.S., Design: H.S.,, MK., AK,
M.H., S.S., Data Collection or Processing: H.S., M.K., A.K.,, M.H,,
Analysis or Interpretation: H.S., M.K.,, AK.,, M.H., Literature
Search: H.S., M.K.,, M.H., S.S., Writing: H.S., M.K., AK., M.H., S.S.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: This study was financially supported
by a grant of 1401-MED-401080 from the Vice-Chancellor for
Education and Research Affairs of Dezful University of Medical
Sciences. The funder is not responsible for the study’s design,
data collection, analysis, and manuscript writing.

REFERENCES

1. Ankur, Goud KA. Study of recovery heart rate as an indicator of cardiovascular
fitness among physically active and inactive students. EJCM. 2025;15:28-31.

2. QiuS, @i X, Sun Z, Li L, Zuegel M, Steinacker M, et al. Heart rate recovery
and risk of cardiovascular events and all-cause mortality: a meta-analysis of
prospective cohort studies. | Am Heart Assoc. 2017;6:e005505.

3. Syd6 N, Sydd T, Gonzalez Carta KA, Hussain N, Farooq S, Murphy |G, et
al. Prognostic performance of heart rate recovery on an exercise test in a
primary prevention population. ] Am Heart Assoc. 2018;7:e008143.

4. laguna M, Aznar S, Lara MT, Lucia A, Ruiz JR. Heart rate recovery is associated
with obesity traits and related cardiometabolic risk factors in children and
adolescents. Nutr Metab Cardiovasc Dis. 2013;23:995-1001.



Saadatifar et al. Heart Rate Recovery and Cardiovascular Risk Factors

10.

13.

14.

Pepera G, Panagiota Z. Comparison of heart rate response and heart rate
recovery after step test among smoker and non-smoker athletes. Afr Health
Sci. 2021;21:105-11.

Mendis S, Puska P, Norrving B, editors. Global atlas on cardiovascular disease
prevention and control. Geneva: World Health Organization; 2011.

Yu TY, Hong W], Jin SM, Hur KY, Jee JH, Bae ]C, et al. Delayed heart rate
recovery after exercise predicts development of metabolic syndrome: a
retrospective cohort study. ] Diabetes Investig. 2022;13:167-76.

Jackson AS, Sui X, Hébert JR, Church TS, Blair SN. Role of lifestyle and aging
on the longitudinal change in cardiorespiratory fitness. Arch Intern Med.
2009;169:1781-7.

Gonzaga LA, Vanderlei LCM, Gomes RL, Valenti VE. Caffeine affects autonomic
control of heart rate and blood pressure recovery after aerobic exercise in
young adults: a crossover study. Sci Rep. 2017;7:14091.

Thomson RL, Bellenger CR, Howe PRC, Karavirta L, Buckley JD. Improved
heart rate recovery despite reduced exercise performance following heavy
training: a within-subject analysis. ] Sci Med Sport. 2016;19:255-9.

. Grad C, Zdrenghea D. Heart rate recovery in patients with ischemic heart

disease - risk factors. Clujul Med. 2014;87:220-5.

. Fegers-Wustrow |, Gianos E, Halle M, Yang E. Comparison of American and

European Guidelines for primary prevention of cardiovascular disease: JACC
guideline comparison. | Am Coll Cardiol. 2022;79:1304-13.

Hughes AD, Chaturvedi N. Estimation of maximal oxygen consumption
and heart rate recovery using the tecumseh sub-maximal step test and
their relationship to cardiovascular risk factors. Artery Res. 2017;18:29-35.
Erratum in: Artery Res. 2018;23:44.

Ulleryd MA, Prahl U, Borsbo J, Schmidt C, Nilsson S, Bergstrom G, et al.
The association between autonomic dysfunction, inflammation and
atherosclerosis in men under investigation for carotid plaques. PLoS One.
2017;12:€0174974.

15.

16.

17.

20.

21.

22.

23.

Yamada T, Yoshitama T, Makino K, Lee T, Saeki F. Heart rate recovery after
exercise is a predictor of silent myocardial ischemia in patients with type 2
diabetes. Diabetes Care. 2011;34:724-6.

Harms CA, Cooper D, Tanaka H. Exercise physiology of normal development,
sex differences, and aging. Compr Physiol. 2011;1:1649-78.

Williamson T, Moran C, Chirico D, Arena R, Ozemek C, Aggarwal S, et al.
Cancer and cardiovascular disease: the impact of cardiac rehabilitation and
cardiorespiratory fitness on survival. Int | Cardiol. 2021;343:139-45.

. Beltrame T, Catai AM, Rebelo AC, Tamburds NY, Zuttin RS, Takahashi ACM, et

al. Associations between heart rate recovery dynamics with estradiol levels
in 20 to 60 year-old sedentary women. Front Physiol. 2018;9:533.

. Zubac D, Goswami N, Ivan&ev V, Vali¢ Z, Simuni¢ B. Independent influence

of age on heart rate recovery after flywheel exercise in trained men and
women. Sci Rep. 2021;11:12011.

Pooni R, Arslanian S, Edgell H, Tamim H, Lee S, Kuk JL. Effects of exercise
modalities on heart rate recovery and its association with cardiometabolic
risk in adolescents with overweight or obesity. PLoS One. 2025;20:€0336371.

van de Vegte YJ, Tegegne BS, Verweij N, Snieder H, van der Harst P. Genetics
and the heart rate response to exercise. Cell Mol Life Sci. 2019;76:2391-409.

Sumartiningsih S, Lin HF, Lin JC. Cigarette smoking blunts exercise-induced
heart rate response among young adult male smokers. Int J Environ Res
Public Health. 2019;16:1032.

Papathanasiou G, Georgakopoulos D, Papageorgiou E, Zerva E, Michalis
L, Kalfakakou V, et al. Effects of smoking on heart rate at rest and during
exercise, and on heart rate recovery, in young adults. Hellenic | Cardiol.
2013;54:168-77.



