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Relationship Between Heart Rate Recovery and
Mean Platelet Volume in Healthy Individuals

Halil Aktas' ©®, Murat Gul' @, Sinan inci' @, Oguz Yildinm2 ©

Objective: Heart rate recovery index (HRRI) and mean platelet volume (MPV) are two cardiovascular prognostic markers.
Low HRRI and high MPV values have been observed in several diseases and conditions. However, the relationship between
these two markers is unclear. In this study, the relationship between HRRI and MPV in healthy individuals is examined.
Materials and Methods: The exercise tests performed between January and December 2020 were evaluated, and 120
individuals who met the study criteria were included in the present study. An abnormal HRRI was defined as a decrease in
heart rate of 12 beats or more until one minute after the peak of exercise. Those with abnormal HRRI were defined as the
study group (n=60), and those with normal HRRI as the control group (n=60).

Results: A total of 120 healthy individuals were included in the study (54% female; mean age 40.14+7.90 years). High-
er MPV values were detected in the study group when compared to the control group (10.27+0.10 fl vs. 9.44+0.12 fl;
p<0.001). This significance continued in the logistic regression analysis (odds ratio=3.78, p<0.001). In addition, a moderate
negative correlation was found between HRRI and MPV (r=-0.404, p<0.001). The MPV value of 10.25 fl was identified as
an effective cutoff point for the prediction of abnormal HRRI (area under the curve [AUC]: 0.758; 95% confidence interval
[CI]: 0.674-0.843).

Conclusion: Healthy individuals with abnormal HRRI have elevated MPV levels. Additionally, a negative correlation be-
tween MPV and HRRI in healthy subjects indicates a causal relation between MPV and autonomic dysfunction.
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INTRODUCTION

The autonomic nervous system plays an important role in cardiovascular regulation, and autonomic dysfunction
is closely related to all-cause mortality (1). The heart rate recovery index (HRRI), a crucial indicator of autonomic
dysfunction, is calculated by the arithmetic difference between the maximum heart rate during treadmill stress test-
ing and post-exercise resting heart rate (2). The decrease in the early rest period is related to the parasympathetic
system, and the late period is more associated with the reduced effect of the sympathetic nervous system (3, 4).
Abnormal HRRI has been defined as a reduction by less than 12 bpm in the first-minute heart rate in the resting
period and has been shown as an independent risk factor for cardiovascular mortality in several studies (5, 6). In
addition, faster heart rate decreasing during the first minute of resting was associated with lower mortality (7).

Platelets and their interaction with the vessel wall are key factors in the development of atherosclerosis. Larger
platelets are more active both enzymatically and metabolically. Mean platelet volume (MPV) is a common mea-
sure of platelet size and provides important information on the platelet function and reactivity (8). Elevated MPV
is related to increased aggregation, thromboxane synthesis, p-thromboglobulin release, and adhesion molecule
expression (9). Higher MPV levels were detected in patients with hypertension, hypercholesterolemia, diabetes
mellitus, smoking, and metabolic syndrome (10-14).Furthermore, it has long been recognized as a potent risk
factor associated with cardiovascular morbidity and mortality (15).

Appropriate exercise regulates autonomic dysfunction and normalizes HRRI; therefore, it may be a modifiable
risk factor for cardiovascular diseases (16). It is unclear whether there is a relationship between HRRI, which is a
cardiovascular prognostic factor, and MPV. In the present study, the relations between HRRI and MPV in healthy
subjects who underwent exercise testing were analyzed.

MATERIALS and METHODS

Ethics committee approval was obtained for this retrospective study (Aksaray University, Human Research Ethics
Committee: 2021/01-59).
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This study is a retrospective observational study conducted in a single
tertiary health-care center between January and December 2020.
While planning our study, to calculate the sample size that would find
a 10% difference between group means significant in terms of MPV
variable, we found the total number of subjects to be 108 according
to the two-sided Student’s t-test, at a minimum power of 90% and
error level of 0.05. One hundred twenty subjects (60 subjects in each
group) were planned to be included the study. It was decided to di-
vide the subjects into two groups: abnormal HRRI (study group) and
normal HRRI (control group). Exclusion criteria were being older
than 60 years, coronary artery disease, heart failure, moderate or
severe valvular heart disease, past cerebrovascular event, hyperten-
sion, diabetes mellitus, malignancy, overt/active hematological dis-
orders, and patients with renal, hepatobiliary, respiratory, infectious,
inflammatory, or thyroid disorders. Patients who could not reach the
maximum target heart rate during exercise and continuous medica-
tion use were also excluded from the study. All subjects who fulfilled
the definition criteria were classified in the determined time interval
in the list by file scanning. A total of 868 patients were analyzed, and
168 subjects (65 abnormal HRRI + 103 normal HRRI) fulfilled the
inclusion criteria. Thereafter, we used the randomization method to
select the number of patients to be calculated for our sample size.
For this purpose, we used the double-block randomization method.
Afterward, the subjects were divided into two groups: study group
(n=60) and control group (n=60). The data of the patients, e.g.,
demographic characteristics, medical background, and laboratory
examination results, were recorded and analyzed.

All patients underwent laboratory tests using standard procedures
following overnight fasting to estimate fasting plasma total cho-
lesterol, high-density lipoprotein (HDL) cholesterol, triglycerides,
low-density lipoprotein (LDL) cholesterol, and creatinine. Baseline
white blood cells, neutrophils, lymphocytes, platelet counts, and
hemoglobin levels were also measured using an automated analyz-
er (Sysmex XN-1000 Hematology Analyzer, Kobe, Japan). MPV
values were obtained automatically by the devices in routine hemo-
gram parameters.

The Bruce protocol was used for the exercise test. Continuous
ECG was digitally recorded at a speed of 25 mm/s (CARDIO-
VIT CS-200, Schiller AG, Baar, Switzerland). Heart rate, blood
pressure, and ECGs were continuously recorded before and after
exercise. The duration of exercise (seconds) and their maximum
exercise capacity (metabolic equation [MET]) were recorded. The
target heart rate was found using the 220-age formula. Those who
reached at least 85% of the target heart rate were included in the
study. Those with a positive exercise test were excluded from the
study. During the exercise test or recovery period, horizontal or
downsloping ST depression of 1 mm or more in at least two leads
and a 30 mmHg drop in systolic blood pressure and/or ventricular
arrhythmia and/or angina during the exercise test were accepted
as a positive exercise test. HRRI values were found by subtracting
the heart rate at the first minute of rest from the maximum heart
rate during the exercise of the subjects included in the study. An
abnormal HRRI was defined as decreased heart rate (12 beats or
more) until one minute after exercise peak (17).

Erciyes Med ) 2023; 45(1): 69-73

The data were analyzed with the SPSS 17 for Windows program
(SPSS Inc., Chicago, IL, USA). Results were presented as meanz-
standard deviation for the variables that were distributed normal-
ly, median (minimum-maximum) for the variables that were not
distributed normally, and percentage (%) for categorical variables.
To identify the distribution pattern of the variables, the Kolmog-
orov-Smirnov normality test was employed. Student’s t-test and
Mann-Whitney U test were employed for the comparison of con-
tinuous variables, and the chi-square test for the comparison of the
categorical variables. Pearson correlation analysis was used to eval-
uate the relations between HRRI and MPV. Multivariate logistic re-
gression analysis was performed to identify risk factors for the out-
come variable (@bnormal HRRI). All covariates with missing data in
less than 20% of observations and a p value <0.05 in univariate
testing (according to the results of group comparisons obtained
by Mann-Whitney U test, Student’s t-test, and chi-square analysis)
were considered for inclusion in the final multivariate regression
model and retained if the p value was <0.05 or if they were known
as evidence of significant confounding such as gender. Highly col-
linear covariates (defined as correlation coefficient >0.6) were not
included together in the final multivariate model. To evaluate the
predictive power of MPV for abnormal HRRI, a receiver operating
characteristic (ROC) curve was drawn. The threshold value, sensi-
tivity, and specificity were determined by ROC analysis. A p value
was taken as statistically significant when <0.05.

The study cohort was composed of 120 consecutive participants
(mean age 40.14+7.90, 54% of whom were female). The study
group was older (42.02+7.52 vs. 38.27+7.89, p=0.009) than
the control group. Both groups were similar regarding gender
(p=0.360), smoking (p=0.637), family history (p=0.143), heart
rate (p=0.101), systolic blood pressure (p=0.645), diastolic blood
pressure (p=0.084), glucose (p=0.070), LDL (p=0.461), triglycer-
ide (p=0.912), HDL (p=0.815), hemoglobin (p=0.113), white
blood cell (p=0.5), and thrombocyte count (p=0.458). The MPV
level was higher in the study group at a significant level than in the
control group (10.27+0.76 vs. 9.44+0.89, p<0.001). The basal
clinical, demographic, laboratory, and exercise values of the study
population are given in Table 1.

Exercise parameters such as maximum exercise duration
(369.67£87.73 sec. vs. 426.35+72.17 sec., p<0.001), maxi-
mum exercise capacity (8.30 METs vs. 9.54 METs, p=0.018), and
HRRI (5.90+2.87 vs. 20.57+8.49, p<0.001) were found to be
lower in the study group at a significant level (Table 1). Further,
a negative and moderate significant correlation was detected be-
tween HRRI and MPV (r=-0.404, p<0.001) (Fig. 1).

Multivariate logistic regression analysis was used to determine the
independent predictors of HRRI in the study population. MPV
(OR=3.78, confidence interval [CI]: 2.06-6.96, p<0.001) was
identified as the independent predictor of abnormal HRRI (Table
2). ROC analysis was used to identify the area under the curve
(AUC) of MPV to predict abnormal HRRI. The MPV value of
10.25 fl was the best point to discriminate between the control
and abnormal HRRI (AUC: 0.758, CI: 0.674-0.843, p<0.001)
with 55% sensitivity and 85% specificity (Fig. 2).
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Table 1. Comparison of demographic, laboratory, and exercise test data between the groups

Study group (n=60) Control group (n=60) P
Age (years, mean+SD) 42.02+7.52 38.27+7.89 0.009*
Sex (female) n (%) 35 (58) 30 (50) 0.360
Smoking, n (%) 10 (17) 12 (20) 0.637
Family history, n (%) 6 (10) 2(3) 0.143
Heart rate (beats/min) 93.20+15.09 88.77+14.25 0.101
Systolic blood pressure (mmHg) 120 (90-150) 120 (90-160) 0.645
Diastolic blood pressure (mmHg) 80 (60-90) 70 (60-90) 0.084
Glucose (mg/dL) 99.73+13.52 95.33+12.84 0.070
LDL cholesterol (mg/dL) 134.30+£22.11 138.05+32.47 0.461
HDL cholesterol (mg/dL) 47.58+10.96 47.13+£9.72 0.815
Triglyceride (mg/dL) 145.73+62.8 147.03+66.2 0.912
Hemoglobin (g/dL) 13.64+1.11 13.99+1.25 0.113
White blood cell count (103/ul) 7.05+1.62 6.87+1.30 0.500
Platelet count (103/ul) 266.43+84,41 277.30+75.23 0.458
Mean platelet volume (fl) 10.27+0.76 9,44+0.89 <0.001"
Maximum exercise time (seconds) 369.67+87.73 426.35+x72.17 <0.001*
Heart rate recovery index (beats) 5.90+2.87 20.57+8.49 <0.001*

Maximum exercise capacity (METs) 8.30 (6.87-12.14) 0.018*

9.54 (6.87-12.14)

HDL.: High-density lipoprotein; LDL: Low-density lipoprotein; METs: Metabolic equation; *: P value <0.05 statistically significant. *Meanz+standard deviation for normally
distributed variables and median (minimum-maximum) values for non-normally distributed variables were used

Table 2. Logistic regression analysis for abnormal heart rate recovery index

Variable B SE Wald
Age 0.062 0.034 3.288
Gender (male) -0.152 0.533 0.081
MPV 1.330 0.311 18.290
Maximum exercise capacity 0.004 0.197 0.000
Maximum exercise time -0.007 0.004 3.406

df Sig. Exp(B) 95% Cl for Exp(B)

Lower Upper
1 0.070 1.064 0.995 1.138
1 0.775 0.859 0.302 2.440
1 <0.001* 3.782 2.056 6.958
1 0.983 1.004 0.682 1.478
1 0.065 0.993 0.986 1.000

SE: Standard error; MPV: Mean platelet volume; CI: Confidence interval; *: P value <0.05 statistically significant. (-2 log likelihood,124.049; Cox and Snell pseudo-R?,

0.297; Nagelkerke pseudo-R?, 0.396; p<0.001). Hosmer and Lemeshow test: 0.686

In this study, it was found that abnormal HRRI was associated with
increased MPV, advanced age, and exercise parameters such as
maximum exercise time and maximum exercise capacity in healthy
individuals. Heart rate variability represents the balance between
sympathetic and parasympathetic system activity (2). Elevated
heart rate during exercise is predominantly driven by the activation
of the sympathetic nervous system and simultaneous suppression
of the parasympathetic nervous system (17). However, heart rate
recovery after exercise is interpreted in two stages. The first is a
rapid heart rate decrease in the early period of resting caused by
vagal activation. Second, the heart rate decreases more slowly in
the later period due to sympathetic withdrawal (2). Heart rate re-
covery focuses mainly on vagal reactivation and provides informa-

tion about the balance between sympathetic and parasympathetic
tones (2). Therefore, impaired HRRI is deemed a reflection of au-
tonomic dysfunction, associated with decreased vagal activity and
sympathetic hyperactivity.

Impaired HRRI is closely associated with numerous disorders,
e.g., coronary heart disease, heart failure, obstructive sleep ap-
nea syndrome, diabetes mellitus, and Behcet’s disease (1). Further,
impaired HRRI following exercise is an independent predictor for
cardiovascular and all-cause mortality, even in healthy people (17,
18). Our results indicate that healthy individuals with increased
MPV values have impaired HRRI compared with healthy controls.
In addition, a moderate negative correlation was detected between
HRRI and MPV. For this reason, we speculate that MPV might be
a simple, noninvasive measure to evaluate autonomic dysfunction.
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Platelets produce and express many substances, which are impor-
tant mediators of coagulation, atherosclerosis, and inflammation
(19). As a determinant of platelet function, MPV is a valuable
prognostic marker in cardiovascular patients (19). Sympathetic
activity plays a critical role in MPV through peripheral activation
and spleen release or thrombocytopoiesis (20). Further, increased
adrenaline levels also contribute to platelet release and platelet
volume (21). According to the findings obtained here, this hy-
pothesis is confirmed by showing autonomic imbalance (i.e., im-
paired HRRI) in healthy individuals with increased MPV values
compared with controls.

As assessed by heart rate variability and heart rate recovery, car-
diac autonomic nervous activity is associated with inflammatory
markers (22). It has been revealed that the rate of neutrophil-
lymphocyte, which is an indicator of the inflammatory process,
is higher in those with abnormal HRRI (16). Additionally, both
abnormal HRRI and increased MPV are predictors of endothelial
dysfunction (23, 24). Based on these data, it is possible to argue
that impaired HRRI and increased MPV have similar underlying
pathogenic mechanisms. Therefore, it can be considered that both
of them have the potential to reflect autonomic dysfunction.

This study is limited in several ways. First, it included a modest
sampling size and was carried out in one single center that lacks
external validation. In this respect, these findings need further mul-
ti-institutional validation with a larger sampling. Second, HRRI and
MPV were evaluated on admission to the hospital, but their dy-
namic changes were not evaluated.

Healthy individuals with abnormal HRRI and no substantial car-
diovascular risk factors have elevated MPV values. Additionally, a
negative correlation between MPV and HRRI in healthy subjects
indicates that there is a causal relation between MPV and auto-
nomic dysfunction. For this reason, prospective and randomized
studies are needed to confirm such a causal association.

Erciyes Med ) 2023; 45(1): 69-73

1.0
0.8+
2
5 061
E=
=
Q
n
0.4+
AUC: 0.758
0.2 Cl: 0.674-0.843
Sensitivity: 55%
Specificity: 85%
Cut-off: 10.25
0.0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

ROC curve analysis to evaluate the predictive
power of MPV for abnormal HRRI

AUC: Area under the curve; MPV: Mean platelet volume; HRRI: Heart rate
recovery index; ROC: Receiver operating characteristic

The Aksaray University, Human Research
Ethics Committee granted approval for this study (date: 22.02.2021, num-
ber: 2021/01-59).

Written informed consent was obtained from patients
who participated in this study.

Externally peer-reviewed.

Concept — HA, Si; Design - MG, HA; Supervi-
sion — SI, OY; Resource — OY, MG, Si; Materials — HA, SI; Data Collec-
tion and/or Processing — MG, OY; Analysis and/or Interpretation — HA,
SI; Literature Search — MG, OY; Writing — MG, SI; Critical Reviews
- QY, Sl.

The authors have no conflict of interest to declare.

The authors declared that this study has received
no financial support.

1. Ardic I, Kaya MG, Yarlioglues M, Dogdu O, Celikbilek M, Akpek M,
et al. Assessment of heart rate recovery index in patients with familial
Mediterranean fever. Rheumatol Int 2011; 31(1): 121-5. [CrossRef]

2. Facioli TP, Philbois SV, Gastaldi AC, Almeida DS, Maida KD, Ro-
drigues JAL, et al. Study of heart rate recovery and cardiovascular au-
tonomic modulation in healthy participants after submaximal exercise.
Sci Rep 2021; 11(1): 3620. [CrossRef]

3. Schlatterer SD, du Plessis AJ. Exposures influencing the developing
central autonomic nervous system. Birth Defects Res 2021; 113(11):
845-63. [CrossRef]

4. Cakan P, Yildiz S. Autonomic nervous system activity under rotational
shift programs: effects of shift period and gender. Ind Health 2022;
60(1): 62-74. [CrossRef]


https://doi.org/10.1007/s00296-010-1550-y
https://doi.org/10.1038/s41598-021-83071-w
https://doi.org/10.1002/bdr2.1847
https://doi.org/10.2486/indhealth.2021-0029

Erciyes Med ] 2023; 45(1): 69-73

10.

11.

12.

13.

14.

Palatini P. Heart rate as an independent risk factor for cardiovascu-
lar disease: current evidence and basic mechanisms. Drugs 2007;
67(Suppl 2): 3—-13. [CrossRef]

Perret-Guillaume C, Joly L, Benetos A. Heart rate as a risk factor for
cardiovascular disease. Prog Cardiovasc Dis 2009; 52(1): 6-10.
Morshedi-Meibodi A, Larson MG, Levy D, O’Donnell CJ, Vasan RS.
Heart rate recovery after treadmill exercise testing and risk of cardio-
vascular disease events (The Framingham Heart Study). Am J Cardiol
2002; 90(8): 848-52. [CrossRef]

Zhang Y, Peng R, Li X, Cheng G, Wang X, Yu J, et al. Clopidogrel
versus ticagrelor in the treatment of Chinese patients undergoing per-
cutaneous coronary intervention: effects on platelet function assessed
by platelet function tests and mean platelet volume. Thromb J 2021;
19(1): 97. [CrossRef]

Navaratnam K, Kenny L, Taylor RN. Platelets, coagulation, and the
liver. In: Taylor RN, Davidge ST, Roberts JM, editors. Chesley’s hyper-
tensive disorders in pregnancy. Cambridge, Massachusetts, US: Aca-
demic Press; 2022.p.355-74. [CrossRef]

Kodiatte TA, Manikyam UK, Rao SB, Jagadish TM, Reddy M, Linga-
iah HK, et al. Mean platelet volume in Type 2 diabetes mellitus. J Lab
Physicians 2012; 4(1): 5-9. [CrossRef]

Yavuzkir MF, Kurtoglu E, Yilm az M, Korkmaz H, Cakmak T, Dogdu
O, et al. Relationship between mean platelet volume elevation and left
ventricular mass index in hypertensive patients. J Int Med Res 2014;
42(3): 781-7. [CrossRef]

Khemka R, Kulkarni K. Study of relationship between platelet vol-
ume indices and hyperlipidemia. Annals Pathol Lab Med 2014; 1(1):
8-14.

Varol E, Icli A, Kocyigit S, Erdogan D, Ozaydin M, Dogan A. Effect
of smoking cessation on mean platelet volume. Clin Appl Thromb He-
most 2013; 19(3): 315-19. [CrossRef]

Ding Q, Wang F, Guo X, Liang M. The relationship between mean
platelet volume and metabolic syndrome in patients with type 2 di-

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Aktas et al. Heart Rate Recovery and Mean Platelet Volume

abetes mellitus: A retrospective study. Medicine (Baltimore) 2021;
100(13): e25303. [CrossRef]

Manolis AA, Manolis TA, Melita H, Manolis AS. Psoriasis and cardio-
vascular disease: the elusive link. Int Rev Immunol 2019; 38(1): 33-54.
Aydin M, Akyuz A, Alpsoy S, Gunes H, Akkoyun DC, Oran M, et al.
The relationship neutrophil-lymphocyte ratio and heart rate recovery.
Int J Basic Clin Med 2013, 1(2): 107-11.

Askin, L. Evaluation of heart rate recovery index in patients with coro-
nary slow flow: Preliminary results. Eur Rev Med Pharmacol Sci 2021;
25(24): 7941-46.

Sydo N, Sydo T, Carta KAG, Hussain N, Farooq S, Murphy JG, et
al. Prognostic performance of heart rate recovery on an exercise test
in a primary prevention population. J Am Heart Assoc 2018; 7(7):
e008143. [CrossRef]

Gawaz M, Langer H, May AE. Platelets in inflammation and atheroge-
nesis. J Clin Invest 2005; 115(12): 3378-84. [CrossRef]

Gokoglan Y, Yildirim E. Relationship between the mean platelet vol-
ume values and tilt-table test results in patients with vasovagal syncope.
Med Science 2018; 7(1): 110-3. [CrossRef]

Meric M, Yuksel S, Coksevim M, Gulel O. The effect of mean platelet
volume/platelet count ratio on dipper and non-dipper blood pressure
status. Medicina (Kaunas) 2019; 55(11): 742. [CrossRef]

Yurtdas M, Yaylali YT, Aladag N, Ozdemir M, Ceylan Y, Gencaslan M,
et al. Heart rate recovery after exercise and its relation with neutrophil-
to-lymphocyte ratio in patients with cardiac syndrome X. Coron Artery
Dis 2014; 25(6): 485-92. [CrossRef]

Huang PH, Leu HB, Chen JW, Cheng CM, Huang CY, Tuan TC, et al.
Usefulness of attenuated heart rate recovery immediately after exercise
to predict endothelial dysfunction in patients with suspected coronary
artery disease. Am J Cardiol 2004; 93(1): 10-3. [CrossRef]

Vizioli L, Muscari S, Muscari A. The relationship of mean platelet vol-
ume with the risk and prognosis of cardiovascular diseases. Int J Clin
Pract 2009; 63(10): 1509-15. [CrossRef]


https://doi.org/10.2165/00003495-200767002-00002
https://doi.org/10.1016/j.pcad.2009.05.003
https://doi.org/10.1016/S0002-9149(02)02706-6
https://doi.org/10.1186/s12959-021-00350-2
https://doi.org/10.1016/B978-0-12-818417-2.00011-7
https://doi.org/10.4103/0974-2727.98662
https://doi.org/10.1177/0300060513517486
https://doi.org/10.1177/1076029612436675
https://doi.org/10.1097/MD.0000000000025303
https://doi.org/10.1080/08830185.2018.1539084
https://doi.org/10.1161/JAHA.117.008143
https://doi.org/10.1172/JCI27196
https://doi.org/10.5455/medscience.2017.06.8682
https://doi.org/10.3390/medicina55110742
https://doi.org/10.1097/MCA.0000000000000110
https://doi.org/10.1016/j.amjcard.2003.09.004
https://doi.org/10.1111/j.1742-1241.2009.02070.x

