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Abstract 
Aims: The purpose of this study was to compare the cardiac output of cricket players before and 
after step test on the basis of their playing experience. Materials and Methods: There was one 
hundred fifty (N=150) trained male cricketers between the ages of 15 and 25 years volunteered for 
this study. Anthropometric rod, Weighing machine were used. Blood pressure was recorded with a 
digital sphygmomanometer according to the standardized protocol recommended by World Health 
Organization. Results: The mean age, height weight and BMI (body mass index) of playing 
experience Group-1(1to5year) cricketer was 17.19±2.06 year, 170.57±7.67 cm, 56.01±8.99 kg and 
19.19±2.44 kg/m2 respectively. The mean age, height weight and BMI (body mass index) of playing 
experience Group-2(6 to10year) cricketer was 19.50±3.24 year, 173.50±6.46 cm, 62.29±9.20 kg 
and 20.64±2.47 kg/m2 respectively. The mean age, height weight and BMI (body mass index) of 
playing experience Group-3(11to15year) cricketer was 24.67±0.57 year, 174.00±8.54 cm, 
69.33±6.02 kg and 23.08±3.86 kg/m2 respectively. Conclusion: It was concluded that the cardiac 
output showed significant statistical increase represented by values of step test. There was a 
statistically significant difference in the variance of mean cardiac output (after Queen’s step test) of 
1 to 5 year,  playing experience of 6 to 10 year, playing experience of 11 to 15 year) cricket players. 
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Introduction 
Nowadays cricketers endure extreme training to be in highest state of physical fitness. Cardiac 
output (CO) is the quantity of blood or volume of blood that is pumped by the heart per minute. 
Cardiac output is a function of heart rate and stroke volume (Hussien et al. 2011). It is the product 
of stroke volume (SV; the volume of blood ejected from the heart in a single beat) and heart rate 
(HR; expressed as beats per minute) (Zhang et al. 2011). Heart rate (HR), lowering agent which is 
very useful (Xing et al. 2016 ; Busseuil et al. 2010). During exercise body may need three or four 
times that of normal cardiac output, because muscles need more oxygen when body exert. During 
exercise, your heart typically beats faster so that more blood gets out to the body (Hargreaves & 
Spriet 2020). During exercise, changes in cardiac preload, heart rate, and after load synergize to 
increase workload, which augments energy demand and influences substrate metabolism. Heart’s, 
this increase in workload is sufficient to increase myocardial carbohydrate and fatty acid catabolism 
(Goodwin and Taegtmeyer 2000). Further evidence showed that workload is sufficient to change 
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substrate metabolism of atrial pacing, which increases cardiac work without affecting circulating 
substrates. Atrial pacing causes the heart to use more fatty acids (Bergman et al. 2009) and it also 
increases glucose and lactate uptake in proportion to myocardial energy demand (Bergman et al. 
2009). Increasing either heart rate or stroke volume increases cardiac output. Most of the strokes are 
caused by atrial fibrillation (Duning et al. 2011). Cardiac Output in ml/min = heart rate (beats/min) 
X stroke volume (ml/beat).An average person has a resting heart rate of 70 beats / minute and a 
resting stroke volume of 70 ml/beat. The cardiac output for this person at rest is : Cardiac Output = 
70 (beats/min) X 70 (ml/beat) = 4900 ml/ minute. The difference between maximum and resting 
CO is known as the cardiac reserve. It measures the residual capacity of the heart to pump blood 
(Takahash et al.  2013).During exercise, tidal volume increases as the depth and rate of breathing 
both become greater. This has the effect of taking more oxygen into the body and removing more 
carbon dioxide (Kirolos et al. 2019). Cardiac output will continue to increase till the point where a 
plateau is reached (Adikali et al. 2017). There are very few studies that have been conducted on 
male cricket players of Punjab to observe the status of haemodynamic variables keeping in view 
their playing experience. 
Materials and Methods 
One hundred fifty (N=150) Punjabi male cricketers (from different cricket academies situated at 
Patiala,Punjab) between the age group of 15 to 25 years voluntarily participated in the study. 
Anthropometric measurements were recorded according to the standard procedure. Blood pressure 
was recorded with a digital sphygmomanometer according to the standardized protocol 
recommended by World Health Organization. Blood pressure was measured at rest and after the 
completion of queens step test. The cardiac output was calculated with the help of standard 
equations i.e. Cardiac Output (ml/min) = Heart Rate (beats/min) × Stroke Volume (ml/beat) 
(Jackson 1955). 
Results  
The mean age, height weight and BMI (body mass index) of cricketer of Group-1 (1 to 5 year 
playing experience) was 17.19±2.06 year, 170.57±7.67 cm, 56.01±8.99kg and 19.19±2.44 kg/m2 

respectively. The mean age, height weight and BMI (body mass index) of cricketer of Group-2 (6 to 
10 year playing experience) was 19.50±3.24 year, 173.50±6.46 cm, 62.29±9.20 kg and 20.64±2.47 
kg/m2 respectively. The mean age, height weight and BMI (body mass index) of cricketer of Group-
3 (11 to 15 year playing experience) was 24.67±0.57 year, 174.00±8.54 cm,69.33±6.02 kg and 
23.08±3.86 kg/m2 respectively (Table1). 
 

Table1. Mean ±SD of Age, height weight and BMI of Cricket Players  
 

Player’s Playing 
Experience 

N Age, 
 (year ) 

Height 
(cm) 

Body 
weight 
 (kg) 

BMI 
 (kg/m2) 

Group-1(1 to 5 year) 119 17.19±2.06 170.57±7.67 56.01±8.99 19.19±2.44 
Group-2(6 to 10 year) 25 19.50±3.24 173.50±6.46 62.29±9.20 20.64±2.47 
Group-3(11 to 15 year) 3 24.67±0.57 174.00±8.54 69.33±6.02 23.08±3.86 
Total 150 17.77±2.66 171.19±7.52 57.45±9.42 19.54±2.58 

 
The mean cardiac output (resting) of cricket players of Group-1(1 to 5 year), Group-2(6 to 10 year), 
and Group-3(11 to 15 year) was 6.26±1.048 (L/min), 6.07±1.30 (L/min) and 4.89±0.42 (L/min) 
respectively. The maximum mean cardiac output at rest (6.26±1.048 L/min) was of Group-1(1 to 5 
year). The minimum cardiac output (at rest) (4.89±0.42 L/min) was of Group-3(11 to 15 year) 
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(Table 2). The mean cardiac output (after Queen’s step test) of cricket players of Group-1(1 to 5 
year), Group-2(6 to 10 year), and Group-3(11 to 15 year) was 11.12±2.02 (L/min), 10.54±1.93 
(L/min) and 10.76±1.18 (L/min) respectively. The maximum mean cardiac output of cricket players  
at rest (11.12±2.02 L/min) was of Group-1(1 to 5 year). The minimum cardiac output of cricket 
players  (at rest) (10.54±1.93 L/min) was of Group-2 (6 to 10 year) (Table 2). The mean difference 
in the cardiac output at rest and after queen’s step test of group-1 (1 to 5 year) was statistical 
significant, in other words we can say that there was increased in cardiac output (4.86 L/min) after 
queen’s step test of group-1 (1 to 5 year) cricket players (Table 2). The mean difference in the 
cardiac output at rest and after queen’s step test of cricket players of group-2 (6 to 10 year) was 
statistical significant, in other words we can say that there was increased in cardiac output (4.46 
L/min) after queen’s step test of group-2 (6 to 10 year) cricket players (Table 2). The mean 
difference in the cardiac output at rest and after queen’s step test of group-3 (11 to 15 year) was 
statistical significant, in other words we can say that there was increased in cardiac output (5.87 
L/min) after queen’s step test of group-3 (11 to 15 year) cricket players (Table 2). 
 

Table 2. Comparison of Cardiac output at rest and after Queen’s step test of cricket players  
 

Player’s 
Playing 

Experience 

 Cardiac Output 
(at rest) 

Cardiac Output 
(after Queen's 

step test) 

Mean 
difference 

t Sig. (2-
tailed) 

N Mean Std.  
Deviation 

Mean Std.  
Deviation 

Group-1(1 to 5 
year) 119 6.26 1.048 11.12 2.02 4.86 -23.49 0.00 

Group-2(6 to 
10 year) 28 6.07 1.30 10.54 1.93 -4.46 -0.71 0.00 

Group-3(11 to 
15 year) 3 4.89 0.42 10.76 1.18 5.87 -6.3 0.00 

Total 150 6.20 1.10 11.01 2.00 4.81 -26.20 0.00 
 
The mean cardiac output (resting) of cricket players of group-1 (1 to 5 year), group-2 (6 to 10 year) 
and group-3 (11 to 15 year) on the basis of their playing experience was 6.26±1.04 (L/min), 
6.07±1.30 (L/min) and 4.89±0.42 (L/min) respectively (Table 3). The variance in the mean cardiac 
output (resting) of cricket players on the basis of playing experience was statistical analyzed with 
the help of ANOVA. The results of ANOVA showed that there was no statistical significant 
difference in the variance of group-1 (1 to 5year), group-2 (6 to 10 year) and group-3 (11 to 15 
year) of cricket players (Table 4). The mean cardiac output (after Queen’s step test) of cricket 
players on the basis of their playing experience was 11.12±2.02 (L/beat), 10.54±1.93 (L/min) and 
10.76±1.18 (L/min) of group-1 (1 to 5 year), group-2 (6 to 10 year) and group-3 (11 to 15 
year)respectively (Table 5). The variance in the cardiac output (after Queen’s step test) of cricket 
players on the basis of playing experience was statistical analyzed with the help of ANOVA. The 
results of ANOVA showed that there was no statistical significant difference in the variance of 
mean cardiac output (after Queen’s step test) of group-1 (1 to 5 year), group-2 (6 to 10 year) and 
group-3 (11 to 15 year) cricket players (Table 6). 
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Table 3. Comparison of Cardiac output (resting) of Cricket Players  
 

Variable(s) Player’s Playing Experience N Mean Std. Deviation 
Cardiac Output (resting) 
(L/min) 

Group-1(1 to 5 year) 119 6.26 1.048 
Group-2(6 to 10 year) 28 6.07 1.30 
Group-3(11 to 15 year) 3 4.89 0.42 
Total 150 6.20 1.10 

 
Table.4 Analysis of Variance (ANOVA) of Cardiac output (resting) of Cricket Players  

 

Variable(s)  Sum of Squares df Mean Square F Sig. 
Cardiac Output (resting) 
(L/min) 

Between Groups 5.97 2 2.98 2.49 0.08 
Within Groups 176.29 147 1.19   
Total 182.27 149    

 
Table.5 Comparison of Cardiac output (after Queen’s step test) of Cricket  

 

Variable(s) Player’s Playing 
Experience 

N Mean Std. 
Deviation 

Cardiac Output 
(after Queen's step test) 

Group-1(1 to 5 year) 119 11.12 2.02 
Group-2(6 to 10 year) 28 10.54 1.93 
Group-3(11 to 15 year) 3 10.76 1.18 
Total 150 11.01 2.00 

 
Table.6 Analysis of Variance (ANOVA) of Cardiac output (after Queen’s step test)  

of Cricket Players  
 

Variable(s)  Sum of Squares df Mean Square F Sig. 
Cardiac Output 
(after Queen's step test) 

Between Groups 7.96 2 3.98 0.99 0.37 
Within Groups 588.77 147 4.00   
Total 596.73 149    

 
Discussion 
The results of the present study shows that cardiac output (at rest) of the cricket players were in the 
normal range (4.0-8.0 L/min) as per the norms recommended by Edwards’s Life Sciences 
(Edwards, 2009). Rowell (1986) reported that the pattern of blood flow changes dramatically when 
a person goes from resting to exercising. At rest, the skin and skeletal muscles receive about 20 
percent of the cardiac output. Especially during an intensive workout, more blood and oxygen are 
required to the peripheral tissues of the arms and legs in highly trained cricketer bodies. A larger 
heart results in higher cardiac output, which also allows it to beat more slowly, as more blood is 
pumped out with each beat (Hargreaves 2020).That's likely because exercise strengthens 
the heart muscle. It allows it to pump a greater amount of blood with each heartbeat. It results in 
better oxygen supply to the muscles resulting in lesser heart rate as compared to the non- cricketer 
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(King & Wood 2013). It was observed in the present study that the cardiac output was significantly 
increased after step test than at rest of cricket players of groups. A similar results were also 
observed by Kathayat & Kumar (2020) in the variance of mean cardiac output (after Queen’s step 
test) of national level, state level, district level, university level and school level cricket players. 
Exercise-induced increases in cardiac size were initially identified in the late 1890s, (Weiner & 
Baggish, 2014  and Darling 1899) and they were first described in the 1950s (Beckner 1954). This 
form of cardiac hypertrophy occurs primarily in highly trained athletes, is relatively mild (≈10%–
20% increase in heart mass), and is reversible on prolonged cessation of exercise (Maillet et al., 
2013). It is accompanied by unchanged or marginally enhanced systolic and diastolic function 
(DeMariaet al. 1978). Regular exercises that promote sustained increases in cardiac output (e.g. 
endurance running) cause an eccentric form of cardiac remodeling, whereas exercises that increase 
systemic arterial pressures (e.g. weight lifting) often promote concentric hypertrophy (Pluimet al. 
1998 and Pluimet al. 2000). Although adaptation of the heart to exercise is generally beneficial—
protecting the heart from ischemia-reperfusion injury (Burelle et al. 2004; Calvert et al. 2011) and 
increasing stroke volume (Platt et al., 2015). The cricketer Cardiac intermediary metabolism in 
exercise an acute increase in workload during exercise has robust effects on the metabolism of 
striated muscle (Gibala et al. 2006). In the heart, exercise increases contractile power and oxygen 
consumption up to 10-fold above resting rates (Saugel et al. 2015, Lopaschuk et al. 2010). Changes 
in substrate utilization and ATP production during exercise are a product of the integrated effects of 
physiologic cues that occur with changes in circulating hormones, metabolic substrates, and 
hemodynamics (Gibala et al. 1998). Although intermittent bouts of strenuous physical activity are 
known to elicit adaptive changes in skeletal muscle gene expression, (Egan and  Zierath  2013)  less 
is known about how exercise impacts gene expression in the heart. Decreases in glucose catabolism 
occurring in the later stages of relatively vigorous exercise (Gibb et al. 2017) seem to be important 
for expression of genes that promote physiological cardiac growth. Metabolic changes caused by 
exercise are important for cardiac remodeling and adaptation. The integrative metabolic changes 
brought forth by exercise combine with changes in cardiac workload to regulate cardiac 
metabolism. In particular, exercise alters levels of competing substrates, and it changes the 
abundance of circulating hormones, which cue metabolic pathways that are critical for 
transcriptional changes and cardiac growth. In addition, changes in circulating and endogenous 
metabolites can trigger physiologic growth by activating pro-hypertrophic signaling pathways. 
Nevertheless, numerous questions remain, including questions of how to optimize the amount of 
exercise to produce beneficial, as opposed to deleterious, effects on cardiovascular health (Kim and 
Baggish, 2016) as well as mechanistic questions of how exercise-induced changes in metabolism 
couple the synthesis of structural materials to activation of the physiological cardiac growth 
program (Gibb and Hill 2018). While this knowledge is acquired, it appears that we would be best 
served by sticking to the advice of the ancient Greeks—“Exercise till the mind feels delight in 
reposing from the fatigue.”— Socrates. The cardiac output increases as the rate of oxygen demand 
increases. However, this linear relationship has a certain limit after which the cardiac output stays 
constant. The heart rate increases as the oxygen demand increases in order to maintain a constant 
cardiac output. When a person is at rest, only 20 % of the cardiac output goes to the skin and 
the skeletal muscles. However, when they are exercising, more blood needs to flow toward the 
highly metabolic skeletal muscles (Kathayat and Kumar 2019). This is to allow the provision of 
more oxygen and removal of waste products such as carbon dioxide. It is estimated that up to 80 % 
of the cardiac output is supplied to the skeletal muscles and the skin in exercise (Lecturio, 2016).  
Conclusion 
It was concluded that the cardiac output was statistical significantly increased after step test than at 
rest of cricket players of different playing experience. There was a statistical significant difference 
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in the variance of mean cardiac output (after Queen’s step test) of 1 to 5 year,    playing experience 
of 6 to 10 year, playing experience of 11 to 15 year) cricket players.  
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