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Abstract
The aim of the study was to develop linear models for estimating Maximal Oxygen Uptake (VO2 max.)
of male youth habitat of Kashmir. The study was conducted on two hundred forty two healthy male youth
of Kashmir valley (attitude: 6070 feet/1850 meters). The age of the subjects ranged from 18 to 23 years.
The youth were administered with submaximal bench step test (American College of Sports Medicine
Protocol) to determine the VO2max. (dependent variable) by plotting HR-workload combinations
calculated by Karvonen heart rate reserve method. Data was collected using Cardio-Sport heart rate
monitor and step test protocol. The selected independent variables were Age, Body weight in kilograms
(B.Wt.), Height in centimeters (Ht.), Resting Heart Rate (RHrest) , Target Heart Rate (THR), Maximal
Heart Rate (HRmax.) , Heart Rate at Two minutes of step testing with cadence 15 steps/min (ExHR2),
Heart Rate at Four minutes of step testing with cadence 20 steps/min (ExHR4) , Heart Rate at Six
minutes of step testing with cadence 30 steps/min (ExHR6), recovery heart rate at one minutes of rest
(RcvHR1), recovery heart rate at two minutes of rest (RcvHR2) and recovery heart rate at third minute of
rest (RcvHR3), (As per the formula advocated by American College of Sports Medicine). The collected
data was computed with mean, standard deviation, correlation matrix, and linear regressions for deriving
linear models using SPSS. The study concluded with the development of ten independent linear models
among which model number six (M6) was found to be the best model for estimating VO2 max. of
Kashmiri youth (habitat of high altitude) with high degree of power of prediction.
Keywords: Maximal oxygen consumption, heart rate, step testing, high altitude, aerobic fitness, multiple
correlation, regression analysis, linear models
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Introduction
VO2max. also known as maximal oxygen consumption, maximal oxygen uptake, peak oxygen
uptake or maximal aerobic capacity is the maximum rate of oxygen consumption as measured
during incremental exercise, most typically on a motorized treadmill or on a bench step test
(Dlugosz 2013) [6]. Maximal oxygen consumption reflects the aerobic physical fitness of the
individual and is an important determinant of their endurance capacity. The name is derived
from V = volume, O2 = oxygen, max. = maximum.
VO2max is expressed either as an absolute rate in (for example) liters of oxygen per minute
(L/min) or as a relative rate in (for example) millilitres of oxygen per kilogram of
body mass per minute (e.g. ml/kg/min). The latter expression is often used to compare the
performance of endurance sports athletes. However, VO2 max generally does not vary linearly
with body mass. (Wikipedia, July 2017) [15].
VO2max is the very important determinant of cardio-respiratory fitness and aerobic
performance.VO2 max (ml/min/kg) is a measure of the maximum amount of oxygen that one
use during intense physical activity. This measurement determines fitness level by calculating
how efficiently cells use oxygen for energy (Tipton, 1977) [5]. There are several methods one
can use to measure VO2 max, but many require sophisticated equipment such as a treadmill or
a specially calibrated exercise cycle with calorimetry/ spirometry /gas analyzer. The step test
with heart rate recordings is quickest, easiest and safest as well as feasible way to measure
ones VO2 max for basic calculation after taking in consideration the Karvonen formula for a
step testing protocol and sub maximal exercise heart rate (Practical Math for Health Fitness
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Professionals, (1996). It is postulated that appropriate
regression models will be a step advance for estimating VO2
max. for Kashmiri youth in forms of feasibility.
Heart rate is the number of cardiac contractions in one
minute. The number of contraction range from 60-80 bts.min.
The rate and intensity of the cardiac contractions is affected
by exercise, long term training, age, sex, disease, stress,
environmental temperature, altitude etc. However 72 beats per
minute (bts/min) in is generally considered as a normal heart
rate, however a lower resting heart rate is recorded in trained
individuals then that of untrained. Autonomic Nervous
System controls the working of heart during exercise. It is
known that increase in heart rate during mild to moderate
level of exercise is due to withdrawal of Parasympathetic
nervous system activity (PNS).The rise in heart rate during
strenuous exercise is mediated through sympathetic activity.
Although one of the hallmark of the endurance athlete is a
slower heart rate at rest (Bradycardia).The lower heart rate
may be caused by any combination of three factors, a
reduction in the intrinsic rate of heart, decreased sympathetic
tone and increased parasympathetic tone.
Resting bradycardia is a well-known phenomenon in
endurance trained athletes or sportspersons, however the
mechanism responsible for this phenomenon have not been
conclusively elucidated. Other investigators suggested that an
increased parasympathetic influence in the trained individuals
is accounted for the resting bradycardia (Tipton, 1977) [5].
Given that the increase in heart rate during incremental
exercise mirrors the increase in cardiac output, maximal heart
rate is often interpreted as the upper ceiling for an increase in
central cardiovascular function. Indeed, research for the last
100 years has demonstrated that heart rate does in fact have a
maximal value; one that cannot be surpassed despite
continued increases in exercise intensity or training
adaptations.
The regular exercise leads to adoptive changes in cardiac,
physical performance and oxygen uptake capacity. Physically
trained individuals are found to have maximum oxygen
uptake capacity than physically untrained ones (Heyward,
1997) [11]. The requirement or adaptation of VO2 Max. for
different games and sports or physical activity are different.
The developed regression models will be of great help for
above requirements.
Recent research revealed that the Queens College step test
provides a valid estimate of VO2max. Step test performance
at 3800 meters was reduced by 11% compared to sea level,
whereas no change was observed at 2040 meters. These data
corroborate previous findings that indicate a threshold at
which altitude adversely affects aerobic capacity (Tiaira
Bates, 2015) [13].
Out of all the physiological conditions, exercise if of a
strenuous nature, has the most powerful effect upon the blood
pressure. B.P has been used as a strong measure for
examining the functioning of CVS in the human body. It has
been pointed out by many scientists that the increase and the
decrease of the HR of well-trained subjects at the beginning
and immediately after the beginning and immediately after the
exercise are much faster and rapider than those of untrained
subjects. In general, the BP and HR react greatly but slowly to
exercise in untrained subjects, while the BP respond very little
but the HR respond sharply to exercise in trained subjects.
"Recovery heart rate" refers to the heart’s ability to return to
normal levels after physical activity. Fitness level and proper
function of heart are measured by the recovery phase. A heart
that is healthy will recover at a quicker rate than one that is

not healthy or is not accustomed to regular exercise. If one’s
heart does not recover in reasonable time, one may have a
heart problem.
First Minute of Recovery
The first minute of recovery is the most crucial. After
exercise, heart rate experiences an abrupt drop during the first
minute. This recovery period can indicate fitness level and
give an early warning of potential heart problems. In a recent
study performed by the Cleveland Clinic Foundation
classified a heart rate decrease of 12 beats or less in the first
minute as abnormal. The study also reported that people with
an abnormal decline in heart rate had a greater chance of
mortality in the subsequent six years due to heart problems.
(The New England Journal of Medicine, October (1999).
Two-Minute Recovery
The heart rate two minutes after exercise is referred to as the
recovery heart rate. This is the most common measurement in
determining cardiovascular fitness. To test for improvements,
record the working heart rate during exercise, then record
recovery heart rate at the two-minute mark. Subtract the twominute recovery rate from the working heart rate to determine
a baseline for improvement. For example, if working levels
were 150 beats per minute and the two-minute recovery rate
was 95, then 55 is the recovery heart rate.
Recovery heart rate is simply your pulse rate after exercise.
Some fitness specialists refer to it as post-exercise heart
rate. The pulse number is used for different reasons in
different settings. Recovery heart rate is also used in popular
fitness tests like the YMCA Submaximal Step Test. During
the fitness assessment, an exerciser steps up and down on a
12-inch box at a rate of 24 steps per minute. The test lasts for
three minutes. Recovery heart rate is measured for one full
minute immediately following the test.
It is summarized that at altitudes over 5000 feet (1524
meters), the ability to perform physical work is decreased due
to hypoxia (lowered PO2). However, healthy high altitude
dwellers show excellent adaptation to their environment.
These adaptations are likely to be associated with altered gene
expression as the expression of genes associated with vascular
control and reactions to hypoxia have been found to be high
in altitude dwellers (Appenzeller 2006) [1]. Blood volumes are
larger in high altitude dwellers. This is due to a large packed
cell volume whereas at sea levels plasma volume was found
to be large. Probably as the result of the large blood volumes,
tolerance to orthostatic stress was greater than that in sealevel residents (Claydon, 2005) [4].
The Kashmir Valley being at high altitude (6070 feet/1850
meters) with mountains around demands a great deal of
physical efficiency to survive and to live a graceful and
healthy life. Kashmiri has to perform best in different
changing altitudes, time and again, with or without any
acclimatization for the life and social requirements, because
of the very nature of its geographical, political, social,
administrative, vocational requirement/s. It has been observed
that Kashmiri youth is a habitat of high altitude, but they
interact with rest of India (low or variable altitude), whether it
is games/sports (nationals, inter-university, senior nationals,
junior nationals, rural nationals etc.) or cultural exchange
programs, education or others. Hence, linear models for
estimating VO2max. and evaluating aerobic fitness suitable to
Kashmiri youth becomes imperative.
The Purpose of the study was to develop linear models in
regard to maximal oxygen uptake (VO2 max.) of high altitude
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Kashmiri male youth, which will be useful for evaluation,
grading, grouping and monitoring the aerobic fitness.
Methodology
The study was conducted on two hundred and forty two
healthy male subjects of Kashmir valley (altitude: 6070
feet/1850 meters). The age of the subjects ranged from 17 to
23 years. The youth were administered submaximal bench
step test to determine the VO2 max. by plotting HR-workload
combinations calculated by Karvonen heart rate reserve
method. The following supporting cardio-circulatory variables
were selected for measurement of VO2max: Resting Heart
Rate (HRrest) , Target Heart Rate (THR) , Maximal Heart
Rate (HRmax.) , Heart Rate at Two minutes of step testing
with cadence 15 steps/min (ExHR2), Heart Rate at Four
minutes of step testing with cadence 20 steps/min (ExHR4) ,
Heart Rate at Six minutes of step testing with cadence 30
steps/min (ExHR6), X:recovery heart rate at one minute of
rest (ExHR6), recovery heart rate at two minutes of rest
(RcvHR2) and recovery heart rate at third minute of rest
(RcvHR3), (As per the method advocated by American
College of Sports Medicine).
Submaximal exercise testing can be used for estimating
VO2max by taking advantage of linear relationship between
heart rate responses and workload VO2 values. This linear
relationship was taken in consideration by plotting HRworkload combinations calculated by Karvonen heart rate
reserve method. (Practical Math for Health Fitness

Professionals, 1996).
The statistical analysis was mean, standard deviation,
correlation matrix and linear regression for deriving linear
models using SPSS.
Findings
Table 1: Descriptive Statistics of the selected variables of the
subjects (High Altitude Kashmiri Male Youth)
S.N0
1
2
3

Variable Name
Age (Years)
Body weight (Kgs)
Height (cms)
Maximal Oxygen
Uptake(ml/kg/min)
Resting Heart rate (bts/min)
Heart rate at 2 mins of
exercise (bts/min)
Heart rate at 4 mins of
exercise(bts/min)
Heart rate at 6 mins of
exercise(bts/min)
Recovery heart rate at 1 min
(bts/min)
Recovery heart rate at 2 min
(bts/min)
Recovery heart rate at 3 min
(bts/min)

4
5
6
7
8
9
10
11

Symbol
AGE
BWT
HGT

Mean
18.75
54.53
171.97

S.D
1.01
6.88
6.02

VO2max.

53.20

5.11

HRrest

63.26

10.10

ExHR2

144.95

9.22

ExHR4

174.68

10.86

ExHR6

197.47

9.22

RcvHR1

156.16

10.85

RcvHR2

135.14

10.13

RcvHR3

117.70

10.42

N=242

Table 2: Pearson Correlation among Selected Variables of Habitat of High Altitude. Kashmiri Male Youth
VO2max
B.wt.
Ht.
HR rest
Ex.HR2
Ex.HR4
Ex.HR6
RcvHR1
RcvHR2
RcvHR3
AGE

VO2max
1

Bwt
.090
1

Ht.
.018
.460*
1

HRrest
-.700*
-.116
-.017
1

ExHR2
-.475*
-.080
-.125
.305*
1

Ex.HR4
-.965*
-.084
-.040
.692*
.501*
1

Ex.HR
-.092
-.122
-.171
-.176
.290
.157
1

RcvHR1
-.023
-.018
.056
.004
.206
.013
.077
1

RcvHR2
-.210
-.085
-.007
.260
.209
.198
.017
.787*
1

RcvHR3
-.380*
-.123
-.002
.485*
.234
.367*
-.097
.586*
.830*
1

AGE
-.057
-.131
.028
.021
-.017
-.013
-.137
-.059
-.077
-.053
1

*Significant at 0.05 level
According to table-4, the VO2 max. highly correlated to
HRrest (r = -.700), ExHR2 (r = -.475), ExHR4 (r = -.965) and
RcvHR3 (r = -.380). The body weight significantly correlates
to Ht. (r = .460). Heart Rate Rest (HRrest) significantly
correlates to ExHR2 (r = .305), ExHR4 (r = .692) and

RcvHR3 (r = .485).ExRH2 highly correlates to ExHR4 (r =
.501). ExHR4 significantly correlates to RcvHR3 (r = .367).
RcvHR1 highly correlates with RcvHR2 (r = .787) and
RcvHR3 (r =.586).RcvHR2 highly correlates with RcvHR3 (r
= .830).

Table 4: Linear Models Developed for Estimating VO2 Max. of Kashmiri Male Youth (Habitat of High Altitude)
Linear Model
D.V Constant Predictor
1
VO2 max = 58.614
- .288 (Age)
2
VO2 max = 49.557
+ .067 (B.wt.)
3
VO2 max =50.622
+ .015 (Height)
4
VO2 max =75.594
- .354 (HRrest)
5
VO2 max =91.348
- .263 (Ex.HR2Min)
6
VO2 max =132.530 - .454 (Ex.HR4Min.)
7
VO2 max =67.104
- .070 (Ex.HR6Min.)
8
VO2 max =54.877 - .011 (Rcv.HR1Min.)
9
VO2 max =67.533 - .106 (Rcv.HR2Min.)
10
VO2 max =75.153 - .186 (Rcv.HR3Min.)
Dependent Variable: VO2max.
Model

R

R2

Std.Error of the Estimate

F

Sig.

.057
.090
.018
.700
.475
.965
.092
.023
.210
.380

.003
.008
.000
.490
.225
.931
.008
.001
.044
.145

5.1139
5.1014
5.1214
3.6595
4.5080
1.3411
5.1007
5.1209
5.0079
4.7372

.786
1.966
.075
230.21
69.855
3261.0
2.030
.124
11.081
40.602

.376
.162
.784
.000
.000
.000
.156
.725
.001
.000

The model 1 (VO2max. = 58.614 - .288 × Age) with very poor
power of prediction (R2 = .003). The model 2 (VO2max. =
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49.557 + .067 × Body weight) with very poor power of
prediction (R2 = .008). The model 3 (VO2max. = 50.622 +
.015 × Height) with very poor power of prediction (R2 =
.000). The model 4 (VO2max. = 75.594 - .354 × HRrest) with
very average power of prediction (R2 = .490). The model 5
(VO2max. = 91.348 - .263 × Ex.HR2Min) with poor power of
prediction (R2 = .225). The model 6 (VO2max. = 132.530 .454 × Ex.HR4Min.) with very high power of prediction (R2
= .931). The model 7 (VO2max. = 67.104 - .070 ×
Ex.HR6Min) with very poor power of prediction (R2 = .008).
The model 8 (VO2max. = 54.877 - .011 × RcvHR1Min.) with
very poor power of prediction (R2 = .001). The model 9
(VO2max. = 67.533 - .106 × RcvHR2Min.) with very poor
power of prediction (R2 = .044) and the model 11 (VO2max.
= 75.153 - .186 × RcvHR3Min.) with poor power of
prediction (R2 = .145).Hence, model 6 proved to be the best
linear model.
A Partial Regression Plot of dependent variable: VO2max.
with ExHR4 (heart rate at four minutes of exercise) has been
graphically represented in the figure below:

Fig 1: Partial Regression Plot with Dependent Variable:VO2max.

Discussion of Findings
Table 5: Estimation of VO2max. using Developed Linear Models for Kashmiri Male Youth (Habitat of High Altitude)
Case No

Actual VO2 max.

14
36
95
174
237

60.8
59
55
49.6
43.8

M1
53.14
53.14
53.43
53.14
53.14

VO2 max.from Developed Linear Models
M2
M3
M4
M5
M6
M7
52.80
53.77
52.70
52.94
52.94

53.14
53.23
48.09
48.07
48.10

According to the table-5, in regard to the case number14, the
actual VO2max. was 60.8.M1 estimated 53.14, M2 estimated
52.80, M3 estimated 53.14, M4 estimated 56.12, M5
estimated 53.47, M6 estimated 59.89, M7 estimated 52.68,
M8 estimated VO2 max value of 53.20, M9 estimated 52.79
and M10 estimated VO2max value of 54.13.
Likewise, in regard to the case number36, the actual VO2
max. was 59.M1 estimated 53.14, M2 estimated 53.77, M3
estimated 53.23, M4 estimated 58.24, M5 estimated 57.68,
M6 estimated 58.98, M7 estimated 53.66, M8 estimated
VO2max value of 53.27, M9 estimated 53.22 and M10
estimated VO2 max value of 54.69.
Likewise, in regard to the case number95, the actual
VO2max. was 55.M1 estimated 53.43, M2 estimated 52.70,
M3 estimated 48.09, M4 estimated 52.23, M5 estimated
57.42, M6 estimated 54.89, M7 estimated 53.03, M8
estimated VO2max value of 53.16, M9 estimated 53.96 and
M10 estimated VO2max value of 53.39.
Likewise, in regard to the case number174, the actual
VO2max. was 49.6. M1 estimated 53.14, M2 estimated 52.94,
M3 estimated 48.07, M4 estimated 53.29, M5 estimated
55.31, M6 estimated 49.44, M7 estimated 53.24, M8
estimated VO2max value of 53.45, M9 estimated 46.89 and
M10 estimated VO2max value of 55.25.
Likewise, in regard to the case number 237, the actual
VO2max. was 43.8. M1 estimated 53.14, M2 estimated 52.94,
M3 estimated 48.10, M4 estimated 47.27, M5 estimated
51.63, M6 estimated 42.63, M7 estimated 52.47, M8
estimated VO2max value of 53.27, M9 estimated 54.17 and
M10 estimated VO2max value of 54.69.
The closest to actual VO2max. value was found in M6 in all
the case numbers followed by M4 in regard to case No. 14
and 36, M9 in regard to case N0.95, M3 in case No, 174 and

56.12
58.24
52.23
53.29
47.27

53.47
57.68
57.42
55.31
51.63

59.89
58.98
54.89
49.44
42.63

52.68
53.66
53.03
53.24
52.47

M8

M9

M10

53.20
53.27
53.16
53.45
53.27

52.79
53.22
53.96
46.89
54.17

54.13
54.69
53.39
55.25
54.69

M4 in regard to case No. 237.
Hence model 6 was proved and documented as the best model
for estimating the VO2max. value of male youth of Kashmir
(habitat of high altitude) with highest power of prediction.
Conclusions
 The developed linear models are appropriate for
estimating VO2max. for habitat of high altitude Kashmiri
youth for aerobic fitness evaluation. Model No. 6 has
been documented as most accurate model with highest
power of prediction and validity hence is recommended
for future research.
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