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ABSTRACT 

This study evaluated VO2 Max (Maximal aerobic capacity) and academic score (as a marker of 
cognitive functions) in relation to increasing levels of daily physical activity (PA).It also 
investigated whether there was significant variability in VO2 Max and academic score between 
the  rural and urban areas. Male and female adolescents (N=600) of different age groups (Group 
I=13-14, Group II= 15-16 and Group III=17-18) were selected at random from different schools of 
rural and urban areas in West Bengal state, India. Using Physical Activity Questionnaire for 
Adolescents (PAQ –A) the subjects were divided into low, moderate and high PA categories. The 
VO2 Max was assessed by Queens College Step Test and the academic score (% of total) was 
calculated from the mean of total marks of the last three years annual school examination. 
Mean, standard deviation, two level nested ANOVA, one way ANOVA, multiple comparison 
tests, t-tests, and Pearson’s correlation coefficient was applied on the data as required. The 
results revealed that the VO2 Max and academic scores of both male and female adolescents 
were significantly different among low, moderate and high PA levels.  Rural-urban differences in 
VO2 Max and academic score were inconsistent in both the genders in majority of cases.  Higher 
VO2 Max in boys than that of girls was noted. Academic score was higher in girls than that of 
boys in some cases. PA had significant (p<0.001) positive correlation with VO2 Max and 
academic score in boys and girls. Academic scores were positively influenced by VO2 Max only in 
females. It was concluded that considerable amounts of regular physical activity must be 
incorporated in lifestyle of all adolescents in order to experience its beneficial effects on physical 
fitness, cognitive functions and academic performance. 
Keywords: PA Level, Bengali Adolescents, VO2 Max, Academic Score, Rural and Urban. 
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INTRODUCTION 
Physical activity (PA) play an important role in determining physical fitness (Gutin et al. 2005; Ruiz 
et al. 2006; Hussey et al. 2007) and academic performance (Dwyer et al. 2001; Sibley and Etnier  
2003; Tomporowski 2003a; Coe et al. 2006; Hillman et al. 2009) .   Important relationship between 
fitness level and academic accomplishment exists (Chomitz et al. 2009). Recent times have marked 
the use of academic performance as measure of cognitive function (MacCabe et al., 2010; 
Tolppanen et al., 2012; Meo et al., 2013). PA improves cognitive functioning as evidenced by 
improved perception abilities, intelligence quotient (IQ) , verbal tests, arithmetic tests (Sibley and 
Etnier  2003) concentrating ability and memorizing power (Strong et al. 2005 ). Furthermore, 
increased blood supply to the brain, angiogenesis increasing oxygen saturation, improved 
communication through neurotransmitters like nor-adrenalin and serotonin, control of 
neurotropin may also be influenced positively by exercise to improve cognitive functioning 
(Ploughman et al. 2008). Simple PA such as walking on a treadmill for 20 minutes before academic 
tests improved cognitive control and resulted in better academic score among students (Hillman 
et al. 2009). Thus it may be deduced that cognitive function affects academic performance and 
hence academic performance may act as a marker of cognitive function. Studies have pointed the 
association of educational ability in early life with adverse health outcome in later life (Lawlor et 
al. 2008). So a better performance in academics may lead to both good carrier and good health in 
future.  Likewise, better physical fitness has several benefits on health (Eisenmann et al. 2005; 
Hallal et al. 2006; Mesa et al. 2006). Negative impact on health, socioeconomic status, and 
educational achievement in adulthood may be the result of adverse affect of health in early life 
(Case et al. 2002; Case et al. 2005). Views exists that Maximal aerobic capacity (VO2 Max) which is 
a measure physical work capacity and an indicator of cardio respiratory fitness, if found 
unsatisfactory may impact productivity of children and adolescents in strenuous physical work in 
adulthood (Spurr and Reina 1989).  
Although studies on VO2 Max exists on Bengali adolescents, no reports on links between PA, 
physical fitness and academic performance has been found in Bengali adolescents.  Furthermore, 
physical activity as a determinant of physical fitness and academic performance has been 
investigated widely in studies of non Indian origin and there is a lacuna in this respect among 
Bengali adolescents. So the present study was undertaken to evaluate physical fitness (in terms of 
VO2 Max) and academic performance (as a marker of cognitive function/control) in relation to 
daily physical activity levels (low, moderate, and high) in Bengali adolescent males and females of 
rural and urban areas. Gender differences and rural-urban differences of VO2 Max and academic 
performance were evaluated in the different activity levels. This study also explored association of 
VO2 Max and academic performance with age. 
  
MATERIAL AND METHODS 
For the present study healthy and disease free adolescents of both the genders of age group 13-18 
years (N= 600) were selected randomly form different schools of urban and rural areas of Burdwan, 
Hooghly, and Howrah districts of West Bengal, India. The subjects were divided into three age 
groups (Age GR I=13-14 years, Age GR II= 15-16 years, and Age GR III=17-18 years). Each age group 
had two gender groups. The two genders component in each of the three age groups had 50 
individuals from both rural and urban areas respectively. All subjects volunteered for the study. 
Informed consent was taken from all the subjects before including them in the study. The study 
was approved by the institutional human ethical committee.  
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The physical activity level scores were computed from the Physical Activity Questionnaire for 
Adolescents or PAQ-A (Kowalski et al. 1997a). On the basis of the score the subjects was divided 
into three categories – low (score ≤ 2), moderate (score >2 and ≤ 3), and high activity levels (score > 
3). Physical fitness in terms of VO2 Max and cognitive abilities in terms of academic score was 
evaluated. 
Physical Activity Questionnaire for Adolescents (PAQ-A): Physical activity (PA) done in day to day 
life was assessed using the questionnaire. It consisted of eight questions. The first question asked 
about the number of times a specific physical activity (PA) was done. It was modified to include 
common practices of physical activities of the Bengali boys and girls, excluding the uncommon 
items. Participants had the different options, Viz.,  no activity , 1/2 times, 3/4 times, 5 /6 times and 
7 times or greater,  to choose from a particular PA. The second to seventh questions were asked 
about the time at which PA was done Viz., morning, after lunch, after school, evening and 
weekends. Here the participant had to select one response out of five .The eighth question was 
about the days of the week ,i.e., Monday to Sunday, in which PA was done. It had options that 
described the best PA done in that day. Scoring for these eight questions and computation of final 
PA score were done using the procedure described in the original questionnaire (Kowalski et al. 
1997b).  
Physical fitness: VO2 Max (Maximal aerobic capacity) is a measure of cardiorespiratory fitness 
(Shephard et al 1968). It was determined in adolescents using Queens College Step Test (QCT). 
Earlier studies have also used the test in adolescent population (Chatterjee et al. 2001; Chatterjee 
et al. 2005; Parris 2006).In QCT the participant stepped up and down on a 16.25 inch (41 cm) bench 
for continuous 3 minutes by the help of rhythm generated by a metronome. Stepping pace for 
females was 22 steps/min, and for males it was 24 steps/min.  Pulse rate was recorded from 5th to 
20th seconds immediately after completion of the stepping. The resultant 15 second pulse was 
multiplied by 4 to get beats / min heart rate. After that, computation of VO2 Max was done using 
the formula below. 
 
 Girls:  VO2 Max (ml/kg/min) = 65.81 – (0.1847 x heart rate: bpm).   
 Boys:  VO2 Max (ml/kg/min) = 111.33 - (0.42 x heart rate: bpm).  
 
Cognitive function: Assessment of academic performance was done as a marker of cognitive 
function in line to earlier studies (MacCabe et al. 2010; Tolppanen et al. 2012; Meo et al. 2013). 
Marks obtained in all the individual academic subjects by the participant in the last three years 
annual examination of the school was assessed either from their report cards / school database / 
files. Marks of all the individual academic subjects were summed. Percentage (%) of the mean of 
the three years total marks was calculated to get the academic score (%) of an individual. 
Statistical analysis: Mean and standard deviation of the study variables was determined. Two level 
nested ANOVA (Sokal and Rohlf 2001) was applied on overall sample and on the three separate 
age groups in both males and females. It was employed to determine 1) whether there was 
significant variation in the dependent variable among the three PA levels, 2) whether there was 
significant variation in the dependent variables between the subjects of rural and urban areas 
nested /contained within PA levels. Furthermore, one way ANOVA was carried out separately for 
rural and urban adolescents to find the significance of variation of the dependent variable 
between the three PA levels. Post- hoc Bonferrroni - multiple t- test was used following two level 
nested ANOVA while post- hoc Scheffe‘s test was carried out following one way ANOVA. 
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Moreover, t -test was used to find significance of gender variation and rural-urban variation in the 
dependent variable. Links between PA, physical fitness and academic score was assessed using 
Pearson’s correlation coefficient and multiple regression analysis. A p value of < 0.05 was 
considered statistically significant in all the analysis. 
 
RESULTS 
The mean and standard deviation values of the variables of all Bengali male and female 
adolescents studied have been presented in Table 1. Results revealed that there was an increase 
in VO2 Max and academic scores with the increase in physical activity levels. Significant difference 
in VO2 Max and academic scores was observed in three PA levels (low, moderate and high) in both 
gender groups. The VO2 Max and academic scores were significantly different between male and 
female in different PA levels except for academic scores in moderate PA level. The VO2 Max 
showed significantly higher values (p<0.05) in males in all PA levels than that of female subjects. 
However, the academic scores of male adolescents were significantly lower (p<0.05) in low and 
high PA levels than that of their female counterpart.  Excepting academic scores of males, 
significant variability in VO2 Max and academic scores was found between the areas (rural-urban) 
nested within the PA groups (evidenced by F statistic of subgroup in two level nested ANOVA in 
Table 1). A significant gender difference (p < 0.05) was observed in both VO2 Max and academic 
score except in academic score of moderate PA level (Table 1). 
 
Table 1. Variation of VO2 Max and Academic Scores in different physical activity level male (M) 
and female (F).  
 
Note: Nested within PA levels /groups are subgroups i.e. Regions (rural:R and urban:U ).The means 
and standard deviations (SD) of  two subgroups within each PA group has been presented and 
statistically treated in table 2). 
    

 
  
Variables 

 
Sex 

                          Physical activity levels     Two-level nested  
             ANOVA 

Post-hoc 
Bonferroni- 
Multiple 
t- test 

        Low 
  Mean + SD 

         Mod. 
    Mean + SD 

        High 
   Mean + SD 
 

     (FG)                
 

    (FSG)                               
 

 
V02 Max 
ml/kg/min 

  M 32.6  + 6.05 # 41.7  + 6.39 # 48.3 + 6.82 # 18.51* 5.77*** L≠M, L≠H, 
M≠H 

  F 29.4  +  2.76 # 30.9  +   4.28 # 40.1 +  3.09 # 107.5*** 2.51* L≠M, L≠H, 
M≠H 

 
Academic 
Score (%) 

  M 33.0  +  9.39 # 47.8  + 14.6 50.8  + 14.1 # 23.4 ** 1.19  ns L≠M, L≠H 
 

  F 38.4  + 7.22 # 46.4  + 11.9 60.4  + 15.5 # 23.2 ** 3.30* L≠M, L≠H, 
M≠H 

              
        Males:  low, n = 43, mod, n = 110, high, n = 147; Females: low, n= 52, mod, n =125, high, n =123 
          * < 0.05; ** < 0.01; *** < 0.001, ns = not significant.        (Note: G = group and SG =subgroup) 
Significantly different means, P < 0.017 (0.05 /3) using post-hoc Bonferroni corrected t-test following 
significant FG in nested ANOVA are shown in the table. 
Means of Male Vs Female indicated with # in superscript in the same column are significantly different by t -
test (p < 0.05). 
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The rural and urban adolescents of both genders showed significant variation (p<0.001) in VO2 

Max and academic score among three PA levels (Table 2). 
Rural-urban differences in VO2 Max and academic scores have been presented in Table 2. 
Significant rural-urban difference was noted in academic score of female only in case of moderate 
PA level, and in VO2 Max of both the sexes at high PA level (p < 0.05). In other cases there was no 
significant difference in both the parameters between rural and urban subjects in three PA levels 
(Table 2). However, a general trend of higher (non-significantly) academic score was noted in 
urban adolescents than that of rural adolescents. Conversely, the values of VO2 Max were 
comparatively lower in urban subjects in most of the PA levels of both the sexes. 
 
Table 2: Mean, SD, and ANOVA of the subgroups (rural: R and urban: U) present within each PA 
group, irrespective of age group.  
 
 

 Variables 

 

Sex 

 

Region 

                         Physical activity levels One way 
ANOVA (F) 

        Post- hoc 
     Scheffe ‘s test 
 

        Low 
   Mean + SD 

         Mod. 
    Mean + SD 

          High 
     Mean + SD 

 
V02 Max 
ml/kg/min 

  
 
 
M 

    R 34.8 +7.18 41.1 +6.84 50.2 +5.28# 56.93*** L≠M, L≠H, M≠H 
 

    U 31.8 +5.46 42.5 +5.71 46.2 +7.64# 50.60*** L≠M, L≠H, M≠H 
 

      
Academic 
 Score (%) 
 

    R 29.3 +5.89 46.8 +14.67 51.5+16.63 11.18*** L≠M, L≠H 
 

    U 33.5 +9.69 50.3 +15.22 50.1 +14.22 18.07*** L≠M, L≠H 
 

 
V02 Max 
ml/kg/min 

   
 
 
F 

    R 29.8 +3.35 31.4 +5.27 39.4 +3.29 # 70.23*** L≠H, M≠H 
 

    U 28.9+ 1.91 30.4 +2.76 40.8 +2.76# 312.3*** L≠H, M≠H 
 

       
Academic 
 Score (%) 

    R 37.3 +6.28 43.5+7.34# 58.9 +13.5 56.02*** L≠M, L≠H, M≠H 
 

    U 38.8 +7.45 49.6+14.89# 61.7 +14.53 28.07*** L≠M, L≠H, M≠H 
 

 
         Males R : low, n = 12, mod ,n = 63, high, n =  75 ;  Males U :low ,n= 31, mod, n =47, high ,n =72 
       Females R: low, n = 27, mod, n = 66, high, n = 57; Females U: low, n= 25, mod, n =59, high, n =66 
                                            * < 0.05; ** < 0.01; *** < 0.001, ns = not significant      
 
The PA groups having significantly different rural-urban subgroup are shown: Comparison (vertical column 
wise) among the same gender different region indicated by # in superscript are statistically different using t 
–test (p < 0.05). 
 
In the three separate age groups (Table 3) VO2 max was observed to vary significantly among PA 
levels in both males and female adolescents.VO2 max was also varied significantly between rural 
and urban areas in all age groups of both the sexes, except in age group III. Significant differences 
in academic score among PA levels in all age groups, except in male subjects of age group III and in 
females of age group I, were found. Rural-urban difference of academic scores among different PA 
levels was observed only in case of males of group III and females of group I.  
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Furthermore, the descriptive statistics revealed that VO2 Max of male adolescents showed an 
increase with age while in female subjects it was decreased or remained unchanged with the 
advancement of age. No clear trend in the change of academic score was noted with age (Table 3).  
From the evaluation of sex related difference it was found that significant variation (p < 0.05) in 
VO2 Max was evident in all the comparison between two sexes in all the PA levels of the same age 
group (male VO2 Max being higher than females), except among individuals of group I having low 
PA level and of age groups I and II with high level of PA. Conversely in case of academic 
performance significant difference was observed (females possessing better academic score than 
males) only in individuals of age group II with low PA level and age groups I, II,  and III with high PA 
level (p<0.05) (Table 3). 
 
Table 3.Variation of VO2 max and academic score in different PA levels according to age and sex. 
Note: Nested within PA levels / groups are subgroups, i.e., areas ( rural: R and urban: U).The means 
and standard deviations of two subgroups within each PA group for male and female has  been 
presented and statistically treated in table 4 and 5). 
 

Variables Sex  Age 

 GR 

                     Physical activity levels    Two-level nested  
            ANOVA                           
(FG)                   (FSG)                   

Post -hoc  
Bonferroni- 
Multiple t -test      Low                       Mod.                   High 

Mean + SD            Mean + SD       Mean + SD 

 

 

 

 

VO2 Max 

(ml/kg/min) 

 

 

M 

 

 I 

II 

III 

 

31.1 +   8.21  

32.3 +  4.33 # 

34.4 + 5.24 # 

 

36.9+  6.12 # 

42.8 + 4.96 # 

46.5 +3.82 # 

 

43.5 + 6.50  

47.9 + 6.25  

52.5 +4.40 # 

 

13.2* 

12.20* 

52.34** 

 

1.69 ns 

4.15** 

2.05 ns 

 

L≠H, M≠H 

L≠M, L≠H, M≠H 

L≠M, L≠H, M≠H 

 

 

 

F 

 

I 

II 

III 

 

30.6+ 30.09  

28.9+ 2.19 # 

28.8 +2.86 # 

 

31.8 +4.09 # 

30.2 +3.19 # 

30.7 +5.13 # 

 

41.5 +2.89  

40.39 +2.91  

38.4 +2.74 # 

 

27.79** 

55.82** 

24.49** 

 

3.90** 

3.16* 

2.18 ns 

 

L≠H, M≠H 

L≠H, M≠H 

L≠H, M≠H 

 

 

 

 

 
Academic 
Score (%) 
 

 

 

 

M 

 

I 

II 

III 

 

34.9 +6.92  

28.4 +5.77 # 

33.9 +11.81 

 

 

52.4 +15.86  

44.5 +13.45  

47.9 +14.65 

 

47.4 +15.43# 

52.8 +16.50# 

52.1 +14.39# 

 

8.50* 

17.14* 

2.91 ns 

 

0.79 ns 

0.98 ns 

3.65** 

 

L≠M, L≠H 

L≠M, L≠H, M≠H 

 

 

 

F 

 

I 

II 

III 

 

37.8 +5.30 

38.9 +7.68 # 

37.1 +7.27  

 

 

47.1+14.89  

48.8 +11.88  

43.7 +7.44  

 

60.2 +14.42# 

59.9+ 13.42# 

61.1 +14.75# 

 

7.08 ns 

13.76* 

226.8*** 

 

2.66* 

1.65 ns 

0.17 ns 

 

 

L≠M, L≠H, M≠H 

L≠M, L≠H, M≠H 
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 Males I : low, n = 13, mod ,n = 40 , high, n =  47 ;  Females I :low ,n= 15, mod, n =44, high ,n =41 
       Males II : low, n = 15, mod ,n = 41 , high, n =  44 ;  Females II :low ,n= 19, mod, n =37, high ,n =44 
       Males III : low, n = 15, mod ,n = 29 , high, n =  56 ;  Females III :low ,n= 18, mod, n =44, high ,n =3 
            *  < 0.05; ** < 0.01; *** < 0.001, ns = not significant.  (Note:G = group and SG =subgroup) 
 
Significantly different means ,P < 0.017 ( 0.05 /3) using post- hoc Bonferroni corrected t- test following 
significant FG in nested ANOVA are shown in the table. 
 
Comparison (vertical coloumn wise) among male Vs female of the same age group indicated by # in 
superscript are statistically different using t –test (p < 0.05). 
 
Separate analysis of variables in rural and urban adolescents of the three age group ( I,II and III) 
respectively also found significant variation in VO2 Max and academic score in the three PA levels 
among males (Table 4) and females (Table 5). 
Table 4: Mean, SD, and ANOVA of VO2 Max and academic scores of the subgroups (rural :R and 
urban: U ) present within each PA group of adolescent males according to  three age groups. 
 

 

Variables 

Age 
and 
Sex 

Rural/ 
urban 

                       Physical activity levels One way 
ANOVA(F) 

    Post-hoc    
    Scheffe‘s    
     test        Low 

  Mean + SD 
       Mod. 
Mean + SD 

     High 
Mean + SD 

 
V02 Max 
ml/kg/min 

 
 
GR 
I 
M 

    R 32.4 +7.96  36.6 +6.44  45.7 +5.61 # 

 
16.18*** L≠H, M≠H 

    U 30.3 +8.79  37.5+ 5.80  41.6 +6.74 # 8.60*** L≠H 
 

 
Academic 
Score (%) 

    R 30.9 +4.49  51.9 +16.03  50.4+ 16.56  3.83* L≠M 
 

    U 37.5 +7.19  52.9+ 16.11  44.7 +14.14  3.63* L≠M 
 

 
V02 Max 
ml/kg/min 

 
 
GR  
II 
M 

    R 35.3 +5.20  41.7 +5.12 # 

 
50.5 +2.27 # 32.01*** L≠M, L≠H, M≠H 

    U 31.1 +3.61  45.0+ 3.86 # 46.2 +7.47 # 25.58*** L≠M, L≠H 
 

 
Academic 
Score (%) 

    R 27.8 +9.18  45.3 +13.13  56.9 +22.26  5.77** L≠H 
 

    U 28.6 +4.61  42.7 +14.51  49.9 +10.50  15.00*** L≠M, L≠H 
 

 
V02 Max 
ml/kg/min 

 
 
GR 
III 
M 

    R 37.9+ 9.25  48.0 +4.55  

 
52.9 +4.14  17.89*** L≠M, L≠H, M≠H 

    U 33.5 +3.88  45.4 +2.88  51.8 +4.82  78.80*** L≠M, L≠H, M≠H 
 

 
Academic 
Score (%) 

    R 28.6 +3.56  40.3 +12.98 # 49.4 +12.78  5.36** L≠H 
 

    U 35.3 +12.85  53.4 +13.59 # 56.8+ 16.00  8.88*** L≠M, L≠H 
 

 
         Males I R : low, n = 5, mod ,n = 23, high, n =  22;  Males I U :low ,n= 8, mod, n =17, high ,n =25 
     Males II R : low, n = 4, mod ,n = 28 , high, n =  18 ;  Males II U :low ,n= 11, mod, n =13, high ,n =26 
    Males  III R : low, n = 5, mod ,n = 12, high, n =  33 ;  Males III U :low ,n= 12, mod, n =17, high ,n =21 
                                                *  < 0.05; ** < 0.01; *** < 0.001, ns = not significant 
 

 
J. Biol. Chem. Research. Vol. 30, No. 2: 748-763 (2013)    754 



Daily Physical................................................Urban Areas                                                                      Mukherjee and Dhara, 2013 
 
Significantly different means (p < 0.05), by post- hoc Scheffe’s test are shown in table.  
The PA groups having significantly different rural-urban subgroup are shown: Comparison (vertical column 
wise) among same age group different site indicated by # in superscript is statistically different using t- test 
(p < 0.05). 
 
Among male adolescents of the same age group (Table 4) there were significant rural-urban 
differences (p <0.05) in VO2 Max in case of moderate PA level of group II and  in academic score in 
case of group III with  moderate PA level. Significant rural-urban differences (p < 0.05) were also 
noted in VO2 Max in the subjects of age group I and II with high PA level. However, overall 
tendency of results indicated that the VO2 Max was comparatively higher among the rural male 
adolescents of different age groups than that of urban subjects, especially in low and high PA 
levels. The academic scores were relatively higher in all age groups among the urban male 
adolescents than that of their rural counterpart (Table 4). 
 
Table 5. Mean, SD, and ANOVA of VO2 Max and academic scores of the subgroups (rural :R and 
urban: U ) present within each PA group of adolescent females according to  three age groups. 
 

 
 
Variables 

Age 
and 
Sex 

Rural/ 
urban 

                       Physical activity levels One way 
ANOVA (F) 

Post-hoc 
Scheffe‘s 
 test       Low 

Mean + SD 
        Mod. 
  Mean + SD 

        High 
   Mean + SD 

 
V02 Max 
ml/kg/min 

 
 
GR 
I 
F 

    R 31.7 +3.21 # 

 
32.9 +4.53 # 42.3 +3.36  33.18*** L≠H, M≠H 

    U 28.4 +1.24 # 

 
30.31 +2.99 # 40.9 +2.47  111.5*** L≠H, M≠H 

 
Academic 
Score (%) 

    R 36.7 +4.63  

 
42.9 +7.37 # 55.9 +11.5  18.48*** L≠H, M≠H 

    U 40.2 +6.33  

 
52.1 +19.69 # 62.9+ 15.65  4.82** L≠H 

 
V02 Max 
ml/kg/min 

 
 
GR 
 II 
 F 

    R 28.3 +2.08  

 
29.6+ 3.26  39.4 +2.04 # 96.53*** L≠H, M≠H 

    U 29.3 +2.26  

 
30.9 +3.07  41.6+ 3.35 # 85.8*** L≠H, M≠H 

 
Academic 
Score (%) 

    R 40.3+ 9.93  

 
44.7 +7.25 # 59.4 +14.04  12.57*** L≠H, M≠H 

    U 38.2+ 6.39  

 
53.1+ 14.31 # 60.6+ 12.95  12.50*** L≠M, L≠H 

 
V02 Max 
ml/kg/min 

 
 
GR 
III 
F 

    R 29.0+  3.59  

 
31.1+ 6.80  36.7 +2.29 # 8.93*** L≠H, M≠H 

    U 28.7 + 1.75  

 
30.2 +2.28  39.8 +2.26 # 127.4*** L≠H, M≠H 

 
Academic 
Score (%) 

    R 35.7 +3.99  

 
43.2 +7.60  60.9 +14.69  23.65*** L≠H, M≠H 

   U 38.9 +10.06  

 
44.3 +7.41  61.2 +15.15  15.71*** L≠H, M≠H 

 
       Females I R: low, n = 10, mod, n = 24, high, n = 16; Females I U low, n= 5, mod, n =20, high ,n =25 
      Females II R: low, n = 7, mod, n = 19, high, n = 24 ; Females II U :low ,n= 12, mod, n =18, high ,n =20     
      Females III R: low, n =10, mod, n = 23, high, n = 17 ; Females III U :low ,n= 8, mod,n =21, high ,n =21 
                                          * < 0.05; ** < 0.01; *** < 0.001, ns = not significant 
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Significantly different means (p< 0.05), by post- hoc Scheffe’s test are shown in table. 
The PA groups having significantly different rural-urban subgroup are shown: Comparison (vertical coloumn 
wise) among same age group different site indicated by # in superscript is statistically different using t –test 
(p < 0.05). 
 
Rural-urban difference was observed in both VO2 Max and academic scores of female subjects 
(Table 5). Results showed that there was general tendency of higher values of VO2 Max and lower 
values of academic scores in rural female subjects than that of their urban counterpart. However, 
the results were not significantly different all the age groups and all activity levels. Significant 
difference in VO2 Max was observed in case of age group I, which belonged to low PA level as well 
as moderate PA level and in case of age groups II and III within high PA level (p < 0.05). On the 
other hand significant differences in academic scores were observed in groups I and II, only in case 
of moderate PA level (Table 5). 
Significant positive correlation (p< 0.001) was observed between physical activity level and VO2 
Max values in the overall sample of boys and girls. The physical activity level was also significantly 
(p< 0.001) correlated with VO2 Max when computed separately for different age groups of male 
and female subjects. The degree of correlation was high in most of the cases (Table 6). 
In the overall sample of males and females and in all the age groups, except age group I boys, 
significant positive correlation (p < 0.001) were seen between PA and academic performance 
(Table 6). 
Table 6: Correlation coefficient of PA with VO2 Max and Academic score (all subjects, rural and 
urban combined). 

         Variable VO2 Max 
ml/kg/min 

Academic  
Score ( %) 

  PA  Score 
(Males: overall) 

0.56*** 0.34*** 

  PA  Score 
(Females: overall) 

0.69*** 0.53*** 

  PA  Score 
(Males: GR I) 

0.48*** 0.13 ns 

  PA  Score 
(Females: GR I) 

0.69*** 0.51*** 

  PA  Score 
(Males: GR II) 

0.57*** 0.49*** 

  PA  Score 
(Females:GR II) 

0.73*** 0.48*** 

  PA  Score 
(Males: GR III) 

0.74*** 0.38*** 

  PA  Score 
(Females :GR III) 

0.66*** 0.61*** 

                                                      
                                                             ***p < 0.001, ns = not significant   
In males PA, area (rural or urban) and age (not academic score) possessed significant effect on VO2 
Max (p < 0.01) .The regression equation was: VO2 Max=18.6+6.1 PA - 2.5 area +4.1 Age , (R2 = 
0.49). 
PA and age showed significant (p<0.01) positive effect on VO2 Max of males .The regression 
equation was: VO2 Max=17.5 + 6.3 PA + 4.1 Age (R2=0.47). 
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In females except area all the predictor variables like PA, academic score and age was related 
significantly with VO2 Max (P<0.01). The Regression equation was: VO2 
Max=19.6+5.4PA+.05Academic Score - 0.98 Age, (R2 = .51). 
The PA had significant (p<0.01) positive effect on VO2 Max of females, while the age showed 
significant (p< 0.01) negative effect on VO2 Max .The Regression equation was: VO2 Max= 20.6 + 
5.9 PA – 1.0 Age, (R2 =0.50).  
The academic score of boys was positively associated with physical activity (p< 0.01), but there 
was no association with VO2 Max, rural-urban areas and age. The regression equation was: 
Academic score (%) =24.5+6.9 PA, (R2 =.12).   
Physical activity, VO2 Max and areas (not age) demonstrated significant (p<0.01) positive relation 
with academic score of girls. The regression equation was: academic score ( %)=11.5+8.4 PA +0.44 
VO2 Max +3.82 Area, (R2 = .31). 
 
DISCUSSION 
The evaluation of VO2 Max and academic score with variation of daily physical activity levels in 
adolescents boys and girls indicated that in majority of the cases the mean values of both VO2 Max 
and academic score tended to increase as the PA level changed from lower level to higher level 
although some exceptions have also been found in some of the age groups of male and female 
subjects. The effects of PA leading to better VO2 Max have been found in several earlier   studies 
(Gutin et al. 2005; Ruiz et al. 2006; Hussey et al. 2007; Shaikh et al. 2011). Similarly, the positive or 
beneficial effect of PA on academic score has been reported previously (Dwyer et al. 2001; Sibley 
and Etnier 2003; Tomporowski 2003; Coe et al. 2006; Hillman et al. 2009) in other populations. 
Unlike the present study some other studies also lead to different findings, either negative 
correlation between PA and academic score (Tremblay et al. 2000) or no correlation (Daley et al. 
2000).It is well established that physical training increases VO2 Max (Pollock 1973). In the present 
study high PA level of adolescents served as their improved training profile leading to better VO2 
Max. The underlying cause of better VO2 Max with increasing PA levels may be due to the fact that 
PA leads to better adjustment or adaptation of circulatory and respiratory systems to cope up with 
strenuous works and leading to the delivery of more oxygen to the working muscles in such 
situations. It has been pointed out that the supply of more oxygen to active muscles and tissues is 
a determinant of better VO2 Max (Saltin and Rowell 1980). The averages of academic scores 
obtained by individuals in this study indicated better cognitive functions in adolescents with high 
PA levels. Knowledge of the mechanism of beneficial effect of PA on academic performance has 
also expanded. Physical activity may promote learning  or education by helping in being alert, 
attentive, and motivating  by gearing up and promoting binding of neurons with each other, which  
helps in preserving fresh data, by triggering maturation of freshly formed cells  originating from  
stem  cells in the hippocampal  region (concerned with memory) of brain (Ratey and Hagerman 
2008). Experiments with animal model have found physical activity to be a powerful stimulus in 
promoting neurogenesis which benefits cognitive abilities (Van Prag 2009). Views exist that 
physical activity promotes 'executive central command’ hence mediate an increase in the ability 
related to memory, learning and related cognitive abilities (Kramer et al. 2006). In a recent study, 
PA, such as, walking lead to greater P3 amplitude and resulted in better academic test results 
(Hillman et al. 2009). P3 (P300) is produced when cognitive function related to attention resource 
allocation come into play (Donchin et al. 1988; Lang et al.1997).  
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Better academic score following increased PA levels in the present study may be due to such 
underlying mechanisms which benefit the brain and cognition as discussed above. 
This is the only study to combine inclusion of healthy, Bengali (Indian) individuals of both sexes of 
age range of 13-18 years and graded PA levels (low, moderate, and high). This study presents the 
mean values of V02 max found in different PA levels, so that it can serve as a reference values/ 
data for future research on fitness. Large scale similar study may help future researchers to 
formulate a classification system of cardio respiratory fitness exclusively for Bengali (Indian) 
adolescents which is lacking presently. Furthermore, these may be helpful in devising training 
programs or holistic interventions to promote fitness, health, competitive ability and athletic skills 
among Bengali adolescents.  
During adolescence VO2 Max of boys is known to increase up to the age of 18 years while in 
adolescent girls it decreases with age (Borms 1986). It was clearly evident in the mean values of 
VO2 Max of Bengali males and females. Increased muscle mass with age may have increased the 
VO2 Max of boys. Higher body fat is one of the cause of  low VO2 Max in females (Moreno et al. 
2006).In Bengali girls, increase in the amount of body fat with age during adolescence, along with 
lowering of physical activity levels may have resulted in the lowering of VO2 Max. The means of 
academic score did not indicate any prominent trend with increasing age in the present study. 
Separate regression analysis on the overall sample of males and females failed to find any 
significant effect of age on cognition measured using academic sore. Earlier other authors have 
also concluded absence of any impact of physical developmental process during adolescent period 
on cognition (Orr et al .1988). 
The evaluation of gender difference showed that the male adolescents possessed higher VO2 Max 
than that of females, whereas the girls had better academic score than that of boys in most of the 
comparisons. Greater height and weight of boys than that of girls may be the reason of higher VO2 
Max in boys. Earlier some studies reported girls doing better in academics and some studies 
reported the reverse (Patil and Dash 1990; Vijayalaxmi and Natesan 1992; Kaur and Gill 1993). 

Hormones may also have a role in gender differences in academic score. Testosterone has been 
linked to cognition in boys in puberty and even it has small role in cognition of girls (Davison and 
Susman 2001).  Furthermore, high levels of gonadal steroids in the luteal phase of menstrual cycle 
may favour better cognition in females (Hampson 1990).  Some behavioural aspects of girls like 
greater willingness to gain knowledge and attentive nature in classroom (Arnot et al. 1998)   may 
favour academic abilities. In male and females the relationship between PA and academic 
performance may be affected differently by determinants of social, physical and psychological 
maturity (Bailey 2006; Carlson 2008). Females are also known to possess better skills related to 
verbal tasks which include spatial and autobiographical skills and emotional memory (Andreano 
and Cahill, 2009). These may be the plausible reason behind variation of academic scores between 
boys and girls in the present study. Studies have pointed out that as the fitness levels of girls are 
generally lower than boys; girls may be more sensitive to PA or exercise in producing a greater 
physiological response leading to better performance in academics (Carlson 2008) in addition to 
better improvement in cardio respiratory fitness. The results of rural-urban difference in VO2 Max 
and academic score showed that in many instances there were insignificant differences in VO2 Max 
and academic score of the subjects between two areas. However, rural subjects had slightly higher 
VO2 Max than that of urban subjects. The trends of higher VO2 Max among rural subjects might be 
attributed to the comparatively higher daily activity level of rural boys and girls. Although there 
was no significant difference in academic scores between the adolescents of rural and urban areas 
in most of the cases,  
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Yet a trend of higher academic scores has been noticed among urban subjects having different PA 
levels. A previous study in Varanasi district, India, reported considerable variations in educational 
performance of rural and urban sector adolescents (Joshi and Srivastava 2000). Moreover, it may 
be pointed out that there are increased trends of good educational facilities in rural area, like 
urban areas, which might lead to fewer chances of significant rural urban differences of academic 
score among the adolescents. Furthermore, in contrast to rural environment, urban environment 
may promote or favour students cognitive behaviour (Obasi, 2010).This may be the reason of 
urban students scoring better in academics in the present study. 
The correlation study revealed that the VO2 Max was positively influenced by PA level among the 
adolescents of both the sexes. The academic performance of the boys was influenced positively by 
PA whereas in girls it was influenced positively by PA, and VO2 Max. Presence of any useful or 
positive impact of enhanced cardio respiratory fitness on cognitive performance has been 
investigated in several studies among adults. Such studies are limited in young population (Etnier 
et al. 2006).A part of the present study will contribute to the knowledge in this area. Furthermore  
significant positive  effects of  PA on  VO2  Max and  academic score  are  clearly  evident  in the   
present study. It may be concluded that the present study provides evidences in favour of positive 
links between PA, maximal aerobic capacity and academic performance (as a marker of cognitive 
function) and supports the findings of  previous studies (Briss walter et al. 2002; Tomporowski 
2003b; Etnier et al. 2006)  on other populations. The outcome of the present study indicates a 
dose response relationship of PA with not only VO2 Max but also with academic performance. This 
study showed significant increment in both VO2 Max and academic score with increasing PA levels 
in Bengali adolescents. However, the determination of duration, frequency, intensity and mode of 
PA /exercise, which are needed to improve VO2 Max and academic performance, is beyond the 
scope of this present study. Studies on dose response relationship of PA with academic score are 
highly recommended to uncover the unknown mechanisms by which PA improves academic 
performance (Singh et al. 2012). Individuals with low cardiorespiratory fitness have a scope of 
improving VO2 Max as studies have found them more sensitive to training or high PA (Benefice 
1988) Thus based on insights obtained from the present study into the positive association of PA 
with fitness it is recommended that sedentary adolescents should implement strategies like life 
style modification to incorporate considerable habitual PA in day to day life or opportunities of 
exposure to exercise or training program must not be neglected by individuals to improve aerobic 
fitness. At the same time this will benefit cognitive abilities or functioning not only during 
adolescence as indicated by the evaluated academic score in the present study  but also during the 
entire life time (Voss et al. 2011) and this is expected to result in a better academic profile of an 
individual .This study also found that distribution of rural- urban difference in VO2 Max and 
academic score of adolescents were not uniform and VO2 Max of males was found to be higher 
and no particular trend of gender difference in academics was found. Considering the limitations 
of the present study such as use of questionnaire instead of pedometers or other costly 
instruments to determine PA levels and use of academic score instead of intelligence quotient (IQ) 
tests for testing cognitive function ,further studies are needed to achieve a conclusive pattern.  
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