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PICO Question: For elementary school aged children (5-11 years), does participation in physical education five times per week demonstrate improved academic performance and reduction in obesity and overweight levels as measured through standardized testing compared to participation in physical education one time per week? 
Recent attention has been given to childhood obesity and the role of schools and physical fitness.1 Childhood obesity can have adverse biological effects such as cardiovascular disease(s) and diabetes mellitus (DM), which can lead to increased anxiety and depression and decreased quality of life (QoL).2-4 Childhood obesity has become one of the biggest health concerns in the United States (US), and has been associated with orthopedic, neurological, pulmonary, gastroenterological, and endocrine conditions, as well as cognitive and psychosocial maladaptive behaviors.3, 4 Conversely, musculoskeletal and psychological functions , recreation, and QoL improve as a result of physical fitness.5   
Between 1991 and 2003, the percentage of students enrolled in daily physical education (PE) dropped from 42% to 28%.  Only 50% of elementary schools and 25% of middle schools nationwide require PE, and less than approximately 5% of US schools have daily PE.6 Less than 4% of US elementary schools and 8% of middle schools offer PE on a daily basis.7 Many US public schools’ funding is based on academic performance as measured by standardized test scores, possibly as a result of the No Child Left Behind Act.1 In the US, time spent in PE classes has decreased as a result of attempting to improve academic performance, and hence standardized testing has increased.8 As a result, physical education has been pushed aside in favor of core academics.1 Schools are slow to address student obesity and lack of physical fitness due to the premise that these health conditions are loosely related to academic performance and achievement.  School boards are primarily interested in optimizing student academic achievement.9 PE promotes physical activity among children, and researchers have established that PE is the basis for children to develop knowledge and skills necessary for a physically active lifestyle.6 When children get sixty minutes of daily physical activity, reduced risk for developing chronic disease risk factors, improved self-esteem, and reduced anxiety and stress benefits accrue.10 Schools have historically been responsible for teaching and measuring academic achievement for children, and are now faced with obesity and overweight prevention as a result of the obesity and overweight epidemic.8 Schools are a place that can provide physical activity but are sacrificing PE time for increased instructional time for math, English, and science in an attempt to improve standards-based testing.  As a result, PE classes, recess, and other physical activity breaks are being reduced or eliminated during the school day.10 
The US Centers for Disease Control and Prevention (CDC) reported that the prevalence of overweight youth is increasing and is roughly 2.8 to 3.5 times higher for two to nineteen year olds, and obesity rates have tripled among school-aged kids in the last thirty years, while physical activity levels continue to decline.6 Overweight children are more likely to have risk factors for cardiovascular disease, and are more likely to become obese in adulthood.  Investigators have suggested that 25% of adults were obese children, and if a child is overweight before eight years of age, adulthood obesity will be more severe.  More than one third of high school children do not participate in vigorous exercise, and researchers in one study indicated that obesity prevalence is more related to lack of physical activity than food intake.  Overweight and obesity levels continue to rise and American children are less active and have higher body mass index (BMI) than their counterparts in Sweden and Australia.11 Since children are in school five days per week, schools can influence children’s physical activity and academic performance.2 Changing behavior must start at the elementary education level to have the greatest impact on our nation’s children.11  
The purpose of this review is to outline the literature regarding physical activity and PE programs offered at the elementary school level in the US and abroad to determine their impact on academic performance as measured with standardized testing and overweight and obesity levels.  Obese and overweight children have a higher probability of risk factors associated with cardiovascular and cardiometabolic disease.  Broader implications of this question that are of clinical importance to the physical therapist include treating children and hence adults with multiple comorbidities in addition to musculoskeletal and neuromuscular impairments for which they seek our services, thereby changing the manner in which we currently treat our patients.
Summary of the Evidence

The literature review includes several longitudinal cohort studies (6) that examined PE and physical activity and their effects on academic performance and reduction of overweight and obesity levels.  One of these studies examined a large sample size retrospectively to determine the effects of overweight and obesity on academic performance in elementary school aged children.  Outcome measures used in this study included BMI for fitness measures and cognitive measures including standardized math scores and standardized reading scores. Results of this study indicated that overweight males and females as measured by BMI had statistically significantly (p<0.05) lower standardized test scores in both reading and math, even when controlling for socioeconomic status (SES) and behavioral values.3 Two other quasi-experimental studies were conducted over two years in the US and in Australia.  The US study included only low-income elementary school children2 whereas the Australian study included a more generalizable demographic of elementary school children.8 The intervention PE classes were conducted in both studies for thirty minutes a day, for five days a week.  Both studies utilized similar outcome measures including state and/or government standardized achievement tests to measure academic achievement including reading, writing,8 and numeracy.2 Fitness measures included BMI,2, 8 cardiorespiratory fitness (CRF),8 and physical activity.8 Results of these studies indicated similar findings: 1) children in the intervention PE classes had statistically significantly higher math scores over both years (p<0.0012 and p<0.038); 2) while there was greater evidence of improvement in the intervention PE classes with reading and writing, the improvement was not statistically significant (p=0.138); and 3) children in the intervention PE classes had statistically significantly smaller increase in body fat associated with age (p=0.02).8   Two prospective longitudinal studies followed large sample sizes of kindergarten through fifth grade classes and seventh through ninth grade classes in Taiwanese schools to examine the association among childhood obesity, weight status change, and academic performance over time.12, 13 The K-5 study lasted for six years12 and the 7th through 9th grade study lasted for two years.13 Outcome measures used for cognitive measures in both studies include Taiwanese standardized tests in math, science, and social studies.12, 13 Fitness measures included BMI measurements for both studies,12, 13 and cardiovascular (1-mile run for boys, 0.5 mile run for girls), flexibility (sit-and-reach), and abdominal strength/endurance (curl-ups) for the 7th through 9th grade study.13 Results of the K-5 study indicated that overweight prevalence increased to 35% for boys and 21.6% for girls (p=0.002) at the end of 5th grade. After controlling for confounding variables, changes in weight status over the six years were not significantly associated with academic performance among either sex.  Children with high BMI in kindergarten had a higher rate of increase for BMI than the other students, however this was not statistically significant (p>0.05).12 Results of the 7th through 9th grade study found significant associations between academic performance and sex, SES, cardiovascular fitness (all p<0.001) and weight status (p<0.03). No significant relationship was found between academic performance and flexibility (p=0.488) and muscular strength (p=0.158).  Furthermore, children who passed both cardiovascular fitness tests (p=0.006) or those who failed the first but passed the second cardiovascular tests (p=0.017) had higher academic scores than those who failed both cardiovascular fitness tests.13 A longitudinal cross-sectional cohort study followed children twelve years old with BMI greater than the 97th percentile for one year.  Intervention consisted of: 1) health education (one hour every three months) addressing cardiovascular fitness, physical activity benefits, nutrition, stress management, and sleep benefits; 2) individualized physical activity (two hours per week); and 3) self-selection and participation into team and net sports based on self- and researcher-rated skill level.  Cognitive outcome measures included academic performance in math, science, language arts, and classroom performance.  Fitness outcome measures included BMI and self-rated sports performance.  Results of the study include statistically significant improvements in BMI and ability to perform team and net sports (p<0.005).  While BMI declined, classroom behavior, team and net sports skill levels, and academic performance all improved.4             

 The literature review includes several cross-sectional studies (6) that have examined PE and physical activity and their effects on academic performance and reduction of overweight and obesity levels.  One study utilized a questionnaire to analyze teachers’ attitudes toward perceived PE success, frequency, and duration, as well as to assess teachers’ beliefs of PE importance, and physical, social, cognitive, and behavioral benefits.  Results of this study indicated that male teachers were significantly more enthusiastic about teaching PE than female teachers (p=0.03).  All teachers reported believing that PE was an important component of the school curriculum, with cognitive (improved academic performance), physical (improved coordination), social (improved behavior), and emotional benefits (improved self-confidence).  Teachers reported that students also displayed better concentration and focus on days when PE was administered, and poorer behavior on days when PE was skipped.  Many teachers reported students’ improved readiness to learn, ability to focus, and retention of material learned after PE was administered.14 Five other cross-sectional studies examined the association between standardized achievement test scores with physical fitness measures in elementary, middle, and high school children in five US states.1, 5, 9, 15, 16 All studies used outcome measures with cognitive measures specific to each state’s standardized tests for mathematics and language arts/reading,1, 5, 9, 15 as well as social studies.16 Fitness measures included components of the Fitnessgram to assess aerobic capacity (one-mile run), muscular strength and endurance (curl-ups), flexibility (sit-and-reach), and body composition (BMI).1, 5, 9, 15, 16 Researchers of one study, which was retrospective, found an association between physical fitness and academic performance in elementary, middle, and high school children: 1) aerobic capacity had a high effect size (r) for males’ and females’ math scores (r=0.75, r=0.72); 2) muscular strength had a high effect size for males’ and females’ math scores (r=0.56, r=0.72); 3) body composition (BMI) and flexibility did not have a significant effect on academic performance, although flexibility was moderately correlated for males’ and females’ math scores (r=0.32, r=0.45).1  While aerobic capacity had the largest effect on academic test scores when covariate adjustments were made, investigators determined that females may benefit slightly better than males with physical fitness and academic performance.  Researchers determined that middle and high school students benefitted from physical fitness and improved academic performance in this study as well.1 In another retrospective cross-sectional study comprised of 90% African Americans, results demonstrated no relation of BMI to standardized test scores and demonstrated that cognitive measures were statistically significantly related to race (p<0.0001) with African Americans scoring lower than other races (p<0.0039).16 In two cross-sectional studies involving elementary school children, researchers noted that children who are physically fit are more likely to perform better on academic achievement tests (p<0.001,15 p<0.055).  Both studies closely resembled a more generalizable demographic of elementary school children.  In both studies, aerobic capacity was statistically significantly related to math and language arts/reading (p<0.02,15 p<0.055), although one study demonstrated this relationship for math scores for girls and not boys.5 One study demonstrated that muscular strength and BMI were statistically significantly associated with math and reading standardized test scores (p<0.02,15 p<0.0515), while the other study determined there was no association.5 One study demonstrated a relationship between flexibility and math scores (p<0.055). Poverty index was unrelated to all other measures (p=0.07), and total fitness was positively related to mathematics achievement (p<0.001).  Lower BMI (p<0.01) and higher aerobic fitness (p<0.001) were positively related to reading achievement, and lower BMI (p=0.02) and higher aerobic fitness (p<0.001) were positively related to mathematics achievement.15 Another cross-sectional study involved a large sample of children across elementary (10), middle (2), and high schools (2). After controlling for covariates, results demonstrated that as cardiovascular results worsened and as BMI increased, cognitive measures on standardized math tests declined (p<0.0001) while a statistical significance was not shown with language arts scores (p=0.073). Additionally, 65% of students had fitness levels below the recommended age/sex-specific standards for the one-mile run, while a similar percentage of boys and girls were in the healthy fitness zone (p=0.048).9    

Two cohort (randomized and non-randomized) studies have examined PE and physical activity and their effects on academic performance and reduction of overweight and obesity levels.  The randomized study examined integration of physical activity into elementary school core curricula for 30 minutes per day, three days per week, for 3 months versus continued participation in the core curricula without physical activity.11 The non-randomized study examined PE five days per week, 45 minutes per day, for the entire school year in elementary and middle school children versus PE one day per week, 30 minutes (kindergarten), 45 minutes (1st through 5th grades), or 50 minutes (6th through 8th grades) per day, for the fall semester only.7 Both studies utilized similar outcome measures; three cognitive measures included the Fluid Intelligence,7, 11 Perceptual Speed Test,7 and state standardized tests,11 and two fitness measures included the Fitnessgram (muscular strength and endurance, aerobic capacity, and BMI)7, 11 and Previous Day Physical Activity Recall (PDPAR).7, 11 Researchers of the randomized study determined that 30 minutes of physical activity for 3 days per week may improve some aspects of academic performance.  Prior to adjusting for ethnicity, the intervention group demonstrated statistically significantly higher cumulative Fluid Intelligence test scores than the non-intervention group (p=0.045).  Children in the healthy BMI range scored significantly better (p=0.007) than children who were not in the healthy BMI range on one component of the Fluid Intelligence test, however the composite scores demonstrated no statistically significant difference.  When researchers controlled for ethnicity, no significant differences were found between groups on math (p=0.09), language arts (p=0.478), and science (p=0.140) standardized tests.  More children in the intervention group in this study did however meet or exceed expectations in social studies, math, language arts, and science standardized tests than did the non-intervention group.  Furthermore, BMI-adjusted scores indicated that children with non-healthy BMI scored statistically significantly lower on the standardized social studies test (p=0.017) than the healthy BMI children.11 Researchers of the non-randomized study determined that 45 minutes of PE daily in elementary and middle school children may improve academic performance, and improved fitness may help to decrease prevalence of overweight and obese children.  Intervention groups outperformed control groups with statistical significance on eight out of 26 cognitive measures of the Fluid Intelligence test, and seven out of 16 fitness measures of the Fitnessgram, with differences more pronounced in females than males.  Specifically, middle school females in the intervention group improved significantly on four sections of the Fluid Intelligence test (range of p=0.03 to p=0.002), while middle school males in the intervention group improved significantly on one section of the Fluid Intelligence test (p=0.002) as compared to the non-intervention groups.  Elementary school females in the intervention group improved significantly on all sections of the Perceptual Speed test (range of p=0.005 to 0.006) while intervention males did not outperform their counterparts.  Elementary and middle school females in the intervention group improved significantly (p=0.001) on the Fitnessgram (muscular strength/endurance, and aerobic capacity) whereas males did not significantly improve as compared to the non-intervention groups.  Elementary females in the intervention group improved significantly (p=0.0004) on the Fitnessgram (BMI) whereas males did not significantly improve as compared to the non-intervention groups.  Statistically significant changes were not observed for middle school female and male intervention and non-intervention groups on the Fitnessgram (BMI).7  

A systematic review involving children five to eighteen years old examined the association between school-based physical activity/PE and academic performance.  The review identified 43 articles comprised of experimental, quasi-experimental, descriptive, or case studies.  Cognitive outcome measures included indicators of cognitive skills/attitudes, academic behaviors, and academic achievement.  Fitness measures examined PE, recess, classroom-based physical activity, and extracurricular physical activity.  Of the 251 associations found between physical activity/PE and academic performance, 50.5% were positive, 48% were not significant, and 1.5% were negative.  All studies involving PE and academic performance (14) demonstrated a positive relationship between the two; ten of these were intervention studies.  Additionally, no negative associations between academic achievement and PE were found, despite less classroom time.  Recess studies (8) revealed that student attention was lower after longer periods of classroom work without a break, and that attention was better after recess than before recess.  Six of these studies were intervention studies.  Eight out of nine studies involving classroom-based physical activity and academic performance demonstrated a positive association between the two.  Extracurricular physical activity studies (19 – 9 sports teams, 10 “other”) revealed that students who participated were less likely to drop out of school if they played sports, and the participants’ self-concept improved.10    

A meta-analysis involving children between five and sixteen years old examined the association between school-based physical activity/PE and academic performance.  The meta-analysis identified 59 studies (52 US, 7 international) comprised of experimental, quasi-experimental, or cross-sectional design related to cognitive outcomes and physical fitness measures.  Cognitive measures included standardized tests (language arts, math, and science), GPA, IQ, and total achievement.  Physical measures included physical activity (resistance and aerobic training, PE, perceptual-motor training), total physical fitness, development, and Fitnessgram measures (strength, flexibility, and cardiovascular).  Results of the study include a statistically significant relationship (p<0.05) between physical activity and academic performance, with cardiovascular health having the largest effect.  When physical fitness was measured by cardiovascular exercise, statistical significance was the greatest.  Larger effect sizes were found in studies with experimental and quasi-experimental design.  Children with higher levels of physical fitness had higher cognitive functioning and academic achievement.  The meta-analysis also established a statistically significant difference with physical activity frequency having better outcomes three times per week versus two times per week.  The largest effect size was demonstrated with math scores, followed by IQ and reading.  Additionally larger effect sizes were established at the elementary school level versus the middle and high school levels, and for children whose cognitive status was lower than children with higher cognitive status.6            
Strengths/Limitations of the Evidence
Limitations of the evidence in the literature reviewed include weaknesses in research design, sample size, and power.  Research designs were somewhat weak in fourteen studies including one questionnaire that was cross-sectional,14 six longitudinal cohort studies,2-4, 8, 12, 13 five cross-sectional studies,1, 5, 9, 15, 16 and two cohort studies – one non-randomized7 and the other randomized.11 However the systematic review and meta-analysis were rigorous studies and yielded valuable information that often corroborated the reliability of the data from the other studies with weaker design.  Sample size ranged from small (N=6)6 to quite large (N=254,753),1 but was not justified through statistical power analysis and effect size calculations in any of the studies.  Nine studies were not generalizable to the elementary school populations because they only involved students of low-income, low SES families with the highest risk of failing, or student populations that did not reflect local demographics.1, 2, 4, 7, 11-13, 15, 16 These populations may have the most to gain from these studies and thus the effect of physical education/activity on academic performance and reduction of overweight and obesity levels may be reported as erroneously high.  Six of the studies more closely represented local or state demographics and thus improved reliability of the data.3, 5, 6, 8-10 Five studies were comprised of students including middle and/or high school children that did not meet the criteria of the PICO question, however the studies generated valuable data including: 1) positive relationships between physical activity and academic performance, and 2) as classroom instruction time decreased, no decrease in academic performance was found.1, 4, 7, 9, 13 Other limitations include inability to: 1) demonstrate causal relationships due to retrospective design,1, 3, 16 and 2) demonstrate reproducibility due to poor intervention description or design.2, 3, 8, 12-14 Interventions performed in most studies lacked sufficient detail for reproducibility. Either specific amount of time in PE class was           missing1, 3, 5, 9, 12-16 or type and amount of exercises performed was omitted.2, 7, 8 Two studies provided sufficient detail for reproducibility – one that examined physical activity in the classroom while core curricula were being taught,11 and the other that was a program individually designed for obese middle school children.4 Still several studies provided adequate detail on how cognitive and physical measures were administered.2, 5, 7- 9, 11-13, 15, 16  Additionally, the systematic review and meta-analysis were robust studies that generated valuable data from studies with higher quality design than other studies included in this literature review.6, 10  Authors of the systematic review reported that increasing time dedicated to PE may aid academic performance, and that participation in regular PE does not seem to negatively affect academic performance.  Recess did not detract from students’ focus in the classroom as well.10 Authors of the systematic review and meta-analysis reported that regular physical activity at a younger age may lead to increased participation in high school sports and extracurricular activities that include physical activity.6, 10 Fedewa et al concluded that overweight and obesity in addition to dropout rates declined as a result of this participation.6            
Factors that Aid/Limit the Ability of the Evidence to Influence Advocacy for Health and Wellness in Elementary Schools

While studies in this literature review provide an excellent basis for further study, generalizability is variable and inconclusive data on intervention choice remains.  Which method of PE or physical activity intervention is best in terms of duration, rate, and frequency, and which will have the greatest impact on improving academic performance and reducing overweight and obesity prevalence in elementary school children are questions that remain to be answered.  The study in this literature review with the strongest evidence for PE 5 days per week did not utilize standardized tests that demonstrate an improvement in academic performance but rather cognitive performance.7 However, while the short term effects of PE or physical activity intervention on improved academic performance and reduction of overweight or obesity were demonstrated in two studies,11, 15 long term effects were established in five studies2, 4, 8, 12, 13; further long term effects may need to be established.  Furthermore, depending on the study, correlations varied between types of exercise as measured by fitness measures (aerobic capacity, muscular strength and endurance, BMI, and flexibility) and improved academic performance and reduction of overweight and obesity levels.  Seven studies demonstrated a positive correlation with aerobic capacity/cardiovascular fitness measures and academic performance.1, 5, 6, 9-10,12, 13, 15 Three studies demonstrated a positive correlation with muscular strength/endurance fitness measures and academic performance,1, 7, 15 while two studies found no relationship between the two.5, 13 Eight studies demonstrated a negative correlation between BMI fitness measures and academic performance (as BMI declined, academic performance improved),2-4, 7-9, 11, 15 while four studies found no relationship between the two.1, 5, 12, 16 Three studies demonstrated a positive correlation with flexibility fitness measures and academic performance,1, 5, 15 while one study found no relationship between the two.13 Caution should be exercised when applying results to determine the best PE or physical activity intervention to improve academic performance and reduce overweight and obesity prevalence.  It may be best to recommend PE/physical activity programs that encompass aerobic capacity/cardiovascular fitness, muscular strength/endurance, and flexibility components to be the most beneficial to the greatest number of students. 
Recommendations for Improving the Evidence

Rigorous studies with generalizability, power analysis, detailed intervention, and consistent outcome measures for fitness and academic performance are essential.  State-based standardized academic performance test measures are necessary for inclusion in the studies to obtain approval from public schools to implement PE or physical activity programs at a higher frequency.  Standardized components of the Fitnessgram – cardiovascular, muscle strength/endurance, and flexibility – are necessary for inclusion in the studies to measure the success of the physical activity/PE interventions used to demonstrate improved academic performance and decreased overweight and obesity in children.  Additionally, further evidence should be gathered and examined at the middle and high school levels based on the findings of seven studies in this literature review.1, 4-6, 9, 10, 12, 13 Lastly, if specific types of exercise intervention (e.g. aerobic capacity/cardiovascular fitness versus muscular strength/endurance fitness versus flexibility fitness) yield the greatest benefit on academic performance and reduction in overweight and obesity levels, these exercise interventions should be determined in order to provide the greatest opportunity for children to improve academically in public schools and personally in reduction of overweight and obesity levels. Results determined from adequate comparison between the interventions will allow the physical therapist to recommend the most appropriate PE or physical activity program for elementary, middle, and high schools.  While noteworthy conclusions can be drawn from this literature review, the PICO question remains unanswered at this time.  
Conclusion

Information gathered from this literature review provides a solid foundation for promoting increased PE/physical activity frequency in elementary schools, and possibly middle and high schools.  Further research is warranted and should investigate rigorous studies to evaluate the efficacy of daily PE and physical activity interventions on improving academic performance and reduction of overweight and obesity levels in elementary, middle, and high school children.  Overwhelming evidence in the sixteen studies included in this literature review points to a positive association between PE/physical activity and improved academic performance and reduction in overweight status and obesity.  The systematic review (43 studies) and meta-analysis (59 studies) included in this literature review did not overlap the studies (14) included as part of this literature review.  Therefore, of the 116 studies, only two found no relationship between PE/physical activity and academic performance.  Both of these studies used BMI alone as indicator of physical fitness.12, 16 With the exception of the systematic review included in this review that 1.5% of the 251 associations between physical fitness and academic performance were negative,10 none of the remaining studies included in this review reported a negative association between PE/physical activity and academic performance.1-9, 11-16   
Many US public schools’ funding is based on academic performance as measured by standardized test scores.1, 6, 10 Since budget constraints currently plague US public schools, it is essential to demonstrate causality or a strong relationship between daily PE or physical activity and improved academic performance to obtain necessary funding.  Common Core standards may allow students to be compared on a national level.  Results from longitudinal studies may help administrators to view PE and physical activity as facilitators rather than competitors to academic achievement.16 Different forms of physical fitness may have different relationships with academic performance, and the majority of these relationships are overwhelmingly positive.  Rasberry et al and Fedewa et al report that substantial evidence demonstrates that PE/physical activity can help improve academic performance.6, 10 PE and physical activity can positively impact cognitive skills, attitudes, and academic behavior, which are all important components of academic performance.  Getting children started in PE and physical activity at a young age may translate to increased sports and/or other physical activity participation in high school, which can lead to improved academic performance, and decreased dropout rates, overweight, and obesity incidence.10 Recognizing significant effects of PE and physical activity on math and reading is critical if PE programs are going to survive and children are going to excel academically, physically, and psychologically.  Time allotted to PE and physical activity and not entirely to  academic instruction should be viewed as enhancing, not impeding children’s academic performance.  It is likely that evidence will continue to support the need for increasing students’ PE and physical activity in schools to improve academic performance and decrease overweight and obesity incidence.6  
The US is currently facing a huge crisis with the obesity and overweight prevalence in our children.  If we continue down this path, overweight or obese children will most likely develop comorbidities that will need to be incorporated in physical therapy treatment.  Prevalence of cardiovascular and cardiometabolic diseases will increase in addition to musculoskeletal impairments.  Larger body habitus increases difficulty with accurate patient evaluation and treatment.  Costs will increase as modifications of current equipment will be necessary to accommodate larger body habitus.  Physical therapists are the leading advocates for health and wellness and we can begin consulting with schools to address frequency of PE/physical activity programs that can improve academic performance in addition to children’s health and wellness.  
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