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ABSTRACT 
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by 
 

© Martin J. Frigaard 2011 
 

Master of Arts in  Kinesiology  
 

California State University, Chico 
 

Fall 2011 
 
 

Childhood and adolescent obesity and hypertension are predictive of adult-

hood obesity, hypertension, and cardiovascular disease risk. The purpose of this cross-

sectional study was to examine BMI-for-age as an independent risk factor for hyperten-

sion among 166 5th grade students attending five different low-income elementary 

schools.  

Results indicate that 32% of students were either overweight or obese. This 

rate is the same as the national average, but slightly below the California average re-

ported for this population. The relationship between BMI-for-age and hypertension risk 

was examined using chi-square analysis. BMI-for-age was found to be significantly re-

lated to hypertension risk, (p = 0.003); a more than three-fold proportion of over  



 xi 

weight/obese students (53%) were pre-hypertension/hypertension, compared to under-

weight/normal students (15%).   

Systolic blood pressure (SBP) was analyzed as a function of BMI group (un-

derweight, normal, overweight and obese) using one-way ANOVA with repeat com-

parisons. A significant difference was found in mean SBP across BMI groups (p < 

0.001). Post-hoc Tukey comparisons indicated that obese students had higher systolic 

BP (M = 116) than either overweight (M = 111) or normal weight/underweight students 

(M = 104 mmHg). These findings support the need for early health risk screenings and 

prevention programs. Future research should be directed towards reversing increasing 

levels of weight-relate risk factors for cardiovascular disease in low-income popula-

tions.   
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CHAPTER I 
 
 

INTRODUCTION 
 
 

The prevalence of childhood/adolescent obesity has become a worldwide 

epidemic and global health concern (Eckel, 2005; Falkner, Gidding, Portman, & Rosner, 

2008; Ogden & Carroll, 2010; Ogden, Carroll, Curtin, Lamb, & Flegal, 2010; Ogden et 

al., 2006; Steinberger, 2003; Wang & Lobstein, 2006). Childhood/adolescent overweight 

and obesity, as classified by the Center for Disease Control (CDC) and Prevention Body 

Mass Index (BMI) for-gender-and-age growth charts, is associated with increased risk for 

diseases such as type 2 diabetes mellitus, cardiovascular disease (CVD), dyslipidemia, 

and elevated blood pressure or hypertension  as defined by National Institute of Health 

(NIH) guidelines (Daniels et al., 2005; Centers for Disease Control and Prevention, 2009; 

Franks et al., 2010; Krebs et al., 2007; Perez-Pastor et al., 2009; U. S. Department of 

Health and Human Services, National Institutes of Health, National Heart, Lung, and 

Blood Institute, 2005).  

Rates of childhood/adolescent overweight/obesity vary by sampling methods 

and reporting agency. According to data from participants randomly selected to 

participate in the 2003-2007 National Survey of Children’s Health (NSCH), 48% of 

American children/adolescents aged 10-17 are overweight or obese (Singh, Kogan, & van 

Dyck, 2010). The same research team indicated that in 2007 the prevalence for 

childhood/adolescent overweight/obesity was 46% in California for 10-17 aged children 
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(Singh et al., 2010). NSCH data conflict with those of the CDC’s National Health and 

Nutrition Examination Survey (NHANES). Using NHANES data, Ogden and Carroll 

reported the 2007-2008 prevalence of overweight/obesity was 35% for 

children/adolescents aged 6-11 (Ogden & Carroll, 2010). Childhood/adolescent 

overweight/obesity rates are higher in socioeconomically disadvantaged populations, 

such as those living in northern California (Marty, Wolff, & Morgan, 2006; Wolff, 

Hoang, Flannery, & Wermuuth, 2006). According to the CDC’s 2008 Pediatric Nutrition 

Surveillance Survey (PedNSS), which tracks the health status of low-income U.S. 

children/adolescents, the prevalence of overweight/obesity in California is 41% for 

children/adolescents aged 5-19. PedNSS also reported the prevalence of 

overweight/obesity in Butte County at 47% for children/adolescents aged 9-11 

(Polhamus, Dalenius, Mackentosh, Smith, & Grummer-Strawn, 2009a, 2009b). At 47% 

vs. 35%, respectively, local PedNSS childhood/adolescent overweight/obesity rates far 

exceed the national NHANES prevalence rate of overweight/obesity. 

Following approximately ten years behind these secular trends in obesity, 

NHANES reported an increased prevalence of childhood/adolescent pre-

hypertension/hypertension since the 1980s, after a long period of decline (Din-Dzietham, 

Liu, Bielo, & Shamsa, 2007). In a 2009 NHANES publication, the overall hypertension 

prevalence in the U.S. for children/adolescents aged 8-12 was 1.8% in 1988-1994, 2.9% 

in 1999-2002 and 3.4% in 2003-2006 (Ostchega et al., 2009). NHANES hypertension 

rates were determined using three repeated measurements on each child/adolescent as 

recommended by the American Heart Association (Din-Dzietham et al., 2007). In 2005-

2006 Swiss researchers, using U.S. hypertension and CDC BMI guidelines, reported an 
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overall prevalence of hypertension of 11.4% after initial measurement for 

children/adolescents with a mean age of 12.3. After the second and third blood pressure 

measurements, the overall prevalence of hypertension was 3.8% and 2.2%, respectively 

(Chiolero, Cachat, Burnier, Paccaud, & Bovet, 2007). 

Increases in overweight/obesity and pre-hypertension / hypertension were 

most severs in young males and young Hispanics (Chiolero, Cachat, et al., 2007; 

McCarthy et al., 2008; Muntner, He, Cutler, Wildman, & Whelton, 2004; Ostchega et al., 

2009). Increased BMI is one of the strongest predictors of hypertension in adolescents 

(Adams et al., 2008; Daniels et al., 2005; Din-Dzietham et al., 2007; Drukteinis et al., 

2007; Marty et al., 2006). The prevalence of hypertension has increased in certain 

childhood/adolescent populations independent of an increase in BMI, indicating that 

obesity is not the only contributing factor (Chiolero, Bovet, Paradis, & Paccaud, 2007). 

Evidence of target organ damage, including increased carotid intima media thickness, left 

ventricular hypertrophy and increased arterial stiffness has been found in children with 

hypertension (Drukteinis et al., 2007; Lande, Carson, Roy, & Meagher, 2006). Without 

early intervention and detection, hypertension in youth will very likely increase risk for 

CVD in adulthood (Vasan et al., 2001).  

 
Statement of the Problem 

Early screening and diagnosis of hypertension is needed for researchers and 

healthcare professionals to identify individuals who are at risk so prevention and 

treatment measures can be taken (Lurbe, Alvarez, & Redon, 2010). The current 

epidemiological evidence on the prevalence of hypertension in children and adolescents 
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is limited due to a scarcity of repeated studies on the same population and the differences 

in BP measurement methodology (Chen & Wang, 2008). Current evidence supports 

screening socioeconomically disadvantaged and ethnic minority groups in this area for 

childhood hypertension (Marty et al., 2006; McCarthy et al., 2008; Wolff et al., 2006).  

 
Purpose of the Study 

The purpose of this research was to determine whether there are differences in 

the prevalence of overweight and pre- hypertension/hypertension between sexes and 

among ethnicities in fifth grade students. The study addressed differences among 

demographic variables and clinical data collected during a spring 2011 school health 

screening. 

 
Rationale 

Based on previous findings, it was hypothesized that there would be 

significant differences in the prevalence of overweight and pre- hypertension/ 

hypertension between sexes and among ethnicities in fifth grade students. The dependent 

variables for these hypotheses are sex and ethnicity. We can infer from current evidence 

that significant differences in overweight would exist between those students classified as 

having pre- hypertension/hypertension. For this hypothesis, BMI is the dependent 

variable and the independent variable is prevalence of pre- hypertension/hypertension.  

 
Hypotheses 

1. There will be an association between BMI classification and ethnicity.  

2. There will be an association between BMI classification and sex.  
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3. There will be an association between hypertension classification and BMI 

classification. 

4. There will be an association between hypertension classification and ethnicity.  

5. There will be an association between hypertension classification and sex.  

6. There will be a difference in mean systolic blood pressure between BMI 

classifications. 

7. There will be a difference in mean systolic blood pressure between ethnicities. 

8. There will be a difference in mean systolic blood pressure between sexes. 

9. There will be a difference in mean diastolic blood pressure between BMI 

classifications. 

10. There will be a difference in mean diastolic blood pressure between 

ethnicities. 

11. There will be a difference in mean diastolic blood pressure between sexes. 

   
Null Hypotheses 

1. There will not be an association between BMI classification and ethnicity.  

2. There will not be an association between BMI classification and sex.  

3. There will not be an association between hypertension classification and BMI 

classification.  

4. There will not be an association between hypertension classification and 

ethnicity.  

5. There will not be an association between hypertension classification and sex.  
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6. There will not be a difference in mean systolic blood pressure between BMI 

classifications. 

7. There will not be a difference in mean systolic blood pressure between 

Ethnicities. 

8. There will be no differences in mean systolic blood pressure between sexes. 

9. There will be no differences in mean diastolic blood pressure between BMI 

classifications. 

10. There will be no differences in mean diastolic blood pressure between 

ethnicities. 

11. There will be no differences in mean diastolic blood pressure between sexes. 

 
Limitations of the Study 

Limitations of this study include:  

1. Students were selected from the same school district. 

2.  Five low-income schools were selected from the school district based on 

available time and resources to perform the screenings. Of the 247 5th grade students, 166 

parent permission slips were returned (63% response rate). This study design required 

parent permission for the data collection and, therefore, limited the sample size. These 

166 5th grade students may differ from the total population because of parental 

involvement, parental objection to having child participate in measurements or other 

unknown confounding variables. 
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3.  Height and weight measurements were taken with students’ shoes on. 

4.  Some blood pressure measurements may have been inaccurate due to 

inappropriate cuff sizing. 

5.  Blood pressure classifications were made using a single reading. However, if 

a reading had an absolute value greater than 120/80 mmHg it was repeated for accuracy.  

 
Definition of Terms 

Cardiovascular Disease (CVD)  

The term cardiovascular disease includes a variety of health problems that are 

commonly the result of atherosclerosis. Atherosclerosis develops when a buildup of 

plaque narrows the artery walls. This build up can lead to increases in arterial pressures 

and can reduce or stop blood flow. These complications can lead to myocardial infarction 

and stroke.  

Body Mass Index (BMI)  

Body mass index, calculated by the formula BMI= Weight (kg)/ [Height2 

(m)]. BMI formula is an indirect measure of adiposity and the resulting number is 

translated into an appropriate childhood/adolescence percentile classification/BMI 

classification specific to age/sex.  

Hypertension and pre- Hypertension  

Hypertension and pre-hypertension classifications were defined using the 

guidelines provided by The Fourth Report on the Diagnosis, Evaluation, and Treatment 

of High Blood Pressure in Children and Adolescents (2004) (U.S. Department of Health 
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and Human Services, National Institutes of Health, National Heart, Lung, and Blood 

Institute, 2005).  

Blood Pressure (BP) 

The pressure exerted by the blood on the walls of the blood vessels and 

arteries and expressed in millimeters of mercury (mmHg). Peak arterial pressure is called 

systole, while the minimal arterial pressure is called diastole.  
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CHAPTER II 
 
 

REVIEW OF LITERATURE 
 
 

Associations Between Overweight/Obesity 
and Elevated Blood Pressure during 

Childhood and Adolescence 

Childhood/adolescent obesity rates have increased during the last 30 years 

(Daniels et al., 2005; Eckel, 2005; Franks et al., 2010; Magarey, Daniels, Boulton, & 

Cockington, 2003; Ogden & Carroll, 2010; Ogden et al., 2010; Ogden et al., 2006; Patton 

et al., 2011; Shields, Carroll, & Ogden, 2011; Steinberger, 2003; Wang & Lobstein, 

2006). Using 2007-2008 data from a nationally representative sample, Ogden and 

colleagues indicated that 35.4 % of children aged 6 to 11 had a BMI-for-age greater than 

the 85th percentile. Hispanic boys aged 2-19 were more likely to have an increased BMI 

than non-Hispanic white boys. Similarly, non-Hispanic black girls aged 2-19 are at higher 

risk of having a higher BMI compared to non-Hispanic white girls (Ogden et al., 2010). 

Additional research using NHANES data from 1999-2003 found significant increases in 

rates of overweight among Hispanic males and females compared to non-Hispanic white 

males and females (Ogden et al., 2006). The Hispanic population is of particular interest 

due to increasing numbers of these people in the United States. It is estimated that 

Hispanics will comprise nearly 44% of the population by the year 2025 (Campbell, 

1996).  
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Longitudinal studies have shown that childhood obesity is associated with 

increasing the risk of premature death from long-term degenerative diseases (Franks et 

al., 2010; Jeffreys, McCarron, Gunnell, McEwen, & Smith, 2003). Childhood 

overweight/obesity is associated with health problems such as Type 2 diabetes mellitus, 

metabolic syndrome, atherosclerosis, left and right ventricular hypertrophy, dyslipidemia, 

and hypertension that can lead to myocardial infarction, stoke, heart failure, kidney 

failure, cancer, and premature death (Biro, Huang, Morrison, Horn, & Daniels, 2010; 

Daniels et al., 2005; Drukteinis et al., 2007; Lande et al., 2006; Patton et al., 2011; Perez-

Pastor et al., 2009; Steinberger, 2003). Early identification of overweight/obese youth 

might stimulate lifestyle changes that could prevent these diseases in adulthood. 

Primary hypertension has been identified as a modifiable risk factor for CVD, 

metabolic syndrome, dyslipidemia, and variety of other end-organ damage (Lande et al., 

2006; Lande, Kaczorowski, Auinger, Schwartz, & Weitzman, 2003; Raitakari et al., 

2003; Sorof, Lai, Turner, Poffenbarger, & Portman, 2004). While CVD risk is a common 

consideration for adults, research shows that hypertension can originate in children and 

adolescents (Raitakari et al., 2003). According to data collected from the National Health 

and Nutrition Examination Surveys, the prevalence of childhood/adolescent hypertension 

has increased after a long period of decline (Din-Dzietham et al., 2007; Muntner et al., 

2004; Ostchega et al., 2009). Early detection of hypertension during childhood/ 

adolescence is essential for establishing treatment protocols and interventions (Falkner, 

Lurbe, & Schaefer, 2010; Lurbe et al., 2010).  

The available literature from national survey data (NHANES) on the 

prevalence of elevated BP in youth has revealed conflicting ethnic and gender differences 
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(Din-Dzietham et al., 2007; Muntner et al., 2004). Din-Dzietham et al. (2007) indicated 

that the prevalence of pre-hypertension/hypertension was particularly high in Hispanics, 

non-Hispanic blacks and males (Din-Dzietham et al., 2007). Ostchega and colleagues 

reported that adolescent females were more likely to have elevated BP in 2003-2006 than 

1988-1994 (Ostchega et al., 2009).  

Sorof et al. (2004) studied data from health screenings in eight Texas public 

schools. Initial screenings took place with 5,102 students, and up to three BP screenings 

were performed on students with BP readings indicative of hypertension. Mean age of 

this sample was 13 years old. The ethnic composition of this cohort was 44% White, 25% 

Hispanic, 22% African American, 7% Asian, and 2% other. Twenty percent of the study 

population was ≥ 95th percentile BMI-for-age. Significant differences in overweight rates 

were found between sexes and ethnicities. Twenty four percent of males were ≥ 95th 

percentile BMI-for-age, vs. 16% of females. Thirty-one percent (31%) of Hispanic 

students, 20% of African American students, 15% of white students and 11% of Asians 

were ≥ 95th percentile BMI-for-age. Following the first BP screening, at 23%, males had 

a higher prevalence of hypertension than females (16%). Elevated BP was also 

significantly higher in the Hispanic (25%) compared to Caucasian (18%) students, 

although these ethnic differences did not persist after repeated measurements. The 

prevalence of hypertension fell from 19.4% (n = 990) during the first blood pressure 

screening to 4.5% (n = 221) of students after a third blood pressure screening. Following 

the third screening, adjusting for age, ethnicity, gender, and overweight, significant 

relative risks remained for males and students >95th percentile BMI-for-age. Eleven 

percent (11%) of students ≥95th percentile BMI-for-age were hypertensive vs. 3% of 
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students <85th percentile BMI-for-age. Overweight status was the largest contributing 

factor on rates of hypertension in this sample (Sorof et al., 2004).  

Marty et al. (2006) explored the rates of hypertension and overweight in 1,284 

5th-8th grade students from rural northern California. In this investigation, hypertension 

was characterized as systolic BP and/or diastolic BP blood pressure >95th percentile for 

age, gender, and height. Pre-hypertension was defined as systolic BP and/or diastolic BP 

between the 90th and 95th percentiles (U.S. Department of Health and Human Services, 

National Institutes of Health, National Heart, Lung, and Blood Institute, 2005). Elevated 

BP measurements were repeated by the researchers to increase accuracy. The ethnic 

make-up of this sample was 43% White, 28% Hispanic, 18% Asian and 5% Native 

American. Forty-four (44%) percent of these students had a BMI-for-age >85th percentile, 

and 24% had a BMI-for-age >95th percentile. The mean systolic blood pressure for the 

study sample (n = 888) was 109 mmHg and the mean diastolic blood pressure was 67 

mmHg. Twenty-eight percent (n = 245) of this sample was categorized as hypertension or 

pre-hypertension. Sixty-five percent of students whose BP reading was in the pre-

hypertension category were >85th percentile BMI-for-age, and 78% of students with a BP 

reading categorized as hypertension were >85th percentile BMI-for-age. Significantly 

higher rates of hypertension were found in Native American students (Marty et al., 2006).   

In a study similar to Sorof et al. (2004) and McNiece et al. (2007) found a 

significant liner trend between increasing BMI percentile and hypertension risk. They 

investigated the prevalence of hypertension and pre-hypertension among adolescents in 

nine schools surrounding Houston, Texas. The ethnic distribution in this sample was 37% 

White, 28% Black, 27% Hispanic, and 8% Asian. Sixty-four percent of students were 
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<85th percentile BMI-for-age, 18% 85th-<95th percentile BMI-for-age and 18% ≥ 95th 

percentile BMI-for-age. Therefore, 36% were either overweight/obese. The risk for pre-

hypertension was independently associated with sex, ethnicity, and BMI percentile. 

Students that initially presented with hypertension, but had normal BP during a follow-up 

examination were more likely to be Hispanic or have a BMI ≥ 95th percentile. The change 

in overall prevalence of hypertension rates from initial screening to third screening 

changed only in pre-hypertension/hypertension proportions. Pre-hypertension rates 

increased from 9.5% on the first measurement to 15.7% after the fourth measurement. In 

contrast, hypertension rates fell from 9.4% initially to 3.2% after the fourth measurement.  

These findings were similar to those of Sorof et al. (2004). Both studies noted that 

repeated screening increased the validity of measurements; however limitations due to 

changes in risk classifications become problematic if measurements changed from 

hypertension on the first screening to normal blood pressure on the second screening 

(McNiece et al., 2007). 

Hypertension prevalence was examined in 121 Hispanic and 78 African 

American 6th grade students in the Los Angeles School District by McCarthy and 

colleagues (McCarthy et al., 2008). Similar to Marty et al., made a single BP 

measurement. BP classifications were made according to previously cited criteria (U.S. 

Department of Health and Human Services, National Institutes of Health, National Heart, 

Lung, and Blood Institute, 2005). Forty-seven percent of this population had a BMI-for-

age ≥ 85th percentile. Hispanic students had significantly higher rates than African 

American students, 75.2% vs. 63.4%. In this cohort, there were no sex differences in the 

incidence of hypertension. Mean systolic blood pressure percentile was significantly 
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higher in those students ≥ 95th percentile BMI-for-age (0.84 ± 0.20) when compared to 

those students <95th and ≥ 85th (0.60 ± 0.24) and students < 85th percentile BMI-for-age 

(0.53 ± 0.26). Students that were ≥ 95th percentile BMI-for-age were 3.4 times more 

likely to have systolic hypertension and eight times more likely to have diastolic 

hypertension. BMI-for-age was the strongest predictor for overall risk of hypertension. 

Diastolic BP differences were not significant across ethnicities, but Latinos had a higher 

risk of hypertension than African Americans (data not shown) (McCarthy et al., 2008).  
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CHAPTER III 
 
 

METHODOLOGY 
 
 

Five low-income schools were selected to participate in this cross sectional 

health evaluation. Low-income schools are defined as those schools in which at least 51% 

of the enrolled students are from households with incomes ≤ 185% of the federal poverty 

level. Non low-income schools were not selected due to a lack of resources available to 

perform the screenings. Participation in the screening was optional and required written 

parental consent. Permission slips were sent home with the student one week prior to the 

health screening. Translations of the permission slip were made available in Spanish and 

Hmong for English as a Second Language (ESL) students. Of the 247 5th grade students 

that received a permission slip, 63% were returned (n = 166). These 166 5th grade 

students may differ from the total population because of parental involvement, parental 

objection to having child participate in measurements or other unknown confounding 

variables. 

After receiving parental consent, all participants completed a health screening 

that consisted of measurements of height, weight measurements and resting BP. The 

protocol for the study was approved by the Human Subjects Review Committee at 

California State University, Chico California. 

All data were collected using a self-reported health screening document that 

consisted of their teacher’s name, student identification number, sex, age, date of birth, 
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and ethnicity. Ethnicity was coded based on the following criteria: White, Asian, 

Hispanic, Native American, African American, and other. Due to the small sample sizes 

in the Native American and African American categories, these groups were later 

combined with the other group. Height, weight, and systolic and diastolic BP were 

recorded on the same health screening document by trained researchers. Due to the small 

sample size in the underweight category (n = 10), this group was combined with the 

normal weight category, leaving three BMI comparison groups. These three BMI 

classifications were later dichotomized into two groups (underweight/normal weight and 

overweight/obese) based on findings that were relevant to this sample. The three BP risk 

classifications (normal, pre-hypertension, and hypertension) were later recoded into a 

dichotomized variable (normal and pre-hypertension/hypertension).  

Height and weight were measured using a Seca®700 stadiometer. BMI was 

calculated using height measured to the nearest 0.5 inches and weight was measured to 

the nearest 0.5 pound. Date of birth (DOB) was self-reported and verified by school 

nurses. Height, weight and DOB data were entered into Microsoft Excel calculation 

spreadsheets provided by the CDC website. BMI, adjusted for age and sex, was classified 

into the following groups: normal weight for students ≤84.9th percentile, overweight for 

students between the 85-94.9th percentile, and obese for students ≥ 95th percentile.  

To protect the participants from any psychological harm, height and weight 

measurements were concealed from the children being measured by having students turn 

their back to the measurement displays. All measurements took place behind a tri-fold 

screen to ensure privacy from other students. All screening data were returned to school 

nurses to be added to the students accumulative health file. 
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Before BP was measured, children were instructed to sit and watch a 16 min 

educational video to ensure an adequate rest period. All BPs were taken by trained 

researchers using the Omron® automated BP cuff on the student’s dominant arm and 

recorded to the nearest 1.0 mmHg. Researchers were trained in identifying correct cuff 

sizes for arm circumference. Students were instructed to remove any clothing that would 

hinder accurate readings. Classifications for hypertension were based on guidelines 

provided in The Fourth Report on the Diagnosis, Evaluation, and Treatment of High 

Blood Pressure in Children and Adolescents (2005). The pre-hypertension classification 

was defined by a systolic or diastolic BP between the 90th -94.9th percentiles. The 

hypertension classification was defined by a systolic or diastolic BP reading ≥ 95th 

percentile. Additionally, measurements with an absolute value greater than 120/80 mmHg 

were classified as pre-hypertension, as indicated in the 2005 report. If time permitted, 

abnormally high measurements were repeated for validity. Approximately 90% of high 

readings were repeated for accuracy. All student measurements were tracked using a 

designated student’s identification number. No children names were reported in analyses.    

Statistical analyses were performed using Statistical Package for Social 

Sciences (SPSS) version 19.0. Descriptive statistics consisted of means, percentages, and 

standard deviations. One-way analyses of variance (ANOVA) with post hoc Tukey 

comparisons were used to compare mean systolic and diastolic BP across BMI and 

ethnicity groups. An independent t-test was used to compare mean systolic and diastolic 

BP values between sexes. Chi-square was used to assess relationships among categorical 

variables (BMI groups, ethnicities, sex and BP risk categories). Statistical significance 

was set at p < 0.05. 
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Descriptive characteristics for the 166 5th grade students from low income 

schools are shown in Table 1. Mean student age, height, weight and BMI were 10.9 (± 

0.5), 58.8 ± (3.0), 95.2 ± (26.4), and 19.1 ± (4.0), respectively. Mean systolic and 

diastolic BP were 107.2 ± (14.2) and 65.7 ± (11.8), respectively. Overall prevalence of 

pre-hypertension and hypertension was 5% and 16%. Student ethnicity consisted of 33% 

White, 21% Asian, 25% Hispanic, 5% African American, 3% Native American, and 13% 

other. Study participants were evenly split between males (52%) and females (48%).  

 

Table 1.  
 
Demographic characteristics of participants (n=166) 
 
Demographic Characteristic Mean ± SD 

Age  10.9 ± 0.5 
Height 58.8 ± 3.0 
Weight 95.2 ± 26.4 
BMI 19.1 ± 4.0 
Systolic BP (mm Hg) 107.2 ± 14.2 
Diastolic BP (mmHg) 65.7 ± 11.8 

Ethnicity  N (%) 
White 55 (33) 
Asian 34 (21) 
Hispanic 42 (25) 
African American 8 (5) 
Native American 6 (3) 
Other 21 (13) 

Gender N (%) 
Male 86 (48) 
Female 80 (52) 
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CHAPTER IV 
 
 

RESULTS 
 
 

Rates of Overweight and Hypertension 

Of the 166 5th grade students to completing the health screening, 32% (n = 53) 

were overweight/obese (see Figure 1). The overall prevalence of pre-hypertension and 

hypertension risk was 16% and 6%, respectively (see Figure 2).  

There was a significant relationship between ethnicity and BMI 

(underweight/normal vs. overweight/obese), χ2 (3, N = 166) = 16.601, p = 0.001. As 

shown in Table 2 and Figure 3, BMI classification was not equally distributed among 

ethnicities. Hispanic (55%) and the group comprised of African American, Native 

Americans, and other students (32%) had the highest proportion above the 85th BMI 

percentile for age. Asian and White students had considerably lower percentages in the 

overweight/obese category (24% and 15%, respectively).    

Chi-square analysis indicated there was no significant relationship between 

sex and BMI classification groups, (2, N = 166) = 1.80, p = 0.407.  

 
Blood Pressure  

The relationship between BMI classifications (underweight/normal weight, 

overweight/ obese) and BP risk classifications (normal, pre-hypertension/hypertension) 

was significant, χ2 (1, N = 166) = 8.602, p = 0.003. Hypertension risk classification was 
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Figure 1. Prevalence of overweight/obesity in 5th Grade students. 
 
 
not equally distributed throughout the BMI classifications (see Table 3). As shown in 

Figure 4, 53% of overweight/obese students were pre-hypertension/hypertension 

compared to 15% of underweight/normal weight students. Specifically, 54% of the obese 

students were pre-hypertensive/hypertensive vs. 24% of overweight students (Figure 5).  

No significant relationships were found between ethnicity and BP 

classifications (normal, pre-hypertension/hypertension), χ2 (3, N = 166) = 2.523, p = 

0.471. Sex was not significantly related to BP, χ2 (1, N = 166) = 1.880, p = 0.665.   

Mean systolic BP comparisons are displayed in Table 4. Mean systolic BP 

was significantly different across BMI groups, F (2, 163) = 8.487, p < 0.001. Post-hoc  
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Figure 2. Prevalence of pre-hypertension/hypertension in 5th grade students. 
 
 
Tukey comparisons indicated significant mean systolic BP differences between obese 

students and underweight/normal weight students. Obese students had higher mean 

systolic BP (116.0 ± 18.2) than underweight/normal weight students (104.4 ± 12.5). 

Overweight students’ mean systolic BP (110.9 ± 13.3) was not significantly different 

from either underweight/normal weight students’ or obese students’ mean systolic BP. As 

shown in Figure 6, there is an 11.6 mmHg increase from the underweight/normal weight 

category to the obese category.   

As shown in Table 5, mean diastolic BP was also significantly different across 

BMI groups, F (2, 163) = 5.799, p = 0.004. Post-hoc Tukey comparisons indicated  
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Table 2 
 
Associations between BMI group and ethnicity (N = 166) 
 
  BMI Classifications 

  
< 85th Percentile 

Underweight/Normal 
weight 

≥ 85th Percentile 
Overweight/Obese 

  

Ethnicity n (%) n (%) p value* 
White 42 (76) 13 (24) 
Asian 29 (85)   5 (15) 
Hispanic 19 (45) 23 (55) 

African American, Native 
American, Other 

24 (68) 11 (32) 
p = 0.001

*Pearson Chi-Square 
 
 
significant mean diastolic BP differences between obese students and 

underweight/normal weight students. Obese students had higher mean diastolic BP (71.8 

± 16.3) than underweight/normal weight students (63.7 ± 9.6). Overweight students’ 

mean diastolic BP (68.5 ± 13.6) was not significantly different from either 

underweight/normal weight students’ or obese students’ mean systolic BP. As shown in 

Figure 7, there is an 8.0 mmHg increase from the underweight/normal weight category to 

the obese category. 

Neither mean systolic nor mean diastolic BP was not significantly different 

across ethnic groups, F (3, 162) = 0.671, p = 0.571. Mean diastolic BP was not 

significantly different across ethnic groups, F (3, 162) = 1.452, p = 0.230, nor where 

there any significant differences in systolic BP between sexes, t (164) = 0.785, p = 0.434, 

or in mean diastolic BP between sexes, t (164) = -0.604, p = 0.547. 
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Figure 3. Hispanic students have significantly higher rates of overweight (p = 0.001). 
 
 
 
 
 
 
 
Table 3 
 
Associations between BMI group and hypertension classification (n = 166) 
 
  Hypertension Classifications 

  
< 90th Percentile 

Normal 

≥ 90th Percentile  
pre-hypertension/ 

hypertension 

  

BMI Categories n (%) n (%) p value 
Underweight/Normal 

Weight 97 (85) 17 (15) 
Overweight/Obese 33 (63) 19 (37) p = 0.003

*Pearson Chi-Square 
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Figure 4. Overweight students have significantly higher rates of pre-hypertension/ 
hypertension (p = 0.003). 
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Figure 5. Fifty-four percent of the obese students were pre-hypertensive/hypertensive vs. 
24% of overweight students. 
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Table 4 
 
Mean systolic blood pressure group comparisons (n = 166) 
 

Systolic BP 
Groups 

Mean ± (SD) 
p value 

BMI 
Underweight/Normal weight (n = 113) 104.4 ± (12.5) 
Overweight (n = 29) 110.9 ± (13.3) 
Obese (n = 24) 116.0 ± (18.2)* p < 0.001 

Ethnicities 
White (n = 55) 107.7 ± (15.4) 
Asian (n = 34) 105.2 ± (10.0) 
Hispanic (n = 42) 109.3 ± (13.0) 
African American, Native American and Other       

(n = 35) 105.7 ± (17.0) p = 0.571 
Sex 

Male (n = 86) 108.0 ± (15.8) 
Female (n = 80) 106.3 ± (12.2) p = 0.434 

Note. *Post hoc Tukey test shows obese mean systolic BP was significantly different 
than underweight/ normal weight and overweight groups 
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Figure 6. Comparison of mean systolic BP and BMI classification (p < 0.001). 
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Table 5 
 
Mean diastolic blood pressure group comparisons (n = 166) 
 

Diastolic BP 
Groups (n) 

Mean ± (SD) 
p value 

BMI 
Underweight/Normal weight (n = 113) 63.7 ± (9.6) 
Overweight (n = 29) 68.5 ± (13.6) 
Obese (n = 24) 71.8 ± (16.3) p = 0.004 

Ethnicities 
White (n = 55) 67.4 ± (14.1) 
Asian (n = 34) 65.1 ± (9.5) 
Hispanic (n = 42) 66.9 ± (12.9) 
African American, Native American, Other (n = 35) 62.4 ± (7.7) p = 0.230 

Sex 
Male (n = 86) 65.2 ± (11.7) 
Female (n = 80) 66.3 ± (12.0) p = 0.547 

*Post hoc Tukey test shows obese mean diastolic BP was significantly different than 
underweight/normal weight and overweight groups 
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Figure 7. Comparison of mean diastolic BP and BMI classification.  
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CHAPTER V 
 
 

DISCUSSION 
 
 

This cross sectional health screening investigated the rates of and possible 

associations between BMI-for-age among predominantly low-income fifth grade students 

in rural northern California. Thirty-two percent of the students were classified as 

overweight/obese, which is similar to the national rate reported in NHANES (Ogden et 

al., 2010). However, the overall prevalence was lower than the national prevalence rate of 

48% reported in NSCH, and 47% reported in PedNSS county study (Polhamus et al., 

2009a, 2009b; Singh et al., 2010). The rates reported by previous studies in these same 

schools using health screenings are closer to the higher rates reported in national surveys, 

such as NSCH and PedNSS (Marty et al., 2006; McCarthy et al., 2008; Polhamus et al., 

2009a, 2009b; Singh et al., 2010). Rates of childhood overweight/obesity in this health 

screening are consistent with the national average reported by NHANES, supporting the 

results of recent research suggesting that obesity rates may be leveling off, or may even 

be declining (Raczynski, Thompson, Phillips, Ryan, & Cleveland, 2009).   

Differences between the rates presented in this study and those found in other 

studies could be influenced by differences in sampling methods. Each study varied in the 

way participants were included (i.e., only participants of specific ethnicities, only 

students with parent permission, local vs. national sampling, etc). The different sample 

selection methods impose selection biases that could be affecting the difference in BMI 
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in these studies. For example, parents may have refused to sign the permission slip 

fearing embarrassment if their child was overweight/obese. Visual observations and 

testimonies made by researchers indicated that a majority of non-participants were 

overweight/obese. Because this study did not include all 5th grade students, the accuracy 

of the findings would be difficult to determine.  

The ethnic composition in this sample consisted of primarily White, Asian, 

and Hispanic students. The prevalence of overweight/obesity was highest in Hispanic 

students (55%) a finding that is consistent with other studies in the literature (Ogden & 

Carroll, 2010; Singh et al., 2010; Sorof et al., 2004). The disproportionately high rate of 

overweight/obese among Hispanic students in this sample is likely due to a combination 

of behavioral and genetic factors. Hispanic populations have been identified as having 

higher rates of a genetic variant (PNPLA3), which contributes to higher accumulation of 

hepatic fat with an increase of dietary sugar (Davis et al., 2010). However, this genetic 

variation would have a relatively small impact on the BMI measurement. Hispanic 

families have been reported as having diets consisting of more high fat foods and high 

sugar foods and beverages (Wilson, Adolph, & Butte, 2009). Additionally, the amount of 

leisure-time physical activity is lower in Hispanics than other racial/ethnic groups 

(Troiano et al., 2007). 

No significant differences were found in the prevalence of obesity between 

boys and girls. Differences between sexes are inconsistent in the available literature. 

National (NHANES) and local studies have reported overweight/obesity rates to be 

higher in adolescent males (Ogden & Carroll, 2010; Sorof,et al., 2004). Other research 

indicates that females have higher rates of overweight/obese (Singh et al., 2010).  
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Pre-hypertension and hypertension rates for this baseline sample were 6% and 

16%, respectively. The students with a reading of ≥ 120/80 mmHg were asked to return 

to their seats for an additional 5 minutes, and then follow-up readings were obtained. 

These rates of elevated blood pressure after an initial screening are similar to those 

reported in previous health screening studies (Marty et al., 2006; McCarthy et al., 2008; 

McNiece et al., 2007; Sorof et al., 2004). In the studies that performed the recommended 

3 measurements, the overall prevalence fell below 5% (McNiece et al., 2007; Sorof et al., 

2004). It is likely the prevalence rate reported in these screenings would follow the same 

pattern after repeated measurements. Follow up data were not made available to confirm 

this.  

Following BP measurement, a higher proportion of overweight/obese students 

were categorized as pre-hypertensive/hypertensive. Specifically, 53% of the overweight/ 

obese students were pre-hypertensive/hypertensive vs. 15% of underweight/normal 

weight students. Additionally, of those students identified as obese, 54% were pre-

hypertensive/hypertensive compared to 24% of students identified as overweight. This 

finding adds to the body of literature showing the association between higher levels of 

childhood adiposity and an increased risk of hypertension (McCarthy et al., 2008; 

McNiece et al., 2007; Sorof et al., 2004; Wolff et al., 2006). However, increases in BMI 

percentile did not account for all the variance in pre-hypertension/hypertension rates, as 

15% of normal weight/underweight students were pre-hypertensive/hypertensive.  

No association was found between hypertension classification and ethnicity in 

this sample. Ethnic differences in rates of pre-hypertension/hypertension have been 

observed by previous research with larger sample sizes (Marty et al., 2006; McNiece et 
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al., 2007; Sorof et al., 2004). In this sample, a higher proportion of Hispanic students 

were pre-hypertensive/hypertensive than other ethnic minority students. It may be that 

ethnic differences in pre-hypertension/hypertension rates were not found due to the 

smaller sample size in this study. However, in larger health screening studies done with 

repeated measurements, ethnic differences in hypertension risk were not always apparent 

after repeated measurements (McNiece et al., 2007; Sorof et al., 2004).  

The identification of a significant difference in mean systolic BP and those 

students with > 95th percentile BMI-for-age are similar to findings reported in other 

research, such that as student’s BMI increased, systolic BP also increased (Marty et al., 

2006). Mean diastolic BP was also higher for those students with > 95th percentile BMI-

for-age, however, these differences were not reported as consistently in the literature. 

McCarthy et al. (2008) reported a significant association in BMI-for-age and diastolic 

BP, while Sorof et al. (2004) reported a non-significant difference in BMI categories and 

mean diastolic BP (McCarthy et al., 2008; Sorof et al., 2004). This study did not find 

differences in mean systolic BP or mean diastolic BP between overweight and normal 

weight/underweight students. The dynamic changes in height and weight due to growth 

during adolescents may impose difficulties in linking adiposity and risk of pre-

hypertension/hypertension in students in the overweight category (85th-<95th percentile 

BMI-for-age).  

Hispanic students in this health screening had the highest mean systolic BP 

(109.3 ± 13.3), though it was not significantly different from the other ethnic groups. 

Hispanic ethnicity has been reported as a significant risk factor for hypertension in 

studies using a single BP measurement (Marty et al., 2006; McNiece et al., 2007; Sorof et 
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al., 2004). McCarthy et al. (2008) reported African Americans had a higher mean 

diastolic BP at an initial screening, yet no differences in mean systolic BP between 

ethnicities were found (McCarthy et al., 2008). In investigations with repeated 

measurements, only overweight/obesity remained as a significant risk factor of 

hypertension (McNiece et al., 2007; Sorof et al., 2004).  

This study did not find any significant difference in mean systolic or diastolic 

BP between sexes. Male sex was has previously been identified as a significant risk 

factor for pre-hypertension/hypertension in children and adolescents (McNiece et al., 

2007; Sorof et al., 2004), but this was not demonstrated in the current investigation. 

 
Conclusion 

This health screen investigation revealed that 32% of low-income students 

were at risk of being overweight/obese. Ethnic differences in pre-hypertension/ 

hypertension risk were not identified, however, a disproportionate amount of Hispanic 

students were overweight/obese, which could be associated with other CVD risk factors 

not screened in this study. The increased risk of pre-hypertension/ hypertension in the 

higher BMI-for-age percentiles present immediate and future health concerns. Effective 

strategies should be identified and implemented to address the clustering CVD risk 

factors associated with increased levels of adiposity.  
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CHAPTER VI 
 
 

RECOMMENDATIONS FOR FUTURE 
 

RESEARCH 
 
 

Due to the concerns of possible sample bias imposed by requiring parent 

permission, these findings may not truly represent the entire student body. At 36%, a 

relatively large proportion of students did not participate in the screening, so differences 

may exist between the study population and the entire student body. For future similar 

investigations, student involvement in health screenings has been added to the parent 

handbook. Barriers to a higher response rate could have been due to the short notice 

between permission slips going home and the health screening. Requiring passive instead 

of active parent permission will result in increased student participation. Preferably three 

measurements should be taken in the future to adequately diagnose pre-hypertension/ 

hypertension, and appropriate interventions should be made available for students 

deemed at risk based on their health screening results. 
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