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ABSTRACT

Elevated blood pressure during childhood can lead to hypertension in adulthood and is associated with an
increased risk of future cardiovascular disease with early identification as the best option for prevention. This
study examines the prevalence of hypertension in Hispanic and White youths and reports the ability of a school-
based program to identify hypertension in school-aged children. Approximately 3.5 % of students had hyper-
tension while 7.5 % of students had elevated blood pressure. Elevated body mass index (BMI) was the most
common predictor of hypertension in all three grade levels (elementary: 5th grade, middle: 7th grade, and high
school: 10th grade). In the elementary school age group, the significant predictors of hypertension were an
elevated BMI, sex, and height. In the middle school age group, the factors that were significant predictors of
hypertension included ethnicity, an elevated BMI, and height. In high school age students, the only significant
predictor of hypertension was elevated BMI; ethnicity alone was not a significant predictor. The only group that
ethnicity was a significant predictor of hypertension was the middle school age. Given that at all three grade
levels, the Hispanic students had a higher percentage with elevated BMIs compared to White students, they
should be considered at higher risk of hypertension.

1. Introduction

1.1. Cardiovascular disease

Cardiovascular disease (CVD) is the leading cause of death in the

United States. Risk factors associated with CVD include hyperlipidemia,
hypertension, diet, weight, diabetes, smoking, and physical activity[4,
21],. Hypertension is the leading risk factor for CVD in the world and
originates from a variety of genetic, environmental, and social factors
including obesity[5]. According to the center for disease control and
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prevention (CDC), 1 in 25 youth (ages 12-19) have hypertension and 1
in 10 have elevated blood pressure[1]. Elevated blood pressure during
childhood can lead to hypertension in adulthood and is associated with
an increased risk of future cardiovascular disease[2]. Prevalence of
hypertension in Hispanic adults is 5 % higher than non-Hispanic white
adults[3] with early identification the best option to prevent future CVD.
Suboptimal blood pressure control is the most common cause of car-
diovascular and cerebrovascular disease, including stroke, ischemic
heart disease, other forms of heart failure, and peripheral arterial dis-
ease[6]. Development of atherosclerotic cardiovascular disease
(ASCVD) can occur in younger individuals as noted in multiple trials
[7-9]; elevated childhood blood pressure (for children aged 1-12 > 90th
percentile to <95th percentile or 120/80 mmHg to <95th percentile
(whichever is lower); for children 13-17, 120/<80 to 129/<80 mmHg)
[10] is associated with hypertension in adulthood and increased risk of
future cardiovascular disease [2,22], These diseases result in an eco-
nomic toll of over $320 billion in health care costs and lost productivity
annually[11] with disparities occurring across ethnic cohorts[3,12,13],.

1.2. Hispanic health disparities

The Hispanic population is the largest ethnic minority group in the
United States, comprising 17 % of the population and totaling over 53
million individuals[14]. CVD is the leading cause of death in this cohort
with the population exhibiting a 5 % higher incidence of hypertension
than non-Hispanic White adults[12]. Hispanic adults develop hyper-
tension four years earlier than non-Hispanic White individuals leading
to higher incidence of CVD, mortality, morbidity, and disability at an
earlier age[3,13]. Twenty percent of CVD-related deaths are preventable
through improvements in factors such as obesity, physical inactivity,
smoking, hypertension, hyperglycemia, and total cholesterol[15].
Despite risk factor reduction being one of the most successful and
cost-effective manners to combat CVD, the Hispanic community is the
least likely ethnic group to seek preventative medical care[15].

1.3. Youth health concerns

Early identification of hypertension, or prehypertension, in pediatric
populations has been a goal for many years. Shifting the implementation
of hypertension prevention, treatment, and screenings to children and
adolescents has the potential to minimize the risk of CVD in adulthood
[3]. Recent work indicates that CVD risk in adults can be identified in
childhood[2,16]. Previous studies suggest obesity and other anthropo-
metric findings such as height, weight, skinfold thickness, and arm
circumference are significant predictors of hypertension in children[17,
2.3]. There is limited information available on blood pressure and ethnic
disparities in children and adolescents.

The purpose of this study is to examine the prevalence and predictors
of hypertension in Hispanic and White youths, and report the ability of a
school-based program to identify hypertension in school-aged children.
This study will directly assess significant predictors of hypertension in
school-aged students, determine if health disparities exist earlier in
Hispanic versus White children, and verify if a school screening program
is the most effective way to identify the at-risk population.

2. Materials and methods
2.1. Sample

This study was exempt from IRB review due to utilization of de-
identified data. partial support for this study was funded through
UCHealth northern Colorado foundation and UCHealth research
administration.

The data used in this study was collected by the UCHealth healthy
hearts and minds (HHM) program in northern Colorado (see Appendix A
for details of program) across eight school districts from the years
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2017-2022 and a continuation of previously published data[18]. All
students within the eight school districts were included in this study if
parental consent was provided to participate in the HHM screening
program and they self-described their ethnicity as Hispanic or White; a
student was excluded from this analysis if they chose multiple ethnic-
ities. Other ethnicities were excluded due to small representation in the
northern Colorado sample. A total of 24,665 screening time points in
children ranging from ages 7 through 20 years (52.8 % female) met
inclusion criteria and all data was collected onsite at each respective
school during one visit. Barriers to Hispanic youth participation were
addressed by providing translated school materials and permission
forms in Spanish and language interpreters available to children and
parents.

2.2. Analysis

Significant predictors of hypertension in school age students were
identified using saturated multivariate logistic regression models
including measures for ethnicity, sex, body mass index (BMI) status, and
height. BMI status (Healthy >5th-<85th, Overweight >85th-<95th,
Obese >95th) is categorized by age and sex specific BMI percentiles as
defined by the CDC guidelines[19]. Backward elimination was used for
variable selection to indicate best model fit based on the chi-square score
from the null and residual deviance. Individual models were built to
determine prevalence of hypertension for each grade level (elementary:
5th grade, middle: 7th grade, and high school: 10th grade) analyzing
systolic and diastolic pressure separately. Prevalence of hypertension
was reported by means, standard deviations, and percentages. Signifi-
cant logistic regression variables were then included in ANCOVA and
t-test models to determine differences between significant predictors
and ethnicities. Data was analyzed using R-Studio version 4.2.1 with
significance set a a < 0.05.

3. Results

Overall, the study population contained 18.4 % Hispanic students
and 81.6 % White students. In the high school age group, there were
7701 time points with 21.9 % Hispanic students and 78.1 % White
students. In the middle school age group, there were 6878 time points
with 13.9 % Hispanic students and 86.1 % White students. In the
elementary school age group, there were 10,086 time points with 18.9 %
Hispanic students and 81.1 % White students.

For the high school age group, 3.9 % of Hispanic students (61.0 %
female) had hypertension compared to 3.0 % of White students (53.5 %
female). For the middle school age group, 4.0 % of Hispanic students
(53.6 % female) had hypertension compared to 2.0 % of White students
(51.9 % female). For the elementary school age group, 4.3 % of Hispanic
students (56.4 % female) had hypertension compared to 3.2 % of White
students (50.4 % female).

Table 1 shows the means, standard deviations, and percentages of
different biometric values between Hispanic and White students. Figs. 1
and 2 display the average systolic and diastolic blood pressure differ-
ences between Hispanic and White students. A t-test or chi-square test
was used to determine significant differences between the two groups
and a=0.05 was used to determine significance. No covariates were
included in the t-tests; this is only to determine if any differences exist
without controlling for any variables. There were significant differences
between BMI in all age groups and significant differences in blood
pressure between middle and elementary school students. There was no
significant difference in blood pressure in Hispanic and White high
school students.



A.M. Pollack et al.

Table 1
Biometric values for all school aged students (mean + standard deviation or
percentage).

High School: Biometric Hispanic (n = White (n = Significance

Value 1681) 6020)

Age (years) 15.5 £ 0.99 15.5 £ 0.97 0.144

Sex (% female) 61.0 53.5 <0.001

Body Mass Index (kg/m?) 243 +5.7 22.1+43 <0.001

Systolic Blood Pressure 107.8 + 11.0 107.5 + 10.8 0.376
(mmHg)

Diastolic Blood Pressure 66.8 + 8.3 66.6 + 8.4 0.298
(mmHg)

Hypertension (%) 3.9 3.0 0.070

Middle School: Biometric Hispanic (n = White (n = Significance

Value 949) 5929)

Age (years) 13.0 + 0.63 13.0 + 0.48 0.769

Sex (% female) 53.6 51.9 0.332

Body Mass Index (kg/m?) 21.8 +5.1 20.0 + 4.0 <0.001

Systolic Blood Pressure 104.9 +10.8 103.5 +10.3 <0.001
(mmHg)

Diastolic Blood Pressure 65.7 + 8.0 64.5 + 8.0 <0.001
(mmHg)

Hypertension (%) 4.0 2.0 <0.001

Elementary School: Biometric ~ Hispanic (n = White (n = Significance

Value 1905) 8181)

Age (years) 10.7 £ 0.59 10.7 £ 0.62 0.052

Sex (% female) 56.4 50.4 <0.001

Body Mass Index (kg/m?) 20.5 + 4.9 18.2 + 3.4 <0.001

Systolic Blood Pressure 101.7 £ 10.4 99.7 + 10.4 <0.001
(mmHg)

Diastolic Blood Pressure 65.7 + 8.0 64.2+7.9 <0.001
(mmHg)

Hypertension (%) 4.3 3.2 0.019

4. High school age students
4.1. High school regression model analysis

Ethnicity (p-value =0.0745), sex, and height, were not significant
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predictors of hypertension for high school students. The only significant
predictor of hypertension was BMI status (p-value <0.001). This model
predicts a healthy weight student a 2.2 % chance of having hyperten-
sion, an overweight student a 3.6 % chance of hypertension, and an
obese student a 9.6 % chance of having hypertension. 42.1 % of Hispanic
high school students had elevated BMIs compared to 23.1 % of White
high school students (p-value <0.001; Fig. 3) suggesting there is a sig-
nificant difference in BMIs between Hispanic and White students.

4.2. High school ancova model analysis

The ANCOVA model examines the differences in systolic blood
pressure in Hispanic and White high school aged students when con-
trolling for BMI. The model suggests no difference between Hispanic and
White students (p-value =0.461; Table 2) but there is a significant dif-
ference in the systolic blood pressure in students with elevated BMIs (p-
value <0.001; Table 2).

The ANCOVA model examines the differences in diastolic blood
pressure in Hispanic and White high school aged students when con-
trolling for BMI. The model suggests there is no difference between
Hispanic and White students (p-value =0.225; Table 3) but there is a
significant difference in the diastolic blood pressure in students with
elevated BMIs (p-value <0.001; Table 3).

Table 4 shows the means and standard deviations of different bio-
metric values between Hispanic and White high school students. A t-test
was used to determine significant differences between the two groups
and a=0.05 was used to determine significance. No covariates were
included in these t-tests; this is only to determine if any differences exist
without controlling for any variables. There were no significant differ-
ences in blood pressure or age, but there were significant differences in
height, weight, and BMI.

5. Middle school age students
5.1. Middle school regression model analysis

Ethnicity alone was a significant predictor of hypertension (p-value

Systolic Blood Pressure Between Hispanic and White Students
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Fig. 1. displays the systolic blood pressures differences between Hispanic and White students. There was no significant difference in the high school age group, but

significant differences existed in the middle and elementary school age groups.
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Diastolic Blood Pressure Between Hispanic and White Students
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Fig. 2. displays the diastolic blood pressures differences between Hispanic and White students. There was no significant difference in the high school age group, but
significant differences existed in the middle and elementary school age groups.
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Fig. 3. displays the percentage of Hispanic and White students with elevated BMIs (BMI percentile >85th). There were significant differences in all age groups
between Hispanic and White students when comparing BMIs.

Table 2 Table 3

Systolic blood pressure ANCOVA model for high school aged students. Diastolic Blood pressure ANCOVA model for high school aged students.
Factor Df Sum Sq Mean Sq F value P-value Factor Df Sum Sq Mean Sq F value P-value
Ethnicity 1 60 60 0.544 0.461 Ethnicity 1 101 101 1.471 0.225
ElevatedBMI 1 51,795 51,794 469.600 <0.001 ElevatedBMI 1 121 12,182 177.394 <0.001
Residuals 7674 846,407 110 Residuals 7674 527,008 69

<0.001) for middle school students. Using backward selection, the best significant predictor in this age group. To simplify model interpretation,

model to predict hypertension included ethnicity (p-value =0.018), BMI height was excluded in the final model predictions. This model predicts
status (p-value <0.001), and height (p-value =0.043). Sex was not a a Hispanic middle school student with an obese BMI an 8.0 % chance of
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Table 4 Table 6
Biometric values for high school aged students (mean + standard deviation). Diastolic blood pressure ANCOVA model for middle school aged students.
Biometric Value Hispanic White Significance Factor Df Sum Sq Mean Sq Fvalue P-value
Age (years) 15.5 £ 0.99 15.5 + 0.97 0.144 Ethnicity 1 1158 1158 18.33 <0.001
Systolic Blood Pressure (mmHg) 107.8 £ 11.0 107.54+10.8  0.376 ElevatedBMI 1 9702 9702 153.60 <0.001
Diastolic Blood Pressure (mmHg) 66.8 + 8.3 66.6 + 8.4 0.298 Residuals 6825 431,110 63
Weight (Ibs) 143.1 + 38.4 139.1 + 31.7 <0.001
Height (inches) 64.2 + 3.4 66.4 + 3.4 <0.001
Body Mass Index (kg/m?) 24.3 +5.7 221+ 4.3 <0.001
Table 7
Biometric values for middle school aged students (mean =+ standard deviation).
. . o . .
having hyperten.swn compared to a.5.2 % chanc.e for a.Whlt.e m¥ddle Biometric Value Hispanic White Significance
school student with an obese BMI. This model predicts a Hispanic middle
school student with a healthy BMI a 2.6 % chance of having hyperten- Age (years) 13.0£063 = 1302048 0769
. N . . . Systolic Blood Pressure (mmHg) 104.9 + 10.8 103.5 +£10.3 <0.001
sion compared to a 1.7 % chance for a White middle school student with Diastolic Blood Pressure (mmHg) ~ 65.7 + 8.5 64.5 & 8.0 <0.001
a healthy BMI. 37.9 % of Hispanic students had elevated BMIs compared Weight (Ibs) 119.0 + 32.6  112.7 +27.8  <0.001
to 21.6 % of White students (p-value <0.001; Fig. 3) suggesting there is a Height (inches) 61.7 £ 3.1 62.6 + 3.1 <0.001
Body Mass Index (kg/mz) 21.8 £5.1 20.0 + 4.0 <0.001

significant difference in BMIs between Hispanic and White students.

5.2. Middle school ancova model analysis

The ANCOVA model examines the differences in systolic blood
pressure in Hispanic and White middle school aged students when
controlling for BMI. The model suggests there is a difference between
Hispanic and White students (p-value <0.001; Table 5) and a significant
difference in the systolic blood pressure in students with elevated BMIs
(p-value <0.001; Table 5).

The ANCOVA model examines the differences in diastolic blood
pressure in Hispanic and White middle school aged students when
controlling for BMI. The model suggests there is a difference between
Hispanic and White students (p-value <0.001; Table 6) and a significant
difference in the diastolic blood pressure in students with elevated BMIs
(p-value <0.001; Table 6).

Table 7 shows the means and standard deviations of different bio-
metric values between Hispanic and White middle school students. A t-
test was used to determine significant differences between the two
groups and a=0.05 was used to determine significance. No covariates
were included in these t-tests; this is only to determine if any differences
exist without controlling for any variables. There were no significant
differences in age, but there were significant differences in systolic and
diastolic blood pressure, height, weight, and BMIL.

6. Elementary school age students
6.1. Elementary school regression model analysis

Ethnicity alone was not a significant predictor of hypertension (p-
value =0.277) for elementary students. Using a saturated model that
includes ethnicity, sex, elevated BMI, and height, we found a few sig-
nificant predictors of hypertension. The best model to predict hyper-
tension include sex (p-value =0.0493) and BMI status (p-value <0.001).
This model predicts a male elementary school student with an obese BMI
a 7.9 % chance of having hypertension compared to a 12.5 % chance for
a female middle school student with an elevated BMI. This model pre-
dicts a male elementary school student without an elevated BMI a 1.6 %
chance of having hypertension compared to a 2.7 % chance for a female
middle school student without an elevated BMI. 48.9 % of Hispanic
students had elevated BMIs compared to 24.2 % of White students (p-
value <0.001; Fig. 3) suggesting there is a significant difference in BMIs

between White and Hispanic students.

6.2. Elementary school ANCOVA model analysis

The ANCOVA model examines the differences in systolic blood
pressure in male and female elementary school aged students when
controlling for BMI. The model suggests there is a difference between
male and female students (p-value =0.033; Table 8) and a significant
difference in the systolic blood pressure in students with elevated BMIs
(p-value <0.001, Table 8).

The ANCOVA model that examines the differences in diastolic blood
pressure in male and female elementary school aged students when
controlling for BMI. The model suggests there is a difference between
male and female students (p-value =0.0095; Table 9) and a significant
difference in the systolic blood pressure in students with elevated BMIs
(p-value <0.001; Table 9).

Table 10 shows the means and standard deviations of different bio-
metric values between Hispanic and White elementary school students.
A t-test was used to determine significant differences between the two
groups and a=0.05 was used to determine significance. No covariates
were included in these t-tests; this is only to determine if any differences
exist without controlling for any variables. There were no significant
differences in age, but there were significant differences in systolic and
diastolic blood pressure, height, weight, and BMIL.

To answer the final research question asking if these predictor var-
iables differ based on grade level, we compared the results of the models
above. In the high school age group, the only significant predictor of
hypertension was elevated BMI, ethnicity alone was not a significant
predictor. In the middle school age group, the factors that were signif-
icant predictors of hypertension included ethnicity, an elevated BMI,
and height. In the elementary school age group, the significant pre-
dictors of hypertension were an elevated BMI, sex, and height. It appears
there are different significant predictors of hypertension across the
grade levels with the exception of having an elevated BMI being a
consistent predictor.

6.3. Discussion

In all three grade levels, the one consistent significant predictor of

Table 5 Table 8

Systolic blood pressure ancova model for middle school aged students. Systolic blood pressure ANCOVA model for elementary school aged students.
Factor Df Sum Sq Mean Sq F value P-value Factor Df Sum Sq Mean Sq F value P-value
Ethnicity 1 1440 1440 14.0 <0.001 Sex 1 385 385 4.553 0.033
ElevatedBMI 1 31,213 31,213 303.5 <0.001 ElevatedBMI 1 14,168 14,168 167.667 <0.001
Residuals 6825 701,921 103 Residuals 1419 119,909 85
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Table 9

Diastolic blood pressure ANCOVA model for elementary school aged students.
Factor Df Sum Sq Mean Sq F value P-value
Sex 1 378 378 6.473 0.0095
ElevatedBMI 1 5787 5787 103.185 <0.001
Residuals 1419 79,584 56

Table 10

Biometric values for elementary school aged students (mean + standard
deviation).

Biometric Value Hispanic White Significance

Age (years) 10.7 £ 0.59 10.7 £ 0.62 0.052

Systolic Blood Pressure (mmHg) 101.7 +10.4 99.7 + 10.4 <0.001
Diastolic Blood Pressure (mmHg) 65.7 + 8.0 64.2 7.9 <0.001
Weight (Ibs) 94.9 +29.3 84.5 +21.4 <0.001
Height (inches) 56.7 £ 3.1 56.9 + 3.0 0.005

Body Mass Index (kg/m?) 20.5 + 4.9 18.2 + 3.4 <0.001

hypertension was elevated BMI. Given that at all three grade levels
Hispanic students had significantly higher BMIs than White students,
they should be considered at higher risk of hypertension. Earlier hy-
pertension onset may lead to racial and ethnic disparities of CVD[3].
This study suggests that Hispanic students are at a higher risk of
developing hypertension at an earlier age than White students, high-
lighting the importance of early hypertension prevention and
screenings.

In the high school age group, the only significant predictor of hy-
pertension was elevated BMI; ethnicity alone was not a significant pre-
dictor. There were no significant differences in systolic or diastolic blood
pressure between Hispanic and White students in this age group. In the
middle school age group, the factors that were significant predictors of
hypertension included ethnicity, elevated BMI, and height. There were
significant differences in systolic and diastolic blood pressure between
Hispanic and White students when controlling for BMI in this age group.
In the elementary school age group, the significant predictors of hy-
pertension were an elevated BMI, sex, and height. There were no sig-
nificant differences between Hispanic and White students but there was
a significant difference between males and females in this age group.

6.4. Treatment/Future direction

Standard treatment measures for hypertension have not improved
long term outcomes in the Hispanic population. This is partially from
lack of medical follow up and adherence to medical programs but pri-
marily due to poor access to medical care, resulting in delayed diagnosis
or no diagnosis at all[10]. One treatment approach is to identify hy-
pertension earlier through school-based education and screening pro-
grams similar to UCHealth Healthy Hearts and Minds Program. Through
early identification in a school based-screening, treatment can begin
with lifestyle modifications such as weight control and education. The
increased knowledge in CV risk and treatment modalities are beneficial,
especially when the entire family is involved in lifestyle change, for
example with the HHM family program (see Appendix B). A child can be
the agent of change for an entire family unit to improve lifestyle and
possibly decrease cardiac events in the child and/or parent(s). The HHM
family program has shown that if the whole family is involved in the
education process that all members show improvement in cardiovas-
cular risk with 6-month data showing improvements in systolic blood
pressure and weight in adult family members[20].

Provided that BMI status is a consistent predictor across age cohorts,
the earlier intervention can be introduced, the more effective it be.
Therefore, initiating programs, particularly through the family in
elementary students, is likely to be more effective on a long term basis.
However, intervention at any age is appropriate and needed particularly
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with obesity and hypertension due to the proven long-term cardiovas-
cular risk associated with both. Hypertension is under diagnosed, thus
using an obesity reduction program could be an efficient way to treat
both[10].

Control of blood pressure and prevention of CVD should be goals of
therapy in all groups but especially in those with early onset of blood
pressure elevation. Identifying risk factors for CVD earlier and
instructing children in effective lifestyle measures is paramount in
helping to decrease levels of CVD, especially in at risk populations.

6.5. Strengths/Limitations

The strength of the data is demonstrated by 30 years of HHM’s well-
established partnerships and integration amongst the school districts.
The data is representative of the northern Colorado region due high level
of student participation. Data is collected on site by trained medical
professionals utilizing best practices according to national guidelines
[10,19].

One potential limitation with this study is the blood pressure data is
from one-time screening time points and not from a diagnosis from a
physician. A physician would diagnose hypertension based on multiple
blood pressure readings and this data set only includes a single blood
pressure reading for each participant. It is not feasible to record addi-
tional time points on individual students per year due to budgetary and
staffing constraints. However, follow up screening data on students who
participated in HHM at multiple time points (5th, 7th, and 10th grade)
indicate 72-90 % of students maintain their BMI Status from 5th grade
to 10th grade[20]. The impact of socioeconomic status on obesity and
hypertension is well recognized and should be included in future trials
but was not available in this study.

6.6. Screening program recommendation

For children, future CVD risk can be modified by combining blood
pressure measurements with a school-based education and screening
program that emphasizes adoption of healthy lifestyle habits. These
types of school-based programs reach the maximum number of children
and are the most effective in mitigating risk since they can be repeated in
an age specific manner through grades 4-12.
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