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Abstract
Study Purpose: To evaluate the epidemiology of abnormal blood 
pressure among children and adolescents in the United States.
Methods: This cross-sectional study analyzed the data for children 
and adolescents age 8-19 years (N=6,077) from three cycles of 
National Health and Nutrition Examination Survey (NHANES), 
including year 2011-2012, 2013-2014, and 2015-2016. Abnormal 
blood pressure was defined as systolic blood pressure ≥120 mm Hg 
or diastolic blood pressure ≥80 mm Hg. Weighted data were used for 
better population representation. Prevalence rate of abnormal blood 
pressure was determined by different population characteristics.
Results: There were 11.7% of the children experienced either 
abnormal systolic or abnormal diastolic blood pressure. As age 
increased, both systolic and diastolic blood pressures increased. 
Systolic blood pressure was higher in boys, while diastolic blood 
pressure was higher in girls. Black children revealed the highest 
prevalence rate of abnormal blood pressure (16.7%). Children from 
low income families were also more likely to have abnormal blood 
pressure. The relationship between abnormal blood pressure and 
body weight status was inconsistent. 
Conclusions: Male gender, Black ethnicity, and low income were 
associated with abnormal blood pressure among children and 
adolescents. Since childhood high blood pressures contribute to 
adult hypertension, screening for abnormal blood pressure among 
high risk children should be underscored in the health promotion and 
disease prevention efforts. 
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Introduction
   Hypertension, acting as a silent killer, is a common medical 
condition that affects one of every three adults in the United States 
[1, 2]. This common medical condition is a significant risk factor for 
cardiovascular disease, including heart disease and stroke, two of the 
leading causes of death for Americans [3]. However, hypertension 
may track from childhood to adulthood without noticing [4, 5]. With 
the epidemic of childhood obesity and prevalent sedentary lifestyle 
due to video games, hypertension in children and adolescents is a 
growing health concern [6].
   Although hypertension has different stages of severity, the new 
guideline from the American College of Cardiology (ACC) and the 
American Heart Association (AHA) defined systolic blood pressure 
greater than 120 mm Hg and/or diastolic blood pressure greater than 
80 mm Hg as abnormal [7]. The prevalence of hypertension was 29.0%

in the US adult population, 30.2% in men and 27.7% in women [2]. 
Among individuals 19 years and younger, the estimated prevalence 
of hypertension was 4.00% [8]. Elevated blood pressure in children 
is linked to developing adult hypertension [9, 10]. Thus, to 
effectively control hypertension, the focus might need to shift earlier 
to childhood. With the negative impact from increased sedentary 
lifestyle and obesity among children and adolescents in recent 
years, it is necessary to have updated information on the patterns 
of childhood hypertension. This study evaluated the epidemiology 
of abnormal blood pressure among children and adolescents in the 
United States. 
Materials and Methods
Design
   The data from three cycles of the National Health and Nutrition 
Examination Survey (NHANES) were combined and analyzed, 
including 2011-2012, 2013-2014, and 2015-2016. A cross-sectional 
study design was utilized for evaluating the data. The NHANES is 
an ongoing cross-sectional survey conducted by the National Center 
for Health Statistics (NCHS) to monitor the health and nutritional 
status of the civilian, non-institutionalized U.S. population, and 
to track the changes over time [11]. The survey consists of an 
interview and a physical examination. The interview includes 
demographic, socioeconomic, lifestyle and health-related questions. 
The examination component involves medical and physiological 
measurements, and laboratory tests administered by medical 
personnel. The NHANES uses a stratified multistage probability 
sampling design and constructs sample weights to produce nationally 
representative data. The NHANES data are available in the public 
domain.
Sample
   Blood pressure was measured for ages 8 years or older in all three 
NHANES cycles. The current analyses included the participants who 
had valid blood pressure measures and age between 8 – 19 years 
to reflect children and adolescents in the United States. The current 
study population was composed of 1,932 children from the 2011-
2012 cycles, 2,111 children from the 2013-2014 cycles, and 2,034 
children from the 2015-2016 cycles. The sample of the current study 
combined the children from the three cycles (N = 6,077).
Measures
   Age was recoded into 2-year age groups: 8-9, 10-11, 2-13, 14-15, 
16-17, and 18-19 (years). Family income was classified into three 
categories: <$35,000, $35,000-$74,999, and ≥ $75,000. Body mass
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Cary, NC). Due to the national survey nature of NHANES, SAS 
survey procedures were used to account for the complex multistage 
sample design. All analyses were based on weighted data to adjust 
for the differential probabilities of selection, nonresponse, and non-
coverage in order to make the data better representative of the U.S. 
population. These adjustments were made by incorporating the 
NHANES sample weights into the estimation process.  Prevalence 
rates of abnormal blood pressures were calculated using these 
sample weights to provide estimates for the population parameters. 
Specific prevalence rates for different population characteristics 
were examined for significance by a Chi square test. Gender-specific 
population means were estimated and compared for blood pressure 
differences, and the significance was evaluated by a t-test. The 
significance level was set at the p < 0.05.
Results
   Included in this study were the 6,077 NHANES participants age 
between 8 – 19 years with valid blood pressure measures. Gender 
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index (BMI) was calculated as weight in kilograms divided by 
height in meters squared. The age- and sex-specific percentiles of the 
2000 CDC growth charts [12] were used to categorized children’s 
weight status: at or above 85th to less than 95th BMI percentiles as 
overweight, and at or above 95th BMI percentiles as obese.
   Blood pressure measurements were taken from participants aged 8 
years or older in the NHANES mobile examination center. Individuals 
with any skin problems on both arms, such as rashes, open sores or 
wounds, were excluded from the blood pressure measurement. After 
participants were seated for 5 minutes, three consecutive systolic 
and diastolic blood pressure readings were obtained, and the second 
reading was used in the current analysis since it yielded the largest 
sample size. Abnormal blood pressure was defined as systolic blood 
pressure ≥120 mm Hg or diastolic blood pressure levels ≥80 mm Hg 
[7].
Analysis
   Data analysis was performed using SAS release 9.3 (SAS Institute Inc.,

Characteristics n (Weighted %)
Gender
Male 3073 (51.5)
Female 3004 (48.5)
Age (years)
8-9 1208 (16.4)
10-11 1177 (16.3)
12-13 947 (17.0)
14-15 956 (18.3)
16-17 932 (17.0)
18-19 857 (15.1)
Race
White 1574 (54.4)
Black 1559 (14.1)
Hispanic 1957 (22.3)
Other 987 (9.2)
Annual family income
< $35,000 2511 (33.2)
$35,000-$74,999 1635 (29.0)
≥ $75,000 1530 (37.9)
Body weight status
Normal 4906 (81.5)
Overweight 548 (8.7)
Obese 623 (9.8)
Abnormal blood pressure
Systolic 658 (11.0)
Diastolic 97 (1.7)
Either 697 (11.7)

Table 1 Characteristics of the Study Population (N= 6,077)

distribution is about equal. Age distribution showed a similar 
proportion across different age groups. Slightly over half of the study 
participants were Caucasians. Approximately one third of the children 
came from a family with an annual income < $35,000. The majority 
of the children had a normal weight status according to their age and 
gender, while 8.7% were classified as overweight and 9.8% as obese. 
Abnormal systolic blood pressure was observed among 11.0% of the 
children, abnormal diastolic blood pressure was observed among 
1.7% of the children, and 11.7% of the children experienced either

abnormal systolic or diastolic blood pressure (Table 1).
   Table 2 shows the mean systolic and diastolic blood pressure by age 
group and gender. The mean systolic blood pressure (mmHg) was 
108.7 (95% CI = 108.1 - 109.2) for boys and 104.5 (95% CI = 103.9 - 
105.0) for girls (p-value < 0.001). The mean diastolic blood pressure 
(mmHg) was 57.6 (95% CI = 56.7 - 58.4) for boys and 59.1 (95% 
CI = 58.2 – 60.0) girls (p-value < 0.01). Boys had a higher systolic 
pressure than girls for all ages, and the difference was statistically 
significant for ages 10 and older. However, for diastolic blood pressure,
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Age 

(years)

Systolic Blood Pressure (mmHg) Mean (95% 
CI)

Diastolic Blood Pressure (mmHg) 
Mean (95% CI)

Boys Girls Boys Girls
8-9 100.5 (99.6-101.3) 99.5 (98.7-100.4) 52.0 (50.6-53.0) 52.8 (51.2-54.3)
10-11 103.5 (102.5-104.4) 102.4 (101.2-103.5)* 54.8 (53.6-56.1) 56.1 (54.4-57.8)
12-13 106.6 (105.5-107.6) 104.6 (103.7-105.6)** 55.2 (53.8-56.6) 59.6 (58.3-60.8)**
14-15 111.2 (110.3-112.1) 105.4 (104.5-106.4)*** 57.4 (55.4-59.4) 60.6 (59.0-62.2)*
16-17 114.1 (112.5-115.6) 107.4 (106.3-108.5)*** 60.6 (59.1-62.1) 62.3 (61.2-63.4)*
18-19 116.3 (115.2-117.9) 107.7 (106.0-109.4)*** 63.1 (61.7-64.5) 62.6 (61.5-63.8)
All 108.7 (108.1-109.2) 104.5 (104.0-105.0)*** 57.6 (56.7-58.4) 59.1 (58.2-60.0)**

* p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001
Table 2 Mean Blood Pressure by Age and Gender

Figure 1 Prevalence Rate of Abnormal Blood Pressure by Age and Gender

girls displayed a higher measure than boys except for ages 18 - 19, 
and the difference was statistically significant for ages12 – 17. Figure 
1 shows the prevalence rate of abnormal blood pressure (either 
systolic or diastolic) by age group and gender. As age increased, both 
systolic and diastolic blood pressures increased in boys and girls 
(p-value < .001), and this trend was even more obvious for boys, 
whose rate raised from 3.3% in ages 8 – 9 to 34.7% in ages 18 – 19. 
Between ages 10 – 13, girls had a higher prevalence rate of abnormal 
blood pressure than boys; however, after age 13, boys had a higher 
rate than girls. When examining the changes for the prevalence rate 
of abnormal blood pressure over study time, there was a significant 
drop from year 2012 to year 2014 in both genders; however, the rate 
increased from years 2014 to 2016 in both genders (Figure 2).
   The prevalence rate of abnormal blood pressure (either systolic 
or diastolic) was evaluated by certain demographic variables and 
body weight status in Table 3. Boys had a higher prevalence rate of 
abnormal blood pressure than girls (16.2% vs. 7.0%, p-value < .0001). 
Black children revealed the highest prevalence rate of abnormal blood 

pressure (16.7%), while white children exhibited the lowest (10.0%). 
Children from families with an annual income less than $35,000 were 
most likely to have abnormal blood pressure (13.8%), and children 
from families with an annual income of $75,000 or more were least 
likely to have abnormal blood pressure (10.0%). The prevalence rate 
of abnormal blood pressure was 11.7% among children with a normal 
body weight status, 9.0% among overweight children, and 13.9% 
among obese children, although the difference was not statistically 
significant.
Discussion and Conclusion
   Blood pressure increased as age increased in both boys and girls, 
and the trend was steeper in boys than in girls. The prevalence rate of 
abnormal blood pressure was more than doubled in boys than in girls, 
especially for systolic blood pressure. Black children and adolescents 
were more likely to experience abnormal blood pressure. Family 
income was negatively associated with blood pressure. Overweight 
and obesity were not found to be correlated with blood pressure in 
the current study.
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Figure 2 Changes in Prevalence Rate of Abnormal Blood Pressure by Gender and Year

Abnormal Blood Pressure
n (Weighted %) p-value

Gender
Male 478 (16.2) < 0.0001
Female 219 (7.0)
Age (years)
8-9 30 (2.3)

< 0.0001

10-11 59 (5.0)
12-13 82 (7.9)
14-15 135 (12.5)
16-17 183 (19.0)
18-19 208 (24.3)
Race
White 151 (10.0)

< 0.0001
Black 234 (16.7)
Hispanic 213 (12.1)
Other 99 (12.9)
Family income
< $35,000 311 (13.8)

0.0029$35,000-$74,999 180 (11.4)
≥ $75,000 154 (10.0)
Body weight status
Normal 560 (11.7)

0.0973Overweight 51 (9.0)
Obese 86 (13.9)

Table 3 Prevalence Rate of Abnormal Blood Pressure by Different Factors
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   In the United States, the prevalence rate of abnormal blood pressure 
was decreased among children and adolescents during 2011 – 2014; 
however, the trend reversed between 2014 – 2016 in both boys 
and girls. The previous NHANES data showed an increased blood 
pressure during years of 1988 – 2000 [13] and decreased blood 
pressure during 1999 – 2012 among U.S. children and adolescents 
[14]. Increased blood pressure was also observed among children 
in the United Kingdom during years 1980 – 2008 [15] and among 
Chinese children during years of 2005 – 2010 [16, 17]. There was 
a lack of more recent population-based trends of abnormal blood 
pressure among children and adolescents. Some studies correlated 
the increased blood pressure in children with the increased 
prevalence of overweight and obesity [13, 16, 18, 19]; nonetheless, 
other studies did not find an association between the two factors [15, 
16]. Roulet, et al reported a systematic review on the trends of the 
childhood blood pressure changes from 13 high-income countries 
and 5 middle-income countries, and blood pressure was observed to 
be decreased in 13 studies, increased in four, and did not change in 
one between 1963 and 2012 [20]. Based on the data, Roulet, et al 
suggested that the trends of blood pressure did not mirror the trends 
in overweight among children. This study also failed to establish 
a relationship between abnormal blood pressure and weight status 
in the study population. Many studies, including the current study, 
used BMI to classify weight status; however, body composition may 
not be accurately reflected by BMI, especially among children and 
adolescents [21]. BMI is based on the finding that adult body weight 
is proportional to height squared. For post pubescent individuals, 
weight is not proportional to height squared. This fact could affect 
the validity of BMI implication in adolescents, therefore wash out the 
effect of BMI on blood pressure.
   This study found that boys had a higher prevalence rate of abnormal 
blood pressure than girls, and the difference was more significant 
for ages 14 years or older. The gender difference in the prevalence 
of hypertension was also observed in adults [22]. The mechanisms 
for the gender-specific difference in the development of hypertension 
are not completed understood; however, hormonal differences, 
such as estrogen and androgens, appear to play a role [23]. Women 
younger than 45 years old are less likely to have hypertension than 
men; however, the difference is diminished after menopause [24]. 
The increased prevalence of abnormal blood pressure among boys 
after ages 14 years might also be related to the sex hormone changes 
after puberty.
   Compared to their white counterparts, Black children and adolescents 
had 67% increased risk to have an abnormal blood pressure in 
this study population. Such a race difference in the prevalence of 
hypertension was also shown in adults. In the United States, 43% 
Black men and 45.7% Black women suffer from hypertension 
compared to the national average of 34.1% in men and 32.7% in 
women [24]. Furthermore, it was reported that high blood pressure 
develops earlier in life among Blacks [25]. Some explanations for a 
higher prevalence rate of hypertension among Blacks included higher 
rates of obesity and diabetes in the ethnic group [26,27]. Studies also 
found that there might be a genetic factor that makes Blacks much 
more susceptible to the condition [28,29].
   In the current study, we found that children and adolescents from 
low income families were more likely to have an abnormal blood 
pressure measure. Family income could be used as an estimate of 
social economic status, which might reflect lifestyles. Some lifestyle 
factors, such as physical inactivity and unhealthy eating habits, are 
critical determinants of blood pressure levels [30,31]. Due to the 
lack of data related to physical activity and dietary measures for 
the age groups in the study population, these two important factors 
associated with blood pressure were not evaluated. Nevertheless, 
finding a link between abnormal blood pressure and family income 
supported the evidence that social economic status could influence 
blood pressure, and similar findings have been revealed over decades 
of research [32-34].

   There are some limitations recognized in this study. National High 
Blood Pressure Education Program Working Group recommended to 
define childhood hypertension based on the normative distribution of 
blood pressure in healthy children [35]; however, the current study 
defined abnormal blood pressure as systolic blood pressure ≥120 
mmHg or diastolic blood pressure levels ≥80 mmHg [7].  Using these 
cutoff points to identify children and adolescents with abnormal 
blood pressure might be more practical for the public to use and to 
implicate intervention and treatment. Potential selection bias might 
be existed due to missing values for blood pressure measures. The 
available data were not able to identify hypertension as primary or 
secondary. Family history of hypotension is a significant risk factor 
for developing high blood pressure; however, this factor was not 
evaluated in the current study due to data limitation. 
   In conclusion, abnormal blood pressure among children and 
adolescents was associated with certain demographic variables, such 
as male gender, Black ethnicity, and low income. Since childhood 
hypertension contributes to adult hypertension, and hypertension 
contributes to cardiovascular disease - the leading cause of death 
in populations, it is cost-effective to screen blood pressure among 
high risk children and adolescents, as measuring blood pressure is a 
simple procedure to be applied, and early treatment for hypertension 
is effective.  
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