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The common assumption is that blood pressure (BP) will
decrease on subsequent readings. The objective of this
study is to examine the prevalence and direction of BP
classification change with repeat measurements and com-
pare common clinical characteristics of groups of patients
who do and do not have a change in BP classification. A
nationally representative subsample of 1725 adolescents
aged 13 to 18 years from the National Health and Nutrition
Survey was analyzed. Three BP measurements were
obtained. Patients were classified based on the first and
the average of 3 BP measurements as having normal BP,
hypertension, and/or prehypertension. Of the 1725 adoles-
cents, 1569 (90.9%) maintained BP classification, 107
(6.2%) had a reduction in their classification, and 49

(2.9%) had an increase in their classification. Comparing
the two groups that changed BP classification to the group
without change, C-reactive protein and body mass index
(BMI) z score were significantly higher in the groups that had
a change in BP classification (P=.02 and <.001, respectively).
After adjusting for other variables, higher BMI value was
significantly associated with change in BP classification.
With repeat measurements, the majority (~91%) did not have
a change in classification. Obesity was a significant predic-
tor of the 9% that had a change in classification. Repeat BP
measurements in obese adolescents may lead to more
accurate classification of BP status. J Clin Hypertens
(Greenwich). 2013;15:717-722. ©2013 Wiley Periodicals, Inc.

Several studies have documented that blood pressure
(BP) in children is variable, which supports recommen-
dations to obtain multiple readingss on several visits
before diagnosing hypertension.' > This practice is
followed to a variable degree in different clinical
settings.®” Furthermore, the proportion of pediatric
patients whose BP declines, remains the same, or rises
with repeat measurement and the impact on BP classi-
fication is unknown. Of particular concern, incorrect
classification can lead to inappropriate management of a
patient’s BP.

As the prevalence of pediatric obesity continues to
rise, there is a parallel trend in hypertension and
prehypertension in the pediatric population.® Conse-
quently, accurate measurement of BP becomes ever
more important to ensure appropriate classification as
normotensive, prehypertensive, or  hypertensive.
Although the direct effects on mortality from childhood
hypertension are not as well established as for adults,
evidence of target organ damage is well documented in
the literature.

Atherosclerosis, a strong predictor of cardiovascular
disease in adults, begins in childhood.” '" Furthermore,
left ventricular hypertrophy (LVH) has been found in
more than one third of children and adolescents with
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elevated BP.>'*!3 Children with BP in the prehyperten-
sive range are also at greater risk of kidney damage with
decreased glomerular filtration rates (GFRs) and pro-
teinuria.'* Pediatric patients with more severe BP
elevations are at increased risk of significant target-
organ damage, morbidity, and mortality, such as
neurologic damage (hypertensive encephalopathy, sei-
zures, and stroke) and heart failure.>!>1® A correct
diagnosis of prehypertension and hypertension is impor-
tant, because normalizing BP may reverse early signs of
target organ damage, including carotid intimal-media
wall thickness (a correlate of LVH) and reduced
GFR.12’14’17

Generally, one BP is measured in most pediatric
clinical visits, particularly if the initial BP value is <95%
for age, sex, and height. The impact of this practice on
accurate assignment of BP classification is incompletely
defined. Therefore, in this study—using BP measure-
ments obtained during the National Health and Nutri-
tion Survey (NHANES)—we retrospectively examined
the direction of change in BP classification with repeat
measurements. Furthermore, we compared demo-
graphic and biochemical characteristics of those with
changing BP classification with those whose BP
remained the same with repeated measurements.
Finally, we examined independent determinants of
change in BP classification with repeated measurements.

METHODS

Study Population
Data from NHANES for the years 2005 to 2008
were analyzed. NHANES is an ongoing nationally

Official Journal of the American Society of Hypertension, Inc.

The Journal of Clinical Hypertension Vol 15 | No 10 | October 2013 717



Clinical BP Reclassification with Repeat Measurements | Becton et al.

representative cross-sectional survey of the civilian,
noninstitutionalized US population that uses a com-
plex, stratified, multistage probability design. The
survey is performed by the National Center for
Health Statistics (NCHS) at the Centers for Diseases
Control and Prevention (CDC) and released in 2-year
increments. Survey participants underwent standard-
ized interviews, physical examinations, and laboratory
testing in their homes and at a mobile examination
center (MEC).

Health interviews are conducted in respondents’
homes. Health measurements are performed in specially
designed and equipped mobile centers, which travel to
locations throughout the country. The study team
consists of a physician, medical and health technicians,
and dietary and health interviewers. Many of the study
staff are bilingual (English/Spanish).

In each location, local health and government officials
are notified of the upcoming survey. Households in the
study area receive a letter from the NCHS director to
introduce the survey. Local media may feature stories
about the survey.

BP measurements were obtained on all NHANES
participants aged 8 years and older. Of the 2125
adolescents between the age of 13 and 18 years, 1730
had 3 BP measurements. After resting quietly in a sitting
position for § minutes and determining the maximum
inflation level (MIL), 3 consecutive BP readings are
obtained. If a BP measurement was interrupted or
incomplete, a fourth attempt was made. All BP deter-
minations (systolic and diastolic) were taken in the
MEC. The participants were asked to sit all the way to
the back of the chair so that their spine was straight and
rest quietly for 5 minutes prior to BP measurement. The
arm and back were supported with the legs uncrossed
and both feet flat on the floor. The arm was bared and
unrestricted by clothing with the palm of the hand
turned upward and the elbow slightly flexed. The arm
was positioned so that the midpoint of the upper arm
was at the level of the heart. Four participants were
receiving medication for hypertension and one had a
missing weight value and thus eliminated from analysis.
The remaining 1725 participants constituted the study
cohort.

NHANES 2005-2008 was approved by the NCHS’s
institutional review board. All of the participants
18 years and older provided informed consent and for
those participants younger than 18 years, parents/
guardians provided informed consent.

Study Variables

Demographic variables included in the current study
were age, sex, and self-reported race/ethnicity (catego-
rized as non-Hispanic black, non-Hispanic white,
Mexican American, and other). Poverty to income ratio
(PIR) is the ratio of a family’s income to the poverty
threshold as defined by the US Census Bureau. A PIR <1
was defined as below the poverty threshold by
NHANES.

Physical measures were obtained in the MEC accord-
ing to standardized protocol.'® Three systolic and
diastolic BP measurements were obtained for each
participant using a mercury sphygmomanometer. Based
on the first and the average of 3 BP measurements, we
classified participants as having hypertension if BP was
>95th percentile for age, sex, and height and pre-
hypertension if BP was >90th percentile and <95th
percentile for age, sex, and height.> BP classification
was used to determine the direction of change in BP
classification as “up,” “down,” or no change based on
the repeat measurement. Also, the distribution of BP
classification was examined among the 3 groups (up,
down, and no change).

Body mass index (BMI) was calculated as weight in
kilograms divided by height in meters squared (kg/m?).
BMI z scores were calculated based on 2000 CDC
growth charts.'’

Laboratory procedures are described in detail in the
NHANES General Information for Public Files 2005 to
2006 and 2007 to 2008 Laboratory Files.?**! Serum
uric acid levels were measured using a colorimetric
method. High-sensitivity C-reactive protein (hs-CRP)
was measured by latex-enhanced nephelometry. Serum
cholesterol levels were measured on the Beckman
Synchron LX20 (Beckman Coulter, Brea, CA). Urinary
albumin levels were measured by using a solid-phase
fluorescent immunoassay. Urinary creatinine levels were
measured by using the Jaffe rate reaction with a CX3
analyzer (Beckman ASTRA, Brea, CA). The urinary
albumin/creatinine ratio (ACR) was calculated as uri-
nary albumin divided by urinary creatinine. An ACR
>30 was used to define albuminuria. Serum creatinine
was measured by means of the modified kinetic Jaffe
reaction. Because differences were noted in serum
creatinine values from the 1999 to 2000 survey when
compared with a “gold standard,” a correction factor
was applied to adjust for errors in measurement.
Estimated GFR (eGFR) was measured using the
Schwartz formula.*?

The nutritional assessment component of the current
NHANES includes a 24-hour dietary recall interview for
participants of all ages. Dietary recall interviews were
conducted in person by trained dietary interviewers
fluent in Spanish and English. The setting of the
interview was a private room in the MEC. Each MEC
dietary interview room contained a standard set of
measuring guides. These tools were used to help the
respondent report the volume and dimensions of the
food items consumed. They were not intended to
represent any one particular food, but rather were
designed to help respondents estimate portion sizes.
This set of measuring guides was designed specifically
for use in the current NHANES setting with a target
population of noninstitutionalized US civilians.
Whereas the tools are helpful in portion size estimation
for a wide variety of foods, culturally sensitive precau-
tions are warranted when applying these guides to other
populations.
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Statistical Analysis

The proportion of adolescent study participants aged 13
to 18 years was calculated by change in BP classification
(BP increase, BP decrease, or BP classification remained
the same). Participant demographic characteristics and
laboratory measures were calculated by BP category.
Statistical tests of significance between BP categories
were determined using linear and logistic regression for
continuous and dichotomous variables, respectively.
Multivariate logistic regression was used to examine
demographic and/or laboratory determinants of change
in BP classification.

Data were analyzed using Stata (SE 11.2; College
Station, TX). Standard errors for all estimates were
obtained with the Taylor-linearized variance estimation.
Four-year sample weights were applied to account for
the complex sampling design of NHANES. This
includes unequal probabilities of selection, oversam-
pling, and nonresponse. A P value of <.05 was consid-
ered statistically significant.

RESULTS

A total of 1725 adolescents aged 13 to 18 years from
NHANES 2005-2008, representing 18,195,503 US
adolescents, were included in these analyses (Figure 1).
Tables I and II describe demographic and biochemical
characteristics of the study cohort. When demographic
and biochemical variables were examined for differ-
ences by the sex of participants, cholesterol, uric acid,
hs-CRP, eGFR, height, and weight, but not BMI z score,
were statistically different. With repeat measurements,
BP classification remained the same in 1569 (90.9%),

2,125 children and adolescents
between the ages of 13 and 19
years

.| 213 missing uric acid values

182 missing blood pressure

readings or being treated for
hypertension

1 missing weight

4 taking
antihypertensive

medication

h

1,725 children and adolescents
compose the study cohort

FIGURE 1. Flowchart of the study cohort.
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declined in 107 (6.2%), and increased in 49 (2.9%)
patients. Comparing the two groups that changed BP
classification to the group with no change (Tables I and
I), age, sex, race, urinary albumin/creatinine, eGFR,
uric acid level, and total cholesterol levels were not
statistically different. On the other hand, BMI z score
were significantly higher in the group whose BP classi-
fication went down (group II) (P=.02), and hs-CRP was
significantly higher in the group whose BP classification
changed compared with those who remained the same
(P=.02).

Using multivariate logistic regression models, deter-
minants of change in BP classification change vs no
change (as the outcome variable) were examined. There
were no significant associations found between change
in BP classification and age, sex, race, urinary albumin/
creatinine, eGFR, uric acid, and total cholesterol levels.
BMI z score and hs-CRP were the only factors signif-
icantly associated with any change in BP classification
(either up or down) after adjusting for age and sex (odds
ratio [OR] for BMI z score: 1.45; 95% confidence
interval [CI], 1.17-1.84; P<.01; OR for hs-CRP, 0.39;
95% CI, 0.16-0.97; P=.04). Finally, BMI z score was
the only factor that remained significant for a decrease
in BP after adjusting for age and sex (OR, 1.59; 95% CI,
1.05-2.38; P=.03).

With repeat measurements, BP classification remained
the same in 1569 (90.9%), declined in 107 (down in
6.2%), and rose in 49 (up in 2.9%) patients. We
examined the distribution of BP classification in each
group (Figure 2). Among adolescents for whom BP
classification went down (n=107), 85.1% (n=91) were
classified as prehypertensive and 15% (n=16) as hyper-
tensive on the first BP reading. Among those for whom
BP went up (n=49), 81.6% (n=40) were classified as
normotensive and 18.4% (n=9) as prehypertensive on
the first BP reading. Finally, for those in whom BP did
not change classification (same) (n=1569), 86.6%
(n=1359) were classified as normotensive, 11.2%
(n=175) as prehypertensive, and 2.2% (n=35) as hyper-
tensive on the first BP reading.

It is important to note that there was no difference in
sodium intake between those whose BP went down vs
no change (P=.424) and those whose BP went up and
those whose stayed the same (P=.168) (data no shown).
Also, there was no significant difference in water intake
between those whose BP went down vs no change
(P=.072) and those whose BP went up and those whose
stayed the same (P=.926) (data not shown). Moreover,
there was no difference in BP change by sex (P=.35). Of
the sample that was eligible and responded to the
questionnaire about reproductive health, 61.5% were
taking birth control pills (n=61). Of whom, 9.9% had a
reduction in BP, 89.7% had no BP change, and 9.4%
had higher BP with repeat measurements.

DISCUSSION
Hypertension guidelines recommend using the average
of >2 BP measurements for clinical purposes, yet most
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TABLE I. Demographic and Physical Characteristics of the Cohort by Change in BP Classification®®

Group | Group Il Group Il P Value
BP Up BP Down BP No Change
2.9% (n=49) 6.2% (n=107) 90.9% (n=1569) 1vs Il IMvs 1l (land 1) vs 1ll
Age, y 16.00+2.06 15.68+1.92 15.51+1.90 .44 .27 .20
Male 37.32 (33) 46.25 (64) 50.68 (774) .50 .22 .27
Race .04 .76 14
White 66.80 (15) 64.20 (33) 65.28 (482)
Black 24.60 (25) 15.32 (32) 12.84 (454)
Mexican American 5.54 (6) 8.44 (27) 10.88 (443)
Other 3.07 (3) 12.03 (15) 11.00 (190)
Poverty (yes)° 29.32 (26) 35.49 (66) 38.50 (775) .27 .56 .31
Height, cm 172.44+11.11 169.09+11.02 167.25+10.98 .16 .02 .02
Weight, kg 78.30+27.33 72.07+23.28 65.67+20.54 <.01 <.001 <.001
BMI z score 0.99+1.27 0.90+1.16 0.55+1.27 .01 .02 .003

Abbreviations: BMI, body mass index; BP, blood pressure. ?Continuous variables presented as mean+standard deviation and categorical variables
presented as percentage (number). P values calculated by weighted least-squares or weighted logistic regression analyses. PPoverty defined as a
poverty income ratio <1.

TABLE Il. Laboratory Measures of the Cohort by Change in Blood Pressure (BP) Classification®°

Group | Group Il Group Ill P Value
BP Up BP Down BP No Change
2.9% (n=49) 6.2% (n=107) 90.9% (n=1569) lvs 1l Ilvs 1Nl (land 1) vs Il

Cholesterol, mg/dL 171.32+29.23 162.84+30.03 160.19+£35.11 .34 .07 .06
Uric acid, mg/dL 5.52+1.62 5.344+1.42 5.11+1.44 21 16 13
C-reactive protein, mg/dL® 0.04 (0.02-0.12) 0.04 (0.01-0.12) 0.03 (0.01-0.12) .04 .05 .02
eGFR, mL/min® 132.31+21.96 136.28+35.07 135.58+31.67 .82 .31 .88
Urine albumin-to-creatinine ratio® 5.3 (4.6-6.1) 5.2 (4.5-6.3) 5.0 (4.2-5.8) .45 .53 .61

2Continuous variables presented as mean+standard deviation and categorical variables presented as percentage (number). P values calculated by
weighted least-squares or weighted logistic regression analyses. PEstimated glomerular filtration rate (eGFR) estimated using Schwartz formula.

°Presented as median (interquartile range).

patients have only 1 BP measurement in the usual
routine office encounter.”> While health care providers
mostly expect a reduction in BP with repeat measure-
ments, in this analysis of NHANES data, we shed light
on a small percentage (2.9%) of adolescents who have a
higher BP classification with repeat testing and may be
missed with single BP measurement. In addition, our
study shows that BMI z score and CRP are independent
correlates of change in BP classification with repeat
measurements. Furthermore, a larger percentage of
adolescents who changed their classification “up” were
prehypertensive on their first BP measurement. Our
study also shows that the majority of pediatric patients
(~91%) do not change BP classification with repeat BP
measurements. BP classification went down for 6.2% of
adolescents.

In a cross-sectional study that focused on adolescent
high school students, the prevalence rates of prehyper-
tension and hypertension in a cohort of 6790 adoles-
cents (age range, 11-17 years) were determined by
using the recommended repeated measurements of BP.

The study was conducted in schools in Houston, Texas,
and repeat measurements (obtained at separate sessions)
were obtained for at-risk adolescents. BP distribution at
initial screen showed 81.1% of patients with normal BP,
9.5% with prehypertension, and 9.4% with hyperten-
sion. Prevalence after 3 screenings was 81.1% normal,
15.7% prehypertension, and 3.2% hypertension. Only
classification as overweight (defined in the study as BMI
>95%) was associated with hypertension.’

STUDY LIMITATIONS AND STRENGTHS

It is generally believed that with repeat BP measure-
ments, especially after a brief period of rest, BP readings
tend to go down. The practice of obtaining multiple BP
readings is widely accepted to help reduce the likelihood
of the white-coat effect and classifying anxious and
active children with hypertension. Very little is known
about a small group of children whose BP readings go
up with repeat BP measurements. In this study, we
examined the 2.9% of our study population for whom
BP went up with repeat measurements and found that
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FIGURE 2. First blood pressure classification and reclassification
with repeat measurements.

those adolescents had higher BMI and CRP levels. While
most children calm down after a brief period of rest, it is
possible that some get more anxious from the process of
obtaining multiple measurements. Another possible
explanation comes from the statistical phenomenon
called “regression to the mean,” where with repeat
measurements, readings tend to converge toward the
mean (low readings go up with repeat measurements).
Although regression to the mean is a possible explana-
tion, a noteworthy observation was that a h1gher
percentage of adolescents in that group were in the
prehypertension range and were overweight and had
significantly different CRP levels. This raises the possi-
bility that this group represents a high-risk group with a
more labile BP compared with their lean counterparts.
Indeed, obesity is an inflammatory state, characterized
by higher CRP levels, cytokine release, and hormonal
dysregulation, leading to activation of the sympathetic
nervous system. Decreased adiponectin levels, for exam-
ple, are associated with insulin resistance, atherosclero-
sis, and hypertension in obese adolescents.?*** In our
cohort, although the group that changed BP classifica-
tion had a statistically different CRP levels, the differ-
ences were not clinically significant as all 3 groups had
levels within normal limits for age.

Despite the intrinsic variability of BP measurements,
many studies tracking BP from childhood to adulthood
have shown the best predlctors of future BP to be initial
BP, initial BMI, and changes in BMI.?®*” In an analysis
of data from the National Childhood Blood Pressure
Database examining the longitudinal BP outcomes for
adolescents classified after a single measurement of BP,
high BMI at initial presentation and increasing BMI
during the follow-up period predicted sustained BP
elevations.* Although our study utilized BP measure-
ments obtained at one occasion, which is not ideal to
make the diagnosis of hypertension, the 3 measurements
obtained after 5 minutes of rest were sufficient to show
the direction of BP classification change with repeat
measurements in the same setting.

Clinical BP Reclassification with Repeat Measurements | Becton et al.

To our knowledge, this is the first study to shed light
on this small percentage of children with higher BPs on
repeat measurements. Also, it stresses the importance of
paying close attention to BP measurements in over-
weight children.

Whether these findings represent an increased cardio-
vascular risk to the “up” group or just a statistical
phenomenon, the current recommendations are to
obtain multiple measurements. In the setting of a busy
clinical practice, the primary care provider with limited
resources may choose to focus on a subset of patients for
repeat BP measurements. Our findings suggest that
overweight children are more likely to change their BP
classification.

CONCLUSIONS

With repeat measurements, the majority of pediatric
patients (~91%) do not change classification. BP clas-
sification went down for 6.2% of adolescents. A smaller
percentage of adolescents have a higher BP classification
with repeat testing and may be missed with single BP
measurement. Higher BMI was significantly associated
with change in BP classification. Further studies com-
paring cardiovascular risk and target organ damage in
groups that change BP classification are needed.

Disclosure: The authors have no financial relationships relevant to this article
to disclose. All authors have no conflicts of interest relevant to this article to
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