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Abstract
Objective—To determine if children with white coat hypertension (WCH) have evidence of target-
organ damage by comparing left ventricular mass index (LVMI) of subjects with WCH to that of
matched normotensive and hypertensive controls.

Study design—Each WCH subject was matched by body mass index (± 10%), age (± 1 year), and
sex to a normotensive control and to a hypertensive control. Echocardiograms were reviewed to
determine LVMI for each subject. These triple matches were analyzed using repeated measures
analysis of variance to detect differences in LVMI between the three groups.

Results—Twenty-seven matched triplets were established. The groups were comparable for sex,
age, and body mass index (BMI). Mean LVMI was 29.2, 32.3, and 35.1 g/m2.7, for normotensives,
WCH, and sustained hypertensives, respectively (normotensive vs. WCH, p = 0.028; WCH vs.
sustained hypertensive, p = 0.07). Left ventricular hypertrophy was not present in any subject in the
normotensive or WCH groups, but was present in 26% of the sustained hypertensive subjects (p <
0.001).

Conclusions—After controlling closely for BMI, children with WCH had a LVMI which was
intermediate between that of normotensives and sustained hypertensives, suggesting that WCH may
be associated with hypertensive end-organ effects.

White coat hypertension (WCH) occurs when blood pressure is elevated in the medical office
but is normal outside the office setting. In adults, there is concern that WCH may be an
independent risk factor for cardiovascular disease or that it may represent a prehypertensive
state, with increased risk of progression to sustained hypertension.1 Numerous adult studies
have evaluated left ventricular mass index (LVMI) in subjects with WCH. Many, but not all,
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of these studies have demonstrated increased LVMI in WCH subjects, with LVMI intermediate
between that of subjects with normotension and those with sustained hypertension.2–13 In
addition, a recent study suggests that the long-term incidence of stroke may be elevated in
adults with WCH.14

Little is known about the clinical significance and natural history of WCH in children.
Depending on the diagnostic criteria used, approximately 20 – 50% of children and adolescents
referred for evaluation of elevated clinic blood pressure have WCH, confirmed by normal 24-
hour ambulatory blood pressure monitoring (ABPM).15 Few studies have evaluated LVMI in
children with WCH.16–18 Furthermore, no previous study of LVMI in children with WCH
has matched subjects for body mass index (BMI), a characteristic that is increased in children
with WCH and is itself an independent determinant of LVMI.16,19

The objective of the current study was to determine if children with WCH have evidence of
hypertensive target-organ effects by comparing LVMI in children with WCH, normotension,
and sustained hypertension, closely matching subjects for BMI, sex, and age.

Methods
The study was performed at the University of Rochester Medical Center in Rochester, NY. At
this center, ABPM has been used in the evaluation of pediatric primary hypertension since
October 2002. The clinical purpose of ABPM has been primarily to differentiate between
sustained hypertension and white coat hypertension. It has been our practice to obtain
echocardiography in all children diagnosed with sustained hypertension or white coat
hypertension to evaluate for target-organ damage. We retrospectively identified all patients
ages 10 – 17 years referred to the Division of Pediatric Nephrology or to the Pediatric
Hypertension Clinic (created during the study period) for evaluation of elevated blood pressure
who underwent ABPM between October 2002 and May 2007. All subjects had a history of
office systolic and/or diastolic blood pressure ≥ 95th percentile for age, sex, and height on at
least three occasions and an elevated mean clinic BP at the initial visit (at least ≥ 90th percentile).
20 Clinic blood pressure (BP) was taken at the initial visit, first with an automated oscillometic
device and then repeated 1 – 2 times by auscultation with an aneroid BP device. For study
purposes, mean clinic BP was defined as the average of the blood pressures taken by
auscultation. Clinic BP index was defined as the subject’s mean clinic BP divided by the
95th percentile for age, sex, and height.20 Patients with evidence of secondary hypertension
and those already on antihypertensive medication were excluded. Secondary hypertension was
excluded by history, physical examination, serum chemistries, urinalysis, renal ultrasound, and
other tests as indicated. To be considered to have WCH, subjects were required to have daytime
and nighttime mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) less than
the 95th percentile for pediatric ABPM norms and also to have 24-hr SBP and 24-hr DBP load
< 25th %. To be considered to have sustained hypertension, subjects were required to have 24-
hr SBP and/or 24-hr DBP = 95th percentile for pediatric ABPM norms and also a 24-hr SBP
load ≥ 30%.21,22

Healthy normotensive control subjects were identified retrospectively from patients referred
for a heart murmur to the Division of Pediatric Cardiology during the same time period who
had the final diagnosis of innocent murmur. In the Pediatric Cardiology clinic, BP was
measured 1 – 2 times by auscultation with an aneroid BP device. All normotensive control
subjects had Pediatric Cardiology clinic SBP and DBP < 90th percentile for age, sex, and height.
20 Medical records were reviewed to document that the control subjects were otherwise
healthy. Normotensive controls did not have ABPM.
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WCH subjects were matched individually to sustained hypertensive subjects and normotensive
control subjects by age (± 1 year), sex, and BMI (± 10%). The goal was to establish triplets of
normotensive-WCH-sustained hypertensive subjects matched closely for BMI, sex, and age.
The study was approved by the Research Subject Review Board of the University of Rochester
Medical Center.

ABPM was performed using Spacelabs monitors 90217 (Spacelabs Medical, Issaquah,
Washington). An appropriate cuff size was placed on the non-dominant arm. Monitors were
programmed to obtain BP readings every 20 minutes from 8AM – 10 PM and every 30 minutes
from 10 PM – 8 AM.22 Wake and sleep periods for ABPM analyses were determined by the
patient’s self report. Blood pressures were analyzed using Spacelabs software (ABP Report
Management System, version 1.03.16). ABPM was considered adequate if there were a
minimum of 40 readings with no more than one hour between successful readings. Blood
pressure load was defined as the percent of BP readings ≥ 95th percentile, for pediatric ABPM
norms.22 Ambulatory BP index was defined as the mean ambulatory BP divided by the 95th

percentile for pediatric ABPM norms.22 Twenty-four hour ambulatory BP variability was
defined as the within-subject standard deviation of all BP readings during the 24-h
measurement period.23 Twenty-four hour ambulatory heart rate variability was defined as the
within-subject standard deviation of all heart rate measurements in beats per minute (bpm)
during the 24-h period.

Within one month of ABPM, two dimensional echocardiography was performed on all subjects
with M-mode and Doppler study (Acuson Sequoia or Aspen, Siemens, Mountain View,
California). All subjects had structurally normal hearts and none were found to have coarctation
of the aorta. Two-dimensional left ventricular mass by the area-length method was measured
according to standards published by the American Society of Echocardiography.24
Measurements obtained were reviewed on digitally stored images and left ventricular mass
was measured by a single experienced physician echocardiographer (C.C.M.) blinded to the
blood pressure status of the subject. Left ventricular mass was indexed to height2.7 to correct
for the effect of body size on assessment of left ventricular hypertrophy (LVH).25 LVH was
defined as left ventricular mass index (LVMI) ≥ the 95th percentile, which was 39.36 g/m2.7

for boys and 36.88 g/m2.7 for girls, respectively.26

Demographic characteristics of WCH subjects who were successfully matched and included
in the study were compared to the characteristics of WCH subjects who were not successfully
matched, and therefore not in the study, using two-sample t-test (for continuous variables) and
Fisher exact test (for categorical variables). Results from three matched groups (Normotensive,
WCH, and sustained hypertension) were compared using one-factor, repeated measures
analysis of variance (ANOVA), with Tukey adjustment for multiple pairwise comparisons.
Descriptive statistics of continuous variables are expressed as mean ± SD. The significance
level of the data analysis is set at 0.05.

Results
Children referred for office hypertension (n=217) met inclusion criteria and had ABPM. There
were 58 children who did not have ABPM performed but who otherwise met inclusion criteria.
These children were similar to those who did have ABPM in age (14.8 vs. 14.8 y, p = 0.99)
and sex (77.6 vs. 73.1 % male, p = 0.60), but the children without ABPM had a higher BMI
(36.1 ± 10.1 vs. 28.5 ± 7.3 kg/m2, p < 0.001), higher SBP index (1.10 ± 0.08 vs. 1.07 ± 0.08,
p = 0.033), and higher DBP index (0.99 ± 0.12 vs. 0.93 ± 0.12, p < 0.001).

Of the 217 subjects who did have ABPM, the ABPM was inadequate in 43 subjects. There was
no difference between subjects with adequate ABPM and those with inadequate ABPM in age,
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height, BMI, sex, SBP index, or DBP index (data not shown). Of the remaining 174 subjects
with adequate ABPM, 54 (31%) had WCH. Of these, 2 did not have an echocardiogram and
were excluded from the study. Twenty-seven (52%) of the remaining 52 WCH patients were
able to be individually matched to both a normotensive control and a sustained hypertensive
subject. The remaining 25 WCH subjects who were unable to be matched to both were not
included in the study. Compared to matched WCH subjects, the unmatched WCH subjects
were similar in age and clinic DBP index, but had higher clinic SBP index, higher mean BMI,
a higher proportion of subjects with BMI ≥ 95th percentile, and a lower proportion that were
male (Table I). Mean LVMI was comparable between matched WCH and unmatched WCH
subjects (p = 0.53). No subject in the matched group had LVH, whereas 4 subjects (16%) in
the unmatched group had LVH. All unmatched WCH subjects with LVH had BMI ≥ 95th

percentile. In fact, the BMI percentile for each of these subjects was ≥ 97th percentile.

Because of the selection criteria, the three groups were comparable for age, sex, mean BMI,
BMI percentile, and the proportion of subjects with BMI ≥ 95th percentile, but differed by
clinic BP index (Table II). By definition, the WCH and sustained hypertensive groups differed
by ABPM variables (Table III). With regard to BP variability, the WCH group was comparable
with the sustained hypertensive group for 24-hr heart rate (69 ± 8 vs. 72 ± 10 bpm, p = 0.25),
24-hr heart rate variability (11.5 ± 3.1 vs. 11.8 ± 3.8 bpm, p = 0.74), and 24-hr DBP variability
(11.1 ± 1.7 vs. 11.8 ± 2.1 mm Hg, p = 0.17), but WCH subjects had lower 24-hr SBP variability
(12.9 ± 2.0 vs. 14.4 ± 2.5 mm Hg, p = 0.026) compared with sustained hypertension subjects.

Mean LVMI for the normotensive, WCH, and sustained hypertensive groups was 29.2 ± 4.6,
32.3 ± 4.2, and 35.1 ± 6.5 g/m2.7, respectively (overall p < 0.001). Figure shows box-plots with
the mean, median, and interquartile range for LVMI for the three BP groups, and provides p
values adjusted for multiple pairwise comparisons of mean LVMI. Left ventricular hypertrophy
was not present in either the normotensive or WCH groups but was present in 7 (26%) of the
subjects with sustained hypertension (p < 0.001).

Discussion
Studies in adults suggest that WCH may not be a benign condition.1 A significant proportion
of adults with WCH go on to progress to sustained hypertension, and a recent study of subjects
closely matched for age, sex, BMI, and BP showed that adults with WCH have left ventricular
measures which are intermediate between that of normotensives and sustained hypertensives.
10,27 To date, there have been few studies of the cardiovascular implications of WCH in
children. Similar to adults, there is preliminary evidence that children with WCH may be prone
to progress to sustained hypertension.28 However, there have been only a limited number of
studies of LVMI in children with WCH and the results have been inconsistent.16–18

The current study extends previous experience by comparing LVMI of children with WCH to
that of children with normotension and sustained hypertension. Critical to the design is that
subjects were closely matched for BMI, which is increased in both WCH and sustained
hypertension and is itself an independent determinant of LVMI.16,19 Our results showed that
children with WCH had a mean LVMI value which was intermediate between that of
normotensives and sustained hypertensives. Subjects with WCH had mean LVMI significantly
greater than that of normotensives (p = 0.028). Children with sustained hypertension had a
trend toward greater LVMI than those with WCH (p = 0.07), a statistical finding likely
attributable to the greater variability in LVMI among the sustained hypertensive subjects
compared with the other BP groups. These results provide evidence that WCH has an effect
on the cardiovascular system which is independent of BMI and supports the theory that WCH
in children may represent a prehypertensive state.17,21,29
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Neither children with WCH nor normotensive control subjects had LVH, whereas 26% of
sustained hypertensives had LVH. Notably, four of the unmatched WCH subjects not included
in the study also had LVH, but each of these subjects was significantly overweight with BMI
≥ 97th percentile. The current study design required matching of BMI of children with WCH
and sustained hypertension to normotensive children with innocent murmur. These criteria
resulted in a WCH study population with a significantly lower proportion of obesity compared
with previous studies.16–18 The disparity in prevalence of LVH between the matched WCH
group and the unmatched, more overweight, WCH group emphasizes the importance of obesity
as an independent determinant of LVMI and underscores the importance of controlling for
BMI in studies of WCH and LVMI.19,30

The mechanism of increased LVMI in children with WCH cannot be determined from the
current study. It has been speculated that frequent increases in BP in response to stress, such
as experienced in the medical office, may result in increased left ventricular mass.31
Alternatively, subjects with WCH may have average ambulatory BP values that, while in the
normal range, are higher than those of normotensive children without WCH. Such mild
elevations of average BP may lead to increased LVMI.10 In adults, SBP variability is increased
in a stepwise fashion in patients with WCH and sustained hypertension, and elevated SBP
variability is associated with increased left ventricular mass.23 In the current study, the
sustained hypertension group had increased SBP variability compared with the WCH group.
However, because the normotensive subjects did not have ABPM, it is not known if the WCH
group had increased SBP variability compared with the normotensive group as a potential
contributor to increased LVMI.

The current study has several limitations. Normotensive subjects had only a single clinic visit
showing normal BP and did not have ABPM to confirm normotension. Therefore, there may
have been subjects in the normotensive control group who had masked hypertension or who
were otherwise not truly normotensive. In addition, while all WCH subjects had a history of
office BP ≥ 95th percentile on three occasions, the inclusion criteria included a mean initial
clinic BP ≥ 90th percentile. Therefore, some of the WCH subjects may have had office
prehypertension rather than office hypertension. However, both of these limitations would have
biased the results toward no difference in LVMI between normotensive and WCH subjects. In
addition, normotensive controls were selected from patients with innocent murmurs, a
population that may not be representative of the general pediatric population. Because the study
was retrospective, data on ethnic group were unavailable, and could therefore not be included.
Lastly, practitioners may have been less likely to obtain ABPM in patients with more severe
elevation in clinic BP,32 thereby potentially biasing the sustained hypertensive group toward
lower mean LVMI. However, the requirement that sustained hypertensive subjects have 24-hr
BP ≥ 95th percentile on ABPM to be included in the study should have ameliorated this potential
limitation.

Children with WCH should be counseled in life-style modification, and they should be
monitored for the development of sustained hypertension, potentially with periodic ABPM.
29 Given the increasing prevalence of hypertension in children and adolescents, early
identification of risk factors for progression to hypertension and corresponding cardiovascular
disease is essential for the prevention of future cardiovascular morbidity and mortality. Further
study of the long-term outcome of WCH in children will help clarify its role as a potential
cardiovascular risk factor.
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Figure 1.
Figure Adjusted pairwise comparison of LVMI of normotensive, WCH, and sustained
hypertensive triplets. Each box depicts the group interquartile range. The horizontal line and
(+) symbol within each box represents the median and mean, respectively. Vertical lines depict
the minimum and maximum value of each group. P values are adjusted for multiple pairwise
comparisons of mean LVMI.
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Table 1
Characteristics of matched and unmatched subjects with WCH

Characteristic Matched WCH
n = 27

Unmatched WCH
N = 25

P value

Age (y) * 14.8 ± 1.6 14.2 ± 1.9 0.244
Male (%) 89 64 0.049
BMI (kg/m2) * 24.8 ± 4.1 28.3 ± 7.2 0.044
BMI ≥ 95th percentile (%) 30 64 0.025
Clinic SBP index * 1.03 ± 0.06 1.06 ± 0.06 0.032
Clinic DBP index * 0.92 ± 0.11 0.93 ± 0.10 0.70
LVMI (g/m2.7) * 32.3 ± 4.2 31.4 ± 6.6 0.534
LVH (%) 0 16 0.047
*
mean ± SD
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Table 2
Characteristics of normotensive, WCH, and sustained hypertensive groups

Characteristic Normotensive
n = 27

WCH
n = 27

Sustained HTN
n = 27

P value

Age (y) * 14.7 ± 1.6 14.8 ± 1.6 14.9 ± 1.8 0.321
Male/female (%) 89 / 11 89 / 11 89 / 11 N/A
BMI (kg/m2) * 24.5 ± 3.8 24.9 ± 4.1 24.9 ± 3.8 0.249
BMI percentile (%) * 80.3 ±15 79.9 ± 18 79.6 ± 19 0.911
BMI ≥ 95th percentile (%) 33 30 30 0.999
Clinic SBP index * 0.87 ± 0.06 1.03 ± 0.06 1.10 ± 0.06 < 0.001
Clinic DBP index * 0.81 ± 0.08 0.93 ± 0.10 0.88 ± 0.10 < 0.001
*
mean ± SD
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Table III
ABPM variables of WCH and sustained hypertension subjects

ABPM Variables WCH Sustained HTN P value
24-hr mean SBP (mm Hg) 118 ± 5 133 ± 7 < 0.001
24-hr mean DBP (mm Hg) 63 ± 4 71 ± 6 < 0.001
24-hr SBP index 0.92 ± 0.04 1.05 ± 0.05 < 0.001
24-hr DBP index 0.82 ± 0.06 0.92 ± 0.08 < 0.001
24-hr SBP load (%) 13.4 ± 6.9 59.7 ± 15.6 < 0.001
24-hr DBP load (%) 7.2 ± 6.3 21.3 ± 16.8 < 0.001
Daytime mean SBP (mm Hg) 124 ± 6 139 ± 6 < 0.001
Daytime mean DBP (mm Hg) 68 ± 5 75 ±7 < 0.001
Sleep mean SBP (mm Hg) 107 ± 6 121 ± 8 < 0.001
Sleep mean DBP (mm Hg) 56 ± 5 61 ± 6 0.004
mean ± SD
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