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ABSTRACT: Adults with ambulatory hypertension or white coat
hypertension (WCH) display abnormal cardiovascular rhythms. We
studied cardiovascular rhythms by Fourier analysis of 24-h ambula-
tory blood pressure (BP) measurement profiles in 129 hypertensive
children, 54 children with WCH, and 146 age-, height-, and gender-
matched healthy subjects. The day/night mean arterial pressure ratio
was lower in hypertensive and patients with WCH compared with
controls (1.13 versus 1.16 versus 1.21, respectively; p < 0.0001).
Eighty-five percent of controls were dippers compared with 74% of
WCH (n.s.) and 64% of patients with ambulatory hypertension (p <
0.0001). The prevalence of 24-h rhythms was similar among the
groups, but prevalence of 12-h BP rhythms was increased in hyper-
tensive (67%) and WCH (72%) compared with controls (51%, p <
0.0001). The amplitudes of the 24-, 8-, and 6-h BP rhythms were
reduced in hypertensive and WCH compared with controls (p <
0.05). Hypertensive and patients with WCH displayed delayed 24-,
12-, 8-, 6-h acrophases in comparison with controls (p < 0.05). In
conclusion, hypertensive children exhibit abnormal cardiovascular
rhythmicity compared with controls, especially a higher prevalence
of nondipping compared with normotensive children. Abnormalities
in patients with WCH are intermediate between healthy children and
patients with ambulatory hypertension. (Pediatr Res 67: 419-423,

2010)
Similar to other functions of living organisms such as heart
rate (HR), blood pressure (BP) also displays regular endog-
enous rhythmicity. Abnormalities of BP rhythms as assessed by
analysis of ambulatory BP studies have been related to an in-
creased risk of hypertensive target organ damage in adults (1-3).
Although primary hypertension (PH) has its origins very
early in childhood and adolescence, there are only scanty
reports on BP rhythmicity in hypertensive children. There are
no data comparing BP rhythmicity of healthy, normotensive
children with hypertensive children and children with white
coat hypertension (WCH). Moreover, it is still unclear
whether WCH is only a benign form of enhanced reactivity
not related to pathologic BP regulation or a true pathologic
state related to disturbed BP rhythmicity, representing a pre-
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hypertension condition. Finally, because hypertension in ad-
olescents is mainly linked with obesity, it is important to
assess whether obesity has any independent impact on BP
rhythmicity (4,5).

We hypothesized that, similar to adults, children and ado-
lescents with sustained ambulatory hypertension and WCH
also have disturbed BP rhythms. To evaluate our hypothesis,
we analyzed BP rhythmicity retrospectively in cohorts of
untreated children with PH and WCH and compared the
results with normative data obtained from healthy normoten-
sive children (6).

METHODS

Patients. We included 183 children and adolescents referred to two tertiary
centers (Children’s Memorial Health Institute, Warsaw, Poland and Chil-
dren’s Hospital of Eastern Ontario, Ottawa, Canada) for further evaluation of
hypertension based on an elevated office BP confirmed on at least three visits.
All patients underwent the same diagnostic work up at both institutions. PH
was diagnosed after a thorough clinical and laboratory diagnostic work up,
according to recently published recommendations (7). Office BP values,
measured with an oscillometric device (Dinamap 1846 SX; Criticon Inc.,
Tampa, FL) after at least 5 min of rest in a quiet room, were compared with
normative values obtained from the Updated Fourth Task Force Report (7).

All the patients underwent ambulatory BP monitoring (ABPM). Those
with normal ABPM (24 h, daytime and nighttime mean arterial BP below the
95th percentile) but elevated office BP (either systolic or diastolic BP >95th
percentile) were classified as having WCH, and those with abnormal ABPM
and elevated office BP were classified as having ambulatory hypertension.
Patients with WCH and ambulatory hypertension were analyzed as separate
groups. To define the effect of obesity, both hypertensive and WCH groups were
further subdivided into obese and nonobese groups on the basis of a BMI below
and above the 95th percentile derived from the US reference data for Canadian
children and polish normative data for children evaluated in Warsaw (8,9).

The control group consisted of 146 age-, height-, and gender-matched
healthy subjects studied in Germany (14.6 = 2 y) who were described
elsewhere (6,10) and representing the whole spectrum of BP values of the
healthy childhood population (i.e. also including children with BP values
below the fifth or above the 95th centile for height on ABPM).The study adhered
to the principles of the Declaration of Helsinki and was approved by local Ethical
Committees in all participating centers. Informed consent has been obtained from
all control subjects, hypertensive patients, and their parents.

ABPM measurements. All ABPM measurements were assessed oscillo-
metrically using SpaceLabs Monitor 90207, and the most appropriate cuff was
applied on the nondominant arm. Readings were taken every 20 min during
day time and every 30 min at night. Recordings lasting at least 20 h with at
least 80% of readings were considered as valid and were included in the

Abbreviations: ABPM, Ambulatory blood pressure monitoring; BP, Blood
pressure; HR, Heart rate; MAP, Mean arterial pressure; PH, Primary hyper-
tension; WCH, White coat hypertension
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analysis. Absolute BP values obtained from ABPM were subsequently trans-
formed into SD scores (SDS) based on normative ABPM values (11). Because
during oscillometric measurements only mean arterial BP is measured (rep-
resenting the BP value with the greatest oscillations) and systolic and diastolic
BPs are mathematically derived with device-specific algorithms, we analyzed
only mean arterial pressure (MAP).

BP nighttime dipping status was analyzed by calculating the ratio of MAP
during the day (D) in relation to nighttime (N) MAP (MAP D/N). Similar to
the study by Wuhl ez al. (11), the MAP lowering during the night below 10%
was considered as dipping. MAP nighttime dipping of <10% (MAP D/N <
1.1 and > 1.0) was considered as nondipping. Similarly, the HR nighttime
dipping was described with the daytime/nighttime ratio (HR D/N). The night
period was defined from 0000 h until 0600 h, and the daytime period was
defined as 0800 h until 2000 h.

Rhythm analysis. Rhythm analysis was performed according to the pro-
cedure described elsewhere (6). In short, the 24-, 12-, 8-, and 6-h BP and HR
rhythms were analyzed using Fourier analysis. First, the 24-h circadian
rhythm was checked using least squares analysis and was considered as
present if a cosine function within 24 h was fitted with p < 0.05. Then, shorter
ultradian rhythms were described in the same manner.

The following parameters were calculated for each significant rhythm: 1)
MESOR, which is the median value between the lowest and highest values of
the fitted cosine curve, 2) amplitude, which is the difference between MESOR
and highest value, and 3) acrophase, which is the time from midnight to the
highest value during the rhythm.

Statistical analysis. Subject characteristics and results are presented as
mean = SD. BMI and BP values were expressed both as absolute values and as
SDS corrected for age and gender, because the analyzed groups included subjects
of different age and gender. Homogeneity of variance was checked with the
Levene test. Variables with a normal distribution were compared by the 7 test for
independent variables. Values with nonnormal distribution were compared by the
Mann-Whitney U test. Three groups of patients and controls were compared
using ANOVA test. Correlation analysis was done with Pearson test for variables
with parametric distribution and Spearman test for variables with nonparametric
distribution. A p value < 0.05 was regarded as significant. A p value ranging
between 0.05 and 0.1 was regarded as a statistical tendency.

RESULTS

One hundred twenty-nine children were diagnosed with
ambulatory PH (mean age, 14.7 = 2.6 y), and 54 children had
WCH (mean age, 14.5 = 3.0 y). The study and control groups
did not differ regarding age and height, but patients with PH
and WCH had greater BMI than controls (Table 1). Both
patients with PH and WCH had a higher average BP and lower
day/night MAP ratio compared with controls. Although the

mean 24-h HR was the same in the three groups, patients with
PH had higher HR during night in comparison with WCH and
healthy children (Table 1).

Eighty-five percent of healthy children were dippers com-
pared with 64% of PH (p < 0.0001) and 74% of WCH (n.s.).
On the contrary, 54 (37%) of healthy controls displayed
lowering of MAP by >20% that was significantly more
prevalent in comparison with only 5 (4%) of patients with PH
(» < 0.0001) and 9 (17%) of patients with WCH (p = 0.02).
Such a reaction was significantly more often detected in
patients with WCH in comparison with patients with PH (p =
0.007). Accordingly, the nighttime decrease of HR was sig-
nificantly more pronounced in WCH in comparison with
patients with PH (p = 0.03; Table 1).

The prevalence of circadian 24-h MAP rhythms was similar
among the groups; they were present in >80% of patients and
controls. However, the prevalence of the ultradian 12-h MAP
rhythms was significantly increased in PH (67%) and WCH
(72%) versus controls (51%, p < 0.0001). The prevalence of
the 8-h MAP rhythms was similar in all groups and was
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Figure 1. Prevalence of circadian and ultradian (12 and 8 h) MAP rhythms in
children with PH (H), children with WCH ({J), or healthy children ([J). The
prevalence of 12-h rhythm was significantly (p < 0.0001) higher in primary
hypertensive and WCH children compared with controls (*).

Table 1. Demographic and clinical characteristics of healthy controls and hypertensive patients

Healthy, N = 146

White coat hypertension, N = 54

Primary hypertension, N = 129

Female (%) 38.5
Age (y) 14.6 =2
Height (cm) 167.3 £ 15.5
BMI (kg/m?) 204 =37
BMI (SDS) 02=*1.1
MAP, day (mm Hg) 874 7.1
MAP, day (SDS) -0.03 £ 0.9
MAP, night (mm Hg) 723 £6.7
MAP, night (SDS) 0.03 £ 1.0
Day/night MAP ratio 1.21 = 0.09
Percentage of dipping 17.0 £ 6.2
Overdippers, >20% (%) 54 (37)
Nondippers (%) 22 (15)
HR, day (beats/min) 81.8 9.3
HR, night (beats/min) 65.0 =84
Day/night HR ratio 1.27 = 0.15

18.5 30
145 +3.0 147 =26
167.7 = 17.1 168.7 = 13.5
25.0 = 6.4* 25.1 £ 5.5%

1.6 = 1.9% 1.6 = 1.6*
88.4 * 6.6% 96.5 = 7.8%%
0.28 = 0.12+% 1.63 = 0.15%%
76.6 = 5.9%% 85.8 = 7.8%%
0.38 = 0.12+% 2.1 = 0.14%%
1.16 = 0.09%% 1.13 = 0.07*%
13.1 = 6.8% 11.0 = 5.3%%

9 (Nt 54"

14 (26) 47 (36)*
81.7 = 10.6 834 =124
64.4 = 11.9% 68.4 = 12.01%
1.29 = 0.14% 1.23 = 0.15%

Data are mean = SD.

*p < 0.0001 compared with healthy children.

+p < 0.05 compared with healthy children.

+p < 0.05 between white coat hypertension and primary hypertension.
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Figure 3. Acrophases of the 24-, 12-, 8- and 6-h MAP rhythms in obese (n =
54, ) and lean (n = 75, M) children with PH, compared with normotensive
obese children (n = 15, [). Box plots indicate 25th, 50th (median) and
75th percentiles, whisker 10th and 90th percentiles of healthy children. **
indicates significant (p < 0.05) differences between obese and lean
children with PH.

present in ~30% of patients and controls (Fig. 1). The prev-
alence of 24-h HR rhythm was the same in all groups, but
prevalence of the 12-h HR rhythm was lower in patients with
PH (48%) in comparison with controls (61%, p = 0.03) and
patients with WCH (64%, p = 0.04).

The amplitudes of the 24-, 8-, and 6- MAP rhythms were
reduced in both patients with PH and WCH compared with
controls (p < 0.05). The same was observed for 12-, 8-, and
6-h HR rhythms (Fig. 2). Patients with PH and WCH dis-
played significantly prolonged acrophases of MAP rhythms
compared with controls; patients with PH had the longest
acrophase of the 24-h MAP rhythm in comparison with pa-
tients with WCH and controls. The same pattern was found for
HR acrophases (Fig. 2).

Obese hypertensive patients (n = 54) displayed similar
24 h, daytime and nighttime MAP values as lean hypertensive
patients (24-h MAP SDS: n = 75,2.1 = 1.8 versus 1.8 = 1.4;
n.s.). Nevertheless, the 24-h MAP amplitudes were lower in
nonobese patients with PH in comparison with obese patients
with PH (8.4 = 2.9 versus 10.0 = 3.4 mm Hg; p = 0.02).
Although the 24-h MAP acrophases were similarly prolonged
in both obese and nonobese hypertensive children in compar-
ison with controls, the 12-h MAP acrophase was delayed
(9.1 =25 versus 7.9 = 2.7, p = 0.01), whereas the 8-h MAP
acrophase was premature (3.2 * 1.9 versus 4.5 = 2.1; p =
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Figure 2. Amplitudes (A, MAP; B, HR)
and acrophases (C, MAP; D, HR) of the
24-, 12-, 8- and 6-h rhythms in children
with PH (n = 129, W), children with WCH
(n = 54, [), and healthy normotensive
children (n = 146, [J). Box plots indicate
= 25th, 50th (median), and 75th percentiles,
whisker 10th and 90th percentiles of
healthy children. * indicates significant
(p < 0.05) differences between children
with PH or WCH and healthy normoten-
sive children. ** indicates significant (p <
0.05) differences between children with
PH and children with WCH.
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0.04) in lean patients with PH in comparison with obese
patients with PH (Fig. 3).

To evaluate further potential effects of obesity on BP and
HR rhythmicity, obese children were analyzed separately.
Obese patients with PH (n = 54) had significantly higher HR
at night and lower day/night ratio of HR and BP compared
with obese normotensive children (n = 15); however, the
amplitudes and the acrophases were similar (Fig. 3).

Although there were some correlations between BMI-SDS
and amplitudes or acrophases in hypertensive patients, the
significance and r coefficients were weak (24-h MAP ampli-
tude: * = 0.034, p = 0.05; 8-h MAP acrophase: r* = 0.12,
p = 0.02).

DISCUSSION

The main finding of our study is that children with ambu-
latory hypertension and WCH display significantly altered
circadian and ultradian BP and HR rhythmicity patterns in
comparison with healthy, normotensive children. Moreover,
patients with WCH manifest an intermediate pattern of altered
BP/HR rhythms in comparison with both healthy children and
children with ambulatory hypertension. Finally, we did not
find any strong and independent effect of obesity on BP
rhythmicity.

The circadian thythm of cardiovascular functions is gener-
ated by a central pacemaker probably located in the suprachi-
asmatic nuclei and is transmitted through efferent sympathetic
nerves (12,13). The shorter, ultradian rhythms are more de-
pendent on sympathetic activity caused by external and be-
havioral stimuli (14). Although it is generally believed that
alterations in biologic rhythms indicate a disturbed central
regulatory function, abnormal baroreceptor function could
also be involved. Indirect evidence suggests that in hyperten-
sive children, the function of central sympathetic centers is
disturbed and leads to increased and prolonged central sym-
pathetic drive or inability to increase parasympathetic activity
during night (15,16).

BP dipping is the most commonly used marker of BP
rhythmicity, and a blunted nocturnal dip is strongly indepen-
dently related to target organ damage and greater cardiovas-
cular risk in hypertensive adults (1-3). Most studies examin-
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ing the dipping phenomenon in pediatric hypertension
concentrated on secondary hypertension. Disturbed dipping
was found in children with renal scarring and children with
chronic kidney disease in whom prevalence of nondipping
was 35-21% in comparison with 10—-13% in healthy controls
(17-19). Some authors treat a reduced nocturnal BP dip and
sustained nighttime hypertension as specific markers for sec-
ondary hypertension when compared with PH (20). Moreover,
nondipping in normotensive (by casual BP measurements)
children with type 1 diabetes predicted microalbuminuria
(21,22). There are only scanty reports on dipping status in
children with PH. Diaz and Garin (23) reported that 40% of
children with PH were nondippers. Because obesity is a
frequent phenotype of PH in childhood, it is important to
define the relation between obesity and the nocturnal fall of
BP. Nocturnal dipping was found less marked in obese than in
lean children and a weak, but a significant negative correlation
between dipping and BMI-SDS was observed (24). Marcov-
ecchio et al. (25) found that 24 of 56 obese children were
nondippers, and ABPM parameters correlated with markers of
insulin resistance. In a recent study by Gilardini ez al. (26),
nondipping patterns were found in 11% of obese children, and
the loss of nocturnal BP fall correlated with sympathoadren-
ergic drive as indicated by catecholamine excretion and insu-
lin resistance. In addition, Shatat et al. (27) found that a
significant number of obese children displayed nondipping
phenomenon, and BP values were inversely correlated with
adiponectin concentrations; however, they did not report any
relation with dipping.

Given some uncertainty and heterogeneity of the definition
of dipping/nondipping in children in previous studies, we used
the MAP for the definition of dipping/nondipping, which is
consistent with two recent pediatric studies and normative
values for cardiovascular rhythms in childhood (6,19). We
found that 15% of healthy children, 26% of WCH, and 36% of
patients with ambulatory hypertension were nondippers. In
addition, there was a significant gradual decrease of the
day/night MAP ratio from normotension through WCH to the
ambulatory hypertensive group. Moreover, 37% of healthy
children displayed an overdipping pattern, i.e. nocturnal low-
ering of BP by >20%, which was significantly more frequent
than in WCH (17%) and hypertensive (4%) patients. This
finding suggests both prolonged and greater basal sympathetic
activity in WCH and hypertensive patients.

Because both patients with WCH and ambulatory hyperten-
sion had significantly greater BMI than controls, it is difficult
to dissect the effects of obesity on BP dipping. Moreover,
when obese normotensive children were compared with BMI
matched (obese) patients with ambulatory hypertension, the
nighttime drop of BP and HR was significantly lower in
hypertensives. This suggests that the nondipping phenomenon
in hypertensives is not primarily related to obesity but rather
to a primary disturbance of the BP rhythm. The same concerns
the lack of differences in BP values between lean and obese
hypertensives. However, it must be underlined that we did not
analyze effects of visceral obesity and insulin resistance on
cardiovascular rhythmicity.

It was recently found that in obese adolescents, BMI cor-
relates with BP and that insulin resistance correlates with
nocturnal but not with awake BP (28). However, in our study
obese, patients with ambulatory hypertension had slightly not
significantly lower BP values than lean hypertensives. This
finding may support the view that obesity-related hypertension
is pathogenetically different from PH in lean children. Simi-
larly, when obese normotensive children were compared with
the subgroup of obese, hypertensive patients, it was found that
obese hypertensives displayed higher nighttime HR and a
weaker nighttime decrease of BP (nondipping). These findings
suggest that hypertension is related to disturbances of the
central sympathetic oscillator independently of BMI.

The increasing prevalence of nondipping from normoten-
sive through patients with WCH to ambulatory hypertension
indicates that WCH in hemodynamic terms is an intermediate
form of altered BP control. On the other hand, both the
lower prevalence of nondipping and the significantly higher
prevalence of overdipping in healthy children indirectly
suggest that children with WCH and ambulatory hyperten-
sion have an increased sympathetic drive in comparison
with healthy children.

We did not find any significant differences in the prevalence
of circadian 24-h and short 8-h BP rhythms between groups
(6). In contrast, the 12-h rhythm was significantly more prev-
alent in both patients with WCH and ambulatory hypertension
than in healthy children. Because the ultradian BP rhythmicity
is related to sympathetic drive, the finding of a more prevalent
12-h rhythm in WCH and hypertensive patients and the same
circadian and 8-h rhythmicity may indicate similar reactivity
with prolonged duration of increased sympathetic activity
during wakefulness in hypertensive children. It would also
support the concept that sympathetic system plays a major role
in the pressor effects of environmental stimuli operating dur-
ing daytime.

The amplitudes of all rhythms were lower, and acrophases
were prolonged in patients with WCH and ambulatory hyper-
tension compared with healthy children. It was related to
greater MESOR values what is virtually the same as 24-h
MAP. This blunting of amplitudes and delayed acrophases of
the BP rhythms are similar in extent to children with chronic
kidney disease as previously reported (19). Again, because
ultradian rhythmicity depends in large part on sympathetic
drive, one can assume that prolonged acrophases in hyperten-
sive patients may reflect prolonged effects of an increased
sympathetic activity (26,29,30).Our study has some limita-
tions such as the lack of data on metabolic abnormalities and
target organ damage, precluding the analysis of a potential
relationship between altered BP rhythmicity and early, sub-
clinical injury in childhood hypertension.

There are some potential perspectives provided by our data:
first, it will be important to evaluate whether altered cardio-
vascular rhythmicity correlates with target organ damage in
hypertensive children. Second, there is a need to define po-
tential effects of different therapeutic interventions on cardio-
vascular rhythmicity pattern, including effects of behavioral
and physical exercise interventions and effects of different
pharmacological agents. Third, although we analyzed rela-
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tions between BMI and BP/HR rhythmicity, it remains to be
elucidated whether there are relationships with fat tissue dis-
tribution, adiposity, and visceral obesity. It is also unknown
whether there is a link between metabolic abnormalities (in-
cluding insulin resistance) and cardiovascular rhythmicity in
PH, and whether normalization of metabolic abnormalities
would normalize altered cardiovascular rhythmicity.
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