1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pediatr Nephrol. Author manuscript; available in PMC 2019 October 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Nephrol. 2018 October ; 33(10): 1765-1771. doi:10.1007/s00467-018-3954-y.

Ambulatory Blood Pressure Monitoring and Neurocognitive
Function in Children with Primary Hypertension

Juan C. Kupferman$, Donald L. Batisky®, Joshua Samuels?, Heather R. Adams™, Stephen
R. Hooper%, Hongyue Wang@, and Marc B. Lande”

$Department of Pediatrics, Maimonides Medical Center, Brooklyn, NY
%Department of Pediatrics, Emory University, Atlanta, GA
#Department of Pediatrics, McGovern Medical School at UTHealth, Houston, TX

&Departments of Allied Health Sciences and Psychiatry, University of North Carolina, Chapel Hill,
NC

@Department of Biostatistics, University of Rochester, Rochester, NY
“Department of Neurology, University of Rochester, Rochester, NY

*Department of Pediatrics, University of Rochester, Rochester, NY

Abstract

Background—Children with primary hypertension have been reported to have diminished scores
in measures of cognition. However, little is known about the relative correlation between office
and ambulatory blood pressure (BP) and neurocognitive test performance, and whether short-term
BP variability is associated with decreased neurocognitive function. We sought to determine
whether ambulatory BP monitoring (ABPM) was more strongly associated with neurocognitive
test performance compared with office BP, and whether increased short-term BP variability was
associated with lower neurocognitive scores.

Methods—Seventy-five subjects ages 10 — 18 y, with untreated primary hypertension and 75
matched normotensive controls completed neurocognitive testing. All subjects had office BP and
ABPM prior to neurocognitive testing.

Results—On multivariate analyses, there was no significant association between office BP and
neurocognitive tests. However, several ABPM parameters were significantly associated with
neurocognitive test scores in the lower quartile, in particular 24hr SBP load and wake SBP index
[Rey Auditory Verbal learning Test (RAVLT) List A Trial 1, 24hr SBP load, odds ratio (OR) =
1.02, wake SBP index, OR = 1.06; List A Total, 24hr SBP load, OR = 1.02, wake SBP index, OR
= 1.06; Short delay recall, wake SBP index, OR = 1.06; CogState Maze delayed recall, 24hr SBP
load, OR = 1.03, wake SBP index, OR = 1.08; Grooved Pegboard, 24hr SBP load, OR = 1.02; all
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p<0.05]. In contrast, short-term BP variability measures were not associated with neurocognitive
test performance.

Conclusion—ABPM is superior to office BP in distinguishing hypertensive youth with lower
neurocognitive test performance.
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Introduction

Children and adolescents with primary hypertension (HTN) can develop subclinical target
organ damage (TOD), including left ventricular hypertrophy (LVH), increased carotid
intima-media thickness (cIMT), and increased arterial stiffness, similar to adults.[1-4] In
addition, recent studies also suggest that hypertensive children have diminished scores on
measures of cognition, a potential early manifestation of hypertensive TOD to the brain.
[5-7]

As in adults, ambulatory blood pressure (BP) measurements are more accurate than office
BP for the diagnosis of HTN in children and adolescents,[8, 9] and correlate more strongly
with cardiovascular hypertensive TOD.[1, 9-12] Furthermore, increases in short-term and
long-term BP variability have been associated with TOD, including decreased cognitive
function, in hypertensive adults.[13-16] However, little is known about the relative
correlation between ambulatory and office BP and cognitive test performance, and about the
relation between short-term BP variability and cognitive function in children with primary
HTN.

With funding from the National Institutes of Health, we have established a prospective,
multicenter study of neurocognition in children with primary HTN.[17] The specific aims of
this multicenter study were to compare the performance on neurocognitive testing of newly
diagnosed subjects with untreated HTN with that of the performance of matched
normotensive controls at baseline, and to evaluate the effect of 1-year of antihypertensive
therapy on neurocognitive test performance. We recently reported results of the baseline
comparison, showing that children with HTN had worse performance on neurocognitive
testing compared with that of the normotensive control subjects, particularly in the domains
of attention, learning, and memory.

The objectives of the current analysis were: (1) to determine the strength of the relationship
of ambulatory BP parameters and office BP with neurocognitive test performance, and (2) to
determine the relation between ambulatory BP variability and neurocognitive test
performance in both groups. We hypothesized that ambulatory BP would be more strongly
associated with neurocognitive test performance compared with office BP, and that increased
short-term BP variability on 24-hr BP monitoring would be associated with lower
neurocognitive test performance.
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METHODS

The details of the overall study design and methods have been previously reported.[7, 17]
We enrolled 75 newly diagnosed untreated children with primary HTN and 75 frequency
matched normotensive control subjects aged 10 - 18 years through the Pediatric
Hypertension Clinics at each site. Participating recruitment sites included the University of
Rochester, Emory University, Maimonides Medical Center, and the McGovern Medical
School at UTHealth. All hypertensive subjects were required to have office BP >95th
percentile and sustained HTN confirmed by 24-hr ambulatory BP monitoring (ABPM).
Control subjects were required to have office BP < 95th percentile and normotension
confirmed by 24-hr ABPM. The control group was frequency matched to the HTN group for
maternal education, sex, and proportion with obesity (body mass index [BMI] =95th
percentile). Exclusion criteria were stringent, particularly with respect to conditions that
could influence the neurocognitive testing, and included: medication for Attention-Deficit/
Hyperactivity Disorder, the presence of a pre-existing learning problem/disability, any
disorder of cognitive impairment, history of chelation treatment for elevated lead level,
history of chronic disease, pregnancy or breast feeding, previous sleep study diagnosis of
obstructive sleep apnea, a diagnosis of secondary HTN, and previous or current treatment
with antihypertensive medication.

At the baseline neurocognitive-testing visit, each subject’s office BP was measured by
automated oscillometric device. Mean office BP for this analysis was the average of 3
readings taken 5 minutes apart, at that study visit. In addition, all subjects underwent 24-hr
ABPM at baseline according to the American Heart Association guidelines utilizing the
Spacelabs 90217 oscillometric monitor.[18] BP measurements were recorded every 20
minutes for the entire 24-hr period, and wake and sleep periods were determined by patient
diary. BP load was defined as the percentage of readings above the 95! percentile for
ambulatory norms in the 24-hr period. Subjects with HTN were required to have sustained
ambulatory HTN, defined as mean wake or sleep systolic BP or diastolic BP 295! percentile
for ambulatory norms. A subject with HTN could also be included if the mean ambulatory
BP was < 95™ percentile, but the subject had both BP load >25% (ambulatory
prehypertension) and L\VVH on echocardiogram. Control subjects were required to have mean
wake and sleep systolic BP and diastolic BP <95™ percentile and 24hr BP load <25% to be
included. BP index was defined as the obtained BP reading divided by the 95™ percentile for
the specific BP parameter. Short-term BP variability was assessed as the weighted standard
deviation (wSD) of the mean systolic and diastolic BP for the wake and sleep periods of the
24-hr ambulatory BP study. [19] Both groups underwent the same neurocognitive test
battery at baseline as described previously, and parents completed the Sleep-Related
Breathing Disorder Scale of the Pediatric Sleep Questionnaire (PSQ-SRBD).

We previously reported that hypertensive subjects were best distinguished from
normotensive control subjects by the subset of 6 neurocognitive tests shown in Table 1. For
the current analysis, we examined the association of baseline office BP and ambulatory BP
with performance on these 6 neurocognitive measures. For these analyses, the normotension
and hypertension subject BP data were combined in order to examine the relation of BP to
neurocognitive test performance across a broad range of BP values.
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Statistical Analyses

Office BP and ambulatory BP measures were summarized using mean + standard deviation
(SD), or median and interquartile range where appropriate. Two sample t test was used to
compare baseline BP measures between HTN and control patients. Pearson correlation
coefficients were calculated to assess the linear relationship between BP measure and
neurocognitive test performance. To address the two research questions (to determine the
strength of the relationship of ambulatory BP parameters and office BP with neurocognitive
test performance; to determine the relation between ambulatory BP variability and
neurocognitive test performance in both groups), multiple logistic regression analyses were
carried out to evaluate the independent association between ambulatory BP parameters or
office BP and poor cognitive test performance (lower quartile or worse), after adjustment for
age, sex, maternal education, race, ethnicity, PSQ score, glucose and triglycerides. To
maximize the unique information provided by each neurocognitive subtest, separate models
were examined for each test as a dependent measure. Similarly, to maximize the unique
information provided by each BP parameter, separate models were examined for each BP
parameter as an independent variable. P<0.05 was considered statistically significant. All
analyses were performed with SAS (version 9.4, SAS Institute Inc; Cary, North Carolina).

RESULTS

Sample Description

Complete blood pressure and neurocognitive testing data were available for 150 subjects (75
HTN and 75 control subjects). Only 2 subjects with prehypertension were included with the
alternate criteria of mean ambulatory BP < 95t percentile but BP load > 25% and LVH on
echocardiogram. Because the number of subjects with hypertension included under the
alternate criteria was so small, all 75 hypertension subjects were combined for all analyses.
As previously described, the HTN and control groups were similar in age, sex, race,
ethnicity, percent with obesity, BMI Z-score, maternal education, household income, total,
LDL and HDL cholesterol, insulin level, homeostatic model assessment for insulin
resistance, glucose and CRP.[7] Groups differed in Pediatric Sleep Questionnaire scores and
triglyceride levels. The range of BP across groups was similar for both office and
ambulatory BP (Control vs HTN; office SBP index, 0.85 + 0.12 vs 1.0 £ 0.08, P < 0.001;
mean wake SBP index, 0.87 + 0.05 vs 1.02 + 0.05, p < 0.001).

Relationship of Ambulatory BP and Office BP with Neurocognitive Performance

Table 2 shows the results of individual multiple logistic regression analyses for association
between increased office BP and poor performance on the six individual neurocognitive
subtests (lower quartile or worse), after adjusting for patient demographics, socioeconomic
status (SES), obesity, disordered sleep, and other potential confounders. Office BP was not
independently associated with low performance on any of the neurocognitive measures. By
contrast, several ABPM parameters were significantly associated with worse cognitive test
performance, with the strongest associations for day systolic BP index and 24hr systolic BP
load. Figure 1 shows a representative example of the relation between mean BP and
neurocognitive test scores for both office and ambulatory mean SBP index, using
performance on the RAVLT short delay recall, a measure of verbal memory, in the example.
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Table 3 reports the adjusted Odds Ratio estimates with 95% confidence intervals for
predicting poor performance (lower quartile or worse) on the six individual neurocognitive
subtests when ambulatory measures increase.

Relationship of Ambulatory BP Variability and Neurocognitive Performance

The HTN group had greater systolic and diastolic BP variability as measured by wSD (HTN
vs control; systolic wSD, 11.8 + 2.4 vs 10.3 + 1.7 mmHg, p < 0.001; diastolic wSD, 10.2 +.
2.0vs 9.2 £ 1.6 mmHg, p = 0.002). Table 4 shows the results of individual multiple logistic
regression analyses for the association between increased wSD and neurocognitive test
performance in the lower quartile for the six neurocognitive subtests. In contrast to studies
on BP variability in adults,[15] increased BP variability on the 24-hr ABPM study in our
pediatric subjects was not independently associated with lower neurocognitive test scores.

DISCUSSION

Our group has recently reported that children with newly diagnosed primary HTN had
decreased performance on neurocognitive testing compared with that of the normotensive
control subjects, particularly in the domains of attention, learning, and memory, even
adjusting for multiple variables such as age and socioeconomic status. To our knowledge this
is the first report to compare the strength of the association of ambulatory and office BP with
neurocognitive function. Similar to findings with cardiovascular markers of target organ
damage, we found that ABPM is superior to office BP in distinguishing youth with
decreased neurocognitive test performance. Ambulatory mean BP level and BP load were
significantly associated with cognitive test scores; more specifically, ambulatory BP was
independently associated with decreased performance on tests of memory and learning (Rey
Auditory Verbal Learning Test, Cogstate Maze Delayed Recall Error Test), and fine-motor
speed and dexterity (Grooved Pegboard, Dominant Hand). In contrast, office BP was not
associated with low performance on any of the neurocognitive measures.

In this study, we also assessed the effects of short-term BP variability on 24-hr ABPM in
relation to neurocognitive performance in both the HTN and control groups. Although the
HTN group showed greater short-term BP variability compared with the control group, both
during daytime and nighttime, none of the ambulatory BP variability measures were
significantly associated with cognitive test scores.

Ambulatory BP measurements are more accurate than office BP for the diagnosis of HTN
[8, 9] and correlate more strongly with cardiovascular hypertensive TOD in both children
and adults.[1, 9-12] Similar to the subclinical effects of HTN on the heart (i.e., LVH) and
vessels (i.e., increased cIMT, arterial stiffness), subclinical TOD may occur in the brain and
affect cognition.[20-23] In adults, nocturnal BP abnormalities have been associated with
cognitive dysfunction.[20, 21] In a sub-study of the Coronary Artery Risk Development in
Young Adults (CARDIA) Study, an abnormal nocturnal BP pattern (less systolic BP dipping
and higher diastolic BP) was associated with lower executive function in midlife,
independent of multiple measures of office BP during long-term follow up.[20] Similarly, in
a large cohort of children with mild-to-moderate chronic kidney disease (CKD), increased
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diastolic load and decreased diastolic nocturnal dipping were independently associated with
lower neurocognitive test performance when compared to matched controls.[23]

Increased short and long-term BP variability has been associated with TOD and lower
cognitive function in hypertensive adults.[13, 15, 24-28] Kanemaru et al. showed that
increased short-term variability of daytime BP and high nighttime systolic BP were
associated with cognitive impairment as assessed by the Raven’s Colored Progressive
Matrices Test, a test that assesses nonverbal problem solving.[24] Similarly, using data from
the CARDIA Study, Yano et al. demonstrated that long-term BP variability (for over 25
years) was associated with worse psychomotor speed and verbal memory tests in midlife,
independent of cumulative exposure to BP during follow-up.[15] Similarly, in children with
mild-to-moderate CKD, higher long-term BP variability, specifically higher systolic visit-to-
visit BP variability, was independently associated with decreased D-KEFS Category
switching scores.[22] However, in our study of hypertensive children without CKD,
increased BP short-term variability was not independently associated with worse
neurocognitive test scores. These results suggest heightened BP variability may not impact
cognition until later in the lifespan. It is known that BP variability increases with age and is
most prominent in the elderly.[29] It is possible that the magnitude of BP variability is not
severe enough or that increased BP variability has not been present for long enough in youth
with primary hypertension to effect neurocognitive test performance.

The current study has several limitations. The sample size was relatively small which may
have limited our ability to detect more modest associations with office BP and BP variability
with neurocognitive testing results. We did not standardize the office automated
oscillometric device across participating study centers. In addition, BP was obtained with an
oscillometric monitor on the day of the neurocognitive testing. It is possible that, as
oscillometric measurements overestimate BP,[30] the differences between office and
ambulatory BP and cognition may have been even greater had we obtained manual,
auscultatory BP at that visit. Also, we did not evaluate longer term, visit-to-visit BP
variability. Lastly, we did not have information on low birth weight or prematurity, factors
that can influence BP level.[31]

In conclusion, we showed that 24-hr ABPM (mean BP and BP load, but not BP variability)
is more likely than office BP to identify youth with diminished neurocognitive test
performance. These findings need to be confirmed with studies that include a larger sample
size and a greater range of hypertension severity. Our findings underscore the importance of
24-hr ABPM in the assessment of children with elevated BP for assessment of TOD. Future
studies directed at the amelioration of the potential cognitive effects of hypertension in youth
should include 24-hr ABPM for assessment of severity of BP elevation and evaluation of
hypertension control.
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Figure 1.
The relation between scores on the Rey Auditory Verbal learning Test (RAVLT) short delay

recall subtest mean systolic blood pressure (SBP) index on office and ambulatory blood
pressure monitoring (ABPM) measures. Subjects who scored in the lower quartile on the
short delay recall test are shown in black and subjects who scored higher are shown in grey.
There was no difference in office SBP index between subjects who scored in the lower
quartile and those who scored better. By contrast, subjects with worse performance on the
short delay recall subtest had significantly higher ambulatory mean wake SBP index
compared with that of subjects who scored better.
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Table 1
Neurocognitive Measures
Cognitive Subtest Domain
Rey Auditory Verbal Learning Test (RAVLT) List A Trial 1[32] Attention

Rey Auditory Verbal Learning Test (RAVLT) List A Total

Learning, Verbal Memory

Rey Auditory Verbal Learning Test (RAVLT) Short delay recall

Learning, Verbal Memory

CogState Maze Delayed Recall[33]

Visual Memory

Wechsler Abbreviated Scale of Intelligence (WASI) Vocabulary[34]

Vocabulary

Grooved Peghoard, dominant hand[32]

Manual Speed and Dexterity
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