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Abstract

Objective—To determine the relations between hypertension and parental ratings of behavior and
executive functions in children with primary hypertension and to examine the potential moderating
influence of obesity.

Study Design—Hypertensive and normotensive control groups were matched for age, sex, race,
intelligence quotient, maternal education, household income, and obesity. Parents completed the
Child Behavior Checklist (CBCL) to assess Internalizing and Externalizing problems and the
Behavior Rating Inventory of Executive Function (BRIEF) to assess behavioral correlates of
executive function.

Results—Thirty-two hypertensive subjects and 32 normotensive controls (10 —18y) were enrolled.
On the CBCL, hypertensives had higher Internalizing T-scores (53 vs. 44.5, p = 0.02) with 37%
falling within the clinically significant range vs. 6% of controls (p = 0.005). Internalizing score
increased with increasing BMI percentile in hypertensive, but not normotensive, subjects.
Hypertensives had worse BRIEF Global Executive Composite (GEC) T-scores compared with
controls (50 vs. 43, p = 0.009).

Conclusions—Children with both hypertension and obesity demonstrate higher rates of clinically
significant internalizing problems, and hypertensives (irrespective of obesity) demonstrate lower
parental ratings of executive function compared with normotensive controls.
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Introduction

Methods

Participants

Investigators have long postulated that psychological factors may influence the development
of sustained hypertension.1 The prevalence of hypertension is increased in adults with
depression, anxiety, and panic disorder.2 Furthermore, recent studies indicate that baseline
anxiety, depression, and hostility in normotensive adults are independent predictors of long-
term incident hypertension.3‘6

There is also evidence that hypertension may have a negative impact on neuropsychological
processes.7 Studies demonstrate that young adults with mild to moderate hypertension have
reduced performance on neuropsychological testing compared with normotensive controls,
particularly within the domains of learning, memory, attention, abstract reasoning, and other
executive functions.8=14 Furthermore, the deficits in cognitive function in young hypertensive
adults have been shown to improve with effective antihypertensive therapy.15 Unlike studies
in adults, data on the potential effects of hypertension on neuropsychological processes in
children are limited.16

Children with primary hypertension are frequently overweight. Both adult and childhood
obesity have been associated with an increased prevalence of internalizing problems, in
particular depressive symptoms.17 In addition, recent studies suggest that obesity itself has
potential negative effects on neurocognitive function in adults independent of the effect of
blood pressure, although evidence for this association in children is less clear.18-20

To our knowledge, the relations between hypertension and both psychological and
neurocognitive processes have not been evaluated in children with sustained primary
hypertension. Accordingly, the objective of the current study was to examine these relations
by comparing parental assessments of internalizing and externalizing behaviors and executive
function in children with primary hypertension to that of normotensive controls. The potential
moderating influence of obesity on these associations was also examined.

Newly diagnosed, untreated hypertensive children and adolescents, ages 10-18 years, were
recruited from the Pediatric Hypertension Clinic at the University of Rochester Medical Center.
All hypertensive subjects had a history of office systolic and/or diastolic blood pressure >
95t percentile on at least 3 occasions.?! Sustained hypertension was confirmed by 24-hr
ambulatory BP monitoring (ABPM), where hypertension was defined as mean daytime and/
or nighttime BP > 95 percentile for pediatric ambulatory norms.22 Children with both mean
daytime and nighttime BP < 95 percentile were considered to have white coat hypertension
and were excluded from the study. Because of the potential for confounding
neuropsychological abnormalities, children with a known learning disorder (Section 504 plan
or individual education plan), disorders of cognitive function, treatment with medications for
attention deficit disorder, history of seizure disorder, history of severe head injury (loss of
consciousness > 30 minutes), and those with a previous sleep study diagnosis of obstructive
sleep apnea were excluded. Subjects with a history of chronic disease, previous treatment for
elevated lead level, or evidence of secondary hypertension were also excluded.

Healthy normotensive control subjects were recruited from the Pediatric Primary Care Practice
at the University of Rochester Medical Center and several private pediatric practices in the
Rochester, N area. Control subjects were required to have two casual BP readings < 90t
percentile in the preceding 6 months.21 The same exclusion criteria were applied for control
subjects as for hypertensive subjects. The control group was proportion matched (not
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individually matched) to the hypertensive group for mean age, sex, race (Black, Hispanic,
White), obesity, mean estimated full-scale intelligence quotient (1Q), maternal education (<
high school, high school, college, > college), and annual household income. Annual household
income was defined categorically as low, low-middle, high-middle, and high (< $25,000,
$25,000 — $55,000, $55,000 — 95,000, and > $95,000). Obesity was defined as BM1 > 95t
percentile and morbid obesity as BMI > 99t percentile. Normotensive control subjects did not
have ABPM. Study visit BP index was defined as the visit BP divided by the 95 percentile
BP for sex, age, and height. The study protocol was approved by the Research Subjects Review
Board (RSRB) at the University of Rochester Medical Center.

Ambulatory Blood Pressure Monitoring (ABPM) and Echocardiography

ABPM was performed using Spacelabs monitors 90217 (Spacelabs Medical, Issaquah, WA).
Monitors were programmed to obtain BP readings every 20 minutes from 8AM -10 PM and
every 30 minutes from 10 PM — 8 AM. 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). All hypertensive subjects also
underwent a complete 2-dimensional echocardiogram with M-mode and Doppler study
(Acuson Sequoia or Aspen, Siemens, Mountain View, CA).23 Left ventricular mass was
indexed to height2” to correct for the effect of body size.24

IQ, and Behavior Measures

Prorated 1Q was determined from the Block Design and VVocabulary subscales of the Wechsler
Intelligence Scale for Children, Fourth Edition (ages 10 — 15 years) or the Wechsler Adult
Intelligence Scale, Third Edition (ages > 16 years).25 Parents completed the Achenbach Child
Behavior Checklist (CBCL) and the Behavior Rating Inventory of Executive Function
(BRIEF).26,27

The CBCL is a 118 item measure of internalizing and externalizing behaviors designed for the
evaluation of children aged 6 — 18 years. Internalizing behaviors reflect mood disturbance,
including anxiety, depression, and social withdrawal. Externalizing behaviors reflect conflict
with others and violation of social norms. The CBCL provides syndrome scales, DSM-1V
oriented scales, and three composite scales (Internalizing, Externalizing, and Total Problems)
reported as both raw scores and sex and age normed T-scores. T-scores are standardized scores,
derived from raw scores, that have a normal distribution with a mean of 50 and a standard
deviation of 10, whose purpose is to facilitate comparisons of results across groups. Higher
scores indicate greater degrees of behavioral and emotional problems. The lower limit T-score
of the syndrome scales and DSM-1V oriented scales are truncated at 50; however, the composite
scales are not truncated.28 Therefore, the current study analyzed raw scores for the syndrome
scales and DSM-1V oriented scales and T-scores for the composite scales. As a result, the
syndrome and DSM-oriented scale data are not sex and age normed. T-scores > 64 on the
Internalizing, Externalizing, or Total Problem scales are considered in the clinical range,
indicative of deviant behavior in the range of children referred for professional mental health
evaluation for behavioral or emotional problems.26

The BRIEF is an 86 item garent—report measure designed to assess executive functioning in 5
— 18 year old children.27:28 |t reports 8 subscales which reflect different aspects of executive
function. There are two composite scales - the Behavior Regulation Index (BRI) and the
Metacognition Index (MI), and a summary score, the Global Executive Composite (GEC).
Results are reported as gender and age-normed T-scores and higher scores indicate greater
cziggrees of dysfunction. Scores > 65 are considered to be potentially clinically significant.27’
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Statistical Analysis

Results

Participants

The normotensive and hypertensive groups were compared using 2-sample t-tests for
continuous variables and the Fisher’s exact test for categorical variables. For variables with
distributions violating assumptions of normality, Wilcoxon rank sum tests were used. Results
are reported as mean + SD or median and interquartile range, where appropriate. Correlations
were determined using Spearman’s rank correlation coefficients. Multiple linear regression
was performed to investigate the potential interaction between hypertension and obesity on
Internalizing scores and BRIEF GEC scores, with either Internalizing score or GEC score as
the dependent variable and hypertension (Y/N), BMI percentile, and an interaction term for
hypertension and BMI percentile as independent variables. The significance level of the data
analysis was set at 0.05. Analyses were performed with SAS (version 9.1, SAS Institute Inc,
Cary, NC).

Thirty-two subjects with sustained hypertension and 32 normotensive control subjects were
enrolled in the study. As expected by the matching criteria, the hypertensive group and control
groups were similar in age, sex, race, percent obese, 1Q, maternal education, and household
income, but differed by study visit BP index (Tablel; online). Because of a trend toward
differences by gender, subsequent multivariate analyses controlled for gender. Nightly snoring,
a surrogate for potential obstructive sleep apnea, was reported in 12.5% of control subjects and
9.4% of hypertensives (p = 0.99).

CBCL Results: Internalizing and Externalizing Behaviors

Hypertensive subjects had higher median T-scores for the Internalizing scale and a higher
proportion of subjects with Internalizing T-scores in the clinical range compared with controls
(Table 2). On analysis of subscales, the hypertensive group had higher raw scores on the
Anxious/Depressed, Withdrawn/Depressed, Social Problems, Attention Problems, and
Aggressive Behavior syndrome scales and the Anxiety Problems, Attention Deficit/
Hyperactivity Problems, and Oppositional Defiant Problems DSM-oriented scales.

Figure 1 shows the proportion of subjects with Internalizing scores in the clinical range, with
subjects stratified by both blood pressure (hypertensive vs. normotensive) and weight (obese
vs. not obese). The increase in elevated Internalizing score was limited to the subjects who
were both hypertensive and obese, with over 50% demonstrating scores in the clinical range
(hypertensive/obese vs. normotensive/normal weight, 52.9 vs. 6.7%; p = 0.007). Subjects with
obesity alone, without hypertension, did not differ from normal weight normotensive subjects
in the proportion with Internalizing score in the clinical range (5.9 vs. 6.7 %, p = 0.99).
Furthermore, none of the 6 subjects with morbid obesity in the normotensive control group
had an Internalizing score in the clinical range, whereas 7 of 12 (58%) of subjects with morbid
obesity in the hypertensive group had Internalizing scores in the clinical range (p = 0.038).
Multiple linear regression was fit to further investigate the potential interaction between
hypertension and obesity on Internalizing problems, including an interaction term for
hypertension and BMI percentile in the model. The results of the regression analysis confirmed
a significant interaction between hypertension and BMI percentile on Internalizing behaviors
(interaction term, p = 0.04, Figure 2). For the hypertension group, with each one unit increase
in BMI percentile, Internalizing scores increased by 0.26 units on average (95% CI =0 - 0.52,
p = 0.05). There was no significant association detected between Internalizing problems with
BMI percentile in the normotensive control group. The results did not differ when gender was
included as an independent variable in the regression model (data not shown).
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BRIEF Results: Executive Function

The hypertensive group had higher median T-scores (poorer executive function) on the BRI,
MI, and GEC composite scales compared with normotensive controls. On analysis of subscales,
the hypertensive group had higher median T-scores on the Shift, Emotional Control, Initiate,
Working Memory, Plan, and Monitor scales. The proportion of subjects with T-scores in the
clinically significant range was not different for any BRIEF composite scale for hypertensive
subjects compared with controls, with only 2 — 5 subjects in the clinical range for each scale
(Table 3). There was no correlation between any of the BRIEF scales or the Internalizing CBCL
scale and daytime SBP, sleep SBP, daytime DBP, sleep DBP, 24-hr SBP load, 24-hr DBP load
on ABPM or LVMI on echocardiography (data not shown). Interaction analysis between
hypertension and obesity was repeated on executive function (GEC scores). The regression
analysis results did not show a significant interaction between hypertension and BMI percentile
on GEC scores (interaction term, p = 0.29). The result did not differ after including gender as
a covariate in the model.

Due to the statistical trend of more males in the hypertensive group, regression analyses were
done to evaluate differences between the hypertensive and control groups in behavior and
executive function after controlling for sex, with Internalizing and GEC T-score as the
dependent variables separately. Hypertension remained a significant predictor of both the
Internalizing (p = 0.024) and GEC scores (p = 0.028), whereas sex was not a significant
predictor of either Internalizing (p = 0.68) or GEC score (p = 0.37).

Discussion

In the current study, parental assessments of internalizing and externalizing behaviors and
behaviors associated with executive functions of children with sustained primary hypertension
were compared to assessments of normotensive controls proportionally matched to the
hypertensive group for age, sex, race, 1Q, maternal education, and household income. The
groups were also matched for obesity, a factor that has been associated with anxiety and
depression, and implicated in decreased performance on neurocognitive testing.17_20
Compared to normotensive controls, hypertensive subjects demonstrated more anxiety,
depression, and social problems, as well as more problems with parent-rated attention on the
CBCL. On further analysis, increased risk of elevated internalizing behavior was largely
limited to subjects who were both obese and hypertensive, with half of obese hypertensive
children demonstrating Internalizing scores in the clinical range, a score associated with
referral for professional mental health services for behavioral or emotional problems.
Multivariate regression analysis confirmed a significant interaction between obesity,
hypertension, and internalizing behaviors, showing that higher BMI percentile was associated
with higher Internalizing scores in subjects who were hypertensive, but not in normotensive
subjects. Taken together, these findings suggest an interrelationship among obesity,
hypertension, and anxiety/depression and demonstrate that potentially clinically significant
anxiety and depression are not uncommon in children with obesity-associated hypertension.
The mechanism linking negative affect (anxiety and depression) and hypertension is unclear.
However, adults with anxiety have an increased prevalence of autonomic dysregulation
(reduced heart rate variability) and increased sympathetic nervous szlstem activity, factors that
have been implicated in the pathogenesis of primary hypertension. 9-31

Studies in adults with untreated, mild-to-moderate hypertension show that hypertensives have
diminished performance on neurocognitive testing compared with normotensives, particularly
in the domains of working memory, attention, abstract reasoning, and executive function.’~
14 The disparity in performance on neurocognitive testing between hypertensives and
normotensives is more pronounced in young adults compared with middle-aged adults, 11,13
afinding with potential implications for hypertensive children and adolescents. The mechanism
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of hypertension associated reduced performance on neuropsychological testing remains
unknown. Investigators have postulated that hypertension leads to small vessel remodeling
which, in turn, results in decreased ability to enhance regional cerebral blood flow in response
to increased neuronal activity.7 Similar to the findings in young adults, the current study also
found that ratings of executive function impairment were elevated in hypertensives compared
with controls. The greatest differences were noted in the Emotional Control and Monitor scales,
where there was more than one standard deviation difference between groups. The Emotional
Control scale evaluates the subject’s ability to modulate emotional responses and the Monitor
scale evaluates the subjects self-monitoring during and soon after a task to assure goal
attainment.27+28 The finding of more problems with parent-rated attention on the CBCL in
the hypertension subjects is consistent with the higher scores on the BRIEF Working Memory
scale, an expected correlation which has been attributed to the fact that working memory
theoretically underlies attentional functioning.27 In contrast to results from the CBCL,
hypertensives did not differ from normotensive controls in the proportion of subjects with
scores in the clinically significant range for any BRIEF scale. Instead, the differences between
groups occurred largely within the normal range. These results parallel findings in adults, where
some neuropsychological measures differ by a full standard deviation between hypertensives
and normotensive controls, but few hypertensives are classified as cognitively impaired. In a
review of hypertension and cognition, Waldstein and colleagues conclude that, while young
hypertensive adults are not clinically impaired, their deficits on neuropsychological testing
may still be clinically significant, equivalent to the difference between an average and above
average test score.11 The current study findings suggest that children and adolescents with
primary hypertension may have a similar level and magnitude of deficits in some
neuropsychological processes. The practical significance of these deficits is not known but one
might speculate that the presence of such deficits would be problematic in the cognitively
challenging environment of school, and especially as executive demands increase over
successive school years. Future research using direct testing of executive function in
hypertensive children, as well as longitudinal assessments, would help to confirm the presence
of executive function deficits in hypertensive children and to clarify the significance of such
deficits.

The current study has several limitations. Most importantly, the cross-sectional study design
limits inference on the causal relationship between internalizing problems, hypertension, and
deficits in executive function. A second limitation is that the measures of internalizing and
externalizing problems and executive function were limited to parental assessments of
behavior. While both the CBCL and the BRIEF evaluate problems by asking about child
behaviors, factor analysis supports that the factors assessed by the Internalizing and
Externalizing] scales of the CBCL are distinct from factors assessed by the summary scales of
the BRIEF.2/+28 |n addition, while standard direct tests of executive function are available for
children, some investigators suggest that the BRIEF is a more sensitive assessment of executive
deficits in daily life.2% Third, despite the matching criteria, there was a trend toward more
males in the control group. This limitation should have been ameliorated by the use of sex-
normed T-scores (with the exception of the syndrome and DSM-oriented CBCL scales, where
raw scores were reported). In addition, regression analyses results showed that sex did not have
a moderating effect on study group differences. Lastly, the normotensive subjects 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.
However, this limitation would have biased the results toward no difference in behavior scores
between the hypertensive and normotensive subjects.

In summary, children with both obesity and hypertension appear at high risk for potentially
clinically significant internalizing problems, and hypertensive children, regardless of obesity,
have evidence of deficits in executive function. Behavioral screening should be conducted in
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this at-risk population to identify those children who may need professional mental health
services.

Previous investigators have suggested that the neurocognitive deficits seen in hypertensives
are an early manifestation of hypertensive target organ damage of the brain.” If this were the
case, then one might expect these deficits to be reversible with antihypertensive treatment.
Studies to determine if the neuropsychological deficits in hypertensive children improve with
antihypertensive therapy are warranted.
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Comparison of percent with Internalizing score in the clinical range with subjects stratified by
both hypertension and obesity. Value inside bars shows the number of subjects in each stratum.

* P < 0.05 compared with Nml BP/NmI Wt group.
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Figure 2.
The effect of hypertension on the relationship between BMI percentile and Internalizing score.
Internalizing score and BMI percentile are both plotted as continuous variables.
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Table 1
Demographic characteristics of normotensive and hypertensive groups.

Characteristic Normotensive N = 32 Hypertensive N = 32 P-value
Age () 15 (13- 16) 16 (14-17) 0.18
Sex (M/F) % 53/47 78122 0.064
Race (Black/Hispanic/White) % 28/0/72 31/3/66

Obesity % 53 53 0.99
Morbid obesity % 19 37 0.16
1Q 100 +18 9 +14 0.79
Maternal education (<HS/HS/college/>college) % 6/56/25/13 9/47/34/10 0.81
Household Income (low/low-mid/high-mid/high) % 14/38/34/14 14/54/21/11 0.66
Study visit SBP index 0.85 +0.06 1.04 + 0.09 <0.001
Study visit DBP index 0.74 + 0.06 0.84 +0.13 <0.001

*
median (interquartile range);

A

mean = SD
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Table 2
CBCL results: Emotion, Behavior, and Internalizing/Externalizing Symptoms ™

1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

CBCL Scale Normotensive N = 32 Hypertensive N = 32 P- value

Syndrome Scales (raw scores)

Anxious/Depressed 0(0-2) 25(1-7) 0.002
Withdrawn/Depressed 0(0-1) 1.5 (0-4) 0.038
Somatic Complaints 1(0-2.5) 2 (0-5) 0.11
Social Problems 0(0-1) 1(0-3.5) 0.01
Thought Problems 1(0-2) 1(0-2.5) 0.47
Attention Problems 1(0-2.5) 2 (1-5) 0.005
Rule Breaking Behavior 0.5 (0-2) 1(1-2.5) 0.12
Aggressive Behavior 1(0-3.5) 3(1-6.5) 0.041

DSM-Oriented Scales (raw scores)

Affective Problems 1(0-2) 2 (0-4.5) 0.082
Anxiety Problems 0(0-1) 1.5(0-3) 0.0014
Somatic Problems 1(0-2) 1(0-3.5) 0.14
ADHD Problems 1(0-2) 3(1-5.5) 0.005
Oppositional Defiant 1(0-1) 1.5(1-3) 0.025
Conduct Problems 0 (0-1.5) 0.5 (0-2.5) 0.22
Internalizing
T-score 44.5 (36.5-50) 53 (42.5-65.5) 0.022
% in clinical range 6 37 0.005

Externalizing
T-score 44 (34-50) 48.5 (41.5-55) 0.087

% in clinical range 6 3 0.99

1duosnue Joyiny vd-HIN

*
Median (interquartile range); Syndrome scale and DSM-oriented scale results reported as raw scores; Internalizing and Externalizing results reported as
T-scores.
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BRIEF results: Executive Function *

Table 3

BRIEF Scale Normotensives N= 32 Hypertensives N = 32 P- value
Inhibit 42 (42-47.5) 45 (42-54) 0.17
Shift 41.5 (38-45) 47 (40.5-59) 0.01
Emotional control 41 (39.5-46.5) 53 (41-60) 0.001
Initiate 43 (38.5-50) 51 (44.5-57.5) 0.019
Working memory 42 (40-51.5) 48.5 (43.5-59) 0.029
Plan/Organize 44 (40.5-50) 50 (47-57) 0.021
Organization of Materials 46 (40-58.5) 49 (43-57) 0.63
Monitor 40 (38.5-50) 51 (42.5-58) 0.003
BRI 42.5 (39.5-44.5) 51 (41.5-57.5 0.014
% in clinical range 3 8 0.43
MI 44 (39-51) 51 (44-56.5) 0.031
% in clinical range 5 6 0.99
GEC 43 (38.5-48) 50 (42.5-57) 0.009
% in clinical range 3 6 0.67

*
Median (interquartile range)
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