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The prevalence of primary hypertension in children has increased significantly, in parallel 

with the childhood obesity epidemic.(1, 2) School screening studies reveal that the current 

prevalence of hypertension in the US is 2 – 4% overall,(3) and as high as 10% in children 

who are overweight;(4) a remarkably high number given that nearly 20% of adolescents in 

the US are obese.(5) This striking prevalence of primary hypertension has important 

implications for both the short-term development of target-organ damage during youth itself 

and long-term development of premature hypertension related morbidity. Youth with 

hypertension commonly manifest adverse target-organ effects on the heart and vasculature, 

including left ventricular hypertrophy, increased carotid thickness, and increased arterial 

stiffness.(6) There is now emerging evidence for adverse effects on the brain as well in 

children with moderate hypertension,(7) findings with significant implications for the impact 

of primary hypertension on cognition both during childhood and later in life. This review 

will summarize the growing evidence for an association between early life hypertension and 

lower cognition both in mid-life and during childhood itself.

Early Life Primary Hypertension and Mid-life Cognition

Studies relating elevated BP in early adulthood with subsequent mid-life cognition lend 

biological plausibility to the possibility that even earlier hypertension, in childhood and 

adolescence, may also impact cognition later in life. In one of the first studies to examine the 

impact of blood pressure on cognitive decline in young adults, investigators of the Maine-

Syracuse Longitudinal Study determined the relation between blood pressure and cognitive 

decline over 20 years in 529 participants, consisting of both younger adults (mean age, 34.9 

y; range, 18 – 46 y) and older adults (mean age, 58.1 y; range, 47 – 83 y) at enrollment.(8) 

Subjects underwent neurocognitive testing from 1 to 4 times with a mean time between tests 

of 5 years. Older and younger adult age groups were categorized by mean arterial blood 

pressure (MAP), either < 105 mm Hg or ≥ 105 mm Hg. The authors projected expected 

cognitive decline over 20 years (Figure 1). Both younger and older age groups with higher 

MAP showed substantially steeper cognitive decline compared with subjects with lower 

MAP, although the effect size was relatively small. The investigators concluded that young 
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hypertensive adults are as susceptible to blood pressure-associated longitudinal decline in 

cognitive performance as are older adults and that the decline starts in young adulthood.

In a more recent report, the potential effect of hypertension from young adulthood on 

cognition in mid-life was reported by the Coronary Artery Risk Development in Young 

Adults (CARDIA) Study.(9) The CARDIA study investigators enrolled 3,381 young adults, 

aged 18 to 30 years at baseline (mean age, 25.1 y), and completed follow-up examinations 

with blood pressure every 2 – 5 years. The subjects then underwent neurocognitive 

assessment at year 25 when the mean age of the cohort was 50.2 years old. After adjusting 

for age, sex, race, and education, higher 25-year cumulative exposure to systolic and 

diastolic blood pressure and fasting blood glucose from young adulthood were associated 

with lower neurocognitive test performance in mid-life on measures of verbal memory, 

processing speed, and executive function.

Most recently, the Cardiovascular Risk in Young Finns Study demonstrated that systolic 

hypertension in childhood and adolescence was associated with lower cognitive test 

performance in midlife.(10) Specifically, this study followed nearly 3,600 children, ages 3–

18 years at study entry, for 31 years, with 2,026 available for follow-up between the ages of 

34 and 49 years. They reported that the cumulative burden of early cardiovascular risk 

factors (systolic blood pressure, high total cholesterol, and smoking) from ages 6 to 24 years 

old were each significantly and independently related to poorer performance on measures of 

episodic memory and learning in midlife. The investigators defined high systolic blood 

pressure during youth as continuous area under the curve exposure greater than the 75th 

percentile. Importantly, this was one of the first studies to link hypertension during 

childhood itself to poorer cognitive performance in later adult life. The investigators also 

evaluated the additive effect of cardiovascular risk factors during youth on mid-life 

cognition, an important analysis as hypertension in youth often clusters with other 

cardiovascular risk factors that may have further negative effects on cognition, including 

metabolic syndrome, insulin resistance, and hyperlipidemia. They found that youth with 2 or 

3 risk factors (systolic BP, total cholesterol, and/or smoking) above recommended clinical 

guidelines from 6 to 24 years of age performed progressively less well on neurocognitive 

testing in mid-life compared with the cognitive performance of youth with zero or only one 

risk factor above recommended guidelines.

Early Life Primary Hypertension and Cognition in Early Life

In addition to the association between early life hypertension and downstream mid-life 

cognition, studies also indicate that early life hypertension can influence cognition much 

earlier, well before mid-life. In fact, young adults with primary hypertension, while not 

cognitively impaired, have decreased performance on neurocognitive testing compared with 

that of matched normotensive young adult subjects, particularly in the domains of attention, 

working memory, and executive function, a finding postulated to represent an early 

manifestation of hypertensive target organ damage.(11, 12) It is important to emphasize that 

most young adults with primary hypertension are not cognitively impaired. Instead, the 

differences in test scores between hypertensive and normotensive young adults occur within 

the broad normal range of the neurocognitive tests. In other words, hypertensive young 
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adults have lower cognitive test performance only in comparison with that of normotensive 

controls.(13) Studies in young adult have controlled for other factors known to affect 

cognition in this age group including alcohol consumption, education, anxiety, and 

depression.

Over the last 15 years, database, single-center, and multicenter studies have provided 

evidence that elevated BP in children and adolescents is associated with lower performance 

on neurocognitive testing during youth itself. The relation between elevated blood pressure 

and neurocognitive test performance in children was first investigated in a cross-sectional 

analysis of 5,077 children 6–16 years old (mean age, 11.5 years) who participated in 

NHANES III, a nationally representative sample of noninstitutionalized US children and 

adults.(14) After adjusting for socioeconomic status, obesity, and other demographic factors, 

elevated SBP ≥90th percentile remained independently associated with lower Digit Span 

scores, a measure of verbal attention and working memory. The association between 

increased SBP and lower Digit Span scores was even more pronounced for children with 

SBP in the hypertensive range, suggesting a dose-response effect of elevated BP on 

cognition.

Another recent cross-sectional analysis of 5,853 young children (mean age, 6.2 years) who 

participated in the Generation R Study, a population-based birth cohort in Rotterdam, The 

Netherlands, evaluated the relation between blood pressure and a standardized nonverbal IQ 

score.(15) Blood pressure was not categorized into elevated and non-elevated groups but 

instead was evaluated as a continuous variable across the normal BP range. After controlling 

for age, birth weight, body mass index, physical activity, and other potential confounders, 

higher diastolic blood pressure remained independently associated with lower nonverbal IQ 

score in this very young cohort. The association remained statistically significant after 

excluding the top decile of diastolic BP, suggesting that the relation holds even in the 

normotensive range.

A single center report of 14-year-old boys participating in a longitudinal study of the 

development of aggression found that subjects with SBP in the high normal range had 

significantly lower performance on spatial learning and memory compared to subjects with 

lower SBP.(16) In addition, subjects with both a parental history of hypertension and high 

normal SBP had lower performance on verbal learning, also suggesting that lower 

neurocognitive test performance in children may be detectable even within the normotensive 

range, and that there may be a genetic predisposition to such deficits. In a subsequent 

prospective, single-center report, adolescents (median age, 15 y) with newly diagnosed 

primary hypertension had worse scores on parent ratings of executive function compared 

with matched normotensive controls.(17) Furthermore, the parent ratings of executive 

function of subjects with hypertension improved significantly after one year of 

antihypertensive therapy. By contrast, the parent ratings of the control subjects did not 

change.(18)

Secondary analysis of registry data to investigate the relation between blood pressure and 

cognition has several significant limitations. High blood pressure is usually determined by 

casual (office) blood pressure measurement, often on a single occasion, rather than 
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ambulatory blood pressure monitoring (ABPM), thereby allowing subjects with white coat 

hypertension to be included as having elevated blood pressure. Registries often include a 

very limited number of cognitive measures that have been selected for an unrelated purpose. 

A prospective multicenter study of neurocognition in children and adolescents was 

specifically designed to address the limitations of previous studies.(19) Hypertension-

associated reductions in neurocognitive test performance tend to be relatively small in 

magnitude, and absolute scores fall within the broad developmentally normal range. The 

multicenter study was specifically designed to minimize the possibility that subject 

characteristics known to more strongly influence performance on tests of cognition, such as 

socioeconomic status, would overshadow potential group differences due to hypertension.

(20) The neurocognitive test performance of 75 untreated newly diagnosed 10 to 18-year-old 

subjects with primary hypertension was compared to that of 75 frequency matched 

normotensive control subjects. Both hypertension and control groups underwent baseline 

ABPM to confirm sustained hypertension and normotension, respectively.

The results showed that hypertension was independently associated with decreased 

performance on neurocognitive measures of verbal learning, memory, fine-motor dexterity, 

and vocabulary (Table 1). The effect sizes of the group differences were modest but 

increased when the hypertension group was limited to subjects with severe ambulatory 

hypertension, suggesting a dose effect of hypertension on neurocognitive test performance. 

There were no measures where the control subjects performed worse than the hypertension 

subjects. It is important to emphasize that the differences in neurocognitive test performance 

between hypertensive and control subjects occurred within the normal range of the 

neurocognitive measures, similar to results in young adults. The subjects with hypertension 

were not cognitively impaired but instead had lower cognitive test performance only relative 

to the normotensive control group. The results also revealed a significant interaction between 

disordered sleep, as measured by the Pediatric Sleep Questionnaire (PSQ), and hypertension 

on ratings of executive function, such that hypertension heightened the expected association 

between increased disordered sleep and worse executive function(21) (Figure 2). This 

finding is significant as disordered sleep and primary hypertension in children are highly 

comorbid, and children with sleep apnea often have more severe BP elevation.(22) The study 

also showed that ABPM is superior to office BP in distinguishing hypertensive youth with 

lower neurocognitive test performance, underscoring the importance of using ABPM in 

studies of cognition and blood pressure in youth.(23)

The same study evaluated the effect of antihypertensive therapy on neurocognitive test 

performance.(24) Both the hypertension and control groups had repeat ABPM and 

neurocognitive testing at 1-year. During that year, the hypertension subjects received 

standard of care antihypertension treatment consisting of lifestyle modification and 

antihypertensive medication (angiotensin converting enzyme inhibitor), when indicated. 

Overall neurocognitive test performance of the hypertension subjects improved compared 

with baseline, particularly on measures of verbal learning and memory, manual dexterity, 

and executive function. However, the control group also improved in the same measures to 

the same degree, suggesting improvements with age or practice effects (due to repeated 

neurocognitive testing), rather than improvement with treatment. However, while 69% of the 

hypertension subjects who returned for the 1-year assessment had successful improvement 
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of their hypertension, 31% had persistent ambulatory hypertension, largely due to the 

presence of masked hypertension. Secondary analysis revealed differences in neurocognitive 

test performance of the hypertension subjects according to the effectiveness of the 

antihypertensive treatment. The hypertension subjects with successful treatment had a 

similar improvement as controls in neurocognitive test scores at 1-year (analogous to results 

of the primary analysis). In contrast, the hypertension subjects with poor control of their 

hypertension did not show improvement in scores at 1-year on measures of verbal learning 

and memory or fine motor dexterity, suggesting that undertreated hypertension in youth may 

contribute to lower cognitive functioning. It appeared that effective antihypertensive therapy 

was necessary for improvement in cognition over the 1-year time course; implying that 

undertreated hypertension in youth may contribute to lower cognitive reserve and the 

beginnings of cognitive decline.

The real world impact during childhood of the modestly lower neurocognitive test 

performance in youth with primary hypertension is unclear. However, a retrospective study 

of the prevalence of learning disabilities in hypertensive youth sheds light on this question.

(25) Two hundred and one consecutive children aged 10 – 18 years referred to a pediatric 

hypertension clinic for elevated BP were ultimately diagnosed with either sustained primary 

hypertension (n = 100) or prehypertension (n = 101). Children with secondary causes of 

hypertension were excluded from the analysis. The hypertensive children were more likely 

than those with prehypertension to be receiving special education services at school for a 

learning disability (28 vs. 9%, p < 0.001) and were more likely to be receiving medication 

for attention deficit disorder (20 vs. 7%, p = 0.007). In adjusted analysis, the odds of the 

diagnosis of learning disability were four times higher in the hypertensive children 

compared with the prehypertension comparison group. These results suggest that children 

with primary hypertension may manifest real world learning and attention problems.

Hypertension and Cognition in Children with Chronic Kidney Disease

Children with chronic kidney disease (CKD) are at risk for cognitive dysfunction, and over 

half have hypertension.(26) The etiology of neurocognitive dysfunction in children with 

CKD is likely multifactorial and may include effects of the renal disease itself as well as 

effects of associated comorbidities such as anemia, hyperlipidemia, and hypertension.(27) A 

cross-sectional analysis of children 6 to 17 years enrolled in the Chronic Kidney Disease in 

Children (CKiD) study reported on the relation between auscultatory blood pressure and 

neurocognitive test performance.(28) The CKiD study is a longitudinal, observational cohort 

study of children with mild-to-moderate CKD (estimated glomerular filtration rate, 30 to 90 

ml/min per 1.73 m2) being conducted at 46 pediatric nephrology centers in North America.

(29) Subjects with elevated systolic and diastolic BP (≥ 90th percentile for age, sex, and 

height) had worse Performance IQ (PIQ) scores on the Wechsler Abbreviated Scales of 

Intelligence compared with subjects with normal BP (92.4 vs. 96.1, p = 0.03). Elevated BP 

remained independently associated with lower PIQ score, after adjusting for severity of 

CKD and other potential confounders (Figure 3). The investigators concluded that children 

with CKD may have difficulties with visual-spatial organization and visuoconstructive 

abilities that are related, in part, to elevated BP.
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Alterations in BP can have negative cardiovascular effects, not only through elevations of 

mean BP, but also through increases in blood pressure variability (BPV), a factor associated 

with the development of cardiovascular damage, renal dysfunction, and lower 

neurocognitive test scores in adults.(30) Blood pressure variability can be assessed in the 

short term, as measured by variability in measurements within a 24 hour period during 

ambulatory BP monitoring (ambulatory BPV), or in the long term as variability in office 

visit measurements over time (visit-to-visit BPV).(31) Children with CKD and hypertension 

have been shown to demonstrate increased ambulatory BPV.(32) In a separate analysis of the 

CKiD cohort, the neurocognitive test performance of children with CKD and increased BPV 

was compared to that of children with CKD and lower BPV.(31) Visit-to-visit BPV was 

assessed using the standard deviation of visit BPs and average real variability. Ambulatory 

BPV was assessed using the standard deviation of sleep and wake BP on ABPM. Subjects 

with systolic visit-to-visit BP variability in the upper tertile scored lower on the Delis–

Kaplan Executive Function System (D-KEFS) Verbal Category Switching test compared 

with subjects with BP variability in the lower tertile, after controlling for mean BP, 

demographic characteristics, and disease-related variables. Ambulatory BPV was not 

independently associated with any cognitive measure. However, the ABPM sessions in 

CKiD were obtained 6 – 12 months apart from the neurocognitive testing, limiting inference 

regarding the association between ABPM parameters and cognition. Category Switching is a 

measure of set-shifting, a component of executive function.(33) These results suggest that 

the difficulties with executive function demonstrated in children with CKD may be, in part, 

related to increased visit-to-visit BP variability.

The Neurocognitive Assessment and Magnetic Resonance Imaging Analysis of Children and 

Young Adults With Chronic Kidney Disease (NiCK) Study, a more recent single center 

study of cognition in children and young adults with CKD, extended the evaluation of the 

role of hypertension by including 24-hr ABPM concomitantly with neurocognitive testing.

(34, 35) The neurocognitive test performance of 90 subjects with CKD aged 8 – 25 years 

was compared to that of 70 control subjects. After adjusting for sociodemographic 

characteristics and estimated glomerular filtration rate, increased diastolic BP load (the 

percent of diastolic BP readings ≥ 95th percentile for pediatric ABPM norms) was associated 

with worse performance on tests of language and verbal memory and blunted diastolic 

nocturnal dipping was associated with lower scores on measures of attention. Taken 

together, results of the CKiD and NiCK studies suggest that that hypertension may be an 

important and potentially modifiable risk factor for decreased neurocognitive function in 

youth with CKD.

Potential Mechanisms of Altered Neurocognition in Primary Hypertension

Although the physiologic basis of the decreased performance in neurocognitive testing in 

hypertensive youth has not yet been elucidated, there is evidence for altered cerebrovascular 

reactivity in the young.(36–39) Cerebrovascular reactivity is an important physiologic 

mechanism for maintaining a constant cerebral flow and is defined as the capacity of the 

cerebral blood vessels to dilate (or constrict) in response to different stimuli. In addition, 

cerebrovascular reactivity may be an important biomarker for brain vascular reserve.
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Hypertension can affect small vessels resulting in vascular remodeling and impairment of 

cerebral blood flow regulation. As cognitive processing elicits regional distribution of blood 

flow, providing metabolic support to active neural areas, hypertension may interfere with 

this normal distribution of blood flow and/or decrease the ability to enhance cerebral blood 

flow in response to increased neuronal activity. This has been called the “vascular 

hypothesis” of cognitive dysfunction; this altered process might underlie the cognitive 

deficits of hypertensive individuals.(40, 41)

Different imaging methodologies (e.g., transcranial Doppler, magnetic resonance imaging) 

using different reactivity stimuli (e.g., carbon dioxide, hyperventilation) have been utilized 

to assess cerebral hemodynamics and to characterize the physiological association between 

hypertension and cerebrovascular reactivity. These methods have demonstrated impairment 

in the cerebrovascular response to changes in the arterial pressure of carbon dioxide in both 

hypertensive animals and hypertensive human subjects compared to normotensive controls.

(42)

Studies of Cerebrovascular Reactivity in Children

There are several studies that have evaluated the effects of hypertension on cerebrovascular 

reactivity with transcranial Doppler assessing changes in cerebral blood flow in response to 

different stimuli in children (Table 2). Transcranial Doppler is a non‐invasive 

ultrasonographic technique that utilizes a pulsed Doppler transducer for assessment of 

intracerebral blood flow. The middle cerebral artery is identified by placing the transducer in 

the temporal window, between the angle of the eye and the pinna above the zygomatic ridge. 

The transducer emits waves, and then receives their reflections off the surfaces of red blood 

cells within the intracranial vasculature. This information is analyzed by a computer that 

provides numerical and visual output, which are useful for inferring the flow characteristics 

of the artery.

In the first study that investigated cerebral vasoreactivity in hypertensive adolescents, 113 

hypertensive (mean age 16.4 years) and 58 normotensive (mean age 15.8 years) adolescents 

from the population-based cohort of the Debrecen Hypertension Study underwent 

transcranial Doppler measurements of the middle cerebral artery at rest and after 30 seconds 

of breath-holding as a vasodilatory stimulus.(36) Hypertension was defined by casual BP 

measurements on three different occasions with an oscillometric device. Cerebrovascular 

reactivity was expressed as percent change to the resting cerebral blood flow velocity. These 

investigators found that hypertensive adolescents have higher cerebral blood flow velocities 

at rest compared with normotensives. After inducing temporary hypercapnia by breath 

holding, there was a smaller change in mean and diastolic blood flow velocities in 

hypertensives compared to normotensive subjects, possibly reflecting decreased 

cerebrovascular reactivity among hypertensives compared to normotensive controls.

The same hypertensive and normotensive groups were assessed utilizing transcranial 

Doppler at rest and after 60 seconds of voluntary hyperventilation as a vasoconstrictory 

stimulus.(37) After assessment before and after hyperventilation, it was found that 

hyperventilation induced a less pronounced change in systolic and diastolic blood flow 

velocities in the hypertensive subjects compared to the controls, indicating a diminished 
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capacity of cerebral arterioles to vasoconstrict consistent with decreased cerebrovascular 

reactivity in hypertensive adolescents. Limitations of these initial studies were the lack of 

measuring end-tidal pressure of carbon dioxide in the study groups and BP classification 

based on casual blood pressure readings.

Another group of 106 adolescents (61 hypertensive and 45 normotensive) from the same 

cohort described above underwent transcranial Doppler measurements of cerebral blood 

flow velocities in a similar manner, but in this study, cerebrovascular reactivity was similar 

between the hypertensive and the normotensive control groups after both breathholding and 

hyperventilation. These authors did not provide an explanation for their negative results in 

regards to changes in cerebrovascular reactivity after the different stimuli compared to their 

own previous positive results.(43)

In a subsequent study, young subjects were divided according to 24-hour ABPM assessment. 

Seventy-three subjects with ambulatory hypertension (mean age 16.5 years), 47 with white-

coat hypertension (mean age 16.3 years) and 59 normotensive controls (mean age 15.8 

years) underwent transcranial Doppler at rest and after breath-holding test. Cerebrovascular 

reactivity was expressed as the percent change to the resting cerebral blood flow velocity 

value. Decreased vasodilatory reaction to carbon dioxide was present in both white-coat and 

hypertensive subjects, compared to controls, suggestive of abnormal cerebrovascular 

reactivity involving the cerebral arterioles.(38)

Another group of investigators evaluated 56 children and adolescents, from 7 to 20 years of 

age (mean age 15.3 years), and classified them according to 24-hr ABPM parameters as 

hypertensive, prehypertensive or white-coat hypertensive, and compared to normotensive 

controls.(39) All subjects were evaluated by transcranial Doppler examination of the middle 

cerebral artery while rebreathing carbon dioxide with a plastic bag. This study used a 

capnometer to measure end-tidal carbon dioxide. Cerebrovascular reactivity during 

hypercapnia was quantified by time-averaged maximum mean cerebral blood flow velocity 

and end-tidal carbon dioxide. This study found that untreated hypertensive children and 

adolescents had significantly lower cerebrovascular reactivity in response to an hypercapnic 

stimulus compared to normotensive controls (Figure 4). In addition, these researchers found 

that baseline diastolic blood pressure was inversely related to cerebral vasoreactivity. The 

authors postulated that these results suggest disordered cerebrovascular autoregulation, 

perhaps due to down-stream effects of hypertension on small vessels.(44)

In adults, it has been hypothesized that altered cerebrovascular reactivity is associated with 

lower executive function as hypertension is associated with both a decline in cognitive 

function and decreased responsiveness to carbon dioxide.(45) In children, it has also been 

suggested that the deficits in neurocognitive test performance described in hypertension may 

be secondary to abnormal cerebrovascular reactivity, as alterations in cerebral blood flow 

and possible neurocognitive deficits have been described in other diseases (e.g., sickle cell 

disease and mild-disordered breathing).(46, 47) A recent study evaluated the relation 

between cerebrovascular reactivity and executive function in hypertensive youth.(48) These 

investigators correlated the results of transcranial reactivity slopes with executive function as 

measured by the parent Behavior Rating Inventory of Executive Function (BRIEF) in a small 
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subset of children (n = 14). The transcranial Doppler reactivity slopes had a significant 

inverse relationship with BRIEF scores. While the sample size was small, these preliminary 

results suggest that children with elevated BP may have decreased executive function that is 

associated with blunted cerebrovascular reactivity, same as in adults. Taken together, the 

described studies have shown that children and adolescents with hypertension have abnormal 

response to various reactivity stimuli, suggesting abnormal cerebrovascular reactivity as a 

result of elevated BP. All of these studies have limitations, especially the low numbers of 

subjects.

Implications and Future Directions

The finding of lower neurocognitive test performance in hypertensive youth suggests that 

treatment of hypertension from adolescence may represent an opportunity to ameliorate 

subsequent cognitive decline and thereby improve downstream cognitive health. Efforts at 

primordial prevention in early childhood to decrease the development of cardiovascular risk 

factors, including elevated BP, are warranted.(49)

The studies described in this review suggest that hypertension in early life is associated with 

decreased neurocognitive test performance only relative to that of normotensive controls. 

Youth and young adults with hypertension are not cognitively impaired. Studies are needed 

to determine whether treating hypertension from adolescence would result in a lower 

incidence of cognitive decline and vascular dementia later in life, and if so, what target BP 

level would achieve these important goals. In fact, a recent scientific statement from the 

American Heart Association (AHA) on the impact of hypertension on cognitive function 

identified as a critical question whether treatment as early in life as possible, such as 

treatment in adolescence, would improve subsequent cognitive outcomes.(50) Yet 

randomized clinical trials of the impact of hypertension treatment from adolescence through 

midlife and beyond on cognitive decline and cerebrovascular outcomes would be 

prohibitively impractical. Early biomarkers of target-organ damage (TOD) to the brain are 

needed to serve as surrogates of longer term cognitive outcomes in order to conduct shorter 

term, pragmatic clinical studies. Neurocognitive testing alone as a method of detecting an 

effect of hypertension treatment on TOD to the brain would be limited by the relatively wide 

variability in neurocognitive test scores with relatively small differences in scores between 

groups. Research to establish robust neuroimaging biomarkers of hypertensive TOD in youth 

is needed to bolster and extend the findings obtained with neurocognitive testing. While 

hypertensive youth demonstrate altered cerebrovascular reactivity on TCD, that technique is 

highly operator dependent with wide inter-observer measurement variability, limiting its use 

as a neuroimaging biomarker for future clinical trials. White matter hyperintensities (WMH) 

on MRI are the hallmark of hypertension-associated cerebral small vessel disease; these late 

findings occur primarily in the elderly. With the advent of diffusion tensor imaging (DTI), it 

has become clear that hypertension causes more subtle damage to white matter 

microstructural integrity well before the development of WMH. A report from the 

Framingham Heart Study showed a strong relation between elevated systolic BP and 

decreased white matter integrity on DTI in young adults,(51) indicating that impaired white 

matter integrity is demonstrable in the early stages of hypertension. Studies to establish 

robust neuroimaging markers of hypertensive TOD in youth, such as DTI, would allow 
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clinical trials to optimize the effect of antihypertensive treatment from adolescence on 

cerebrovascular health and thereby ultimately improve downstream cognitive outcomes.

A confounding challenge to the study of neurocognitive test performance in hypertension is 

that the cognitive domains and the specific tests affected often vary widely between studies. 

These differences are in part related to the inconsistency in the neurocognitive test battery 

administered, which in turn complicates comparison of results across studies. As a 

consequence, the recent Scientific Statement from the AHA identified the need for applying 

uniform cognitive outcomes across studies.(50) Future studies to establish standardized 

neurocognitive testing that distinguishes hypertensive subjects across the lifespan are needed 

for longitudinal assessment of the effects of hypertension and its treatment on cognitive 

health, starting from its earliest stages.
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Figure 1. 
Projected cognitive decline in hypertensive young adults. Linear regression lines for 

performance on a visualization/fluid intelligence composite score for older and younger 

adult age groups categorized by mean arterial blood pressure (MAP), either < 105 mm Hg or 

≥ 105 mm Hg. Each regression line represents the estimated cognitive decline expected over 

20 years for the two age groups by MAP category. Adapted with permission from reference 

8.
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Figure 2. 
The effect of hypertension on the relation between disordered sleep as measured by PSQ 

score and executive dysfunction as measured by the Parent Behavior Rating Inventory of 

Executive Function Behavior Regulation Index (BRIEF BRI) score. Higher scores on the 

PSQ and BRIEF represent worse parent ratings of disordered sleep and executive function, 

respectively. HTN heightened the association between increased disordered sleep and worse 

executive function, interaction term, P = .04. Adapted with permission from reference 19.
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Figure 3. 
Partial residual plots showing that higher systolic and diastolic BP index are associated with 

lower WASI Performance IQ in children with mild-to-moderate CKD. Adapted with 

permission from reference 28.
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Figure 4. 
Cerebrovascular reactivity as measured by Transcranial Doppler. Untreated hypertensive 

adolescents had blunted cerebrovascular reactivity to hypercapnia compared with 

normotensive controls. Groups: C, control; HU, hypertension untreated; PH, 

prehypertension; WCH, white coat hypertension. Adapted with permission from reference 

39.
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Table 1.

Neurocognitive test performance of youth with primary HTN relative to that of matched normotensive control 

subjects. Shown are multivariate results for individual neurocognitive subtests for measures where HTN 

subjects performed less well than controls.

Neurocognitive Subtest Cognitive Domain β β SE P value*

RAVLT Trial 1 Attention −0.58 0.27 0.034

RAVLT Total Learning, Verbal Memory −3.25 1.24 0.009

RAVLT Short delay Learning, Verbal Memory −1.12 0.44 0.013

CogState Maze Delayed Recall Memory 3.7 1.2 0.002

WASI Vocabulary General Intelligence −3.7 1.5 0.016

Grooved Pegboard, dominant hand Manual Dexterity 4.5 2.3 0.04

Adapted with permission from reference 19.

RAVLT = Rey Auditory Verbal Learning Test; WASI = Wechsler Abbreviated Scale of Intelligence

*
adjusted for age, maternal education, household income, African American race, Hispanic ethnicity, PSQ-SRBD score, sex, triglyceride level, and 

glucose level.
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