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Abstract
Objective
To test the hypotheses that hypertension and nocturnal blood pressure are related to white
matter hyperintensity (WMH) volume, an MRI marker of small vessel cerebrovascular disease,
and that WMH burden statistically mediates the association of hypertension and dipping status
with memory functioning, we examined the relationship of hypertension and dipping status on
WMH volume and neuropsychological test scores in middle-aged and older adults.

Methods
Participants from the community-based Maracaibo Aging Study received ambulatory 24-hour
blood pressure monitoring, structural MRI, and neuropsychological assessment. Four hundred
thirty-five participants (mean ± SD age 59 ± 13 years, 71% women) with available ambulatory
blood pressure, MRI, and neuropsychological data were included in the analyses. Ambulatory
blood pressure was used to define hypertension and dipping status (i.e., dipper, nondipper, and
reverse dipper based on night/day blood pressure ratio <0.9, 0.9–1, and >1, respectively).
Outcome measures included regional WMH and memory functioning derived from a neuro-
psychological test battery.

Results
The majority of the participants (59%) were hypertensive. Ten percent were reverse dippers,
and 40% were nondippers. Reverse dipping in the presence of hypertension was associated with
particularly elevated periventricular WMH volume (F2,423 = 3.78, p = 0.024) and with lowered
memory scores (F2,423 = 3.911, p = 0.021). Periventricular WMH volume mediated the effect
of dipping status and hypertension on memory (β = −4.1, 95% confidence interval −8.7 to −0.2,
p < 0.05).

Conclusion
Reverse dipping in the presence of hypertension is associated with small vessel cerebrovascular
disease, which, in turn, mediates memory functioning. These results point toward reverse
dipping as a marker of poor nocturnal blood pressure control, particularly among hypertensive
individuals, with potentially pernicious effects on cerebrovascular health and associated cog-
nitive function.
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The assessment of 24-hour ambulatory blood pressure allows
more reliable measurement of blood pressure than what is
typically measured clinically and the examination of blood
pressure fluctuation over time.1–7 One indicator of fluctua-
tion, nocturnal blood pressure decline or dipping, is a physi-
ologically relevant effect associated with healthy blood
pressure regulation.4,8 Nondipping, or a lack of nocturnal
decline in blood pressure levels, is a frequent comorbidity
with hypertension, with >40% of hypertensive older adults
experiencing nondipping.9,10 Nondipping is associated with
an increased risk of type 2 diabetes mellitus, reduced renal
function, and left ventricular hypertrophy, and with severe
vascular events such as coronary heart disease, stroke, and
mortality.7,11–14

A lack of nocturnal blood pressure dipping is a potential risk
factor for small vessel cerebrovascular disease, although this
relationship remains unclear.2,4,15–17 Small vessel cerebrovas-
cular disease is associated with lower cognitive functioning
and higher risk for stroke, dementia, altered motor function,
and mortality among older adults.18–26 White matter hyper-
intensities (WMH), which are regions of increased signal on
T2-weighted brainMRI, are establishedmarkers of small vessel
cerebrovascular disease.20,21,25,27However, the factors by which
peripheral vascular conditions can cause WMH accumulation
remain unclear.18,28,29 Furthermore, there is some evidence
that the causes of WMH might vary by their regional distri-
bution, with periventricular WMH being particularly sensi-
tive to hemodynamic changes, or aberrations of blood flow,
while deep WMH are more sensitive to long-term ischemic
changes.1,30,31

The purposes of this study were to examine the independent
and interactive relationship of hypertension and dipping
status on WMH volume and to determine whether WMH
burden statistically mediates the effect of hypertension and
dipping status on memory functioning in late middle-aged
community-dwelling adults. We hypothesized that individuals
with both hypertension and nondipping status would have the
greatest WMH volume, which would, in turn, would account
for poorer memory functioning.

Methods
Participants
Four hundred thirty-five participants from the Maracaibo
Aging Study (MAS32) with available ambulatory blood pres-
sure, MRI, and neuropsychological data were included in the
study. The MAS began in 1998 in Maracaibo, Venezuela, as
a prospective, longitudinal, community-based cohort study of

cognitive aging and dementia.32 Initially, the MAS recruited
participants who were living in the Santa Lucia community
and were >55 years old (n = 2,349). The study was expanded
in 2010 to include participants >40 years old and living in
either Santa Lucia or the Santa Rosa de Agua community 6
miles away.33

Standard protocol approvals, registrations,
and patient consents
The MAS was approved by Institutional Review boards of the
University of Zulia and Columbia University. All participants
in the MAS provided informed consent.

24-Hour blood pressure monitoring
The ambulatory blood pressure measurement devices (val-
idated oscillometric 90207; SpaceLabs monitors, Redmond,
WA) were programmed to obtain measurements every
15 minutes during the day (6 AM–10:59 PM) and every
30 minutes at night (11 PM–5:59 AM) over a 24-hour period.
Ambulatory hypertension was defined as a 24-hour average
of systolic blood pressure >130 mm Hg or diastolic blood
pressure >80 mm Hg or the use of antihypertensive medi-
cation, following the guidelines of the European Society of
Cardiology and European Society of Hypertension.34 All
participants who did not meet these criteria were considered
normotensive. As suggested in previous work,35 we used the
ambulatory blood pressure measurements to calculate the
night/day blood pressure ratio to identify the change in
nocturnal blood pressure relative to daytime blood pressure.
A participant’s nocturnal dipping profile was defined as the
ratio of systolic nighttime blood pressure to systolic daytime
blood pressure. Dipping status was defined according to
established criteria35 as follows: dipper, a normal decrease in
nocturnal systolic blood pressure relative to diurnal blood
pressure (i.e., night/day blood pressure <0.9); nondipper,
a small or nonexistent decrease in nocturnal systolic blood
pressure relative to diurnal blood pressure (i.e., night/day
blood pressure between 0.9 and 1.0); and reverse dipper, an
abnormal increase in nocturnal systolic blood pressure rel-
ative to diurnal blood pressure (i.e., night/day blood pres-
sure >1.0).

MRI acquisition and processing
MRI scans were obtained on a 1.5T scanner (OptimaMR360;
GE Healthcare, Chicago, IL) and included T1-weighted
(repetition time 7,904 milliseconds, echo time 2,460 milli-
seconds, field of view 256 × 256 mm with 1-mm contiguous
slices) and T2-weighted fluid-attenuated inversion recovery
(repetition time 8,000 milliseconds, echo time 123 milli-
seconds, inversion time 2,000milliseconds, field of view 256 ×
162 mm with 2-mm contiguous slices). Exclusion criteria for

Glossary
CDR = Clinical Dementia Rating; CI = confidence interval; IED = Intra-Extra Dimensional Set Shift;MAS = Maracaibo Aging
Study; PAL = Paired Associated Learning; RTI = Reaction Time; WMH = white matter hyperintensities.
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MRI scans were the presence of a pacemaker, aneurysm clip,
neurostimulator, or cochlear implant or body weight >110 kg.
In addition, potential participants were excluded if they had
a history of major medical conditions or procedures thought
to confound measurement of WMH such as multiple sclero-
sis, brain radiotherapy, brain surgery, implants for Parkinson
disease, lupus, brain tumor (lymphoma),HIV, neurocysticercosis,
neurosyphilis, brain tuberculosis, and brain trauma with loss
of consciousness. All clinical and neuroimaging data were
collected within a 3-week time interval.

Whole-brain and regional WMH volumes were quantified with
previously described methods.36,37 Briefly, each participant’s
T2-weighted fluid-attenuated inversion recovery image was
brain extracted, and a single gaussian curve was fit to voxel
intensity values in the brain-extracted image. Intensity values
>2.1 SD above the whole-brain mean intensity value were la-
beled as hyperintense voxels. The threshold was set by a trained
operator who visually inspected the results. The resulting map
was manually inspected and corrected for each participant,
with any mislabeled WMH voxels removed. WMH volume, in
cubic centimeters, was defined as the number of labeled voxels
multiplied by voxel dimensions.

The WMH volumes were coregistered to the brain extracted
T1-weighted volumes defined by FreeSurfer (version 6.0,
surfer.nmr.mgh.harvard.edu), and the euclidean distance
between each WMH-labeled voxel and the nearest ventricle
was computed. Following previously defined criteria,30,31,38

these distances were used to define periventricular WMH
volume, which comprised all WMH voxels lying 3 to 13 mm
from the ventricular surface, and deep WMH volume, which
comprised all WMH voxels lying >13 mm from the ven-
tricular surface.

Neuropsychological evaluation
The neuropsychological evaluation consisted of a test battery,39

adapted to be applied in this community-dwelling sample, and
the Cambridge Neuropsychological Test Automated Battery.40

We selected the total learning score from the Selective
Reminding Test41 as the memory score for this study. As an
exploratory analysis, we selected performance measures from
Paired Associated Learning (PAL), Intra-Extra Dimensional
Set Shift (IED), and ReactionTime (RTI) from theCambridge
Neuropsychological Test Automated Battery as secondary
cognitive measures.

Patient health history
Physicians and nurses collected demographic and clinical in-
formation. Diabetes mellitus was defined by the criteria
specified in the Seventh Report of the Joint National Com-
mittee42: a fasting glucose serum level >125 mg/dL or taking
an antidiabetic drug. History of vascular disease encompassed
stroke events, ischemic heart disease, and heart failure. His-
tory of smoking was defined as past and/or current smoking.
Obesity was defined as a body mass index ≥30 kg.2,43 Di-
agnosis of dementia was assigned according to a Clinical

Dementia Rating44 (CDR) score ≥1 and a consensus con-
ference that included study physicians, experts in dementia
diagnosis.

Statistical analysis
We used a general linear model to examine the association of
hypertension and dipping status with WMH volume and
cognition. We examined the main effects of hypertension and
dipping status, as well as their interactions on WMH volume
and cognition, adjusting for age and sex/gender. Analyses
involving cognition additionally adjusted for number of years
of education. We then examined the association between
WMH volumes (periventricular and deep) and memory,
adjusting for age, sex/gender, and years of education.

We used a moderated mediation model to test whether dip-
ping status moderates the association of hypertension with
WMH and with memory and whether WMH mediate the
relationship of hypertension and dipping status with memory.
This model allowed us to simultaneously test whether WMH
volume mediates the relationship between dipping status and
memory in both normotensive and hypertensive individuals,
mirroring the interaction effects probed in our initial analyses.
Moderated mediation analyses were conducted with PRO-
CESS 3.1 (model 8) for SPSS.45 This approach to mediation
modeling is based on bootstrapping, which resamples the
sample population over many iterations (k = 5,000) to obtain
a more robust estimate of the effect size (β) and confidence
interval (CI) of each variable, without any assumption of how
the variables are distributed.45,46

To confirm that our initial analyses were not due to quasi-
arbitrary cut points to define categorical dipping classes, we
used a linear regression model adjusted for age and sex/
gender to test the association of continuously defined
nocturnal dipping profile (i.e., ratio of systolic nighttime
blood pressure to systolic daytime blood pressure) with
WMH volume, both as a main effect and interacting with
hypertension status. Another linear regression model, ad-
justed for age, sex/gender, and years of education, was used
to test the association of nocturnal dipping profile with
total learning score, both as a main effect and interacting
with hypertension status. To ensure that our findings were
not simply driven by constantly elevated blood pressure
levels, we performed a linear regression to test the in-
dependent associations of 24-hour average systolic blood
pressure and nocturnal dipping profile, adjusting for age
and sex/gender, with periventricular WMH volume. Fi-
nally, because individuals with hypertension were reliably
older than those without, we repeated the primary statis-
tical analyses in an age-restricted subsample, selecting only
individuals 50 to 70 years old to ensure that age did not
confound our results.

Data availability
Requests for access to the data used in this study will be
considered on a case-by-case basis.

Neurology.org/N Neurology | Volume 94, Number 17 | April 28, 2020 e1805

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://surfer.nmr.mgh.harvard.edu
http://neurology.org/n


Results
Participants
Descriptive statistics for demographic and blood pressure
variables are presented in table 1. Hypertensive participants
were older than normotensive participants and were more
likely to be reverse dippers. Sex/gender distribution and the
number of years of education did not differ between groups.
The frequency of comorbid vascular conditions, including
diabetes mellitus and history of cardiovascular disease, was
higher in hypertensive participants than in normotensive
participants. History of smoking and current obesity did not
differ between groups. Diagnosis of dementia did not differ
between groups, although a slightly higher proportion of
individuals with hypertension had CDR scores of 0.5. Hy-
pertensive participants were more likely to be taking hyper-
tensive medication than normotensive participants.

Effects of hypertension and dipping profile by
dipper categories
Hypertensive individuals had higher periventricular WMH
volumes than those without hypertension (main effect of hy-
pertension: F1,423 = 12.12, p = 0.001). This main effect was
modified by an interaction between hypertension and dipping
status (F2,423 = 3.78, p = 0.024); reverse dippers with hyper-
tension had particularly elevatedWMHvolume compared with

all other groups (figure 1A). Reverse dippers had greater per-
iventricular WMH volume compared with dippers (p < 0.001)
and nondippers (p < 0.001), while dippers and nondippers did
not differ from each other (p = 0.89; main effect of dipping
status F2,423 = 2.58, p = 0.08). Hypertensive individuals did not
differ in deep WMH volume compared with all other groups
(main effect of hypertension F1,423 = 2.39, p = 0.12, figure 1B).
Dipping status did not moderate the relationship between
hypertension and deep WMH volume (main effect of dipping
status: F2,423 = 0.15, p= 0.86; interaction effect of dipping status
by hypertension F2,423 = 0.85, p = 0.43).

There was minimal effect of hypertension (F1,423 = 3.16,
p = 0.08) and dipping status (F2,423 = 0.89, p = 0.41) on total
learning score. However, dipping status moderated the effect
of hypertension on total learning, with hypertensive reverse
dippers having lower total learning scores than all other
groups, paralleling the effects observed in periventricular
WMH volumes (dipping status by hypertension interaction
F2,423 = 3.91, p = 0.021; figure 2). Dipping status and hy-
pertension were not associated with performance on other
cognitive measures (PAL, IED, and RTI scores). There was
a stronger relationship between periventricularWMH volume
and total learning scores (β = −0.42, 95% CI −0.68 to −0.17,
p = 0.001) than between deep WMH volume and total
learning (β = −0.57, 95% CI −1.18 to 0.05, p = 0.073).

Table 1 Descriptive data across the hypertension status

Variable Normotensive (n = 177) Hypertensive (n = 258) Total (n = 435) Statistic

Demographic data

Age, mean (SD), y 52.8 (10.1) 63.9 (12.8) 59.4 (12.9) F = 92.1, p < 0.001

Sex/gender: women, n (%) 131 (74.0) 185 (71.7) 316 (72.6) χ2 = 0.28, p = 0.60

Education, mean (SD), y 7.98 (4.42) 6.90 (4.88) 7.34 (4.72) F = 5.49, p = 0.02

Dipping status, n (%)

Dipping 108 (61.0) 108 (41.9) 216 (49.7) χ2 = 19.8, p < 0.001

Nondipping 61 (34.5) 113 (43.8) 174 (40.0)

Reverse dipping 8 (4.5) 37 (14.3) 45 (10.3)

Medical history

Current diabetes mellitus: diabetic, n (%) 11 (6.2) 51 (19.8) 62 (14.3) χ2 = 15.8, p < 0.001

History of cardiovascular disease: yes, n (%) 8 (4.5) 36 (14.0) 44 (10.1) χ2 = 10.3, p < 0.001

History of smoking: yes, n (%) 54 (30.5) 78 (30.2) 132 (30.3) χ2 = 0.004, p = 0.95

Obesity: obese, n (%) 61 (34.5) 89 (34.5) 150 (34.5) χ2 = 0.004, p = 0.95

Dementia status: individuals with dementia, n (%) 8 (5.5) 16 (6.2) 24 (5.5) χ2 = 0.57, p = 0.45

CDR score 0.5, n (%) 58 (32.8) 115 (44.6) 173 (39.8) χ2 = 7.71, p = 0.05

Antihypertensive medication,a n (%) 12 (6.7) 144 (55.8) 156 (35.9) χ2 = 292.8, p < 0.001

Abbreviation: CDR = Clinical Dementia Rating.
Comparisons presented in the statistic column represent omnibus comparisons across hypertension status groups.
a For the antihypertensive medication line, hypertension was defined as ambulatory systolic blood pressure >130 mm Hg or ambulatory diastolic blood
pressure >80 mm Hg.
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Mediation model
Table 2 presents the results of the moderated mediation model
used to test the relationship among dipping magnitude, hy-
pertension, WMH volume, and total learning score. In hyper-
tensive individuals, greater dipping magnitude (i.e., a higher
night/day blood pressure ratio) was associated with an increase
inWMH volume and a decrease in total learning, while no such
effects were observed in normotensive individuals. In hyper-
tensive individuals, the effect of dipping magnitude on total
learning was mediated by periventricular WMH volume (index
−4.86, 95% CI −10.22 to −0.14, p < 0.05). A similar indirect
effect mediated by deep WMH volume was not observed
(index −1.70, 95% CI −5.51 to 0.82, p > 0.1).

Confirmatory analyses
Using dipping profile (i.e., the continuously defined night/day
systolic blood pressure ratio) yielded results similar to those of

the analyses that classified dipping status categorically. An in-
creased dipping profile was associated with increased periven-
tricularWMHvolume (β = 7.98, 95%CI 3.47 to 12.5, p= 0.001)
but not with deep WMH volume (β = 0.33, 95% CI −1.57 to
2.24, p = 0.73). The interaction of hypertension status with
dipping profile was associated with increased periventricular
WMH volume (β = 13.3, 95% CI 3.40 to 23.2, p = 0.009) but
not with deepWMH volume (β = 3.43, 95% CI −0.79 to 7.65, p
= 0.11). There was no observable relationship between dipping
profile and total learning score (β = −7.45, 95%CI−19.8 to 4.87,
p = 0.24). However, the interaction between hypertension status
and dipping profile was strongly associated with a lower total
learning score (β = −39.4, 95% CI −68.6 to −10.3, p = 0.008).
Dipping profile and hypertensionwere not associated with other
cognitive measures (PAL, IED, and RTI scores).

To ensure that the effects of dipping profile were not simply
attributable to overall elevated blood pressure over a 24-hour
period, we examined the simultaneous effects of average 24-
hour systolic blood pressure and dipping profile on periven-
tricular WMH volume and found that both 24-hour average
blood pressure (β = 0.18, p < 0.001) and dipping profile (β =
0.10, p = 0.025) were independently associated with WMH
volume. Although all primary analyses were adjusted for age,
to ensure further that the relatively large age differences be-
tween hypertensive and normotensive individuals did not
account for our primary findings, we conducted sensitivity
analyses by restricting the sample to individuals ranging in age
from 50 to 70 years (n = 216), which limited the age difference
between groups to 2.4 years. In these supplementary analyses,
the association between WMH volume and total learning
score was slightly attenuated (within the CI of the association
reported above), but our findings were otherwise the same.

Figure 1 WMH volume as a function of hypertension and
dipping status

In each graph, the central bar represents themedian, boxmarks the first and
third quartiles, and bars extend 1.5 times the width of the box. Remaining
points represent values outside this range. The y-axes are logarithmically
scaled. (A) Reverse dipping in the presence of hypertension is associated
with higher accumulation of periventricular white matter hyperintensity
(WMH) volume at almost twice the rate of any other group. (B) There is no
observed association among dipping status, hypertension, and deep WMH
volume.

Figure 2 Total learning score as a function of hypertension
and dipping status

Reverse dipping in the presence of hypertension is associatedwithmarkedly
lower memory function compared with all other groups. The central bar
represents the median; box marks the first and third quartiles; and bars
extend 1.5 times the width of the box. Remaining points represent values
outside this range.
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Discussion
In this large community-based study with 24-hour ambula-
tory blood pressure monitoring, we examined the effects of 2
related vascular risk factors, hypertension and dipping status,
on small vessel cerebrovascular disease and memory. Con-
sistent with the results of previous studies,1,2,5,6,18,47 indi-
viduals with hypertension had elevated periventricular
WMH volumes, but not deep WMH volumes, compared
with individuals without hypertension. An increased noc-
turnal dipping profile was associated with an increase in
WMH volume, particularly in hypertensive individuals.
When defined categorically, dipping status did not show an
independent relationship with WMH volume, as some pre-
vious studies reported.1,47 However, categorically defined
dipping status did moderate the effect of hypertension: re-
verse dippers—those who experience a nocturnal increase in
blood pressure—with hypertension as a group had a >2-fold
increase in WMH volume compared with all other groups
examined. The findings point to the relevance of nocturnal
blood pressure status in cerebral vascular health.

We observed a similar relationship of hypertension and
dipping status on cognition: reverse dippers with hyper-
tension demonstrated lower cognitive test scores than dip-
pers and nondippers. Although nondipping has not
been linked to small vessel cerebrovascular disease,1,2,47

a growing body of literature ties reverse dipping to other
vascular morbidities,7,17,48,49 particularly in the presence of
hypertension.48,49 The results presented here suggest that
the co-occurrence of reverse dipping and hypertension may
greatly increase the likelihood or severity of small vessel
cerebrovascular disease, indicating that dipping status
can moderate the effects of hypertension and that reverse
dipping can amplify the effects of hypertension on cere-
brovascular health. Our results also indicate that reverse

dipping may be particularly pernicious with respect to small
vessel cerebrovascular disease and memory function.

We observed an interaction between hypertension and dipping
status on memory, which was present in the absence of main
effects of either hypertension or dipping status. This observa-
tion suggests that the co-occurrence of these conditions, rather
than the presence of either one individually, promotes the
effects of small vessel cerebrovascular disease on memory,
a finding not characterized previously. We did not observe an
effect of dipping status and hypertension on other cognitive
domains. While cognitive impairment associated with vascular
disease has historically been conceptualized to affect primarily
executive functioning, there is also a well-established link with
vascular brain health and memory functioning.4,50 Given our
previous work linking WMH to risk and progression of Alz-
heimer disease, a disease typically characterized clinically by an
amnestic syndrome, memory function was our a priori hy-
pothesis and primary interest in the current study.

When we examined hypertensive and dipping profiles con-
tinuously rather than characterizing participants categorically,
we found that a higher nocturnal dipping profile, indicating
the presence of a nondipping or reverse dipping, was associ-
ated with an increase in WMH volume and a decrease in
memory in hypertensive individuals. We also demonstrated
that periventricular WMH volume mediated the relationship
between the vascular variables and memory, supporting the
causal pathway in which hypertension and dipping status in-
teract to increase WMH accumulation, which, in turn, pro-
motes memory decline. Given the cross-sectional design of
our study, we are unable to prove the causal pathway we
proposed. However, the results are consistent with our hy-
pothesized causal model of hypertension and dipping status
interacting to promote small vessel cerebrovascular disease
and associated memory dysfunction. Longitudinal studies will

Table 2 Direct and indirect effects of dipping status and WMH volume on total learning score in normotensive and
hypertensive individuals

Effect Hypertension status Periventricular WMH Deep WMH

Direct effect: dipping status → WMH Normotensive −2.13 (−10.64 to 6.37) −2.24 (−5.86 to 1.38)

Hypertensive 11.31 (6.00 to 16.62)c 1.24 (−1.01 to 3.50)

Direct effect: dipping status → memory Normotensive 19.58 (−3.57 to 42.73) 19.26 (−4.07 to 42.59)

Hypertensive −15.37 (−30.12 to −0.63)a −18.85 (−33.41 to −4.30)a

Direct effect: WMH → memory −0.36 (−0.62 to −0.10)b −0.49 (−1.10 to 0.13)

Indirect effect: dipping status → WMH → memory Normotensive 0.77 (−0.43 to 2.35) 1.09 (−0.36 to 4.64)

Hypertensive −4.09 (−8.72 to −0.18)a −0.61 (−2.12 to 1.44)

Abbreviation: WMH = white matter hyperintensities.
Results are presented as β (95% confidence interval). Omnibus moderated mediational model results: periventricular WMH: R2 = 0.278, F7,420 = 23.05, p <
0.0001, Index ofModeratedMediation = −4.86 (−10.22 to −0.14)a; deepWMH:R2 = 0.519, F7,420 = 22.08,p < 0.0001, Index ofModeratedMediation =−1.70 (−5.51
to 0.82).
a p < 0.05.
b p < 0.01.
c p < 0.001.
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help clarify the time course and more definitely establish
causality.

All participants were middle-aged to older adults, so the
relationships established in this study can be generalized
only to this age stratum. Furthermore, although age was
related to all outcomes studied, we adjusted for age and
conducted additional sensitivity analyses with restricted age.
We did not observe any effects of sex/gender, and observed
dipping effects were independent of 24-hour blood pressure.
Together, these analyses suggest that our observations were
not attributable to age differences between those with and
those without hypertension and that dipping status is asso-
ciated with markers of cerebrovascular disease above and
beyond blood pressure alone.

Our study is unique in that it is a large, community-based
cohort of participants selected only on the basis of age,
with a special focus on late middle age, an advantage shared
by few other studies.2 A number of the other studies
examining similar variables included participants from var-
ious clinical settings,6,17,48 and most studies examining
WMH volume or cognition with respect to diurnal blood
pressure variation enrolled participants because they had
hypertension.1,4,11,16,47,48 In the current study, we examined
the effects of dipping status and hypertension on WMH
volume and memory in a large community-based sample of
Venezuelan adults. The consideration of other vascular
comorbidities is important because reverse dipping frequently
occurs concurrently with hypertension.While the exact causes
of nondipping and reverse dipping remain unknown, the
collection of ambulatory blood pressure measurements allows
better clinical monitoring and is gradually being adopted as
a more accurate alternative to standard clinical measures.4,6,49

In this community-based cohort study, we examined the
effects of dipping status and hypertension on small vessel
cerebrovascular disease and memory. We found that an in-
creased dipping profile, particularly reverse dipping, was as-
sociated with an increase in cerebrovascular disease and
a poorer memory functioning in hypertensive participants.
Our results point toward the importance of reverse dipping as
a potentially pathognomonic driver of small vessel cerebro-
vascular disease, particularly in the presence of hypertension,
and add to the mounting evidence showing the importance of
vascular contributions to memory decline.
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