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Associations between in-clinic blood pressure (BP) and cog-
nitive function have been the subject of much interest. Higher 
in-clinic systolic BP (SBP) and pulse pressure1,2 have each been 
associated with diminished cognitive function independent of 
age and traditional cardiovascular risk factors. Some studies 
have associated higher diastolic BP (DBP) with poorer cogni-
tive function,3,4 while others have found both high and low 
DBP associated with poorer cognitive function.5 One study 
has explained these inconsistent findings based on gender, 
with higher in-clinic mean arterial pressures being associ-
ated with better cognition in men and poorer cognition in 
women.6 While the pathways remain uncertain, a number of 
pathophysiological mechanisms may account for these asso-
ciations, including the development of atherosclerosis,7 silent 
cerebral infarcts, and white matter lesions.8,9

In addition to in-clinic BP, BP patterns over 24 hours may 
also have implications for cognitive function, but these have 
received less attention. 24-hour ambulatory BP monitoring 
(ABPM) offers the opportunity for more precise estimation 

of average BP over the day than in-clinic readings, and can 
provide valuable information about 24-hour BP patterns, 
including 24-hour BP averages, nocturnal dipping, average 
real variability (ARV), and ambulatory arterial stiffness index 
(AASI). Two studies in populations of hypertensive Japanese 
patients have found that greater BP variability was indepen-
dently associated with worse cognitive function.10,11 DBPs 
may be associated with cognitive function in that hypotension 
throughout the day may lead to brain hypoperfusion, con-
tributing to the progression of vascular dementia.10 Greater 
AASI—derived from ABPM measurements—has been found 
to predict stroke but has not been studied in relation to cogni-
tive function.12,13 Another marker of variability derived from 
ABPM measurements—the ARV—has been associated with 
magnetic resonance imaging evidence of small vessel disease 
in community-living patients.14 The association of night-
time systolic dipping pattern and cognitive function has been 
inconsistent in prior studies, with some finding associations 
between blunted nighttime dipping and cognitive function 
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or stroke and others finding no such associations.15–20 The 
majority of this prior work on ABPM patterns and cognition 
has been done in small, hypertensive referral populations or 
in a Japanese community-living cohort of 70-year olds14; the 
association between ABPM patterns and cognition in older 
community-living individuals is, to our knowledge, largely 
unexplored. The US Preventive Services Task Force is pres-
ently considering inclusion of ABPM as a general recom-
mendation for screening and diagnosis of hypertension21; 
if indeed this becomes more widely used, understanding its 
associations with important aging-related outcomes such as 
cognitive function will be valuable.

We thus examined the relationship of ABPM parameters, 
in particular dipping, 24-hour average BPs, and ARV and 
AASI, with cognitive function in a cohort of community-
dwelling older adults. We examined the associations of both 
ABPM and in-clinic BPs with cognitive function to provide a 
clinical reference point since ABPM is infrequently measured 
in current clinical practice and to determine if ABPM could 
reveal associations with cognitive function that in-clinic 
measurements did not. Our hypotheses were that abnormal 
ABPM parameters (nondipping, high 24-hour systolic and 
low 24-hour diastolic, high ARV, and high AASI) would be 
independently associated with decreased cognitive function 
on the Montreal Cognitive Assessment (MoCA).

METHODS

Study population

The University of California, San Diego (UCSD) Ambu-
latory Blood Pressure Study recruited from participants 
in the parent San Diego Population Study. The methods 
of the San Diego Population Study have previously been 
described.22 In brief, the San Diego Population Study is a 
study cohort originally assembled to examine the prevalence 
of chronic peripheral arterial and venous disease in asymp-
tomatic, healthy individuals. The original cohort included 
2,211 free-living white, African-American, Hispanic, and 
Asian volunteers aged 29–91; follow-up of these participants 
included 1,103 adults who returned for a visit between 2009 
and 2011. The original participants were recruited from 
UCSD employees and spouses of UCSD employees, with a 
target of a minimum of 15% from each ethnic group.

From January 2012 to June 2013, we sent 944 letters 
inviting participating adults from the follow-up study who 
were over 60 years of age for an additional visit, the UCSD 
Ambulatory Blood Pressure Study, directed at evaluating 
measures of ambulatory BP, physical function, and cognitive 
function; these letters were followed by reminder cards and a 
phone call/voice message. Initial letters were not sent to those 
who were known to have moved out of San Diego County  
(N = 14), had requested not to be contacted again (N = 102), 
or who were known to be deceased (N = 32) or who learned 
about the repeat study through their spouse or friends  
(N = 11). Of those who received initial letters, 354 completed 
some portion of the study protocol (response rate 37.5%); the 
majority of those receiving letters did not reply to repeated 
inquiries, but those who did decline participation by postcard 
(N = 25) cited other commitments or lack of interest as major 

factors. Eligible participants were independently living adults 
over 60  years of age, although if a participant’s spouse had 
been a previous San Diego Population Study participant and 
was 60 years or younger, they were invited as well (N = 2). 
We did not specifically exclude participants based on dimin-
ished cognitive function but all participants had to be able to 
provide their own informed consent. Participants who lived 
outside San Diego County were excluded. The study received 
institutional review board approval at the University of 
California, San Diego, and all participants provided informed 
consent; no financial incentive was provided to participants.

BP measurements

At the initial visit, participants’ in-clinic BP was recorded 
using a Dynapulse device (Dynapulse Corp, Vista, CA). 
After 5 minutes of rest, 3 seated BP measurements were 
taken 2 minutes apart in the right arm; clinic BP was consid-
ered to be the average of these 3 recordings. One standing BP 
was recorded after 3 minutes of equilibration to the stand-
ing position. Orthostatic BP was calculated as the difference 
between the standing clinic BP and the average of the 3 sit-
ting BPs. Participants were then provided with an automated 
ambulatory BP cuff (Spacelabs) to wear for 24 hours. During 
this time, the cuff automatically recorded BP measurements 
every 20 minutes while the participant was awake and every 
60 minutes while the participant was asleep.

Several measures of 24-hour BP patterns were calculated 
from the ABPM cuff data. We considered an adequate ABPM 
exam to be one that included at least 14 readings during the 
day and 6 at night. We calculated the ARV of the SBPs—a 
measure of BP variability over 24 hours)—as the mean of the 
absolute values of the difference between subsequent BP read-
ings.23 We calculated the AASI as one minus the slope of the 
DBP reading over the SBP reading.24 We calculated nighttime 
systolic dipping as the percentage change from average day-
time SBP to average nighttime SBP, basing the time windows 
for sleep and wake times on individual patient diary reports.

Other measurements

Baseline demographics and medical history were established 
by questionnaire and interview. Participants’ height and weight 
were measured at the visit. Blood specimens were obtained and 
serum creatinine was measured; the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation was used 
to determine estimated glomerular filtration rate (eGFR),25 
and participants provided urine samples for albumin-to-cre-
atinine ratio (ACR). History of cardiovascular disease (CVD), 
hypertension, and diabetes was obtained through interview, as 
were questionnaires regarding medication use. The Geriatric 
Depression Scale,26 a 15-question instrument developed as a 
basic screening measure for depression in older adults, was 
administered to all participants.

Cognitive function measures

At the clinic visit, trained personnel administered several 
standard, validated measures of cognitive function. A priori, 
we chose to examine the MoCA as our primary endpoint 
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because the MoCA has been validated with a high sensitivity 
for detecting mild cognitive impairment and tests a variety 
of cognitive domains.27 The MoCA is a 10-minute, 1-page 
written test measuring visuospatial, naming, memory, atten-
tion, language, abstraction, delayed recall, and orientation 
domains, and is scored out of 30 points, with a score less 
than 26 indicating the presence of at least mild cognitive 
impairment in prior studies with a sensitivity of 100% and 
specificity of 87%.28

Additional cognitive function measures were also admin-
istered so that specific domains of interest could be assessed 
in secondary analyses. The Hopkins Verbal Learning Test—
Revised is a brief test of verbal learning and memory.29 The 
Trail-Making Test covers a number of domains, including 
attention, visual scanning, cognitive flexibility, and execu-
tive function.30,31 The Boston Naming Test (Short Form) 
evaluates aphasia and impairment of word retrieval, which 
requires participants to name pictures of varying levels of 
familiarity.32 The Digit Symbol Substitution Test measures 
nonspecific cognitive function and the speed of information 
processing.33 The Stroop Color–Word Test measures cogni-
tive flexibility, attention, and response to cognitive stress.34

Statistical analysis

For baseline characteristics, we categorized partici-
pants based on MoCA scores ≥26 vs. MoCA scores <26. 
Differences in baseline characteristics were compared with 
the use of t-test and Mann–Whitney U-test for continuous 
variables and chi-square test for categorical variables. To 
graphically examine associations of BP measures and cogni-
tive function and ensure linear relationships prior to mul-
tivariate modeling, we created unadjusted plots quartiles of 
BP variables against mean MoCA score. To test for trend in 
these plots, we used a Jonckheere–Terpstra trend test to eval-
uate the ordered differences in MoCA score across quartiles 
of the ABPM parameter.

We used linear regression to examine the association 
between BP patterns and cognitive function. Our predictor 
variables included some obtained from in-clinic (SBP, DBP, 
pulse pressure, and orthostatic hypotension) and 24-hour 
(SBP, DBP, pulse pressure, nighttime systolic dipping, sys-
tolic ARV, and AASI) BP measurements. We performed a 
separate linear regression for each of these predictor vari-
ables with MoCA as the outcome variable.

We selected potential confounding factors a priori from 
relevant demographic factors and data that we hypothesized 
might confound the relationship of BP with cognitive func-
tion. We chose variables that would be commonly available 
to a practicing clinician in most routine clinical practices. 
Covariates included demographic factors (age, sex, race/eth-
nicity, and education), medical history (alcohol use, CVD, 
history of treated hypertension, family history of CVD, dia-
betes, and smoking history), and in-clinic and laboratory 
measurements (body mass index (BMI), eGFR, and albu-
min-to-creatinine ratio).

For BP measures that found to be associated with MoCA 
score, we carried those measures forward and examined 
their association with the 5 other cognitive function tests 

in secondary analysis to provide a more comprehensive pic-
ture of the domains of cognitive function that might be most 
affected. These models included all potential confounding 
factors as covariates. Last, we tested for multiplicative inter-
actions on the basis of age (split into 2 groups by median 
age), gender, and history of treated hypertension. When 
statistically significant interactions were observed, strati-
fied analyses were evaluated. Finally, as a sensitivity analysis, 
we examined results in the subset of participants without 
chronic disease (no hypertension, diabetes, or CVD) to test 
the robustness of these findings in healthy older adults. All 
analyses were conducted using STATA SE version 11 statisti-
cal software (Statacorp, College Station, TX) and SAS ver-
sion 9.3 (SAS Institute, Cary, NC), and P-values <0.05 were 
considered statistically significant for all analyses including 
interaction terms.

RESULTS

We enrolled 354 older adults in the study, of whom 319 
had full data available for this analysis. The 35 participants 
who did not have complete data were slightly older (average 
age 76 vs. 72 years) and slightly more were women (80% vs. 
66%); 14 participants were unable to complete the ABPM. The 
mean age of the 319 participants was 72 ± 7 years, 66% were 
female and 13% were African-American. The mean in-clinic 
SBP and DBP were 141 ± 16 and 75 ± 10 mm Hg, respectively, 
while the mean 24-hour SBP and DBP were 127 ± 13 and 
73 ± 8 mm Hg. The mean nighttime systolic dipping was an 
11% relative to the daytime SBP. The mean MoCA score was 
25 ± 3. Baseline characteristics stratified by MoCA score are 
shown in Table 1. Participants with a MoCA score <26 were 
older, more likely to be African-American, and less likely to 
have postsecondary education. They were also more likely to 
be diabetic and less likely to use alcohol. Participants with 
a MoCA score <26 also had higher in-clinic and 24-hour 
SBPs, higher in-clinic and 24-hour pulse pressures, and lower 
24-hour DBPs and less nighttime systolic dipping.

Considering MoCA as a continuous variable in unad-
justed analysis, all in clinic and 24-hour BP parameters were 
associated with MoCA performance except for orthostatic 
BP (Table 2). After adjusting for age, sex, race, and education, 
none of the in-clinic BP parameters remained associated 
with the MoCA. Age adjustment was responsible for most of 
the attenuation. In contrast, on the ABPM, higher 24-hour 
DBP and greater nighttime systolic dipping remained signif-
icantly associated with a higher MoCA score. These results 
remained largely unchanged with additional adjustment for 
cardiovascular risk factors and kidney function. In the fully 
adjusted model, each 10 mm Hg higher 24-hour mean DBP 
was associated with a 0.58 point higher MoCA score, and 
each 10% greater nighttime systolic dipping was associated 
with a 0.40 point higher MoCA score. Separating 24-hour 
DBP into sleep and wake components, we found that fully 
adjusted beta coefficients of wake and sleep DBP with MoCA 
were 0.54 (95% confidence interval (CI) 0.1 to 0.99) and 0.12 
(95% CI −0.02 to 0.58) respectively, thus a slightly stronger 
association with wake-time DBP. When participants were 
categorized by quartile, higher systolic dipping quartiles and 
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Table 1. Baseline characteristics of participants by cognitive impairment

Characteristic

MoCA category

I II P-value

Cut points, MoCA score <26 ≥26

N 166 153

Demographics

 Age, years, mean ± SD 73.5 ± 7 70 ± 6 <0.01

 Female 111 (67) 100 (65) 0.77

 Caucasian 80 (48) 110 (72) <0.01

 African-American 30 (18) 12 (8) 0.007

 Hispanic 26 (16) 21 (14) 0.62

 Asian 21 (13) 9 (6) 0.04

 Postsecondary education 148 (89) 146 (95) 0.04

Medical history

 Cardiovascular disease 30 (18) 21 (14) 0.29

 Family history of cardiovascular disease 137 (86) 129 (82) 0.67

 History of hypertension 77 (50) 85 (52) 0.83

 Diabetic 25 (15) 12 (7) 0.04

 Alcohol user 100 (60) 118(77) 0.001

 Current or former smoker 47 (28) 65 (36) 0.071

Antihypertensive medications used

 angiotensin converting enzyme inhibitor/angiotensin receptor blocker 56 (33) 62 (41) 0.2

 Beta-blocker 34 (20) 23 (15) 0.2

 Calcium channel blockers 31 (18) 19 (12) 0.12

 Diuretics 43 (25) 37 (24) 0.72

 Mean number of BP medications (among users) 1.9 1.9 0.98

Measurements

 Body mass index, kg/m2 ± SD 27 ± 5 27 ± 5 0.9

 CKD-EPI eGFR, ml/min/1.73 m2 ± SD 74 ± 16 77 ± 15 0.1

 Urine albumin-to-creatinine ratioa 22 (13, 32) 16 (10, 33) 0.15

 Mean in-clinic systolic blood pressure, mm Hg ± SD 142 ± 17 139 ± 15 0.11

 Mean in-clinic diastolic blood pressure, mm Hg ± SD 74 ± 10 76 ± 9 0.14

 Mean in-clinic pulse pressure, mm Hg ± SD 68 ± 13 63 ± 12 0.002

 Orthostatic hypotension, 10 mm Hg −3.4 ± 12 −2.8 ± 11 0.65

 Mean 24-hour systolic blood pressure, mm Hg ± SD 128 ± 13 126 ± 11 0.18

 Mean 24-hour diastolic blood pressure, mm Hg ± SD 72 ± 8 74 ± 7 0.05

 Mean 24-hour pulse pressure, mm Hg ± SD 56 ± 12 52 ± 10 0.004

 Mean wake systolic blood pressure, mm Hg ± SD 130 (13) 129 (12) 0.31

 Mean sleep systolic blood pressure, mm Hg ± SD 117 (16) 113 (13) 0.01

 Mean wake diastolic blood pressure, mm Hg ± SD 74 (8) 76 (8) 0.04

 Mean sleep diastolic blood pressure, mm Hg ± SD 64 (9) 65 (8) 0.51

 Nighttime systolic dipping, % 10 ± 8 12 ± 7 0.02

 AASI 0.53 ± 0.14 0.50 ± 0.14 0.06

 ARV (systolic) 11 ± 2 11 ± 2 0.31

 Average geriatric depression score (range 0–15) 1.2 1.3 0.14

Abbreviations: AASI, ambulatory arterial stiffness index; ARV, average real variability; BP, blood pressure; CKD-EPI, Chronic Kidney Disease 
Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; MoCA, Montreal Cognitive Assessment.

Values are in number (%) unless otherwise indicated.
aMedian (quartile 1, quartile 3).
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higher 24-hour DBP quartiles were both associated with 
higher MoCA scores (Figure  1A,B, Jonckheere–Terpstra 
trend tests significant for both figures).

As 24-hour mean DBP and nighttime dipping percent-
age were independently associated with MoCA scores, we 
examined the associations of these BP measures with other 
measures of cognitive function. In these secondary analyses, 
we found that greater nighttime dipping was modestly asso-
ciated with better performance on the immediate recall por-
tion of the Hopkins Verbal Learning Test—Revised, which 
measures memory, and on the Trail-Making Test Part A, 
which measures a number of domains including cognitive 
flexibility, visuospatial processing, and executive function 
(Table  3). A  higher 24-hour mean DBP was significantly 
associated with better performance only on the color por-
tion of the Stroop Word–Color Association test.

Last, we tested whether age (split at median age for 
cohort), gender, and history of hypertension or use of BP 
medications modified the relationship of dipping percentage 
and DBP with MoCA score. We found no evidence for effect 
modification across any of these subgroups (all P-values for 
interaction >0.05). In the 145 individuals who had no diabe-
tes, hypertension, or CVD, our findings were comparable in 
direction and magnitude to the full cohort but underpow-
ered for statistical significance (fully adjusted beta value for 
systolic dipping with MoCA score was 0.06 (−0.01 to 0.13), 
and for 24 diastolic mean BP with MoCA score 0.52 (−0.02 
to 0.12).

DISCUSSION

In this cohort of community-living older adults, we 
observed that both greater nighttime systolic dipping and 
higher 24-hour mean DBP on the ABPM were associated 
with better cognition, whereas for 24-hour SBP, AASI, and 
ARV we did not find independent associations with cogni-
tive function. In-clinic BP parameters did not independently 
associate with cognitive function.

Associations with MoCA score remained significant after 
adjustment for demographic factors, cardiovascular risk fac-
tors, and kidney function and appeared similar across age 

categories, gender, and in individuals with and without a his-
tory of hypertension.

Some studies have found an association between blunted 
nighttime systolic dipping and cognitive dysfunction,16 
whereas in other studies, the association between nondip-
ping and cognitive function was limited to particular cog-
nitive domains (learning and memory).17 Our findings are 
consistent with a recent study of hypertensive patients, 
which found higher rates of strokes in both nondippers and 
dippers with a high morning BP surge.20 To our knowledge, 
all studies reporting no association between dipping and 
cognitive function were conducted in hypertensive popu-
lations, suggesting that study populations may account for 
this difference. Our findings are consistent with the subset 
of studies that found an association between dipping and 
cognitive function, and extend them to community-living 
older adults, with or without hypertension. By examining 
for effect modification, we are also able to conclude that the 
association between dipping and cognitive function is simi-
lar in both hypertensive and normotensive individuals, as 
well as across genders and in those without chronic diseases.

We also demonstrated an association between dipping 
across a number of cognitive function tests. The finding of 
an association with some tests, such as the MoCA, Hopkins 
Verbal Learning Test—Revised immediate recall, and Trail-
Making Test, but not with others, such as the delayed recall 
portions of the Hopkins Verbal Learning Test—Revised and 
Boston Naming Test, suggests that dipping may be associ-
ated primarily with preservation of executive function, 
rather than other domains such as memory and delayed 
word retrieval. Furthermore, while extreme dipping, defined 
as a nighttime dip ≥20%, has previously been associated 
with stroke in older hypertensive patients,35 we found that 
the degree of dipping was associated with better cognitive 
function in a linear fashion across quartiles. Although we 
cannot draw causal inferences from this cross-sectional 
study, we hypothesize that dysregulation of the normal dip-
ping pattern may be associated with dysfunctional cerebral 
autoregulation and therefore cognitive dysfunction.

We also found that higher 24-hour mean DBP was asso-
ciated with better cognitive function. Interestingly, in-clinic 

Figure 1. Unadjusted relationship between dipping quartiles and 24-hour diastolic BP quartiles and MoCA score (Jonckheere–Terpstra trend test for 
dipping quartiles, P = 0.02; for 24-hour diastolic BP quartiles, P < 0.001). Abbreviations: BP, blood pressure; MoCA, Montreal Cognitive Assessment.
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DBP was only weakly associated with cognitive function in 
unadjusted analysis, an association that was attenuated and 
rendered no longer statistically significant when adjusted for 
age. Some studies have found that a higher in-clinic DBP is 
associated with poorer cognitive function and white mat-
ter lesions.8,36 These studies had large sample sizes and may 
have been statistically powered to detect an association that 
we did not detect. In-clinic measurements may also detect 
different physiological phenomena than ABPM. A  person 
with a normal or relatively high in-clinic DBP may have a 
low DBP over 24 hours and be subject to periods of brain 
hypoperfusion, a potential contributing factor to vascular 
dementia.11 However, 1 study in a population-based cohort 
of 70-year-old men in Sweden found that higher ambulatory 
DBP was associated with poorer cognitive function.3 Thus, 
our results are in conflict. The exact reason for these differing 
findings is unclear, and may be attributable to differences in 
study populations, such as the inclusion of both genders and 
a wider age range in our population. Our data also did not 
suggest a U-shape or J-shape relationship between DBP and 
cognitive function, which has been previously found in the 
Baltimore Longitudinal Study of Aging.5 However, the range 
of DBP in our population did not include a substantial num-
ber of individuals with average DBP >90, so we are not able 
to investigate associations with the higher range of DBP; we 
hypothesize, however, that there is a point at which DBP is 
not sufficient for cerebral perfusion and that under that point 
low DBP is associated with cognitive dysfunction.

We found no association between SBP, or any measures of 
arterial stiffness—pulse pressure, AASI, or ARV—and cog-
nitive function. Our finding of no association between SBP 
and cognitive function was surprising given the possibility of 
end-organ damage and recent findings by Kwon et al.37 that 
greater 24-hour BP is associated with more advanced white 

matter lesions in stroke patients. It is possible that commu-
nity-living patients are better able to auto-regulate cerebral 
perfusion for systolic pressures throughout the day than for 
diastolic pressures, which better represent a patient’s base-
line perfusion. This finding is consistent with the findings of 
Kilander et al.,3 who found no association between 24-hour 
SBP and cognitive function in community-living adults. 
With regard to measures of variability—2 prior studies have 
found associations with variability in SBP with cognitive 
function, but these studies were performed in referral popu-
lations of hypertensive patients and patients with chronic 
diseases.10,11 Other studies of community-living adults 
have associated higher pulse pressure with poorer cognitive 
function,2 an association that was not present in our data. 
Our results suggest that the importance of increased pulse 
pressure in relatively healthy adults may not be in arterial 
stiffness itself, but rather that lower diastolic pressure is the 
component of importance for cognitive function.

Strengths of the present study include its evaluation of 
a diverse cohort of free-living older adults, allowing us to 
extend findings to this population and compare findings to 
prior studies in hypertensive, chronic kidney disease, and 
very elderly patients. In addition, the availability of both 
clinic-based and 24-hour ABPM measurements and mul-
tiple tests of cognitive function allowed us to ascertain the 
degree to which additional information above and beyond 
clinic BP could be garnered with the ABPM. Considerable 
race/ethnic diversity, representation of both genders, a wide 
age spectrum, and availability of measures of multiple poten-
tial confounding variables are additional strengths.

Our study also has important limitations. The study popu-
lation was recruited from employees at a university and had 
a high rate of postsecondary education, which may limit 
the generalizability of our findings to populations with less 

Table 3. Adjusted association of nighttime systolic dipping and 24-hour diastolic blood pressure with cognitive function

Cognitive function measure

Systolic dipping, % 24-hour diastolic bood pressure, 10 mm Hg

Beta 95% CI P-value Beta 95% CI P-value

MoCA 0.05 0.00 to 0.09 0.033 0.58 0.12 to 1.05 0.015

Hopkins Verbal Learning Test

 Immediate recall 0.10 0.03 to 0.16 0.003 0.32 −0.38 to 1.03 0.36

 Delayed recall 0.04 0.00 to 0.08 0.051 0.18 −0.24 to 0.60 0.39

 Retention % 0.18 −0.19 to 0.56 0.34 1.79 −2.2 to 5.78 0.37

 Discrimination 0.01 −0.02 to 0.05 0.52 0.17 −0.19 to 0.54 0.34

Trail-Making Test

 Part A −0.27 −0.46 to −0.07 0.007 −1.94 −4.02 to 0.14 0.07

 Part B −0.54 −1.09 to 0.02 0.06 −4.14 −10.1 to 1.8 0.17

Stroop Word–Color Test

 Word score 0.12 −0.11 to 0.35 0.31 2.02 −0.45 to 4.5 0.11

 Color score 0.03 −0.14 to 0.20 0.75 2.09 0.23 to 3.9 0.03

 Word–color score 0.10 −0.03 to 0.22 0.12 0.26 −1.09 to1.62 0.7

Boston Naming Test 0.00 −0.04 to 0.03 0.91 0.00 −0.36 to 0.37 0.97

Digit symbol substitution 0.09 −0.07 to 0.25 0.29 0.29 −1.4 to 2.0 0.73

Abbreviations: CI, confidence interval; MoCA, Montreal Cognitive Assessment.



American Journal of Hypertension 28(12) December 2015 1451

Ambulatory Blood Pressure and Cognition

education. We used a cross-sectional design and we can-
not determine the temporal direction of the associations or 
cause–effect relationships. We could neither obtain imaging 
studies to link cognitive function testing to abnormalities on 
brain magnetic resonance imaging, nor obtain formal pulse-
wave velocity studies for arterial stiffness.

In conclusion, we demonstrate that higher 24-hour DBP 
and dipping percentage are both independently associated 
with better cognitive function in community-living older 
adults; associations that were stronger than those seen with 
in-clinic BP readings. If confirmed, and if 24-hour DBP and 
dipping patterns are shown to precede cognitive impairment 
in longitudinal studies, these findings suggest that addition 
of ABPM to clinic-based BP may ultimately allow identifi-
cation older person at higher risk for cognitive impairment 
above and beyond other risk factors for cognitive decline. 
Secondary analyses of future BP intervention studies can be 
conducted to examine if aggressive lowering of DBP might 
worsen the trajectory of cognitive function, or if manipula-
tion of dipping pattern with timed administration of antihy-
pertensives might improve trajectory of cognitive function 
in older community-living persons.
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