
ORIGINAL RESEARCH
published: 16 November 2021

doi: 10.3389/fneur.2021.719311

Frontiers in Neurology | www.frontiersin.org 1 November 2021 | Volume 12 | Article 719311

Edited by:

Ayrton R. Massaro,

Hospital Sirio Libanes, Brazil

Reviewed by:

Julian Nicolas Acosta,

Yale University, United States

Craig S. Anderson,

University of New South

Wales, Australia

*Correspondence:

Ashfaq Shuaib

ashfaq.shuaib@ualberta.ca

Specialty section:

This article was submitted to

Stroke,

a section of the journal

Frontiers in Neurology

Received: 02 June 2021

Accepted: 30 September 2021

Published: 16 November 2021

Citation:

Akhtar N, Al-Jerdi S, Kamran S,

Singh R, Babu B, Abdelmoneim MS,

Morgan D, Joseph S, Francis R and

Shuaib A (2021) Night-Time

Non-dipping Blood Pressure and

Heart Rate: An Association With the

Risk of Silent Small Vessel Disease in

Patients Presenting With Acute

Ischemic Stroke.

Front. Neurol. 12:719311.

doi: 10.3389/fneur.2021.719311

Night-Time Non-dipping Blood
Pressure and Heart Rate: An
Association With the Risk of Silent
Small Vessel Disease in Patients
Presenting With Acute Ischemic
Stroke
Naveed Akhtar 1, Salman Al-Jerdi 2, Saadat Kamran 1, Rajvir Singh 1, Blessy Babu 1,

Mohamed S. Abdelmoneim 1, Deborah Morgan 1, Sujatha Joseph 1, Reny Francis 1 and

Ashfaq Shuaib 3*

1 The Neuroscience Institute, Hamad Medical Corporation, Doha, Qatar, 2Weill Cornell Medicine, Doha, Qatar, 3Neurology

Division, Department of Medicine, University of Alberta, Edmonton, AB, Canada

Background and Purpose: Nocturnal non-dipping blood pressure and heart rate are

associated with an increased risk of cardiovascular disease. The effects of such variance

on cerebrovascular disease have not been well studied.

Methods: The 24-h ambulatory blood pressure (ABPM) and heart rate were monitored

with B-pro in patients with acute stroke within the initial week of hospital admission.

The risk factor profiles, clinical presentation, imaging, and short-term prognosis were

compared in nocturnal dippers and non-dippers (more than 10% nocturnal decrease) of

blood pressure and heart rate.

Results: We enrolled 234 patients in whom ABPM and MRI data were available. Heart

rate data were available in 180 patients. Lacunar sub-cortical stroke was the most

common acute lesion (58.9%), while hypertension (74%) and diabetes (41.5%) were the

most common associated risk factors. ABPM revealed non-dipping in 69% of patients.

On univariate analysis, Small Vessel Disease (SVD) was significantly more frequent in

non-dippers vs. dippers (BP: 56.8 vs. 40.3% p = 0.02; heart rate: 57.9 vs. 40.7%

p = 0.03). Silent strokes were also more frequent in non-dippers vs. dippers (BP: 40.7

vs. 26.4% p = 0.35; heart rate: 44.6 vs. 25.4% p = 0.01). Multivariate analysis revealed

SVD to be significantly related to age, hypertension, blood pressure non-dipping, and

severity of symptoms at index event.

Conclusions: The presence of nocturnal non-dipping of blood pressure and heart rate

are associated with an increased risk of silent stroke and SVD. Increased use of ABPM

may allow for improved diagnosis of non-dippers.
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INTRODUCTION

In 1988 O’Brian et al. reported in a study of 102 hypertensive
patients that non-dippers (17% of enrolled subjects) were at a
higher risk of stroke during follow-up (1). Subsequent studies
have shown a strong association between of the incidence
of atherosclerosis, coronary artery disease (CAD), and stroke
in non-dippers (2–4). Although the exact pathophysiology of
non-dipping remains unclear, abnormalities in vascular tone,
autonomic dysfunction, and neurohormonal factors all increase
the risk of non-dipping (2). Common disorders associated with
non-dipping include diabetes mellitus, obstructive sleep apnea,
chronic renal failure, and secondary causes of hypertension
(2–4). A recent report suggested that atherosclerosis-related
dysfunction in the baroreceptor may be related to poor nocturnal
dipping in patients with stroke (5). The “non-dipping” and
“reverse dipping” patterns may result in a higher 24-h mean
blood pressure level leading to greater pressure load and shear
stress on vessels resulting in accelerated atherosclerosis (4, 6).
There is also a link between resting heart rate and vascular
disease (7–11). Similar to changes in nocturnal blood pressure,
non-dipping in the heart rate during sleep is associated with an
increased risk of heart disease and increased mortality (7–10).

White matter hyperdensities and small vessel disease (SVD)
increase with age and are increasingly being recognized in
patients with hypertension and other vascular risk factors. The
presence of SVD increases the risk of stroke, CAD, cognitive
dysfunction and dementia, and mortality (12). Several reports
from Japan and South Korea have documented an increase in
the incidence of SVD in hypertensive subjects non-dipping on
prolonged ambulatory monitoring. A similar increase in SVD has
recently been reported in community-dwelling elderly Japanese
with blunted nocturnal heart rate dipping (11). The effects of
nocturnal non-dipping in blood pressure and heart rate on the
severity of acute stroke or rates of post-stroke recovery and
prognosis have not been studied.

We have previously reported on the high incidence of SVD
in multi-ethnic patients with acute stroke from Qatar. SVD
was evident in 65% of subjects, with an even higher prevalence
noted in patients with preexisting hypertension and diabetes
(13). Ambulatory blood pressure monitoring (ABPM) was,
however, not done in these patients and we did not determine
the relationship between non-dipping patients and prognosis
following acute stroke.

In this study, we report on the effects of nocturnal non-
dipping of blood pressure and heart rate on the frequency of
SVD in acute stroke patients. We studied the 24-h ambulatory
blood pressure (ABPM) and heart rate in acute stroke patients
in whom MRI scans were performed during admission. Our
primary objective was to determine the frequency of non-dippers
and quantify the severity of SVD in dippers vs. non-dippers. We
also examined the association of SVD in non-dippers on the
severity of symptoms at presentation and the 90-day prognosis.

METHODS

The study was approved by the Institutional Review Board at
Hamad Medical Corporation (HMC-IRB, 16428/16). All acute

stroke patients admitted to the Hamad General Hospital (HGH)
from September 2018 to October 2020, were approached for the
study. Following consent, the measurement of the ambulatory
pressure was completed in most patient during the admission,
usually during day 2–7 of the admission. TheMRI was completed
within 2–4 days of the admission. For the current study, we
only included patients in whom ABPM andMRI were completed
during the admission. The clinical data, laboratory investigations,
and imaging information were collected prospectively and
entered into the case record forms (CRFs).

Study Population
The clinical information was collected on all consented patients
admitted to the HGH including prehospital modified Rankin
Scale (mRS), risk factors for stroke, mode of presentation, the
severity of symptoms (as measured by the National Institute
of Health Stroke Scale [NIHSS]), evaluation and investigations
in the emergency department, complications in hospital, final
diagnosis and prognosis at discharge and mRS following
discharge at 90 days. The information was collected in a database.
The details of the database have previously been described
(13, 14).

Risk Factor Assessment and Ambulatory
Blood Pressure Monitoring
Cardiovascular risk factors were ascertained through direct
examination and interviews conducted by trained clinical
nurse specialists. Diabetes mellitus was defined by the current
use of insulin or hypoglycemic agents or admission HbA1c
more than 7.0%. Hypercholesterolemia was defined as a total
serum cholesterol >5.2 mmolL, or the use of lipid-lowering
medications. Body mass index was calculated using height and
weight (kg/m2). Hospital admission systolic BP (SBP) and
diastolic BP (DBP) were measured on the non-dominant arm in
a lying position, using a sphygmomanometer calibrated against a
reference mercury sphygmomanometer and with an arm cuff of
appropriate size. BPs were recorded twice with a 5-min interval,
and the average of the two recordings was used. Hypertension
was defined as office SBP >140 mmHg or DBP >90 mmHg
(mean of two readings), or prior antihypertensive medication
use. We also included patients with no previous history of
hypertension in whom the diagnosis was entertained when the
blood pressure reading was consistently more than SEP >140 or
DBP >90 during multiple readings during the admission.

Ambulatory blood pressure monitoring (ABPM) was
performed with B-Pro (B-Pro R©; HealthSTATS International,
Singapore, Singapore) on the non-dominant arm. The methods
of ambulatory BP monitoring with B-Pro have been compared
to standard arm cuff devices with comparable results (15). The
B-pro was attached to the wrist just proximal to the hand over
the radial artery between 7 and 10 am. The patient’s sleep onset
and wake-up times were recorded. Ambulatory BP readings
were automatically taken and recorded every 15min during
waking and sleeping hours for 24 h. The mean SBP and DBP
were calculated for the 24-h period and separately for daytime
(awake) and night-time (sleep) periods, defined by subjects’ diary
reports of actual asleep and awake times. Elevated ambulatory
BPs were defined as follows; elevated 24-h ABP as mean 24-h
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SBP >130 mmHg and/or DBP >80 mmHg; elevated daytime
ABP as mean daytime SBP >135 mmHg and/or DBP >85
mmHg; and elevated night-time ABP as mean night-time SBP
>120 mmHg and/or DBP >70 mmHg (16). Nighttime dipping
was calculated from ABPM measures, including night-to-day
SBP ratio (mean night-time SBP/mean daytime SBP), and
calculated and categorized them into two patterns: dipping and
non-dipping pattern (17). A “non-dipping BP” is usually defined
as a nocturnal BP fall of <10%.

The gold standard method of measuring the central aortic
systolic pressure (CASP) is via direct measurement with an intra-
aortic transducer. However, the method is invasive and several
non-invasive methods are available that allow for comparable
measurements (18). The B-Pro ABPM monitoring system can
measure the CASP (systolic andmean) and the accuracy has been
validated with other similar devices (15, 18). We had detailed
CASP measurements available in 180 patients. To evaluate if an
increase in CASPmay contribute to SVD, themeasurements were
compared in patients with or without SVD as measured onMRIs.

The heart rate data was obtained from the B-pro monitors
and was available for 180 of the patients. We used the methods
as defined by Ogoyama et al. (9) for calculation of the day
time, night time, and dipping status. In brief, the following
formula was used for the calculation of night-time dipping
(daytime heart rate—nighttime heart rate/daytime heart rate). A
change of <10% was considered as non-dipping. The dipping
percentage was defined as daytime heart rate—nighttime heart
rate x 100/daytime heart rate (9).

MRI Image Acquisition of the Brain and
Interpretation
Brain images were obtained on a Siemens 3T MRI. The
details of the methodology have been previously published in
a report from Qatar in a similar population (13). Briefly, all
patients had the following MRI sequences performed; diffusion-
weighted imaging, apparent diffusion coefficient, axial T1, T2,
fluid-attenuated inversion recovery, sagittal T1, coronal T2
susceptibility-weighted imaging, contrast-enhanced sagittal T1
three-dimensional magnetization prepared rapid acquisition
gradient echo (MPRAGE) with axial and coronal reformats, and
three-dimensional time of flight intracranial and post-contrast
cervical MR angiography were obtained for each subject with a
3.0-T superconducting magnet (MAGNETOM Skyra, Siemens,
Germany). For diagnosis of SVD, we included silent stroke
(SS), periventricular hyperintensities (PVHIs), white matter
hyperintensities (WMHIs), and cerebral microbleeds (CMBs)
using the Fazekas scale (19) as discussed in detail by Pantoni
et al. and Kullar et al. (20, 21). Silent stroke was defined as
focal hyperintensities on T2-weighted images, 3mm in size or
larger. Cerebral infarction was defined as “silent” if there was
no corresponding history of a stroke or TIA. A combination
of T1, T2, and fluid-attenuated inversion recovery (FLAIR)
scans was used to distinguish infarcts from dilated perivascular
spaces. Lesions in the white matter also required corresponding
prominent hypointensities on T1-weighted images, to distinguish
them from other cerebral white matter abnormalities. Lacunes

were defined as focal lesions between 3 and <15mm seen on
FLAIR, T1-weighted, and T2-weighted sequences. If lacunes were
more than 15mm, they were defined as subcortical infarcts, and
if the cortical gray matter was affected, they were classified as
cortical infarcts. A modification of previously published scales
was used to describe the different types of hyperintense signal
abnormalities surrounding the ventricles and in the deep white
matter (22, 23). A similar methodology has been used in previous
studies (2). PVHI was graded as 0 = absence, 1 = “caps” or
pencil-thin lining, 2 = smooth “halo,” and 3 = irregular PVHI
extending into the deep white matter. Separate deep WMHIs
were rated as 0 = absence, 1 = punctate foci, 2 = beginning
confluence of foci, and 3 = large confluent areas. For the
current analysis, a score of 2 or more was considered significant
for WMHIs and PVHIs. Cerebral microbleeds were defined as
round-shaped homogenous foci of low signal intensity lesions
<5mm on SWI (24, 25). The foci located in the subarachnoid
spaces or symmetrically in the globus pallidus were not included
because these may be confused as vessel markings heavy mineral
deposits, or calcifications. The locations of CMBs were classified
as lobar, central gray matter (basal ganglia and thalamus), white
matter (periventricular and white matter), and infra-tentorial
area (brainstem and cerebellum) (26). The MR studies were
performed under the direct supervision of the neuroradiologists
in our team, who officially report the studies. The reviewer was
unaware of the clinical diagnosis or the ABPM results at the time
of the rating of the MRI.

Statistical Methods
Descriptive results for all continuous variables were reported
as mean ± standard deviation and numbers (percentage) for
categorical variables. Median and Inter Quartile Range (IQR)
were calculated for NIHSS score. Student t-tests for continuous
variables and chi-square tests for categorical variables were
performed between the groups (Nocturnal Dippers vs. Nocturnal
Non-Dippers) and (SVD Absent vs. SVD present). Multivariable
logistic regression analyses were used to evaluate the association
of ABM measures with subclinical cerebrovascular disease.
Multivariable models were adjusted for the factors associated
with subclinical cerebrovascular disease at the P < 0.05 level in
the univariable analyses of ABPM and brain MRI abnormalities
patients. Odds ratios and 95% confidence interval were reported.
ROC curve with c-statistics was presented to see the model
accuracy for SVD. A p < 0.05 (two-tailed) was considered
statistical significant level. SPSS 21·0 statistical package was used
for the analysis.

RESULTS

There were 234 patients in whom ABPM was completed and
MRI data was available. The 24-h pulse reading was available in
180 patients. In the remainder of subjects, the pulse recordings
were not of sufficient quality to have an accurate determination
of the daytime and nighttime measurements accurately and were
therefore not utilized for further analysis.

The demographics, risk factors, current medications at the
time of admission, clinical diagnosis, and the severity of stroke

Frontiers in Neurology | www.frontiersin.org 3 November 2021 | Volume 12 | Article 719311

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Akhtar et al. Non-dipping Blood Pressure and Heartrate

TABLE 1 | Demographic features, stroke severity, outcome, and the presence of SVD in the patients with and without nocturnal dipping.

Characteristic or investigations Total

(n = 234)

Nocturnal dippers

(n = 72, 30.8%)

Nocturnal non-dippers

(n = 162, 69.2%)

P value

Age, Mean, years 51.1 ± 9.9 50.531 ± 0.3 51.359 ± 0.8 0.56

Men (%) 205 (87.6) 64 (88.9) 141 (87.0) 0.69

Hypertension on admission 175 (74.8) 49 (68.1) 126 (77.8) 0.11

Diabetes on admission 97 (41.5) 31 (43.1) 66 (40.7) 0.74

Dyslipidemia on admission 96 (41.0) 36 (50.0) 60 (37.0) 0.06

CAD on admission 13 (5.6) 4 (5.6) 9 (5.6) 1.00

AF on admission 6 (2.6) 3 (4.2) 3 (1.9) 0.30

Active smoking 75 (32.1) 24 (33.3) 51 (31.5) 0.78

History of stroke 15 (6.4) 6 (8.3) 9 (5.6) 0.42

Obese (≥30.0 Kg/m2) 73 (31.2) 20 (27.8) 53 (32.7) 0.45

BMI (kg/m2) 28.4 ± 5.1 27.7 ± 3.9 28.9 ± 5.6 0.17

SBP (mm Hg) 156.0 ± 26.1 156.6 ± 24.9 157 ± 26.7 0.53

DBP (mm Hg) 92.9 ± 18.8 94.1 ± 18.3 92.4 ± 19.0 0.17

NIHSS on admission (Median, -IQR) 1 (0–4) 1 (0–4) 1 (0–4) 0.66

Stroke severity

Mild stroke (NIHSS 0–4) 194 (82.9) 61 (84.7) 133 (82.1) 0.74

Moderate stroke (NIHSS 5–10) 30 (12.8) 9 (12.5) 21 (13.0)

Severe stroke (NIHSS 11 or more) 10 (4.3) 2 (2.8) 8 (4.9)

Final diagnosis

Ischemic stroke 157 (67.1) 48 (66.7) 109 (67.3) O.89

Transient ischemic attack 55 (23.5) 18 (25) 37 (22.8)

Intracerebral hemorrhage 22 (9.4) 6 (8.3) 16 (9.9)

TOAST classification

Small vessel disease 93 (58.9) 63 (62.5) 30 (57.3) 0.07

Large vessel disease 23 (14.6) 2 (4.2) 21 (19.1)

Cardio-embolic 26 (16.5) 8 (16.7) 18 (16.4)

Stroke of determined origin 5 (3.2) 3 (6.3) 2 (1.8)

Stroke of undetermined origin 11 (7.0) 5 (10.4) 6 (5.5)

NIHSS at discharge (Median,- IQR) 1 (0–2) 1.8 ±2.6 0 (0–3) 1.9 ±2.9 1 (0–2) 0.71

Prognosis –at discharge

–good (mRS 0–2)

182 (77.8) 56 (77.8) 126 (77.8) 1.00

Prognosis – At 90-days

–good (mRS 0–2)

223 (95.3) 68 (94.4) 155 (95.7) 0.68

Average 24-h SBP at index event 142.7 ± 20.9 139.2 ± 19.3 144.3 ± 21.6 0.09

Average 24 h DBP at Index event 90.6 ± 15.1 88.8 ± 14.9 91.4 ± 15.2 0.23

Average daytime SBP at index event 145.9 ± 21.4 146.0 ± 20.3 145.7 ± 22 0.96

Average daytime DBP at index event 145.9 ± 21.4 92.6 ± 16.4 92.6 ± 15.5 0.99

Average nighttime SBP at index event 92.6 ± 15.7 127.2 ± 18.7 141.4 ± 22.4 0.001

Average nighttime DBP at index event 137.0 ± 22.3 80.9 ± 14.1 89.4 ± 15.3 0.001

Mean dipping % at index event 13.3 ± 2.6 4.5 ± 2.9 0.001

MRI findings at index event

Small vessel disease present 121 (51.7) 29 (40.3) 92 (56.8) 0.02

New stroke on imaging 170 (72.6) 54 (75.0) 116 (71.6) 0.59

Silent infracts present 85 (36.3) 19 (26.4) 66 (40.7) 0.035

White matter disease (periventricular) present 183 (78.2) 51 (70.8) 132 (81.5) 0.069

White matter disease (brainstem) present 38 (16.2) 6 (8.3) 32 (19.8) 0.029

Cerebral microbleed present 50 (21.4) 12 (16.7) 38 (23.5) 0.24

Severity of CMB at index event

NO CMB 184 (78.6) 60 (83.3) 124 (76.5) 0.50

CMB 1–4 34 (14.5) 8 (11.1) 26 (16.0)

CMB 5 or more 16 (6.8) 4 (5.6) 12 (7.4)

CAD, Coronary Artery Disease; AF, Atrial Fibrillation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; HbA1c, hemoglobin

A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NIHSS, the National Institutes of Health Stroke Scale; IQR, Inter Quartile Range; mRS modified small vessel disease;

SVD small vessel disease; CMB cerebral microbleed.
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TABLE 2 | Demographics, risk factors, clinical presentation, severity of symptoms at presentation, short-term prognosis in patients with and without small vessel disease

(SVD).

Characteristic or investigations Total

(n = 234)

SVD ABSENT (n = 113, 48.3%) SVD PRESENT (n = 121, 51.7 %) P value

Age, Mean, years 51.1 ± 9.9 48.6 ± 9.4 53.4 ± 9.9 <0.001

Men (%) 205 (87.6) 98 (86.7) 107 (88.4) 0.69

Dipping status

Normal dippers 72 (30.8) 43 (38.1) 29 (24.0) 0.02

Non-dippers 162 (69.2) 70 (61.9) 92 (76.0)

Hypertension on admission 175 (74.8) 71 (62.8) 104 (86.0) <0.001

Diabetes on admission 97 (41.5) 42 (37.2) 55 (45.5) 0.19

Dyslipidemia on admission 96 (41.0) 46 (40.7) 50 (41.3) 0.92

Coronary artery disease 13 (5.6) 1 (0.9) 12 (9.9) 0.003

Atrial fibrillation on admission 6 (2.6) 4 (3.5) 2 (1.7) 0.36

Active smoking 75 (32.1) 31 (27.4) 44 (36.4) 0.14

History of stroke 15 (6.4) 3 (2.7) 12 (9.9) 0.023

BMI (kg/m2) 28.4 ± 5.1 27.9 ± 4.6 28.8 ± 5.6 0.20

HbA1c % 6.8 ± 2.1 6.6 ± 1.8 7.1 ± 2.3 0.04

Total cholesterol 4.6 ± 1.3 4.6 ± 1.3 4.5 ± 1.3 0.94

Serum triglyceride 1.7 ± 0.9 1.8 ± 1.0 1.7 ± 0.8 0.53

HDL cholesterol 1.1 ± 0.4 1.1 ± 0.4 1.0 ± 0.4 0.22

LDL cholesterol 2.9 ± 0.9 2.9 ± 0.9 2.8 ± 0.9 0.67

Admission NIHSS (median IQR) 1 (0–4) 1 (0–3) 2 (0–4) 0.002

Stroke severity

Mild stroke (NIHSS 0–4) 194 (82.9) 102 (90.3) 92 (76.0) 0.013

Moderate stroke (NIHSS 5–10) 30 (12.8) 9 (8.0) 21 (17.4)

Severe stroke (NIHSS 11 or more) 10 (4.3) 2 (1.8) 8 (6.6)

Final diagnosis

Ischemic stroke 157 (67.1) 73 (64.6) 84 (69.4) 0.16

Transient ischemic attack 55 (23.5) 32 (28.3) 23 (19.0)

Intracerebral hemorrhage 22 (9.4) 8 (7.1) 14 (11.6)

TOAST classification

Small vessel disease 93 (58.9) 37 (50.7) 56 (65.9) 0.17

Large vessel disease 23 (14.6) 10 (13.7) 13 (15.3)

Cardio-embolic 26 (16.5) 15 (20.5) 11 (12.9)

Stroke of determined origin 5 (3.2) 3 (4.1) 2 (2.4)

Stroke of undetermined origin 11 (7.0) 8 (11.0) 3 (3.5)

NIHSS at discharge (median IQR) 1 (0–2) 0 (0–2) 1 (0–3) 0.03

Prognosis at discharge-good (mRS 0–2) 182 (77.8) 93 (82.3) 89 (73.6) 0.11

Prognosis—at 90-days—good (mRS 0–2) 223 (95.3) 110 (97.3) 113 (93.4) 0.15

Average 24 h SBP at index event 142.7 ± 20.9 138.9 ± 18.9 146.3 ± 22.2 0.007

Average 24 h DBP at Index event 90.6 ± 15.1 89.9 ± 14.1 91.1 ± 16.0 0.56

Average daytime SBP at Index event 145.9 ± 21.4 142.3 ± 19.8 149.2 ± 22.5 0.014

Average daytime DBP at index event 145.9 ± 21.4 91.9 ± 15.3 93.2 ± 16.1 0.53

Average nighttime SBP at index event 92.6 ± 15.7 132.2 ± 19.0 141.5 ± 24.1 0.001

Average nighttime DBP at index event 137.0 ± 22.3 85.6 ± 14.1 88.0 ± 16.5 0.23

Mean dipping % at index event 7.2 ± 4.9 7.9 ± 5.0 6.6 ± 4.9 0.051

CAD, Coronary Artery Disease; AF, Atrial Fibrillation; SBP, systolic blood pressure; BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; HbA1c, hemoglobin

A1c; SBP, systolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NIHSS, the National Institutes of Health Stroke Scale; IQR, Inter Quartile Range; mRS

modified small vessel disease; SVD small vessel disease; CMB, cerebral microbleed.

symptoms are shown in Table 1. Overall, there were 162 patients
(69.2%) in whom nocturnal blood pressure dipping was not
observed. There were no significant differences in the risk

factors (including hypertension) between dippers and non-
dippers. At admission 175 (74.8%) patients were known to
have hypertension. There were 126 (77.8%) patients who were
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TABLE 3 | Demographics, clinical features, and imaging characteristics of the patients with and without nocturnal pulse dipping.

Characteristic or investigations Total

(n = 180)

Nocturnal pulse dippers (n = 59, 32.8%) Nocturnal pulse non-dippers (n = 121, 67.2%) P value

Age, Mean, years 51.3 ± 9.9 51.2 ± 10.2 51.8 ± 9.8 0.89

Male (%) 157 (87.2) 51 (86.4) 106 (87.6) 0.83

Hypertension on admission 137 (76.1) 41 (69.5) 96 (79.3) 0.15

Diabetes on admission 75 (41.7) 23 (39.0) 52 (43.0) 0.61

Dyslipidemia on admission 73 (40.6) 25 (42.4) 48 (39.7) 0.73

Coronary artery disease 8 (4.4) 0 8 (6.6) 0.04

Atrial fibrillation on admission 5 (2.8) 3 (5.1) 2 (1.7) 0.19

Active smoking 54 (30.0) 16 (27.1) 38 (31.4) 0.56

History of stroke 9 (5.0) 2 (3.4) 7 (5.8) 0.49

Obese (≥30.0 Kg/m2) 61 (33.9) 16 (27.1) 45 (37.2) 0.18

BMI (kg/m2) 28.7 ± 5.5 28.4 ± 5.9 28.8 ± 5.3 0.66

NIHSS on admission (median, IQR) 1 (0–4) 1 (0–4) 1 (0–3) 0.87

NIHSS at discharge (median, IQR) 1 (0–2) 1 (0–2) 1 (0–2) 0.47

Stroke severity on admission

Mild stroke (NIHSS 0–4) 152 (84.4) 52 (88.1) 100 (82.6) 0.32

Moderate stroke (NIHSS 5–10) 21 (11.7) 4 (6.8) 17 (14.0)

Severe stroke (NIHSS 11 or more) 7 (3.9) 4 (5.1) 3 (3.3)

Final diagnosis

Ischemic stroke 120 (66.7) 44 (74.6) 76 (62.8) 0.19

Transient ischemic attack 42 (23.3) 12 (20.3) 30 (24.8)

Intracerebral hemorrhage 18 (10.0) 3 (5.1) 15 (12.4)

TOAST classification

Small vessel disease 73 (60.3) 29 (65.9) 44 (57.1) 0.19

Large vessel disease 15 (12.4) 4 (9.1) 11 (14.3)

Cardio-embolic 20 (16.5) 4 (9.1) 16 (20.8)

Stroke of determined origin 4 (3.3) 3 (6.8) 1 (1.3)

Stroke of undetermined origin 9 (7.4) 4 (9.1) 5 (6.5)

Prognosis—at discharge

Good (mRS 0–2) 142 (78.9) 46 (78.0) 96 (79.3) 0.83

Poor (mRS 3–6) 38 (21.1) 13 (22.0) 25 (20.7)

Prognosis—at 90-days

Good (mRS 0–2) 171 (95.0) 56 (94.9) 115 (95.0) 0.97

Poor (mRS 3–6) 9 (5.0) 3 (5.1) 6 (5.0)

Small vessel disease present 94 (52.2) 24 (40.7) 70 (57.9) 0.03

Silent infracts present 69 (38.3) 15 (25.4) 54 (44.6) 0.013

White matter disease present 140 (77.8) 38 (64.4) 102 (84.3) 0.003

Cerebral microbleed present 43 (23.9) 13 (22.0) 30 (24.8) 0.68

BMI, body mass index; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of ORG

10172 in Acute Stroke Treatment) classification; bpm, Beats Per Minute.

non-dippers in this group. Twenty-nine additional patients were
diagnosed with hypertension during the hospitalization (total:
191 including 51 [26.7%] dippers and 140 [73.3%] non-dippers).

Small vessel disease was evident in 121 of 234 (51.7%)
patients as shown in Table 2. Patients with SVD were
significantly older with no sex dominance. Significantly more
patients with SVD had a history of hypertension and previous
stroke and CAD. Compared to nocturnal dippers, SVD was
significantly higher in non-dippers (56.8 vs. 40.3% p = 0.02).
The differences in the severity of SVD changes were most
evident in the brainstem region (19.8 vs. 8.3% p = 0.02).

Periventricular changes were marginally higher in non-dippers
(81.5 vs. 70.8% p = 0.069). Silent infarctions were significantly
more frequently seen in non-dippers compared to dippers
(40.7% vs. 26.4% P = 0.03). CMBs were also marginally
increased in non-dippers but did not reach significance. In
all, CMBs were evident in 21.4% of patients (non-dippers
23.5% and dippers 16.7% P = 0.24). Patients with nocturnal
pulse dipping were also more likely to have significantly
fewer silent strokes and small vessel disease as shown
in Table 3. CMBs appeared to have no relationship with
pulse dipping.
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TABLE 4 | Multivariate analysis of the variables associated with SVD.

VARIABLE ODDS RATIO 95% CI P Value

Lower Upper

Age 0.004 1.02 1.07 1.08

Sex 1.25 0.53 2.97 0.61

BP non-dipper 1.95 1.04 3.65 0.04

NIHSS on admission 1.15 1.04 1.28 0.007

Prior stroke history 3.43 0.83 14.2 0.09

Hypertensive on admission 2.87 1.45 5.67 0.002

Coronary artery disease 6.99 0.84 58.17 0.07

Results are adjusted for the factors including age, sex, history of hypertension, dipping

status, admission NIHSS, prior history of stroke, coronary artery disease, and non-dippers

and correlated its association with small vessel disease (SVD).

FIGURE 1 | ROC curve to predictive accuracy of SVD from the model.

Table 4 shows multivariate regression analysis on 234 subjects
available for all the variables. Adjusting for the effect of clinical
variables identified by univariable analyses age, sex, history of
hypertension, dipping status, the severity of stroke as measured
with NIHSS, and prior history of stroke or CAD, hypertension
on admission (adj OR: 2.87, 95% C.I.: 1.45–5.67, p= 0.002), non-
dippers (adj OR: 1.95, 95% C.I.: 1.04–3.65, p = 0.04), and NIHSS
on admission (adj OR: 1.15, 95% C.I.: 1.04–1.28, p= 0.007) were
found significantly associated with SVD.

Figure 1 demonstrates C- statistics in the form of receiver
operative Curve (ROC) suggested that the model is able to
discriminate 75% accurately between SVD and Non SVD. When
similar multivariate regression analysis was performed including
pulse non-dipper varaibale having only 180 subjects, only NIHSS

TABLE 5 | Multivariate analysis after adding pulse non-dipping status to see the

association with SVD.

VARIABLE ODDS RATIO 95% CI P value

Lower Upper

Age 1.03 0.99 1.07 0.07

Sex 1.29 0.47 3.56 0.63

BP non-dipper 1.97 0.78 4.98 0.15

Pulse non-dipper 1.31 0.58 2.94 0.51

NIHSS on admission 1.24 1.08 1.44 0.003

Prior stroke history 6.31 0.72 55.32 0.09

Hypertensive on admission 3.14 1.35 7.28 0.008

Results are adjusted for the factors including age, sex, history of hypertension, dipping

status, admission NIHSS, prior history of stroke, coronary artery disease, and non-dippers

and correlated its association with small vessel disease (SVD).

on admission (adj OR: 1.24, 95% C.I.: 1.08–1.44, p = 0.003) and
hypertensive on admission (adj OR: 3.14, 95% C.I.: 1.35–7.28, p
= 0.01) were found significantly associated with SVD (Table 5).

DISCUSSION

The prevalence of non-dipping blood pressure is ∼30% in
normotensive individuals and higher in hypertensive individuals
(27, 28) and has been associated with a higher risk of recurrent
stroke and poor outcome (29, 30). In our study, 69% of patients
were nocturnal non-dippers (74.3% non-dippers in hypertensive
patients) who suffered an acute stroke. This is somewhat lower
than the non-dipper rates of 89.5% in patients with acute stroke
reported by Rejmar et al. (31). The significantly younger age at
presentation of stroke symptoms in our patients may account
for the lower rates. The presence of non-dipping was associated
with a significantly higher number of patients in whom the
MRI showed SVD and silent infarctions. Also, patients in whom
nocturnal non-dipping was evident and who had SVD on MRI,
were more likely to have a severe stroke. Whereas our research
does not have prolonged follow-up, other studies have shown that
patients with nocturnal non-dipping patterns are at a higher risk
of stroke and CAD (2–5). Finally, nocturnal non-dipping of the
heart rate was also associated with significantly higher rates of
silent strokes and SVD.

Small vessel disease is an important risk factor for stroke,
cognitive impairment, gait disturbance, and early mortality
(12). The underlying pathogenic mechanisms include
endothelial cell damage, blood-brain barrier dysfunction,
white matter rarefaction, inflammation, and ischemia. Increasing
microvascular changes resulting in chronic hypoperfusion and
ischemia and dysregulation of glial cells, such as oligodendrocytes
and astrocytes, are likely important initiators of SVD (32).
Hypertension, especially systolic hypertension, is an important
factor associated with the progression of SVD (33) and
preliminary studies suggest that effective control of hypertension
may slow the progression of SVD (33, 34) although recent results
from the SPRINT-MIND trial did not show slowing of SVD
progression in the arm “aggressive” blood pressures management
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(35). In our study, severe stroke at presentation was present in
patients with SVD. The presence of SVD has also previously
been reported with slower recovery following acute stroke (20).

Blood pressure normally decreases during the night and
reaches its trough during the deep stages of sleep (nocturnal
dipping) and begins to rise in the morning as the person awakens
(morning surge) (2). The reversal of nighttime dipping is seen
most frequently in patients with hypertension and is considered
to be an important marker for accelerated atherosclerosis, CAD,
and stroke (6). Nocturnal non-dipping is also associated with an
increased risk of silent asymptomatic SVD in observational brain
imaging studies. In a follow-up study from Japan in 519 elderly
subjects with silent strokes on MRI, silent and symptomatic
ischemic stroke and cerebral hemorrhage were most frequently
seen in patients with extreme dipping and reverse dipping (36).
In a recent meta-analysis of 12 studies evaluating the relationship
of blood pressure and presence of silent stroke and SVD, the
lesions were twice more likely in nocturnal non-dippers and
reverse dippers when compared to subjects with normal dipping
patterns (4). Interestingly and similar to our observations, non-
dipping was not associated with an increased risk of CMBs (4).
The frequency of SVD in most reported studies was on 1.5T
MRIs and may be less sensitive to picking up SVD. All patients
in our series had the studies performed on 3T magnets. The
pathophysiological mechanism of why SVD is more common
with non-dippers or reverse dippers is more common is not
fully understood. The higher mean 24-h pressure level in such
patients may have a higher overall load and stress to the vessels
and the resulting damage to the endothelial cells may accelerate
atherosclerosis and small-vessel occlusion (37).

A recent meta-analysis reported on short and long-term
prognosis following acute stroke and the use of ABPM. Higher
blood pressures during the day or night were a marker of poor
outcome whereas nocturnal dipping was associated with a good
prognosis (29). The presence of non-dipping was also found
independently to be associated with an increased risk for silent
strokes and symptomatic lacunar strokes during follow-up in
a study from Japan (30). In our study, non-dippers, who also
had SVD on MRI, presented with more severe stroke symptoms.
Nocturnal non-dipping and reverse dipping have previously been
shown to be associated with more severe acute stroke symptoms
when compared to dippers in 24-h ABPM studies (38).

Surprisingly, nocturnal heart rate non-dipping has received
limited attention (40). It is associated with an increase in
cardiovascular disease (39) and, increased overall mortality (39).
Similar to our data, there are rare reports of an increase in SVD
in patients with nocturnal non-dipping of heart rates (10, 40, 41).
The mechanisms for accelerated atherosclerosis with pulse non-
dipping is likely similar to that seen in blood pressure non-
dipping (11).

Our study has limitations. The number of patients with ABPM
was small and the 24-h heart rate measurements were available in
an even smaller number of patients. A larger series of patients
may have allowed for better characterization of trends noted
in some additional variables. The patients in our series were
young, and the majority had acute lacunar strokes with mild
symptoms. This may not be representative of stroke in Western
countries and the results cannot be generalizable. Other reports

of ABPM within 24–48 h of an acute stroke have also shown the
importance of nocturnal non-dipping and prognosis (38, 41).
Another limitation of the study is that the MRI and the ABPM
were done during the same admission. Because of the limited
number of patients, we were unable to evaluate other important
confounders in the multivariate analysis. Finally, we have a
limited follow-up on our patients. This may not allow for the
prognostic significance of our observations.

In summary, we present the 24-h ABPM, heart rate, and MRI
findings in a series of patients with acute stroke. Our study shows
that hypertension and nocturnal non-dipping of blood pressure
and heart rate is associated with an increase in silent stroke and
SVD in patients presenting with an acute stroke. We also show
that patients with pre-existing silent SVD present with more
severe symptoms. The lack of long-term follow-up in our study
is a limitation but several previous studies suggest that non-
dipping may be associated with slower recovery and a higher risk
of recurrent strokes (37). There is very little evidence on the best
means to slow the progression of vascular disease in non-dippers.
Indirect studies suggest that nighttime use of blood pressure
medications, by restoring blood pressure, may slow down the risk
of CAD (42, 43) although there is still controversy whether this
may be effective in preventing CAD (44).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by IRB of Hamad Medical Corporation. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

NA and AS: concept, design, and draft. NA, BB, DM, SJ, RF,
and MA: acquisition, analysis, interpretation of data, technical,
and administrative support. SK, SA-J, and AS: critical review. RS
and NA: statistical analysis. All authors contributed equally to
the manuscript.

FUNDING

The authors received funding for this study from the Hamad
Medical Corporation to cover manpower and fromWeil Cornell
College of Medicine-Qatar for procedures and publications.

ACKNOWLEDGMENTS

We acknowledge the assistance of all involved physicians, nurses,
and staff of the Stroke Team in HMC. We also thank Kath
McKenzie (University of Alberta) for her editorial assistance and
supportive care.

Frontiers in Neurology | www.frontiersin.org 8 November 2021 | Volume 12 | Article 719311

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Akhtar et al. Non-dipping Blood Pressure and Heartrate

REFERENCES

1. O’Brian E, Sheridan J, O’Malley K. Dippers and non-dippers. Lancet. (1988)

332:397. doi: 10.1016/S0140-6736(88)92867-X

2. Smolensky MH, Hermida RC, Portaluppi F. Circadian mechanisms of 24-

hour blood pressure regulation and patterning. Sleep Med Rev. (2017) 33:4–

16. doi: 10.1016/j.smrv.2016.02.003

3. Shimbo D, Abdalla M, Faizon, Townsend RR, Muntner P. Role of ambulatory

and home blood pressure monitoring in clinical practice: A narrative review.

Ann Intern Med. (2015) 163:691–700. doi: 10.7326/M15-1270

4. Chokesuwattanaskul A, Cheungpasitporn W, Thongprayoon C,

Vallabhajosyula S, Bathini T, Mao MA, et al. Impact of circadian blood

pressure pattern on silint cerebral small vessel disease: A systemic review and

meta-analysis. JAMA. (2020) 9:e0126299. doi: 10.1161/JAHA.119.016299

5. Kong Q, Wang C, Du X, Ren Y, Wan Y. Total atherosclerosis burden

if the baroreceptor-resident arteries independently predict blood pressure

dipping in patients with ischemic stroke. Hypertension. (2020) 75:1505–

12. doi: 10.1161/HYPERTENSIONAHA.120.15036

6. Gavriilaki M, Anyfanti P, Nikolaidou B, Lazaridis A, Gavriilaki E, Douma S, et

al. Nighttime dipping status and risk of cardiovascular events in patients with

untreated hypertension: A systemic review andmeta-analysis. J Clin Hyperten.

(2020) 22:1951–9. doi: 10.1111/jch.14039

7. Ben-Dov IZ, Kark JD, Ben-Ishay D, Mekler J, Ben-Arie L, Burztyn M. Blunted

heart rate dip during sleep and all-cause mortality. Arch of Int Med. (2007)

167:2116–21. doi: 10.1001/archinte.167.19.2116

8. Jojansen CG, Olsen RH, Pederson LR, Kumarathurai P, Mouridsen

MR, Binici Z, et al. Resting, night-time and 24 hours heart rate as

markers of cardiovascular risk in middle-aged and elderly men and

women with no apparent heart disease. Eur Heart J. (2013) 34:1732–

9. doi: 10.1093/eurheartj/ehs449

9. Ogoyama Y, Kubetoya T. Hoshide S, Kario K. The combination of non-

dipper heart rate and high brain natriuretic peptide predicts cardiovascular

events: The Japan morning surge-home blood pressure (J-HOP) study. Am J

Hypertens. (2020) 33:430–8. doi: 10.1093/ajh/hpaa025

10. Tadie M, Cuspidi C, Grassi G. Heart rate as a predictor of cardiovascular risk.

Eur J Clin Invest. (2018) 48:e12892. doi: 10.1111/eci.12892

11. Yamaguchi Y, Wada M, Sato H, Nagasawa H, Koyama S, Takahashi Y, et

al. Impact of nocturnal heart rate variability on cerebral small-vessel disease

progression: a longitudinal study in community-dwelling elderly Japanese.

Hypertension Res. (2015) 38:564–9. doi: 10.1038/hr.2015.38

12. Wardlaw JM, Smith C, Dichgans M. Small vessel disease:

mechanism and clinical implications. Lancet Neurrol. (2019)

18:684–96. doi: 10.1016/S1474-4422(19)30079-1

13. Akhtar N, Salam A, Kamran S, D’Souza A, Imam Y, Bermejo PG, et

al. Pre-existing small vessel disease in patients with acute stroke from

Middle East, Southeast Asia and Philippines. Tranl Stroke Res. (2018) 9:274–

82. doi: 10.1007/s12975-017-0578-7

14. Akhtar N, Kamran S, Singh R, Cameron P, Cabrejas-Sanchez A, Gomez

Arranz A, Magdalena-Belio JF, et al. Beneficial effects of implementing stroke

protocols require establishment of a geographically distinct unit. Stroke.

(2015) 46:2494–501. doi: 10.1161/STROKEAHA.115.010552

15. Garcia-Ortiz L, Recio-Rodriquez JI, Canales-Reina JJ, Cabrejas-Sanchez A,

Gomez-Arranz A, Magdalena JF et al. Comparison of two measuring

instruments, B-ro and SphygmoCor system as reference, to evaluate central

systolic blood pressure and radial augmentation index. Hypertension Res.

(2012) 35:617–23. doi: 10.1038/hr.2012.3

16. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, et al.

Recommendations for the blood pressure measurements in humans and

experimental animals. Part 1: blood pressure measurements in humans:

a statement for professionals from the subcommittee of Professional

and Public Education of the American Heart Association Council on

High Blood Pressure Research Hypertension. Circulation. (2005) 45:142–

61. doi: 10.1161/01.HYP.0000150859.47929.8e

17. Salles GF, Reboldi G, Fagard RH, Cardoso CRL, Pierdomenico SD,

Verdecchia P, et al. Prognostic effects the nocturnal blood pressure fall in

hypertensive patients: the ambulatory blood pressure collaboration in patients

with hypertension (ABC-H) meta-analysis. Hypertension. (2016) 67:693–

700. doi: 10.1161/HYPERTENSIONAHA.115.06981

18. Narayn O, Casan J, Szarski M, Dart AM, Meredith lT, Cameron

JD. Estimation of central aortic blood pressure: a systematic

meta-analysis of available techniques. J Hypertens. (2014)

32:1727–40. doi: 10.1097/HJH.0000000000000249

19. Fazekas F, Chawlak JB, Alavi A, Hurtig HI. Zimmerman RA. MR signal

abnormalities at 15 T in Alzheimer’s dementia and normal aging. Am J

Roentgenol. (1987) 149:351–6. doi: 10.2214/ajr.149.2.351

20. Pantoni L. Cerebral small vessel disease: from pathogenesis and clinical

characteristics to therapeutic challenges. Lancet Neurol. (2010) 9:689–

701. doi: 10.1016/S1474-4422(10)70104-6

21. Kuller LH, Longstreth WT, Arnold AM, Bernick C, Bryan

RN, Beauchamp NJ. White matter hyperintensity on cranial

magnetic resonance imaging: a predictor of stroke. Stroke. (2004)

35:1821–5. doi: 10.1161/01.STR.0000132193.35955.69

22. Brant-Zawadzki M, Fein G, Van Dyke C, Kiernan R, Davenport L, de Groot

J, et al. MR imaging of the aging brain: patchy white matter lesions and

dementia. AJNR. (1985) 6:675–82.

23. Zimmerman RD, Fleming CA, Lee BCP, Saint-Louis LA, Deck MD.

Periventricular hyperintensity as seen by magnetic resonance: prevalence and

significance. AJR. (1986) 146:443–50. doi: 10.2214/ajr.146.3.443

24. Kakar P, Charidimou A, Werring DJ. Cerebral microbleeds:

new dilemma in stroke medicine. JRSM Cardiovasc Dis. (2012)

1:22. doi: 10.1177/2048004012474754

25. Charidimou A, Jäger HR, Werring DJ. Cerebral microbleed detection

and mapping: principles, methodological aspects and rationale in vascular

dementia. Exp Gerontol. (2012) 47:843–52. doi: 10.1016/j.exger.2012.06.008

26. Greenberg SM, Vernooij MW, Cordonnier C, Viswanathan A, Salman RA,

Warach S, et al. Cerebral microbleeds: a guide to detection and interpretation.

Lancet Neurol. (2009) 8:165–74. doi: 10.1016/S1474-4422(09)70013-4

27. Ohkuboa T, Hozawaa T, Yamaguchi J, Kikuya M, Ohmari K, Michimata M,

et al. Prognostic significance of the nocturnal decline in blood pressure in

individuals with and without high 24-h blood pressure: the Ohasama study.

J Hypertens. (2002) 20:2183–9. doi: 10.1097/00004872-200211000-00017

28. Hansen TW, Jeppesen J, Rasmussen S, Ibsen H, Torp-Pedersen C.

Ambulatory blood pressure monitoring and risk of cardiovascular

disease: a population based study. Am J Hypertens. (2006)

19:243–50. doi: 10.1016/j.amjhyper.2005.09.018

29. Kakaletsis N, Ntaios G, Milionis H, Haidich AB, Makaritsis K, Savopoulos

C, et al. Prognostic value of 24-h ABPM in acute ischemic stroke for short-

, medium-, and long-term outcome: a systematic review and meta-analysis.

Int J Stroke. (2015) 10:1000–7. doi: 10.1111/ijs.12609

30. Yamamoto Y, Akiguchi I, Oiwa K, Hayashi M, Kimura J. Adverse effect of

nighttime blood pressure on the outcome of lacunar infarct patients. Stroke.

(1998) 29:570–6. doi: 10.1161/01.STR.29.3.570

31. Rejmar P, Palla A, Schulz EG, Neumann CL, Hund M, Hermann M.

Ambulatory blood pressure monitoring on admission in survivors of recent

stroke entering in-hospital rehabilitation. J Human Hypertension. (2020)

34:367–71. doi: 10.1038/s41371-019-0237-4

32. Hachinski V, Einhäupl K, Ganten D, Alladi S, Brayne C, Stephan BCM, et

al. Special topic section: linkages among cerebrovascular, cardiovascular, and

cognitive disorders: preventing dementia by preventing stroke: the Berlin

Manifesto. Int J Stroke. (2020) 34:364–71. doi: 10.1177/1747493019871915

33. de Havenon A, Majersik JJ, Tirschwell DL, McNally JS, Stoddard

G, Rost NS. Blood pressure, glycemic control and white matter

hyperintensity progression in type 2 diabetes. Neurology. (2019)

92:1–8. doi: 10.1212/WNL.0000000000007093

34. Godin O, Tzourio C, Maillard P, Mazoyer B, Dufouil C.

Antihypertensive treatment and change in blood pressure are

associated with the progression of white matter lesion volumes:

The Three-City (3C)-Dijon Magnetic Resonance Imaging Study.

Circulation. (2011) 123:266–73. doi: 10.1161/CIRCULATIONAHA.110.

961052

35. Nasrallah IM, Gaussoin SA, Pomponia R, Dolui S, Erus G, Wright CB, et al.

Association of invasive vs. standard blood pressure control with magnetic

resonance imaging biomarkers of Alzheimer disease. JAMA Neurol. (2021)

78:568–77. doi: 10.1001/jamaneurol.2021.0178

36. Kario K, Pickering TG, Umeda Y, Hoshide S, Hoshide Y, Morinari

M, et al. Morning surge in blood pressure as a predictor of

Frontiers in Neurology | www.frontiersin.org 9 November 2021 | Volume 12 | Article 719311

https://doi.org/10.1016/S0140-6736(88)92867-X
https://doi.org/10.1016/j.smrv.2016.02.003
https://doi.org/10.7326/M15-1270
https://doi.org/10.1161/JAHA.119.016299
https://doi.org/10.1161/HYPERTENSIONAHA.120.15036
https://doi.org/10.1111/jch.14039
https://doi.org/10.1001/archinte.167.19.2116
https://doi.org/10.1093/eurheartj/ehs449
https://doi.org/10.1093/ajh/hpaa025
https://doi.org/10.1111/eci.12892
https://doi.org/10.1038/hr.2015.38
https://doi.org/10.1016/S1474-4422(19)30079-1
https://doi.org/10.1007/s12975-017-0578-7
https://doi.org/10.1161/STROKEAHA.115.010552
https://doi.org/10.1038/hr.2012.3
https://doi.org/10.1161/01.HYP.0000150859.47929.8e
https://doi.org/10.1161/HYPERTENSIONAHA.115.06981
https://doi.org/10.1097/HJH.0000000000000249
https://doi.org/10.2214/ajr.149.2.351
https://doi.org/10.1016/S1474-4422(10)70104-6
https://doi.org/10.1161/01.STR.0000132193.35955.69
https://doi.org/10.2214/ajr.146.3.443
https://doi.org/10.1177/2048004012474754
https://doi.org/10.1016/j.exger.2012.06.008
https://doi.org/10.1016/S1474-4422(09)70013-4
https://doi.org/10.1097/00004872-200211000-00017
https://doi.org/10.1016/j.amjhyper.2005.09.018
https://doi.org/10.1111/ijs.12609
https://doi.org/10.1161/01.STR.29.3.570
https://doi.org/10.1038/s41371-019-0237-4
https://doi.org/10.1177/1747493019871915
https://doi.org/10.1212/WNL.0000000000007093
https://doi.org/10.1161/CIRCULATIONAHA.110.961052
https://doi.org/10.1001/jamaneurol.2021.0178
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Akhtar et al. Non-dipping Blood Pressure and Heartrate

silent and clinical cerebrovascular disease. Circulation. (2003)

107:1401–6. doi: 10.1161/01.CIR.0000056521.67546.AA

37. Nakanishi K, Jin Z, Homma S, ElkindMSV, Rundek T, Schwartz JE, et al. Nite-

time pressure and subclinical cerebrovascular disease: the Cardiovascular

Abnormalities and Brain Lesion (CABL) study. Eur Heart J Cardiovasc

Imagin. (2019) 20:765–77. doi: 10.1093/ehjci/jey221

38. Ali K, Leong KMW, Houlder S, Getov S, Lee R, Rajkumar C, et

al. The relationship between dipping profile in blood pressure and

neurologic deficits in early acute stroke. J Stroke and CVD. (2015) 20:10–

5. doi: 10.1016/j.jstrokecerebrovasdis.2009.09.012

39. Cui XT, Mandalenakis Z, Thunstrom E, Svardsudd K, Hansson PO. The

impact of time-updated resting heart rate on cause specific mortality in a

random middle-aged male population: a lifetime follow-up. European Heart

J. (2020) 41:ehaa946.2928. doi: 10.1093/ehjci/ehaa946.2928

40. Kwon HS, Lim Y-H, Kim HY, Kim H-T, Kwon H-M, Lim J-

S, et al. Association of ambulatory blood pressure and heart

rate with advanced white matter lesions in ischemic stroke

patients. Am J Hypertension. (2014) 27:177–82. doi: 10.1093/ajh/

hpt199

41. Nakanishi K, Jin Z, Homma S, Elkind MS, Rundek T, Lee SC et al.

Association between heart rate and subclinical cerebrovascular disease

in the elderly. Stroke. (2018) 49:319–24. doi: 10.1161/STROKEAHA.117.

019355

42. Hermida RC, Ayala DE, Mojon A, Fernandez JR. Decreasing sleep-time blood

pressure determined by ambulatory monitoring reduces cardiovascularrisk.

J Am Coll Cardiol. (2011) 58:1165–73. doi: 10.1016/j.jacc.2011.

04.043

43. Smolensky MH, Hermida RC, Ayala DE, Mojon A, Fernandez JR.

Bedtime chronotherapy with conventional hypertension medicationsto target

increased asleep blood pressure results in markedly better chronoprevention

of cardiovascular and other risks than customary on-awakening therapy.

Heart Fail Clin. (2017) 13:775–92. doi: 10.1016/j.hfc.2017.05.011

44. Thoonkuzhy C, Rahman M. New insights on chronotherapy in

hypertension: Is timing everything? Curr Hypertens Rep. (2020)

22:32–9. doi: 10.1007/s11906-020-1032-x

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Akhtar, Al-Jerdi, Kamran, Singh, Babu, Abdelmoneim, Morgan,

Joseph, Francis and Shuaib. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 10 November 2021 | Volume 12 | Article 719311

https://doi.org/10.1161/01.CIR.0000056521.67546.AA
https://doi.org/10.1093/ehjci/jey221
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.09.012
https://doi.org/10.1093/ehjci/ehaa946.2928
https://doi.org/10.1093/ajh/hpt199
https://doi.org/10.1161/STROKEAHA.117.019355
https://doi.org/10.1016/j.jacc.2011.04.043
https://doi.org/10.1016/j.hfc.2017.05.011
https://doi.org/10.1007/s11906-020-1032-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Night-Time Non-dipping Blood Pressure and Heart Rate: An Association With the Risk of Silent Small Vessel Disease in Patients Presenting With Acute Ischemic Stroke
	Introduction
	Methods
	Study Population
	Risk Factor Assessment and Ambulatory Blood Pressure Monitoring
	MRI Image Acquisition of the Brain and Interpretation
	Statistical Methods

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


