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Objective: Hypertension (HT) induces left atrial (LA) and left ventricular (LV) dysfunction,
and an increase in arterial stiffness. In this study, we investigated the association between
LA-LV-arterial coupling and nighttime systolic blood pressure (BP) as well as BP circadian
rhythm in essential hypertension.

Methods: We enrolled 290 HT patients. All subjects were evaluated by 2- dimensional
speckle tracking echocardiography (2DSTE), ambulatory 24 h BP monitoring (ABPM),
and brachial-ankle pulse wave velocity (PWV). According to BP patterns, these patients
were divided into two groups, which included dippers (n = 111), patients with a >10%
reduction in BP at nighttime; non-dippers (n = 179), patients with a <10% reduction in BP
at nighttime. 2D-STE based LA and LV strains were studied and the following parameters
were measured, LV global longitudinal strain (GLS), LA reservoir strain (LAg_g), LA conduit
strain (LAs_g), and LA booster pump strain (LAg_a). LA stiffness index (LASI) defined as
the ratio of E/er to LAg_g, and PWV-to-GLS ratio (PWV/GLS) were calculated to reflect
LA-LV-arterial coupling. Furthermore, we also explored the correlation between LASI (or
PWV/GLS) and ambulatory blood pressure indexes.

Results: Left atrial stiffness index was significantly higher in non-dippers [0.29 (0.21,
0.41)] than in dippers [0.26 (0.21, 0.33)] (P < 0.05). PWV/GLS was significantly higher in
non-dippers [—80.9 (—69.3, —101.5)] than in dippers [-74.2 (—60.2, —90.6)] (P < 0.05).
LAs_s, LAs_g, LAs_a and LV GLS were significantly lower in non-dippers than in dippers
(P < 0.05). Multivariate linear regression analysis revealed that nighttime systolic BP was
independently correlated with LASI and PWV/GLS, even adjusted for multiple clinical risk
factors, LVMI, and LVEF.

Conclusions: The dipping pattern of BP was related to the abnormalities of myocardial
mechanics and LA-LV-arterial coupling. However, absolute nocturnal systolic BP value
maybe more important than BP circadian profile in the progression of abnormal
LA-LV-arterial coupling.

Keywords: nighttime systolic blood pressure, circadian blood pressure pattern, 2 dimensional speckle tracking
echocardiography, left atrial-left ventricular-arterial coupling hypertension, left atrial stiffness
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INTRODUCTION

All hypertension (HT) guidelines recommend monitoring the
ambulatory blood pressure (BP) in addition to assessing clinical
BP (1-4). Ambulatory blood pressure monitoring (ABPM) can
provide 24h BP data comprehensively, including daytime BP,
nighttime BP, and the BP circadian rhythm. Disruption of the BP
circadian rhythm and nocturnal hypertension have been revealed
to be an important contribution to target organ damage (TOD)
and many adverse cardiovascular events in hypertension (5-12).

Left ventricle pumping blood into the arterial system depends
on dynamic regulation of preload, afterload, and myocardial
contractility. The optimal left ventricular (LV)-arterial coupling
is important for the proper function of cardiovascular system
(13). In addition to interacting with systemic arteries, left
ventricle also couples with left atrium. Left atrium regulates LV
filling and cardiovascular performance by its reservoir, conduit,
and boost pump functions. Therefore, the left atrial (LA)-
LV-arterial system interaction can be recognized as the key
indicator of global cardiovascular performance. It is well known
that hypertension induces LV hypertrophy and dysfunction, LA
enlargement, and arterial stiffness increase. Recent study has
shown that left atrial stiffness index (LASI), which is defined as
the ratio of transmitral flow velocity in early diastole to mitral
annular myocardial velocity (E/e)/peak systolic LA strain, is
the indicator of both LA stiffness and LA-LV coupling, and
furthermore, LASI can be recognized as an early marker of TOD
in hypertension (14).

Previous studies have revealed that abnormal BP circadian
patterns and nocturnal hypertension are correlated with LV
structural and functional remodeling (5, 6, 15), impaired LA
function (16-18), and arterial stiffness (19, 20). So far, however,
there is no study investigating the relationship between nocturnal
hypertension as well as BP circadian rhythm and LA-LV-
arterial coupling.

In this study, we aimed to evaluate LA, LV mechanics, and
arterial stiffness in essential hypertensive patients. Furthermore,
we investigated the correlation of nocturnal hypertension and
BP circadian rhythms with LA-LV-arterial coupling and aimed
to determine whether BP circadian pattern or absolute value
of nighttime BP had a stronger association with LA-LV-
arterial coupling.

METHODOLOGY

Study Population

A total of 290 essential hypertensive patients (20-75 years old)
were recruited from the Hypertension and Heart Failure Ward
at the Cardiac Department of the First Affiliated Hospital of
Dalian Medical University from October 2018 to September
2019. According to BP patterns, these patients were divided into
two groups, which included dippers (n = 111), patients with
a >10% reduction in BP at nighttime; non-dippers (n = 179),
patients with a <10% reduction in BP at nighttime. The exclusion
criteria were as follows: secondary hypertension, systolic heart
failure, moderate or severe valvular disease, history of atrial
fibrillation, coronary artery disease (history of angina pectoris,

myocardial infarction or more than 50% stenosis in one of
coronary arteries on coronary computed angiography), chronic
renal failure (eGFR < 45 ml/min/1.73 m?), obstructive sleep
apnoea, or night workers. The research proposal was approved
by the Ethics Committee of the First Affiliated Hospital of Dalian
Medical University. This study complied with the principles
of the Declaration of Helsinki. All patients provided written
informed consent before enrolment.

Blood Pressure Measurement

All patients monitored a 24-h ambulatory BP using an
oscillometric device (Spacelabs 90207; Spacelabs, Redmond,
Washington, USA). Automatic BP measurement was obtained
every 30 min during daytime, from 07:00 to 23:00, and every
1h during nighttime, and from 23:00 to 07:00. Then, these
recordings were analyzed to obtain the mean 24 h, daytime and
nighttime systolic BP (SBP), and diastolic BP (DBP). Patients
were asked to have a regular daily schedule and remain still
and silent while the BP being measured. The percentage of
nocturnal BP dipping was calculated using the following formula:
(%) 100x [(daytime SBP—nighttime SBP)/daytime SBP]. The BP
dipping pattern was defined as a more than 10% decrease in
nocturnal SBP compared with diurnal SBP, and a <10% decrease
in nocturnal SBP was regarded as non-dipping pattern.

Arterial Stiffness Assessment

Brachial-ankle pulse wave velocity (PWV) was used to evaluate
arterial stiffness, which was evaluated automatically by a pulse
pressure analyzer (BP-203RPEII; OMRON HEALTH-CARE
Co., Ltd., Tokyo, Japan).

Echocardiographic Measurements
Echocardiographic measurements were performed for all patient
using a Vivid E9 ultrasound system (GE Vingmed Ultrasound,
Horten, Norway) equipped with an M5S phased array transducer
(2.5-5.0 MHz), following the guideline of the American Society
of Echocardiography (21). All echocardiographic images were
saved digitally for later analysis.

The maximum LA volume (LAV) was measured immediately
before mitral valve opening from apical four-chamber and two-
chamber views using the biplane-modified Simpson’s rule. The
LAV index (LAVT) was obtained by LAV indexed to body surface
area (BSA). The LV chamber dimension and wall thickness
were obtained from the LV parasternal long-axis view. The
LV mass (LVM) was assessed using the formula recommended
by the American Society of Echocardiography (21): LVM =
0.8x1.04 [(LVD + IVST + LVPWT)’-LVD?] 4 0.6. The LVM
index (LVMI) was obtained by LVM indexed to BSA. The LV
ejection fraction (LVEF) was assessed using the biplane modified
Simpson’s method.

LA and LV Strain Analysis

Two-dimensional speckle tracking echocardiography (2DSTE)-
derived LA strain analysis was obtained from standard 2D
greyscale images of apical four-chamber and two-chamber views
at a frame rate of 40-60 frames/sec. Three consecutive cardiac
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cycles were stored digitally for offline analysis with Echo PAC
software (Vivid 9, GE Vingmed Ultrasound).

The LA endocardial surface was manually traced at end-
systole using a point-and-click approach. Automated tracking of
myocardial speckles was generated by the software and manually
adjusted to cover the entire thickness of the LA myocardium.
LA wall was divided into 6 segments automatically by the
software, and longitudinal strain curve was then generated for
each segment. The LA longitudinal strain (LAg) was required
by averaging all the strains, which were obtained by all accepted
segments in both apical views. LA strain was assessed using R-R
gating (zero strain was set at LV end-diastole). The first positive
peak of the LA strain curve was LAg_g (peak atrial strain during
ventricular systole), which was related to LA reservoir function.
The second positive peak was LAs_5 (peak atrial longitudinal
strain in late diastole), which was related to LA booster pump
function and measured at the onset of the P-wave. LAs_g (peak
atrial longitudinal strain in early diastole) was defined as the
difference between LAg_g and LAg_a, which was related to
LA conduit function (22). The LA stiffness index (LASI) was
defined as the ratio of E/e to LAg_s, which was related to
LA-LV coupling.

Global longitudinal LV strain (GLS) was obtained from
standard 2D greyscale images of apical four-chamber, three-
chamber, and two-chamber views (23). PWV/GLS was calculated
and regarded as the indicator of LV-arterial coupling.

Statistical Analysis

SPSS software 21.0 (SPSS, Chicago, Illinois, USA) was used
for the statistical analysis. The Kolmogorov-Smirnov test was
used to assess the normality of data. Continuous variables were
presented as the mean =+ standard deviation, and categorical
variables were presented as percentages. Differences between
two independent groups of normally distributed continuous
variables were assessed using independent-samples T test, and
non-normally distributed continuous variables using the Mann-
Whitney U test. Differences between categorical variables were
assessed using the chi-square test, and Fisher’s exact test was used
when appropriate. A P value <0.05 was considered statistically
significant. Multivariate linear regression analysis was performed
to evaluate the association of nighttime SBP, the percentage of
nighttime SBP decline, and BP circadian rhythm with LASI
and PWV/GLS. Four models were developed. Model 1 involved
adjusting for age, sex, and body mass index (BMI). Model 2
included Model 1 variables plus hypertension duration and the
comorbidity of diabetes. Model 3 included Model 2 variables
plus glycosylated hemoglobin (HbAlc), triglyceride (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and eGFR. Model
4 included Model 3 plus LVMI, and LVEF. Intra-observer and
inter-observer variabilities for LA strain were analyzed in 20
subjects by evaluating the intra-class correlation coefficients
(ICCs). For LA reservoir, conduit, and boost pump strain, the
intraclass correlation coefficients for intraobserver variability
were 0.930, 0.965, and 0.907, respectively; and the intraclass
correlation coefficients for the interobserver variabilities were
0.903, 0.938, and 0.867, respectively.

TABLE 1 | Clinical statistics of the study population.

Dippers, Non-dippers, P
n=111 n=179

Age (years) 49.0 +£12.3 525+ 12.7* 0.021
Sex (n, %) males 56 (50.5%) 106 (59.2%) 0.147
Smoker (%) 28 (25.2%) 63 (35.2%) 0.091
DM (%) 30 (27.0%) 58 (32.4%) 0.360
HT duration(years) 5.0 (1.6, 10.0) 5.0 (2.0, 10.0) 0.380
eGFR (ml/min/1.73 m?) 116.3 £27.3 107.4 £ 23.7 0.004
BMI (kg/m?) 27.0 £3.7 271+ 36 0.881
FPG (mmol/L) 5.4 (4.7,6.3) 5.2 (4.6, 6.0) 0.326
HbA1c (%) 5.9 (5.5, 6.4) 5.9 (5.6, 6.4) 0.475
TC (mmol/L) 46+09 48+1.1 0.268
TG (mmol/L) 15(1.1,2.2) 1.5(1.0, 2.1) 0.689
LDL-C (mmol/L) 27407 2.8+0.8 0.491
HDL-C (mmol/L) 12403 12403 0.757
BNP (ng/L) 16.7 (9.3, 42.2) 24.4(11.0, 46.9) 0.234
Hs-cTnl (ng/L) 0.01 (0.01, 0.01) 0.01 (0.00, 0.01) 0.841
Medications

CCB (%) 72 (64.9%) 115 (64.2%) 1.000
ACEI/ARB/ARNI (%) 47 (42.3%) 76 (42.5%) 1.000
p-blockers (%) 40 (36.0%) 45 (25.1%) 0.063
Diuretics (%) 11 (9.9%) 23 (12.8%) 0.574

DM, diabetes mellitus; HT duration, hypertension duration; BMI, body mass index; FPG,
fasting plasma glucose; HbATc, glycosylated haemoglobin; TC, total cholesterol; TG,
triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; BNF, B-type natriuretic peptide; Hs-cTnl, High-sensitive cardiac troponin
I; CCB, calcium antagonists; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin Il receptor blocker; ARNI, Angiotensin receptor-neprilysin inhibitor.

RESULTS

Clinical Characteristics of the Study

Population

Table1 showed the clinical characteristics of the study
population. Both groups were comparable in sex distribution,
smoking status, the comorbidity of diabetes, hypertension
duration, and BMI. Non-dippers were older than dippers (P
< 0.05). There were no significant differences in the levels of
fasting plasma glucose (FPG), HbAlc, TC, TG, LDL-C, HDL-C,
B-type natriuretic peptide (BNP), and high-sensitive cardiac
troponin I (hs-cTnl) between both hypertensive groups. The
eGFR was within the normal range in both groups, but it
was significantly lower in non-dippers than in dippers (P <
0.05). Antihypertensive medications were comparable in both
hypertensive groups.

The 24 h ABPM Parameters

The 24h mean SBP (24 h-SBP), 24h mean DBP (24 h-DBP),
the daytime mean SBP (d-SBP), and DBP (d-DBP) were not
significantly different between both groups (P > 0.05). However,
nighttime mean SBP (n-SBP) and nighttime mean DBP (n-DBP)
were significantly higher in non-dippers compared with dippers
(P < 0.001). The percentages of n-SBP and n-DBP declines were
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TABLE 2 | 24 h ABPM Parameters of the study population.

TABLE 4 | Cardiac strains and LA-LV-arterial coupling parameters.

Dippers, Non-dippers, P Dippers, Non-dippers, P

n=111 n=179 n=111 n=179
24 h-SBP (mmHg) 1389 + 18.4 1429 +£19.5 0.079 LAs_s (%) 29.3+6.7 26.8 +6.4 0.002
24 h-DBP (mmHg) 87.2+ 135 89.1 +14.4 0.276 LAs_g (%) 13.7+49 125+ 4.7 0.038
24 h-HR (opm) 73.1+99 72.2 £ 100 0.461 LAs_a (%) 15.2 £ 3.9 143435 0.034
d-SBP (mmHg) 1443+190  1442+£196 0956  LASI 0.26 (0.21, 0.33) 0.29 (0.21, 0.41) 0.033
d-DBP (mmHg) 91.0+13.9 90.2+14.4 0.650 GLS (%) —19.2 £ 3.0 —18.0£ 3.5 0.005
d-HR (bpm) 75.7 £ 10.4 73.9+10.3 0.1583 PWV (cm/s) 1454.8 + 368.6 1516.8 £ 311.0 0.184
n-SBP (mmHg) 1225+ 16.7 138.7 £ 20.4 <0.001 PWV/GLS —74.2 (—60.2, —90.6) —80.9 (—69.3, —101.5) 0.029
n-DBP (mmHg) 760+129 854155 <0.001 LAs-s, peak left atrial longitudiinal strain; LAs_g, left atrial longitudinal strain during early
n-HR (bpm) 64.1+£92 656.3+96 0.321 diastole; LAs._,, left atrial longitudinal strain during late diastole; LASI, left atrial stiffness
Percentage of nSBP decline (%) 151 £ 3.2 3.8+55 <0.001 index; GLS, global longitudinal strain; PWV, pulse wave velocity.
Percentage of nDBP decline (%) 16.5 £ 5.1 53+£741 <0.001

24 h-SBR, 24h mean systolic blood pressure; 24 h-DBR, 24h mean diastolic blood
pressure; 24 h-HR, 24 h mean heart rate; d-SBF, daytime mean systolic blood pressure;
d-DBR, daytime mean diastolic blood pressure; d-HR, daytime mean heart rate; n-SBF,
nighttime mean systolic blood pressure; n-DBF, nighttime mean diastolic blood pressure;
n-HR, nighttime mean heart rate.

TABLE 3 | Conventional echocardiographic parameters.

Dippers, Non-dippers, P
n=111 n=179
LAVI (mL/m?) 26.3+7.3 276 +£7.9 0.110
LVMI (g/m?) 98.5 £ 23.7 108.4 + 28.7 0.002
LVEF (%) 60.0 (59.0, 65.0) 59.0 (568.0, 61.0) 0.002
E/A ratio 0.91(0.78,1.13) 0.86 (0.76, 1.13) 0.168
E/e’ ratio 7.9(6.3,9.8) 8.0 (6.2, 10.6) 0.453

LAV, left atrial volume index; LVMI, left ventricular mass index; LVEF, left ventricular ejection
fraction; E, the peak early transmitral flow velocity; A, the peak late transmitral flow velocity;
e’, the lateral mitral annular velocity.

significantly lower in non-dippers compared with dippers (P <
0.001) (Table 2).

Conventional Echocardiographic

Parameters

The LAVI, E/A ratio, and E/e’ ratio were not significantly
different between both groups (P > 0.05). The LVMI was
significantly higher in non-dippers than in dippers (P < 0.05).
Compared with dippers, LVEF was statistically significantly lower
in non-dippers (P < 0.05), even though LVEF of both groups
were within normal range (Table 3).

Cardiac Strains and LA-LV-Arterial

Coupling Parameters

Left arterial phasic function was significantly reduced in non-
dippers than in dippers. LAg_s, LAg_p and LAg_a were
significantly lower in non-dippers (26.84 £ 6.36, 12.49 £ 4.73,
and 14.30 % 3.46%, respectively) than those in dippers (29.26 &+
6.68, 13.71 £ 4.94, and 15.24 £ 3.89%, respectively) (P < 0.05
for all). The LASI was significantly higher in non-dippers [0.29

TABLE 5 | Univariate linear regression analysis.

LASI B P  PWV/GLS B P

Age (years) 0.247 <0.001 —0.059 0.384
DM (%) 0.169 0.008 -0.102  0.130
Sex (male) —0.003 0.958 0.079 0.241
HT duration (years) 0.235 <0.001 —0.150 0.026
BMI (kg/m?) 0.188  0.001 —0.086 0.204
HbA1c (%) 0.222 <0.001 —0.091 0.220
eGFR —0.218 <0.001 0.092 0.173
LVEF —0.267 <0.001 0.298 <0.001
LVMI 0.457 <0.001 —0.259 <0.001
n-SBP (mmHg) 0.415 <0.001 —0.264 <0.001
n-DBP (mmHg) 0.179  0.002 -0.179  0.009
Percentage of n-SBP decline (%) —0.155 0.008 0.090 0.193
Percentage of n-DBP decline (%) —0.083 0.159 0.078 0.256
Circadian rhythm pattern 0.130 0.027 —0.143 0.037

DM, diabetes mellitus; HT duration, hypertension duration; BMI, body mass index; HbATc,
glycosylated haemoglobin; LVMI, left ventricular mass index; LVEF, left ventricular ejection
fraction; n-SBPR, nighttime mean systolic blood pressure; n-DBFR, nighttime mean diastolic
blood pressure.

(0.21, 0.41)] than in dippers [0.26 (0.21, 0.33)] (P < 0.05). The
GLS was significantly lower in non-dippers (—18.03 £ 3.52) than
in dippers (—19.17 £ 3.01) (P < 0.05). The difference of PWV
was not statistically significant between both groups (P > 0.05);
however, the PWV/GLS ratio was significantly higher in non-
dippers [—80.9 (—69.3, —101.5)] than in dippers [—74.2 (—60.2,
—90.6)] (P < 0.05) (Table 4).

Linear Regression Analysis

Univariate linear regression analysis showed that age, the
comorbidity of diabetes, hypertension duration, HbAlc, BMI,
eGFR, LVEE, LVMI, n-SBP, n-DBP, the percentage of n-SBP
decline, and circadian rhythm pattern were correlated with
LASI. Hypertension duration, LVEE, LVMI, n-SBP, n-DBP,
and circadian rhythm pattern were correlated with PWV/GLS
ratio (Table 5).
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TABLE 6 | Multivariate linear regression analysis.

LASI Model 1 Model 2 Model 3 Model 4
B P B P B p B P

n-SBP (mmHg) 0.534 <0.001 0.532 <0.001 0.510 <0.001 0.395 <0.001
Percentage of n-SBP decline (%) 0.182 0.032 0.196 0.023 0.193 0.039 0.158 0.072
Circadian rhythm pattern 0.019 0.808 0.028 0.716 0.010 0.903 —0.017 0.828
PWV/GLS

n-SBP (mmHg) —0.345 <0.001 —0.336 <0.001 —0.308 0.003 —0.247 0.024
Percentage of n-SBP decline (%) —0.251 0.028 —0.245 0.033 —-0.157 0.214 —-0.134 0.288
Circadian rhythm pattern -0.175 0.082 -0.176 0.084 —0.060 0.601 —0.045 0.688

Model 1 was adjusted for age, sex, and BMI.

Model 2 was adjusted for age, sex, BMI, hypertension duration, and diabetes.

Model 3 was adjusted for age, sex, BMI, hypertension duration, diabetes, HbATc, TG, TC,
Model 4 was adjusted for age, sex, BMI, hypertension duration, diabetes, HbA1c, TG, TC,

HDL-C, LDL-C and eGFR.
HDL-C, LDL-C, eGFR, LVMI and LVEF.

LASI, left atrial stiffness index; GLS, global longitudinal strain; PWV, pulse wave velocity; n-SBF, nighttime mean systolic blood pressure.

The associations of n-SBP, the percentage of n-SBP decline,
and circadian rhythm pattern with LASI and PWV/GLS in the
multivariate analysis were shown in Table 6. The associations of
n-SBP and the percentage of n-SBP decline with LASI remained
statistically significant in Model 1, Model 2, and Model 3.
In Model 4, only n-SBP was the independent risk factor for
increased LASI. The associations of n-SBP and the percentage of
n-SBP decline with PWV/GLS remained statistically significant
in Model 1 and Model 2. In Model 3 and Model 4, only n-SBP
was the independent risk factor for increased PWV/GLS.

DISCUSSION

In this study, we found that non-dippers had a significantly lower
LV function (LVEF and GLS), LA phasic function (LAg_g, LAs_g
and LAg_4), and abnormal LA-LV-arterial coupling (LASI and
PWYV/GLS). Furthermore, to our knowledge, the current study
for the first time, investigated the correlation between BP
circadian profile and LA-LV-arterial coupling, and revealed that
n-SBP rather than BP circadian rhythm, was an independent risk
factor for the abnormal LA-LV-arterial coupling.

Left atrium is an active dynamic apparatus and plays a
crucial role in modulating the LV filling and regulating cardiac
performance integrally. In sinus rhythm, left atrium has three
main phasic functions: reservoir function, collecting, and storing
blood in systole; conduit function, passive passing blood to
left ventricle in early diastole; booster pump function, active
pumping blood to left ventricle in late diastole. 2DSTE-based
strain is a sensitive and accurate parameter of LA function by
evaluating LA phasic function throughout the whole cardiac
cycle. LA structural and functional impairment has been
regarded as the predictive biomarker of adverse cardiac events,
especially for heart failure (HF) and atrial fibrillation (22, 24).
Peak LA strain, known as reservoir strain, is an essential
parameter of evaluating LA compliance, a sensitive predictor for
LA early dysfunction (25), LV diastolic dysfunction (26), and
atrial fibrillation recurrence (27). LASI is a novel measurement

that combined E/e’ (the parameter reflecting LV filling pressure)
and the peak LA strain (the parameter reflecting LA reservoir
function). Therefore, LASI is not only an index of LA function
and LA compliance, but also an indicator of LA-LV coupling.
Previous studies have revealed that LASI is associated with
impaired LA mechanical function (28), a marker of early target
organ damage in hypertension (14), and a predictor of recurrence
of atrial fibrillation (29, 30).

High blood pressure leads to a greater afterload of the
heart and increases the LV stiffness (31). High blood pressure
also correlates with arterial stiffness and increased PWV. The
stiffening arteries lead to the early return of reflected wave,
in turn increasing the late systolic LV load, which prolongs
the systolic time and shortens the diastolic time, and further
damages the heart (32). Hypertension is the common factor
contributing to the development of HE especially for the
HF with preserved ejection fraction (HFpEF). Abnormality
of LA-LV-arterial coupling is speculated to be related to
development from hypertension to LV diastolic dysfunction and
symptomatic HFpEF (31, 33). In this study, abnormality of LA-
LV-arterial coupling evaluated by 2DSTE-based strain combined
with PWV, contributed to detect subclinical hypertensive
cardiovascular dysfunction.

Blunted nocturnal BP dipping is associated with adverse
cardiovascular outcomes independent of BP level (9, 34). Both
the BP non-dipping pattern and the nocturnal hypertension
have been reported to correlate with not only LV structural and
functional remodeling (6, 15, 35-37), but also LA enlargement
and phasic dysfunction (16-18). In the current study, consistent
with the results of previous studies, non-dipping pattern of BP
was related with more severe LV hypertrophy and reduced LV
systolic function. Regarding left atrium, the circadian pattern
did not have significant effect on LA volume; however, the
non-dippers had worse LA phasic function, including reservoir,
conduit, and boost pump function. As we know, LA phasic
function, particularly reservoir and conduit function, is a more
sensitive indicator than LA structural remodeling to reveal LA
impairment in hypertension (14, 38).
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Our findings showed that the differences in 24 h and daytime
BPs were not statistically significant between both groups. The
variation in nighttime BPs should be the reason for the difference
of LA-LV-arterial coupling between non-dippers and dippers.
Furthermore, our findings revealed that nocturnal SBP level,
rather than night-to-day SBP fall (non-dipping pattern), was
independently correlated with the abnormality of LA-LV-arterial
coupling. There were several studies showing that nighttime
BP level had more impact than the circadian rhythm on
cardiovascular remodeling and dysfunction. Cesare et al. (15)
evaluated 1682 subjects from the PAMELA study, which was
a population-based 10 years follow-up longitudinal survey in
Italy, and found that nighttime BP level was the independent
predictor of the development of left ventricular hypertrophy
(LVH). Anne et al’s study (37) also revealed a significant
association between the n-SBP value and TOD in hypertension.
Furthermore, Marijana et al’s study (18) demonstrated that
nighttime hypertension was independently correlated with the
reduced LA reservoir and conduit function. The JAMP study
(39), including 6,359 hypertensive patients, showed that higher
nighttime BP was more important than the abnormal BP
circadian pattern as a risk factor for the total cardiovascular
disease. The reasons for the correlation between nighttime BP
and cardiovascular risk may include two aspects, more active
renin-angiotensin-aldosterone system and sympathetic nervous
system, and increased circulating volume which was associated
with salt sensitivity and salt intake (40-43).

Clinical implication: the LA-LV-arterial coupling was an
indicator of the cardiovascular performance. The abnormality
of LA-LV-arterial coupling reflected the subclinical LA and
LV dysfunction, increased arterial stiffness, and furthermore
provide the mechanistic between nocturnal hypertension with
abnormal BP circadian profile, and the increased risks of atrial
fibrillation and HF. This study demonstrated the important
association between the higher n-SBP as well as non-dipping
circadian pattern and the alteration of LA-LV-arterial coupling.
Therefore, every hypertensive patient should be recommended
to have the ABPM, in order to find nocturnal hypertension,
restore the normal physiological BP circadian rhythm, and
control the nighttime BP to the target level. 2DSTE-based
myocardial strain and PWYV should be considered to be examined
for all hypertensive patients. This is very important, because
of the relationship between the abnormality of LA-LV-arterial
coupling and the impaired cardiovascular performance, adverse
cardiovascular outcomes, such as atrial fibrillation and HF.
Furthermore, we suggest further clinical studies to demonstrate
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