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Abstract

Objective To assess the relationship between left ventricular diastolic dysfunction (LVDD) and circadian blood
pressure (BP) pattern in arterial hypertension (AH).

Methods A total of 96 patients with AH of |-l grades were examined. Transthoracic echocardiography was performed
using a high-end ultrasound device GE Vivid 7 Pro (USA). 24-hour Ambulatory BP Monitoring was carried out using

a Microlife Watch BP 03 device on the non-dominant arm. Statistical analysis of the obtained results was carried out
using the Statistica 10.0 application package.

Results After echocardiography all patients were divided into two groups. The first group is patients with AH and
LVDD (n=37), second group is patients with AH without LVDD (n=59). The dipper pattern of systolic BP (SBP) was
significantly more common in patients in the second group (p=0.014). The non-dipper pattern of diastolic BP (DBP)
was significantly more common in patients of group 1 (p=0.047). The odds ratio of LVDD developing in patients with
AH and a non-dipper pattern of SBP and DBP was 2.907 (95% confidence interval (Cl) 1.233-6.852) and 3.329 (95% Cl
1.346-8.234), respectively.

Conclusion A non-dipper pattern of SBP and DBP was significantly associated with LVDD and may be a therapeutic
target for preservation of the diastolic function.

Keywords Arterial hypertension, Left ventricular diastolic dysfunction, Echocardiographic parameters, Non-dipper
pattern
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Background

Left ventricular (LV) diastolic dysfunction (LVDD) is
characterized by alterations in LV diastolic filling, which
may include impairments in myocardial relaxation and
abnormal distensibility of the myocardium [1]. LVDD is
a strong predictor of cardiovascular events and incident
heart failure (HF) [1]. In observational cohort analysis (n
=122087) LVDD was diagnosed in 25,385 patients, which
accounted for 20.8%. Over a median follow-up of 3.4
years, 2938 (2.4%) patients were hospitalized for stroke or
transient ischemic attack (TIA): 1732 (1.8%) in patients
without LVDD and 842 (4.6%), 290 (4.9%), and 74 (5.5%)
in patients with grade I, II, and III LVDD, respectively
(p < 0.001). Each worsening grade of LVDD was associ-
ated with an 80% increase in the risk of stroke or TIA
(hazard ratio (HR) = 1.80, 95% confidence interval (CI)
1.72-1.88, p < 0.001) [2]. Another study examined the
effect of LVDD based on the risk of myocardial infarction
(MI) (n = 129,476). LVDD was present in 17.6% of the
patients (13.6% Grade I, 3.6% Grade II, 0.4% Grade III).
Impaired function of LV was an independent predictor of
MI (Grade I: HR = 1.48, 95% CI 1.33-1.66; Grade II: HR
= 1.84, 95% CI 1.57-2.16; Grade III: HR = 2.90, 95% CI
1.98-4.25) [3]. In a study by Tsang T.S. et al., the presence
of LVDD was a predictor of nonvalvular atrial fibrillation.
Abnormal relaxation, pseudonormal, and restrictive LV
diastolic filling were associated with HR of 3.33 (95% CI
1.5-7.4, p 0.003), 4.84 (95% CI 2.05-11.4, p 0.001), and
5.26 (95% CI 2.3-12.03, p 0.001), respectively, when com-
pared with normal diastolic function [4]. Zhou D. et al.
studied the effect of LVDD on the risk of major adverse
cardiac events (MACE) (MI, coronary revascularization
procedures, HF, stroke, all-cause mortality) in patients
with arterial hypertension (AH). The study included 283
hypertensive patients. LVDD was diagnosed in 12.3%.
During mean follow-up of 5.4 years, there were 26.6%
patients with MACE in the LVDD group at baseline, 9.9%
patients with MACE in the group with normal diastolic
function. LVDD independently predicted MACE (HR =
2.50, 95% CI 1.20-5.25, p = 0.032) in a model including
age, sex, diastolic blood pressure (BP) (DBP), and E/e’
ratio (c-statistics 0.805) [5].

AH has been reported as the most important risk fac-
tor for LVDD in the community [1]. High BP may induce
LVDD through several potential mechanisms, includ-
ing hemodynamic and non-hemodynamic factors [1].
Chronic pressure overload leads to the development of
LV hypertrophy (LVH). Progressive hypertrophy and
fibrotic changes in the heart lead to progressive diastolic
dysfunction, ultimately leading to elevated left-sided fill-
ing pressures [6]. Among non-hemodynamic factors in
the development of LVDD in patients with AH, the role
of age, obesity, diabetes mellitus, and chronic kidney dis-
ease has been proven [1].
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The search for predictors of LVDD continues, and
therefore, the study of the influence of different BP
profiles on the risk of developing LVDD seems highly
relevant.

Objective
To assess the relationship between LVDD and circadian
BP pattern in AH.

Methods

Between September 2023 and April 2025, we conducted
a single center trial. Our study involved 96 outpatients
with grades I-II AH. The average age of the subjects was
60.0 [57.0; 63.0] years. There were 46 men (47.9%) and 50
women (52.1%). The average body mass index (BMI) was
30.6 [27.8; 34.2] kg/m? The duration of hypertension his-
tory was 14.0 [10.0; 22.0] years.

Patients with AH of grade III, secondary hyperten-
sion, ischemic heart disease, non-coronary myocardial
diseases, heart defects, heart rhythm disturbances (ven-
tricular extrasystole above Lown class 2, atrial fibrilla-
tion, ventricular tachycardia, WPW syndrome), chronic
HF with LV ejection fraction (EF) less than 50%, chronic
kidney disease with a glomerular filtration rate of 60 ml/
min/1.73 m? and below, liver dysfunction and diabe-
tes mellitus, using of benzodiazepine or benzodiazepine
receptor agonists, anticonvulsants, antipsychotic medica-
tions, or antidepressant medications were excluded from
the study.

Clinical characteristics (age, sex, smoking, medical his-
tory, antihypertensive medication history) were collected
using a standardized questionnaire by trained commu-
nity staff. Waist circumference (WC), hip circumference
(HC), weight and height were measured in participants
wearing light clothing and standing with no shoes. BMI
was calculated as BMI = weight/height (kg/m?). Body
surface area (BSA) was calculated as BSA =(Weight 42> x
Height %7%°) x 0.007184 [7]. Office BP and heart rate was
measured after resting for 5 min.

Fasting blood samples were collected to analyze plasma
glucose, creatinine, lipid profile, alanine aminotransfer-
ase, aspartate aminotransferase, and serum uric acid.
The glomerular filtration rate was estimated using the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.

The identification of risk factors included the assess-
ment of the incidence of smoking, obesity, hypercho-
lesterolemia, and hyperuricemia. Individuals were
considered smokers if they were past or current smokers.
BMI > 30 kg/m? indicated obesity [8]. Hypercholesterol-
emia was determined when the total cholesterol level was
>4.9 mmol/L and/or hypolipidemic therapy was used [8].
Hyperuricemia was defined as an increase in uric acid
level of > 360 umol/L [8].
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Transthoracic Echocardiography (Echo-CG) was per-
formed using a high-end ultrasound device GE Vivid 7
Pro (USA). The following parameters were assessed: left
atrium (LA) diameter (LAD), LV end-diastolic diam-
eter (LVEDD), LV end-systolic diameter (LVESD), LV
end-diastolic volume (LVEDV), LV end-systolic volume
(LVESV), and LV EF. The LA volume (LAV) was deter-
mined and then indexed to the BSA and height to the
second power. The normal value of LAV/BSA is 34 ml/
m? or less for both sexes [9]. LA dilation was determined
with LAV/height® >18.5 ml/m? in men and >16.5 ml/m?
in women [9]. The presence of LVH was assessed using
the most commonly used LV mass (LVM) indices — to
the BSA and height to the power of 2.7. The LVM/BSA
of >115 g/m? and >95 g/m? were considered as LVH for
males and females, respectively. LVH was determined at
LVM/height*’ in men over 50 g/m*’ and in women over
47 g/m>7 [9].

LVDD was diagnosed in accordance with the Russian
clinical guidelines for chronic HF 2020 [10]. The fol-
lowing parameters were recorded: transmitral early and
late diastolic peak velocity (E and A, m/s), and lateral
and septal early diastolic mitral annular velocity (lateral
e’ and septal e, cm/s). The average €’ (€'), the ratio E/A,
E/€' 0 E/€p and E/€’,,, were calculated. When assessing
the state of LV diastolic function, one should first of all
focus on the E/A ratio. If the E/A ratio is < 0.8 and the E
is < 50 cm/sec, the patient has LVDD grade L. If the E/A
ratio is >2, the patient had severe grade III LVDD. In all
other cases, three other criteria are used: (1) E/e’>14; (2)
LAV/BSA >34 ml/m? (3) maximum tricuspid regurgita-
tion (TR) jet velocity >2.8 m/s. If there were at least two
criteria, this meant that the patient had LVDD grade II
If there was no more than one criterion, the patient was
classified as having LVDD grade I [10].

24-hour Ambulatory BP Monitoring (ABPM) was car-
ried out using a Microlife Watch BP 03 device on the
non-dominant arm. The device was programmed to mea-
sure BP at 30-min intervals during the day and at 60-min
intervals during the night. Based on the decrease in mean
night time BP compared to mean day time BP, patients
are classified as dippers (>10% - 20%), non-dippers
(>0% — 10%), reverse-dippers (< 0%), and extreme dip-
pers (>20%) [11]. Night time was recorded as the period
between the time when the patient went to bed and the
time when the patient woke up the next morning accord-
ing to his diary.

Statistical analysis was conducted using the Statis-
tica 10.0 application program package. The results are
presented as the median (Me) and interquartile range
[LQ; UQ)] for continuous variables or the number (%)
for dichotomous variables. The Mann — Whitney U test
was used to compare two independent groups. The cat-
egory distributions between groups was compared using
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Pearson’s x> homogeneity criterion. In the case of two
compared groups and two categories, the Yates correc-
tion for Pearson’s x* criterion was used. If the conditions
for employing Pearson’s chi-squared homogeneity crite-
rion were not met, Fisher’s exact test was employed. If
this criterion indicated the presence of statistically signif-
icant differences between the groups, then pairwise com-
parisons of the distributions were then carried out using
the Holm correction for p-values. Odds ratios (OR) were
determined from four-field contingency tables using an
online calculator [12]. At p < 0.05, the differences were
considered statistically significant.

Results

After echo-CG all patients were divided into two groups.
The first group is patients with AH and LVDD (n=37)
(94.6% Grade I, 5.4% Grade II), second group is patients
AH without LVDD (n=59). The presented groups are
comparable in terms of demographic, clinical, and labo-
ratory characteristics of the participants (Table 1).

No significant differences were found in the groups by
smoking status, obesity, hypercholesterolemia, hyperuri-
cemia (p°0.05).Overall, several patients had long standing
hypertension with a median duration of 14.0 years and
elevated BP levels despite stable antihypertensive therapy.

In terms of antihypertensive therapy and statins using,
patients in both groups were comparable (Table 2).

The echo-CG results are presented in Table 3. Sta-
tistically significant differences in LA size were found
between the groups. When assessing the LAV/BSA,
chamber dilation was detected in 25 patients (67.6%)
with LVDD, while in patients with normal LV function,
no patient showed LA enlargement (p=0.0000). LA dila-
tion according to the LA volume/height® was detected
in 33 (89.2%) and 47 (76.7%) patients in groups 1 and 2,
respectively; however, the differences between the groups
were not statistically significant (p=0.271). The incidence
of LVH according to the LVM/BSA in patients with AH
and LVDD was statistically significantly higher com-
pared to patients with normal diastolic function (73.0
and 52.5%, respectively, x°=3.97, p=0.046). According
to the LVM/height*’ the proportion of individuals with
LVH in groups 1 and 2 was 78.4% and 69.5%, respectively
(p>0.05).

The results of ABPM in the groups of subjects are pre-
sented in Table 4. The groups were comparable in terms
of daily, daytime, and nighttime values of SBP and DBP.

In patients with LVDD, the distribution of patients by
the nature of the daily SBP profile was as follows: dipper
— 11 (29.7%), non-dipper — 20 (54.1%), extreme-dipper
— 2 (5.4%), reverse-dipper — 4 (10.8%). In patients with-
out LVDD, the number of dippers in SBP was 36 (61.0%),
non-dippers — 17 (28.8%), extreme -dippers — 5 (8.5%),
reverse-dipper — 1 (1.7%).
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Table 1 General characteristics of the study groups
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Table 3 Echocardiographic parameters of the study group

Parameter Group 1 Group 2 P Parameter Group 1 Group 2 P
(n=37) (n=59) (n=37) (n=59)
Age, year 60.0 [58.0; 62.0] 60.0 [56.0; 63.0] 0.886 LAD, mm 41.0[38.0;43.0] 37.0[35.0;39.0] 0.00006
Female gender, n (%) 20 (54.1) 30 (50.8) 0.760 LAV/BSA, ml/m? 36.0[32.0;38.0] 29.0[25.0;30.0] 0.0000
Duration AH, years 15.0 [10.0; 20.0] 13.0[10.0; 22.0] 0.763 LAV/height?, ml/m? 25.01[223;27.71 195[18.0;21.6] 0.0000
AH grade |, n (%) 13 (35.1) 26 (44.1) 0.386 Lateral €, sm/s 8.0[6.0; 10.0] 10.0[8.0;11.0] 0.005
AH grade Il, n (%) 24 (64.9) (55 9) 0,386 Septal € sm/s 591(5.1,7.0] 7.116.0;86] 0.0009
Cigarette smoking, 3(35.1) 1(35.6) 0.862 E/e, 8.1[6.6;9.5] 7516.7;86] 0.172
n (%) E/e’Sept 10.1[85;12.0] 10.0[8.6;11.1] 0.237
BMI, kg/m2 32.3[27.8;35.0] 30.1[27.7;32.7] 0.228 E/e/avg 921[75:11.0] 8.91[8.0;9.8] 0219
Obesity, n (%) 22 (59.5) 30(50.8) 0.539 LV EDD, mm 51.6[47.0;550] 49.0[46.5;52.0] 0.087
WC, cm 107.0[100.0; 115.0]  103.0[97.0;110.0] 0.166 LVESD, mm 320[30.0;34.0] 31.0[29.0;328]  0.055
HC, cm 114.0[107.0;125.0] 112.0[107.0; 0.527 LVEDV, ml 128.0 113.0 [100.0; 0.109
119.0] [100.0;148.0] 132.0]
WHR 0.92[0.88;0.97] 092[087;096]  0.754 LVESY, ml 400 [34.0;490]  37.0[30.0;42.0]  0.059
SBP, mmHg 140.0 [130.0; 146.0] 138.0 [130.0; 0.835 LV stroke volume, ml 85.0[68.0;96.01 780 [66.0; 89.0] 0.230
1500] LV EF, % 66.0 [64.0;690]  680[650;71.0] 0,079
DBP, mmHg 90.0 [82.0;90.0] 86.0[80.0; 90.0] 0.507 VS, mm 13.0[11.0;14.0] 120[11.0;13.5] 0,063
HR, bpm 72.0[64.0; 76.0] 72.0[68.0; 76.0] 0.690 LV PWT, mm 12.0[10.0;13.01 11.0[10.0;12.0] 0.079
TC, mmol/L 541[4.6;6.1] 5.7 [5.1,6.6] 0.145 LVM, g 24702020 2190[1830; 0015
Hypercholesterolemia, 31 (83.8) 54(91.5) 0.407 285.0] 254.0]
n (%) LVM/BSA, g/m? 117.0 109.0[96.3;1260] 0,044
HDL-C, mmol/L 5(1.3;1.7] S5(1.1;1.8] 0.979 [106.0;137.0]
LDL-C, mmol/L 3[2. 6 3. 8] 6[3. o 4, 1] 0.070 LVM/height*’, g/m?’  57.4[51.2;700]  53.4[47.0;638]  0.040
TG, mmol/L 401.2,19] 5[1.0;1.9] 0532 Peak E, m/s 065[050;0.77]1  0.70[0.60;0.80]  0.057
Glucose, mmol/L 3[38,49] 3[38,4.9] 0.665 Peak A, m/s 076[062;087]  075[0.64,090] 0946
Uric acid, umol/L 314.0[270.0;371.0] 339.0 [292.0; 0611 E/A ratio 0.801[0.68:1,0] 1,0[0.80; 1.10] 0.060
3760] TRjet velocity, ms 2412225 23102224 0034
Hyperuricemia, n (%) 12(324) 22(37.3) 0.791 AbbreviationslVS Interventricular Septal thickness, LV PWT Left Ventricular
Creatinine, umol/L 83.0[76.0;92.0] 85.0[79.0;95.0] 0.382 Posterior Wall Thickness
GFR, ml/min/1.73 m? 76.0 [67.0; 82.0] 72.0 [64.0; 82.0] 0.365
ALAT 28.0[21.0;32.0] 27.0[22.0;350]  0.889 Table 4 ABPM indicators in the groups of subjects examined
ASAT 28.0[22.0;34.0] 2601[220;320] 0331 Parameter Group 1 Group 2 p
Abbreviations ALAT alanine aminotransferase, ASAT aspartate aminotransferase, (n=37) (n=59)
i ol faon e HOLC ghderiy Ipoproten cholesterel  Sgp Dalymmiia 122001170, 1250(1150, 0858
TG triglycerides 1350 131.0]
DBP Daily, mmHg 75.0[71.0;85.0] 78.01(71.0;820] 0946
Table 2 Pharmacological therapy in groups 58P Day time, mmHg 12(7)'8][1 176 Bé‘g]ﬂ 210; 0442
Drug Class gﬂ’:‘;; gﬂ’:’;)z P DBP Day time, mmhg ~ 782[740;870]  810[760;870] 0228
Statins, 1 %) 9243) 12(203) 0837 SBP Night time, mmHg 1;6‘.8][106,0; B;,&[WO&O; 0.202
ACEInhibitor, n (%) 17459 25 (42.4) 0731 DBP Night time, 720630;810]  69.0[620;730] 0078
ARB, n (%) 15 (40.5) 22(373) 0750 mmHg
Diuretics, n (%) 6(16.2) 8(136) 0720 sysolic Dipping, %  5.911.7;107] 117[86;162]  0.00003
BB, n (%) 16(43.2) 29(492) 0572 Diastolic Dipping, % 9.0 [4.1; 14.5] 163[124;204] 000004
CCB, n (%) 6(16.2) 14 (23.7) 0.378
AHT at the time of inclusion in the study: In patients with LVDD, the distribution of patients by
Absent 0000 5(85) 0.069 the nature of the daily DBP profile was as follows: dipper
Monotherapy 12(324) 21(356) 0751 — 13 (35.1%), non-dipper — 17 (46.0%), extreme dipper —
Combination Therapy 25 (67.6) 33(55.9) 0.257

Abbreviations ACE Angiotensin Converting Enzyme, AHT Antihypertensive
Therapy, ARB Angiotensin |l Receptor Blockers, BB Beta Blockers, CCB Calcium

Channel Blockers

4 (10.8%), reverse dipper — 3 (8.1%). In patients without
LVDD, the number of dippers in DBP was detected in 31
(52.6%) of patients, 12 (20.3%) with a non-dipper profile,

16 (27.1%) —

dipper profile was absent in group 2.

with an extreme-dipper profile. The reverse-
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When comparing the groups by the distribution of
daily SBP and DBP profiles, statistically significant differ-
ences were found (p = 0.005 and p = 0.002, respectively).
When pairwise comparing the types of daily SBP profiles
between groups 1 and 2, statistically significant differ-
ences were found in the frequency of dippers (p = 0.014).
The incidence of non-dippers for SBP tended to be higher
in patients with LVDD (p = 0.054). At the same time, the
daily non-dipper profile for DBP is significantly more
common in group 1 (p = 0.047).

The OR of LVDD developing in patients with AH
and a non-dipper pattern for SBP was 2.907 (95% CI
1.233-6.852), while for dipper it was 0.270 (95% CI
0.112-0.650). The OR of LVDD developing in hyperten-
sive patients and a non-dipper pattern for DBP was 3.329
(95% CI 1.346-8.234). The presence of a dipper pattern
for DBP did not reduce the risk of LVDD developing in
patients with AH (OR = 0.489, 95% CI 0.210—1.141)

Discussion

In our study, LVDD was detected in 38.5% of hyperten-
sive patients, which is consistent with the results of other
studies.In the study performed by Al-Ghamdi S., LVDD
was diagnosed in 35.6% of patients with AH [13]. In the
CARE NORTH study, the incidence of LVDD among
hypertensive participants was 43.7%. Grade I LVDD was
observed in 24.4% whereas grade II LVDD was found in
19.3% of the patients. None of the studied patients were
characterized by grade III LVDD [14]. Among newly
diagnosed hypertensive Nigerians LVDD was found in
62% of the patients (grade I — 33%, grade II — 23%, grade
IIT — 6%) [15]. Thus, the incidence of LVDD varies from
36% to 62%, which can be explained by various factors,
including age, female gender, obesity, diabetes mellitus,
duration of AH, as well as the use of different diagnostic
criteria for the diagnosis of LVDD [14].

Several patients had long standing hypertension with
elevated BP despite stable anti hypertensive therapy,
which could influence the association between circadian
BP patterns and LVDD.Our work has established that
patients with AH and LVDD are significantly more likely
to have LVH and LA dilation, which is consistent with
the results of other studies. Abubakar I.G. et al. showed
a significant difference in the LVM/BSA (110.0 + 40.7 vs.
127.3 + 35.7, p = 0.034) and the LAV/BSA (17.2 £ 4.2 vs.
20.3 + 12.3, p = 0.013) in hypertensive patients with nor-
mal LV diastolic function and LVDD respectively [15].
Masugata H. et al. reported that E/e’ indicated a progres-
sive worsening of LV diastolic function from hypertensive
patients with normal geometry to patients with concen-
tric remodelling, and then to patients with eccentric and
concentric LVH (10.2 + 3.0, 10.5 + 3.5, 11.1 + 3.6 and 13.4
+ 5.4, respectively) [16]. Pritchett A. et al. demonstrated
that the LAV/BSA increased with worsening LVDD: 23 +
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6 ml/m? (normal diastolic function), 25 + 8 ml/m? (grade
1 LVDD), 31 + 8 ml/m? (grade II LVDD), 48 + 12 ml/m?
(grade III LVDD) [17].

Our study established a relationship between LVDD
and the non-dipper 24-hour BP profile. Aydin M. et al.
reported that non-dipper patient had worse param-
eters reflecting diastolic function compared to dippers
in AH: the transmitral E-wave decreased (0.55 * 0.2 vs
0.62 + 0.2 m/s, p < 0.05), transmitral A-wave increased
(211 + 44 vs 196 + 42 ms, p < 0.05), E-wave deceleration
times increased (0.77 £ 0.1 vs 0.70 + 0.1 m/s, p < 0.01),
the transmitral E/A ratio decreased (0.78 + 0.1 vs 0.86 +
0.2, p < 0.05) and the isovolumic relaxation time (112 *
15 vs 105 + 14 m/s, p < 0.05) [18]. Yeter E. et al. studied
diastolic function in dippers and non-dippers with prehy-
pertension. The transmitral E-wave, transmitral A-wave,
E-wave deceleration times and transmitral E/A ratio were
not significantly different between the dipper and non-
dipper groups. But the septal €’ (9.2 + 23 vs 7.0 £ 1.2, p
< 0.01), lateral €’ (7.23 £+ 1.84 vs 8.25 *+ 2.36, p < 0.05),
E/e’ septal (9.02 + 2.44 vs 11.77 £ 3.09, p < 0.01), E/¢’ lat-
eral (11.4 + 2.4 vs 10.2 £ 2.4, p < 0.05) were significantly
different between the groups [19]. However, according
to the results of another study, carried out by Erdogan et
al. showed that diastolic function parameters were simi-
lar between dippers and non-dippers [20]. It should be
noted that in our study, patients were divided into groups
depending on the presence or absence of LVDD, whereas
in the above-mentioned studies, the division into groups
was based on the type of daily BP profile (dipper or non-
dipper). Our group of authors assessed the circadian BP
pattern of SBP and DBP separately whereas the studies
Aydin M. et al. and Erdogan et al. included only those
with the same daily profile of SBP and DBP. In these stud-
ies, the authors do not provide results on the frequency
of occurrence of LVDD in groups, but only evaluate
parameters reflecting diastolic function.

Recently, chronotherapy has received increased atten-
tion as a means of improving control of nocturnal hyper-
tension and a non-dipping BP pattern [21]; its use in
patients with LVDD and non-dipping circadian BP pro-
file will improve diastolic function.

Conclusion

In summary, our results showed that the 24-hour non-
dipper profile was significantly associated with LVDD.
This study provides a foundation for further investiga-
tions aimed at investigating the use of hypertension chro-
notherapy to improve LV diastolic function.

Limitations

This study has several limitations that should be con-
sidered in the interpretation of our results. First, this is
a single-center study with a limited number of patients
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involved. This sample size limitation is due to the diffi-
culty of predicting the required sample power in advance
due to the absence of previous large studies demonstrat-
ing the relationship between LVDD and the non-dipper
circadian BP profile. Extrapolating these results to the
general population needs validation from larger mul-
ticentre studies. Second, a significant limitation of the
study conducted is its cross-sectional nature. It is nec-
essary to conduct prospective observation of patients
with AH and a non-dipper circadian BP profile in order
to detect LVDD during dynamic observation. Third, It
should be noted that the median BMI of participants is
30 kg/m’Therefore, these findings may primarily apply
to hypertensive patients with elevated body weight.It
should also be noted that patients were not screened for
obstructive sleep apnea syndrome at the time of inclusion
in the study.However, it is known that none of the study
participants received CPAP-therapy.
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