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ABSTRACT 

Background and Aim There is evidence that a reduced nocturnal fall in blood pressure (BP) 

entails an increased risk of hypertensive-mediated organ damage (HMOD) and cardiovascular 

events. Most studies focusing on left ventricular (LV) systolic function, assessed by conventional 

LV ejection fraction (LVEF) in non-dippers compared to dippers failed to detect significant 

differences. To provide a new piece of information on LV systolic dysfunction in the non-dipping 

setting, we performed a meta-analysis of speckle tracking echocardiography (STE) studies 

investigating LV global longitudinal strain (GLS), a more sensitive index of LV systolic function.  

Methods A computerized search was performed using Pub-Med, OVID, EMBASE and Cochrane 

library databases from inception until July, 31 st2022. Full articles reporting data on LV GLS and 

LVEF in non-dippers and dippers were considered suitable. 

Results A total of 648 non-dipper and 530 dipper individuals were included in 9 studies. LV 

GLS was worse in non-dipper than in their dipper counterparts (-18.4±0.30 vs -20.1±0.23%), 

SMD: 0.73±0.14, CI: 0.46/1.00, p < 0.0001) whereas this was not the case for LVEF (61.4±0.8 

and 62.0±0.8%, respectively), SMD: -0.15±0.09, CI: -0.32/0.03, p=1.01). A meta-regression 

analysis between night-time systolic BP and myocardial GLS showed a significant, relationship 

between these variables (coefficient 0.085, p < 0.0001). 

Conclusions Our findings suggest that early changes in LV systolic function not detectable by 

conventional echocardiography in the non-dipping setting can be unmasked by STE; 

implementation of STE in current practice may improve the detection of HMOD of adverse 

prognostic significance in individuals with altered circadian BP rhythm. 

 

Key words: non-dipping, subclinical left ventricular systolic function, left ventricular ejection 

fraction, left ventricular global longitudinal strain. 
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Graphical abstract 
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INTRODUCTION  

Since over 40 years, ambulatory blood pressure monitoring (ABPM) has progressively revealed 

the diagnostic and prognostic limits of office BP measurement in the assessment of 

hypertensive patients (1,2). This is because the discrepancy between office and out-office BP 

values has opened new horizons in the setting of cardiovascular medicine allowing to identify 

two discordant BP phenotypes characterized respectively by: I) high office BP not confirmed by 

the ABPM (i.e. white coat hypertension); II) normal office BP associated with high ambulatory BP 

(i.e. masked hypertension) (3-6). Furthermore, BP measurement carried out in the medical 

environment does not allow to assess BP changes that occur during the 24-hour circadian cycle 

(7). A large  amount  of evidence based on ABPM studies in different populations has 

consistently shown that BP at night usually falls by 10 and 20% compared to daytime values 

(8,9).  Over the last 3 decades, individuals with nocturnal BP fall in the aforementioned range 

have been defined as dippers as opposed to those with reduced BP fall (i.e. non dippers) and 

with paradoxical night-time BP increase (i.e. reverse dippers) (10). 

A blunted decrease in night-time BP has been found to be associated with several unhealthy 

conditions such as obesity, obstructive sleep apnea, diabetes mellitus, metabolic syndrome, 

chronic kidney disease, resistant hypertension as well as to an increased risk of hypertension-

mediated organ damage (HMOD) and cardiovascular events (11-13). 

Although it may be intuitive to assume that a reduced fall in BP during night-time may have 

unfavourable effects on cardiovascular structure as a direct consequence of a persistent 

hemodynamic stress over the course of 24 hours available evidence on this topic based on the 

dichotomous classification of dipping/non-dipping remains inconclusive, so far (14,15). Of note, 

most investigations on the association between the non-dipping pattern and  HMOD have 

addressed the harmful effect of the disrupted BP circadian rhythm on cardiac structure and 
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function. Left ventricular hypertrophy (LVH), due to its frequency and its established prognostic 

implications, was the most studied phenotype, with mixed results among the various studies 

(16). 

Whether non-dipping may be a risk factor for early LV systolic dysfunction remains undefined as 

available information on this important aspect is based almost exclusively on the assessment of 

LV ejection fraction (LVEF), a time-honoured index but not sensitive enough to identify subtle 

changes in systolic function (17,18). 

Starting of this premise, we performed a meta-analysis of speckle tracking echocardiographic 

(STE) studies that, in addition to conventional LVEF, provided data on LV deformation in 

individuals with normal and reduced nocturnal BP drop with the aim to shed light on the 

relationship between altered BP circadian rhythm and changes in LV mechanics as assessed by 

global longitudinal strain (GLS), a more sensitive and reproducible index of early systolic 

dysfunction compared to LVEF (19). 

 

METHODS 

We reported the systematic review according to the Preferred Reporting Items for Systematic 

reviews and Meta-Analyses (PRISMA) guidelines (20). Pertinent literature was systematically 

scrutinized to identify all papers targeting the association between non-dipper pattern and LV 

systolic dysfunction through the comparison of LVEF and GLS in individuals with normal and 

reduced nocturnal BP fall.  

The PubMed, OVID-MEDLINE, and Cochrane library databases were systematically analysed to 

search English-language articles published from inception to July 31, 2022. Studies were identified 

by using Me-SH terms and crossing the following terms: “non-dipping”; “reverse-dipping”, 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

“circadian BP rhythm” “ventricular mechanics”, “systolic dysfunction”, “global longitudinal strain”, 

“echocardiography” and “STE echocardiography”. 

Two authors assessed all titles and abstracts retrieved with the search. When there was an agreement 

on a specific record, the full text of the study was analyzed by both reviewers in order to establish 

eligibility according to the inclusion criteria mentioned below. A third reviewer resolved 

disagreements on study judgments. Data extraction was performed by two reviewer and 

independently checked by another reviewer. 

Main inclusion criteria were: I) English articles published in peer-reviewed journals; II) comparative 

studies providing data on LVEF and LV mechanics (i.e. GLS) by 2D or 3D STE echocardiography in 

non-dippers and dippers; III) minimum set of clinical/demographic data (i.e. sex, age, body mass 

index; office and/or ambulatory BP). Specific exclusion criteria were: I) studies with less than 10 

non-dipper patients; II) studies conducted in children and adolescents (age <18 years); III) reviews, 

editorials, and case reports. 

The Newcastle-Ottawa Scale (NOS) was used to measure study quality. (http://www, ohri 

ca/programs/clinical_epidemiologyoxford htm). 

Echocardiographic Methods 

The analysis of cardiac structure and function as well as the assessment of LV myocardial 

deformation had been performed in all studies according to recommendations of contemporary 

guidelines. In particular, GLS was measured off-line from 2D-3D echocardiographic images in all 

studies using a commercial dedicated software; R-R gating was used for LV strain assessment. 

In all studies, LV endocardium was manually traced and corrected, if necessary, and average 

longitudinal strain curve was automatically provided by the software.  

Statistical analysis  

A pooled analysis of cardiac parameters was performed using fixed or random effects meta-

analysis by Comprehensive Meta-Analysis Version 2, Biostat, Englewood, NJ. Standard means 

difference (SMD) with 95% confidence interval (CI) was used to calculate the statistical 
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difference of continuous echocardiographic variables between non-dipper and dipper groups. 

Demographic and clinical data provided by selected studies were expressed as absolute 

numbers, percentage, mean ±SD, mean ±SE or mean with CI. Heterogeneity was estimated 

using the I-squared test; random effect models were applied when heterogeneity across 

studies was high (I2>75). Publication bias was assessed by using the funnel plot method (Trim 

and fill test). Observed and adjusted values, their lower and upper limits have been calculated. 

Statistical significance was set at P<0.05. 

RESULTS 

After removing duplicates, the initial literature search identified 1206 papers. After the initial 

screening of titles and abstracts, 1135 studies were excluded as they were not related to the 

topic. Therefore, 71 studies were reviewed; of these, 40 did not report any data on 

myocardial mechanics, 11 did not provide separate data for dippers and non-dippers and 11 

were reviews, commentary, and editorial articles. Thus, a total of 9 comparative studies 

reporting data on GLS and LVEF in non-dippers versus dippers and containing 

echocardiographic data of interest, were included in the final review (21-29) (Figure 1).  

Table 1 summarizes methodological details regarding both office BP and ABPM measurements. 

Although all selected studies defined the non-dipping pattern as a reduction in average BP at 

night of at least 10% compared with average day-time value, five of them considered only 

systolic BP fall, three mean arterial pressure, and one both systolic/diastolic BP fall. Differences 

of BP measurement intervals and, consequently of the total number of recordings, during day and 

night periods were also present among the studies. 

Characteristics of the studies 

On the whole,648 non-dipping individuals and 530 dipper controls were included in 9 studies 

(sample size ranging from 70 to 290 participants), performed in four countries (Turkey= 3; 

China=3; Serbia=2; Oman=1). 
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Table 2 reports the key features of each study including type of design, number of 

participants, setting, anti-hypertensive treatment, comorbidities, NOS and main findings. 

Seven out of nine studies enrolled untreated and treated hypertensive patients without 

cardiovascular disease and preserved LVEF, whereas the remaining two studies examined 

normotensive individuals. Comorbidities and risk factors such as type 2 diabetes, 

dyslipidemia and/or smoking were reported by five of the selected studies. According to the 

NOS the quality of studies, ranged from 7 to 9 (i.e. score that identifies studies of fair or 

good quality). Therefore, no study was excluded based on its limited quality. 

Table 3 shows demographic and clinical characteristics of non-dippers and dippers such as 

sample size, mean age, prevalence of men, body mass index (BMI), day-time and night-time 

systolic/diastolic BP. The mean age range in non-dippers was 27-59 years, the corresponding 

value in dippers was 27-57 years; 59% of non-dipper and 55% of dipper participants were 

men; BMI values ranged from 22.1±2.3 to 33.8±3.6 kg/m2 in non-dippers and from 21.5±2.0 

to 33.2±5.1 kg/m2 in dippers. 

In all studies, as expected, mean night-time systolic/diastolic BPs were significantly higher 

in non-dippers than in dippers. The opposite trend was observed for mean day-time systolic BP 

in 6 out of nine studies. 

Echocardiographic findings 

Table 4 shows structural and functional echocardiographic variables in non-dipper individuals as 

compared to their dipper counterparts. As for LV structure, all selected studies providing this kind of 

information, with the exception of Efe’s report (27), showed that non-dipping was associated with a 

significantly greater LVM indexed to body surface area (BSA). Data on relative wall thickness 

(RWT), a prognostically validated marker of LV geometry, reported by six studies showed mixed 

findings (a significantly increased RWT in non-dippers was reported by four studies, whereas no 

difference was found in the remaining two studies). 
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As for LV systolic function, assessed by conventional echocardiography, all studies but one failed to 

find any statistical difference in LVEF between non-dipper and dipper individuals. The ratio of early 

(E) peak of mitral inflow velocity to early (e’) peak mitral annular velocity (E/e’) (a diastolic 

function index as well as the early to late mitral flow velocity ratio reported in almost all studies), 

was found to be greater (worse) in non-dippers in four out of eight reports.  

Finally, as for LV mechanics, eight of the nine studies showed a less negative (impaired) GLS in 

non-dipper patients than in their dipper counterparts. 

 

 

Meta-analysis findings 

Pooled average LVEF was not different between non-dippers and dippers: 61.4±0.8 and 62.0±0.8%. 

As shown by the forest plot in Figure 2, the meta-analysis of 9 studies did not reveal a significant 

difference in LVEF between groups (SMD: -0.15±0.09, CI: -0.32/0.03, p=1.01). On the contrary, 

GLS was less negative in non-dippers (-18.4±0.30%) than in their dipper counterparts (-

20.1±0.23%). Figure 3 shows the results of the meta-analysis where SMD suggested a worse LV 

systolic function in the pooled non-dipper group (SMD 0.73±0.14, CI: 0.46/1.00, p < 0.0001).  

The early to late mitral flow velocity ratio (E/A ratio) was lower in non-dippers than in dippers 

(0.99±0.05 vs 1.08±0.06) with a statistically significant SMD ( -0.29 ± 0.06, CI: -0.41/-0.16, p < 

0.0001). The average value of E/e’ ratio was higher in non-dippers (8.3±0.36) than in dippers 

(7.4±0.26). The meta-analysis of eight studies providing data regarding this index showed a SMD of 

0.38±0.06, CI:0.25/049, p< 0.0001 (Figure 4). 

Pooled LVM index (LVMI) was higher in non-dippers (102.9±3.1 g/m2) than in dippers (93.4±3.1 

g/m2). Figure 5 illustrates the findings of the meta-analysis of 8 studies where SMD suggested an 

increased LVMI in the pooled non-dipper group (0.41±0.06, CI: 0.29/0.57, p < 0.0001). 
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Publication bias 

The presence of single study effect was excluded at sensitivity 

analysis; furthermore, a relevant publication bias was not present. 

In fact, a statistically significant difference in pooled LV GLS between non-dippers and 

dippers was still present after correction for publication bias (Supplementary Figure 1). 

Correlation analyses  

A meta-regression analysis assessing the relationship between night-time systolic BP and 

myocardial GLS in the whole pooled population (non-dippers and dippers) showed a significant,  

relationship (coefficient 0.085, p < 0.0001)  between these variables (i.e. the higher the systolic 

BP, the less negative the GLS) (Figure 6). 

 

 

Sensitivity analyses 

A sensitivity analysis restricted to 7 studies performed in hypertensive patients confirmed 

that GLS (SMD:0.0.84±0.15, CI: 0.53/1.14, p<0.0001) (Supplementary Figure 2) but not 

LVEF (SMD: -0.11±0.11, CI: -0.32/0.01, p=0.21) was impaired in non-dippers compared to 

their dipper counterparts. 

Additional analyses 

In addition to GLS, global circumferential strain (GCS) and global radial strain (GRS) were 

calculated, respectively, in five and four out the nine studies included in the meta-analysis. Both 

parameters were lower in non-dippers than in dippers (GCS -20.9±1.5 vs -22.6±0.9% and GRS 

35.45 ± 3.1 vs 39.9 ± 2.6 %, respectively). Supplementary Figure 3 reports the findings of the meta-

analysis regarding the GCS where SMD suggested an impaired myocardial circumferential 

deformation in non-dippers (0.40 ± 0.08, CI : 0.24/0.56, p < 0.0001). 
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DISCUSSION 

The association between abnormal diurnal BP patterns and adverse cardiovascular outcomes 

significantly increased general interest for ABPM in the everyday clinical work-up of hypertensive 

patients (30,31).Although the  substrate of  adverse outcomes is represented by HMOD associated to 

non-dipping pattern, subtle changes in LV function, not detectable with conventional 

echocardiography, could also contribute to worse outcome in this setting. LV mechanics, and 

particularly GLS, are predictors of CV outcome in general, as well as in hypertensive population 

(32,33). This is the reason why GLS might be partly responsible for unfavourable CV outcome in 

patients with altered circadian BP rhythm.  

Our meta-analysis revealed several important findings that deserve further discussion: (i) LV 

structure is significantly changed among non-dippers in terms of increased LVMI; (ii) LV diastolic 

function is worse in non-dippers than in dippers; (iii) longitudinal LV mechanics, measured by GLS, 

was impaired in non-dippers compared with dippers. This finding is of relevance as no difference in  

LVEF was present between these groups. (iv) the progressive increase of night-time SBP values  

were related with GLS worsening in the pooled  population ; (v) GCS was also more deteriorated in 

non-dippers than in dippers in the subgroup of patients with available data regarding multidirectional 

strain. 

The majority of studies investigating LV remodelling in patients with different circadian BP patterns 

reported a significant deterioration in LV structure and diastolic function in non-dippers in 

comparison with dippers (21,22,26,28,29). This may be related to the association between nocturnal 

hypertension in non-dippers and LV remodelling induced by overactivated sympathetic nervous 

system, renin-angiotensin-aldosterone system, sleep apnoea syndrome. In addition, mechanical 

effects of increased arterial stiffness and peripheral resistances as a result of the elevated nocturnal 

BP in non-dippers may contribute to LV structural and functional changes documented in these 

patients. Our meta-analysis showed that pooled non-dipper and dipper groups had similar average 

day-time systolic BP, thus, the higher mean nocturnal systolic BP load associated to non-dipping can 
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be considered the major determinant of the differences in subclinical cardiac damage found between 

the two groups. 

Mechanical LV changes recently implemented in clinical studies may reveal subclinical and subtle 

impairments in LV function previously undetectable with conventional echocardiographic 

assessment. Although differences were noticed for longitudinal, circumferential and radial strains 

(25,26,28), major attention has been paid to GLS, which represents not only a robust 

echocardiographic parameter that reveals subtle impairment of LV function, but also a paramount 

predictor of adverse outcomes, including mortality.  GLS turned out to be a more sensitive and 

reproducible parameter than conventional LVEF in general (34) and hypertensive population (19). 

Our meta-analysis showed that GLS was significantly more deteriorated in non-dippers than in 

dippers with a significant correlation between GLS impairment and night-time SBP increments. 

Considering the fact that LVEF was similar between the observed groups, our findings indicate that 

GLS represents a better parameter of subclinical cardiac damage in hypertensive patients with 

different circadian BP patterns than LVEF. The impairment of GLS may be a predictor of HFpEF, 

which is frequently seen in hypertensive heart disease. This implies that a timely recognition of this 

unfavourable development of heart failure would significantly reduce the burden for the whole 

healthcare system. Moreover, GLS may improve the assessment of LV function during 

antihypertensive treatment, as recently demonstrated in our meta-analysis (35). A follow-up study 

investigating the prognostic value of GLS in hypertensive patients with different circadian patterns 

has not been conducted yet, assume that these results will not vary from those obtained in the whole 

hypertensive population (33). 

The importance of GCS and GRS in hypertensive patients has not been extensively investigated, so 

far. Some studies reported an impairment of these parameters in hypertensive patients as a whole and 

in patients with non-dipping BP pattern, although the clinical relevance of these findings has not 

been evaluated. Cardiac magnetic resonance-derived GCS showed an incremental independent 

prognostic value in addition to clinical variables, LVEF, and late gadolinium enhancement in a large 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

population of patients referred to this examination for multiple reasons (36). It is reasonable to 

hypothesize that similar results may be obtained also in hypertensive population.  

Two main clinical implications of our meta-analysis may be taken into account: (i) GLS may 

represent a screening test for subclinical cardiac impairment in hypertensive patients at high risk for 

development of heart failure due to unfavorable circadian BP pattern, high levels of BP or other 

associated CV risk factors; and (ii) GLS may represent a useful tool for monitoring the efficacy of 

antihypertensive therapy and BP control throughout 24 hours.  

Limitations 

Several limitations of this meta-analysis should be mentioned. This type of analysis does not  allow 

to adjust for cumulative BP values, BP variability, comorbidities, LVMI, E/e’ and other clinical 

parameters that may influence the final results. Different definitions of non-dipping pattern based on 

night-time declines of systolic, systolic-diastolic, or mean BP were adopted by the authors. These 

methodological differences may have affected our results in some way.  Classification of the night 

pattern based on a single ABPM is deemed insufficiently accurate, as its reproducibility over time is 

limited. The same issue can be raised for echocardiographic assessment of GLS as well as GCS that 

are affected by a challenging reproducibility and inter-vendor variability. It should be noted, 

however, that studies showed that GLS has better reproducibility than conventional 

echocardiographic parameters irrespective of vendor and level of echocardiographic training (37). 

Due to the cross-sectional design of the selected studies, a cause-effect relationship between the non-

dipping and impaired GLS   remains unproven. 

 

Conclusion 

Our meta-analysis including a large number of hypertensive patients clearly documented a 

significant negative impact of non-dipping status on GLS and GCS. This finding underlines the 

importance of novel imaging techniques, in addition to conventional echocardiographic parameters 

such as LVEF and E/e’,  in order to recognize subclinical cardiac damage and predict  cardiac 
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complications such as HFpEF. This meta-analysis also emphasizes the importance of  ABPM for 

determination of circadian BP pattern and identify non-dipper subjects , who are under higher risk of 

adverse outcome. Finally, this study underlines the importance of GLS evaluation during routine 

echocardiographic studies in hypertensive patients at baseline and during follow-up as this parameter 

and the associated circadian BP pattern may identify patients at higher risk of adverse events. 

 

 

 

 

 

 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

REFERENCES 

1) Mancia G,  Verdecchia P. Clinical value of ambulatory blood pressure, evidence and limits. Circ. 

Res. 2015; 116, 1034–1045. 

2) Williams B, Mancia G, Spiering W, Agabiti-Rosei E, Azizi M, Burnier M, Clement D, Coca A, 

De Simone G, Dominiczak A, Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A, Kerins M, 

Kjeldsen S, Kreutz R, Laurent S, Lip GYH, McManus R, Narkiewicz K, Ruschitzka F, 

Schmieder R, Shlyakhto E, Tsioufis K, Aboyans V, Desormais I. 2018 ESC/ESH Guidelines for 

the management of arterial hypertension. The Task Force for the management of arterial 

hypertension of the European Society of Cardiology and the European Society of Hypertension: 

The Task Force for the management of arterial hypertension of the European Society of 

Cardiology and the European Society of Hypertension. J Hypertens. 2018; 36:2284-2309. 

3) Pickering TG, Davidson K, Gerin W, Schwartz JE. Masked hypertension. Hypertension. 2002; 

40:795-796. 

4) Mancia G, Facchetti R, Bombelli M, Cuspidi C, Grassi G.White-coat hypertension: 

pathophysiological and clinical aspects: excellence award for hypertension research 

2020.Hypertension. 2021 ;78 :1677-1688. 

5) Omboni S, Aristizabal D, De la Sierra A, Dolan E, Head G, Kahan T, Kantola I, Kario K, 

Kawecka-Jaszcz K, Malan L, Narkiewicz K, Octavio JA, Ohkubo T, Palatini P, Siègelovà J, Silva 

E, Stergiou G, Zhang Y, Mancia G, Parati G; ARTEMIS (international Ambulatory blood 

pressure Registry: TEleMonitoring of hypertension and cardiovascular rISk project) Investigators 

Hypertension types defined by clinic and ambulatory blood pressure in 14 143 patients referred 

to hypertension clinics worldwide. Data from the ARTEMIS study. J Hypertens. 2016;34 :2187-

98. 

6) Mancia G, Bombelli M, Facchetti R, Madotto F, Quarti-Trevano F, Polo Friz H, Grassi G, Sega 

R. Long-term risk of sustained hypertension in white-coat or masked hypertension. 

Hypertension. 2009 ;54 :226-32. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

7) Millar-Craig M.W., Bishop C.N., Raftery E.B. Circadian variation of blood-pressure. Lancet. 

1978;1:795–797.  

8) Coca A. Circadian rhythm and blood pressure control: physiological and pathophysiological 

factors. J Hypertens Suppl. 1994 ;12:S13-21. 

9) Burnier M, Kreutz R, Narkiewicz K, Kjeldsen S, Oparil S, Mancia G. Circadian variations 

in blood pressure and their implications for the administration of antihypertensive drugs: is 

dosing in the evening better than in the morning ? J Hypertens.2020  ;38 :1396-140. 

10) Pickering T.G. The clinical significance of diurnal blood pressure variations. Dippers and non-

dippers. Circulation 1990; 81: 700–702. 

11) Cuspidi C, Tadic M, Sala C, Gherbesi E, Grassi G, Mancia G.Blood pressure non-dipping and 

obstructive sleep apnoea syndrome: a meta-analysis. J Clin Med. 2019 Sep 2;8(9):1367. 

12) Aung AT, Chan SP, Kyaing TT, Lee CH. Diabetes mellitus is associated with high sleep-time 

systolic blood pressure and non-dipping pattern. Postgrad Med. 2020 ;132:346-35. 

13) Palatini P, Reboldi G, Saladini F, Angeli F, Mos L, Rattazzi M, Vriz O, Verdecchia P. 

Dipping pattern and short-term blood pressure variability are stronger predictors 

of cardiovascular events than average 24-h blood pressure in young hypertensive subjects. Eur J 

Prev Cardiol. 2022 ;29 :1377-1386. 

14) Nolde JM, Frost S, Kannenkeril D, Lugo-Gavidia LM, Chan J, Joyson A, Azzam O, Carnagarin 

R, Kiuchi MG, Vignarajan J, Schlaich MP. Capillary vascular density in the retina of 

hypertensive patients is associated with a non-dipping pattern independent of mean 

ambulatory blood pressure. J Hypertens. 2021 ;39 :1826-1834. 

15) Gong S, Liu K, Ye R, Li J, Yang C, Chen X. Nocturnal dipping status and the association of 

morning blood pressure surge with subclinical target organ damage in untreated hypertensives. 

J Clin Hypertens (Greenwich). 2019 ;21 :1286-1294. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

16) Cuspidi C, Sala C, Tadic M, Rescaldani M, Grassi G, Mancia G.Non-dipping pattern and 

subclinical cardiac damage in untreated hypertension: a systematic review and meta-analysis of 

echocardiographic studies. Am J Hypertens. 2015 ;28:1392-402. 

17) Możdżan M, Wierzbowska-Drabik K, Kurpesa M, Trzos E, Rechciński T, Broncel M, Kasprzak 

JD. Echocardiographic indices of left ventricular hypertrophy and diastolic function in 

hypertensive patients with preserved LVEF classified as dippers and non-dippers. Arch Med Sci. 

2013 ;9 :268-75. 

18) Di Raimondo D, Musiari G, Casuccio A, Colomba D, Rizzo G, Pirera E, Pinto A, Tuttolomondo 

A.Cardiac remodeling according to the nocturnal fall of blood pressure in hypertensive subjects: 

the Whole Assessment of Cardiac Abnormalities in Non-Dipper subjects with Arterial 

hypertension (WACANDA) study. J Pers Med. 2021 ;11:1371. 

19) Potter E, Marwick TH. Assessment of left ventricular function by echocardiography: the case for 

routinely adding global longitudinal strain to ejection fraction. JACC Cardiovasc Imaging. 

2018;11 :260-274.  

20) Moher D, Liberati A, Tetzlaff J, Altman DG. PRISMA Group. Preferred reporting items for 

systematic reviews and meta-analyses: the PRISMA statement. BMJ (Clinical Research ed). 

2009;339:b2535. 

21) Tadic M, Cuspidi C, Majstorovic A, Sljivic A, Pencic B, Ivanovic B, Scepanovic R, Kocijancic 

V, Celic V. Does a non-dipping pattern influence left ventricular and left atrial mechanics in 

hypertensive patients ? J Hypertens. 2013 ;31:2438-4. 

22) Kalaycıoğlu E, Gökdeniz T, Aykan AÇ, Gül İ, Uğur M, Gürsoy OM, Boyacı F, Çelik Ş.The 

influence of dipper/non-dipper blood pressure patterns on global left ventricular systolic 

function in hypertensive diabetic patients: a speckle tracking study. Blood Press Monit. 2014 

;19:263-70. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

23) Göksülük H, Habibova U, Ongun A, Akbulut M, Özyüncü N, Kürklü TST, Erol C. Evaluation of 

the effect of dipping pattern in hypertensive patients on the left ventricular systolic functions by 

two-dimensional strain analysis. Echocardiography. 2017 ;34:668-675. 

24) Chen Y, Liu JH, Zhen Z, Zuo Y, Lin Q, Liu M, Zhao C, Wu M, Cao G, Wang R, Tse HF, Yiu 

KH.Assessment of left ventricular function and peripheral vascular arterial stiffness in patients 

with dipper and non-dipper hypertension. J Investig Med. 2018 ;66 :319-324. 

25) Tadic M, Cuspidi C, Pencic B, Mancia G, Grassi G, Kocijancic V, Quarti-Trevano F, Celic 

V.Impact of different dipping patterns on left atrial function in hypertension.J Hypertens. 2020 

;38 :2245-2251. 

26) Chen R, Yang J, Liu C, Ke J, Gao X, Yang Y, Shen Y, Yuan F, He C, Cheng R, Lv H, Zhang C, 

Gu W, Tan H, Zhang J, Huang L.J. Blood pressure and left ventricular function changes in 

different ambulatory blood pressure patterns at high altitude. Clin Hypertens (Greenwich). 2021 

;23 :1133-1143. 

27) Efe SC, Cicek MB, Karagöz A, Doğan C, Bayram Z, Guvendi B, Akbal OY, Tokgoz HC, Uysal 

S, Karabağ T, Kaymaz C, Ozdemir N. Effect of non-dipper pattern on echocardiographic 

myocardial work parameters in normotensive individuals. Echocardiography. 2021; 38:1586-

1595. 

28) Sayed A, Razik NA, Galal AW, Al Maashani S, Hamouda MA, Rabat KE, Bendary AM. Effect 

of dipping and non-dipping pattern of blood pressure on subclinical left ventricular dysfunction 

assessed by two-dimensional speckle tracking in hypertensive patients. Blood Press Monit.  

2022; 27:43-49. 

29) Sun Q, Pan Y, Zhao Y, Liu Y, Jiang Y. Association of night-time systolic blood pressure with 

left atrial-left ventricular-arterial coupling in hypertension. Front Cardiovasc Med. 2022 Feb 

24;9:814756. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

30) Tadic M, Cuspidi C, Celic V, Pencic B, Mancia G, Grassi G, Stankovic G, Ivanovic B. The 

prognostic effect of circadian blood pressure pattern on long-term cardiovascular outcome is 

independent of left ventricular remodelling. J Clin Med. 2019;8 (12):2126.  

31) Kim BK, Kim YM, Lee Y, Lim YH, Shin J. A reverse dipping pattern predicts cardiovascular 

mortality in a clinical cohort. J Korean Med Sci. 2013;28:1468-1473.  

32) Biering-Sørensen T, Biering-Sørensen SR, Olsen FJ, Sengeløv M, Jørgensen PG, Mogelvang R, 

Shah AM, Jensen JS. Global longitudinal strain by echocardiography predicts long-term risk of 

cardiovascular morbidity and mortality in a low-risk general population: The Copenhagen City 

Heart Study. Circ Cardiovasc Imaging. 2017;10 (3):e005521.  

33) Saito M, Khan F, Stoklosa T, Iannaccone A, Negishi K, Marwick TH. Prognostic implications of 

LV strain risk score in asymptomatic patients with hypertensive heart disease. JACC Cardiovasc 

Imaging. 2016;9 :911-921.  

34) Al Saikhan L, Park C, Hardy R, Hughes A. Prognostic implications of left ventricular strain by 

speckle-tracking echocardiography in the general population: a meta-analysis. Vasc Health Risk 

Manag. 2019; 15:229-251.  

35) Tadic M, Gherbesi E, Sala C, Carugo S, Cuspidi C. Effect of long-term antihypertensive therapy 

on myocardial strain: a meta-analysis. J Hypertens. 2022;40 : 641-647.  

36) Mordi I, Bezerra H, Carrick D, Tzemos N. The combined incremental prognostic value of LVEF, 

late gadolinium enhancement, and global circumferential strain assessed by CMR. JACC 

Cardiovasc Imaging. 2015;8 :540-549.  

37) Thorstensen A, Dalen H, Amundsen BH, Aase SA, Stoylen A. Reproducibility in 

echocardiographic assessment of the left ventricular global and regional function, the HUNT 

study. Eur J Echocardiogr. 2010;11 :149-56.  

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpac110/6726175 by guest on 28 Septem

ber 2022



Acc
ep

ted
 M

an
us

cri
pt

Figure Legend  

Figure 1. Schematic flow-chart for the selection of studies. 

Figure 2. Forest plot for standard means difference (SMD) of left ventricular ejection 

fraction (LVEF) in non-dippers and dippers (random model). Relative weight of each study 

is reported on the right side. CI= confidence intervals. 

Figure 3. Forest plot for standard means difference (SMD) of left ventricular global 

longitudinal strain (LV GLS) in non-dippers and dippers (random model). Relative weight 

of each study is reported on the right side. CI= confidence intervals. 

Figure 4. Forest plot for standard means difference (SMD) of the ratio of early (E) peak of 

mitral inflow velocity to mitral annular velocity (E/e’ ratio) in non-dippers and dippers (fixed 

model ). Relative weight of each study is reported on the right side.CI, confidence intervals. 

Figure 5. Forest plot for standard means difference (SMD) of left ventricular mass index 

(LVMI) in non-dippers and dippers (fixed model). Relative weight of each study is reported on 

the right side.CI, confidence intervals. 

Figure 6. Meta-regression analysis in non-dippers and dippers: bubble plot representing the 

correlation between average night-time systolic blood pressure (BP)  and  LV GLS. 
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Table 1. Summary of blood pressure measurement methods in 9 studies targeting left ventricular 
strain in non-dipper individuals.  

Author 
(reference)

 
Publication year 

Office BP:   
position 
and time 

of rest 

Office BP: 
type of device 

ABPM: 
type of device 

and time 
interval of 
recording 

ABPM: 
recording 

quality criteria 

ABPM: 
diagnostic criteria for ND 

Tadic
(21)

, 2013 

Sitting 
position 5 
min rest. 

 

Mercury 
sphygmomano-
meter. 

Schiller BR-
102plus system. 
15  min day-
time 
20 min night-
time. 

At least 70% of 
valid  
measurements. 

Reduction of 10%, at 
least, in average SBP at 
night compared with 
average daytime SBP. 

Kalaycıoğlu
(22)

, 
2014 

Sitting 
position 5 
min rest. 

 

Mercury 
sphygmomano-
meter. 

Agilis-CD-ABPM 
15 min day-
time. 
30 min night-
time 

At least 85% of 
valid  
measurements. 

Reduction of 10%, at 
least, in average MAP at 
night compared with 
average daytime MAP. 

Göksülük
(23)

, 

2017 

Sitting 
position 10  
min rest. 

 

Aneroid 
sphygmomanometer, 

Spacelabs 
Healthcare 
90207 
30 min day-
time 
45 min night-
time. 

At least 70% of 
valid  
measurements. 

Reduction  of 10%, at 
least, in average SBP at 
night compared with 
average daytime SBP. 

Chen
(24)

, 2018 n.a. n.a. 

Meditech 
ABPM-05 
30 min over a 
24-h period 

n. a.  

Reduction of 10%, at 
least, in average MAP  at 
night compared with 
average daytime MAP. 

Tadic
(25)

, 2020 

Sitting 
position 

5 min rest 
n.a. 

Schiller BR-102 
20 min day-
time 
30 min night-
time 

 

n.a. 

Reduction of 10%, at 
least, in average SBP at 
night compared with 
average daytime SBP. 

Chen
(26)

, 2021 n.a. n.a. 

Spacelabs 
90207 
30 min day-
time 
60 min night-
time 

At least 80% of 
valid  
measurements. 

Reduction of 10%, at 
least, in average SBP at 
night compared with 
average daytime SBP. 

Efe
(27)

, 2021 n.a. n.a. 

DiaSys 
Diagnostic 
Systems GmbH 
15 min day-
time. 
30 min night-
time 

At least 70% of 
valid  
measurements. 

Reduction  of 10%, at 
least, in average SBP and 
DBP at night compared 
with average daytime 
values. 

Sayed
(28)

 , 2022 n.a.            n.a. 

GE Tonoport 
Healthcare 
30 min day-
time 
60 min night-
time 

At least 80% of 
valid  
measurements. 

Reduction of 10%, at 
least, in average MAP  at 
night compared with 
average daytime MAP 

Sun
(29)

, 2022 n.a. n.a. 

Spacelabs 
90207 
30 min day-
time 
60 min night-
time 

n.a. 

Reduction of 10%, at 
least, in average SBP at 
compared with average 
daytime SBP. 

ABPM= ambulatory blood pressure ; BP=blood pressure; DBP=diastolic blood pressure;  MAP=mean arterial pressure; 

ND=non dipping; SBP=systolic blood pressure  
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Table 2. Summary of 9 studies targeting the association between left ventricular strain, as assessed 
by speckle tracking echocardiography, and non-dipping. 

 
 

 

                            

 BP=blood pressure;   GLS=global longitudinal strain; HA=high altitude;   HTN=hypertension;  

NOS=Newcastle Ottawa Score ;   PNCS=prospective non-randpmized case studies;   RNCS = 

retrospective non-randpmized case studies 

                             

  

 Authors and 
year of  

publication 

Type 
of 

study  
 

Whole 
Sample 
size (n) 

 

     Setting 
BP 

lowering 
drugs   

Comorbidities/risk 
factors 

NOS  
 

Main Findings 

Tadic 
(21)

,  2013 PNCS 147 
Uncomplicated 

HTN 
No  No 8 

GLS was less negative 
(worse) in non dippers 
than in dippers. 

Kalaycıoğlu 
(22)

, 

2014 
PNCS 86 

Uncomplicated 
HTN  

Yes Type 2 diabetes 7 
GLS was less negative 
(worse) in non dippers 
than in dippers. 

Göksülük 
(23)

,  

2017 
PNCS 88 

Uncomplicated 
HTN 

Yes  No  7 
GLS was less negative 
(worse) in non dippers 
than in dippers. 

Chen 
(24)

,  2018) PNCS 183  HTN Yes 
Type 2 diabetes; 

dyslipidemia 
9 

GLS was less negative 
(worse) in non dippers 
than in dippers. 

Tadic 
(25)

,  2020 PNCS 142 Essential HTN No  No 9 

GLS was less negative 
(worse) in non dippers 
and reverse-dippers than 
in dippers 

 

Chen 
(26)

, 2021 
PNCS 72 

Healthy 
normotensive  

indivduals  
No Prevalent smoking 7 

Non-dippers had lower 
GLS than dippers  
after acute HA. 

 

Efe 
(27)

, 2021 
RNCS 70 

Healthy 
normotensive  

indivduals 
No   No 8 

GLS did not differ 
between non-dippers 
and dippers. 

Sayed 
(28)

 , 2022 PNCS 100 
Uncomplicated 

HTN 
Yes 

Type 2 diabetes; 
dyslipidemia, 

smoking  
7 

GLS was less negative 
(worse) in non dippers 
than in dippers. 

 

Sun 
(29)

, 2022 
PNCS 290 

Uncomplicated  
HTN 

Yes 
Type 2 diabetes; 

smoking 
7 

GLS was less negative 
(worse) in non dippers 
than in dippers. 
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Table 3. Summary of clinical variables in 9 studies targeting left ventricular mechanics in non-

dippers as compared to dippers. 

 
 

 
Sample  
size (N) 

Age (years) 
Men 

Prevalen
ce (%) 

BMI  (kg/m2) Day-time BP Night-time BP 

Author 
(reference)

 
Publicatio
n year 

N
D 

       
D 

ND D 
N
D 

D ND D ND D ND          D 

Tadic
(21)

, 
2013 

61 86 
48±

9 

49±
10 
ns 

56 
52 
ns 

26.6±
3.1 

26.2±
2.8 ns 

144±13/8
3±7 

141±11/8
5±8   ns 

132±12/8
1±9 

123±10/7
5±8 ** 

Kalaycıoğl

u
(22)

, 2014 
51 35 

59±
8 

56±
8 ns 

49 
34 
ns 

31.5±
4.5 

33.2±
5.1 ns 

141±16/7
9±10 

143±14/8
1±10  ns 

143±18/7
8±10 

125±10/6
7±9 ** 

Göksülük
(2

3)
,  2017 

43 45 
52±
13 

57±
11 
ns 

65 
58 
ns 

27.9±
3.2 

27.3±
4.4 ns 

144±10/8
5±10 

148±11/8
7±8  ns 

130±14/7
9±11 

123±9/74
±6 ** 

Chen
(24)

,  

2018) 

11
7 

66 
47±
13 

45±
11 
ns 

55 
64 
ns 

26.4±
4.2 

25.6±
3.9 ns 

139±15/8
6±13 

140±15/8
9±13 ns 

133±15/8
3±12 

122±12/7
7±11 ** 

Tadic
(25)

,  
2020 

60 82 
53±
12 

54±
11 
ns 

58 
55 
ns 

27.0±
3.8 

26.5±
3.5 ns 

138±17/8
3±11 

140±15/8
3±10  ns 

129±15/7
8±9 

119±14/7
2±8 ** 

 

Chen
(26)

, 

2021 

36 36 
27±

6 
27±
9 ns 

58 
67 
ns 

22.1±
2.3 

21.5±
2.0 ns 

120±11/7
2±8 

124±7/7±
35 ns 

115±9/66
±9 

101±6/57
±4 ** 

Efe
(27)

 , 

2021 
30 40 

53±
11 

49±
14 
ns 

73 
65 
ns 

n.a n.a. 
124±9/76

±9 
125±7/78

±8 ns 
119±9/70

±9 
108±6/68
±7 ** (SBP) 

Sayed
(28)

, 

2022 
71 29 

51±
11 

51±
9 ns 

69 
62 
ns 

33.8±
6.3 

32.5±
7.5 ns 

145±16/9
2±19 

137±20/8
7±18 * 

(SBP) 

138±17/8
4±13 

119±13/7
1±9 ** 

 

Sun
(29)

, 

2022 

17
9 

11
1 

52±
13 

49±
12 
ns 

59 
50 
ns 

27.1±
3.6 

27.0±
3.7 ns 

144±20/9
0±14 

144±19/9
1±14  ns 

139±20/8
5±15 

122±17/7
6±13 ** 

 

BMI=body massa index; BP=blood pressure; D=dippers; ND=non-dippers; NS=not significant; SBP= systolic blood pressure 

Data are presented as absolute numbers, percentage, mean±SD.  * <.0.05 ,** <  0.001. 
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Table 4. Summary of echocardiographic variables in 9 studies targeting left ventricular 

mechanics in non-dippers as compared to dippers. 

 

 LVMI RWT LVEF GLS E/e’   

Author 
(reference)

 
Publication 

year 

 ND D ND D ND D ND D ND D 

Tadic 
(21)

,   

2013 

111±3
0 

g/m
2
 

101±2
8  ** 
g/m

2
 

0.41±0.0
5 

0.39±0.0
4 ** 

64±5
% 

65±6
%  ns 

-
17.3±1.8

% 

-19.6±1.7% 
** 

8.8±2.
4 

7.1±1.
9  ** 

Kalaycıoğlu 
(22)

,  2014 

117±2
9 

g/m
2
 

98±35  
** 

g/m
2
 

0.46±0.0
8 

0.43±0.0
7 ns 

59±5
% 

60±6
% ns 

-
17.8±1.5

% 

-19.6±1.9% 
** 

9.7±4.
3 

7.7±3.
8  * 

Göksülük
(23

)
,   2017 

105±2
0 

g/m
2
 

97±19   
* 

g/m
2
 

0.45±0.0
6 

0.42±0.0
5 ** 

63±3
% 

62±3
%  ns 

-
18.1±3.1

% 

-20.5±2.4   
** 

n.a. n.a. 

Chen
(24)

,    

2018 

101±2
9 

g/m
2
 

92±22 
* 

g/m
2
 

0.43±0.0
7 

0.41±0.0
6 * 

63±5
% 

64±5
% ns 

-
18.2±3.0

% 

-
19.6±3.1%*

* 

8.6±2.
3 

7.6±2.
0   ** 

Tadic
(25)

,    
2020 

94±12 

g/m
2
 

85±10  
** 

g/m
2
 

0.42±0.1
2 

0.40±0.1
1 ns 

64±4
% 

63±5
% ns 

-
18.4±2.3

% 

-20.1±2.7% 
** 

9.4±2.
6 

8.4±2.
3    ns 

 

Chen 
(26)

,   

2021 

n.a. n.a. n.a. n. a. 
58±4

% 
60±4
% ns 

-
19.7+2.3

%  
 

-20.7 +1.5% 
* 
 

6.4+1.
2  
 

6.7+0.
9  ns 

Efe 
(27)

,   

2021 

97±22 

g/m
2
 

101±2
9  ns 

g/m
2
 

n.a. n. a. 
60±3

% 
60±4
% ns 

-
19.8+1.2

% 

-19.9+1.5% 
ns 

6.6+3.
0 
 

6.8+2.
4  ns  

 

Sayed 
(28)

,   
2022 

91±28 

g/m
2
 

76±20  
** 

g/m
2
 

0.43±0.0
8 

0.39±0.0
7 ** 

62±6
% 

63±4
% ** 

-
18.2+3.3

% 

-22.4+3.3% 
** 

8.5+2.
0 
 

6.8+1.
5 ** 

 

 

Sun 
(29)

,    

2022 

108±2
9 

          
g/m

2
 

98±24 
* 

g/m
2
 

n.a. n.a 
59 % 
(58-
61) 

60%  
(59-

65) ns 

-
18.0±3.5

%   

-
19.2±3.0%* 

8.0 
(6.2-
10.6) 

7.9 % 
(6.3-

9.8) ns 

 

D=dippers; E/e’= the ratio of early (E) peak of mitral inflow velocity to early (e’) peak mitral annular velocity; GLS=global longitudinal 

strain; LVEF=left ventricular ejection fraction; 

LVMI=left ventricular mass index; LV=left ventricular; ND=non-dippers; RWT=relative wall thickness. 

Data are presented as absolute numbers, percentage, mean±SD, and confidence intervals.  * < 0.05 ; ** < 0.01 
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Figure 2 
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Figure 4 
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Figure 6 
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