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ackground It is well established that an exaggerated morning blood pressure surge (MBPS) is associated with an

increased risk for cardiovascular disease development in hypertensive individuals. However, in non-dip-

ping individuals, a lower surge was reportedly associated with increased cardiovascular risk. Sympathetic

nervous system activity is involved in 24-hour blood pressure fluctuations, including night-time dipping

and the MBPS. To better understand this interaction, we investigated associations of MBPS with heart-rate

variability and baroreceptor sensitivity in young healthy dippers and non-dippers.

ethods We included black and white men and women (n = 827), aged 20-30 years and determined the MBPS using

two formulas: the sleep-trough and dynamic morning surge. For autonomic function we determined

baroreceptor sensitivity and heart-rate variability.

esults The majority of non-dippers in this population were black (70.4%), presenting lower sleep-trough and

dynamic morning surge (all p < 0.001). Heart-rate variability was comparable between dippers and non-

dippers, whereas baroreceptor sensitivity was higher in non-dippers (p = 0.021). Despite a suppressed

MBPS profile in non-dippers, we found both sleep-trough (b = �0.25; p = 0.039) and dynamic morning

surge (b = �0.14; p = 0.047) to be inversely and independently associated with 24-hour heart-rate variability

(total power). These results were absent in dippers.

onclusions In conclusion, we found a higher night-time blood pressure coupled with lower MBPS in young healthy

non-dippers. Furthermore, this lower MBPS was independently and negatively associated with autonomic

neural activity, suggesting increased autonomic function involvement in MBPS suppression of non-dippers.

The predictive value of suppressed nocturnal dipping pattern should be investigated while taking auto-

nomic neural activity into account.

eywords Autonomic neural activity � Dippers � Morning blood pressure surge � Non-dippers
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The value of not only obtaining a single blood pressure mea-

surement,buta 24-hour blood pressurerecordingbecame clear

over the past decade [1–4]. This is due to blood pressure

fluctuations throughout the day-night period, with higher

blood pressure during the day and lower at night [5,6], reflect-

ing the physiological dipping pattern of nocturnal blood pres-

sure. Morning blood pressure surge (MBPS) is also a normal

physiological response to increased sympathetic nervous sys-

tem activity characterised by increased blood pressure in the

morning hours at awakening [7–10]. In hypertensive patients,

MBPS is exaggerated and has predictive value for cardiovas-

cular events and mortality [2,5,7–9,11–13].

The sympathetic nervous system plays an important role

in blood pressure regulation, including the MBPS. Its regu-

latory role includes increasing both blood propulsion by the

heart and blood vessel resistance to blood flow, leading to

acute increases in arterial pressure [14]. The magnitude of the

MBPS is further influenced by various factors including

alcohol use, smoking and physical activity [13,14]. Impor-

tantly, MBPS is mainly influenced by blunted nocturnal

blood pressure dipping which is common in black popula-

tions, increasing the risk for cardiovascular disease [15–21].

In non-dippers, over-activity of the sympathetic nervous

system is associated with insufficient nocturnal blood pres-

sure dipping [15]. In fact, increased sympathetic nervous

system activity may lead to blunted nocturnal dipping as

reported in other studies [16,17,22], with impaired nocturnal

blood pressure dipping identified as a risk factor for cardio-

vascular events [18,23].

To better understand the involvement of autonomic func-

tion and the MBPS with autonomic function, we investigated

associations of the MBPS with heart-rate variability and

baroreceptor sensitivity in a large group of young healthy

adults, including dippers and non-dippers.
Materials and Methods

Study Design, Population Demographics
and Basic Procedures
This study is embedded in the African Prospective study on

the Early Detection and Identification of Cardiovascular Dis-

ease and Hypertension (African-PREDICT). The aim of the

African-PREDICT study is to understand the early patho-

physiology accompanying cardiovascular disease (CVD)

development and to identify novel early markers or predic-

tors for the development of CVD by following young, healthy

adults over a period of 10 years. The African-PREDICT study

is conducted at the Hypertension Research and Training

Clinic on the Potchefstroom campus of the North-West Uni-

versity and is registered on ClinicalTrials.gov

(NCT03292094). This study complies with all applicable

requirements of the Declaration of Helsinki and also

obtained approval from the Health Research Ethics Commit-

tee of the North-West University, South Africa. Black and

white men and women were included in the study after an
initial screening procedure. Participants with a mean clinic

blood pressure of �140 mmHg and/or �90 mmHg, who

were infected with human immunodeficiency virus, previ-

ously diagnosed with a chronic disease, pregnant, or breast-

feeding were excluded. All procedures were explained to the

participants before measurements commenced. This study

included cross-sectional baseline data from the first 827 par-

ticipants of the African-PREDICT study, with complete

ambulatory blood pressure recordings.

Cardiovascular Measurements
Participants were fitted with a 24-hour ambulatory blood

pressure and ECG apparatus (CardioXplore1, CE0120, Med-

itech, Budapest, Hungary) to measure ambulatory blood

pressure, and determine MBPS, dipping status and heart-

rate variability (HRV). The apparatus was programmed to

take blood pressure recordings every 30 minutes during the

day (6am to 10pm) and every hour during the night (10pm to

6am). Only participants with >70% of valid blood pressure

measurements, >20 day measurements and >7 night meas-

urements were included in the final dataset.

Morning blood pressure surge was quantified from ambu-

latory blood pressure measurements as previously described

[24,25]. Sleep-trough and dynamic morning surge were deter-

mined from valid 24-hour systolic blood pressure measure-

ments. Sleep-trough surge was determined as the morning

systolic blood pressure (2-hour average of four 30-minute

blood pressure readings just after waking) minus the lowest

nocturnal systolic blood pressure (1-hour average of the three

blood pressure readings based on the lowest night-time read-

ing) [8]. Dynamic surge was determined as the moving peak

morning systolic blood pressure (highest 1 hour moving aver-

age of consecutive systolic blood pressures between 6am and

10am) minusmoving lowest night-timesystolicblood pressure

(lowest 1 hour moving average of consecutive systolic blood

pressures between 1am and 6am) [26,27]. The difference in the

sample size for sleep-trough (n = 323) and dynamic morning

surge (n = 827) is a consequence of missing data regarding

waking and sleep times recorded by participants, which are

essential for quantifying sleep-trough surge.

Individuals whose night-time blood pressure declined less

than 10% were classified as non-dippers, [16,18,28] and those

whose night-time blood pressure declined by �10% were

considered as dippers [16,18,28].

The 24-hour HRV was measured automatically with the

Cardio Visions 1.15.2 Personal Edition (Meditech, Budapest,

Hungary) software, and analysis was taken from frequency

and geometric domains. The frequency domain analysis,

determined by the fast Fourier transformation involves

low frequency (a major index of sympathetic cardiac tone

with a parasympathetic component) and high frequency (a

major indicator of parasympathetic activity) [29]. Low fre-

quency-to-high frequency ratio (reflector of sympatho-vagal

autonomic balance) and HRV total power (global determi-

nant of overall autonomic modulation) were also deter-

mined [29].
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Continuous arterial blood pressure was recorded with the

Finometer device (Finapres Medical Systems, Amsterdam,

the Netherlands) with participants lying in the Fowler’s

position with their arm at heart level. The cardiovascular

data collected with the Finometer was processed using the

Beatscope v1.1 software (Finapres Medical Systems) to pro-

vide baroreceptor sensitivity. Baroreceptor sensitivity was

calculated using the validated cross-correlation baroreflex

sensitivity (xBRS) method [30]. This method was proven to

yield lower within-patient variance than other methods and

was recommended to be used in clinical and experimental

settings [30]. This method quantifies the correlation between

beat-to-beat systolic blood pressure and R-R interval,

resampled at 1 Hz, over 10-second sliding windows. This

is a timespan sufficient to accommodate a 10-second vari-

ability in rhythm, or several cycles at ventilatory frequencies

[30].

Biochemical Sampling and Clinical
Procedures
Participants were required to fast overnight for a period of 8

to 10 hours. Blood samples were obtained with a sterile

winged infusion set and syringes from the antebrachial vein.

Samples were prepared according to standard procedures

and stored at �80 �C for future biochemical analyses. The

g-glutamyl transpeptidase (GGT), high sensitivity C-reactive

protein (CRP), total cholesterol, low-density lipoprotein

(LDL) cholesterol, high-density lipoprotein (HDL) choles-

terol and triglycerides were determined in serum and fasting

glucose in fluoride plasma (Cobas Integra 400 plus Roche,

Basel, Switzerland). Cortisol was quantified using the Roche

e411 apparatus (Basel, Switzerland). Aldosterone levels were

determined with the Radio Immuno Assay Aldosterone Kit

(Beckman Coulter, Immunotech, Radiova, Czech Republic)

and cotinine was quantified using the chemiluminescence

method on the Immulite (Siemens, Erlangen, Germany).

Body Composition
Anthropometric measurements included body height (SECA

stadiometer, SECA), weight (SECA electronic scales, SECA,

Birmingham, UK) and waist circumference (validated non-

flexible tape measure (Holtain, Crymych, UK)), were mea-

sured in triplicate. Body mass index (BMI) was calculated.

Body fat percentage and lean mass were obtained through

bio-electrical impedance assessment (Biostat 1500, Biostat

Ltd, Isle of Man, UK).

Questionnaires
Participants completed a standard general health and demo-

graphic questionnaire to obtain basic details regarding their

medical history, lifestyle, socio-economic status score (SES)

and traditional risk factors such as sex, age, smoking and

alcohol consumption. The SES of participants was derived

from three categories included in the questionnaire, includ-

ing skills level, education, and household income. Points

were awarded to each of these categories, and the total
number of points determined whether a participant was

classified into the low, middle, or high SES groups [31].

The Berlin questionnaire was also used to assess sleep

apnoea risk [32].

Statistical Analyses
We used IBM SPSS, Version 25 (IBM Corporation, Armonk,

NY, USA) for statistical analyses. All variables were tested for

normality by visual inspection (QQ-plots) and skewness and

kurtosis coefficients. In the case of non-Gaussian distribution,

a logarithmic transformation was performed for each skewed

variable (24-hour HRV low frequency-to-high frequency

ratio, glucose, total cholesterol, LDL cholesterol, triglycer-

ides, GGT, cotinine, CRP, aldosterone and cortisol). Interac-

tion terms were determined with multiple regression

analysis to test the main effects of dipping status on the

association between MBPS and markers of autonomic func-

tion (HRV and baroreceptor sensitivity). We performed

independent t-tests and Chi-square tests to compare charac-

teristics of dippers and non-dippers. Partial correlations

(with adjustments applied for age, sex and ethnicity) were

used to assess the direction of association on markers of

interest with MBPS. Multiple regression analyses were per-

formed to confirm associations independent of potential

confounders. Several variables were considered for entry

into the regression models by using bivariate regression

analyses. Finally, the following covariates were included

in regression models: age, sex, ethnicity, SES, sleep apnoea

risk, 24-hour systolic blood pressure, CRP, LDL cholesterol

and cortisol.
Results
Interaction terms (Table 1) indicated an interaction of dip-

ping status with the relationship between dynamic morning

surge and markers of autonomic function, namely low fre-

quency and high frequency HRV as well as low frequency-to-

high frequency ratio. The general characteristics of the study

population are provided in Table 2, stratified by dippers and

non-dippers. Body composition was comparable between

dippers and non-dippers. The SES as well as the sleep-trough

and dynamic morning surge (Figure 1) of non-dippers were

lower compared to dippers (all p < 0.001). Furthermore,

70.4% of non-dippers were black, with no sex differences

between dippers and non-dippers. Markers of autonomic

nervous system activity including 24-hour HRV (total power,

low frequency, high frequency and low frequency-to-high

frequency), aldosterone and cortisol were comparable

between the groups, except for baroreceptor sensitivity

(p = 0.021) which was higher in non-dippers. As expected,

night-time ambulatory blood pressure (Figure 1) (all

p < 0.001) as well as night-time heart-rate (p = 0.028) were

higher in non-dippers, whereas daytime systolic and dia-

stolic blood pressure (both p < 0.001) were lower in non-

dippers. Non-dippers had lower total cholesterol (p = 0.017)

and cotinine (p = 0.003) levels, whereas other biochemical



Table 1 Interaction terms of dipping status on the
relationship between morning blood pressure surge and
markers of autonomic function.

Independent variables Dipping status, P

Sleep-trough surge

24-h HRV total power, ms2 0.92

24-h HRV LF, n.u. 0.35

24-h HRV HF, n.u. 0.46

24-h HRV LF/HF ratio 0.72

BRS, ms/mmHg 0.61

Dynamic morning surge

24-h HRV total power, ms2 0.19

24-h HRV LF, n.u. <0.001

24-h HRV HF, n.u. <0.001

24-h HRV LF/HF ratio <0.01

BRS, ms/mmHg 0.09

Abbreviations: 24-h, 24-hour; BRS, baroreceptor sensitivity; HF, high fre-

quency; HRV, heart-rate variability; LF, low frequency; LF/HF, low fre-

quency-to-high frequency; n.u., normalised unit.
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variables (glucose, LDL cholesterol, HDL cholesterol, triglyc-

erides and GGT) were comparable between dippers and non-

dippers.

Partial correlations (Table 3) between MBPS measures and

markers of autonomic nervous system activity were per-

formed with adjustments applied for age, sex and ethnicity.

In non-dippers only, 24-hour HRV total power correlated

inversely with both sleep-trough (r = �0.24; p = 0.044) and

dynamic morning surge (r = �0.28; p = 0.018).

Multiple regression analyses (Table 4) were performed to

determine independent associations of sleep-trough and

dynamic surge with HRV total power while taking appro-

priate covariates into account, namely age, sex, ethnicity,

SES, sleep apnoea risk, 24-hour systolic blood pressure,

CRP, LDL cholesterol and cortisol. These analyses confirmed

the inverse relationship of sleep-trough (b = �0.25;

p = 0.039) and dynamic morning surge (b = �0.14;

p = 0.047) with HRV total power in non-dippers only. Addi-

tionally, dynamic morning surge associated positively with

SES (b = 0.19; p = 0.016) in non-dippers; 24-hour systolic

blood pressure in non-dippers (b = 0.21; p = 0.010) and dip-

pers (b = 0.17; p = 0.010) and LDL cholesterol in dippers

(b = 0.14; p = 0.017).
Discussion
With previous studies indicating that sympathetic nervous

system activity is associated with exaggerated MBPS

[7,11,33,34], our study is the first to demonstrate an associa-

tion of lower MBPS with autonomic function in young

healthy adults with blunted night-time blood pressure dip-

ping. We found inverse independent associations between
HRV total power with two distinct estimates of MBPS in a

large young adult population consisting of 41% non-dippers.

In our study population, 16 participants had an exagger-

ated sleep-trough surge whereas 129 had an exaggerated

dynamic morning surge, defined by a surge greater than

37 mmHg [8]. Additionally, notwithstanding which measure

of MBPS we used, non-dippers in our study had a lower

surge compared to dippers, and is in accordance with previ-

ous findings [35]. When considering that both sleep-trough

and dynamic morning surge are determined by the differ-

ence in morning blood pressure and night-time blood pres-

sure, the lower MBPS observed in non-dippers is not

surprising. A surge quantified by a difference in high noc-

turnal blood pressure (evident in non-dippers) from an

increased morning blood pressure (associated with the pro-

cess of waking), may result in low MBPS. Despite non-dip-

pers having a lower MBPS, their higher night-time systolic

blood pressure (Figure 1) profiles pose an increased risk for

cardiovascular disease [36]. Previous studies proposed that a

higher heart-rate is associated with increased sympathetic

nervous activity [37,38]. Non-dippers in our study had a

higher night-time systolic blood pressure and heart-rate.

These observations in our study population may reflect that

non-dippers have increased nocturnal sympathetic activity

which is also known to reflect increased risk for cardiovas-

cular disease [39].

It is well established that an exaggerated MBPS has a pre-

dictive value for cardiovascular events and mortality in hyper-

tensive and general populations [2,5,7–9,11–13,35]. However,

some longitudinal studies suggested that a lower MBPS

(observed in non-dippers) also has a predictive value for a

higher risk of morbidity and mortality [35,40]. Furthermore, it

is known that non-dippers have increased cardiovascular risk

due to their high night-time blood pressure profile [36]. Indi-

viduals with clinic blood pressure in the hypertensive range

were excluded from our study, and importantly, our study

populationreflectsnocardiovascular disease. Importantly,our

findings in young healthy non-dippers reflect a higher night-

time blood pressure and a significantly lower MBPS than

dippers, highlighting the significance of dipping status when

interpreting results on MBPS. In young healthy non-dippers,

the combination of blunted dipping of nocturnal blood pres-

sure and supressed MBPS may act as a potential risk factor for

future cardiovascular disease and events.

In young non-dippers, we found that increased autonomic

activity (HRV total power) was associated with a lower

morning surge. This is contrary to what one would expect

but is likely due to the high night-time blood pressures in

non-dippers. Since HRV total power reflects a global deter-

minant of overall autonomic modulation [29], it is unknown

whether the driving forces of these associations are increased

sympathetic or decreased parasympathetic nervous system

activity. In addition, we did not find any significant associ-

ations of MBPS with other HRV variables which give an

indication of either sympathetic or parasympathetic activity

such as low frequency HRV, high frequency and low fre-

quency-to-high frequency ratio [29]. Based on previous



Table 2 Characteristics of the total study population (N = 827).

Dippers n = 492 Non-dippers n = 335 P

Age, years 24.9 � 3.13 24.5 � 3.04 0.039

Ethnicity (black), n (%) 256 (52.0) 236 (70.4) 0.001

Sex (men), n (%) 223 (45.3) 171 (51.0) 0.77

Socio-economic status score 21.3 � 6.33 19.6 � 6.28 <0.001

Body composition

Body mass index, kg/m2 25.3 � 5.54 25.2 � 6.15 0.86

Waist circumference, cm 80.4 � 12.6 79.6 � 13.0 0.34

Waist-to-hip ratio 0.78 � 0.08 0.77 � 0.08 0.08

Body fat percentage, % 26.1 � 10.1 27.3 � 26.3 0.35

Lean mass, kg 52.2 � 12.0 51.8 � 11.8 0.62

Morning blood pressure surge

Sleep-trough surge, mmHg 20.3 � 9.13 12.3 � 8.31 <0.001

Dynamic morning surge, mmHg 28.4 � 10.1 18.1 � 9.74 <0.001

Cardiovascular profile

24-h HRV total power, ms2 5798 � 3431 5756 � 3585 0.86

24-h HRV low frequency, n.u. 62.1 � 12.4 60.8 � 13.4 0.14

24-h HRV high frequency, n.u. 35.5 � 11.4 36.3 � 12.8 0.30

24-h HRV LF/HF ratio 2.09 (1.99; 2.19) 2.10 (1.92; 2.28) 0.26

Baroreceptor sensitivity, ms/mmHg 17.9 � 9.60 19.9 � 11.5 0.021

24-hour SBP, mmHg 116 � 9.32 117 � 9.41 0.13

24-hour DBP, mmHg 68.7 � 5.62 68.6 � 5.89 0.78

24-hour PP, mmHg 47.2 � 6.95 48.3 � 7.24 0.028

24-hour heart rate, bpm 74.7 � 9.89 74.8 � 10.9 0.94

Daytime SBP, mmHg 122 � 9.73 119 � 9.52 <0.001

Daytime DBP, mmHg 74.3 � 6.07 71.7 � 6.44 <0.001

Daytime PP, mmHg 47.6 � 7.25 47.5 � 7.45 0.89

Daytime heart rate, bpm 79.5 � 10.5 78.8 � 11.4 0.30

Night-time SBP, mmHg 105 � 9.07 113 � 10.2 <0.001

Night-time DBP, mmHg 60.0 � 5.90 62.3 � 7.18 <0.001

Night-time PP, mmHg 46.4 � 7.12 50.3 � 8.51 <0.001

Night-time heart-rate, bpm 65.9 � 10.6 67.5 � 11.7 0.028

Percentage dipping 14.3 � 3.24 5.56 � 4.30 <0.001

Sleep apnoea risk, n (%) 45 (9.15) 30 (8.96) 0.94

Biochemical analyses

Glucose, mmol/L 4.70 (4.62; 4.78) 4.58 (4.48; 4.68) 0.16

Total cholesterol, mmol/L 4.31 (4.21; 4.41) 4.13 (4.03; 4.23) 0.017

Low density lipoprotein cholesterol, mmol/L 2.84 (2.74; 2.94) 2.71 (2.61; 1.39) 0.07

High density lipoprotein cholesterol, mmol/L 1.32 � 0.39 1.29 � 0.37 0.27

Triglycerides, mmol/L 0.97 (0.91; 1.03) 0.90 (0.84; 0.96) 0.44

g-glutamyl transpeptidase, U/L 25.7 (23.8; 27.6) 27.0 (24.8; 29.2) 0.11

Cotinine, ng/ml 58.6 (48.5; 68.7) 43.2 (32.5; 53.9) 0.003

C-reactive protein, mg/L 2.72 (2.29; 3.15) 3.25 (2.23; 4.27) 0.80

Aldosterone, pg/ml 105 (93.1; 117) 105 (87.4; 123) 0.83

Cortisol, nmol/L 455 (433; 477) 458 (430; 486) 0.92

Health behaviour

Self-reported smoking, n/total (%) 131/528 (24.8) 79/391 (20.2) 0.12

Self-reported alcohol consumption, n/total (%) 300/525 (57.1) 226/388 (58.3) 0.61

Abbreviations: DBP, diastolic blood pressure; HRV, heart rate variability; LF/HF, low frequency-to-high frequency; n.u., normalised unit; PP, pulse pressure; ROS,

reactive oxygen species; SBP, systolic blood pressure.
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Figure 1 24-hour systolic blood pressure profile of dippers and non-dippers.

Table 3 Partial correlations of morning blood pressure surge with measures of sympathetic nervous system activity.

Sleep-trough surge

Dippers

n = 112

Non-dippers

n = 211

24-h HRV total power, ms2 r = 0.11; p = 0.22 r = �0.24; p = 0.044

24-h HRV low frequency, n.u. r = �0.09; p = 0.93 r = 0.04; p = 0.77

24-h HRV high frequency, n.u. r = 0.04; p = 0.62 r = �0.06; p = 0.61

24-h HRV LF/HF ratio r = �1.00; p = 0.26 r = �0.03; p = 0.79

Baroreceptor sensitivity, ms/mmHg r = �0.01; p = 0.95 r = �0.05; p = 0.70
Dynamic morning surge

Dippers n = 335 Non-dippers n = 492

24-h HRV total power, ms2 r = �0.01; p = 0.87 r = �0.28; p = 0.018

24-h HRV low frequency, n.u. r = 0.01; p = 0.88 r = 1.00; p = 0.43

24-h HRV high frequency, n.u. r = 0.03; p = 0.71 r = �0.11; p = 0.38

24-h HRV LF/HF ratio r = �0.002; p = 0.99 r = 0.09; p = 0.47

Baroreceptor sensitivity, ms/mmHg r = �0.03; p = 0.74 r = �0.12; p = 0.34

Adjustments applied for age, sex and ethnicity.

Abbreviations;: HRV, heart rate variability; LF/HF, low frequency-to-high frequency; n.u., normalised unit.
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findings and the increased night-time heart-rate of the young

non-dippers, we expect sympathetic nervous system over-

activity to be the driving force behind this association as it is

known to be linked to non-dipping [41,42].
Differences in MBPS, night-time blood pressure and

heart-rate between the dippers and non-dippers in our

study are supported by previous reports suggesting

heightened nocturnal alpha-adrenergic receptor



Table 4 Multiple regression analysis of heart rate variability in dippers and non-dippers.

Sleep-trough surge

Dippers n = 211 Non-dippers n = 112

R2 0.08 0.13

Std b (�95% CI) Std b (�95% CI)

24-h HRV total power, ms2 0.07 (�4.80; 7.27) �0.25 (�14.7; �0.05)*

Age, years 0.16 (�0.41; 0.73) 0.14 (�0.62; 0.90)

Sex 0.10 (�3.94; 4.41) � 0.05 (�4.52; 4.42)

Ethnicity 0.03 (�3.67; 3.73) 0.04 (�4.19; 4.27)

Socio-economic score �0.001 (�0.32; 0.31) �0.11 (�0.48; 0.26)

Sleep apnoea risk 0.05 (�5.34; 4.91) �0.15 (�7.68; 7.38)

24-h SBP, mmHg 0.11 (�0.11; 0.33) 0.02 (�0.20; 0.24)

C-reactive protein, mg/L �0.05 (�2.62; 2.52) �0.14 (�3.39; 3.11)

LDL cholesterol, mmol/L 0.08 (�11.3; 11.5) 0.04 (�13.8; 15.0)

Cortisol, nmol/L �0.03 (�4.91; 4.85) 0.19 (�8.06; 8.44)
Dynamic morning surge

Dippers n = 335 Non-dippers n = 492

R2 0.10 0.09

Std b (�95% CI) Std b (�95% CI)

24-h HRV total power, ms2 �0.07 (�6.08; 3.67) �0.14 (�11.1; �0.05)*

Age, years �0.02 (�0.41; 0.37) �0.05 (�0.56; 0.46)

Sex 0.01 (�2.83; 2.85) �0.08 (�3.55; 3.39)

Ethnicity 0.03 (�2.10; 2.16) �0.01 (�3.19; 3.17)

Socio-economic score 0.09 (�0.13; 0.31) 0.19 (0.07; 0.45)*

Sleep apnoea risk 0.07 (�4.01; 4.15) �0.09 (�5.11; 4.93)

24-hour SBP, mmHg 0.17 (0.03; 0.31)* 0.21 (0.03; 0.39)*

C-reactive protein, mg/L �0.05 (�1.99; 1.89) �0.07 (�2.48; 2.34)

LDL cholesterol, mmol/L 0.14 (1.79; 18.3)* 0.06 (�10.1; 10.3)

Cortisol, nmol/L 0.05 (�4.40; 4.50) 0.02 (�6.41; 6.45)

Abbreviations: HRV, heart-rate variability; LDL, low density lipoproteins; SBP, systolic blood pressure.
*indicates p < 0.05.
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sensitivity of the sympathetic nervous system in normo-

tensive and hypertensive non-dippers [41]. Mechanisms

indicating the cause of low MBPS due to elevated sensitiv-

ity of the alpha-adrenergic receptors have not been fully

described. However, a higher density of alpha-adrenergic

receptors is responsible for higher peripheral vasoconstric-

tion and blood pressure reactivity, and may lead to

impaired decline in night-time blood pressure and possi-

bly, lower MBPS in non-dippers [21].

This study has to be interpreted within the context of its

limitations and strengths. Due to the cross-sectional study

design, causality cannot be inferred. In addition, we did not

assess sympathetic nervous system activity by means of

microneurography. Since we did not find any significant

associations of low frequency HRV, high frequency HRV

or low frequency-to-high frequency ratio with MBPS, we

cannot confirm the contribution of sympathetic nervous

activity on MBPS. Overall, this study was conducted in

highly controlled conditions in a well-equipped research

facility. This was the first study to investigate the effect of

autonomic neural activity on morning surge, with two
methods of estimating surge, namely sleep-trough and

dynamic morning surge among a young population.
Conclusions
In conclusion, we found a higher night-time blood pressure

coupled with lower MBPS in young healthy non-dippers.

Furthermore, this lower MBPS was independently and neg-

atively associated with autonomic neural activity. With stud-

ies indicating non-dipping status as a predictor of future

cardiovascular complications [36], we need to determine if

the suppressed nocturnal dipping profile of young healthy

individuals increases their risk for future cardiovascular

disease.
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