
Citation: Chu, Y.-H.; Sun, Z.-J.;

Chang, Y.-F.; Yang, Y.-C.; Chang, C.-J.;

Chou, Y.-T.; Wu, J.-S. Different

Factors Associated with Morning

Blood Pressure Surge in

Antihypertensive-Naïve Dipper and

Non-Dipper Subjects. J. Clin. Med.

2023, 12, 2464. https://doi.org/

10.3390/jcm12072464

Academic Editor: Anna Oliveras

Received: 18 January 2023

Revised: 20 March 2023

Accepted: 21 March 2023

Published: 23 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Different Factors Associated with Morning Blood Pressure
Surge in Antihypertensive-Naïve Dipper and
Non-Dipper Subjects
Yi-Hsin Chu 1 , Zih-Jie Sun 1,2,3, Yin-Fan Chang 1,3 , Yi-Ching Yang 1,3 , Chih-Jen Chang 1,4, Yu-Tsung Chou 1,5

and Jin-Shang Wu 1,2,3,*

1 Department of Family Medicine, National Cheng Kung University Hospital, College of Medicine,
National Cheng Kung University, Tainan 70403, Taiwan

2 Department of Family Medicine, National Cheng Kung University Hospital, Dou-Liou Branch,
College of Medicine, National Cheng Kung University, Yunlin 64043, Taiwan

3 Department of Family Medicine, College of Medicine, National Cheng Kung University, Tainan 70101, Taiwan
4 Department of Family Medicine, Ditmanson Medical Foundation Chia-Yi Christian Hospital,

Chiayi 60002, Taiwan
5 Department of Health Management Center, National Cheng Kung University Hospital, College of Medicine,

National Cheng Kung University, Tainan 70403, Taiwan
* Correspondence: jins@mail.ncku.edu.tw; Tel.: +886-5-5332121 (ext. 6001)

Abstract: The relationship between the morning blood pressure surge (MBPS) and cardiovascular
risk is inconclusive. Previous studies have not taken into consideration dipping status in examining
the MBPS and its associated factors. The aim was to examine factors associated with the MBPS
in dippers and non-dippers. The MBPS was calculated by data obtained from ambulatory blood
pressure monitoring, using the definition of sleep-trough morning surge. Dipping systolic blood
pressure (DipSBP) was defined as [1 − (SBPsleeping/SBPawake)] × 100%. The value in milliseconds
of standard deviation of normal-to-normal RR interval after waking up (SDNNaw) was calculated
during the 2 h period after waking up. A total of 140 eligible subjects were divided into dippers
(n = 62) and non-dippers (n = 78). Multiple regression analysis on data for all subjects revealed
different correlations with the MBPS: positive in age, body mass index (BMI), and DipSBP, and
inverse in cholesterol/high density lipoprotein-cholesterol (HDL-C) ratio, fasting blood glucose, and
2 h SDNNaw. When dippers were examined separately, age, female gender, and BMI correlated
positively with MBPS, while cholesterol/HDL-C ratio and 2 h SDNNaw correlated negatively. For
non-dippers, only age was associated with the MBPS. The factors associated with the MBPS were
different for dippers and non-dippers. The MBPS seems to be a physiological response in this dipper
group because age and BMI correlated positively with the MBPS, while parasympathetic neural
activity after waking up and cholesterol/HDL-C ratio showed inverse correlations.

Keywords: ambulatory blood pressure monitoring; dipping blood pressure; parasympathetic
withdrawal

1. Introduction

The morning blood pressure surge (MBPS), which can be measured by means of
ambulatory blood pressure monitoring (ABPM) [1], was first investigated in response
to its possible involvement in the high occurrence rate of cardiovascular events in the
morning [2–4]. Although some studies have shown a high MBPS to be associated with
higher cardiovascular risk [5–12], others have revealed a neutral effect [13] or even a
lower risk [14]. Such discrepancies have also been found in cross-sectional studies of the
MBPS [15,16]. They may reflect differences in the definitions and cutoff values of the MBPS
used in different studies [17], or they may be the result of effects related to age, the use of
antihypertensive medications, or ethnicity [18].
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It has been suggested that the response of the autonomic nervous system to activity
performed after waking up, marked by an increase in sympathetic tone and a reciprocal
decrease in parasympathetic tone, is the main mechanism underlying the MBPS [19–23].
Accordingly, based on the results of previous studies [14,24], we propose to investigate the
following paradoxical tripartite relationships among the MBPS, nocturnal blood pressure
(BP) dipping, and cardiovascular risk: (1) A non-dipping nocturnal BP pattern increases
cardiovascular risk [25–29]. (2) A higher MBPS has also been associated with cardiovascular
risk [5–12]. However, (3) the magnitude of the MBPS is inversely related to a non-dipping
nocturnal BP pattern [14,30,31]. Logically speaking, these relationships cannot exist con-
currently, and so the inherent paradox highlights the need to take the impact of nocturnal
BP dipping into consideration when the MBPS is examined clinically because it may be
associated with cardiovascular risk.

More recent studies [5,8,32] have shown that the MBPS may have different effects on
cardiovascular risk in individuals who exhibit nocturnal BP dipping and in those who do
not. For example, Pierdomenico et al. reported that a high MBPS predicted the occurrence
of coronary events and strokes only in individuals with nocturnal BP dipping [5,8], with
similar findings reported by Kario et al. in the Japan Ambulatory Blood Pressure Monitoring
Prospective (JAMP) study [33]. The impact of nocturnal BP dipping was also highlighted in
research by Gong et al., who reported that a relationship between an MBPS and subclinical
target organ damage only existed in cases when nocturnal dipping occurred [34]. On the
other hand, Israel et al. found a link between a high MBPS and lower mortality only in the
presence of a non-dipping nocturnal BP pattern [32]. The results of the studies mentioned
above inspired us to investigate the MBPS by dividing our subjects into groups based on
whether or not they exhibited nocturnal BP dipping. In addition, although these studies
have identified a relationship between the MBPS and cardiovascular risk factors such as
age [35], the blood glucose level [15,16], the lipid profile [36], and the autonomic neural
activity presenting with heart rate variability [31], none of them concomitantly took into
consideration BP dipping status. Thus, the current study aimed to examine the factors
associated with the MBPS in dipper and non-dipper subjects in order to clarify the possible
role of the MBPS in cardiometabolic-related factors.

2. Materials and Methods
2.1. Participants

The participants in this study were recruited from the group of patients aged ≥ 20 years
who visited the outpatient clinic of the Department of Family Medicine at the National
Cheng Kung University Hospital (NCKUH) between September 2010 and October 2011.
Subjects who were taking antihypertensive medications (n = 36), exhibited an exaggerated
MBPS (defined as MBPS value ≥ 55 mmHg, n = 1) [12], and had incomplete ABPM data
(defined as less than 80% valid BP recordings, n = 4) were excluded (see Figure 1). The
study protocol was approved by the Institutional Review Board of the NCKUH (ER-98-46
and ER-100-078).
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Figure 1. Flowchart of the process for determining inclusion in and exclusion from this study. 
ABPM, ambulatory blood pressure monitoring; MBPS, morning blood pressure surge; NCKUH, 
National Cheng Kung University Hospital. 

2.2. Measurements 
2.2.1. Demographic and Basic Characteristics 

Demographic characteristics, medical history, medication use, a family history of 
chronic diseases, alcohol use, smoking habits, and physical activity were assessed using a 
structured questionnaire performed by a well-trained assistant in a standardized process. 
Regular exercise was defined as exercising three times or more per week. At the outpatient 
clinic, subjects were instructed to be seated quietly for at least 5 min. After resting, BP was 
measured in the right upper-arm by mercury sphygmomanometer with the cuff bladder 
encircling at least 80% of the arm, based on the guideline of the Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC7) [37]. Taking off shoes and wearing light clothes, all subjects were meas-
ured for body weight (to the nearest 0.1 kg) and height (to the nearest 0.1 cm) by well-
trained nurses using a certified machine. Their body mass index (BMI) was calculated by 
dividing their weight (in kilograms) by their height (in meters) squared. The biochemical 
parameters, including fasting blood glucose, cholesterol, high-density lipoprotein choles-
terol (HDL-C), triglycerides, and creatinine, were measured after an overnight fast for at 
least 10 h. 

2.2.2. Ambulatory Blood Pressure Monitoring and Electrocardiography 
Noninvasive 24 h ABPM (card(X)plore, Meditech Kft, Budapest, Hungary) was car-

ried out by means of a device worn on the nondominant arm on a weekday and ABPM 
data was analyzed by its package software (CardioVisions). It was a validated device set 
used in a previous study [38]. The subjects were asked to perform their normal daily ac-
tivities and to consume their habitual diet. The device was programmed to record their 
BP every 30 min for 24 h, at which times, the subjects were instructed to keep their arm 

Figure 1. Flowchart of the process for determining inclusion in and exclusion from this study. ABPM,
ambulatory blood pressure monitoring; MBPS, morning blood pressure surge; NCKUH, National
Cheng Kung University Hospital.

2.2. Measurements
2.2.1. Demographic and Basic Characteristics

Demographic characteristics, medical history, medication use, a family history of
chronic diseases, alcohol use, smoking habits, and physical activity were assessed using a
structured questionnaire performed by a well-trained assistant in a standardized process.
Regular exercise was defined as exercising three times or more per week. At the outpatient
clinic, subjects were instructed to be seated quietly for at least 5 min. After resting, BP was
measured in the right upper-arm by mercury sphygmomanometer with the cuff bladder
encircling at least 80% of the arm, based on the guideline of the Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC7) [37]. Taking off shoes and wearing light clothes, all subjects were measured
for body weight (to the nearest 0.1 kg) and height (to the nearest 0.1 cm) by well-trained
nurses using a certified machine. Their body mass index (BMI) was calculated by dividing
their weight (in kilograms) by their height (in meters) squared. The biochemical parameters,
including fasting blood glucose, cholesterol, high-density lipoprotein cholesterol (HDL-C),
triglycerides, and creatinine, were measured after an overnight fast for at least 10 h.

2.2.2. Ambulatory Blood Pressure Monitoring and Electrocardiography

Noninvasive 24 h ABPM (card(X)plore, Meditech Kft, Budapest, Hungary) was carried
out by means of a device worn on the nondominant arm on a weekday and ABPM data
was analyzed by its package software (CardioVisions). It was a validated device set
used in a previous study [38]. The subjects were asked to perform their normal daily
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activities and to consume their habitual diet. The device was programmed to record their
BP every 30 min for 24 h, at which times, the subjects were instructed to keep their arm
still. All subjects were asked to record the exact times when they fell asleep and woke
up. Only the BP recordings taken over the 24 h period with readings that were at least
80% valid were accepted. These recordings were then analyzed to obtain relevant ABPM
data (as defined below). The nighttime BP was defined as the mean BP that was recorded
from the time when the patients went to bed to the time when they woke up (sleeping
time), and the daytime BP was defined as the mean BP during the remaining portion
of the day (awake time). The dipping systolic blood pressure (DipSBP) was defined as
[1 − (SBPsleeping/SBPawake)] × 100% [6]. A dipper subject was one whose DipSBP was
≥10%, and a non-dipper subject was one with a DipSBP of <10% [5]. The concept of
the sleep-trough morning surge was the basis of the definition of the MBPS, which was
calculated as the difference between the morning systolic BP (the average of the four 30-min
systolic BP readings taken during the first 2 h after waking up) and the lowest nighttime
systolic BP (the average of the three systolic BP readings centered on the lowest nighttime
reading) [17].

Ambulatory electrocardiogram monitoring was used to record RR intervals. The
standard deviation of the normal-to-normal RR interval (SDNN), an index of cardiac
parasympathetic activity [39], was calculated after the deletion of any RR intervals that
began or ended with a premature atrial or ventricular contraction. The value of the SDNN
after waking up (SDNNaw) was calculated during the 2 h period after waking, indicated
as the 2 h SDNNaw, and it was expressed in milliseconds in this study.

2.3. Statistical Analyses

The data analyses were performed using the Statistical Package for Social Sciences 22.0
software for Windows. The subjects were divided into two groups: the dippers and the non-
dippers. In the univariate analysis, the independent sample t-test and the chi-square test
were used to compare both groups in terms of the continuous variables and the categorical
variables. The Mann–Whitney U-test was used to compare triglyceride level between
groups due to non-Gaussian distribution. Square root transformation of triglyceride level
was also performed for the independent sample t-test. A multiple linear regression analysis
was performed to examine the independent associations between the clinical variables and
the MBPS, as continuous variables, for all subjects, including both the dippers and the
non-dippers. Default settings of backward selection was used for determining independent
factors in the model. The beta coefficient and the 95% confidence interval of the clinical
variables were estimated to determine their association with the MBPS. The adjusted R-
square was calculated. A p-value of <0.05 was considered statistically significant. We also
performed power analyses for this study given the study sample size (n = 140). Assuming
a medium effect size for the association and a type 1 error of 0.05, a statistical power of 0.89
was expected for the regression model including 10 independent variables to predict the
MBPS. The statistical power dramatically decreased to 0.38 when the association with the
MBPS was examined for each of the 10 independent variables.

3. Results

A total of 140 eligible subjects were included in the final analysis. The clinical and
biochemical characteristics of the dippers (n = 62) and the non-dippers (n = 78) are shown in
Table 1. Compared to the dippers, the non-dippers had significantly higher values for age,
nighttime systolic BP, and lowest nighttime systolic BP, and significantly lower values for
DipSBP and MBPS. No significant differences were found between the groups for gender,
BMI, outpatient systolic/diastolic BP, mean 24 h systolic/diastolic BP, mean daytime systolic
BP, mean morning systolic BP, fasting blood glucose, cholesterol, triglycerides, HDL-C,
creatinine, regular exercise, current alcohol use, and current smoking.
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Table 1. Clinical characteristics of dippers and non-dippers.

Dippers
(n = 62)

Non-Dippers
(n = 78) p-Value

Age, in years 52.2 ± 11.8 56.2 ± 10.9 0.041
Female (%) 23 (37.1) 34 (43.6) 0.437
BMI, kg/m2 24.9 ± 3.9 25.4 ± 4.3 0.496

Outpatient systolic BP, mmHg 142.1 ± 18.6 143.6 ± 15.4 0.584
Outpatient diastolic BP, mmHg 89.3 ± 13.0 89.0 ± 11.6 0.872
24 h mean systolic BP, mmHg 131.2 ± 13.5 133.8 ± 17.0 0.320
24 h mean diastolic BP, mmHg 80.2 ± 9.8 79.6 ± 10.8 0.720

Daytime systolic BP, mmHg 138.1 ± 14.2 135.6 ± 17.7 0.373
Nighttime systolic BP, mmHg 118.4 ± 13.2 130.6 ± 17.1 <0.001

Dipping systolic blood pressure, % 14.3 ± 3.0 3.63 ± 4.9 <0.001
Morning systolic BP, mmHg 137.8 ± 16.9 137.4 ± 19.8 0.892

Lowest nighttime systolic BP, mmHg 110.9 ± 13.4 122.4 ± 18.1 <0.001
Morning blood pressure surge, mmHg 26.9 ± 12.6 15.9 ± 10.7 <0.001

2 h SDNNaw, ms 79.2 ± 31.1 79.0 ± 22.3 0.967
Fasting blood glucose, mg/dL 113.1 ± 37.8 116.4 ± 40.2 0.633

Cholesterol/HDL-C ratio 3.70 ± 1.17 3.90 ± 1.36 0.393
Cholesterol, mg/dL 191.1 ± 38.6 201.1 ± 41.3 0.151

HDL-C, mg/dL 56.1 ± 15.9 56.6 ± 19.4 0.887
Triglycerides, mg/dL 146.3 ± 122.7 121.9 ± 104.4 0.278 *

Square root of triglycerides,
√

mg/dL 11.4 ± 4.1 10.6 ± 3.2 0.191
Creatinine, mg/dL 0.83 ± 0.17 0.82 ± 0.16 0.766
Current alcohol use 11 (17.7) 21 (26.9) 0.199

Current smoking 19 (30.6) 19 (24.4) 0.406
Regular exercise 22 (35.5) 38 (48.7) 0.116

Data expressed as mean ± standard deviation or number (=percentage); BMI, body mass index; BP, blood
pressure; SDNNaw, standard deviation of normal-to-normal RR interval after waking up; HDL-C, high-density
lipoprotein-cholesterol. * Mann–Whitney U-test. Others as independent sample t-tests or the chi-square tests.

Table 2 shows the beta coefficient and the 95% confidence interval of the impact
of clinical variables on the MBPS based on a multiple linear regression analysis includ-
ing data for all subjects. The MBPS was positively associated with age (β = 0.324, 95%
CI = 0.117 to 0.532, p = 0.003), BMI (β = 0.843, 95% CI = 0.238 to 1.449, p = 0.007), and
the DipSBP (β = 0.872, 95% CI = 0.587 to 1.156, p < 0.001), and inversely associated with
the cholesterol/HDL-C ratio (β = −2.477, 95% CI = −4.270 to −0.684, p = 0.007), fasting
blood glucose (β = −0.079, 95% CI = −0.132 to −0.026, p = 0.004), and the 2 h SDNNaw
(β = −0.106, 95% CI = −0.180 to −0.031, p = 0.006).

Table 2. Beta coefficient and 95% confidence interval of clinical variables on impact of morning blood
pressure surge based on multiple linear regression analysis.

Total Subjects (n = 140)

β Coefficient 95% CI p-Value

Age, in years 0.324 0.117~0.532 0.003
Female vs. male 3.975 −0.691~8.641 0.094

BMI, kg/m2 0.843 0.238~1.449 0.007
Cholesterol/HDL-C ratio −2.477 −4.270~−0.684 0.007

Fasting blood glucose, mg/dL −0.079 −0.132~−0.026 0.004
2 h SDNNaw, ms −0.106 −0.180~−0.031 0.006

Dipping systolic blood pressure, % 0.872 0.587~1.156 <0.001
Current alcohol use, % 2.332 −3.111~7.774 0.398

Current smoking, % 4.078 −1.360~9.516 0.140
Regular exercise, % 2.301 −2.124~6.726 0.305

Adjusted R-square = 35.6%; CI, confidence interval; BMI, body mass index; HDL-C, high-density lipoprotein-
cholesterol; SDNNaw, standard deviation of normal-to-normal RR interval after waking up.
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The results of the multiple linear regression analysis of the data for the subgroups of
the dippers and non-dippers are shown in Table 3. In the case of the dippers, age (β = 0.463,
95% CI = 0.196 to 0.730, p = 0.001), female vs. male (β = 6.469, 95% CI = 0.841 to 12.098,
p = 0.025), and BMI (β = 1.827, 95% CI = 0.784 to 2.871, p = 0.001) were positively correlated
with the MBPS, while the cholesterol/HDL-C ratio (β = −4.459, 95% CI = −7.685 to −1.233,
p = 0.008) and the 2 h SDNNaw (β = −0.150, 95% CI = −0.237 to −0.063, p = 0.001) were
negatively associated with the MBPS. The statistical significance was borderline for the
correlation between fasting plasma glucose (β = −0.068, 95% CI = −0.142 to 0.005, p = 0.067)
and the DipSBP (β = 0.861, 95% CI = −0.099 to 1.821, p = 0.078) and the MBPS. For the
non-dippers, on the other hand, only age (β = 0.293, 95% CI = 0.037 to 0.550, p = 0.026)
was positively correlated with the MBPS. Although the inverse correlation between fasting
plasma glucose (β = −0.065, 95% CI = −0.138 to 0.008, p = 0.080) and the MBPS was
borderline, it did not reach significance.

Table 3. Beta coefficient and 95% confidence interval of clinical variables on impact of morning blood
pressure surge based on multiple linear regression analysis comparing dippers and non-dippers.

Dippers (n = 62) Non-Dippers (n = 78)

Beta
Coefficient 95% CI p-Value Beta

Coefficient 95% CI p-Value

Age, in years 0.463 0.196~0.730 0.001 0.293 0.037~0.550 0.026
Female vs. male 6.469 0.841~12.098 0.025 −2.948 −8.485~2.589 0.291

BMI, kg/m2 1.827 0.784~2.871 0.001 0.535 −0.216~1.286 0.159
Cholesterol/HDL-C ratio −4.459 −7.685~−1.233 0.008 −1.502 −3.708~0.705 0.178

Fasting blood glucose, mg/dL −0.068 −0.142~0.005 0.067 −0.065 −0.138~0.008 0.080
2 h SDNNaw, ms −0.150 −0.237~−0.063 0.001 −0.074 −0.193~0.044 0.215

Dipping systolic blood pressure, % 0.861 −0.099~1.821 0.078 0.349 −0.205~0.902 0.231

Adjusted R-square = 45.0% (dippers), 10.7% (non-dippers); CI, confidence interval; BMI, body mass index; HDL-
C, high-density lipoprotein-cholesterol; SDNNaw, standard deviation of normal-to-normal RR interval after
waking up.

4. Discussion

In this study, fasting blood glucose and the cholesterol/HDL-C ratio were the factors
which were negatively associated with the MBPS for all subjects. The subgroup analysis
also revealed the same relationship between the cholesterol/HDL-C ratio and the MBPS
for the dippers. Given that a high level of blood sugar and a high cholesterol/HDL-C
ratio have been shown to be positively correlated with both metabolic and cardiovascular
risks [40,41], the inverse correlation found in the current study between the MBPS and both
fasting blood glucose and the cholesterol/HDL-C ratio suggests that a high MBPS does
not pose a cardiometabolic risk. In addition, the dippers in this study showed a positive
correlation between both age and BMI and the MBPS. As dippers get older and their BMI
increases, it may be possible for them to maintain an appropriate BP after waking up if
they don’t exhibit impaired autonomic neural activity, given that increased sympathetic
neural activity is a hallmark of aging and obesity [42]. Furthermore, the 2 h SDNNaw, an
index of parasympathetic neural activity, was also found to be inversely correlated with the
MBPS for the dippers in the current study, which is compatible with the previous finding
of a decrease in parasympathetic neural activity after people wake up [43].

On the basis of the correlations between certain factors and the MBPS mentioned
above, which were obtained in the current study (positive for age and BMI and inverse for
the 2 h SDNNaw and the cholesterol/HDL-C ratio), the MBPS does not seem to present a
cardiometabolic risk and, in fact, may reflect a physiological response by the dippers in this
study. This result contradicts a number of previous studies that have found a high MBPS to
be associated with a high cardiovascular risk [5–12]. A possible explanation may be that the
MBPS obtained in the current study ranged between −11.6 mmHg and 54.5 mmHg, after
one subject was excluded for having a pathologically exaggerated MBPS of ≥ 55 mmHg,
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which was determined as the cutoff based on a previous study [12]. Thus, our findings may
represent one part of the complete picture of the impact of the MBPS, and more studies are
needed to further explore the physiological and pathological roles of the MBPS.

It has been shown that the autonomic nervous system plays an important role in
the regulation of the circadian rhythm which the BP follows [22,23]. In addition, the
MBPS has been shown to correlate with sympathetic reactivity, which was determined by
recording the sensitivity of muscle sympathetic nerve activity to a cold pressor test [19].
The current study showed a negative association between the MBPS and the 2 h SDNNaw,
which is compatible with the findings of a previous study [31] highlighting the reciprocal
relationship between sympathetic and parasympathetic neural activity [44]. Our finding
of a relationship between the MBPS and the 2 h SDNNaw is also consistent with previous
studies, which have suggested that the time just after waking up plays an important role in
the MBPS through the intermediary of either neurohormonal modulation [22] or physical
activity [45]. Finally, it stands to reason that we found a correlation between the MBPS and
the DipSBP, which is well-documented in the literature [14,30], since the calculation of the
MBPS is largely related to the daytime BP and the nighttime BP.

This study found a positive association between the MBPS and both age and BMI. It
has previously been found that increased sympathetic neural activity is a consequence of
both aging and obesity [42], and it may, therefore, exert a considerable influence on the
circadian rhythm followed by the BP. A positive association between age and the MBPS
has previously been found, with an age-related increase in arterial stiffness and endothelial
dysfunction posited as the possible mechanism involved [35]. Recently, the augmented
venoarteriolar response in the lower limbs of elderly subjects has been suggested as a
possible link between aging and the MBPS [46]. However, no published paper so far
has established a direct link between the MBPS and BMI. The correlation between the
MBPS with the waist-hip ratio [47] and the oxygen desaturation in obstructive sleep apnea
patients [48] suggests a possible interaction between the MBPS and obesity, although the
exact mechanism underlying this correlation is still unknown.

In the current study, we found the female subjects exhibited a higher MBPS than the
male subjects after adjusting for the other clinical variables for the dippers, but not for
the non-dippers. Similarly, in a recent study, no significant difference in the MBPS was
found between young female subjects (mean age: 24.4 ± 4.5 years) and young male subjects
(mean age: 25.5 ± 6.3 years) at a low altitude (400 m above sea level), but the female MBPS
(16.1 ± 13.0 mmHg) was higher than that of males (6.36 ± 11.1 mmHg) at a high altitude
(4100 m above sea level) [49]. It has been suggested that this gender difference can be
attributed to women experiencing a greater parasympathetic withdrawal compared to men
during the task performance [50]. However, we adjusted for the 2 h SDNNaw in our multi-
variate analysis, which suggests that factors other than parasympathetic withdrawal are
behind the positive association between females and the MBPS. One possible explanation
is that women are more likely to have anxiety [51], given that anxiety has been shown to
correlate with awake systolic BP in women [52]. Another factor that may play a role in
the MBPS of women is renin. Lower levels of renin and aldosterone have been found in
subjects who exhibited an MBPS compared to those who did not [53], and women seem
to have a lower level of renin than men [54,55]. Further research is warranted in order to
determine what mechanisms underly the positive correlation between being a woman and
experiencing an MBPS.

In the current study, we found that the cholesterol/HDL-C ratio and fasting blood
glucose were negatively associated with the MBPS for all subjects. This is surprising given
that these are well-established cardiovascular risk factors. For instance, one previous
study showed that the MBPS was positively associated with low-density lipoprotein (LDL)
cholesterol [36]. Our contradictory finding may be related to our method of selecting our
subjects, differences in BP dipping status, exaggerated MBPSs, or other unknown factors.
Furthermore, while we found a clear negative association between the MBPS and fasting
blood glucose for all subjects, the correlation was borderline when the dippers and non-
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dippers were examined separately. Other studies have also produced results that contrasted
with ours. For example, Yoda et al. reported a positive association between the MBPS
and the level of HbA1c for subjects with type 2 diabetes mellitus whose mean age was
60.1 ± 13.2 years, who had had diabetes for an average of 9 years, and who had a high mean
level of HbA1c (8.7 ± 1.4%) [16]. Shimizu et al. also reported a positive association between
the MBPS and fasting blood glucose for hypertensive subjects who were elderly (mean age:
72.2 ± 8.5 years) and had high clinical measurements of systolic BP (164 ± 19 mmHg) [56].
Under normal condition, dippers show an appropriate parasympathetic withdrawal and
sympathetic activation. In contrast, non-dippers may exhibit varying degrees of autonomic
dysfunction, characterized by less parasympathetic withdrawal and more sympathetic
activation, in order to maintain their BP after waking up [57,58]. A possible explanation
for the difference in findings between our study and those carried out by Yoda et al. and
Shimizu et al. is related to the type of subjects that were examined—a mixed population
in our study, diabetic subjects with a high HbA1c (8.7 ± 1.4%) in the study by Yoda et al.,
and hypertensive elderly subjects with a high systolic BP (164 ± 19 mmHg) in the study
by Shimizu et al. It is likely that diabetic and hypertensive populations contain a higher
proportion of non-dippers [59,60] who may exhibit exaggerated sympathetic activity and
reduced parasympathetic activity, resulting in a positive relationship between blood sugar
levels and the MBPS.

Our study had several limitations. First, the cross-sectional design limited our ability
to identify causal relationships. Second, the ABPM data were recorded during a single
24 h period. Despite previous studies arguing in support of the reproducibility of APBM
data [17], only moderate reproducibility has been found in conjunction with the sleep-
trough morning surge, which we used, and remains one of the most widely used definition
of the MBPS [61]. Third, the factors associated with sleep apnea, such as age, male gender,
BMI, high blood pressure, hyperglycemia, and dyslipidemia [62–64], were collected and
adjusted in this study. The confounding effect of sleep apnea was not completely ruled out.
Fourth, nonsignificant correlations in the linear regression models, especially in the non-
dipper group, might be caused by the relatively small sample size. Analysis with a larger
sample size may be performed in the future. Finally, the current study was carried out with
Taiwanese subjects, and so the results may not be generalizable to other ethnic populations.

5. Conclusions

In conclusion, the MBPS associated positively with age, female gender, and BMI, and
negatively with cholesterol/HDL-C ratio and 2 h SDNNaw in the dipper group. Only
age was the positively associated factor of the MBPS in the non-dipper group. The main
takeaway from our study is that it highlights the factors that contribute to differences
between dippers and non-dippers in relation to the MBPS. Furthermore, the MBPS seems
to be a physiological response in our dipper population based on the findings that age and
BMI were the positively correlated factors and parasympathetic activity after waking up
and the cholesterol/HDL-C ratio were the inversely correlated factors. The results provide
a direction for future research into the pathological and physiological roles of the MBPS in
cardiometabolic-related factors.
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