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This study aimed to examine the association between
obstructive sleep apnea (OSA) and morning blood pressure
surge in never-treated patients with essential hypertension.
This prospective study included a total of 58 patients (mean
age, 51.7 years; 55.2% men) with never-treated essential
hypertension. The patients were divided into non-OSA
(n=23, 49.3�12.7 years) and OSA (n=35, 53.2�9.8 years)
groups. The OSA group was defined as having an apnea-
hypopnea index level >5 as measured by the Watch-PAT
200. The authors collected 24-hour ambulatory BP, plasma
aldosterone concentration, and plasma renin activity data

from all of the patients. The measured sleep-trough morning
systolic blood pressure (SBP) increases were higher in the
OSA group than in the non-OSA group (28.7�11.8 mm Hg
vs 19.6�12.8 mm Hg, P=.008). The sleep-trough morning
SBP increase was inversely correlated with the lowest
oxygen saturation (r=�0.272, P=.039). OSA known to be
associated with increased daytime and nocturnal sympa-
thetic activity was associated with significantly higher
sleep-trough morning SBP levels in this study. J Clin
Hypertens (Greenwich). 2015;17:675–681. ª 2015 Wiley
Periodicals, Inc.

Obstructive sleep apnea (OSA) is a common disorder
characterized by episodes of upper airway obstruction
during sleep. The prevalence of OSA (apnea�hypopnea
index [AHI] ≥5) in adults 30 to 69 years is estimated at
17%, increasing to 23% to 35% in relatively unselected
hypertensive populations.1,2 OSA is associated with
endothelial dysfunction, metabolic syndrome, athero-
sclerosis, and cardiovascular disorders.3–7 Morning
blood pressure (BP) surge (MS) is a normal physiolog-
ical phenomenon; however, extreme MS is a risk factor
for stroke and cardiovascular mortality.8–10

Sympathetic activity is suspected to play a role as an
underlying mechanism in OSA and MS.7,11–13 Few
studies have evaluated the association between OSA
and MS.14,15 Peripheral arterial tone (PAT) is based on
the pulsatile plethysmographic signal that is measured on
a finger, which could serve as a single noninvasive
substitute for sympathetic activity.16 This study aimed
to examine the association of sleep parameters with
WATCH-PAT 200 (WP200; (Itamar Medical Ltd, Caes-
area, Israel) based on measurements of PAT variations
and MS in never-treated patients with essential hyper-
tension.16–19

MATERIALS AND METHODS
This prospective cross-sectional study included a total of
58 consecutive patients (mean age, 51.7 years; 55.2%
men) with never-treated essential hypertension between
January 2013 and May 2014. All the enrolled patients
underwent 24-hour ambulatory BP monitoring (ABPM)
and WP200 monitoring simultaneously. The patients
were divided into non-OSA (n=23, 49.3�12.7 years)
and OSA (n=35, 53.2�9.8 years) groups. The OSA
group was defined as having an AHI ≥5, measured with
the WP200 system. WP200 is a diagnostic tool for OSA
based on measurements of PAT variations coupled with
pulse rate accelerations and desaturations in oximetry
that has been validated with polysomnography.
The enrolled patients had a systolic BP (SBP)

>135 mm Hg and a separate or simultaneous diastolic
BP (DBP) >85 mm Hg based on ABPM.20 We excluded
patients with the following disorders: secondary hyper-
tension, history of peripheral vasculopathy or neurop-
athy, autonomic nervous system dysfunction, cardiac
arrhythmia, lung disease, diabetes, or <80% valid BP
readings while awake or asleep. Office BP was measured
by a physician using a mercury sphygmomanometer
with patients sitting and relaxed for ≥10 minutes. Three
BP measurements were averaged for the analysis, and
SBP and DBP were identified by Korotkoff phases I and
V.
We collected the ABPM parameters, WP200 data,

pulse wave velocity (PWV), ankle brachial index (ABI),
plasma aldosterone concentration (PAC), and plasma
renin activity (PRA) from all patients.
Ambulatory BP was monitored using an automatic

oscillometric device (TM-2430, A&D Company,
Tokyo, Japan) at 30-minute intervals during the night
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and at 15-minute intervals during the day. Morning BP
was defined as the mean SBP or DBP for 2 hours after
waking. Sleep-trough morning SBP increase was defined
as the difference between the morning SBP and the
average of three readings centered on the lowest SBP
taken while the patients were asleep. Preawakening
morning SBP increase was defined as the difference
between the average of three readings centered on the
lowest SBP taken while the patients were asleep and the
average BP for 2 hours before awakening.9

All of the patients underwent overnight WP200
monitoring with a commercially available portable
nonattended sleep recorder based on the PAT signal,
pulse rate, actigraphy, and pulse oximetry.17 WP200
monitoring has been validated to accurately detect OSA,
automatic arousals, and sleep/wake status.2,17 The
scoring and interpretation of sleep study data were

performed with an automatic Watch-PAT software
algorithm (Itamar Medical Ltd, Caesarea, Israel). The
AHI is a numerical measure that accounts for the
number of pauses in a patient’s breathing per hour of
sleep. The oxygen desaturation index is the number of
times per hour of sleep that the blood oxygen level drops
by ≥3% or more from baseline. OSA was defined as an
AHI ≥5, which is currently classified as having more
than mild sleep apnea.

The PAC and PRA were measured using overnight
fasting blood samples obtained between 7 AM and 9 AM

after patients rested for 30 minutes in a sitting position.
The PRA (1.3–3.95 ng/mL/h) and PAC (reference value,
4.0–31 ng/dL) values were determined by a radioim-
munoassay using an r-counter (Cobra; Packard, Meri-
den, CT). The PRA was measured using a
DiaSorinLiaison immunochemiluminometric analyzer

TABLE I. Patient Characteristics, BP Parameters, and Arterial Stiffness According to OSA Status

Non-OSA (n=23) OSA (n=35) P Value

Age, y 49.3�12.78 53.2�9.8 .194

Men, No. (%) 15 (65.2) 17 (48.5) .283

Body mass index, kg/m2 23.6�3.4 26.2�2.9 .004

Ever-smoker, No. (%) 6 (26.1) 13 (37.1) .410

Daily drinker, No. (%) 2 (8.7) 2 (5.7) 1.00

Total time sleep, min 373.3�87.4 351.0�85.2 .338

AHI, events per h 2.5�1.5 12.9�7.9 <.001

Lowest SaO2, % 91.3�3.1 87.6�4.5 .001

ODI, events per h 0.86�0.69 7.67�6.47 <.001

BP measurement

Office SBP, mm Hg 146.9�11.6 154.0�16.1 .074

Office DBP, mm Hg 84.8�10.0 89.9�11.6 .096

Office PR, bpm 78.0�13.1 75.0�9.5 .056

24-h SBP, mm Hg 136.0�12.3 145.9�15.5 .014

24-h SBP SD 15.4�2.4 17.1�3.9 .088

24-h DBP, mm Hg 81.8�17.5 92.1�11.2 .008

24-h DBP SD 11.5�2.6 13.4�4.5 .043

24-h PR, bpm 70.0�9.0 70.5�8.8 .826

24-h PR SD 13.6�15.0 10.0�2.8 .187

Day SBP, mm Hg 138.7�12.7 149.0�15.6 .011

Day SBP SD 13.9�2.9 15.6�4.1 .110

Day DBP, mm Hg 87.3�7.7 94.5�11.5 .007

Day DBP SD 10.6�3.1 12.8�4.5 .048

Day PR, bpm 72.5�10.1 72.9�9.9 .884

Night SBP, mm Hg 124.6�15.7 133.3�15.9 .044

Night SBP SD 12.1�4.1 13.8�3.4 .099

Night DBP, mm Hg 77.0�9.8 82.3�11.4 .074

Night DBP SD 8.3�3.0 10.0�4.0 .075

Night PR, bpm 58.3�6.5 60.4�7.6 .305

Sleep-trough morning SBP increase, mm Hg 19.6�12.8 29.7�11.8 .008

Pre-awakening morning SBP increase, mm Hg 5.3�11.4 11.6�9.7 .028

Arterial stiffness

Pulse wave velocity, both 1,567.1�325.3 1,624.1�248.9 .454

Ankle-brachial index, both 1.13�0.08 1.12�0.05 .608

Abbreviations: BP, blood pressures bpm, beats per minute; DBP, diastolic blood pressure; MS, morning surge; ODI, oxygen desaturation index; PR,

pulse rate; SBP, systolic blood pressure. Data are expressed as mean�standard deviation. Obstructive sleep apnea (OSA) is defined as an apnea-

hypopnea index (AHI) >5 based on a nonattended portable sleep recorder-based peripheral arterial tone.

676 The Journal of Clinical Hypertension Vol 17 | No 9 | September 2015

Obstructive Sleep Apnea and Morning Blood Pressure Surge | Cho et al.



(DiaSorin Ltd, Wokingham, Berkshire, United King-
dom). The PAC was measured using a solid-phase
radioimmunoassay kit (Siemens Ltd, Camberley, Surrey,
United Kingdom). Kidney function was assessed by
estimated glomerular filtration rate (eGFR) using the

Modification of Diet in Renal Disease formula: GFR, in
mL/min/1.73 m2=175 9 SCr (exp[�1.154]) 9 age (exp
[�0.203]) 9 (0.742 if female).21 Bilateral brachial-ankle
pulse wave velocity (baPWV) was measured in all
patients using an automated device (form PWV/ABI,

A

B

FIGURE 1. Decreased peripheral arterial tonometry (PAT) amplitude was not frequent in nonobstructive sleep apnea (OSA) patients, and
simultaneous ambulatory blood pressure monitoring (ABPM) revealed lower values of morning systolic blood pressure (SBP) and sleep-trough
morning SBP increases in non-OSA patients compared with OSA patients (A). The frequently decreased PAT amplitude coupled with
desaturation is shown (red box), and ABPM showed elevated morning SBP and sleep-trough morning SBP increases in OSA patients (B).
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Colin Co. Ltd, Komaki, Japan). Form ABI/PWV is a
device with four cuffs that can simultaneously measure
BP levels in both arms and both legs and automatically
calculate the ankle brachial pressure index. This device
can also record pulse waves by sensors in the cuffs, and
automatically compute and output the baPWV values
by transmission time and distance.

Written informed consent was obtained from all
patients. The protocol was approved by the ethics
committee of Daejeon St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, Daejeon,
and Republic of Korea (DC13DISI0029).

Statistical Analysis
Continuous variables are expressed as mean�standard
deviation (SD), and categorical variables are expressed
as the numbers of individuals and percentages. Non-
OSA and OSA patient variables were analyzed using a
two-sample t test or a Wilcoxon signed-rank test as

appropriate. Correlations between continuous variables
were analyzed using Pearson’s correlation tests.

Morning surge was the dependent variable and lowest
oxygen saturation, 24-hour SBP SD, 24-hour DBP SD,
night SBP SD, night DBP SD, and eGFR were indepen-
dent variables. This model permitted us to assess the
contribution of each variable alone to the variability in
morning surge. We took all of the variables with
significant (P<.05) contribution to the morning surge
except for 24-hour and night DBP SD and night SBP SD.
Twenty-four–hour SBP SD was selected representatively
because of correlation among SD parameters as BP
variety parameters. Multiple, stepwise, forward, linear
regression analysis was performed to identify those
variables that have an independent contribution to
morning surge (Table III).

SPSS for Windows (version 18.0, SPSS, Inc, Chicago,
IL) was used. A probability level of P<.05 was consid-
ered statistically significant.

A

B C

FIGURE 2. The sleep-trough morning systolic blood pressure (SBP) increase was inversely correlated with the lowest oxygen (O2) saturation.
The apnea-hypopnea index was significantly correlated with morning SBP and diastolic blood pressure.
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RESULTS
The clinical characteristics of the patients, including
ABPM parameters and PWV according to non-OSA and
OSA status, are presented in Table I. Body mass index
(BMI), 24-hour SBP and DBP, daytime SBP and DBP,
nighttime SBP, sleep-trough morning SBP increase, and
preawakening morning SBP increase were higher in the
OSA patients than in the non-OSA patients (Table I)
(BMI: 23.6�3.4 in the non-OSA patients, 26.2�2.9 in
the OSA patients; P=.004) (sleep-trough morning SBP
increase, 19.6�12.8 mm Hg in the non-OSA patients,
29.7�11.8 mm Hg in the OSA patients; P=.008) (pre-
awakening morning SBP increase: 5.3�11.4 mm Hg in
the non-OSA patients, 11.6�9.7 mm Hg in the OSA
patients, P=.028).
The decreased amplitude of the PAT reflected sym-

pathetic overactivity during sleeping. When a decrease
in the PAT signal amplitude occurred in tandem with
oxygen desaturation, a relative tachycardia, and an
actigraphy signal, sympathetic overactivity caused by
OSA was diagnosed. Decreased PAT amplitude was rare
in non-OSA patients, and simultaneous ABPM revealed
lower morning SBP and reduced sleep-trough morning
SBP increases in non-OSA patients compared with OSA
patients (Figure 1A). Figure 1B shows the frequent
decreased PAT amplitude coupled with desaturation,
and ABPM showed elevated morning SBP and sleep-
trough morning SBP increases. Sleep-trough morning
SBP increases were inversely correlated with the lowest
oxygen saturation (r=�0.272, P=.039) (Figure 2). AHI
was correlated with morning SBP and DBP (r=0.281,
P=.032; r=0.319, P=.015). There were no significant
differences in PRA or PAC between the non-OSA and
OSA groups (Table II).
The patients in the OSA group had higher levels of

gylcated hemoglobin (HbA1c) and lower levels of high-
density lipoprotein (HDL) (HbA1c: 5.46%�0.49% in

non-OSA patients, 5.86%�0.63% in OSA patients;
P=.031) (HDL: 58.8�12.6 mg/dL in non-OSA patients,
49.3�12.8 mg/dL in OSA patients; P=.009) (Table II).
Multivariable linear regression analysis revealed that
lowest oxygen saturation during sleep and 24-hour SBP
SD were independent predictors of MS (Table III).

DISCUSSION
In the present study, the OSA group diagnosed by sleep
recorder–based PAT had higher 24-hour SBP and DBP,
day SBP and DBP, night SBP, preawakening morning
SBP, and sleep-trough morning SBP increases compared
with the non-OSA group. Furthermore, the lowest
oxygen saturation as one of the parameters of OSA
was inversely correlated with the sleep-trough morning
SBP increases and was an independent predictor of MS.
The association between OSA and sympathetic activ-

ity has been extensively studied using various autonomic
or hemodynamic signals such as muscle sympathetic
nerve activity, PAT, BP, and heart rate.1,5 Recurrent
episodes of airway obstruction result in hypoxia and
hypercapnia, increasing sympathetic neural tone, which,
in turn, causes vasoconstriction and marked increases in
BP.22 The PAT signal is acquired by applying a
subdiastolic pressure of approximately 40 mm Hg in a
finger cuff with two air-inflatable pressure chambers.
The fingers are populated with a high density of a-
receptors, which are needed for the regulation of
vascular tone; these receptors represent one branch of
sympathetic activity.16,23 Although the PAT signal
could be affected by BP, peripheral vascular resistance,
blood volume in the finger, and activation of the
autonomic nervous system, the Watch-PAT software
automatic algorithm was used to determine whether
such an effect occurred. The automatic algorithm could
determine the timing of the PAT signal amplitude
decrease combined with a relative tachycardia, desatu-

TABLE II. Laboratory Data According to Obstructive Sleep Apnea Status

Non-OSA (n=23) OSA (n=35) P Value

Fasting glucose, mg/dL 100.4�17.5 110.0�21.5 .083

HbA1c, % 5.46�0.49 5.86�0.63 .031

Total cholesterol, mg/dL 189.8�28.0 204.4�46.1 .187

Triglycerides, mg/dL 139.4�95.6 163.8�85.9 .326

High-density lipoprotein, mg/dL 58.8�12.6 49.3�12.8 .009

Low-density lipoprotein, mg/dL 103.1�31.4 122.3�41.0 .067

eGFR, mL/min/1.73 m2 92.4�25.4 94.9�21.8 .671

Uric acid, mg/dL 5.55�1.60 6.71�8.43 .548

Microalbumin creatinine ratio, mg/L 8.4�11.8 14.2�18.0 .216

hs-CRP, mg/dL 2.4�3.7 2.3�3.0 .901

Fibrinogen, mg/dL 282.2�67.2 289.0�89.5 .825

PRA, ng/mL/h 2.04�2.24 1.48�1.41 .243

PAC, ng/dL 10.85�5.83 9.88�4.87 .497

ARR 12.2�11.9 17.3�18.2 .320

Abbreviations: ARR, aldosterone-renin ratio (PAC/PRA); eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; hs-CRP, high-

sensitivity C-reactive protein; PAC, plasma-aldosterone concentration; PRA, plasma-renin activity; SaO2, oxygen saturation. Data are expressed as

mean�standard deviation.
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ration, and actigraphy signal to facilitate PAT arousal
scoring.16,23

Sympathetic nervous system activation has also been
proposed as the mechanism underlying MS.11,13 Nar-
kiewicz and colleagues24 reported in a muscle sympa-
thetic nerve activity study in patients without
hypertension that higher sympathetic traffic is associ-
ated with an increase in daytime BP and a greater
difference in day and night BP. Furthermore, MS in
elderly patients with hypertensive cerebrovascular dis-
ease is known to be dependent on the a-adrenergic
sympathetic nervous system.25 Therefore, the present
study is helpful for understanding the association
between MS and OSA through sympathetic activity in
relatively young and never-treated patients with essen-
tial hypertension. Our previous study demonstrated that
relatively young and never-treated patients with essen-
tial hypertension may be less affected by the renin-
angiotensin-aldosterone system, which is one of the
underlying mechanisms of MS.11

Even mild sleep apnea is known to increase nocturnal
BP. Additionally, in the present study, the OSA group
had higher night SBP than the non-OSA group (Table I).
The present study suggests that the association of
increased nocturnal BP and extreme MS in patients
with OSA may be controversial. In the present study,
increased nocturnal BP in OSA is not in agreement with
extreme MS in OSA. An increase in sleep-trough
morning SBP was defined as the difference between
the morning SBP and the average of three readings
centered on the lowest SBP taken while the patients
were asleep.9,11 Therefore, an increase in sleep-trough
morning SBP may not reflect nocturnal BP; rather, it
may reflect an abrupt elevation in morning SBP.

The chronic intermittent hypoxia in OSA patients is
known to increase the levels of various inflammatory
markers, oxidative stress, and procoagulant and throm-
botic activity.26,27 These factors may contribute to the
development of endothelial dysfunction, metabolic syn-
drome, atherosclerosis, and cardiovascular disease asso-

ciated with OSA.28 Our study also demonstrated the
presence of higher levels of HbA1c and lower levels of
HDL compared with those in the non-OSA group.
However, the heart rate and BP variability that is
generally accepted to be affected by the sympathetic
nervous system did not show differences between the
groups. These results could be caused by the relatively
small sample size.

STUDY LIMITATIONS
This study has several limitations. First, the enrolled
patients in the present study had OSA diagnosed with
the WP200. The WP200 is able to detect large respira-
tory events related to sympathetic activations in OSA
based on PAT recordings.16 However, the PAT ampli-
tude does not provide absolute values; thus, only within-
subject changes in the pulse wave analysis during a
limited time interval could be evaluated.22 The WP200
could not distinguish between obstructive sleep apnea
and central sleep apnea without activation of the
respiratory muscles because it does not use electroen-
cephalography to determine the sleep stage. The WP200
detects arousal based on the timing of the decrease in
the PAT signal amplitude combined with relative
tachycardia and actigraphy signals. In addition, several
studies have demonstrated the accuracy of the WP200 in
diagnosing OSA.16–19,22,23,29 Second, the sleep-trough
morning SBP increase in this study did not meet the
criteria of extreme morning surges employed in other
studies because the enrolled patients were relatively
young and were never-treated early hypertensive
patients.10 MS is significantly associated with older
hypertensive patients, especially those with established
target organ damage and a long duration of hyperten-
sion.9,30

CONCLUSIONS
Our study showed that patients with OSA had higher
daytime, nighttime, and 24-hour SBPs and DBPs and an
increase in sleep-trough morning SBP. Furthermore,

TABLE III. Linear Regression Results for Morning Surge

Variables

Univariable

P Value

Multivariable

P ValueCoefficient SE Coefficient SE Partial R2 Model R2

Age, y �0.009 0.155 .952 �0.109 0.151 0.006 0.006 .567

AHI, events per h 0.336 0.210 .115

Lowest SaO2, % �0.796 0.376 .039 �0.475 0.380 0.090 0.097 .028

24-h SBP SD 1.596 0.466 .001 0.999 0.499 0.080 0.177 .032

24-h DBP SD 0.986 0.433 .027

Night SBP SD 0.954 0.449 .038

Night DBP SD 1.164 0.456 .014

PRA, ng/mL/h 0.340 1.034 .744

PAC, ng/dL �0.599 0.354 .096

eGFR, mL/min/1.73 m2 0.146 0.070 .043 0.101 0.071 0.033 0.209 .161

Abbreviations: AHI, apnea-hypopnea index; DBP, diastolic blood pressure; PAC, plasma-aldosterone concentration; eGFR, estimated glomerular

filtration rate; PRA, plasma-renin activity; SaO2, oxygen saturation; SBP, systolic blood pressure; SD, standard deviation; SE, standard error.
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lowest oxygen saturation during sleep and 24-hour SBP
SD were independent predictors of MS in this study. The
association of OSA and MS may be caused by sympa-
thetic activity. These results suggest that never-treated
hypertensive patients with MS detected by ABPM
should be evaluated for OSA because the management
of OSA, such as continuous positive airway pressure,
may relieve MS.
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