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Study Objectives: Nocturnal blood pressure (BP) dipping in patients with obstructive sleep apnea (OSA) has not yet been well investigated in Chinese
patients, in whom the relationship of OSA and body mass index (BMI) is weaker than that in Caucasians. The aim of this study was to evaluate the BP profile,
and the relationships between nocturnal BP and the severity of OSA, in Chinese patients.

Methods: Consecutive Chinese adult outpatients with suspected OSA had overnight polysomnography (PSG), office BP, and 24-h ambulatory BP monitoring
(ABPM). The apnea-hypopnea index (AHI) and nocturnal oxygen saturation level were recorded, and BP patterns were classified based on the ABPM.
Results: Fifty-six subjects (40 male and 16 female, 48.59 + 13.27 y) were evaluated. There were 14 patients with mild OSA (25.0%, AHI: 10.56 + 3.42
events/h), 16 with moderate OSA (28.6%, AHI: 23.536 + 3.42 events/h) and 26 with severe OSA (46.4%, AHI: 51.52 + 3.42 events/h). There were 18 dippers
(32.1%), 27 non-dippers (48.2%), and 11 reverse dippers (19.6%). As OSA severity increased, non-dipping also increased. A total of 67.9% of the OSA
patients showed overall hypertension on ABPM, 57.1% had daytime hypertension only, and 73.2% had nighttime hypertension.

Conclusions: OSA severity is associated with 24-h BP profiles in a population with only mild increases in BMI. These results can influence clinical practice,

OSA management, and hypertension treatment policies.
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INTRODUCTION

Obstructive sleep apnea (OSA) affects approximately 3% to
7% of the general population,' and is estimated to affect at least
2% of women and 4% of men residing in Western communi-
ties.? Despite the relative paucity of data, compared with large
epidemiological investigations® in Caucasian populations, the
overall prevalence of OSA is not necessarily higher in Asians.
Rather, sleep-disordered breathing (SDB) may be more preva-
lent in patients with equivalent body mass indices, because of
craniofacial differences.**

OSA and hypertension are highly prevalent and coexist-
ing conditions.®” The pathophysiologic links between OSA
and hypertension are complex processes with an interplay of
multifactorial mechanisms.® Recurrent collapse of the upper
airway during sleep leads to physiologic changes including in-
termittent hypoxemia and hypercapnia, intrathoracic pressure
changes, increased sympathetic nervous system activation,
and frequent cortical arousals. All these repetitive OSA-in-
duced changes, with consequent increases in catecholamine
levels, systemic inflammation, oxidative stress, and endothe-
lial dysfunction, persist into the daytime and contributes to the
development of hypertension.’'?

Studies show that 37% to 56% of hypertensive individuals
have received a subsequent diagnosis of comorbid OSA,"*™

BRIEF SUMMARY

Current Knowledge/Study Rationale: Chinese populations

have a higher incidence of sleep-disordered breathing (SDB) than
Caucasians because of a narrow cranial base and flat midface
structure. We aimed to evaluate the BP profile in Chinese patients, in
whom the OSA-BMI correlation is weaker.

Study Impact: OSA and its severity are associated with pathological
blood pressure patterns, and this association presents even when
BMI is at worst mildly elevated. Hypertension pathology in OSA is
underestimated unless 24-h BP is measured.

with levels as high as 71% to 83% among those resistant to
hypertension treatment.'>'® In a study involving 2,677 adults,
after adjusting for age, body mass index (BMI), and sex, the
odds of hypertension increased by 1% for every unit (event/h)
increase in the AHI, with the prevalence levels for hyperten-
sion being 22.8%, 36.5%, 46%, and 53.6% in subjects with no,
mild, moderate, and severe OSA, respectively.'” The frequency
of undiagnosed clinical hypertension in apneic patients was
reported to be 38.6%.'®

Blood pressure (BP) variability is an important biological
phenomenon. As systolic BP (SBP) and diastolic BP (DBP)
display significant diurnal variations, the BP varies in a di-
urnal manner throughout a 24-h period, being higher during
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the day and lower at night. Healthy individuals have a dipping
BP pattern characterized by a nighttime BP that is 10% to
20% lower than their daytime BP (night-day BP ratio > 0.8
and < 0.9). When the nocturnal decrease in BP is less than
10% (night-day BP ratio > 0.9 and < 1.0), it is referred to as a
non-dipping pattern. When the nocturnal BP is higher than
daytime BP, with the ratio over 1.0, it is referred as a reverse
dipping pattern."”

There is evidence that an abnormal BP diurnal rhythm and
elevated nocturnal BP is associated with a greater risk of target
organ damage and poor cardiovascular prognosis.?®?' A non-
dipping pattern is found in 48% to 84% of patients with OSA,
and its frequency increases with OSA severity.?>** However, a
high BMI is also associated with BP non-dipping.***> Appro-
priately accounting for the many confounding variables, par-
ticularly obesity and age in deciphering the OSA—hypertension
connection remains a key challenge.®* The aim of this study
was to evaluate the BP profile, and the relationships between
nocturnal BP and the severity of OSA in Chinese patients,
where the correlation of sleep apnea with BMI is weaker than
in Caucasian populations.

METHODS

Subjects

This study was approved by the ethical committee of
Guang’anmen Hospital. Consecutive Chinese adult outpatients
with suspected OSA and undiagnosed hypertension were re-
cruited; written informed consent was obtained. All subjects
were assessed with overnight polysomnography (PSG) in the
sleep laboratory, and BP assessments including office BP and
ambulatory BP monitoring (ABPM). Demographic, anthropo-
metric, and clinical data were obtained at recruitment using
specific questionnaires and standard measurements.

Subjects were excluded if any of the following were noted:
(1) a disease that potentially affects BP regulation (e.g., Par-
kinson disease, renal or cardiac transplantation, severe car-
diovascular disease); (2) any other sleep disorders or irregular
working schedule (e.g., shift workers); (3) substance addiction;
(4) previous treatment of OSA by any modality; and (5) treat-
ment with antihypertensive agents.

Measurements
Polysomnography

Attended overnight PSG was performed on each subject in
the sleep laboratory for monitoring the electroencephalogram,
electro-oculogram, chin electromyogram, electrocardiogram,
snoring, airflow by nasal pressure, respiratory effort, body
position, and oxygen saturation. All sleep studies were manu-
ally scored by a professional technician based on the Ameri-
can Academy of Sleep Medicine Scoring Manual version 2.0.
Apnea was defined as a cessation in airflow for at least 10 sec,
and hypopnea was defined as a decrease in the amplitude of
respiratory flow signal of at least 30% for a minimum of 10
sec followed by either a decrease in oxygen saturation of 3%
or arousal. All subjects in whom OSA was diagnosed, OSA
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was classified as mild (AHI > 5 events/h and < 15 events/h),
moderate (AHI > 15 events/h and < 30 events/h) and severe
(AHI = 30 events/h).

BP Assessment

The office BP was the average of three BPs measured in the sit-
ting position during the visit closest to the ABPM: (1) daytime
BP, during 09:00 to 11:00 in the clinic office; (2) night BP, ap-
proximately at 21:00 to 22:00 in the sleep laboratory before pa-
tients were connected to the recording system; and (3), around
07:00, in the sleep laboratory right after final awakening.

Twenty-four-hour ABPM was performed using validated
devices (manufactured by CONTEC, CM506C, Qinhuangdao,
China), which were programmed to obtain BP measurement at
30 min intervals during the daytime (06:00 —22:00) and at 60-
min intervals during the night (22:00— 06:00). All the subjects
were instructed to engage in normal activities but to refrain
from strenuous exercise and, at the time of cuff inflation, to
stop moving and talking and keep the arm still with the cuff
at heart level. They were also asked to provide information
including unusual activities or medication changes, in addition
to the time of meals, bedtime, and rise time.

Because BP was measured every 30 min during the day-
time and every 60 min during the night, all data included in
this study had to meet the following inclusion criteria: (1) data
collected for no less than 24 h, and (2) no fewer than 8 night-
time recordings of valid BP data, and no fewer than 35 valid
recordings in total, and at least 80% of BPs during daytime and
nighttime periods, were considered satisfactory. Data included
SBP, DBP, mean BP, and heart rate.

Statistical Analysis

SPSS 19.0 (IBM SPSS Statistics, NY, United States) was used
for statistical analysis. For power calculation, we assumed
a = 0.05, B = 0.10, two-sided significance testing, and 10%
study dropout. Under these assumptions, the study would need
to enroll at least 48 patients. Standard descriptive statistical
calculations were tabulated as mean + standard deviation of
the mean. A Kruskal-Wallis test was used to compare param-
eters that did not show a normal distribution. Differences in
the measurement variables were assessed with analysis of
variance, followed by post hoc tests (least significant differ-
ence and Dunnett). The chi-square test was used to analyze
categorical data. A value of p < 0.05 was considered statisti-
cally significant. Partial correlations between variables were
analyzed by Pearson test.

RESULTS

Subjects and Demographics

Sixty subjects were referred for further interviews by the sleep
specialists in this study. Four subjects were excluded: two
subjects did not want to do the overnight sleep study in the
laboratory; one subject came to the laboratory late and had to
leave early (sleep time was only 4 h); one subject was excluded
due to the unqualified signal quality. Therefore, at the end of
the study, 56 subjects (40 male and 16 female) were included
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Table 1—OQverall blood pressure patterns.

Abnormal Patterns
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Dipping Non-Dipping Reverse Dipping p®° F pe

n (%) 18 (32.1%) 27 (48.2%) 11 (19.6%)
Sex (M/F) 12/6 21/6 714
Age (y) 426 +11.6 50.85 + 14.17 52.82 + 11.00 0.670 2978 0.059
BMI (kg/m?) 26.1+£25 28.83+3.52 26.71 £ 2.61 0.055 4.934 0.0112
AHI 26.30 +20.16 37.89 +20.08 33.40 £ 15.53 0.519 1.943 0.153
Mean nocturnal SaO, 93.51+2.29 92.36 + 3.35 93.39 +2.59 0.327 1.012 0.370
Sa0, nocturnal nadir 78.72 £9.32 73.74 £9.42 77.27 £8.78 0.291 1.683 0.196
Overall 24-h BP

SBP (mmHg) 134.56 £ 10.19 138.22 + 20.04 134.00 + 10.96 0.461 0.419 0.660

DBP (mmHg) 85.00 +7.62 84.11 £ 13.92 82.64 +9.34 0.719 0.147 0.864
A: Daytime mean BP

SBP (mmHg) 140.06 + 10.62 140.26 + 20.11 132.64 + 11.39 0.191 0.971 0.385

DBP (mmHg) 89.50 + 8.25 85.78 + 14.35 80.91 + 8.56 0.249 1.855 0.166
B: Nighttime mean BP

SBP (mmHg) 119.39 £ 8.58 133.04 £ 19.71 137.36 + 14.26 0.450 5.658 0.006°

DBP (mmHg) 73.00 £6.93 79.30 + 14.02 87.82 +14.09 0.056 5.043 0.010°
A - B: Difference of day - night BP

ASBP (mmHg) 20.67 +4.41 722+4.73 -(4.73+£9.90) <0.0012 64.484 <0.0012

ADBP (mmHg) 16.50 £ 4.59 6.48 £4.07 -(6.91+9.27) <0.0012 60.449 <0.001®

a=p < 0.05 was considered statistically significant. ® = p value is for the comparison between non-dipping group and reverse dipping group. ¢ = p value is
for the comparison among all three groups. AHI = apnea-hypopnea index, BMI = body mass index, DBP = diastolic blood pressure, SBP = systolic blood
pressure, ASBP = daytime SBP - night SBP, ASBP = daytime DBP - night DBP.

Table 2—Partial correlation between apnea-hypopnea index, nocturnal saturation of oxygen, and blood pressure (adjusted for

age and body mass index).

Nocturnal Nocturnal Daytime Daytime Nighttime Nighttime Overall Overall BPV

Sa0, Mean | SaO, Nadir SBP DBP SBP DBP 24-h SBP 24-h DBP Types

AHI r -0.466 -0.665 0.260 0.263 0.2711 0.315 0.275 0.303 0.281
p | <0.001* <0.001** 0.057 0.054 0.047* 0.020* 0.045* 0.026* 0.443

*=p<0.05. * =p<0.01. AHI = apnea-hypopnea index, BPV = blood pressure variability, DBP = diastolic blood pressure, Sa0, = oxygen saturation,

SBP = systolic blood pressure.

in the study, with a mean age of 48.59 + 13.27 y and BMI of
27.53 + 3.23 kg/m?. All subjects had untreated sleep apnea;
the polysomnogram results showed there were 14 with mild
sleep apnea (25.0%), age: 49.3 = 12.47 y, BMI: 25.51 = 2.00
kg/m? and AHI: 10.56 + 3.42 events/h; 16 with moderate sleep
apnea (28.6%), age 47.1 £ 144 y, BMI: 27.33 + 3.70 kg/m?
and AHI: 23.53 + 4.41 events/h and 26 with severe sleep ap-
nea (46.4%), age 49.1 £ 13.4 y, BMI: 28.75 + 2.96 kg/m? and
AHI =51.52 £ 11.67 events/h. When the subjects were grouped
by the severity of OSA, BMI and AHI showed no significant
correlations. In mild OSA (n = 14), r = —0.272, p = 0.348. In
moderate OSA (n = 16), r = 0.275, p = 0.302. In severe OSA
(n=26),r=0.349, p=0.081.

Ambulatory BP Patterns

Subjects were classified based on BP patterns as shown in
Table 1: 18 dippers (32.1%), 27 non-dippers (48.2%), and 11
reverse dippers (19.6%). As shown in Figure 1, BP patterns

were classified as dipping (nocturnal BP decrease of 10% to
20% relative to daytime BP, that is night-day BP ratio > 0.8
and < 0.9), non-dipping (nocturnal BP decrease of less than
10%, night-day BP ratio > 0.9 and < 1.0), and reverse dipping
(nocturnal BP which is higher than daytime BP, night-day BP
ratio > 1.0).

Subjects with normal dipping were relatively younger age
than non-dippers and reverse dippers. Non-dippers had signifi-
cantly higher BMI and higher AHI, as well as lower oxygen sat-
uration (Sa0,) nadir, than dippers. The reverse dippers showed
a similar BMI and higher AHI, but no significant differences
in Sa0, nadir relative to dippers. Compared with dippers, both
non-dippers and reverse dippers showed no significant differ-
ence in overall BP and daytime BP, but did show significant
difference on nighttime SBP and DBP. After adjustment for
age and BMI, partial correlation between apnea-hypopnea in-
dex, nocturnal saturation of oxygen, and blood pressure was
shown in Table 2.
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Blood Pressure

Figure 1—24-h ambulatory blood pressure patterns.
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(A) Dipping: blood pressure (BP) normally falls at night. Nocturnal BP
decrease is 10% to 20% lower than their daytime BP, a night-day BP
ratio between > 0.8 and < 0.9. (B) Non-dipping: nocturnal blood pressure
decrease is less than 10%, night-day BP ratio between > 0.9 and < 1.0.
(C) Reverse dipping: blood pressure is elevated during sleep and is
higher than daytime blood pressure, night-day blood pressure ratio > 1.0.

Sleep Apnea Severity and Dipping

As shown in Figure 2, with increasing sleep apnea severity,
dipping is reduced (57.14% in mild, 25.0% in moderate, and
23.08% in severe sleep apnea) and non-dipping increases
(35.71% in mild, 43.75% in moderate, and 57.69% in severe
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Figure 2—Relative prevalence of dipping, non-dipping, and
reverse dipping in relation to sleep apnea severity.
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OSA = obstructive sleep apnea.

sleep apnea). Reverse dipping was higher in moderate (31.25%)
than severe (19.23%) sleep apnea. However, the difference
among groups was not significant (p = 0.144).

Hypertension and Ambulatory BP

Based on standard hypertension diagnosis guidelines,” 67.9%
of patients with sleep apnea showed overall hypertension,
57.1% had daytime hypertension, and 73.2% had nighttime hy-
pertension. Figure 3 shows the proportions of hypertensives
and normotensives in subjects with mild, moderate, and severe
sleep apnea. Significant difference can be found in the propor-
tions when daytime (p = 0.030) and nighttime (p = 0.018) BP
were analyzed specifically.

DISCUSSION

This study shows that sleep apnea is associated with non-
dipping and reverse dipping even in a population where the
BMI association of sleep apnea is less than in Western popu-
lations. The true degree of BP pathology was evident only
on ABPM.

Several cohort studies have consistently shown that OSA is
associated with increased cardiovascular mortality, indepen-
dent of obesity, and cardiovascular risk markers, including
sympathetic activation, systemic inflammation, and endothe-
lial dysfunction, are significantly increased in patients with
OSA.?® The appropriate accounting for confounding variables,
such as BMI and age, in deciphering the OSA—hypertension
connection remains a challenge.*?* Recent clinical and epi-
demiological studies have reported an independent associa-
tion between OSA and cardiovascular events.”*° Regarding
ethnic factors, lower BMI is reported as a predictor of OSA
in elderly Thai hypertensive patients.* Severely obese South
Asians had significantly greater prevalence and severity of
OSA than white Europeans, and OSA may contribute to
increased cardiovascular risk in South Asians compared
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to white Europeans with severe obesity.*> Mechanisms me-
diating these associations among Chinese or Asian require
further investigation.

Our results showed that dipping and non-dipping BP pat-
terns correlated with the severity of OSA. Subjects with an
absent nocturnal BP fall showed higher AHI than the dip-
pers. A recent study showed that gradually and progressively
deteriorating heart function starts with the extreme dippers,
to the dippers and the non-dippers, and finally to the reverse
dippers.** For OSA subjects, some believe that a reverse pro-
file is worse than non-dipping due to the higher nocturnal BP
combined with hypoxia and hypercapnia causing a series of
abnormal reactions and mechanisms. Others believe that re-
verse dipping is a transitional phase due to the OSA-elevated
BP and characterized by a sympathetic activation of greater
magnitude than that seen in the other abnormal nighttime BP
patterns. An understanding of the potential factors associated
with an altered nighttime BP profile is important because it
can help identify persons at risk for abnormal BP patterns and
potential target organ damage, and forms the foundation for
interventions to prevent/treat alterations in nighttime BP pat-
terns.”” A move to more aggressive targets for diagnosis and
management makes it imperative*® that at least when sleep
apnea is diagnosed, ABPM should be used to assess BP and
determine a diagnosis of hypertension.

In China, where the healthcare system is different and the
resources are insufficient, many individuals do not have pri-
mary care physicians or general practitioners. Most of the
patients who snore and have sleep-related symptoms are not
aware of the fact that they may need a medical consultation.
Therefore, large numbers of patients with OSA and patients
with pathological blood pressure profiles remain untreated.
Daytime hypertension is more easily detected by office BP,
while hypertension with abnormal blood pressure variability
is often missed. There is a need to raise the awareness of the
importance of ambulatory BP monitoring in patients with OSA
in general. Also, there is a need to research and assess popula-
tion differences in dipping patterns associated with OSA.

Ambulatory BP could reasonably be considered a standard
component of the initial evaluation of patients with sleep apnea,
once cardiopulmonary assessments or full PSG has confirmed
the diagnosis. The prevalence of hypertension is underdiag-
nosed in patients with OSA if BP is assessed only by office
readings.” Ambulatory BP monitoring is a better predictor of
cardiovascular risk* and it might be of particular significance
in assessment of hypertension in patients with OSA.* If BP
measurements are combined with actigraphy, which is also
noninvasive, simple, and cost-effective, the wake-sleep period
can be better defined to improve accuracy of computing dip-
ping and non-dipping profiles.

Masked hypertension is more common in patients with
sleep apnea.’’” Masked hypertension is defined as normal of-
fice BP with elevated ambulatory or home BP, and there are
several subtypes. Morning hypertension is the most common
form, and nighttime hypertension is seen in various conditions
that produce non-dipping status, with sleep apnea being one
of the major etiologies.*® Regular use of ABPM will “unmask”
masked hypertension.

Y Ma, S Sun, CK Peng, et al. BP Patterns in Chinese Patients with OSA

Figure 3—Relative proportions of hypertensives and
normotensives in individuals with mild, moderate, and
severe OSA, with specified systolic and/or diastolic
hypertension, using 24-h ambulatory blood pressure
measurements.
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(A) Daytime blood pressure, p = 0.030. (B) Nighttime blood pressure,
p = 0.018. (C) 24-h blood pressure, p = 0.155.

There are several limitations in this study that could have re-
sulted in a biased sample. The main tools used in the outpatient
clinics included the STOP-BANG Sleep Apnea Questionnaire,
Berlin Questionnaire, and positive pulse oximetry recordings.
Only some of the patients underwent a physical examination or
imaging by the ear, nose, and throat specialists. Most of them
had at least three positive signs, but not everyone was screened
by the same tools. Patients were not referred by their physi-
cian if a previous diagnosis of hypertension had been made, or

Journal of Clinical Sleep Medicine, Vol. 13, No. 3, 2017
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were currently using any forms of antihypertensive treatments,

or did not have signs of snoring, or were not interested in the
study, or other reasons such as travel.

CONCLUSIONS

Sleep apnea and severity of the disorder is associated with
pathological BP patterns. This association may present even
when BMI is not significantly elevated. Unless 24-h BP is mea-
sured, the degree of hypertension pathology in sleep apnea is
underestimated.

ABBREVIATIONS

ABPM, ambulatory BP monitoring
AHI, apnea-hypopnea index

BMI, body mass index

BP, blood pressure

DBBP, diastolic blood pressure
OSA, obstructive sleep apnea
PSG, polysomnography

Sa0,, oxygen saturation

SBP, systolic blood pressure

SDB, sleep-disordered breathing
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