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Background: Obstructive sleep apnoea (OSA) is the most common form of sleep-disordered breathing and
a known risk factor for cardiovascular disease. We hypothesised that in patients with OSA the characteristics
of nocturnal pulse rate (PR) are associated with changes in blood pressure and daytime sleepiness, following
commencement of continuous positive airway pressure (CPAP) therapy.

Methods: Pulse oximetry data, demographics, daytime sleepiness and blood pressure were recorded at
baseline and at one year follow up. Patients with OSA were grouped according to positive and negative
changes in the PR (APR) response during the first night of pulse oximetry before commencement of CPAP.
Results: A total of 115 patients (58 with OSA and 57 matched subjects without OSA) were identified and
included in the analysis. The scale of improvement in daytime sleepiness could be predicted by a negative
or positive APR, as recorded in the initial screening pulse oximetry [AESS -5.8 (5.1) vs. 0.8 (7.2) points,
P<0.05]. A negative correlation was observed between mean nocturnal PR and changes in systolic blood
pressure (SBP) after one year of CPAP treatment (r=—0.42, P<0.05).

Conclusions: Mean nocturnal PR prior to CPAP initiation was associated with changes in SBP at one year
follow up. A descending nocturnal PR in patients with OSA, prior to CPAP initiation, might help to identify

a symptomatic response from long term CPAP treatment.
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Background

Obstructive sleep apnoea (OSA) is the most common form
of sleep-disordered breathing (1), it contributes to increased
mortality rates secondary to associated cardiovascular (2)
and metabolic risks (3), with cognitive deficits impairing
work efficiency (4). It is characterised by repetitive episodes
of nocturnal apnoeas or hypopnoeas with arousal from sleep
leading to an increased sympathetic tone (5).

Continuous positive airway pressure (CPAP) is the most
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effective available treatment for moderate to severe OSA (6),
reducing apnoeas, hypopnoeas and, in symptomatic
responders, daytime symptoms like sleepiness (7). However,
not every patients benefits symptomatically (8) and the
long-term impact of CPAP on arterial blood pressure and
cardiovascular risks is not entirely understood: while the
acute effects of CPAP on blood pressure have been clearly
demonstrated, long term outcomes are still equivocal (9).
Key mechanisms linking sleep-disordered breathing and
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cardiovascular problems are likely to be multi-factorial and
potentially involve sympathetic activity (10), intermittent
hypoxia (11), inflammation (12), hyper-coagulation (13) and
endothelial dysfunction (14).

Heart rate is a predictor of hypertension and a major risk
factor for cardiovascular mortality in non-OSA populations,
despite considerable differences between the genders (heart
rate-to-blood pressure correlation) (15). Increased heart
rate in OSA may derive from a high sympathetic tone and
previous studies have shown that an increased sympathetic
activation is associated with OSA in men but the evidence
is lacking in women. Sympathetic activation leads to
dysregulation of the circadian heart rate rhythm, potentially
affecting systemic arterial blood pressure, heart rate and
cardiac arrhythmias (16). Non-invasive monitoring and
recording of nocturnal pulse rate (PR), a surrogate of heart
rate (17), is safe, widely available and could be used to better
understand the sympathetic activity in OSA (18,19).

It is important to predict long-term symptomatic
outcomes and associated cardiovascular risks in patients
with OSA when commencing them on CPAP therapy.
We hypothesised that nocturnal PR in patients with OSA,
measured during the diagnostic night as a marker for
sympathetic tone, can help to predict long term changes in
daytime sleepiness and blood pressure that are associated
with CPAP therapy.

Patients and methods

The study was approved by the local institution’s review
board (registration number: 2012-2773). Patients referred
to the Sleep Disorders Centre at Guy’s & St. Thomas’
NHS Foundation Trust, London, UK for suspected OSA
were screened using nocturnal pulse oximetry (Pulsox 300i,
Konica Minolta sensing Inc, Hachioji, Tokyo, Japan) for
two consecutive nights at home. We analysed the pulse
and oxygen trace with PULSOX DS-5 software (Anandic
Medical Systems, Feuerthalen, Zurich/Switzerland). The
device gives the moving average of the last eight PRs at
one-second intervals. We selected the night with the better
quality and longer recording time for further analysis.
Inclusion criteria for the OSA group were clinical
presentation suspicious of OSA plus a 4% oxygen
desaturation index (4% ODI) >5/h. We also included a
matched control group of patients without OSA. The
inclusion criteria were an ODI <5/h and a pulse rise index
(PRI) lower than 20/h. The PRI is defined as an increase
in the PR by more than six beats per minute and these
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events are counted over a one hour period. Patients without
significant OSA can exhibit an increased PRI caused by
periodic limb movements or other underlying conditions
leading to autonomic arousals and an increase sympathetic
tone. We therefore decided to exclude subjects from the
control group if they had an abnormal high PRI. On the
other hand, patients with OSA have commonly an elevated
PRI and, therefore, we did not use this criterion for the
OSA group. We selected the threshold of five events/
hour for the 4% ODI in line with recommendations for
the apnoea-hypopnoea-index and the National Institute of
Clinical Excellence (NICE) guidance (7).

Exclusion criteria for both groups were ongoing use of
heart rate-affecting medications (digoxin, anti-arrhythmic
agents, beta-blockers or calcium antagonists, including
verapamil and diltiazem), chronic atrial fibrillation and
other paroxysmal or permanent arrhythmias, second or
third degree atrio-ventricular block, permanent pacemaker,
diagnosis of periodic limb movement disease (PLMD), age
under 18 and over 70 years old, pregnancy, acute/critical
illness (decompensated heart failure or end stage COPD
and renal failure), patients admitted to a hospital ward.

Patients who discontinued CPAP over the study period
were excluded, as were those who were lost to follow up and
those with corrupted pulse oximetry data. The pulse oximetry
data of the patients with a clear history of snoring, witnessed
apnoeas and excessive daytime sleepiness [EDS, as assessed
by the Epworth sleepiness scale (ESS) >10 points] (20), were
subsequently reviewed by a physician experienced in sleep
medicine and the diagnosis of OSA was confirmed (4% ODI
of 215/h, or >5/h plus elevated ESS) and CPAP titration
was initiated. CPAP treatment was started after 2-weeks of
pressure titration using an AutoSet device (APAP, S8/S9,
ResMed Ltd, Sydney, Australia). Optimal CPAP pressure
was identified as the 95™ percentile of APAP pressure. Upon
initiation of CPAP therapy, patients attended an induction
by specialised sleep technicians, blood pressure and weight
were recorded. Patients with treated OSA were followed to
assess weight, blood pressure, ESS and adherence to CPAP
therapy at one year. To study the PR trend throughout the
night, we calculated the difference between mean PR of
the last and the first hour of the nocturnal recording. In
order to be consistent throughout the study we decided
that the first and last hour of pulse oximetry was likely
not to represent sleep. The patients were further analysed
in a subgroup according to ascending (positive APR) or
descending (negative APR) PR.

Blood pressure was measured with an automated
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Table 1 Demographics, clinical characteristics, oximetry results in OSA and non-OSA patients

Demographics and baseline measurements OSA group (n=58) Non OSA group (n=57) P value
Age (years) 49.4 (1.2) 46.4 (1.7) 0.161
Weight (kg) 109.7 (3.6) 95.0 (7.0) 0.105
ESS (points) 12.4 (0.6) 8 (0.8) <0.0001
Sex (males/females) 36/22 34/23 0.850
ODI (h™), at baseline 28.9 (3.3 2.0 (0.1) <0.0001
Nocturnal pulse rise index (>6 bpm, h™) 46.0 (2.5) 13.1 (0.6) <0.0001
Mean pulse rate (bpm) 71.7 (1.2) 62.3 (1.4) <0.0001
Mean SpO, (%) 92.7 (0.4) 95.4 (0.2) <0.0001
Mean pulse rate (1* hour of sleep, bpm) 76.1 (1.5) 65.5 (1.6) <0.0001
Mean pulse rate (last hour of sleep, bpm) 69.5 (1.2) 60.5 (1.4) <0.0001
ANocturnal pulse rate during a single night (bpm) —6.6 (0.9) -4.9 (0.7) 0.148

ODI, oxygen desaturation index; A, difference between mean pulse rates of the first versus last hour of nocturnal recording; bpm,

beats per minute; ESS, Epworth sleepiness scale.

device (Mindray VS-800, Medical International Limited,
Shenzhen, China) according to the American Heart
Association reccomendations (21). Subjective daytime
sleepiness was assessed using the ESS (20). The primary
end point was to compare mean PR and APR of the first
screening night of pulse oximetry with the change of blood
pressure at one year in patients with OSA treated with
CPAP. Our secondary end point was to determine whether
changes in daytime sleepiness (AESS) differed between
patients with different PR responses (APR) over one year of
CPAP treatment. Adherence to treatment and compliance
were measured at follow up as the number of hours per

night and the overall percentage of CPAP usage.

Statistical analysis

Statistical analysis of the data was performed using
GraphPad Prism (Version 5.02, GraphPad Software Inc,
San Diego, California/USA). Data are reported as mean
(standard deviation, SD), if not otherwise indicated,
correlations were stated including the 95% confidence
interval (CI). Following testing for normality, similarity of
two means was compared using student’s z-test and Chi-
square or Fisher’s exact tests statistics in case of normal
distribution; otherwise Wilcoxon signed-rank test was used.
Within group variables were compared using student #-test
for paired data. Spearman’s rank correlation coefficient was
calculated for non-normally distributed variables. For all
tests, a value of P<0.05 was considered significant (22).
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Results

In the final analysis, we included 58 patients with OSA
[36 males, age 49.4 (1.2) years, weight 109.7 (3.6) kg] and
57 without OSA [34 males, age 46.4 (1.7) years, weight
95.0 (7.0) kgl

"The two groups were matched regarding gender (P=0.850),
age (P=0.161) and weight (P=0.105). Patients with OSA were
more sleepy (P<0.0001). The ODI, PRI, mean PR, mean
saturation and APR were significantly different between the
groups (P<0.0001, respectively; Table I).

Mean PR was higher in male subjects with OSA compared
to men without OSA [71.3 (1.6) vs. 58.5 (1.7) min™’,
P<0.0001]; in the control group female subjects had a higher
mean PR than men [68.1 (2.1) vs. 58.4 (1.7) min™', P<0.001].

In the OSA group, APR correlated negatively with
mean oxygen saturation (r=—-0.39, 95% CI, -0.59 to -0.13,
P<0.01), as did the mean PR (r=—0.4, 95% CI, 0.6 to —0.14,
P<0.01). The mean PR and the change in systolic blood
pressure (ASBP) at one year follow up correlated negatively
(r=—0.42, 95% CI, -0.66 to 0.1, P<0.05; Figure I). There
was no correlation between APR and systolic (r=—0.049,
P=0.77) or diastolic blood pressure (DBP) (r=-0.146,
P=0.38).

Following diagnosis of OSA and commencing on CPAP
treatment, patients in the OSA group at one year follow up
had used the device for 5.0 (1.9) hours per night with an
average total percentage of nights used of 63.0% (36.7%).

In a subgroup analysis of patients with OSA who were
grouped depending on the change in nocturnal PR (positive
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Figure 1 Negative association between changes in systolic blood pressure over one year and mean nocturnal heart rate at baseline in patients
with obstructive sleep apnoea. Men (n=36/58, circles, r=—0.44, 95% CI, -0.73 to —0.01, P<0.05) and women (n=22/58, triangles, r=—0.54,

95% CI, -0.83 to -0.034, P<0.05). SBP, systolic blood pressure; A, delta.

Table 2 Change in weight, blood pressure and sleepiness
between baseline and follow up in OSA patients

OSA group
Baseline One year follow up P value
Weight 109.7 (3.6) 108.1 (24.6) 0.115
SBP 134.6 (14.2) 135.9 (17.4) 0.745
DBP 85.1 (9.2) 85.1 (9.1) 0.960
ESS 12.4 (0.6) 7.5 (5.3) <0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure;
ESS, Epworth sleepiness scale; N/A, not applicable.

vs. negative APR) we found that, at baseline, the weight of
the patients with a positive APR (n=11) was higher [124.4
(26.6) vs. 104.8 (23.1) kg, P<0.05] and the patients were
more sleepy compared to the patients with a negative APR
(n=47) [10.5 (5.8) vs. 6.9 (4.9) points in the ESS, P<0.05].
At one year follow up, there was no significant difference
between the groups with respect to SBP or DBP), but the
level of daytime sleepiness had significantly reduced in those
with a negative APR compared to those with a nocturnal
rise in the PR [AESS 5.8 (5.1) vs. —0.8 (7.2) points, P<0.05,
Tables 2 and 3].

Discussion

The mean nocturnal PR of patients with OSA is elevated
when compared to those who do not experience nocturnal
sleep disruption and the nocturnal change in PR (APR) is
associated with a better symptomatic response to CPAP
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treatment at one year. In OSA patients, mean nocturnal PR
correlated inversely with ASBP in the one year follow up.
While most of the OSA patients demonstrated a reduction
in nocturnal PR (negative APR), those with a rise in
nocturnal PR (positive APR) revealed lower mean oxygen
saturations at baseline and had symptomatically responded
less to CPAP treatment at one year.

Clinical significance

Various factors may influence nocturnal PR. Non-rapid
eye movement (REM) sleep is associated with reduced
sympathetic nerve activity, reduction in blood pressure
and lower heart rate, whilst REM sleep is associated with
more irregular ventilation and increases in blood pressure
and heart rate (5). Our data support the hypothesis that an
increased PR in patients with OSA reflects an enhanced
sympathetic activation (23) and therefore contributes to the
development of hypertension in OSA patients, representing
a major risk factor for cardiovascular and non-cardiovascular
morbidity and death (15).

Understanding nocturnal PR and its trend during the
night appears to be important for patients with sleep
apnoea, but has not been considered yet as a diagnostic or
prognostic tool. Nocturnal pulse oximetry is frequently used
for the diagnosis of sleep apnoea in European-based sleep
centres (24), but more recently its use has also been assessed
elsewhere (25). Complementing the analysis of the recorded
oxygen trace by considering the trend of the nocturnal PR
might help to early stratify sleep apnoea patients who are
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Table 3 Demographics, clinical characteristics, oxymetry results and treatment data in the OSA group, stratified into ascending (+APR)

and descending (-APR) nocturnal pulse rate

OSA group (n=58)

P value
Negative APR (n=47) Positive APR (n=11)
Demographics
Age (years) 48.6+9.9 52.7+6.7 0.200
Sex (males/females) 36/11 5/6 0.964
Weight (kg) 107.1+26.0 122.7+26.2 0.105
Measurements at baseline
ESS (points) 12.7+5.0 11.4+4.3 0.429
SBP (mmHg) 133.8+15.1 138.3+8.1 0.457
DBP (mmHg) 85.4+9.3 84.0+9.1 0.729
oDl (h™) 27.7£19.9 35.9+42.4 0.317
Nocturnal pulse rise index (h™", >6 bpm) 45.6+£17.7 47.8+26.6 0.737
Mean pulse rate (bpm) 71.4+8.8 73.07+11.9 0.591
Mean SpO, (%) 93.2+2.2 90.96+3.9 0.012
Measurements at one year follow up
Weight (kg) 104.8+283.1 124.4+26.6 0.028
ESS (points) 6.9+4.9 10.6+5.8 0.038
SBP (mmHg) 133.9+15.4 145.6+24.1 0.107
DBP (mmHg) 84.1+9.1 89.9+8.3 0.129
Average daily use of CPAP (hours/night) 5.18+1.9 4.5+2.2 0.303
CPAP/nights used (%) 65.5+36.3 50.8+38.4 0.276
Delta between baseline and one year follow up
AWeight (kg) -1.5+4.9 1.6+7.3 0.115
AESS (points) -5.8+5.1 -0.8+7.2 0.010
ASBP (mmHg) -0.2+21.6 7.3£23.6 0.418
ADBP (mmHg) -1.5+£13.0 5.9+11.3 0.180

ODI, oxygen desaturation index; A, delta; bpm, beats per minute; ESS, Epworth sleepiness scale.

likely to symptomatically respond to treatment.

Kawano et al. (26) have recently shown that mean heart
rate over 24 hrs correlates well with the apnoea-hypopnea-
index (AHI), nocturnal SpO, and arousal index in patients
with OSA. In our study, the change in nocturnal PR (APR) and
mean PR correlated inversely with mean oxygen saturation.
"This observation links the tonic chemoreflex activation to
increased sympathetic activity in patients with OSA.

We found a difference between the mean nocturnal PR in
male OSA patients and matched male subjects in the control
group. However, there was no difference in female subjects in
the two groups, presumably because heart rate in the control
group was higher in females, as had been described in previous
studies (27). Moreover, the association between SBP and
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PR in male and female subjects suggests a possible gender-
specific difference in the OSA population (28) (Figure I).
A significant association between sleep-related breathing
disorders and hypertension had previously been reported
only in males (29), while a questionnaire-based, case-
controlled study found that the association of sleep-related
breathing disorders and hypertension was independent of
BMI in women, but not in men (30). Nevertheless, gender-
specific differences have been poorly evaluated and reliable
data in large cohorts of women are needed.

Our findings are consistent with results by Sanner and
colleagues who showed that elevated heart rate predicts a
better CPAP effect on blood pressure (31) and may indicate
the higher sympathetic impact on heart rate and blood
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pressure (32). However, in their study no consideration was
given to exclude patients treated with heart rate affecting
drugs.

In our study, patients with a fall in nocturnal PR (negative
APR) demonstrated a significant decrease in weight at
follow up. This finding might help to identify patients that
benefit more from CPAP in terms of reducing their overall
cardiovascular risk. In order to confirm this hypothesis the
change in nocturnal PR needs to be validated prospectively
in a larger cohort of patients with OSA.

The benefit of CPAP on blood pressure and body weight
is still under debate: in unselected OSA patients, CPAP has
modest effects on blood pressure. In contrast, patients with
more severe OSA and difficult-to-control hypertension
seem to benefit significantly (33,34). Similarly, an impact
of CPAP therapy on body weight has not been clearly
demonstrated: a recent randomised sham-controlled study
concluded that reducing visceral obesity in men with OSA
cannot be achieved by CPAP alone (35).

Limitations

Our study was an observational cohort in which we were
limited to pre-recorded data; we cannot rule out that our
final analysed sample of patients was not representative
for OSA patients. Both groups of patients included in the
analysis were obese and this could have affected heart rate
because of an increased sympathetic and reduced vagal
activity (36). In this study we investigated for possible
correlations between nocturnal PR in patients with OSA
and weight change, following initiation of CPAP. We
acknowledge that in our study we only measured weight
and not BMI. However, it has to be considered that height
in the adult population does not regularly change over time.
The measurement of weight at baseline and at the follow
up appointments will therefore indicate the same amount
of change in the parameter that would have been found if
BMI had been measured. A prospective study with height
and BMI measurements could help to better match groups.
Moreover, APR may not accurately reflect PR when asleep.
However, the availability of nocturnal pulse oximetry
enhances the clinical usefulness of this method. Blood
pressure was only recorded during the initial CPAP titration
and at one year follow up; it could therefore be argued that
the CPAP titration period may have affected the baseline
blood pressure. Compliance to CPAP treatment in the OSA
patients was limited and this could have further affected the
outcome parameters. However, our study highlights the fact
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that there are sparse data on the change in blood pressure of
OSA patients after CPAP treatment has continued for more
than six months (9).

Conclusions

This study reveals that nocturnal PR is increased in OSA
patients reflecting an elevated sympathetic tone. A nocturnal
reduction in PR during the diagnostic night is associated
with an improved symptomatic response to CPAP therapy
at one year.

Further prospective studies are needed to better assess
the long term effect of CPAP on blood pressure and body
weight and to confirm the possible predictive role of mean
PR and APR in OSA patients. However, recording nocturnal
PR and APR is a widely available method and may help to
determine OSA patients with a symptomatic response to
CPAP and those with an increased cardiovascular risk.
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