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Abstract

Background: Studies have revealed a strong link between sleep-related breathing disorders and
essential hypertension. However, the trends of sleep-disordered breathing in hypertensive pa-
tients have not been analyzed frequently. Methods: In this prospective, single-center and observa-
tional study, random patients with systemic essential hypertension, who were visiting GSVM Med-
ical College, Kanpur, India between December 2012 and July 2014, were selected. After obtaining
informed consent, patients were analyzed for symptoms of sleep-disordered breathing and Ep-
worth Sleepiness Scale. Subsequently, all patients underwent overnight polysomnography to es-
timate the events of apnea and hypopnea. Observed data were compared between stage I and
stage II hypertensive patients. Results: A total of 51 patients (age: 45.7 + 13.43 years), comprising
36 stage I hypertensives and 15 stage II hypertensives, were enrolled in the study. About 47% of
these patients displayed no symptoms of sleep-disordered breathing. Compared to stage I hyper-
tensives, higher percentage of stage Il hypertensives reported excessive day time sleepiness. Sleep
latency time and sleep architecture were comparable between stage I and stage II hypertensives.
Stage Il hypertensives displayed shorter total sleep time and higher snore time than stage I hyper-
tensives. Apnea Hypopnea Index (AHI) values increased with the severity of hypertension. Noc-
turnal oxygen desaturation was present in 25.0% and 53.3% of stage I and II hypertensives re-
spectively. Mean lowest oxygen saturation was lower and the mean C-reactive protein levels were
higher in stage Il hypertensives as compared to stage I hypertensives. The mean C-reactive protein
levels increased with increasing AHI scores, while the mean lowest oxygen saturation decreased
with increasing AHI scores. Conclusion: Almost half of the hypertensives patients reported no
symptoms of sleep-disordered breathing. Sleep-disordered breathing was more common and was
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more severe in majority of patients with stage II hypertension as compared to that in patients with
stage I hypertension.
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1. Introduction

Sleep-related breathing disorder, also called as sleep-disordered breathing, is estimated to affect a substantial
proportion of adult population. It is a devastating condition characterized by apnea and hypopnea during sleep
[1]. Sleep-related breathing disorders tend to alter sleep architecture and duration, resulting in daytime symp-
toms, signs, or systematic dysfunction. Earlier it has been reported that depriving healthy subjects of sleep may
cause temporary increase in blood pressure levels and sympathetic nervous system activity. Further, prolonged
deprivation of sleep may intensify the exposure to elevated 24-hour blood pressure and heart rate, increased
sympathetic nervous system activity, and increased salt retention [2]. Hence, sleep-related breathing disorders
are suggested to be an individual risk factor for the development of hypertension. Studies have revealed a sig-
nificant association between sleep-related breathing disorders and systemic hypertension in middle aged and
older individuals of different ethnicity [3]. According to a report, about 50% of patients with essential hyperten-
sion have obstructive sleep apnea and another 40% of these patients are habitual snorers without obstructive
sleep apnea. It has also been shown that effective management of obstructive sleep apnea leads to reduction in
elevated blood pressure in such patients [4]. Despite a strong link between sleep disordered breathing and essen-
tial hypertension [2] [3], limited studies have been conducted to evaluate sleep-related breathing disorders in
systemic essential hypertensive patients. We believe that such studies will help in identifying and improving the
role of sleep-related breathing disorders in hypertension management. In this regard, we conducted the present
study with an objective to analyze the trends of sleep-related breathing disorders in patients with systemic essen-
tial hypertension.

2. Methods
2.1. Study Design and Patient Population

This was a prospective, single-center, observational study. Hypertensive patients who were attending LPS Insti-
tute of Cardiology and Dr. Murari Lal Chest Hospital at GSVM Medical College, Kanpur, India between De-
cember 2012 and July 2014 were selected randomly. Inclusion criteria included diagnosis of hypertension by
Joint National Committee VII (JNC 7) criteria [5], i.e. systolic blood pressure > 140 mmHg and/or diastolic
blood pressure > 90 mmHg. Patients with secondary hypertension were excluded from the study. The selected
patients were divided in to (a) stage I hypertensive group (i.e. systolic blood pressure 140 - 159 mmHg and/or
diastolic blood pressure 90 - 99 mmHg) and (b) stage II hypertensive group (systolic blood pressure > 160
mmHg and diastolic blood pressure > 100 mmHg). At the time of enrollment, each patient was explained about
the study procedure in detail. Subsequently, informed consent was obtained from all participants. The study
protocol was approved by the Institutional Ethical Committee prior to the commencement of the study. The
study conferred the standards of good clinical practice and the Declaration of Helsinki.

2.2. Data Collection

All patients were asked to report age, gender, anthropometric measures (i.e. height, weight, BMI, and neck cir-
cumference), concurrent diseases (i.e. diabetes mellitus, hyperthyroidism, and chronic obstructive pulmonary
disease), and sleep habits. Symptoms of sleep-disordered breathing (i.e. disruptive snoring, frequent awakenings,
morning headaches, and excessive daytime sleepiness), and duration of sleep-disordered breathing symptoms
were noted. Additionally, all patients completed the Epworth Sleepiness Scale (ESS) questionnaire.

A polysomnography was performed for all enrolled patients using Embla S4000 Medcare, Iceland. The sys-
tem had Somnologica studio 3.3.2 software, electrodes and cables to record the electroencephalogram, electroo-
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culogram, electromyogram of the chin and bilateral tibialis anterior muscles, electrocardiogram. Airflow was
measured using nasal flow meter. Oxygen saturation was measured using a pulse oximeter. Chest and abdominal
respiratory movements were monitored by respiratory inductive thoracic and abdominal belts respectively.
Snoring was recorded using snore microphones attached to the neck. Body position was monitored using body-
position sensor.

All studies were analyzed using the criteria of Rechtschaffen and Kales [6], and in close concordance with
scoring updates given by the American Academy of Sleep Medicine (AASM) [7]. Total sleep time and sleep la-
tency time (i.e. time duration from the lights off to the onset) were noted. The traditional Rechtschaffen and
Kales terminology for the 5 sleep stages (i.e. stages 1, 2, 3, 4, and rapid eye-movement (REM) sleep) was used
in this study. Apneas were scored when there was a complete cessation of airflow or at least 90% drop in the
peak thermal sensor excursion for at least 10 s. Hypopneas were scored when there was a drop in nasal pressure
signal excursion by at least 50% of baseline lasting at least for 10 s with a >3% desaturation from pre-event
baseline. The Apnea Hypopnea Index (AHI), which is number of apnea-hypopnea events per hour, was deter-
mined after the exclusion of periods with movements, which were considered to be wake periods. Next morning,
a 5 mL of venous blood sample was withdrawn from each participant to analyze the C-reactive protein levels.
Analysis and interpretation of study findings was carried out by trained technicians and sleep physicians in-
volved in the study.

2.3. Statistical Methods

Data were analyzed using the Statistical Package for Social Sciences (SPSS for Windows version 20.0; Chicago,
IL, USA). Qualitative data are presented as frequency and percentage, while quantitative data are described as
mean value + standard deviation (SD). The Chi-square test was used to compare qualitative data and the Stu-
dent’s t-test was used to compare quantitative data between the two groups i.e. stage I hypertensives and stage 11
hypertensives. p value < 0.05 was considered to indicate statistically significant difference between the two
groups.

3. Results
3.1. Baseline Demographics

A total 51 patients (age: 45.7+13.43 years) were investigated in the study. Of them, 30 (58.9%) were males. The
study population consisted 21 (41.2%) patients of 20 - 40 years age group, 20 (39.2%) patients of 41 - 60 years
age group, and 10 (19.6%) patients of >60 years age group. The mean BMI for overall patients was 27.3 + 4.7
kg/m®. In particular, 19 (37.2%) patients had BMI of <25 kg/m* 19 (37.3%) patients had BMI of 25 - 29.9
kg/m?, 10 (19.6%) patients had BMI of 30 - 34.9 kg/m? and 3 (5.9%) patients had BMI > 35 kg/m”. Comorbidi-
ties such as diabetes mellitus, hyperthyroidism and chronic obstructive pulmonary disease were identified in 9
(17.6%), 3 (5.9%) and, 3 (5.9%) patients respectively.

Of 51 patients analyzed in the study, 36 (70.6%) had stage I hypertension (mean blood pressure: 152/94
mmHg) and 15 (29.4%) had stage II hypertension (mean blood pressure: 168/104 mmHg). Of significance, more
females had stage I hypertension than males (52.8% females vs. 47.2% males). Contrary to this, stage II hyper-
tension was more frequent among males than among females (86.7% males vs. 13.3% females). The baseline
demographics and overall outcomes of sleep-disordered breathing vs. stage of hypertension are presented in Ta-
ble 1.

3.2. Symptoms of Sleep-Disordered Breathing vs. Stage of Hypertension

Nearly 50% of patients reported no symptoms of sleep-disordered breathing. Stage I hypertensive group had
more asymptomatic patients as compared to stage Il hypertensive group. Further, the symptoms of sleep-disor-
dered breathing such as disruptive snoring, frequent awakenings, morning headaches, excessive daytime sleepi-
ness and self-reported apneas were significantly more common among patients with stage Il hypertension (p <
0.05).

3.3. Duration of Symptoms of Sleep-Disordered Breathing vs. Stage of Hypertension

Symptom duration of more than 12 months was significantly associated with stage II hypertension (p < 0.05).
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Table 1. Study parameters of sleep-disordered breathing vs. stage of hypertension.

Variable Ovel('ﬁll=p5alt)i ents hypiﬁflenslives
(n=36)
Gender
Male, n (%) 30 (58.8) 17 (47.2)
Female, n (%) 21 (41.2) 19 (52.8)
Systolic blood pressure in mmHg, mean + SD 156.7+2 152+3
Diastolic blood pressure in mmHg, mean + SD 96.9+3 94+5
Symptoms of sleep-disordered breathing
No symptoms, n (%) 24 (47.1) 20 (55.5)
Disruptive snoring, n (%) 22 (43.1) 13 (36.1)
Frequent awakenings, n (%) 10 (19.6) 6 (16.7)
Morning headaches, n (%) 18 (35.3) 10 (27.8)
Excessive daytime sleepiness, n (%) 11 (21.6) 6(16.7)
Self-reported apneas, n (%) 6(11.8) 2 (5.6)
Duration of symptoms of sleep-disordered breathing
Asymptomatic, n (%) 24 (47.1) 20 (55.5)
<6 months, n (%) 5(9.8) 4 (11.1)
6 - 12 months, n (%) 9(17.6) 5(13.9)
>12 months, n (%) 13 (25.5) 7(19.4)
Epworth Sleepiness Scale (ESS) score
0 - 10 [No chances of dozing], n (%) 25 (49.0) 21(58.3)
11 - 14 [Slight chances of dozing], n (%) 13 (25.5) 8(22.2)
15 - 18 [Moderate chances of dozing], n (%) 7(13.7) 4(11.1)
19 - 24 [High chances of dozing], n (%) 6(11.8) 3(8.3)
Total sleep time in minutes, mean + SD 282.6£32.6 288.5+37.9
Sleep latency time in minutes, mean = SD 12.4+0.90 125+ 0.80
REM sleep latency time in minutes, mean + SD 111.2+£0.8 109.9£0.78
Snore time in minutes, mean + SD 95.9+32.1 90.8 +32.1
Apnea Hypopnea Index (AHI) score
<5 events/hour, n (%) 14 (27.5) 11 (30.5)
5- <15 events/hour, n (%) 25 (49.0) 19 (52.8)
15- <30 events/hour, n (%) 9(17.6) 5(13.9)
>30 events/hour, n (%) 3(59) 1(2.8)
AHI (events per hour), mean = SD 10.08 +7.4 8.48+5.8
Patients with nocturnal oxygen desaturation, n (%) 17 (33.3%) 9 (25.0)
Lowest oxygen saturation levels, mean £ SD 89.7+6.0 90.9+4.8
C-reactive protein levels in mg/dL, mean + SD 0.81+0.08 0.73 £0.06

Stage 11

hypertensives

(n=15)

13 (86.7)
2(13.3)
168 +5
104 £ 6

4(26.7)
9 (60.0)
4(26.7)
8(53.3)
5(33.3)
4(26.7)

4(26.7)

1(6.7)
4(26.7)
6 (40.0)

4(26.7)

5(33.3)

3 (20.0)

3 (20.0)
268.3+£27.9
122+0.86
114.4 +0.67

108.6 £29.5

3 (20.0)
6 (40.0)
4(26.7)
2(13.3)

13.9+95
8(53.3)

85.6+£7.0

0.99+0.1

p value®

<0.05

<0.05
<0.05

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

0.05
<0.05

<0.05

<0.05
n.s.
n.s.

<0.05

<0.05

<0.05

<0.05

“For stage I vs. stage II hypertensives; n.s.: non-significant.
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Similarly, the frequency of patients with 6 - 12 month duration of symptoms was higher among stage II hyper-
tensives than that among stage I hypertensives, but the difference was not significant. Conversely, the frequency
of patients with <6 month duration of symptoms was higher among stage I hypertensives than that among stage
II hypertensives (p < 0.05). Thus, the longer duration of symptoms was more common in patients with stage II
hypertension, especially if the duration is more than 12 months.

3.4. ESS Score vs. Stage of Hypertension

Almost half the patients had no chances of dozing as displayed by normal ESS score (i.e. 0 - 10) and almost one
quarter of the patients had slight chance of dozing as displayed by the ESS scores of 11 - 14. Rest of the quarter
patients had moderate to high ESS scores with more chances of dozing. Evidently, patients with stage II hyper-
tension had higher scores for all sub-categories of ESS with >10 mean score indicating excessive daytime slee-
piness when compared to that in patients with stage I hypertension. However, the difference was significant only
in the group with mean ESS score of 19 - 24, which had the highest chance of dozing (p < 0.05).

3.5. Total Sleep Time vs. Stage of Hypertension

The overnight polysomnography test revealed that the average total sleep time in overall hypertensive patients
was 282.6 minutes indicating sleep deprivation as the normal sleep time should be at least 6 h. Further, the av-
erage total sleep time was significantly lesser among stage II hypertensives than that among stage I hyperten-
sives (p < 0.05).

3.6. Sleep Latency Time vs. Stage of Hypertension

The sleep latency time, i.e. time duration from the lights off to the onset of NREM sleep, was comparable be-
tween both the groups. However, the REM sleep latency time was significantly higher among stage II hyperten-
sives than that among stage I hypertensives (p < 0.05).

3.7.Snoring Time vs. Stage of Hypertension

The mean snore time was 90.8 £ 32.1 and 108.6 + 29.5 minutes among stage I and stage II hypertensive patients
respectively. It was significantly higher among stage II hypertensives as compared to stage I hypertensives (p <
0.05).

3.8. Sleep Architecture vs. Stage of Hypertension

Percent duration of sleep in all stages i.e. N1, N2, N3 and REM, was almost similar between hypertensive pa-
tients of both stages (Figure 1). Maximum percentage of time was spent in N2 sleep followed by that in N3.
However, REM sleep duration was found to be less than normal in both groups of patients.

3.9. AHI Scores vs. Stage of Hypertension

Out of 51 hypertensive patients included in the study, nearly 25% of patients had AHI < 5 per hour, while al-
most 75% of the patients had AHI < 15 per hour. Remaining subjects had higher AHI scores. The number of pa-
tients with AHI score of >30 was very less in both stages of hypertension (i.e. one patient in the stage I hyper-
tensive group and two patients in the stage II hypertensive group). Majority of patients in the respective
sub-category of AHI < 5 and AHI 5 - <15 belonged to stage I hypertensive group, while those with AHI 15 -
<30 and AHI > 30 had stage II hypertension. The differences in all sub-categories of AHI values between the
two groups were statistically non-significant. Similarly, mean AHI was non-significantly higher among stage II
hypertensives than in stage [ hypertensives

3.10. Nocturnal Oxygen Desaturation vs. Stage of Hypertension

One-third of enrolled patients exhibited nocturnal oxygen desaturation. Of significance, more than half of pa-
tients with stage II hypertension had nocturnal oxygen desaturation as compared to the quarter of patients with
stage I hypertension. However, the difference was statistically non-significant. On the other hand, the value of
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Figure 1. Average percentage duration of sleep stages vs. stage of hypertension.

average lowest oxygen saturation was significantly lesser among stage II hypertensives as compared to stage I
hypertensives (p < 0.05).

3.11. Mean Lowest Oxygen Saturation and Neck Circumference in Relation to AHI

The mean lowest oxygen saturation decreased proportionately with increasing AHI and the differences were
significant (p < 0.05, Table 2). Similarly, the mean neck circumference of the subjects was higher with greater
AHI scores (p < 0.05, Table 2).

3.12. C-Reactive Protein Levels in Relation to AHI vs. Stage of Hypertension

The mean C-reactive protein levels in both, stage I and II hypertensives, as well as in overall patients increased
significantly with increase in the AHI values (Figure 2). The mean C-reactive protein levels were significantly
higher in the stage Il hypertensive group in all subgroups of patients with AHI <30 (p <0.05).

4. Discussion

In this study, we evaluated sleep-related breathing disorders in 51 patients of essential hypertension. Majority of
patients enrolled in our study were of age groups < 60 years (80.4%) and had BMI > 25 kg/m” (62.8%). BMI is
considered as an important individual risk factor for sleep-related breathing disorder, and high BMI reported in
our study warrants attention. Among the hypertensive patients enrolled in the present study, the frequency ratio
of stage I hypertension and stage II hypertension was 7:3. A significant male predominance was observed with
stage II hypertension.

Sleep-disordered breathing is one of the major determinants of hypertension. The casual relationship between
sleep-disordered breathing and hypertension has been supported by both epidemiological and population-based
studies [8]-[12]. It has been established that the association between sleep-related breathing and hypertension is
largely influenced by the age of the patient. The effect of sleep-related breathing disorder on hypertension is
more pronounced in younger and middle aged men than in those above 60 years [3].

The importance of investigating the association between sleep-related breathing disorders and cardiovascular
disease is stressed by reports of a high prevalence of sleep apnea among patients with hypertension and coronary
artery disease, as well as an increased mortality in patients with sleep apnea [1]-[3] [10]-[14]. Whether this is a
true causal relationship or whether it is partly or completely caused by confounding is still a matter of debate. In
our study, nearly 50% of enrolled hypertensives patients reported no symptoms of sleep-disordered breathing.
We also observed that sleep-disordered breathing was more common and was more severe in majority of pa-
tients with stage II hypertension as compared to that in patients with stage I hypertension.
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Table 2. Mean lowest oxygen saturation and neck circumference in relation to AHI.

q Mean lowest oxygen Mean neck
L saturation (%) circumference (cm)
AHI<5 14 93.5+22 34.7+4.7
AHI 5 - <15 25 89.3+5.6 36.7+£4.0
AHI 15 - <30 9 84.7+£53 38.1+£54
AHI > 30 3 793£5.0 41.7+3.1
Overall patients 51 89.7+6.0 36.6+4.6
2
1.85
1.8
1.6
=
= ke 127 93
g :
g 112
o
&
= 1 0.93
i)
=]
a
2 0.8
g
206
@]
0.4
0.2
0
AHI <5 AHI 5- <15 AHI 15- <30 AHI > 30
B Stage 1 hypertensive patients B Stage 2 hypertensive patients [ Overall patients

Figure 2. Mean C-reactive protein levels in relation to AHI and stage of hypertension.

Overnight polysomnography test revealed that patients with stage II hypertension had shorter total sleep time
and longer snore time as compared to that in patients with stage I hypertension. It has been identified that sleep
durations of <5 hours per night was associated with a significantly increased risk of hypertension (hazard ratio,
2.10) [2]. In our study, the mean total sleep duration in overall patients was <5 hours, which could be a signifi-
cant risk factor for hypertension. Further, our findings indicated that AHI values, nocturnal oxygen desaturation,
and the mean C-reactive protein levels increased with the increase in severity of hypertension. This is also in
line with several other studies of similar context [15].

It has been established that the AHI scores are correlated with the external neck circumference. [16] Our
study was in concordance with this finding as AHI scores increased with mean neck circumference of the sub-
jects included in our study. Similarly, we observed a proportionate decrease in the mean lowest oxygen satura-
tion with increasing AHI scores. Of significance, our study indicated that the sleep architecture was similar in
both stages of hypertension.

Earlier, studies have shown that mean blood pressure and the severity of hypertension increase with the sever-
ity of the sleep-related breathing disorder [17] [18]. In such studies, the comparative groups comprised normo-
tensive patients, hypertensive patients, and drug-resistant hypertensive patients. To the best of our knowledge,
till date no study had compared the presence and severity of the sleep-related breathing disorder in stage I and
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stage II hypertensive patients. Hence, findings of our study are of clinical significance to identify the role of
sleep-related breathing disorder in the severity of hypertension.

Taking into account the financial and time constraint, the sample size was restricted to about 50 patients in
our study. This can be considered as a major limitation of the study as generalization of the study findings may
not be applicable due to small sample size. In this regard, a study with large sample size can be planned to
overcome this limitation. Absence of stringent exclusion criteria could be considered as another limitation as we
adopted no measures to control these extraneous variables. However, our study cohort was selected randomly
and it should be considered as a representative of real-world patients.

5. Conclusion

In conclusion, our study reported that about 47% of patients with systemic essential hypertension displayed no
symptoms of sleep-related breathing disorder. Comparison between stage I and stage Il hypertensive groups re-
vealed that the symptoms of sleep-related breathing disorder were more common and more severe among stage
IT hypertensives. To the best of our knowledge, the present investigation was a rare study that compared the
trends of sleep-related breathing disorder between stage I and stage II hypertensive patients. Further large-scale
studies are warranted to confirm the findings, which may help understand the pathophysiology and improve the
management of hypertensive patients with sleep-related breathing disorders.
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