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Abstract

Purpose To describe the features of obstructive sleep
apnoea (OSA) and its association with arterial hypertension
(HT), coronary artery disease (CAD), and arrhythmias in
elderly (=65 years) versus younger patients.

Methods  All adult patients referred to our Sleep Research
Unit for suspected OSA were included and underwent a
thorough medical examination and an in-laboratory poly-
somnography. The severity of OSA was defined by the
apnoea—hypopnoea index (AHI) as mild [5-15/h), moder-
ate [15-30/h), and severe (>30/h).

Results  Elderly patients (n = 136) and really old patients
(>75 years) had higher prevalence of OSA (89 %) and
severe OSA (36.8 %) as compared to younger patients
(n =439; 79.5 and 27.6 %, respectively, p < 0.05). In
patients with OSA, the elderly group had a poorer sleep
quality and more severe nocturnal oxygen desaturation
than the younger group. Elderly patients presented higher
percentages of HT (47.8 %), CAD (19.8 %), and arrhyth-
mias (16.2 %) as compared to younger patients (p < 0.01).
The odds ratio (OR) for HT increased with OSA severity
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from 1.0 to 1.65 (95 % confidence interval 0.83-3.27), 1.0
to 2.5 (95 % CI 1.25-5.00), and 1.0 to 3.77 (1.95-7.29) in
younger patients, but not in elderly ones where the OR
increased from 1.0 to 0.6 (0.17-2.04), 1.0 to 1.14
(0.34-3.82), and 1.0 to 1.46 (0.46—4.63), respectively.
Conclusion Stronger relation of HT and OSA severity in
younger patients should encourage us to screen OSA in
these patients at very young age. Increased OSA severity
without obesity in very old patients needs to be confirmed
and further studied.

Keywords Obstructive sleep apnoea - Hypertension -
Coronary artery disease - Arrhythmia - Elderly - Sleep
quality

Introduction

Obstructive sleep apnoea (OSA) is characterised by partial or
complete periods of upper airway occlusion, during which
increased respiratory efforts occurred, leading to intermittent
oxygen desaturation, hypoxemia, hypercapnia, and repeated
arousals. These phenomena result in endothelial dysfunc-
tion, vascular and systemic inflammation, oxidative stress,
sympathetic nervous system activation with subsequent
vasoconstriction and hemodynamic alterations that contrib-
ute to cardiovascular consequences [ 1-3]. Recent evidences
showed that moderate-to-severe OSA increases the risk of
fatal and non-fatal cardiovascular events, especially in men
[4, 5]. Therefore, it is important to well characterise patients
with OSA in order to identify those with a higher risk of
developing cardiovascular complications.

The prevalence of OSA in middle-age populations was
estimated at 4 % in men and 2 % in women [6]. Prevalence
estimates from studies using two-stage stratified probability
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sampling method were generally higher, from 3 to 28 % for
OSA of at least mild severity [Apnoea—hypopnoea index
(AHI) >5 events/h] [7]. The AHI was defined as the
addition of apnoea episodes and hypopnoea episodes per
hour during sleep. It has been now well established that
men are at higher risk for OSA (2- to 10-fold greater) [8, 9]
and more severe OSA (8-fold greater) than women [10]. In
elderly persons, the OSA prevalence was usually increased,
ranging 5.6-70 % depending on the sampling methods for
patients recruitment [11-13]. Thus, age has become a risk
factor for OSA as well as cardiovascular diseases.

In this clinic-based study, we aimed to describe features of
sleep quality and OSA parameters in elderly (>65 years)
patients compared to those in young and middle-aged
patients, especially concerning the risk of hypertension
(HT), coronary artery disease (CAD), and cardiac
arrhythmias.

Subjects and methods
Population

We enrolled consecutively 575 subjects, 18—86 years old,
who were referred to our Sleep Research Unit for suspicion
of obstructive sleep apnoea (OSA). All subjects underwent
thorough clinical examination and medical history,
including cardiovascular morbidities. Arterial HT was
reported if a patient had a systolic blood pressure
(BP) >140 mm Hg and/or a diastolic BP >90 mm Hg, or
if he (or she) was taking BP-lowering medication(s).
Myocardial ischemia and cardiac arrhythmias were previ-
ously confirmed by cardiologist. Cigarettes and alcohol
consumption’s information was collected in the medical
files. Patients were classified as smokers or non-smokers;
alcohol or non-alcohol users. We evaluated subjective
daytime sleepiness using the Epworth Sleepiness Scale
(ESS) as previously described [14].

This study had been approved by the Ethics Committee
of our institution and all patients have given their informed
consent.

Polysomnography

All patients underwent overnight polysomnography using a
Medcare data-acquisition system (Monet, REMbrandt PSG
Analysis Manager) with standard electrodes and sensors.
Briefly, electroencephalography electrodes were applied at
A2-C4, C4-C3, C3-Al, and C3-O1. Two electro-oculog-
raphy were applied at the sides of both eyes to record
horizontal and vertical eyes movements. Submentalis and
anterior tibialis muscles electromyography were recorded.
Chest and abdominal respiratory movements were
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measured by strain gauges. Thermistors and nasal pressure
cannulas were used to detect airflows. Arterial oxygen
saturation was recorded using pulse oximeters.

To establish sleep stages, recorded nocturnal poly-
somnographies were visually scored on the basis of 30-s
epochs, using Rechtschaffen and Kales criteria [15]. A
single polysomnographic study conducted during an entire
night (for at least 6 h) was used to establish the presence of
OSA, based on the recommendations of the American
Academy of Sleep Medicine Task Force [16].

Briefly, apnoea was defined as a complete cessation of
oronasal airflow of at least 10 s. Hypopnoea was defined as
an important reduction in airflow (>50 %) lasting at least
10 s or moderate reduction (>30 %) associated with EEG
arousal and/or significant oxygen desaturation (>4 %)
[17]. Sleep apnoea group was defined as having an apnoea—
hypopnoea index of at least 5/h (AHI > 5/h), cause all
subjects were symptomatic for OSA. The OSA severity
was classified as mild (5 < AHI < 15), moderate
(15 < AHI < 30), and severe (AHI > 30) [16]. Individu-
als with AHI < 5 were included in the control group. Sleep
efficiency was computed as a ratio of time spent asleep
(total sleep time) to the amount of time spent in bed.

Statistical analysis

Data were analysed using SPSS 16.0.0. (SPSS Inc. Chicago,
IL, USA). Values were expressed as mean =+ standard
deviation (SD) for continuous variables and number (per-
centage) for categorical ones. Comparisons were performed
by Student’s ¢ test or Chi-squared test as appropriate. Cor-
relations between continuous variables were computed using
Pearson’s method. Odd ratios and risk differences of arterial
hypertension, coronary artery disease, and cardiac arrhyth-
mias between the groups of elderly patients (=65 years)
versus non-elderly or young-middle-aged patients
(<65 years) were calculated using Chi-squared test. The
aging difference in the association between OSA severity
and HT was determined by a binary logistic regression model
with HT as dependent variable and with age, gender, and
BMI (with or without tobacco use and alcohol consumption)
as covariates. All tests were two-sided and a p value < 0.05
was considered to be statistically significant.

Results
Demographic characteristics and sleep apnoea
in the study population according to groups of age

(Table 1)

We enrolled 575 subjects (age 54.3 £+ 13, 403 men),
including 136 elderly persons (>65 years) and 439 non-
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Table 1 Demographical characteristics sleep apnoea index, and cardiovascular comorbidities according to groups of age

All subjects <65 years >65 years <75 years >75 years
(n = 575) (n = 439) (n = 136) (n = 550) (n = 25)
Age (years) 543 £ 13 49.1 + 10.1 71 + 4.6 532 4+ 123 78 £2.9
Men, n (%) 403 (70.1) 304 (69.2) 99 (72.8) 383 (69.6) 20 (80)
Smoker?, n (%) 254 (54.5) 176 (51.5) 78 (62.9)* 238 (53.8) 18 (75)
Package years of smoking 13.2 + 18.9 11.7 £ 17.5 17.3 &+ 21.9* 129 £+ 185 18.7 £ 25.8
Alcohol intake®, n (%) 330 (70.8) 238 (54.2) 92 (67.6) 312 (70.6) 18 (75)
Body mass index (kg/m?) 29.1 £ 64 293 +£ 6.6 285+ 54 292 + 64 26.8 & 4.37
Normal (BMI < 25), n (%) 149 (25.9) 116 (26.4) 33 (24.3) 140 (25.5) 9 (36)
Overweight (25 < BMI < 30), n (%) 219 (38.1) 162 (36.9) 57 (41.9) 208 (37.8) 11 (44)
Obese (BMI > 30), n (%) 207 (36) 161 (36.7) 46 (33.8) 202 (36.7) 5 (20)
Apnoea-hypopnoea index (events/h) 224 £ 20.6 21.3 £ 20.7 25.9 + 19.8* 219 £204 33.6 + 20.37"
OSA (AHI > 5), n (%) 470 (81.7) 349 (79.5) 121 (89)* 448 (81.5) 22 (88)
Severe OSA (AHI > 30), n (%) 171 (29.7) 121 (27.6) 50 (36.8)" 159 (28.9) 13 (52)7
Arterial hypertension, n (%) 197 (34.3) 132 (30.1) 65 (47.8)" 194 (35.3) 3(12)
Coronary artery disease, n (%) 67 (11.6) 40 (9.1) 27 (19.8)* 64 (11.6) 3(12)
Arrhythmias, n (%) 55 (9.6) 33 (7.5) 22 (16.2)" 52 (9.5) 3 (12)

Results were expressed as mean + SD for continuous variables or number (percentage) for categorical ones. Comparisons were performed by

Student’s ¢ test or Chi-squared test as appropriate

BMI body mass index, AHI apnoea—hypopnoea index, OSAS obstructive sleep apnoea

# p <0.05 " p <0.01; " p < 0.001 versus the group of patients of less than 65 years

© p <0.05; ™ p < 0.01 versus the group of patients of <75 years

4 Only 466 patients provided information about smoking and alcohol status, including 342 patients <65 years and 124 patients >65 years, 442

patients <75 and 24 patients >75

elderly ones (<65 years). Only 466 patients (124 elderly
and 342 non-elderly), provided information about
smoking and alcohol status. There were slightly more
smokers in the elderly than in the younger group
(p < 0.05). However, there was no significant difference
(p > 0.05) in the percentages of men, alcohol consumers,
obese patients (BMI > 30), and BMI between the two
groups.

In the whole population, 470 persons (81.7 %) com-
pleted criteria of OSA (AHI > 5/h and symptomatic), 171
patients (29.7 %) had severe OSA (AHI > 30/h). Elderly
patients had more OSA (89 %) and severe OSA (36.8 %)
than young-middle-aged patients (79.5 and 27.6 %,
respectively, p < 0.05). Very old patients (>75 years) had
similar prevalence of OSA (88 %, p > 0.05) but higher
prevalence of severe OSA (52 %, p < 0.05) and higher
AHI (33.6 £+ 20.3 events/h, p < 0.01) than the younger
group (<75 years, 81.5, 28.9 %, and 21.9 &+ 20.4 events/h,
respectively). They had lower BMI (26.8 + 4.3 kg/m?)
than the younger group (29.2 + 6.4 kg/m? p < 0.05)
(Table 1).

Sleep characteristics in OSA group (AHI > 5/h)
(Table 2)

There were 470 patients with OSA (121 elderly,
including 22 patients >75 years). We found no signifi-
cant difference (p > 0.05) in gender, percentages of
smokers and alcohol consumers, BMI, Epworth Sleepi-
ness Scale, and AHI. The elderly group had more severe
desaturation as assessed by mean nocturnal oxygen sat-
uration (SpO,, p < 0.01) and the sleeping time with
SpO, below 90 % (p < 0.001). About PSG parameters,
the elderly group had lower total sleep time (TST,
p <0.05) and sleep efficiency (p < 0.01), and higher
percentages of intra-hypnic arousals (p < 0.05) and stage
1 slow wave sleep time to TST (p < 0.001) to the det-
riment of stage 2 slow wave sleep and REM sleep
(p < 0.001 and p = 0.01, respectively). To better illus-
trate the sleep architecture characteristics evolution with
age, we included two representative hypnograms of two
patients belonging to different groups of age and having
comparable AHI and BMI in the Fig. I.
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Table 2 Sleep and nocturnal oxygen parameters in 470 patients with OSA and in 105 control subjects according to groups of age

Patients with OSA

Patients with OSA

(n = 470) (n = 470)
<65 years >65 years <75 years >75 years
(n = 349) (n =121) (n = 448) (n =122

Men 256 (73.4) 88 (72.7) 325 (72.5) 19 (86.4)
Smoker® 150 (54.3) 69 (57) 204 (55.9) 15 (71.4)
Alcohol consumers® 194 (70.3) 83 (68.6) 260 (71.2) 17 (81)
Body mass index (kg/m?) 29.8 + 6.7 289 + 5.5 29.7 £+ 6.5 26.9 + 4.6
Epworth Sleepiness Scale (ESS) 11 £ 4.6 115 £ 4.2 11.1 £ 45 113 £ 5.1
Sleep latency (min) 299 £ 28 324 + 28 30.5 £ 28 309 £ 294
REM latency (min) 1342 £+ 99.5 150.1 + 125.3 136.7 + 105.4 170.8 + 132.6
Total sleep time (min) 433.6 + 49.1 417.6 + 62.3% 430.1 + 51.6 4162 + 79.8
Arousals (% TST) 64 +5.1 8.6 + 8.9% 6.8 £+ 5.5 10.3 + 16.3
Micro-arousal index 29.1 + 19.4 322 4 17 29.6 + 18.9 34.8 + 169
Sleep efficiency (%) 92 +7 90 + 7.7+ 92 +72 91 + 6.9

S1 (% TST) 277 + 11.6 35.5 £ 12.6%%* 29.2 + 11.8 40.6 + 17.1711

S2 (% TST) 433 £ 10.1 37 4 9.9 42 £103 344 + 1117

S3 + S4 (% TST) 13.8 + 8.1 14 + 8.6 13.9 4 8.2 12.8 + 8.7

REM (% TST) 135 4+ 14.3 10.2 + 5.4% 128 + 13 98 +6.2
AHI (events/h) 26.3 + 204 28.7 + 19.1 26.4 + 20.1 38 +17.5M
Mean daytime SpO, (%) 88.9 + 7.7 87.3 + 10.5 88.5 + 8.6 88 + 6.9
Mean nocturnal SpO, (%) 91.3 + 4.1 89.7 4 4.8%* 91 +43 89.3 + 4.7
Nadir nocturnal SpO, (%) 64.7 + 15.6 652 + 15.6 64.8 + 15.7 654 + 139
Sp0O, < 90 % (% TST) 20.5 + 254 34 4 3. 1% 23 +27.2 41.8 + 30.6"
Arterial hypertension, n (%) 117 (33.5) 58 (47.9)** 165 (36.8) 10 (45.5)
Coronary arterial disease, n (%) 38 (10.9) 26 (21.5)%* 61 (13.6) 3 (13.6)
Arrhythmias, n (%) 28 (8) 20 (16.5)%* 45 (10) 3 (13.6)

All patients with suggestive symptoms of sleep apnoea underwent an in-laboratory polysomnography (type I PSG). Patients with an AHI < 5/h
were included in the control group. Patients with OSA (AHI > 5/h) or without OSA were then divided into elderly group (>65 years) and non-
elderly group. Results were expressed as mean = SD for continuous variables or number (percentage) for categorical ones. Comparisons were
performed by Student’s ¢ test or Chi-squared test as appropriate with p value < 0.05 as statistically significant. * p < 0.05; ** p < 0.01;

*#% p < 0.001

OSA obstructive sleep apnoea, ESS Epworth Sleepiness Scale, REM rapid eye movement, 7ST total sleep time, AHI apnoea—hypopnoea index
" p<0.05 " p <0.01; " p <0.001 versus the group of OSA patients < 75 years

4 Among patients with OSA, only 276 (<65 years), 110 (=65 years), 89 (between 65 and 75 years), and 21 (>75 years) provided information
about smoking and alcohol status, respectively

Compared with the younger group, “really” old patients
(>75 years) had significantly higher AHI (38 &+ 17.5 ver-
sus 26.4 4+ 20.1 events/h, p <0.01), lower BMI
(26.9 + 4.6 versus 29.7 + 6.5 kg/mz, p < 0.05), higher
stage 1 slow wave sleep time to TST (40.6 + 17.1 versus
29.2 £ 11.8 %, p < 0.001), and lower stage 2 slow wave
sleep time to TST (34.4 £ 11.1 versus 42 + 10.3 %,
p < 0.01). Other characteristics and parameters were sta-
tistically comparable between these two groups (Table 2).
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Cardiovascular comorbidities in OSA patients
and control subjects, stratified by their age

The Table 1 summarised the prevalence of cardiovascular
diseases in overall population. The prevalences of HT
(47.8 %), CAD (19.8 %), and cardiac arrhythmias
(16.2 %) in the elderly group were significantly higher than
those from the young-middle-aged group (30.1, 9.1, and
7.5 %, respectively, p < 0.01) (Table 1).



Aging Clin Exp Res (2015) 27:611-619 615
Fig. 1 Sleep architecture B
characteristics in OSA patients Vo :sp
with different ages. SP REM 1_ g
(rapid eye movement) sleep, 2- -2
V Awake, BMI body mass i‘ -3
. < -4
index, AHI apnoea—hypopnoea T™_ ™
index, TST total sleep time, N- _N
81(2) stage 1(2) slow wave A 2300 0000 0100 0200 0300 0400 0500  06:00
sleep time | 1
SP- -sP
V- v
1= 1
2- =2
a 3
4- -4
™- -™
N- N
B |, 0000 0100 0200 0300 0400 0500 0600 o700
Fio. 3 s Age BMI AHI S1 S2 S3 REM
B = (vears) (kg/m?)  (event(s)hour)  (%TIST)  (%IST)  (%IST)  (%IST)
A Woman 43 37.6 18 13 35.1 278 24
B Man 77 293 16 317 323 20.6 9.5
Arterial hypertension 100 - 3 Non-OSA
_ B3 OSA
The risk of hypertension (HT) was significantly increased S 801
in patients with OSA as compared to that in control sub- . 60
jects in the whole population (p = 0.001) and in the young- @
n.lidc.lle-aged.group (p.: 0.00.2). However, there was no £ 40- s
significant difference in HT risk between OSA and non- 4
OSA patients in the elderly group (p = 0.92) (Fig. 2). The £ 20- 6.6
risk difference (RD) of HT between the OSA group and
control group was 16.3 % in the whole population, 16.9 % 0
group y bop ¢ <65 yrs >65 yrs

in young-middle-aged patients, but insignificant in elderly
ones (RD = 1.3 %) (Table 3).

The odds ratio (OR) for HT increased with OSA severity
from 1.0 to 1.65 in mild OSA (95 % confidence interval
0.83-3.27; p > 0.05), from 1.0 to 2.5 in moderate OSA
(95 % CI 1.25-5.00; p < 0.01), and from 1.0 to 3.77 in
severe OSA (1.95-7.29; p < 0.002) in young-middle-aged
patients, but not in elderly patients where the OR increased
from 1.0 to 0.6 (0.17-2.04), 1.0 to 1.14 (0.34-3.82), and
1.0 to 1.46 (0.46-4.63), respectively (p > 0.05) (Fig. 3).

Conversely, overweight and obesity as assessed by body
mass index (BMI > 25 and >30, respectively) increased
significantly the odds ratios of HT in both elderly and non-
elderly groups even though the RD was higher in the
young-middle-aged group (27.1 %) than that from the
elderly group (19.8 %) (Table 4).

In a logistic regression analysis of the association
between OSA severity (AHI as continuous variable) and
HT, adjustment for differences in age, gender, and BMI
resulted in a weakening of the OR in the younger group to
1.011 (95 % CI 1.000-1.023; p = 0.045). However, the
association remained insignificant in the elderly group
(OR: 1.002; 95 % CI 0.984-1.021; p = 0.8). The role of

Fig. 2 Arterial hypertension risks in OSA patients and control
subjects, according to groups of age. All patients with suggestive
symptoms of sleep apnoea underwent an in-laboratory polysomnog-
raphy (type I PSG). Patients with an AHI < 5/h were included in the
control group. Patients with OSA (AHI > 5/h) or without OSA were
then divided into the young-middle-aged group (<65 years) and the
elderly group (=65 years). The relation between obstructive sleep
apnoea (OSA) and arterial hypertension was determined using Chi-
squared test (p < 0.05 as significant). **p < 0.01

gender in this association was weak (p = 0.5 and p = 0.9,
respectively). The results were similar when adding
tobacco use and alcohol consumption into covariates for
adjustment (data not shown).

Coronary artery disease

The risk difference of CAD between the OSA group and
the control group was 10.8 % (p = 0.002) in the whole
population, and 8.7 % (p = 0.011) in the non-elderly
group but here again, the RD was not statistically signifi-
cant in the elderly group (p = 0.3) (Table 5). In addition,
there was no correlation between the CAD risk and the
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Table 3 Risks of arterial hypertension in patients with OSA versus control group, stratified by age

2

HT (OSA) HT (control) Test b p Risk difference (%)
Whole population 175 (470) 22 (105) 7 10.1 0.001 16.3
Patients < 65 years 117 (349) 15 (90) 7 9.67 0.002 16.9
Patients > 65 years 58 (121) 7 (15) 7 0.009 0.92 -

OSA obstructive sleep apnoea, HT hypertension

<5 4 n
1.65
5-15 1 ——i
0.83 3.27
%k
2.50
15-30 -
1.25 5.00
% 3k ok
3.77
>30 - I = {
1.95 7.29
| L] ] | ] ] L]
01 2 3 45 6 7 8

OR [95% CI]

Fig. 3 Odds ratio for hypertension in patients with OSA versus
control subjects in two groups of age. All patients with suggestive
symptoms of sleep apnoea underwent an in-laboratory polysomnog-
raphy (type I PSG). Patients with an apnoea—hypopnoea index
(AHI) <5/h were included in the control (Non-OSA) group. Patients
with OSA (AHI > 5/h) or without OSA were then divided into
elderly group (>65 years) and non-elderly group. Relations between

AHI Patients 265 yrs.
<5 1 [ ]
0.6
515 t——r—i
0.17 2.04
1.14
15-30 4 +—e |
0.34 3.82
1.46
230 4 ¢ ® J
0.46 4.63
I ! I L)

OR [95% CI]

the severity of obstructive sleep apnoea (OSA) and arterial hyper-
tension risk in patients with mild (5 < AHI < 15), moderate
(15 < AHI< 30), and severe OSA (AHI > 30) were determined
using chi-squared test with odds ratio calculation versus control
subjects (AHI <5). The value of p < 0.05 was considered as
statistically significant). **p < 0.01; ***p < 0.001. OR odds ratio, CI
confidence interval

Table 4 Odds ratio for arterial hypertension according to body mass index in young-middle-aged and elderly patients

HT (OB) HT (non-OB) Test 7 p Risk difference (%)
Whole population 104 (207) 93 (368) XZ 36.7 <0.001 24.9
Patients < 65 years 76 (161) 56 (278) XZ 35.5 <0.001 27.1
Patients > 65 years 28 (46) 37 (90) P 476 0.029 19.8
OB obesity, HT hypertension
severity of OSA as evaluated by AHI in the whole popu-  Discussion

lation (p = 0.07), in elderly (p = 0.25), and non-elderly
(p = 0.297) groups.

Cardiac arrhythmias
The risk difference for cardiac arrhythmias between OSA
and control groups was not statistically significant

(p > 0.05; #* test) in the whole population and in every
group of age.
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Our main results showed an increased prevalence of OSA
and severe OSA in elderly persons and more importantly in
the “really” old group of patient who were more than
75 years, as compared to the younger group. We also
observed the higher prevalence of cardiovascular comor-
bidities as hypertension, myocardial ischemia, and cardiac
arrhythmia in elderly persons as compared to younger ones.
However, the increased risks of HT and CAD in aged
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Table 5 Risks of coronary artery disease in OSA patients and control subjects, stratified by age

CAD (0OSA) CAD (control) Test XZ p Risk difference (%)
Whole population 64 (470) 3 (105) b 9.65 0.002 10.8
Patients < 65 years 38 (349) 2 (90) e 6.49 0.011 8.7
Patients > 65 years 26 (121) 1(15) Fisher 1.84 0.3 -

OSA obstructive sleep apnoea, CAD coronary artery disease, OR odds ratio, CI confidence interval

patients were not linked to OSA severity as observed in the
young-middle-aged group. In the logistic regression ana-
lysis, the significant association of HT and OSA in the
younger group was attenuated essentially by overweight
(BMI > 25 kg/m?), but not by gender or tobacco or alco-
hol consumption. Furthermore, elderly patients presented a
disruption of sleep quality irrespective of the presence of
OSA. Nocturnal oxygen desaturation worsened in younger
patients (<65 years) than that in elderly ones.

The prevalence of OSA was relatively high in our study
(Table 1), at least partially due to the institution-based
recruitment of patients. They were all symptomatic, most
usually with daytime sleepiness, non-restorative sleep, and
loud snoring. Patients were often referred to our Sleep
Research Unit by their family doctor who has previously
performed thorough medical examination, the fact that
might account for the high probability of positive OSA
diagnosis and the high Epworth score in the elderly group
as well as in the younger one. Our results were consistent
with those from Ancoli-Israel et al. [11] showing that 81 %
elderly patients (>65 years) had a respiratory disturbance
index (RDI) > 5/h in a randomly selected population-
based study. In another study on 233 elderly persons living
in a nursing home, the prevalence of OSA (defined as
AHI > 5/h) was 70 % in the whole population, slightly
higher in men (76 %) than in women (68 %) [18]. Other
reports found that the increase of OSA prevalence across
the age happened essentially before the age of 65 with the
peak prevalence at about 50-55 years in men, and 60-65 in
women [19, 20]. This effect is probably due to the con-
founding factors, especially obesity [20]. Our data found no
significant difference of BMI between the elderly versus
younger patients in the whole population as well as in
patients with OSA (Tables 1, 2). Therefore, it seems unli-
kely that overweight and obesity account for this discrep-
ancy in our observation.

Some studies suggested current cigarette smoking [21,
22] and alcohol consumption [23-25] could increase the
relative risk of OSA and worsen nocturnal oxygen desat-
uration and sleep-disordered breathing. In our report, we
obtained information about smoking and alcohol uses in
more than 80 % patients. Elderly patients were more likely
smokers (62.9 %) and consumed more cigarettes (mean of
package years of smoking: 17.3) than younger persons

(51.5 % and 13.2 package-years, respectively) in overall
population, probably due to accumulative effect. These
differences were, however, not significant in the group of
OSA patients (AHI > 5/h) nor in control subjects
(AHI < 5/h). The results on alcohol consumption were also
not different between the elderly and younger groups
(Table 1). Overall, our data did not support the role of
cigarette smoke or alcohol use in the increase of OSA
prevalence in elderly subjects.

The prevalence of severe OSA (AHI > 30/h) [16], was
higher in elderly (36.8 %) than non-elderly (27.6 %,
p < 0.05) patients. Other criteria of OSA severity such as
AHI and nocturnal hypoxia (mean nocturnal SpO, and
sleeping time with SpO, <90 % on TST) were also more
severe in the elderly group than in the young-middle-aged
group (Table 2). A community-based cross-sectional study
in a healthy elderly population (827 subjects) in France
observed the same prevalence of severe OSA (37 %) [26].
In addition, the proportions of patients having moderate-to-
severe OSA (AHI > 15/h) were about 1.7- to 4-fold higher
in older (>60 years) than in younger ones [19, 20, 27]. In
these patients, the cardiovascular disease comorbidities and
overall mortality increased significantly in cross-sectional
[28-31] and prospective cohort studies [5, 32, 33] as
compared to subjects without OSA (AHI < 5/h).

In our report, the prevalence of arterial hypertension
(HT) was significantly higher in OSA group than that from
control group with the risk difference of 16.2 %. However,
the correlation of HT and OSA severity was only found in
the young and middle-aged group but not in the elderly one
(Fig. 1; Table 3). The association of sleep-disordered
breathing, sleep apnea, and hypertension was observed in a
large number of community-based multicenter studies in
2000s such as the Sleep Heart Health Study (SHHS) [29],
the Wisconsin Sleep Cohort Study [30], the Pennsylvania
Sleep Study [31], and the sleep clinic-based study in Tor-
onto [28]. After adjusting for the most frequent con-
founding factors, especially BMI, age, sex, alcohol intake,
and smoking, the OR for HT varied from 1.37 [95 %
confidence interval (CI): 1.03-1.83] [28], 2.89 (95 % CI
1.46-5.64) [29], to 6.85 (95 % CI 2.02-26.36) [31].
Especially, in a cohort of 2,677 patients aged 20-85 years,
Lavie et al. [28] nicely showed that each additional apneic
event per hour of sleep increased the OR for HT by about
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1 %, and that each 10 % decrease in nocturnal oxygen
saturation increased the odds by 13 %. However, the
association of HT and OSA stratified by age (middle-age
and elderly) has shown discrepancy among studies. In the
SHHS, the association of HT and OSA was significant in
the middle-aged (40-64 years) as well as in older indi-
viduals (>65 years) [29]. Another report [34] did not
support the association of AHI and systolic/diastolic HT in
older patients (>60 years), findings that were in line with
our results. This phenomenon might be due to the physi-
ological mechanism of aging that is strong enough to
induce endothelial dysfunction and increase arterial stiff-
ness contributing to the high prevalence of HT, even in the
absence of OSA [35]. Longitudinal prospective study also
confirmed the association of HT and OSA. After a follow-
up of 3 years, patients with AHI > 30/h had an odds ratio
of new-onset hypertension of 1.8 (95 % CI 1.1-2.8;
p = 0.02) after adjusted for usual confounding factors [36].

Most of studies analysing the association of HT and
OSA adjusted the results with usual confounding factors
such as age, sex, BMI, alcohol and smoking status. Using
multiple logistic regression analysis for arterial HT, we
found that the presence of obesity (BMI > 30 kg/m?)
modified considerably the association of HT and OSA
irrespectively of age, gender, and alcohol and cigarette
consumptions. Our results were consistent with those from
other reports [28, 31, 37].

Patients with OSA might be predisposed to cardiac
arrhythmias resulted from sympathetic nervous system
stimulation due to hypoxemia and respiratory acidosis
secondary from apnoeic events [1-3]. Cross-sectional
analysis of OSA patients in the SHHS showed that patients
with severe OSA syndrome (AHI > 30/h) had 2—4 times
higher odds of complex arrhythmias (atrial fibrillation,
non-sustained ventricular tachycardia, and premature ven-
tricular complexes) than those without OSA (AHI < 5/h)
[38]. The same cohort of patients had been followed up for
a median of 8.7 years in a prospective longitudinal study,
demonstrating that men 40-70 years old with severe OSA
were 68 % more likely to develop coronary arterial disease
(CAD) and chronic heart failure than those without OSA
(AHI < 5/h) [39]. In our study, patients with OSA had
higher prevalence of CAD (13.6 %) and arrhythmias
(10.2 %) than non-OSA individuals (2.9 and 6.7 %,
respectively). The risk difference between elderly and
young-middle-aged groups was only significant for CAD
but not for cardiac arrhythmias. There was no significant
relation between these cardiovascular pathologies and the
severity of OSA, probably due to the scarce distribution of
cases in the non-OSA group. Another reason was probably
owed to one of the confounding factors, dyslipidemia, that
we did not include in our adjusted-data analysis [38, 39].

@ Springer

Our study had some limitation. The sleep clinic-based
recruitment of patients might increase the likelihood of diag-
nosed OSA cases. Some potential confounders for cardiovas-
cular risks were not included in the analysis (hyperlipidemia,
diabetes). Despite these limitations, our results confirm an
association between OSA and arterial hypertension as well as
coronary ischemia disease in the studied population. This
relation was stronger in young and middle-aged patients with
OSA (than elderly subjects), inciting us to diagnose these
patients as soon as possible in the youngest age, as it was
recommended by other authors [40]. Increased OSA severity
without obesity in very old patients (>75 years) needed to be
confirmed since we only had 25 persons including 22 with
OSA. The physiopathological mechanism(s) might be inter-
esting to further study in a larger population.
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