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Study Objectives: Pulse transit time (PPT) has been introduced as a useful screening tool to diagnose sleep disordered breathing (SDB). Since
the prevalence of SDB increases with age, the question is whether PTT could be used to diagnose SDB in the elderly. We assess the effectiveness
of PTT for SDB screening in a large healthy elderly population.

Setting: Community-based sample in home and research clinical settings.

Intervention: N/A.

Participants: Seven hundred eighty volunteers, free of cardiac and neurologic disease, aged 68.6 + 1.0 years, underwent ambulatory polygraphy
to measure the apnea-hypopnea index (AHI). The presence of SDB was defined as an AHI of 15 or greater. The PTT was continuously monitored
during the nocturnal study, and the overall autonomic arousal index (AAI) was calculated.

Results: SDB was diagnosed in 447 (57.3%) subjects. In these subjects, the Bland-Altman plot for AAl revealed an underestimation with a bias of
-8.04 £ 16.55 events per hour (mean * 95% confidence interval). Receiver operating characteristic curves constructed for an AHI of 15 or greater
defined an area under the curve of 0.67 and a cutoff point to AAI 32.3 events per hour, giving a sensitivity of 70.5% and a specificity of 54.7%. For
prediction of an AHI of at least 30, the area under the curve was equal to 0.74 for a cutoff point of 56.3 events per hour, giving a better specificity
(94.7%) but a lower sensitivity (32.2%).

Conclusions: In a healthy older population, the AAl showed moderate sensitivity for predicting SDB. This data does not allow us to use PTT as a

screening tool for the diagnosis of SDB in the elderly.
Clinical Trial Registration: NCT 00759304 and NCT 00766584.
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INTRODUCTION

It is well known that the occurrence of apneas and hypo-
pneas is associated with cyclic fluctuations of the autonomic
nervous system,'? with parasympathetic activity increasing du-
ring apneas and sympathetic activation occurring at the end of
apnea, in relation to arousal occurrence.”? Many studies have
been conducted to verify the ability of the autonomic correlates
of apnea, ie, heart-rate variability,* changes in blood pressure,’
peripheral arterial tone,® and pulse-wave amplitude’ to detect
sleep disordered breathing (SDB) in a clinical setting. Among
autonomic markers, pulse transit time (PTT)*!!" has been used
for SDB screening and follow-up. The PTT is the time taken
for the pulse wave to travel from the aortic valve to the pulse
waveform detected by a plethysmographic finger probe. Thus,
sympathetic activation increases blood pressure and vascular
tone and stiffens the arterial wall, causing the PTT to shor-
ten.'? The advantages of this method are that it is less invasive,
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more practical, and cheaper than currently used tests, ie, po-
lysomnography, and is easier to use in an ambulatory setting.
Studies conducted on PTT in a middle-aged population®'" and
children''* have demonstrated its good specificity (91%) and
sensitivity (95%).

The prevalence of SDB is estimated to be 9% to 14% in
middle-aged men and from 2% to 7% in middle-aged wo-
men'®?°; the prevalence increases with age (> 65 y), with an es-
timated percentage between 32% and 49% in women and 42%
and 57% in men.'®?'?? Therefore, the use of screening tools in
an ambulatory setting may be valuable in the elderly to prompt
further definitive evaluation of SDB and to prevent the associa-
ted cardiovascular risk.

To our knowledge, no clinical or epidemiologic studies have
evaluated the use of PTT for SDB screening in the elderly. The
principal aim of this study was therefore to determine the effec-
tiveness of PTT for SDB screening in a large elderly popula-
tion. In addition, we attempted to define which factors related to
clinical characteristics or sleep quality may affect the reliability
of PTT as a diagnostic tool.

METHODS AND MATERIALS

Population
The population under study was recruited from the PROOF
study (PROOF: PROgnostic indicator OF cardiovascular and
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cerebrovascular events), which is an observational prospective
cohort study aimed at analyzing the predictive value of autono-
mic nervous system activity for severe cardiovascular and cere-
brovascular events. Volunteers were recruited in 2001 from the
electoral list of the city of Saint-Etienne, France, according to
their age (65 years), and several exclusion criteria concerning
cardiovascular and general morbidity were applied.” Criteria for
inclusion in the study were (1) absence of diseases not allowing
analysis of heart-rate variability (ie, permanent or paroxysmal
atrial fibrillation, Shy-Drager syndrome, polyneuropathy, per-
manent ventricular or atrial pacing), (2) no use of antiarrhythmic
drugs or digitalis, and (3) willingness to have polygraphy per-
formed and 24-h blood pressure monitored. An ancillary study
addressing the association between SDB, assessed by at-home
polygraphic study, and cardiovascular and cerebrovascular mor-
bidity during a 7-year follow-up was proposed to participants
(SYNAPSE study: SYsteme Nerveux Autonome - Physiologie
- Sommeil - Epidémiologie). The data used in this report were
those gathered on the second examination of the cohort (from
January 2003 to December 2004). All volunteers enrolled in the
PROOF study were eligible for participation in the SYNAPSE
study, except those with diagnosed SDB (n = 5).

From the original PROOF sample (1011 subjects), 854
volunteers free of previously diagnosed SDB were enrolled.
Demographic characteristics—including sex, age, smoking
status (past or current), body mass index, neck circumference,
diabetes status, alcohol intake, and blood pressure measure-
ments—were obtained for all subjects. All participants filled in
the Epworth Sleepiness Scale (ESS)* to assess daytime slee-
piness. The Saint Mary’s hospital questionnaire*2¢ was used
to subjectively evaluate the subjects’ sleep quality and duration
during the nocturnal study.

Both the PROOF and SYNAPSE studies were approved
by the ethics committee (CCPPRB, Rhone-Alpes Loire) and
sponsored by Saint-Etienne University Hospital (DRCI, CHU),
France. The study was conducted in accordance with the Decla-
ration of Helsinki, and all participants gave their written infor-
med consent before the study began.

Polygraphic Study

Eight hundred and fifty-four subjects enrolled in the PROOF
study underwent full-night recording using an ambulatory poly-
graphic device (HypnoPTT, Tyco Healthcare, Puritan Bennett,
Pleasonton, CA). As part of the in-hospital clinical examination,
an experienced technician instructed each participant how to
place the sensors, and the recordings were then made that night.
The polygraphy system recorded electrocardiographic tracings
(1 lead), pulse oximetry, rib cage movements (transthoracic im-
pedance), body position, nasal pressure, PTT, and R-R timing,
following the American Academy of Sleep Medicine criteria.”’
A second night of monitoring was performed when reported
sleep latency exceeded 2 hours on the first night (n = 10) and
when 1 respiratory parameter was missing (n = 45). A recording
duration of at least 5 hours was required to validate the sleep stu-
dy. Finally, 847 subjects had acceptable polygraphic recording.

All of the recordings were manually scored for apnea-hypo-
pnea events by blinded investigators, according to standard cri-
teria. Hypopnea was defined as a 50% or greater reduction in
airflow from the baseline value, lasting at least 10 second and
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associated with at least a 3% oxygen desaturation. Apnea was
defined as the absence of airflow on the nasal cannula lasting
more than 10 seconds. The absence of rib cage movements as-
sociated with an apnea defined the event as central, whereas a
progressive increase in PTT and thoracic movements defined the
event as obstructive. The apnea-hypopnea index (AHI) was esta-
blished as the ratio of the number of apneas and hypopneas per
hour of recording. The recording time was defined by the start of
time in bed until the end of time in bed, with subjects switching
on the polygraph when they went to bed and switching it off
when they woke up. The indexes of nocturnal hypoxemia used
were the following: mean Sao,, the percentage of recording time
in which the subjects Sao, was below 90%, the minimum Sao,,
and the oxygen desaturation index (ODI: the number of episodes
of oxygen desaturation per hour of recording time during which
blood oxygen fell by 3% or more). According to previously re-
ported data obtained from elderly subjects, an AHI of at least 15
was considered as diagnostic of SDB.?*3! The cases were defi-
ned as mild (AHI > 15) or moderate to severe (AHI > 30).

PTT Measurement

The PTT was calculated as the time interval between the
electrocardiographic R wave and a point on the pulse waveform
(detected by a plethysmographic finger probe) that was 50% of
the height of ascent of the pulse wave. The electrocardiogram
and pulse were sampled at 500 Hz. PTT is typically about 250
milliseconds and is measured to an accuracy of 2 milliseconds.*
PTT values available with every heart beat were oversampled at
5 Hz. The PTT was continuously monitored and an autonomic
activation index (AAI) was obtained from the PTT signal and
was broken down into total, respiratory, and nonrespiratory au-
tonomic activations. The scoring of autonomic activations was
obtained using the manufacturer’s analysis software.

Statistical Analysis

Data were analyzed using Statview (SAS Institute, Inc®,
Cary, NC) and Sigmaplot (Systat Software, Inc®, Chicago, IL)
software. Data are presented as mean + SD. Significance was
taken to be a P value of greater than 0.05.

The clinical and polygraphic characteristics of subjects wi-
thout SDB (AHI < 5 and 5 < AHI < 15), as well as those with
mild (15 < AHI < 30) and moderate to severe (AHI > 30) SDB
were compared using the Kruskall-Wallis test. The associations
between AHI and AAI were explored by multivariate regres-
sion analysis for continuous variables. Measurements of sensi-
tivity, specificity, positive predictive value, negative predictive
value, Bland-Altman analysis plot,> and the receiver operating
characteristic curves* were constructed for the AAI to deter-
mine the cutoff threshold values having the best sensitivity and
specificity® to minimize false positive and negative.

RESULTS

Analyses were performed on recordings from 780 of the 847
subjects who all had acceptable recordings. PPT data were not
available for 67 of the 847 subjects because of too many arti-
facts or ectopic beats on electrocardiogram. These 780 subjects
were aged 68.6 + 1.0 years, 448 being women (57.4%) and 332
men (42.6%). Comparison of demographic characteristics of
included and excluded subjects at the time of the first examina-
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tion (Table 1) showed that clinical data of the 780 included vol-
unteers did not differ from the overall PROOF sample, allowing
exclusion of a selection bias and, therefore, generalization to
the overall PROOF sample.

SDB, defined as an AHI of at least 15, was diagnosed in 447
subjects (57.3%), 223 women (49.9%) and 224 men (50.1%).
Among the SDB group, 270 subjects (34.6%) had an AHI of
at least 15 but less than 30, and 177 (22.7%) had an AHI of at
least 30. As expected, compared with subjects without SDB,
participants with SDB were more likely to be overweight and
had larger neck circumferences. Their clinical and anthropome-
tric data are reported in Table 2, and polysomnographic data are
in Table 3.

To evaluate sleep quality and duration according to SDB
severity, the details of the 8 items of the subjective sleep esti-
mation derived from the Saint Mary’s Hospital Questionnaire
were examined (Table 4). Overall, the questionnaire showed
that subjects estimated their sleep quality and duration as re-
latively good and indicated that the subjects were not overly
bothered by undergoing the polygram. No difference in sleep
quality, sleep satisfaction, or sleep depth was found between
groups. The estimated nocturnal sleep duration was shorter in
subjects with mild SDB, who more often reported feeling tired
when they finally awoke. Comparison between groups showed
that, during the daytime, subjects with SDB tended to sleep lon-
ger, compared with subjects without SDB.

Concerning the AAI, there was a progressive rise in both
overall (P < 0.0001) and respiratory (P < 0.0001) autonomic
activations according to SDB severity, whereas spontaneous
(P < 0.01) AAI decreased (Table 3 and Figure 4). The rela-
tionships among overall AAI and AHI and all clinical, anthro-
pometric, and polygraphic data (Tables 1 and 2), as well as
subjective sleep duration and quality (Table 4), were tested in
a multivariate regression for continuous variables. In this ana-
lysis, AHI (t = 9.321, P < 0.0001) was significantly related to
overall AAI. However, despite significant relationship between

overall AAI and AHI (P < 0.0001), the correlation was low
(r* = 0.18) (Figure 1A). Moreover, logarithmic transformation
did not improve the scatter of the relationship between AAI and
AHI (Figure 1B) and the correlation coefficient remained simi-
lar with logarithmic values (correlation coefficient after trans-
formation: r> = 0.16).

To assess whether the presence of diabetes or hyperten-
sion would affect this relationship, the analysis was repeated
in subjects having diabetes or hypertension. The relationship
between AAI and AHI was preserved in both hypertensive

Table 1—Clinical and anthropometric data for excluded and included
subjects in the analysis of the PROOF-SYNAPSE studies

Excluded Included
volunteers in volunteers in
our analysis our analysis

(+ SD) (* SD) pPb

n 231 780

Age (years) 656+08 658+11 017
Body mass index (kg/m?) 25037 254+40 0.26
Epworth (/24) 55+36 55+34 0.6
Systolic blood pressure (nmHg) 142.5+18.7 1434+184 0.53
Diastolic blood pressure (mmHg) 84.7+7.4  86.0+85 0.05
Alcohol intake (drink per day) 16+22 19+22 0.08
Women (%) 67.8 57.4 NS
Hypertension (%) 27.1 36.7 NS
Smoker (past or current (%)) 23.7 258 NS

The original PROOF study included 1011 subjects. Of these, 847 with
no previous diagnosis of sleep disordered breathing and acceptable
polygraphic recording were enrolled in the current study; PPT data were
not available for 67 subjects because of too many artifacts or ectopic
beats on electrocardiogram. °P values were derived using the Mann-
Whitney test.

Table 2—Clinical and anthropometric data for subjects with and without sleep disordered breathing according to apnea-hypopnea index severity
AHI<5 5<AHI<15
No. 70 263
Mean SD Median Min Max IRQ % Mean SD Median Min Max IRQ %
Age,y 68.6 1.3 680 625 710 1.8 68.4 11 68.0 650 720 1.0
BMI, kg/m? 241 34 236 186 342 46 247 34 243 166 367 4.0
Neck circumference, cm 35.0 33 340 290 430 40 362 38 350 290 540 6.0
ESS score 44 34 30 00 160 40 52 33 50 00 180 40
Blood pressure, mm Hg
Systolic 1383 162 138.0 1040 198.0 243 1382 173 1350 980 206.0 21.0
Diastolic 84.7 7.7 840 650 1080 100 854 88 845 650 110.0 100
Alcohol intake, drink/d 1.2 1.8 00 00 60 3.0 1.5 20 00 00 100 30
Women 78.6 66.2
Hypertension 30.0 38.4
Past or current smoking 12.9 274
Diabetes 43 4.2
AHI, apnea-hypopnea index; SD, standard deviation; Min, minimum; Max, maximum; IRQ, interquartile range; BMI, body mass index; ESS, Epworth
Sleepiness Scale (maximum score of 24). 2P values were derived using the Kruskall-Wallis test.
Table 2 continues on the following page
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Table 2 (continued)—Clinical and anthropometric data for subjects with and without sleep disordered breathing according to apnea-hypopnea index severity

15<AHI<30 AHI 2 30 P value®
No. 270 177
Mean SD Median Min Max IRQ % Mean SD Median Min Max IRQ %

Age,y 68.6 1.0 690 650 71.0 1.0 68.6 11 690 650 720 1.0 NS
BMI, kg/m? 257 40 253 150 428 48 269 36 265 203 373 48 <0.0001
Neck circumference,cm 37.3 39 370 290 510 6.0 396 36 400 320 470 50 <0.0001
ESS score 60 37 50 00 190 60 66 38 60 00 20 6.0 <0.0001
Blood pressure, mm Hg

Systolic 140.5 17.7 140.0 103.0 191.0 20.0 139.0 146 140.0 106.0 1750 24.0 <0.0001

Diastolic 869 84 870 640 1260 10.25 864 83 865 650 1100 10.0 0.0551
Alcohol intake, drink/d 20 23 00 00 100 4.0 23 24 30 00 100 4.0 0.0001
Women 57.0 40.0
Hypertension 452 54.0
Past or current smoking 27.0 26.9
Diabetes 44 9.7

AHI, apnea-hypopnea index; SD, standard deviation; Min, minimum; Max, maximum; IRQ, interquartile range; BMI, body mass index; ESS, Epworth
Sleepiness Scale (maximum score of 24). 2P values were derived using the Kruskall-Wallis test.

Table 3—Polygraphic data for subjects with and without sleep disordered breathing, stratified according to apnea-hypopnea index severity

Kruskall-Wallis test.

AHI<5 5<AHI<15
No. 70 263
Mean SD Median Min Max IRQ Mean SD Median Min Max IRQ
AHI
Total 3.6 13 37 08 49 19 10.8 34 108 50 149 6.1
Obstructive 33 1.1 34 0.8 5.0 1.6 9.9 3.1 9.8 50 15.0 5.7
Central 0.3 04 0.1 0.0 1.6 04 09 10 0.5 0.0 6.2 1.1
oDl 22 33 14 00 229 15 43 33 3.6 00 223 42
Min Sao, 921 27 930 810 96.0 2.0 91.1 28 910 740 96.0 3.0
Sao, < 90% 1.6 6.0 0.0 0.0 320 0.0 1,0 5.4 0.0 0.0 60.0 0.2
PMD 4722 59.8 4765 313.0 608.0 810 4738 636 4830 3020 711.0 758
AAl
Total 275 149 255 0.0 657 16.6 328 142 317 28 860 195
Respiratory related 56 43 46 00 272 37 92 47 8.3 0.0 643 6.7
Nonrespiratory related 219 133 209 0.0 558 213 235 122 225 10 740 16.6

AHI, apnea-hypopnea index; ODI, oxygen desaturation index; Minimum SaO,, minimum recorded oxygen saturation; Sa0, < 90%, percentage of recording
time spent with an oxygen saturation less than 90%; PMD, polygraphic monitoring duration; AAl, autonomic arousal index. 2P values were derived using the

Table 3 continues on the following page

(n=239,r*=0.22, P <0.0001) and diabetic (n =43, r>=0.13,
P <0.012) subjects.

Using overall AAI and SDB screening, the Bland-Altman
plot (Figure 2A) revealed systematic differences between AHI
and overall AAI, with a mean of -8.04 + 16.55 events per hour
(mean + 95% confidence interval [CI]), indicating a tendency
of the AAI to underestimate the frequency of respiratory di-
sorders (Figure 2B). An underestimation of AHI by AAI was
present even when logarithmic values were used. In addition,
the analysis of the Bland-Altman plot with logarithmic values
revealed that the variance did not increase as a function of the
mean. Moreover, a negative correlation appeared between the
difference and the mean of the AAI and AHI after logarithmic
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transformation (raw values: r? = 0.01, P = 0.007, logarithmic
values: r?=0.17, P <0.001).

Similar results were obtained with receiver operating cha-
racteristic curves (Figure 3), confirming the low ability of AAI
to discriminate SDB cases. For subjects with an AHI of at least
15, the area under the curve was 0.67 (standard error: 0.02, 95%
CI: 0.62-0.71, P < 0.0001) and 0.74 for an AHI of at least 30
(standard error: 0.02, 95% CI: 0.70-0.78, P < 0.0001).

Analysis of the receiver operating characteristic curves al-
lowed us to determinate the cutoff points for an AHI of at least
15 and for an AHI of at least 30 with the best sensitivity and
specificity. For an AHI of at least 15, the AAI cutoff was 32.3
events per hour, resulting in a moderate specificity (54.7%) but
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Table 3 (continued)—Polygraphic data for subjects with and without sleep disordered breathing, stratified according to apnea-hypopnea index severity

15<AHI<30 AHI12=30 P value?
No. 270 177
Mean SD Median Min Max IRQ Mean SD Median Min Max IRQ
AHI
Total 236 151 225 150 299 8.4 486 151 444 307 1086 193
Obstructive 218 44 214 151  30.0 8.0 431 17 399 301 833 151  <0.0001
Central 18 21 1.2 00 123 2.0 55 6.6 3.1 00 378 6.5 <0.0001
oDl 9.3 5.8 8.4 00 268 8.2 210 18 192 118 567 16.0 <0.0001
Min Sao, 89.0 43 900 610 950 5.0 87.4 48 880 610 950 5.3  <0.0001
Sao, < 90% 2.3 7.7 0.1 0.0 100.0 1.0 35 6.7 1.0 0.0 450 36  <0.0001
PMD 4598 757 4645 3010 643.0 89.0 4516 784 4620 3000 633.0 855 0.0242
AAl
Total 366 147 362 41 940 195 483 162 467 166 984 232  <0.0001
Respiratory related 15.4 64 15.1 1.3 395 8.5 286 112 264 43 692 137  <0.0001
Nonrespiratory related 212 111 19.9 1.3 66,0 15.8 19.6 98 176 45 587 1441 0.0092

AHI, apnea-hypopnea index; ODI, oxygen desaturation index; Minimum SaO,, minimum recorded oxygen saturation; SaO, < 90%, percentage of recording
time spent with an oxygen saturation less than 90%; PMD, polygraphic monitoring duration; AAl, autonomic arousal index. P values were derived using the
Kruskall-Wallis test.

Table 4—Subjective estimation of sleep quality and sleep duration using the St. Mary’s Sleep Questionnaire, stratified according to severity of sleep
disordered breathing

Parameter AHI<5 5<AHI<15 15 <AHI< 30 AHI 2 30 P value?
Sleep onset, h min 22h06 to 5h12 21h18 to 6h06 21h18 to 5h56 21h18 to 6h00 NS
Sleep depth® 4717 47+16 4717 49+16 NS
Estimated sleep duration, h

Nocturnal 6.9+14 70+18 6.6+1.7 7016 0.04

Diurnal 02+0.7 0.1+0.2 02+0.7 0307 0.0006
Wake sensation® 41+10 41+10 40+1.0 42+09 0.03
Sleep quality® 41+£1.0 41+£1.0 40+£12 42+11 NS
Satisfied sleep? 35+1.3 35+12 35+13 3612 NS
Sleep latency, h 0505 0614 0722 05+06 NS

Data are presented as mean * SD. °P values were derived using the Kruskall-Wallis test. "Maximum score of 8. “Maximum score of 6. “Maximum score of 5.

higher sensitivity (70.5%). For an AHI of at least 30, the AAI
cutoff was 56.3 events per hour, yielding a higher specificity
(94.7%) but low sensitivity (32.2%). Finally, positive and ne-
gative posttest probabilities (PTP) were moderate for the thres-
hold of both an AHI of at least 15 (positive PTP: 67.6% and
negative PTP: 35.1%) and for an AHI of at least 30 (positive
PTP: 76.2% and negative PTP: 27.5%).

DISCUSSION

The aim of the present study was to evaluate the use of PTT
as a SDB screening tool in a large elderly population. The
first interesting finding was that PTT had low level of effecti-
veness, especially for a threshold of 15 respiratory events per
hour and, therefore, cannot be used alone for SDB screening
in elderly populations. Second, the lack of a good agreement
between AAI and AHI was not explained by clinical and an-
thropometric factors, nor by subjective sleep duration and
sleep quality, but, rather, by a high number of spontaneous
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autonomic activations affecting sleep in subjects with and
without SDB. In the absence of factors that explain the low
accuracy level of the AAI, we can hypothesize that a sleep
instability is present in this elderly population. This phenome-
non and its clinical consequences remain to be determined in
future studies.

Previous studies conducted in middle-aged subjects® and
children'*'* have identified the possibility that the PTT can be
used as a diagnostic tool for SDB screening, with a specificity
of 91%, a sensitivity of 95%, and a negative predictive value
of 95%. Despite the fact that the AAI was significantly diffe-
rent between subjects with and without SDB in our population,
we found that the correlation between AAI and the overall AHI
was low (1> = 18, Figure 1). Moreover, the Bland-Altman ana-
lysis (Figure 2) indicated that the AAI had a low accuracy and
understimated SBD severity. Finally, the reduced sensitivity
(Table 5) identified with analysis of the receiver operating cha-
racteristic curve suggests that there are serious limitations to
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Figure 3—Receiver operating characteristic curve for the autonomic
arousal index (AAl) against the ambulatory polygraphy-derived apnea-
hypopnea index (AHI). The area under the curve (AUC) indicates
moderate accuracy of the pulse transit time in the diagnosis of mild and
moderate to severe cases of sleep disordered breathing.
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the use of PTT as a screening tool and that it should not be used
alone to diagnose SDB in the elderly.

We attempted to define which factors may affect the reliabi-
lity of PTT in an elderly population and found that overall AAI
was not affected by clinical, polygraphic, or anthropometric
factors, nor by subjective sleep duration or quality. The rela-
tionship with AHI was small, suggesting that the AAI is more
reflective of the sleep instability related to age, in subjects both
with and without SDB (Figure 4).

The low accuracy of the PTT as a screening tool in an el-
derly population may be explained by several factors related
to the physiologic changes in sleep structure and cardiovas-
cular activities that take place with aging. Firstly, physiolo-
gic changes in sleep quality and sleep continuity occur with
aging,* leading to an underestimation of wake time during
sleep in absence of electroencephalographic control. Older
people report having more fragmented sleep due to an in-
creased number of spontaneous awakenings,’” a low arousal
threshold, or the presence of other sleep disorders, such as
periodic limb movement disorder.*® This was indirectly confir-
med by our finding of a high spontaneous AAI in subjects with
and without SDB and by the high level of false positives cases,
indicating that autonomic activations occur during sleep inde-
pendent of respiratory disorders. Secondly, as a consequence
of the physiologic decrease in autonomic nervous system
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Figure 4—Overall (black chart), respiratory (gray chart), and spontaneous (white chart) autonomic arousal index (AAl) according to the apnea-hypopnea
index (AHI) group (mean + SD). The Kruskall-Wallis test showed differences for overall, respiratory and spontaneous AAl according to AHI. *, respiratory AAI

Table 5—Sensitivity, specificity; positive and negative predictive value; true positive, false positive, true negative, false negative values; and negative and
positive likelihood ratio of autonomic arousal index screening power based on the apnea-hypopnea index severity

AHI 2 15 events/h

AAl threshold at 32.3 events/h

AAl threshold at 56.3 events/h

receiver operating characteristic curves.

Sens (%) Spe (%) PPV (%) NPV (%) TP FP FN N LR+ LR-

70.47 54.65 67.60 57.96 315 151 183 182 1.55 1.29
AHI 2 30 events/h

Sens (%) Spe (%) PPV (%) NPV (%) TP FP FN N LR+ LR-

32.20 94.69 64.04 82.63 57 32 120 571 6.06 0.72

Sens, sensitivity; spe, specificity; PPV positive predictive value; NPV, negative predictive value; TP, true positive; FP, false positive; TN, true negative; FN,
false negative; LR- (negative) and LR+ (positive) likelihood ratio of autonomic arousal index (AAI) screening power. The cutoff values were determinated by

reactivity,** the cardiovascular response to respiratory and
arousing events is lower, compared with that of a middle-aged
population, related to the physiologic downregulation of sym-
pathetic activity. Finally, when we examined the frequency of
respiratory events and the degree of nocturnal hypoxemia in
our elderly subjects, we noted that, in general, they had lower
levels of hypoxemia related to respiratory events, compared
with a middle-aged population. Since hypoxemia contributes
to oscillation in sympathetic and parasympathetic activity,*
less severe hypoxemia may lead to low vascular bed reactivity
that affects the PTT values.

Some limitations of our study should be considered. Firstly,
we assessed the effectiveness of PTT in subjects who did not
undergo polysomnography; therefore, an underestimation of
AHI could have occurred. Using polysomnography, we could
have better estimated sleep and wake time and, therefore, in-
crease the difference between PPT and AHI. However, we did
not consider this as a major limitation considering that polygra-
phy is now used in epidemiologic studies.** Secondly, the use of
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only manufacturer’s criteria to define autonomic arousals may
have induced a limitation. Algorithms based on an increase in
PTT during obstructive events and a decrease during the end of
the events could improve the effectiveness for the screening of
obstructive sleep apnea. Thirdly, cutoff thresholds depend on
the weight of false positive and negative cases, as well as on
disease prevalence. Therefore, the results could vary in other
populations and when using an unequal weight of the 2 types
of errors. Finally, we validated PTT using healthy elderly vo-
lunteers who had few symptoms of SDB and a low oxygen de-
saturation index. Further studies will be necessary to replicate
our results in a clinical setting.

In summary, the AAI as detected by PTT is unable, in an
ambulatory setting, to establish the presence of SDB in a large,
nonsymptomatic elderly population. The reduced sensitivity of
PTT could be due to factors related to the physiologic changes
in sleep quality and sleep continuity that occur in the elderly
and affect sleep and the spontaneous AAI Its clinical conse-
quences remain to be determined in future studies.

Pulse Transit for SDB Screening Time in the Elderly—Chouchou et al



ABBREVIATIONS
AALI, autonomic arousal index
AHI, Apnea-hypopnea index
ESS, Epworth Sleepiness Scale
SDB, Sleep disordered beathing
PTT, pulse transit time
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