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Continuous positive airway pressure (Cpap) is 
the primary mediCal treatment for obstruC-
tive sleep apnea (osa).1,2 numerous randomized 
controlled trials (rCts) have assessed the effectiveness of this 
treatment in patients with osa.3 initial trials used either an oral 
placebo tablet 4-8 or conventional care9,10 for patients random-
ized to non-Cpap treatment. as noted by farré and colleagues, 
these studies failed to apply identical instrumental constraints 
to both treatment and non-treatment groups.11 in an effort to cre-
ate a more appropriate placebo, Farré and colleagues modified 
the Cpap apparatus so that pressure levels at the mask interface 
were < 1 cm h2o.11 Comparing polysomnograms (psGs) in 

patients with osa recorded with and without sham-Cpap, the 
modified CPAP circuit had no effect on apnea-hypopnea index 
(ahi), a measure of osa severity.11 sham-Cpap is currently 
the placebo intervention of choice in rCts evaluating the ef-
fectiveness of Cpap treatment.12-15 although these studies uni-
formly report no difference in ahi on psGs with and without 
sham-Cpap in patients randomized to the placebo intervention 
arm, no systematic evaluation in a large number of subjects has 
assessed the effect of sham-Cpap on multiple other psG mea-
sures that might influence clinical outcomes.

the primary purpose of this study was to perform a com-
prehensive evaluation of sham-Cpap effects on psG outcomes 
in subjects with osa. to make this comparison, we used data 
obtained from participants in the Cpap apnea trial north 
american program (Catnap), a multi-center, randomized, 
triple-blind study utilizing sham-Cpap as the placebo interven-
tion. one of the secondary purposes of this study was to vali-
date the placebo used in Catnap.

METHODS
the primary purpose of the Catnap study is to determine the 

impact of Cpap treatment on functional outcomes in 281 sub-
jects with newly diagnosed mild to moderate osa (ahi 5-30). 
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participants were enrolled at 5 clinical sites: university of west-
ern ontario, london, ontario, Canada; emory university, at-
lanta Ga; new york university school of medicine, new york, 
ny; north shore-long island Jewish health system, long is-
land, ny; and national Jewish health, denver, Co. the Cat-
nap protocol was approved by the institutional review board 
of each institution, as well as the university of pennsylvania. 
written informed consent was obtained from each subject prior 
to study participation.

Catnap participants were recruited from consecutive pa-
tients referred to the sleep centers at the participating clinical 
sites who were newly diagnosed with mild to moderate osa 
on a routine full-night diagnostic psG. the subjects selected 
for this sub-study were the first 104 individuals randomized 
to the placebo arm of Catnap. Catnap inclusion criteria 
included: age > 18 y; subjective sleepiness operationally de-
fined as an Epworth Sleepiness Scale score ≥ 1116; absence 
of another recognized sleep disorder; stability of any chronic 
medical problems; no change in medications in the last 3 
months; no regular use (> 3 times/week) of sedative, hyp-
notic, or alerting medications in the last 3 months; not preg-
nant; and no history of a sleepiness-related driving accident 
or current sleepiness-sensitive occupation. Exclusion criteria 
included any previous treatment for osa, inability to return 
for instructions or follow-up testing, chronic nasal conges-
tion over the prior 3 months that would prevent the use of a 
nasal mask, recent or recurring history of substance or alco-
hol abuse (determined by the CaGe questionnaire17) leading 
to tolerance or dependence, residing with an individual cur-
rently using Cpap treatment, and inability to perform written 
and verbal tests.

following enrollment, participants were assigned randomly 
by computer to one of 2 treatment groups: (1) active Cpap; or 
(2) sham-Cpap (placebo). subjects randomized to the placebo 
intervention were fitted with one of the following nasal mask 
interfaces: Comfort Gel, Comfort Classic, Comfort select, and 
Profile Lite (Philips Respironics, Murrysville, PA), and sched-
uled for a full night psG using sham-Cpap. the mean time 

span between the diagnostic and sham-Cpap titration studies 
was 57 ± 22.7 (sd) days, range 10–125 days.

to standardize data collection across sites, the following 
psG signals were recorded at each site during both the diag-
nostic and sham-Cpap psGs: electroencephalograms (C3m2, 
C4m1, o2m1), bilateral electroculograms, electromyograms of 
the chin muscles and right and left anterior tibialis, movement 
of the rib cage and abdomen (piezoelectric crystal), oxygen 
saturation (spo2) by pulse oximetry, electrocardiogram (Lead 
1), and body position. nasal pressure (protech ptaf2) was the 
surrogate airflow signal recorded on the diagnostic PSGs, and 
mask pressure (ProTech PTAF2) was used as the airflow signal 
on the sham-CPAP studies. The airflow signal from the CPAP 
machine could not be used since the large expiratory leak and 
orifice restrictor in the sham-CPAP circuit (see below) prevent-
ed the signal from being received by the machine’s sensors. the 
only equipment that was standardized across all sites was the 
amplifier for the nasal pressure signal (Pro-Tech Services, Inc., 
mukilteo, wa). to further standardize data collection, each site 
adhered to uniform criteria for signal processing, e.g., digitiza-
tion rates and AC filters.

similar to the sham-Cpap design of farré and co-workers,11 
the sham-Cpap apparatus (remstar pro, philips respironics) 
used in the Catnap study consisted of an enlarged air leak 
incorporated into the exhalation valve (Philips Respironics, 
whisper swivel) positioned between the mask and the Cpap 
tubing (Figure 1) and an orifice restrictor in the CPAP circuit 
(Figure 2). The modification in the exhalation valve was not 
visually noticeable when the valve was fully assembled. during 
the sham-Cpap psG, the technologists used the sleep centers’ 
remotely controlled Cpap machines as the sham-Cpap device 
to avoid the possibility of unblinding participants if they recog-
nized that they were receiving a different type of intervention 
than other patients being studied in the laboratory. the labora-
tory Cpap machine was converted into a sham device by insert-
ing the orifice restrictor into the circuit at the point where the 
Cpap tubing connected to the machine and attaching the sham 
expiratory valve to the mask interface. With the machine set at 

Figure 1—Exhalation connectors inserted between the mask interface and tubing in the active and sham-CPAP circuits. Figure 1a shows the inner part of 
the exhalation connector used in the active CPAP (left) and sham-CPAP (right) circuits. The inner part of the exhalation connector used in the sham-CPAP 
circuit had an enlarged port for expiratory airflow. This modification was not noticeable when the connector was fully assembled (Fig. 1b, active connector on 
left, sham-CPAP connector on right).

a. b.
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10 cm h2o throughout the night, the pressure at the mask in-
terface was < 1 cm h2o. prior to the participant’s arrival in the 
sleep center, the psG technologist set up the sham circuit and 
confirmed with a portable manometer that, when the CPAP ma-
chine was turned on, the pressure in the occluded mask was less 
than 1 cm h2o. during the sham-Cpap psGs, the tubing from 
the pressure sensor was attached to a port on the mask interface. 
the sham-Cpap apparatus (philips respironics) distributed to 
the participants for home use had the same circuit as that used 
during the PSG with sham-CPAP with the exception that the 
orifice restrictor was incorporated in the CPAP machine so that 
it was not visible and the machine looked identical to that used 
by participants randomized to active Cpap treatment.

Polysomnographic files were electronically transmitted to 
the university of pennsylvania by means of the Catnap web 
portal or file transfer protocol for centralized, manual, com-
puter software assisted scoring (sandman nt software; Covi-
dien, Mansfield, MA). Three of the clinical sites recorded the 
psGs using software different than that used by the scoring lab. 
In order for these recordings to be analyzed, the files were con-
verted into european data format prior to being transmitted to 
the scoring lab.18,19 in these instances, the technologists used a 
standardized psG event log to record events during the studies 
since electronic tags on the files were lost when the files were 
converted to european data format.

Sleep stages were characterized by rechtschaffen and Kales 
criteria.20 stages 3 and 4 nrem sleep were scored as stage 3-4 
nrem sleep. Arousals were characterized by the asda cri-
teria.21 an arousal was associated with a respiratory event if it 
began within 3 sec of the termination of the event. Apneas were 
identified if the airflow signal was flat or nearly flat, i.e., below 
at least 10% of baseline, and the decrease lasted for > 10 s. ap-
neas associated with respiratory effort were scored as obstruc-
tive apneas. apneas that were not associated with respiratory 
effort were scored as central apneas. Mixed apneas were scored 
as obstructive apneas. Hypopneas were scored using several 

different criteria: (1) a greater than 50% decrease in amplitude 
of any respiratory signal below baseline ≥ 10 sec, and (2) de-
crease in amplitude of a respiratory signal below baseline ≥ 10 
sec associated with a > 3% transient fall in spo2 (hypopneas 
with > 3% desaturation) or an arousal (hypopneas with arous-
al). the total number of hypopneas (hypopnea total) reported 
in results include the events scored using all of the above cri-
teria. Apnea-hypopnea index (AHI) was calculated as the mean 
number of apneas and hypopneas per hour of sleep. ahis were 
calculated using the different hypopnea determinations: ahi 
that included all scored hypopneas (total ahi), ahi that in-
cluded only those hypopneas associated with arousals (ahi 
with arousals), and ahi that included only those hypopneas 
associated with a greater than 3% oxygen desaturation (AHI 
with > 3% desaturation). the latter ahi was used to determine 
participant eligibility in CATNAP. The oximetry recording was 
used to determine: oxygen desaturation index (mean number of 
transient oxygen desaturation events > 3% per hour of sleep), 
minimum spo2, mean spo2, and sleep time spent below 95%, 
90%, and 85% spo2.

the psG outcome measures related to sleep staging includ-
ed: sleep efficiency (total sleep time divided by total recording 
time), sleep latency (time from “lights out” to the first epoch 
of any stage of sleep), arousal index (mean number of arousals 
per hour of sleep), latency to stage rem and stage 1, 2, and 3/4 
NREM sleep (time from sleep onset to the first epoch of REM 
and a particular stage of nrem sleep), wake after sleep onset 
(minutes awake following sleep onset), episodes of wakeful-
ness following sleep onset, total sleep time, and amount of time 
in each sleep stage. in addition, we measured the sleep time 
spent in the supine and non-supine body position.

scorers in the centralized scoring laboratory, as well as psG 
technicians recording the studies, were not blinded to study con-
dition. however, study participants, site investigators, study coor-
dinators, project manager, statistician, and principal investigator 
were blinded. the scored diagnostic and sham-Cpap psG data 
were electronically exported to Excel spreadsheets by custom-
izing software options in the sandman software. intra-scorer reli-
ability was determined by having the scorer rescore 32 randomly 
chosen deidentified PSGs. The intraclass correlation coefficient 
for AHI was 0.89. A value > 0.80 is considered excellent.22

Analysis
a paired samples t-test was used to assess differences 

between the diagnostic and sham-Cpap psG variables. for 
this analysis, the change in psG variables from diagnostic to 
sham-Cpap psG was computed for each subject. to test the 
hypothesis, the mean difference divided by the standard error 
of the difference was compared to the expected value of zero 
(for the null hypothesis of no difference between the diagnostic 
and sham-CPAP PSG). Statistical significance was established 
at p < 0.05 a priori. the application of paired t-tests to multiple 
variables increases the risk of a type i error. this issue is 
frequently addressed with a bonferroni correction. however, 
we decided to take a more conservative approach and elected not 
to apply a bonferroni correction to the results, thereby making 
it easier to reject the null hypothesis. effect size (Cohen’s “d”) 
was calculated as the mean difference between diagnostic psG 
and sham-Cpap psG values divided by the standard deviation 

Figure 2—Orifice restrictor used in the sham-CPAP circuit. During the 
sham-CPAP polysomnograms, the orifice restrictor was inserted between 
the laboratory’s remotely controlled CPAP machine and tubing. A port on 
the side of the orifice restrictor was occluded by a white plastic cap. For 
the device that the participants used at home, the orifice restrictor was 
located within the CPAP machine. Placement of the orifice restrictor and 
exhalation connector with enlarged air leak into the CPAP circuit, with the 
machine set at 10 cm H2O, resulted in a pressure at the mask interface 
less than 1 cm H2O.
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Body Position-Related Variables
No significant differences in body position were noted be-

tween the psGs with and without sham-Cpap.

DISCUSSION
the primary purpose of this study was to perform a compre-

hensive evaluation of sham-Cpap effects on psG measurements 
in subjects with osa. the changes in sleep staging variables 
are indicative of decreased sleep quality during the subjects’ 
first night using sham-CPAP compared to the preceding PSG 
without sham-Cpap. with regard to ahi, the primary psG out-
come measure in most studies of patients with osa, the pres-
ence or absence of a difference in ahi between the psGs with 
and without sham-Cpap was dependent on the method used to 
score hypopneas. When a statistically significant difference in 
an ahi determination with and without sham-Cpap was pres-
ent, the difference was relatively small and the ahi was slightly 
greater on the sham-Cpap psG. Comparison of sleep stage and 
body position variables across the two conditions offered no 
clear explanation for the observed changes in AHI.

we recognize that a bonferroni correction is often applied 
when paired t-tests are used to analyze multiple variables in 
order to decrease the risk of type i statistical error. in this 
study, we desired the null hypothesis and therefore elected 
the more conservative approach of not applying a bonferroni 
correction. this reduced the possibility of type ii statistical 
errors and made it easier to reject the null hypothesis.24 with 
this approach, we did find statistically significant changes in 
some psG variables, but none of the comparisons had a large 
effect size (≥ 0.8) and only a few were in the medium effect 
size range. the relatively low effect sizes suggest that the ob-
served statistical differences in psG variables are of doubtful 
clinical importance.

of this difference. although advice 
differs regarding how to interpret 
effect size, perhaps the most 
accepted opinion is that of Cohen,23 
where 0.2 is indicative of a small 
effect, 0.5 a medium effect, and 
0.8 a large effect size. in inferential 
statistics, effect size helps to 
determine whether a statistically 
significant difference is a difference 
of practical concern. a value of 0.5 
or greater is generally considered to 
be clinically meaningful.

RESULTS

Description of sample
of the 104 Catnap participants 

(42% female) included in this analy-
sis, mean age was 51.8 ± 11.5 (sd) 
y, height 170.8 ± 11.0 cm, weight 
98.7 ± 22.9 kg, and bmi 33.2 ± 
6.8 kg/m2. the sample consisted of 
12.5% african americans, 81.7% 
Caucasians, and 6.7% hispanics.

Sleep Staging
No significant differences between the PSGs without and 

with sham-Cpap were noted for the following measures: sleep 
latency, latency to stages 1, 2, and 3-4 nrem sleep, wake time 
after sleep onset, minutes in stage 2 nrem sleep, minutes in 
rem, minutes in nrem sleep, and total sleep time (table 1). 
Compared to the psG without sham-Cpap, the sham-Cpap psG 
was associated with the following statistically significant differ-
ences (P < 0.05): decreased sleep efficiency, increased arousal 
index, increased latency to REM sleep, increased episodes of 
wakefulness following sleep onset, increased minutes in stage 1 
nrem sleep, and decreased minutes in stage 3-4 nrem sleep 
(Table 1). The effect size of all of these differences was ≤ 0.40 
and therefore unlikely to be of clinical significance.

Respiratory Variables
as required by the inclusion criteria, all participants had ob-

jectively documented osa. on the psG without sham-Cpap, 
the mean ahi based on scoring hypopneas associated with > 
3% oxygen desaturations was 12.1 ± 6.3 events/h (Table 2). No 
statistically significant differences were noted with and with-
out sham-Cpap in total ahi, minimum spo2, total number of 
central apneas, and percent time the spo2 was below 90% and 
85% (Table 2). Statistically significant differences (P < 0.05) 
were observed for some respiratory variables (table 2); how-
ever, the clinical significance of these changes is doubtful due 
to the relatively small magnitude of the changes and the modest 
effect sizes (d ≤ 0.59). For example, the increases in oxygen 
desaturation index, AHI with desaturations > 3%, and AHI with 
arousals on the sham-Cpap study were < 3 events/h compared 
to their respective values on the psG without sham-Cpap. per-
haps most importantly, when differences in ahi were present, 
the value was higher during the sham-Cpap psG.

Table 1—Sleep-related variables measured during the polysomnograms with and without sham-CPAP

Variable

PSG without 
sham-CPAP
mean (SD)

PSG with  
sham-CPAP
mean (SD)

P-value* Effect
size (d)

Sleep efficiency (%) 81.4 (10.4) 78.3 (12.9) 0.015 0.24
Arousal index (events/h) 29.7 (11.0) 35.2 (16.1) < 0.001 0.40
Sleep latency (min) 17.4 (23.0) 13.9 (18.1) 0.156 0.14
Latency to stage 1 NREM (min) 3.6 (19.2) 0.8 (6.5) 0.161 0.14
Latency to stage 2 NREM (min) 4.8 (8.7) 6.4 (15.6) 0.338 0.09
Latency to stage 3/4 NREM† (min) 41.1 (43.8) 50.3 (57.1) 0.322 0.14
Latency to REM sleep (min) 140.6 (93.2) 177.1 (112.3) 0.004 0.29
Wake after sleep onset (min) 67.5 (42.2) 72.6 (57.7) 0.391 0.08
Episodes of wakefulness 33.2 (15.2) 39.1 (18.7) 0.002 0.30
Minutes in stage 1 NREM 35.7 (22.1) 42.1 (29.1) 0.028 0.22
Minutes in stage 2 NREM 255.0 (50.5) 250.1 (56.2) 0.417 0.08
Minutes in stage 3-4 NREM 21.0 (26.9) 16.1 (24.2) 0.039 0.21
Minutes in REM sleep 56.9 (25.5) 51.5 (31.5) 0.071 0.18
Minutes in NREM sleep 311.6 (52.8) 308.3 (55.1) 0.570 0.06
Total sleep time (min) 368.5 (55.1) 360.2 (66.1) 0.206 0.12
Total recording time (min) 453.7 (42.0) 460.7 (41.8) 0.147 0.14

*paired t-test P-values representing comparison of PSGs with and without sham-CPAP
PSG = polysomnogram; NREM = non-rapid eye movement; REM = rapid eye movement 
†n = 50; all other variables n = 104
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would be scored as apneas rather 
than hypopneas. in contrast, during 
the sham Cpap psGs, we recorded 
pressure oscillations within the mask 
with a small bias flow going through 
a large leakport. this arrangement 
produces a pressure swing that may 
be more linearly related to airflow at 
the lowest airflows, making it more 
likely that reductions in airflow 
would be recorded by the pressure 
sensor and therefore scored as hypo-
pneas rather than apneas.

Using a fixed order study design 
similar to that in the current study, 
henke and colleagues25 compared 
the outcome measures from psGs 
without and with sham-Cpap in 18 
subjects with osa (mean ahi on 
the psG without sham-Cpap 68.1 
± 25.2 events/h) and found that the 
placebo intervention in this rela-
tively small sample did not signifi-
cantly affect any of the measured 
sleep parameters (total sleep time, 
sleep efficiency, sleep maintenance 
efficiency, sleep latency, time in 
rem and nrem stages, ahi, ap-
nea index, desaturation index, min-
imum spo2, and average minimum 

oxygen desaturation during apneas and hypopneas). No previ-
ous studies, however, have examined the effect of sham-CPAP 
on other potentially important psG measures such as arousal 
index, AHI during REM, and AHI events associated with ox-
ygen desaturation > 3%. the effect of sham-Cpap on such 
parameters could conceivably influence treatment outcomes 
in a randomized, placebo controlled trial such as Catnap, 
and thus were analyzed in the current study. in addition to our 
larger sample size than the study of henke et al.,25 the sub-
jects studied by henke and coworkers had more severe osa 
than the subjects in the present investigation. it is conceivable 
that limiting our comparison to patients with mild to moderate 
osa may have contributed to the more notable psG changes 
in our study.

when taken together, the changes in sleep-staging related 
measures are consistent with decreased sleep quality during the 
sham-CPAP PSG. Sleep efficiency and minutes in slow wave 
sleep decreased, while arousal index, latency to REM sleep, 
episodes of wakefulness, and minutes in stage 1 nrem sleep 
increased during the sham-Cpap psG. we suggest that the 
probable explanation for these findings is a “mask effect” of 
wearing the CPAP apparatus for the first time. The novel expe-
rience of wearing this device may have accounted for the par-
ticipants’ decrease in sleep quality on the sham-Cpap study. it 
is likely that similar effects of the initial mask intervention on 
sleep would be present on a psG with “active” Cpap. such a 
possible device-driven alteration in sleep may in some respects 
be analogous to the so-called “first night effect” on diagnostic 
psG results.30-32

Perhaps the most interesting finding related to the respira-
tory parameters was the decrease in the number of obstructive 
apneas and the increase in the number of hypopneas on the 
sham-Cpap psG compared to the psG without sham-Cpap. 
despite these changes in the type of respiratory event, the ahi 
determinations on the sham-Cpap psG were either similar or 
minimally increased compared to those on the study without 
sham-Cpap. the increase in hypopneas (and decrease in ap-
neas) during the sham-CPAP PSG may at least partially ex-
plain the observed improvement seen in spo2 measures. the 
shift from apneas to hypopneas was not explained by differ-
ences in sleep staging or time spent in the supine position. 
one can speculate that the shift in the type of respiratory event 
may have been due to increased inhaled carbon dioxide on the 
sham-Cpap study because of mask dead space, or the appli-
cation of the small positive airway pressure delivered by the 
sham-Cpap device (< 1 cm h2o). in addition, the increase in 
arousal index and wakefulness after sleep onset episodes on 
the sham-Cpap psG may have resulted in the shift in the type 
of respiratory event between the two conditions.

the change in the proportion of apneas and hypopneas be-
tween the psGs with and without sham-Cpap may also have 
been due to the different methods used to record airflow. During 
the diagnostic psG, nasal cannula were used to detect pressure 
swings inside the nostril and the nares opening served to provide 
a low resistance that caused pressure to oscillate in proportion 
to airflow. Using this technique under conditions of low air-
flow, however, these pressure oscillations may have been great-
ly attenuated making it more likely that reductions in airflow 

Table 2—Respiratory-related variables measured during the polysomnograms with and without sham-CPAP

Variable

PSG without 
sham-CPAP
mean (SD)

PSG with  
sham-CPAP 
mean (SD)

P-value* Effect
size (d)

AHI w/ desats >3% (events/h)§ 12.1 (6.3) 14.5 (12.0)  0.024 0.22
Total AHI (events/h) ‡ 33.8 (13.8) 34.0 (20.1) 0.921 0.01
AHI during REM (events/h) 48.0 (22.6) 39.8 (25.9) 0.004 0.29
AHI w/ arousals (events/h)** 18.4 (9.4) 21.1 (15.1)  0.026 0.22
Oxygen desaturation index (events/h) 13.6 (6.8) 16.4 (13.5)  0.021 0.23
Minimum SpO2 (%) 81.7 (7.6) 80.6 (11.5)  0.318 0.10
Mean SpO2 (%) 94.3 (1.6) 95.1 (1.5) < 0.001 0.59
Number of obstructive apneas † 67.7 (63.7) 39.3 (51.0) < 0.001 0.50
Number of central apneas† 1.6 (5.0) 3.8 (16.2)  0.112 0.16
Number of Hypopneas total†‡ 140.7 (68.5) 158.7 (92.0)  0.029 0.22
% time SpO2 below 95%†† 61.0 (31.7) 53.3 (32.0)  0.008 0.27
% time SpO2 below 90%†† 3.8 (6.4) 2.6 (3.8)  0.063 0.19
% time SpO2 below 85%†† 0.6 (1.8) 0.4 (1.0)  0.085 0.17

*paired t-test P-values representing baseline vs. sham-CPAP PSG comparison 
PSG = polysomnogram; AHI = apnea-hypopnea index; SpO2 = arterial oxygen saturation; REM = rapid eye 
movement
†Data missing on apnea/hypopnea totals for 2 subjects 
‡Total AHI and Hypopnea total = AHI and number of hypopneas based on scoring criteria detailed in the 
1999 American Academy of Sleep Medicine Task Force publication.35  §AHI w/desats >3% = AHI based on 
the requirement that hypopneas be associated with greater than 3% oxygen desaturation; this determination 
of AHI was used for study entry criteria; **AHI w/ arousals = AHI based on requirement that hypopneas be 
associated with an arousal; ††% time SpO2 below 95%, 90%, and 85% = percent of total sleep time that 
oxygen saturation was below the specified level.
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