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Study Objectives: Anecdote but no formal evidence suggests
that facial appearance improves after hypersomnolent patients
with obstructive sleep apnea are treated. We investigated
whether masked volunteer raters can identify post- rather than
pre-treatment images as looking more alert, and whether im-
pressions are predicted by any objective changes on highly
precise 3-dimensional digital photogrammetry.

Methods: Participants included 20 adults with obstructive
sleep apnea on polysomnography and excessive sleepi-
ness on Epworth Sleepiness Scales. Photogrammetry was
performed before and after = 2 months of adherent use of
positive airway pressure. Twenty-two raters then assessed
pre- and post-treatment facial images, paired side-by-side in
random order.

Results: Subjects included 14 men and 6 women, with mean
age 45 £ 11 (SD) years and mean baseline apnea/hypop-
nea index of 26 + 21. The 22 raters twice as often identified
post-treatment rather than pre-treatment images to look more
alert (p = 0.0053), more youthful (p = 0.026), more attractive
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(p = 0.0068), and more likely to reflect the treated state
(p = 0.015). Photogrammetry documented post-treatment de-
creases in forehead surface volume and decreased infraorbital
and cheek redness, but no narrowing of the interpalpebral fis-
sure. Decreased deep NREM sleep at baseline, and pre- to
post-treatment decrements in facial redness showed promise
as predictors of improved subjective ratings for alertness.
Conclusions: Patients with obstructive sleep apnea are per-
ceived to appear more alert, more youthful, and more attrac-
tive after adherent use of positive airway pressure. Objective
changes in facial surface volume and color were identified.
Post-treatment decrements in redness may inform subjective
impressions of improved alertness.
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he main symptom of nocturnal sleep disorders is often

excessive daytime sleepiness. Although sleepiness can
be a major contributor to decreased quality of life'? and mor-
tality,® patients frequently grow habituated to their sleepiness,
ignoring it as well as any underlying disorder. One scarcely
explored potential consequence that could motivate patients
to address sleep disorders is a sleepy facial appearance. For
example, anecdotal, cultural, and internet lore suggests that
sleepiness causes dark, “baggy” or puffy circles under the
eyes, and plastic surgeons regularly treat this condition with-
out exploring possible causes.* A recent study did show that on
average, persons asked to rate facial photographs taken with
and without immediately preceding experimental sleep de-
privation could distinguish the former as looking more tired,
less healthy, and less attractive.” However, no peer-reviewed
literature, to our knowledge, has explored whether sleep dis-
orders may cause dark circles under the eyes, ptosis, or other
specific changes in facial appearance. No published literature
has examined the extent to which treatment for sleep disor-
ders might diminish such facial changes, cause a subjective
improvement in appearance, and perhaps motivate patients to
treat their sleep disorders.

BRIEF SUMMARY

Current Knowledge/Study Rationale: Clinicians have noted anec-
dotally that excessively sleepy patients with obstructive sleep apnea
sometimes appear more alert and more youthful after they have been
adherent to treatment with continuous positive airway pressure, but
neither subjective nor objective changes in physical appearance have
been studied in a formal manner previously. This study combined visual
impressions of medical and lay raters with novel, precise, 3-dimensional
digital photographic methods to determine whether improvement in alert-
ness with treatment for sleep apnea can be demonstrated, and whether
objective facial changes may explain the subjective ratings.

Study Impact: Both medical and lay raters identified post- vs. pre-
treatment facial images as looking more alert, more youthful, and more
attractive, and 3-dimensional digital photogrammetry documented objec-
tive volume and color changes, some of which showed promise as pre-
dictors of raters’ subjective ratings. Knowledge that facial appearance is
likely to improve with use of positive airway pressure may offer clinicians
new strategies to enhance adherence.

To address these questions in a preliminary manner, we
used advanced photographic technology, specifically three-di-
mensional digital photogrammetry, which has been developed
mainly to assess subtle changes in surface morphology after

Journal of Clinical Sleep Medicine, Vol. 9, No. 9, 2013



RD Chervin, DL Ruzicka, A Vahabzadeh et al

plastic surgery.® This technique has a high degree of precision
and accuracy, though methodologic precautions must be fol-
lowed to maximize image quality.” We recruited subjectively
sleepy adult patients who were diagnosed with obstructive sleep
apnea (OSA).* This was an ideal initial disease model because
subjects could be tested before and after alleviation of severe
sleepiness by home use of positive airway pressure. We tested
the hypotheses that treatment of OSA leads to changes in (1)
infraorbital, forehead, or cheek surface volumes, (2) skin color
over the same regions, (3) size of the interpalpebral fissure, and
(4) subjective appearance (level of alertness) as judged by inde-
pendent human raters. In the absence of relevant peer-reviewed
literature, the objective outcomes were selected based on com-
mon cultural assumptions and desire to include areas that do not
show change in addition to those that do.

METHODS

Subjects

Subjects were recruited from the sleep disorders clinics at the
University of Michigan Sleep Disorders Center. Subjects signed
written informed consent prior to all study procedures, and those
whose pictures are shown in this report kindly provided con-
sent for this as well. This study was approved by the University
of Michigan Medical School Institutional Review Board and
registered with ClinicalTrials.gov (NCT01060436). Inclusion
criteria were: (1) age 18-65 years, because facial changes and
approaches to OSA treatment may differ for children and older
adults; (2) presence of subjective excessive daytime sleepiness,
as determined by an Epworth Sleepiness Scale’® score > 10; (3)
new diagnosis of OSA, as determined by the referring clinician
and documented by a recent nocturnal polysomnogram show-
ing > 5 apneic events (apneas, hypopneas, or respiratory event-
related arousals)/h of sleep, using American Academy of Sleep
Medicine 2007 standards for scoring sleep and events'®; and (4)
plan in place to treat OSA by laboratory titration and then use
of continuous positive airway pressure (CPAP) or bilevel posi-
tive airway pressure (bilevel PAP) at home. Exclusion criteria
included comorbid sleep, medical, or psychiatric disorders or
medications that could complicate treatment outcomes and data
analysis by amelioration or exacerbation of sleepiness or OSA.
Subjects with a prior history of facial plastic surgery or Botox
injections, or who anticipated such treatments before comple-
tion of their final imaging session, were also excluded. Partici-
pants were compensated with a $50 Amazon.com gift certificate
after each of 2 imaging sessions.

Protocol

The protocol commenced with facial imaging and comple-
tion of Epworth scales on or before the night that a subject came
to the sleep laboratory for a clinically indicated CPAP or bi-
level PAP titration study. Two to four months after the patient
had been using CPAP or BiPAP at home, adherence and good
response were verified either in person or by phone. Success-
ful treatment was judged on the basis of reported PAP use on
a nightly or near-nightly basis and confirmation by electronic
download of information from the PAP unit; reported absence
of snoring, nasal congestion, discomfort, mask displacement
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during the night, mouth leak, or mask leak; and reported im-
provement in daytime sleepiness (though Epworth scores were
not required to improve). When necessary, efforts were made
to address barriers to adherence. Adherent subjects who were
treated successfully with CPAP for 2 months or longer were
invited to complete the protocol by returning for their second
facial imaging appointment, at which time they also completed
another Epworth scale and were screened for any new medi-
cal or health developments, aside from treatment of OSA, that
could have had impact on their level of daytime sleepiness.

Polysomnography

Sleep studies were performed in the Michael S. Aldrich
Sleep Disorders Laboratory, a component of the University of
Michigan Sleep Disorders Center. The Center is accredited by
the American Academy of Sleep Medicine and all procedures
followed AASM 2007 Scoring Manual recommendations.'®
Hypopneas were scored by the alternative rule 4b.

Photogrammetry

Facial images were captured using a 2-pod, 8-camera 3dMD
Face photographic system sold commercially for clinical and
research use by 3dMD (Atlanta, GA, www.3dMD.com). This
stereophotogrammetry system has been well validated for pre-
cision, error, and repeatability,'' and more recently reviewed.'?
The instrument was calibrated at each use. Cameras were
mounted in a fixed position, the same chair was used each time,
the same camera-to-subject distance was maintained across ses-
sions, and floor markings and set wall distances were used and
checked before each imaging session to optimize consistency
of pictures across sessions and participants. Indoor lighting and
temperature remained consistent across sessions. Pre- and post-
PAP images for any given subject were acquired at approxi-
mately the same time of day (within about 2 h). Prior to image
acquisition, subjects were given towels, washcloths, and soap
and were asked to remove all make-up. They sat in an adjust-
able armchair at a fixed distance from a tripod that supported 8
cameras, 4 in each pod. Subjects were instructed to sit erect and
assume a neutral, relaxed facial pose while looking at a static
target anchored at eye level above the camera system. Facial im-
age measurements, volumetric, and area calculations were per-
formed with 3dMD Vultus software. Images used for analysis
were high quality with good resolution. Registration error be-
tween pre- and post-PAP images was generally about one-third
the manufacturer-recommended limit, confirming that subjects
had not moved during image acquisition and that positioning
was essentially identical at the 2 sessions. Templates were de-
vised to identify facial areas of interest, and modified slightly
as necessary to fit individual features. The same templates were
used for any given subject’s pre- and post-PAP images.

Quantitative analyses focused on volume of specific facial
areas, color, and size of the interpalpebral fissure. Volume
calculations for 2 regions of interest—just beneath the lower
eyelids and on the forehead (Figure 1) —were computed as dif-
ferences between pre- and post-CPAP images (post minus pre).
The manufacturer claims valid resolution of surface changes,
either extrusion or intrusion, as small as 0.5 mm. For a target
area, the software calculates post-minus-pre-treatment increas-
es in volume for those pixels where volume has increased, and



post minus pre-treatment decreases in volume for those pixels
where volume has decreased. To standardize measurements
across individuals and allow aggregate analyses, we subtracted
the decrease from the increase to calculate the entire regional
change (cm?), and divided this result by the surface area (cm?)
of the subject’s template to produce the final metric, change in
cm?® per cm? of facial surface.

For color analysis, 2 facial regions were chosen, just below
the lower eyelids and at the cheeks (Figure 1). Color captured
in the digital images is not analyzed by 3dMD software. To
compute the color changes, a JPEG image was exported from
the 3dMD software. A computer code was written in MatLab
(MathWorks, Natick, MA) to extract the RGB (red, green, blue)
data from the designated region of the image. As color and in-
tensity information are correlated in the RGB color space, the
RGB data were converted to the orthogonal YCbCr color space.
The YCbCr color space represents luminance (Y) as a weighted
sum of the RGB data, and chrominance (blueness Cb and red-
ness Cr) by subtracting the luminance from the B and R chan-
nels. As the directly computed luminance and chrominance
separate the intensity and color information, the decomposi-
tion is a common choice for skin detection in automated image
analysis where illumination-independent measures of color are
desired.” Color changes in this report were derived from the
change in Cb and Cr.

The size of the interpalpebral fissure—essentially a con-
tinuous measure to reflect any tendency toward ptosis—was
assessed by measuring the maximal vertical interpalpebral
distance, and dividing this by the intercanthal distance for the
same eye. This ratio was computed and used in all analyses to
provide automatic adjustment for any subtle change, between
pre- and post-PAP images, in the distance between the camera
and the subject.

Frontal images were rated by 22 volunteers masked to pre-
vs. post-CPAP status. Twenty pairs of images, one pair for each
subject, were presented to each rater using a Microsoft Pow-
erPoint program. A given pair included a pre- and post-CPAP
image, in randomized order, of the same subject. Each rater was
asked to determine, for each pair of photographs, which face
appeared most alert, most youthful, and most attractive, and to
determine which was the post-CPAP image. The rater was free
to choose one image as reflecting one attribute while choosing
another image as reflecting another attribute. Each rater was
given a $5 gift certificate for every full group of 5 paired im-
ages for which the designations of pre- and post-PAP images
were correct. Thus, any rater could earn between $0 and $20
dollars, provided to ensure similar motivation between raters
to select carefully. Raters included 10 adult members of the lo-
cal lay community, 4 men and 6 women, with two < 30 years
old, three 30-39, two 40-49, three 50-59, and none 60-69. Rat-
ers also included 12 sleep or plastic surgery faculty, residents,
medical students, or medical staff, with 7 men and 5 women in
this group, three < 30 years old, five 30-39, one 40-49, two 50-
59, and one 60-69.

Analysis

Subjective ratings for alertness were considered the pri-
mary outcome, whereas other subjective ratings (for youth-
fulness, attractiveness, and the “treated” condition) as well

The Face of Sleepiness

Figure 1—Regions of the face over which volume (left) and
color (right) were assessed
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as the objective measures of facial change were considered
secondary outcomes. The percentage of raters who identified
the post-CPAP image as being more alert was calculated for
each subject, and 50 was subtracted, so that 0 would indicate
no consistently perceived change. A signed rank test was then
used to determine whether the zero-scaled percentage of “cor-
rect” ratings differed from zero to an extent that was statisti-
cally improbable (p < 0.05). The same procedure was used to
assess results for subjective ratings of youthfulness, attractive-
ness, and post-CPAP status. Post-CPAP changes in the 3 types
of continuous outcome measures (surface tissue volume, skin
color, and interpalpebral fissure size) also were assessed using
signed rank tests. After analysis of the primary variable (sub-
jective alert facial appearance), secondary analyses were not
corrected for multiple comparisons because identification of
potential associations was of higher interest, in this early-stage
study, than was identification of pre- and post-CPAP differ-
ences that could be labeled as definitive. Finally, 3 types of
variables were tested with Spearman correlation coefficients
to assess which, if any, might predict subjective rater-deter-
mined improvement in appearance of alertness: these 3 types
of variables were (1) objectively assessed pre- to post-CPAP
changes in facial volume, color, and interpalpebral fissure size;
(2) objective measures of sleep apnea severity and sleep from
the baseline diagnostic polysomnograms; and (3) pre- to post-
CPAP changes in subjective sleepiness ratings on the Epworth
Sleepiness Scale. All analyses that involved subjective ratings
or measures of color were repeated among the subset of sub-
jects who were Caucasian. This was not attempted for other
races because the sample size was insufficient. No previous
data on subjective facial ratings or photogrammetry, among
OSA patients, were available to inform the sample size for this
novel study. A total sample size of 20 subjects was targeted.
All analyses were performed with SAS, version 9.2 (SAS In-
stitute Inc., Cary, NC).

RESULTS

Subjects
Participants (n = 20) included 14 men and 6 women. The
mean age (+ SD) was 45 + 11 years and the mean body mass
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Figure 2—Identification of n = 20 participants for this research

Potential Participants Identified by Clinicians

240
v v v
Ineligible Eligible Not Interested
Subjects Subjects in Research
167 56 17
Declined Enrolled
Enroliment Subjects
26 30
[
Withdrawn (Lost to Completed
follow-up, no positive Study
airway pressure) 23
7

—

Not Evaluable Evaluable
(Poor compliance, 20
insufficient sleep)

Table 1—Baseline diagnostic polysomnographic data from
20 patients

Variable Mean % SD
Total sleep time, min 370 £50
Sleep latency, min 20+ 19
Sleep efficiency, % 83+ 11
Arousal index, arousals/h of sleep 24 +19
Stage N1, % 14.8 £ 8.5
Stage N2, % 59.4+10.3
Stage N3, % 8.5+10.1
Stage R, % 174 +6.1
Apnea’hypopnea index, no./h of sleep 26 + 21
Minimum oxygen saturation, % 84+4
% of sleep time with oxygen saturation < 88% 33115

index was 31 = 6 kg/m” Races represented included Cauca-
sian (n = 16), African American (n = 3), and Asian American
(n = 1). Figure 2 outlines how these participants were identi-
fied. Baseline, full-night, laboratory-based polysomnographic
findings are summarized in Table 1. The time between the pho-
tographs and Epworth scores obtained initially, and then again
after at least 2 months of successful CPAP use, was 5.8 + 1.8
months. The mean Epworth score was 13.5 = 2.3 at baseline
and 5.6 + 2.7 after use of CPAP, resulting in a mean change of
-7.0 £4.1 (paired T-test p < 0.0001). Adequate adherence with
PAP was confirmed electronically for all but one subject whose
data card failed to function properly. Among the 30 nights just
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Figure 3— Frontal facial images taken before (left) and after
(right) treatment with positive airway pressure for obstructive
sleep apnea

A

For the first subject (A), each of 22 raters (100%) chose the post-treatment
image (at right) as the one that showed a more alert appearance; 21 (95%)
chose it as more youthful; 22 chose it as more attractive; and 22 chose
it as the post-treatment image. For the second subject (B), 18 (82%) of
the 22 raters chose the post-treatment image (at right) as the one that
showed a more alert appearance; 19 (86%) chose it as more youthful;
20 (91%) chose it as more attractive; and 82% chose it as the post-
treatment image. Each of these subjects had a baseline apnea/hypopnea
index between 5 and 14 events per hour of sleep, and a minimum oxygen
saturation between 75% and 85%.

prior to the post-PAP images, the percent of nights that showed
> 4 h of use ranged from 70% to 100% (mean 89% + 10%).
Mean hours of PAP use, on nights used, was 6.3 = 0.6.

Subjective Facial Ratings

For the 20 subjects, on average just over two-thirds of the 22
raters “correctly” identified the post-CPAP photograph rather
than the pre-CPAP photograph as having a more alert appear-
ance (68% % 26%, p = 0.0053, Figure 3). The mean percent of
raters who “correctly” identified the more youthful appearing
image was 64% =+ 26% (p = 0.026); the more attractive image,
67% % 26% (p = 0.0068); and the treated condition, 66% + 27%
(p = 0.015). Subjects clearly did show some variability, and
raters on average “erroneously” identified the pre-CPAP pho-
tograph as appearing more alert, youthful, attractive, or treated
for 5, 7, 6, and 7 of the subjects, respectively. Raters often but
not always showed consistency for their particular selection,



across all 4 ratings, meaning, for example, that some raters may
have chosen the post-CPAP image as looking more alert, but
the pre-CPAP image as looking more youthful. Investigators
noted subjectively that post-PAP images appeared to contain
less prominent forehead creases. For Caucasian subjects alone
(n = 16), the rates of “correct” identification for alert, youthful,
attractive, and treated images closely resembled those for the
entire group (data not shown). Among the raters, the 10 lay
community raters may have been somewhat more accurate in
their assessments than were the 12 medical community raters
(Table 2). The investigators themselves perceived differences
in alertness between images (not quantified), but anecdotally
could only identify one possible physical change with some
consistency: forehead wrinkles often appeared to diminish after
treatment with PAP.

Objective Facial Changes

The forehead region showed a change in volume (contrac-
tion) by an average of -0.012 £ 0.028 c¢cm® per cm? of surface
area (p = 0.022). Infraorbital regions showed no consistent
change in volume after use of PAP (0.013 = 0.058, p =0.41).

On average, luminosity (Y) decreased from before use of
PAP to after use of PAP in infraorbital areas bilaterally, and
the maxillary area on the right (Table 3). Redness (Cr, adjusted
for luminosity) decreased under the eyes bilaterally and on the
left cheek, and showed a trend in the same direction on the right
cheek. Blueness (Cb, adjusted for luminosity) increased under
the right eye, but did not show significant changes under the left
eye or on the cheeks.

Among the Caucasian subjects alone (n = 16), luminosity
(Y) decreased after use of PAP more clearly, and in all areas (all
p < 0.05, Table 3). Redness similarly increased more promi-
nently, and in both areas bilaterally. Blueness increased more
prominently and under the eyes bilaterally, though it still did
not change significantly on the cheeks.

The size of the interpalpebral fissure, assessed as the ratio of
the interpalpebral distance to the intercanthal distance for the
same eye, showed no consistent changes across subjects from
before to after use of PAP (p = 0.90 for right eyes, p = 0.73 for
left eyes).

The Face of Sleepiness

Objective Photogrammetry Measures,
Polysomnographic Results, and Epworth Sleepiness
Scale Changes as Correlates of Subjective Ratings
Decreased percent of sleep time spent in stage N3 on the
baseline polysomnogram showed at least a trend to pre-
dict improved post-PAP ratings for alertness (rho = -0.41,
p =0.0754), attractiveness (rtho =-0.41, p=0.0751), and being
treated (rho = -0.50, p = 0.0249). Among the 16 Caucasian
subjects alone, decreased N3 predicted post-PAP improve-
ment in all ratings: alertness (rho = -0.50, p = 0.0490), youth-
fulness (rho = -0.55, p = 0.0272), attractiveness (rho = -0.53,
p = 0.0348), and being treated (tho = -0.51, p = 0.0457).
Among all 20 subjects, decreased right cheek redness from
pre- to post-PAP also showed marginal associations with sub-
jective ratings of improved alertness (rho = -0.44, p = 0.0537)
and being treated (rho = -0.48, p = 0.0325). Decreased left
cheek redness was similarly, but not significantly associated
with improved alertness (rho = -0.35, p = 0.1314) and rater
perception of images as being treated (rho =-0.42, p = 0.0666).
However, among the 16 Caucasian subjects, changes in red-
ness may have been more effective, in that decreased right
cheek redness predicted or nearly predicted improvement in
all 4 ratings: alertness (rtho = -0.51, p = 0.0423), youthful-
ness (tho = -0.46, p = 0.0765), attractiveness (rho = -0.50,
p = 0.0493), and being treated (rtho = -0.52, p = 0.0369). Simi-
larly, decreased left cheek redness nearly predicted improved

Table 2—Accuracy® of paired image assessments from
medical vs. lay community raters

Medical Raters (n = 12) Lay Raters (n = 10)

Percent Percent

Correct  p-value** Correct  p-value**
Alertness 66 + 31 0.0210 70+ 24 0.0027
Youthfulness 60 £ 32 0.1599 68 +24 0.0056
Attractiveness 65+ 32 0.0121 70+23 0.0019
Post-Treatment 65 + 31 0.0311 69 + 24 0.0043

Percent correct values are mean + SD. *Accuracy determined by
concordance of image rated as more alert, youthful, attractive, or likely to
be treated with known post-PAP status. **Signed rank test.

Table 3—Mean £ SD changes (post-PAP minus pre-PAP) and statistical significance (signed rank test) for luminosity and color

in facial images

All Subjects (n = 20) Luminosity (Y) p
Infraorbital
Left -6.03 £ 8.82 0.0073
Right -7.58 £8.54 0.0014
Maxillary
Left -3.85+£9.23 0.1054
Right -5.76 £ 11.11 0.0362
Caucasian Subjects (n = 16) Luminosity (Y) p
Infraorbital
Left -8.26+7.73 0.0008
Right -9.01+£8.04 0.0006
Maxillary
Left 6.29+7.72 0.0131
Right -7.93 £ 11.27 0.0076

Blueness (Cb) p Redness (Cr) p
0.67 +1.69 0.1536 -1.36 227 0.0328
1.07 £1.50 0.0049 -2.36+2.12 0.0002
0.89 £2.24 0.1536 -1.05+2.71 0.0328
0.73+2.32 0.2943 -125+265 0.0696

Blueness (Ch) p Redness (Cr) p
0.98 +1.63 0.0443 -2.08+1.83 0.0010
130+ 1.43 0.0021 -3.06 + 1.51 <0.0001
1.03 £ 2.41 0.1754 -1.75+2.03 0.0034
0.85+2.36 0.2522 -1.96+2.15 0.0052

849
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ratings for alertness (rtho =-0.45, p = 0.0788) and being treated
(rho =-0.45, p = 0.0808).

No other objective pre- to post-PAP photogrammetry chang-
es (e.g., in infraorbital color) or baseline polysomnographic
findings listed in Table 1 (e.g., apnea-hypopnea index) suc-
cessfully explained with significance or consistent trends the
pre-to-post-PAP changes in facial image ratings. This did not
change when the analysis was confined to Caucasian subjects.
Among all subjects and Caucasians alone, neither the per-
cent of nights with adherent use of PAP prior to the post-PAP
images nor the changes in Epworth Sleepiness Scale scores
explained changes in the 4 types of pre-to-post-PAP image rat-
ings (all p>0.10).

DISCUSSION

The results of this study show that patients with OSA are
perceived to appear more alert, more youthful, and more at-
tractive after adherent use of PAP. Specifically, after 20 adults
with OSA and daytime sleepiness were treated, 22 human raters
identified post-treatment facial images about twice as frequent-
ly as baseline images to look more alert, more youthful, more
attractive, and more likely to reflect treatment. Objective data
from three-dimensional photogrammetry showed contraction in
forehead surface volume after PAP, but surprisingly, no consis-
tent change in infraorbital surface volume. Redness, adjusted
for luminosity, decreased in infraorbital and cheek regions
bilaterally, especially when the analysis was confined to Cau-
casian subjects. The size of the interpalpebral fissures did not
change with treatment. Baseline polysomnographic measures
and pre-to-post-PAP changes in facial surface volume, color,
interpalpebral fissures, and Epworth Sleepiness Scale scores for
the most part failed to predict responses from the human raters.
Two notable exceptions emerged, however. Improved ratings
from pre- to post-PAP for alertness, youthfulness, attractive-
ness, and being treated were predicted by less deep NREM
sleep on the baseline polysomnogram. Among Caucasian sub-
jects, ratings were also predicted with significance or trends
by decreased redness over the cheeks. In short, these findings
may be the first to confirm, in a research setting, clinicians’ an-
ecdotal impressions that patients often look more refreshed or
younger after treatment for OSA. Results also give some initial
insight into objective cues that do and do not predict a more
alert appearance.

Subjective raters masked to all clinical information clearly
distinguished post-PAP images as looking more alert, and at
the same time the OSA patients on average showed robust
improvement in self-assessed sleepiness after PAP treatment.
The observation was surprising, therefore, that improvement
in subjects’ sleepiness scores did not predict the alertness rat-
ings. Conceivably, raters could have recognized facial features
that change with PAP but do not reflect alertness. However,
Epworth scores show little, if any, significant associations
with apnea severity or objective sleepiness as assessed by
multiple sleep latency tests.!* Also, clinical experience sug-
gests that individuals who observe a patient often perceive the
sleepiness better than the affected patient does.!> We specu-
late that measurement limitations of the Epworth are most
likely to explain the lack of better correspondence among our
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subjects between alertness ratings and improvement in self-
assessed sleepiness.

Contraction of surface volume over the forehead, from
pre- to post-PAP, potentially could reflect effects of nightly
fluid volume shifts that occur in untreated OSA. Nocturnal
fluid shifts are already known to increase neck circumference
and decrease leg circumference,'® and nightly recurrence may
promote development of floppy eyelids in OSA.!"" Treatment
of OSA may improve cardiac output, reduce fluid accumula-
tion in lower extremities, reduce nightly fluid shift to the head
and neck, and over time diminish the volume of subcutaneous
facial tissue.

Interestingly, the investigators’ own inspections of the pre-
and post-treatment images suggested a reduction in prominence
of forehead wrinkles, rather than volume. These changes con-
ceivably could have arisen in association with the decrease in
volume that was measured. Alternatively, consciously or not,
patients may have felt less compelled to raise their eyebrows to
keep sleepy eyelids open, after treatment for sleep apnea. Pro-
gressive contraction of the frontalis muscle is a known response
to mild through moderate levels of drowsiness.'® Less contrac-
tion of the frontalis, or lowered muscle tone in association with
better sleep on a chronic basis, could explain decreased wrinkles.

Lessened redness under the eyes and over the cheeks, af-
ter treatment with PAP, was an unexpected finding. However,
OSA is increasingly understood as an inflammatory process
with significant PAP-responsive effects on vascular endothe-
lium and the immune system." Our findings suggest that in ad-
dition to local and systemic internal inflammation, OSA may
be associated with dermatologic manifestations in the face, if
not elsewhere.?*!

In contrast, our data do not support the common notion that
dark, swollen, baggy circles under the eyes are a main feature of
sleepiness, at least in the context of the chronic disease model
we chose. In fact, blueness tended to increase under the eyes,
after treatment. The authors are unaware of previous reports in
the biomedical literature that provide data for comparison.

The closest previous work in this area showed that 65 rat-
ers of photographs from 20 healthy young adults, before and
after acute sleep deprivation, could distinguish images of sleep
deprived subjects as appearing on average 19% more tired, 6%
less healthy, and 4% less attractive.” However, patients with
sleep apnea were not studied, no objective sleep measures were
obtained, photogrammetry was not used, and no objective pho-
tographic measures were taken to assess which might provide
cues to the human raters. Other authors have used craniofacial
dimensions derived from photographs, if not photogrammetry,
to develop a reasonably successful prediction model for risk of
OSA .22 Subsequent work suggested that some specific facial
dimensions, now derived from magnetic resonance imaging,
were associated with upper airway structural volumes.** None
of these studies, however, examined changes in appearance af-
ter treatment of OSA or improvement in daytime sleepiness.
Finally, other studies have used baseline photographs and then
digital video to identify facial movements or changes in expres-
sion that could signal increasing sleepiness, in real time, as a
warning for drowsy drivers.'® We cannot exclude the possibility
that facial expression played some role in our human ratings
and objective volumetric or interpalpebral measures, but we did



encourage participants to maintain neutral expressions during
image acquisition.

One limitation of our observational study was that it was
not a randomized controlled trial, which would be necessary to
prove an effect of PAP on appearance. A modest sample size in
this initial study did not allow many hypotheses, beyond those
about the facial appearance of alertness, to be tested in a defini-
tive manner. The volumetric, color, interpalpebral, apnea sever-
ity, and sleepiness findings will require confirmation in larger
samples. Although efforts were made to keep photogrammetry
equipment in the same position and settings through the dura-
tion of the protocol, an increase in luminosity on average with
the post-PAP images raises the possibility that lighting may
have changed inadvertently, or that seasonal effects on skin had
some impact. Use of color measures that account for luminosity
should have accounted for this potential confounding variable.
Other potential confounders may have included variables such
as weight change or newly adopted activities or sports, which
were not assessed after the several months of PAP use. Static
facial images in comparison to full personal interaction are un-
likely to convey as much information about alertness, youthful-
ness, and attractiveness. Thus, the effects we found of untreated
OSA and use of PAP on facial appearance may be magnified
in real-life situations. However, recent research does suggest
strong agreement between attractiveness ratings made on the
basis of static images and videos.”

In conclusion, the demonstration in this study that unbiased
raters can discern an improved facial appearance—more alert
and probably more youthful and attractive as well—after treat-
ment for obstructive sleep apnea has significant implications for
clinical practice. Adherence to PAP, as with daily medications,
is a major challenge.?® Clinicians routinely seek to motivate
patients through education about cardiovascular, neurologic,
psychiatric, quality of life, and other benefits that may accrue
from successful treatment of OSA. Our findings suggest an-
other strategy to augment use of PAP. Patients with OSA could
be told that others around them are likely to perceive them to
be more alert, more youthful, and more attractive if they use
their PAP. Pre- and post-treatment pictures could be taken and
shown to patients, who may well see improvement. Facial cues
are probably the most important social communication tools
after language.”’ Facial appearance affects perception of emo-
tion, intention, health, productivity, and potential mate value;
guides interactions and behavior; and could have impact on sur-
vival.?® Patients may appreciate the implications of a more alert
appearance and have more tangible, proximate, and personally
motivating goals in mind when they make decisions each night
about whether to use their PAP.
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