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Obesity and certain craniofacial features are known anatomic 
risk factors for obstructive sleep apnea (OSA) [1–3]. Prior studies 
also show that several physiological traits (termed endotypes) 
contribute to the development of the repetitive upper airway ob-
structions during sleep that characterizes OSA [4]. Four major 
OSA physiological traits have been identified—increased pha-
ryngeal collapsibility, reduced upper airway dilator muscle com-
pensation, high loop gain, and low arousal threshold [4, 5]. The 
OSA endotypes have been proposed to guide novel individual-
ized alternative therapies to positive airway pressure for OSA. 
For example, medications that improve upper airway muscle ac-
tivity have been used in OSA individuals with low upper airway 
muscle compensation [6], drugs that increase the respiratory 
arousal threshold have been tried in those with low arousal 
threshold [7], and oxygen therapy has been used to decrease 
ventilatory instability in those with high loop gain [8].

Initially, measurements of the OSA endotypes involved 
invasive instrumentation not routinely performed during 
polysomnography [4, 5]. Since then, noninvasive methods to es-
timate measures of the different physiologic traits have been 
developed using signals routinely collected during clinical 
polysomnography [9–11].

Unless these endotypes are shown to be stable throughout 
the night and reproducible over a period of time, individual-
ized OSA treatment using these endotypes is unlikely to be suc-
cessful. In this issue of the journal, Alex et al. have taken this 
important step towards the clinical utility of the noninvasive 
endotype measurements [12]. Using cross-sectional data from 
the Multi-Ethnic Study of Atherosclerosis (n = 1750), the authors 

evaluated the within-night repeatability of the physiological 
endotypes by comparing the estimates obtained between odd 
and even 30-min periods across the night; data were aggregated 
to yield two independent measures per individual. The authors 
also assessed long-term consistency of the physiologic meas-
urements using data from the Osteoporotic Fractures in Men 
Study (MrOS) at two-time points 6.5 ± 0.7 years apart (n = 595), 
before and after accounting for body position and sleep state 
differences. In both datasets, they calculated the Pearson cor-
relation coefficient (R), coefficient of repeatability (CR), and 
intraclass correlation coefficient (ICC). The CR, also known as 
the smallest real difference, is closely related to the 95% limits of 
agreement proposed by Bland and Altman [13]. The authors also 
categorized the endotypes into both low versus high and low, 
medium, and high levels. This approach enables an assessment 
of the level of agreement of the endotypes between categories, 
which is most important, as decisions about endotype-guided 
OSA treatments will rely heavily on the stability of the high/low 
categories.

To understand the results of the recent article, it is crucial to 
define the metrics being evaluated. Repeatability is a measure of 
precision: how close measurements of the same quantity are to 
each other. Repeatability is similar to reliability, which is the ability 
to replicate measurements in a consistent manner. Agreement oc-
curs when two measurements lie close to a line of identity over a 
wide range; that is, two measurements have the exact same value. 
Consistency occurs when the measurements follow a linear relation 
over a range of measurements, but that relation does not follow 
the line of identity (eg, the measurements are related, but not 
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necessarily identical). While agreement is preferable, consistency 
still has utility because adjustments may be made for underlying 
biases (e.g. changes in sleep stage and body position). Pearson’s cor-
relation coefficient tests the linearity between two measurements 
assuming a normal distribution and uniformity of variance across 
the range of measurement. Pearson’s correlation coefficient does 
not assess the level of agreement between two measurements. 
The ICC can provide more insight into the agreement, as it will 
be further reduced if mean values differ between measurements 
(whereas Pearson’s correlations are independent of mean values). 
Ultimately, CR and analyses described by Bland and Altman are 
needed to precisely define agreement between two measurements.

With this context, the results of the work by Alex et al. ultim-
ately support reasonable within-night repeatability and modest 
long-term consistency of the endotypes. When the recommended 
amounts of data were available, within-night repeatability was 
similar for collapsibility, loop gain, and arousal threshold (R = 0.79–
0.83), but lower for muscle compensation (R = 0.69). Importantly, the 
percentage of individuals who were classified in the same endotype 
category (low vs. high) in the second measurement as they were in 
the first ranged from 70% to 79%. All measurements showed lower 
within-night repeatability than the apnea-hypopnea index (AHI). 
Long-term consistency of the endotypes was modest (R = 0.36–0.63) 
after accounting for position and sleep state differences. The per-
centage of individuals who were classified in the same category 
(low vs. high) at the second time point as they were in the first 
ranged from 59% to 72%. The consistency of the endotypic meas-
urements across years were comparable with that of the AHI.

While the work by Alex et  al. is extremely thorough and is a 
step forward towards the clinical use of OSA endotypes, several un-
resolved issues remain. The current results tell us that while the 
within-night repeatability of the endotypes appears reasonable, 
the long-term consistency is less stellar. In determining the within-
night repeatability, the process of aggregating data within each in-
dividual likely reduced the variability of the measurements, leading 
to higher estimates of repeatability. A shorter period between re-
peat measurements (rather than years) would have provided an 
evaluation of consistency that is more clinically relevant; this may 
not require a large number of participants as in the current study. 
Finally, the results comparing low versus high categorizations tell 
us that 21%–30% of individuals will not be classified in the same 
category within the night and 28%–41% will not be classified in the 
same category with repeat measurements after several years (even 
after accounting for some biases). These levels of misclassification 
appear too great to provide sufficient confidence about utilizing 
endotypes derived from the current noninvasive methodology for 
individualized treatment of OSA. Thus, while the authors are com-
mended for taking an important step forward, we have not yet 
reached the point of clinical translation.
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