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The enigma of objective and subjective measurement of response to

cognitive behavioral therapy for insomnia: Call to action
Insomnia is associated with significant medical and psychiatric
comorbidity, as well as increases in healthcare utilization, lost
workplace productivity, and both personal and societal economic
burden [1e10]. Several meta-analyses and systematic reviews of
subjective self-report sleep improvement (primary outcome in
most early studies) determined CBT-I is an effective and efficacious
treatment resulting in rapid, long-lasting improvements in patient
with insomnia with and without comorbidities [11e20]. Accord-
ingly, CBT-I is considered the first line treatment for insomnia
[21e24]. Fewer studies have investigated the effect of CBT-I on
objectivemeasures of sleep obtained from actigraphy and polysom-
nography (PSG). One recent meta-analysis [25] aggregated data
across actigraphy and PSG and found mixed results. Given actigra-
phy and PSG measure different constructs (i.e., physical motion
vs. brain activity) and many additional studies have utilized
actigraphy-assessed sleep since 2011, it was important to have a
contemporary investigation of the synthesized PSG and actigraphy
outcome results for CBT-I.

In this issue, Mitchell and colleagues [26] conducted a method-
ologically rigorous, focused meta-analysis and systematic review
examining the effects of CBT-I on objective sleep parameters as
assessed via PSG and actigraphy. This review summarized the find-
ings of 15 randomized controlled trials (RCTs) which primarily
focused on CBT-I (i.e., studies were excluded if their main focus
was on a comorbid psychiatric, medical, or sleep disorder in addi-
tion to insomnia). The authors examined between group-
differences at post-treatment in order to focus only on the effect
of CBT-I on objective sleep parameters including sleep onset la-
tency (SOL), wake after sleep onset (WASO), sleep efficiency (SE)
and total sleep time (TST).

Polysomnography results

The main findings of the PSG review indicated CBT-I did not
result in any significant differences between treatment and control
groups on any sleep parameters. As mentioned above, few studies
(n ¼ 5) examined PSG-derived sleep parameters and the CBT-I
treatment arm sample sizes were generally small. There was signif-
icant heterogeneity among effect sizes for SE and a trend
(p ¼ 0.068) for TST. Given the high heterogeneity, more conserva-
tive random effects models were used. Unfortunately, random ef-
fects models tend to be biased by studies with very small sample
sizes, which in the current study also had the most disparate ef-
fects. For instance, the study with the smallest sample [27] showed
CBT-I had worse SE at post-treatment than control, and this study
also found the largest negative differences for TST. It would have
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been interesting to see the outcomes had underpowered studies
(e.g., n < 25) been excluded from analyses to prevent any spurious
results from obscuring significant differences (e.g., Type II error).
However, therewere not enough studies towarrant the elimination
of even a single one due to sample size.
Actigraphy results

Considerably more studies examined actigraphy-derived sleep
parameters (n ¼ 13). The main findings of the actigraphy review
indicated CBT-I produced significantly shorter SOL and lower TST
(approximately 30 m) for treatment compared to control, with no
differences observed for WASO or SE. For these studies, there was
again significant heterogeneity among effect sizes for SOL and
TST, and a trend for SE. Given the much larger number of studies
to pull from, the bias of the few studies with small sample sizes
wasminimized for these analyses, so one can havemore confidence
in these results.

The SOL results are expected but the TST results at first may
seem surprising. The goal of CBT-I is to improve sleep, with which
a decrease in TST is not typically associated. However, there are
several compelling potential reasons for this finding. First, as the
authors noted, CBT-I may actually result in decreases in objective
TST as the goal of sleep restriction initially is to consolidate
sleep with the potential side effect of temporarily reducing TST
[26]. However, this is somewhat refuted by the authors’ observa-
tion that follow-up data support a sustained effect of reduced
actigraphy-derived TST. Another potential explanation is related
to a primary goal of CBT-I: to reduce excessive time in bed (TIB).
Previous work has indicated actigraphy typically overestimates to-
tal sleep time compared to PSG by an average of 0.8 h [28]. It then
follows that if individuals in the control condition are spending
excessive TIB, actigraphy may overassign quiescent non-sleep pe-
riods as sleep whereas their CBT-I-treated counterparts now have
a shorter TIB (i.e., less opportunity for actigraphy to overestimate
TST). Unfortunately no data on TIB was reported in the current re-
view, so this remains a question.
Subjective results

Although it was not a primary objective of this review, the au-
thors also reported on subjective (i.e., sleep diary-derived) sleep
parameters (n ¼ 17; some studies contributed multiple arms to
the analyses). There was again significant heterogeneity among ef-
fect sizes for SOL, WASO, and SE, which raises concerns about the
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equity of types of CBT-I used across studies as well as other factors
such as the quality of therapists and supervision, treatment fidelity,
and patient adherence. Regardless, the findings indicated CBT-I
produced significantly lower SOL and WASO and significantly
higher SE, with no significant difference for TST. These results
closely replicated those of other previous meta-analyses, and
served as a strong validity marker that the results of the included
studies are generally representative of the CBT-I literature which
did not measure objective sleep.

Limitations and future directions

The authors observed several limitations in this review. The pri-
mary limitationwas an insufficient sample of studies that used PSG.
For historical perspective, Morin et al. [29] performed the first
study to utilize PSG-assessed sleep as an objective outcome in
1993; only four additional studies reported on PSG outcomes in
the three decades following Morin's study. Conversely, Friedman
et al. [27] published the first study examining actigraphy outcome
data in 2000, followed by 12 additional studies in the next two de-
cades. These discrepancies in available data may be in part due to a
clause in a panel of insomnia expert Recommendations for a Stan-
dard Research Assessment of Insomnia [30] in 2006 deeming objec-
tive measure of sleep is “Essential” in efficacy trials, with
actigraphy or PSG as a dependent measure. Given the cost differen-
tial in assessment type, with PSG costing thousands of dollars per
night to complete, score and interpret, whereas a single reusable
activity monitor typically costs less than $1000, it unsurprising
more studies use actigraphy than PSG.

However, if the field is ever going to fully understand the
discrepancy between objective and subjective sleep responses
to CBT-I, it is important that investigators and funders continue
to utilize PSG/EEG as an outcome measure in future RCTs of
CBT-I. Future studies should also include additional objective
sleep constructs such as sleep architecture (e.g., delta and rapid
eye movement sleep), fragmentation, and circadian biomarkers
(e.g., amplitude and timing of temperature, hormonal and inflam-
matory markers) that might be more sensitive to the changes
experienced by patients with insomnia and which are the latent
constructs being assessed by self-report instruments such as di-
aries and questionnaires.

It is also important to include ambulatory PSG/EEG in future
studies of CBT-I. In the current study, only two of the studies uti-
lized ambulatory PSG for the assessment of outcomes. CBT-I specif-
ically focuses on making changes to the bedroom environment,
patient behaviors, and household conditions during the night.
Ambulatory PSG is likely better at detecting major differences be-
tween CBT-I and control group behaviors and environments. These
differences would be obscured by bringing both groups into the
sterile sleep laboratory, where the control group's sleep cannot
be disturbed by the poor stimulus control common in their homes.
Conversely the CBT-I group might be less likely to follow stimulus
control instructions, such as leaving the bed/bedroom if awake
for more than 15 min.

Another important area of objective and subjective sleep that
should become a standard outcome variable in future RCTs is ex-
amination of intraindividual or night-to-night variability in sleep.
Most CBT-I trials focus primarily on mean differences (averaged
over 1e14 nights) in sleep parameters between groups [31,32].
Limiting examination to mean sleep levels ignores the dynamic
and complex night-to-night variability seen in the sleep of people
with insomnia that is presumably improved by CBT-I. For
instance, two insomnia patients (A and B) might have sleep that
varies from 4 to 9 h, for an average of 6.5 h, per night at baseline.
After CBT-I, patient A might end up with a consistent 6 h per
night, while patient B continues to have variable sleep for 6.5 h
per night. Patient A would probably consider the treatment a suc-
cess, even though they are averaging a half hour less per night,
because they do not have any nights where they are sleeping
2.5 h less (e.g., the 4 h night). This is especially important when
one considers intraindividual severity is closely related to many
of the daytime functioning and health complaints common in
people with insomnia, such as depression, stress, diabetes, and
heart conditions [32].

The authors observed other limitations in this review including
heterogeneity in the literature with regard to methodology and
reporting of objective sleep methods, insufficient information to
perform subgroup analyses (e.g., participants taking hypnotic med-
ications), and narrow inclusion criteria for the review which may
limit generalizability. In particular, the authors noted inconsistency
in reporting of PSG and actigraphy scoring, which makes compari-
son across studies exceedingly difficult. The authors also suggested
few studies reported adequate blinding procedures, especially in
the scoring of objective sleep data, which raises concern for biased
outcomes.

Another particular limitation was the heterogeneity of “CBT-I”
across studies, which could substantially impact the results. There
may be substantial differences between, for example, two ses-
sions of just sleep restriction and sleep hygiene, four sessions of
brief behavioral therapy for insomnia, and six sessions of full,
multicomponent CBT-I, all of which could have been included
by the current review's inclusion criteria. Combining results
from each of these treatments is likely to water down overall ef-
fect sizes artificially. It is also of note that the two studies that
did not mention use of a manualized treatment or assessment of
therapists' fidelity to the treatment were two of the studies
with the most discrepant results [27,33].

Conclusions

Despite the substantial impact of insomnia, it remains under-
treated. When identified, it is most often treated in primary
care with pharmacotherapy, rather than the first-line recommen-
dation, CBT-I [21]. Pharmacotherapy is associated with risks of
dependence, tolerance, and poorer quality sleep, whereas CBT-I
results in better long-term outcomes, no drug dependence or pol-
ypharmacy risk, virtually no medical risk, and potential cost
savings.

It is important to remember patients presenting to therapy ulti-
mately do not care what their “objective” results show, but aremore
concerned about their “subjective” experience of sleep and perhaps
more importantly the effect their insomnia is having on their sub-
jective daytime functioning. Although there has been an important
push within mental health interventions for “objective” outcomes,
it is important to remember just because a measure is considered
“objective” does not mean it is an appropriate assessment of the
construct (e.g., insomnia) it proposes to measure. Indeed, some
have called for “responsiveness” or “sensitivity to change” to be
considered as a psychometric characteristic separate from reli-
ability and validity [34,35]. It is entirely plausible that the current
objective measures (e.g., TST, SE) being used are not sensitive
enough or appropriately focused to detect the experience of
insomnia patients are self-reporting. Therefore, it is very important
that the results of the current study not be interpreted as indicating
lack of objective improvement after CBT-I. Instead, it is a call to ac-
tion for CBT-I researchers to design future RCTs that include the
following:

- Objectively assess sleep with both actigraphy and ambulatory
PSG
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- Expand our definition of objective sleep to measures that may
be more sensitive to response (e.g., EEG power, architecture,
fragmentation, circadian rhythms, and variability)

- Adequately power to find smaller effects and minimize spurious
results

- Assess and report rigorous clinical trial details (e.g., fidelity and
adherence assessment)

- Focus less on minimal intervention necessary for change and
focus more on testing the most powerful interventions with the
highest quality therapists

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.smrv.2019.08.003.
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