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Objective/Background: Sleep disturbance is a common and underappreciated feature of diabetes and sleep may contribute to
glycemic control in people with type 2 diabetes (T2D). We conducted a 3-month trial to examine the efficacy of suvorexant in
improving sleep and health outcomes in people with suboptimally controlled T2D and insomnia.

Participants/Methods: This parallel, double-blind, randomized placebo-controlled trial was conducted using the sequential parallel
comparison design (SPCD). Sixty-nine people with poorly controlled T2D (HbAlc > 6.5) were randomized to placebo and/or
suvorexant (10-20 mg). The primary outcome was subjective total sleep time (sTST), and secondary outcomes were Insomnia
Severity Index (ISI) score and wake time after sleep onset (WASQO). Exploratory outcomes included sleep efficiency, hemoglobin Alc
(HbAlc), and C-reactive protein (CRP). Exploratory analyses were conducted on relationships between sleep and diabetes outcomes.
Results: There were no significant improvements in sTST (p = 0.27), ISI (»p = 0.86), or WASO (p = 0.94) among participants taking
suvorexant compared to placebo. There were also no significant changes in any of the exploratory endpoints. Improvements in sleep
were associated with improvements in both objective (ie, HbAlc) and subjective (ie, Diabetes Distress Scale) measures of diabetes, as
well as reductions in depressive symptoms, independent of treatment assignment.

Conclusion: The study did not find evidence that suvorexant is efficacious for insomnia in people with poorly controlled T2D. The
associations of improved sleep with improvements in both diabetes-related metrics and depressive symptoms across groups highlight
the importance of identifying and treating sleeping difficulties in this population.

CT Registration #: Nct03818581.
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Introduction
Type 2 diabetes (T2D) results from a progressive insulin secretory defect on the background of insulin resistance. The
prevalence of this disease has risen dramatically in recent decades and is currently a leading cause of morbidity and
mortality throughout the world.! Sleep disturbance and reduced sleep duration are underappreciated and important
features of type 2 diabetes.”> People with type 2 diabetes have many potential disease-related etiologies for nocturnal
awakenings from, and difficulty returning to, sleep (eg, nocturia, neuropathy, blood sugar assessments, anxiety, sleep
apnea), producing sleep-maintenance insomnia and reduced total sleep duration. Numerous studies have attempted to
assess the prevalence of insomnia and/or insomnia symptoms in populations of people with type 2 diabetes; a recent
meta-analysis analyzing 78 studies found the prevalence of insomnia symptoms in people with type 2 diabetes to be 39%
(95% CIL: 34%, 44%).°

In those with established type 2 diabetes, there is emerging evidence from cross-sectional studies that sleep
disturbance affects glycemic control. Recent meta-analyses have found associations between insomnia symptoms in
people with type 2 diabetes and poor glycemic control.” Additionally, the Coronary Artery Risk Development in Young
Adults (CARDIA) study found that both actigraphic-determined sleep fragmentation and a combined measure of
insomnia from actigraphy and self-reported sleep disturbance were substantially associated with abnormalities in fasting

glucose, insulin, and insulin resistance in those with established type 2 diabetes.®
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Hyperglycemia defines diabetes, and glycemic control is fundamental to the management of diabetes. Numerous
longitudinal studies have demonstrated that maintenance of optimal glycemic control over time reduces the risk of
microvascular complications (eg, retinopathy, nephropathy, neuropathy), cardiovascular disease, and overall death from
any cause in people with type 1 and type 2 diabetes.” '* Thus, a consensus among clinical guidelines has emerged that
normalizing glycemic control reduces the risk and extent of diabetes mellitus complications.

Therefore, improvement of sleep in people with type 2 diabetes may enhance glycemic control and reduce the risk of
negative health outcomes. Indeed, one randomized controlled trial assessing a sleep hygiene educational program in
people with impaired fasting glucose or type 2 diabetes found this intervention to improve both subjectively reported
sleep duration and quality and improve fasting glucose and HbAlc values.'® Further, a limited number of studies have
examined the effects of insomnia medication treatment in people with type 2 diabetes.'* One small study (n = 32) found
slight improvements in sleep quality but no change in HbAlc after three months of daily ramelteon administration in
people with type 2 diabetes (mean baseline HbAlc = 6.7%).'> However, after participants were randomly assigned to
either continue or discontinue ramelteon for the following three months, those who discontinued saw a slight increase in
HbAlc levels compared to no change in the continuation group.

To our knowledge, the most popular on-label and off-label agents for insomnia (benzodiazepine-receptor agonists,
antidepressants, and antipsychotic agents) have not been investigated for treatment of insomnia in the context of type 2
diabetes. Many of these agents have side effects (weight gain, exacerbation of obstructive sleep apnea, risk of cognitive
dysfunction, and glucose and lipid abnormalities) that are of particular concern in this population.'® Suvorexant,
a recently approved orexin antagonist, provides an important therapeutic option to treat insomnia in the context of
type 2 diabetes.'” It has demonstrated long-term efficacy, particularly in shortening the duration of nocturnal awakenings
and increasing total sleep time,'® while having a comparatively benign side effect profile compared to many of the agents
described above. Furthermore, an orexin antagonist may have particular efficacy in people with type 2 diabetes and
insomnia; in addition to its impact on sleep-wake function, orexin plays a key role in energy metabolism, and has known
functions in both promotion of appetite and the regulation of glucose homeostasis.'**° A study of suvorexant admin-
istration in diabetic db/db mice showed that the medication had beneficial effects on sleep and glucose metabolism over
2—4 weeks, with the authors concluding that this latter effect was mediated through CNS suppression of sympathetic
influences on hepatic gluconeogenesis.”' It seems possible that similar beneficial effects would be seen with nocturnal
administration of suvorexant in humans with type 2 diabetes considering that excessive hepatic gluconeogenesis is
a major contributor to hyperglycemia in people with this condition.”” Multiple open-label, single-arm trials assessing
suvorexant treatment in people with type 2 diabetes and insomnia found improvements in subjective sleep efficiency and
glycemic control.**

The present randomized controlled trial examined whether suvorexant would improve sleep quality and quantity in
people with suboptimally controlled type 2 diabetes. The primary hypothesis was that suvorexant is superior to placebo
in increasing subjective total sleep time at 3 months of treatment in this population. Exploratory hypotheses included
greater active treatment effects on wake after sleep onset as well as greater improvement in ISI. Furthermore, we
hypothesized that benefits of improved sleep would be reflected in improved glycemic control, as measured by HbAlc.

Methods

Study Design

This was a parallel, double-blind, randomized placebo-controlled 3-month trial using the sequential parallel comparison design®
(SPCD), investigating the effects of suvorexant 10-20 mg on subjective total sleep time in people with suboptimally controlled
type 2 diabetes. The SPCD is a clinical trial design that uses a two-phase approach to address the placebo response rate. In the first
phase, more people are randomized to placebo than treatment (2:1) with the goal of identifying placebo non-responders. In
the second phase, the focus is on placebo non-responders, who have already “failed” placebo, and thus are less likely to exhibit
a placebo response during the second phase, thereby increasing the observable size of the treatment effect, if present. In line with
this design, in this trial, people were randomized to placebo versus suvorexant (2:1) for the initial 6-week treatment period. For the
purpose of identifying placebo non-responders, treatment response was defined as improving total sleep time by at least 15%, as
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assessed through the use of sleep diaries completed by participants during a two-week period prior to randomization, and the last
two weeks of the treatment period. Suvorexant and placebo were both received from the study sponsor, Merck, and were packaged
identically. Those randomized to placebo who failed to achieve this treatment response during the first phase were re-randomized
1:1 to placebo or suvorexant for the second 6-week period (see Figure 1). Participants identified as responders to placebo as well as
those initially randomized to suvorexant were maintained on their initial treatment for the second 6-week period to maintain the
blind. Randomization was computer generated (using randomization.com) and done in blocks of 6 for Phase 1 and blocks of 4 for
Phase 2. All study procedures were approved by the Massachusetts General Brigham Institutional Review Board.

Interested participants had an initial phone call with the research coordinator where they provided verbal informed
consent and were screened to rule out any immediate exclusion factors. They then underwent a two-week screening
period, during which time they completed daily sleep diaries. If deemed eligible based on their self-reported sleep,
participants were invited to the Screening Visit, at which they provided written informed consent and were enrolled in the
study. Following the Screening Visit, participants completed another two weeks of sleep diaries and had their blood
drawn to test HbAlc and C-Reactive Protein levels before being randomized to the trial.

Both treatment periods lasted 6 weeks and followed the same structure. During the first week, participants took one
10 mg pill of suvorexant or placebo nightly, which was increased to 20 mg for the remaining 5 weeks unless side effects
were present. Participants who took suvorexant for both study periods received 20 mg during the first week of the second
treatment period (ie, there was no dose reduction back to 10 mg). Participants completed sleep diaries again for the last
two weeks of treatment. At the end of the treatment period, participants had their blood drawn and met with the study
coordinator and physician to review changes in their sleep and fill out surveys. Participants were also questioned on
changes in diabetes medication and other changes in health.

Screened
N =475
| Excluded
N =367
Enrolled
N =108
| Excluded or withdrawn
N=39
Randomized
Discontinued due to N =69
Covid-19: N=1
Withdrew: N = 1 . Not treated
* Paused due to Covid- N=2
19 then no longer met
criteria: N = 1 [ —
Placebo Suvorexant
N=44 N=23
Randomization 1 Ended participation Ended participation
N=3 N=3
[ |
Placebo Placebo Non-
Responders Responders
N=7 N=34 « Discontinued due to
Covid-19:N=2
Removed due to (non-
I drug related) SAE: N =
| 1
Randomization 2 Placebo Placebo Suvorexant Suvorexant
ancomization N=7 N=18 N=16 N=20
Completed Completed Completed Completed
N=7 N=18 N=16 N=20

Figure | Consort diagram.
Notes: Adapted from Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. PLoS Med. 2010;7
(3): €1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.?®

Nature and Science of Sleep 2023:15 heeps: 1119

Dove:


https://www.dovepress.com
https://www.dovepress.com

Winkelman et al Dove

Participants

Men and women between the ages of 25 and 75 with suboptimally controlled type 2 diabetes (ie, HbAlc between 6.5%
and 10.0%), a DSM-5 diagnosis of Insomnia Disorder, at least a mild level of insomnia symptoms (ie, ISI >10), a self-
reported total sleep time (TST) <6.5 hours and a combined sleep onset latency (SOL) and WASO > 45 minutes on 7 or
more of the 14 nightly sleep logs during both the initial 2-week screening period and the two-week screening run-in
period prior to randomization were eligible for participation. Those who met the following criteria were excluded:
diagnosis of severe obstructive sleep apnea and not using CPAP machine, other untreated primary sleep disorder, shift
workers, unwillingness to not use sedative-hypnotics (other than suvorexant) during the study period, unwillingness to
maintain stable diabetes medication unless medically indicated, positive urine toxic screen for substance use other than
nicotine, alcohol and marijuana at the Screening Visit, consumption of greater than six cups of coffee per day, current
major depressive episode, active or unstable major psychiatric disorder, current alcohol or substance use disorder, renal
or hepatic disease, pregnancy, malignancy within past 2 years, surgery within past 3 months, unstable neurological
disorder or cardiovascular disease, concomitant medications with important drug interaction with suvorexant (eg, strong
CYP3A inhibitors), history of being treated with suvorexant, and traveling across two time-zones during the week prior
to enrollment.

Participants were recruited through advertisements on the Partners Clinical Trials webpage (Rally), flyers in local
medical clinics, advertisements on Facebook and Google, referral by providing clinicians, and through a research
coordinator stationed at a diabetes clinic at Brigham and Women’s Hospital. Prospective subjects were also identified
through the MGH Diabetes Research Center Patient Registry; patients were sent a study information packet and an opt-
out letter, and all patients who did not opt out were contacted by a research coordinator. Lastly, participants were
recruited using Mass General Brigham’s Research Study Volunteer Program Registry, in which patients meeting basic
criteria were sent information about the study and instructed to contact the research team.

Assessments

Sleep quality and quantity were assessed using the Insomnia Severity Index®’ (ISI), the PSQI (specifically the item
relating to sleep quality),”® and sleep diaries. Participants were encouraged to complete sleep diaries as soon as they
woke up in the morning to ensure accuracy of responses. They reported the time they tried to go to sleep, any
medications taken to help with sleep (including the study drug), their last awakening in the morning, sleep onset latency
(SOL), the number of times they awakened from sleep, the amount of time they spent awake after sleep onset (WASO),
and their subjective total sleep time (sTST). Calculated total sleep time (cTST) was determined by subtracting SOL and
WASO from the amount of time spent in bed attempting to sleep. Sleep efficiency was calculated by dividing ¢TST by
the time spent in bed. In cases where a participant spent less than 7 hours in bed, researchers referred to the question,
“Did you have your final wake up before your alarm went off?” If the participant responded “Yes”, the difference in time
between their alarm and their awakening was added to their WASO calculation. If the participant responded, “I don’t use
an alarm”, the difference between 7 hours and their time in bed was added to their WASO calculation. If the participant
responded “No”, the WASO calculation was not changed.

Insomnia severity was assessed by the Patient Global Impression for Insomnia®’ (PGI-I) and the Clinical Global
Impression®® for Insomnia (CGI-I). The PGI-I assessed participants’ subjective impression of their change in insomnia
symptoms on a 7-point Likert scale; those reporting to be “much better” or “very much better” were deemed to be PGI-I
responders. On the CGI-I, the study physician assessed participants’ change in insomnia symptoms and overall symptom
severity on a 7-point Likert scale; those with ratings of change of “much improved” or “very much improved” were said
to be CGI-I responders.

Data pertaining to participants’ experience with diabetes was collected using the Diabetes Quality of Life
questionnaire®® (DQOL) and the Diabetes Distress Scale®? (DDS). Depression symptoms were assessed using the
Beck Depression Inventory>® (BDI).

Serum values for HbAlc and C-Reactive Protein levels were assessed via blood draw before participants were given
study medication, at the end of the first treatment period, and at the end of the second treatment period.
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Statistical Analyses

The primary outcome variable was sTST. Secondary outcomes were ISI and WASO. The same analytic procedure was
used across these outcomes. Namely, in line with the SPCD, the outcomes of phases 1 and 2 were first analyzed
separately, and then combined in a weighted statistical test. For this trial, the ordinary least squares approach recom-
mended by Chen et al was used.** This approach uses linear regression models for both phases, as implemented here
using the Proc REG procedure in the statistical software package. In each phase, the dependent variable was the outcome
variable of interest as observed at treatment end (eg, sTST score at treatment end). The predictor variables were this
outcome’s baseline assessment (eg, sTST score at baseline) and a binary indicator for randomized group assignment
during this phase (ie, 1 = suvorexant, 0 = placebo). Phase 2 analyses only included Phase 1 placebo non-responders.
Using standard SPCD practices, these results were then combined in a final weighted analysis, using the simple weighted
ordinary least square test statistic Zo; s recommended by Chen et al.** As per the study protocol, a 50:50 weighting was
used. A statistically significant Zo 5 value (ie, which combined Phase 1 and 2 estimates) was interpreted as a significant
treatment effect, using alpha = 0.05. No corrections were made for multiple comparisons, as there was only one primary
outcome, and the secondary outcomes were exploratory. Missing data occurred in 9% (6 out of 67 randomized
participants) of the cases during Phase 1 as a result of study drop-out, and 0% (0 out of 34 Phase 2 randomized
participants) during Phase 2. As missing data rates of less than 10% are deemed unlikely to produce biased results,*> no
further action was taken to address missing data. In total, we expected to randomize 72 participants to treatment with 62
completed subjects (31 per treatment group). Using the SPCD calculator, to achieve 80% power to detect an effect size of
0.40, at a statistical significance level of 0.05, 70 randomized subjects were required.

Along with the SPCD analysis, exploratory statistical analysis was also conducted which included Chi-square tests
(for categorical variables) and Spearman correlations (for continuous variables). This analysis was conducted using
GraphPad Prism Version 9.4.1.

Clinical Trials registration number: NCT03818581

Results

Of the 69 participants randomized, 67 were given medication (Figure 1). Of these 67 participants, there was post-
randomization data only available for 65 participants (66.2% female, 84.6% white, 92.3% non-Hispanic) as two
participants dropped out prior to their first post-randomization visit. Of these randomized participants, 6 terminated
study participation early, yielding a completion rate of 91.0%. Of note, one of the 65 participants with available data did
not complete sleep diaries, meaning n = 64 for the primary endpoint, sTST. At entry to the study, participants were, on
average, sleeping for under 6 hours per night, with an average combined SOL and WASO of just under two hours. The
mean ISI score was 16.1, indicating moderate insomnia severity. The mean HbAlc for participants upon entry to the
study was 7.6%. At the time of study entry, 32.3% (n = 21) of participants had a current diagnosis of sleep apnea. Of
those, 66.7% (n = 14) were regularly using a CPAP or BiPap machine. The participants not using a CPAP or BiPap
machine were confirmed to have mild or moderate (ie, not severe) sleep apnea. Other baseline characteristics can be
found in Table 1.

Primary Outcome: sTST

The SPCD analysis results indicated that suvorexant was not significantly more effective than placebo in increasing sTST
(p = 0.27; combining data from both phases 1 and 2) (Figure 2, Table 2). In both phases, participants assigned suvorexant
had greater improvements in sTST than those assigned placebo (49.2-minute improvement vs 26.5-minute improvement
in phase 1, 11.5-minute improvement vs 6.8-minute improvement in phase 2). As change in sTST was independently
associated with baseline sTST (those with lower sTST improved more) and the suvorexant group had lower sTST at
baseline, these group effects, however, were not significant when taking baseline values into account. During the final 2
weeks of phase 1, the average dose of suvorexant was 19.5 mg (21 of 22 participants increased to 2 pills), while during
the final 2 weeks of phase 2, the average dose of suvorexant was 20.0 mg (all participants increased to 2 pills).
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Table | Participant
Demographic Information

Baseline and

Analysis Set (n = 65)

n (%)

Sex

Male 22 (33.8)

Female 43 (66.2)
Race

White 55 (84.6)

Black 6(9.2)

Asian 3 (4.6)

Biracial 1 (1.5)
Ethnicity

Non-Hispanic 60 (92.3)

Hispanic 5(7.7)
Sleep History

Current OSA 21 (32.3)

Regular use of CPAP/BiPap | 14 (66.7)

Mean (SD)

Age (years) 60.0 (9.2)
Height (inches) 66.5 (4.0)
Weight (Ibs) 218 (46.8)
BMI 34.4 (6.6)
Sleep Endpoints

sTST (minutes) 354.3 (45.3)

cTST (minutes) 357.1 (48.8)

SOL (minutes) 35.5 (23.0)

WASO (minutes) 75.7 (44.0)

Sleep Efficiency 79% (9%)

Number of Awakenings 2.1 (1.1)
Surveys

ISI 16.1 (3.6)

BDI 8.1 (6.4)

DDS 333 (13.1)

PSQI 2 (0.6)

QOL 16.8 (8.0)
Lab Values

HbAlc (% of total Hgb) 7.6 (0.8)

CRP (mg/L) 8.8 (21.6)

Secondary Outcomes: ISI and WASO

There was no significant difference in change in neither ISI nor WASO between participants on suvorexant and placebo. These
results are summarized in Table 2. Only 4.6% of the participants (n = 3) had severe insomnia at baseline, according to the ISI.

Exploratory Outcomes
There were no significant differences between groups in subjective quality of sleep, subjective sleep efficiency, PSQI,

Beck Depression Inventory, or the DQOL or DDS. There were similarly no significant changes in serum levels of HbAlc

or CRP between treatment groups (Table 2).
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Figure 2 Primary Outcome: Subjective Total Sleep Time. There is a difference in sample size between Phase | and Phase 2 because only placebo non-responders from Phase
| are analyzed in Phase 2. In Phase |, 42 patients were randomized to placebo and 23 were randomized to suvorexant (n=| of the suvorexant group dropped out before
phase | STST data could be collected). Error bars represent SD.

Exploratory Analyses

There were associations between improvements in sleep and improvements in various diabetes-related metrics indepen-
dent of treatment assignment. During the first six-week treatment phase, among participants with baseline HbAlc >7.0,
those with a >15% increase in sTST (our treatment response criterion) were more likely to see clinically significant
HbAlc decreases of 0.5% or more (33.3% vs 9.4%; p = 0.05). Additionally, when looking at all participants during this
first treatment phase, more CGI-I responders (ie, assessed by study physician to have “much improved” or “very much
improved” insomnia) compared to non-responders showed a clinically significant reduction in HbAlc (23.1% vs 6.3%;
p = 0.06). Reductions in the number of awakenings per night during the first treatment phase were also associated with
reductions in HbAlc (r = 0.33; p = 0.01). When looking at all participants over the entire 12-week study period, CGI-I
responders were more likely to have a reduction in HbAlc than non-responders (58.6% vs 31.8%; p = 0.06).

In addition to HbAlc, there were associations between improved sleep and subjective diabetes measures.
Improvement in insomnia as indicated by a reduced ISI score was associated with DDS improvement in the first
phase (r = 0.31; p = 0.01), second phase (r = 0.30; p = 0.02), and over the entire 12-week period (r = 0.25; p = 0.05).
During the second phase, ISI improvements were associated with DQOL improvements (r = 0.24; p = 0.07), as were
improvements on the PSQI (r = 0.35; p = 0.01).

Improvements in sleep over the entire 12-week study period were also associated with reductions in depressive
symptoms as indicated by scores on the BDI (after omitting the BDI question inquiring about sleeping difficulties): SOL
(r=0.27; p=0.06), ISI (r = 0.45; p < 0.01), and sTST (r =—0.27; p = 0.05) were all associated with improvements on the
BDI in terms of percentage change. Additionally, participants who were CGI-I responders at 12-weeks were significantly
more likely to see >50% reductions in BDI score (60.7% vs 26.1%; p = 0.01). PGI-I responders (ie, those who reported
their insomnia to be “much better” or “very much better”) over the 12-week study period were also more likely to see
>50% BDI score reductions (58.3% vs 30.8%; p = 0.05).

Safety and Tolerability

The study medication was well tolerated in this study sample. Adverse events are summarized in Table 3. Over four-fifths
of the participants in each study group reported <1 adverse event. The most common side effect in the suvorexant
treatment group during each study period was grogginess (36.4% in T1 and 13.9% in T2). There was only one serious

adverse event, which was a toe amputation secondary to diabetes, unrelated to the study medication.

Nature and Science of Sleep 2023:15 heeps: 1123

Dove:


https://www.dovepress.com
https://www.dovepress.com

aa0(Q

1411

:sdyyy

G1:€£707 do3|S Jo 9duUdIdS pue dUnIEN

Table 2 SPCD Analysis of Primary, Secondary, and Exploratory Outcomes

Phase | Phase 2 Combined
Suvorexant Placebo Suvorexant Placebo
n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) P
STST (minutes) 0.27
Baseline 22 3316 (43.3) 42 366.0 (42.8) 15 390.0 (51.1) 17 392.3 (45.6)
End of Phase 22 380.8 (43.7) 42 3925 (48.9) 15 401.5 (48.1) 17 399.0 (45.7)
Score Improvement 22 49.2 (40.0) 42 26.5 (40.3) 15 1.5 (33.2) 17 6.8 (23.2)
N 0.86
Baseline 22 15.0 (32) 43 16.7 (3.7) 15 12.7 (6.2) 17 10.6 (54)
End of Phase 22 9.8 43) 43 11.2 (5.7) 15 10.9 (5.7) 17 9.1 (54)
Score Improvement 22 -52 (3.7) 43 5.6 (5.5) 15 -1.8 (6.5) 17 -1.5 (3.7)
WASO (minutes) 0.94
Baseline 22 86.4 (45.7) 40 70.5 (42.8) 14 427 (30.3) 17 58.9 (36.5)
End of Phase 22 64.1 (48.5) 40 51.7 (38.1) 14 36.7 (25.8) 17 483 (30.6)
Score Improvement 22 —22.3 (25.9) 40 -18.8 (26.7) 14 —6.0 (20.3) 17 -10.6 (21.2)
PSQI (sleep quality item) 0.55
Baseline 22 1.9 (0.5) 43 2.1 (0.6) 15 1.6 (0.7) 17 1.4 (0.9)
End of Phase 22 1.3 0.8) 43 1.4 (0.8) 15 1.5 (1.0 17 1.1 (1.0
Score Improvement 22 -0.6 0.7) 43 -0.7 0.8) 15 -0.1 0.9) 17 -0.3 (0.8)
SOL (minutes) 0.39
Baseline 22 355 (17.9) 40 345 (24.8) 15 365 (38.6) 16 273 (16.8)
End of Phase 22 304 (16.4) 40 312 (234) 15 34.1 (27.9) 16 223 (ro.1)
Score Improvement 22 5.1 (13.3) 40 -33 (17.3) 15 24 (21.5) 16 -5.0 93)
BDI 0.80
Baseline 22 7.0 (5.2) 43 8.7 (6.9) 15 6.2 (5.9) 17 5.2 (4.9)
End of Phase 22 54 (54) 43 54 (5.0 15 59 (6.6) 17 5.5 (5.7)
Score Improvement 22 -1.7 2.7) 43 -32 (4.9) 15 -0.3 (4.6) 17 0.3 (3.0)
DQOL 0.77
Baseline 22 16.2 (8.5) 43 17.1 7.9 15 14.4 (6.5) 17 13.6 (6.0)
End of Phase 22 15.2 (9.0 43 139 (6.9) 15 13.2 6.1) 17 13.8 (6.0)
Score Improvement 22 -1.0 4.7) 43 -29 (4.6) 15 -1 (4.4) 17 0.2 (3.0
DDS 0.92
Baseline 22 324 (12.7) 43 338 (13.5) 15 28.7 (10.4) 17 26.2 (5.7)
End of Phase 22 325 (14.8) 43 29.0 (10.9) 15 27.7 (8.4) 17 29.9 (9.3)
Score Improvement 22 0.1 (10.5) 43 —4.8 (10.5) 15 -1.0 4.9) 17 37 (8.8)
HbAlc (% of total Hgb) 0.20
Baseline 20 7.7 (1.0) 40 7.6 0.8) 10 74 (1.0) 15 74 0.7)
End of Phase 20 7.7 0.9) 40 7.6 0.9) 10 72 (1.0) 15 75 0.9)
Score Improvement 20 0.0 (0.4) 40 0.0 (0.5) 10 -0.3 (0.5) 15 0.0 (0.5)
CRP (mg/L) 0.83
Baseline 20 6.5 (8.9) 41 6.3 (8.8) 12 5.7 (ro.1) 16 6.8 (8.9)
End of Phase 20 72 (84) 41 6.6 (8.6) 12 57 (9.5) 16 6.7 9.1)
Score Improvement 20 0.7 (6.1 41 0.3 (4.7) 12 0.0 (2.9 16 -0.2 (6.4)
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Table 3 Summary of Adverse Events Over Each of the 6-Week Treatment Periods

Phase | Phase 2
Suvorexant (n=22) Placebo (n=43) Suvorexant (n=36) Placebo (n=25)

> | adverse event 10 (45.5%) 10 (23.3%) 13 (36.1%) 2 (8.0%)
Adverse Events

Grogginess 8 (36.4%) 2 (4.7%) 5 (13.9%) 0 (0.0%)
Vivid dreams 3 (13.6%) 0 (0.0%) 4 (11.1%) | (4.0%)
Headache 2 (9.1%) 1 (2.3%) | (2.8%) 0 (0.0%)
Dry mouth 1 (4.5%) 0 (0.0%) 2 (5.6%) 0 (0.0%)

Discussion

In this randomized, double-blind, placebo-controlled study of people with chronic insomnia and suboptimally controlled
type 2 diabetes, we did not find evidence that suvorexant is efficacious in improving sleep over a 12-week period in this
population. Neither our primary sleep endpoint, sTST, nor our secondary sleep endpoints, WASO and ISI, demonstrated
significant improvement in insomnia symptoms among participants taking 10-20mg suvorexant, compared to those
taking placebo. We also found no impact of suvorexant on any of our exploratory endpoints, including cTST, number of
awakenings, PSQI, SOL, sleep efficiency, BDI, DQOL, DDS, HbAlc, or CRP.

These findings showing no improvement in sleep in subjects taking suvorexant are inconsistent with those of Herring

et al,>®

which demonstrated the efficacy of suvorexant in improving symptoms of insomnia in two placebo-controlled
3-month trials, particularly by increasing subjective TST and decreasing WASO. We find it plausible that the increased
medical complexity of this sample may help explain why our findings are discordant with these previous results.
Specifically, as many participants in this study had medical conditions and symptoms disrupting sleep (eg, frequent
urination related to hyperglycemia, mild-moderate obstructive sleep apnea, neuropathy, other chronic pain, etc.),
suvorexant may have a more limited effect in improving sleep given these comorbidities. Additionally, the current
study sample had notably higher body mass indexes than those in the previous trials (mean of 34 in this study versus
means of 25 and 26 in those conducted by Herring et al).*® It is therefore possible that suvorexant serum concentrations
among participants in this study were lower than those at similar doses used in the previous research, leading to a reduced
benefit of the medication. Furthermore, participants in the Herring et al trials had more severe initial insomnia than those
in this study: although participants in the two trials had nearly identical baseline ISI scores as those in this study, those in
our study had baseline sTST durations that were over 30 minutes longer, as well as shorter baseline SOL durations (mean
of 35.5 in our study versus >60 minutes in the previous trials). Lastly, the study may have been underpowered to identify
a statistically significant difference between groups;** our effect size for sTST was 0.44; significant differences in this
primary endpoint might be observed in a larger trial.

Similarly, our results are distinct from those of the two previously mentioned trials that found improvements in sleep,
as well as measures of glycemic control and/or obesity-related parameters, with administration of suvorexant in people
with type 2 diabetes and insomnia.*® Both of these trials observed these positive findings with smaller sample sizes
compared to the present study (n = 18 and n = 13). Furthermore, both trials were open-label and uncontrolled, and their
results must therefore be interpreted with caution. Our notably larger, randomized, and placebo-controlled trial is an
important addition to the growing literature on this topic.

We hypothesized that participants taking suvorexant might see improvements in glycemic control related to
both improved sleep and modulation of the orexin system. Such an effect was not seen, although improvements in
HbA1c were larger in the suvorexant group than those in the placebo group for both phases of the trial. Similarly,
the small Yoshikawa et al study, which saw improvements in sleep efficiency in people with type 2 diabetes with
suvorexant administration, did not find changes in HbAlc, which the authors attribute to their limited sample
size.”* Of note, the short Toi et al study did find improvements in continuous glucose monitor (CGM) measured
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mean glucose levels after suvorexant administration, though this may be at least partially related to their highly
controlled environment compared to our study (eg, all participants were hospitalized throughout the study and
were given a regimented diet).”’ The short time frame of our study may have limited ability to detect decreases in
HbAlc levels. Specifically, HbAlc (as opposed to more immediate metrics of glycemic control such as CGM
measured glucose levels) is widely interpreted as an average of blood glucose levels over the preceding two or
three months,®” and the treatment periods in the current study were only six weeks. Future large studies should
assess the impact of suvorexant on HbAlc over a longer time frame than was assessed in the current study.

Notably, exploratory analyses revealed significant relationships between improved sleep and decreased HbAlc across
treatment groups. These findings linking improved sleep with reductions in blood sugar add to a growing body of literature
showing the importance of adequate sleep for optimal glycemic control.” *!%*® For instance, in our previous 8-week blinded
placebo-controlled study of eszopiclone in the treatment of primary insomnia in people who mostly did not have type 2
diabetes, strong correlations were observed between improvement in diary-reported total sleep time and improvement in
HbA ¢ in both the eszopiclone and placebo groups.*® Our current findings linking improved sleep to reductions in HbAlc
are especially noteworthy considering the relatively short time frame of this study and the longer period during which HbAlc
integrates glycemic values, mentioned above. We find it plausible that such reductions may have been even larger with
a longer treatment period. Furthermore, these associations between improved sleep and reductions in blood sugar levels were
seen with a relatively limited sample (HbAlc values from several participants were not obtained due to the onset of the
Covid-19 pandemic midway through the study, causing an inability to collect some laboratory samples).

Certain improvements in HbAlc with improved sleep were specifically seen in participants with a baseline HbAlc of
7.0% or greater, and not in those with HbA1c values between 6.5% and 6.9% at baseline. Although it is certainly possible
that individuals with relatively lower blood sugar levels do see positive impacts of improved sleep on glycemic control,
these results suggest the presence of a floor effect in which individuals with lower initial levels see less dramatic
decreases in blood sugar with improved sleep.

Improved sleep was also associated with improvements on both the Beck Depression Inventory and diabetes-related
distress as indicated by the Diabetes Distress Scale. The former finding is consistent with numerous studies linking
improved sleep to decreased depressive symptoms.>® This observed reduction in depressive symptoms further under-
scores the importance of treating sleep difficulties in this population, in which clinical depression prevalence is about
twice the rate of the general population.*’

This study has certain limitations. The majority of the sample was non-Hispanic (92.3%) and white (84.6%),
limiting the generalizability of these results to Latinx and non-white people. Additionally, this study only assessed
subjective sleep metrics (rather than objective metrics obtained through either actigraphy or polysomnography) and
these results are therefore susceptible to self-report biases. Further, although people with severe sleep apnea not using
CPAP machine were excluded from participation, information on CPAP adherence and effectiveness among the
included participants was not collected. Lastly, as alluded to above, the sudden onset of the Covid-19 pandemic
midway through the study led to premature termination of several participants (refer to methods for discussion on

missing data).

Conclusion

In conclusion, we did not find evidence that suvorexant improved sleep in this sample of people with type 2 diabetes, nor
was suvorexant associated with improvements in glycemic control, CRP levels, or diabetes-related quality of life metrics.
Independent of treatment with suvorexant and/or placebo, improvements in sleep were related to improvements in both
glycemic control and subjective diabetes measures as well as reductions in depressive symptoms, suggesting the

importance of identifying and treating sleep difficulties in this population.

Data Sharing Statement
No further data will be shared. This study is in compliance with the Declaration of Helsinki.
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