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1. Original aims of the project.

Aim 1: This pilot study proposes to examine the effect of Rozerem on sleep/wake patterns
among individuals with TBI experiencing sleep disturbance.

Aim 2: This pilot study proposes to examine the residual effect of Rozerem on daytime
functioning among individuals with TBI experiencing sleep disturbance.

2. Project successes.

Overall, this project was a great success. The fact that the effect sizes were so large in most
analyses enabled us to find results that were robust for this pilot study with a relatively small
sample size. As a pilot study, this project was very useful to determine feasibility for future
research. Please note that the generic name for Rozerem is Ramelteon, which will be used in the
presentation of findings. See Results on Page 4.

3. Project challenges.

Small challenges:

Participant compliance was one initial challenge that was readily remedied with increased patient
contact with the research assistant by telephone. There were also many individuals who could
participate but required transportation to and from the five visits required by the protocol. Future
grants will now always include a budget for participant transportation.

Larger challenges:

Our greatest challenge was that most individuals with TBI who had sleep difficulties were either
unwilling to try a pharmacological treatment, or unwilling or unable to safely and easily stop
taking their current sleep medications for the two-week period prior to study participation. Many
individuals were dependent on medications they were already taking to get a good night’s sleep
and allow them to function on a day to day basis. Another challenge was the inclusion of only
individuals with traumatic brain injuries. There were many interested individuals who had sleep
disturbances after brain injuries of non-traumatic etiologies who had to be excluded from the
study. In the future, a better balance between inclusion/exclusion criteria while retaining
scientific rigor may increase feasibility a given study and facilitate recruitment. Due to lack of
interest in participation among individuals with TBI, recruitment efforts were extended with
outreach to TBI support groups and local organizations, and no-cost extensions were requested.
Greater effort and additional time was invested in recruitment, but this was difficult without any
additional funding. In the future, ways will be sought to allow for funds to be allocated
specifically to recruitment within the project budget if needed.

4. Implications for future research and/or clinical treatment

This project has direct implications for treatment of sleep disorders among individuals with TBI.
The dissemination of these findings will continue to increase awareness among consumers and
professionals about the potential benefits of using Rozerem (Ramelteon) to treat sleep
disturbance after TBI, both by increasing total sleep time and by improving cognitive
functioning. Clinicians treating inpatients with this medication in an acute rehabilitation setting
should be aware that the drug must be administered nightly for at least two weeks before
maximum benefit can be achieved. This is important information for physicians to know when



deciding what medication to prescribe, if any, based on the patient’s expected length of stay. For
example, a patient with TBI who has a projected stay beyond 10 days would probably benefit
most from Rozerem (Ramelteon) because after maximum effectiveness has been reached there is
greater potential for improved performance in rehabilitation therapies. An inpatient expected to
be discharged from rehabilitation in less than 10 days may not see the benefits of improved
daytime functioning in therapies before discharge.

Knowing the potential benefits of Rozerem (Ramelteon), a melatonin agonist, and observing the
trepidation of many individuals with TBI to add a prescription sleep medication to a possibly
already existing regimen of drugs, it would be informative for a future study to investigate the
comparative effectiveness of Rozerem (Ramelteon) with the over-the-counter melatonin
supplement. If the latter proves to be of comparable effectiveness, treatment may be more readily
utilized by consumers with TBI who suffer from sleep difficulties but do not wish to use a
prescription drug.

5. Plans to continue the research, including applications submitted to other sources for
ongoing support. Explain how you have leveraged NJCBIR funding to obtain additional
federal or other support for brain injury research and list the appropriate funding
organizations.

I have used the data from this pilot study to demonstrate the sleep patterns of individuals with
traumatic brain injury in an application submitted to the National Institute of Disability and
Rehabilitation Research (NIDRR). The currently proposed study examines sleep difficulties after
TBI in the acute rehabilitation setting. The status of this proposal for a Field-Initiated grant will
be disclosed later this year. A proposal is also being considered for a study examining the
comparative effectiveness of Rozerem (Ramelteon) vs. Melatonin in the acute rehabilitation
setting for which this data would play a central role.

6. List and include a copy of all publications emerging from this research, including those
used in preparation.

Lequerica, A.H., Chiaravalloti, N., Jasey, N. (2014) A Pilot Study on Ramelteon in the
Treatment of Sleep Difficulties after TBI. Poster Presentation at the 2014 Annual Convention of
the American Psychological Association. August 7-10, Washington D.C.

Preliminary study findings were also presented at:

Lequerica, A. Sleep after TBI, Applying research findings to daily life. Invited speaker at
workshop for the New Jersey Brain Injury Association Annual Conference, May 2011.

Lequerica, A. Sleep in Traumatic Brain Injury. Invited presentation at the 11th Annual NABIS
Conference on Brain Injury, New Orleans, September 18-21, 2013.

7. Financial summary. (Attached)
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RESULTS
Rozerem will be referred to as Ramelteon, the generic name, throughout the reporting of Results.
Study Sample

Out of a pool of 180 individuals who were considered for participation, 109 were successfully
contacted. As can be seen in Figure 1, 31 individuals failed the initial screen and were not
eligible based on inclusion/exclusion criteria. Within these 31 individuals, 19 did not endorse
any sleep difficulties and hence, did not qualify. Of the remaining potential participants, 24 did
not wish to try medication for their sleep difficulties. Fifteen individuals were unable to
participate due to location or transportation issues, or other logistic complications. An additional
8 refused without providing any particular reason. One of the most common reasons for not
participating among those who refused was that they were unwilling or unable to comply with
the two week washout period prior to beginning the study. This is understandable as there were
many who relied heavily on their current sleep medications in order to function and be
productive during the day.

Figure 1. Recruitment of Participants
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Of the 18 participants enrolled in the study, there were five withdrawals. Three of these
individuals decided not to continue due to scheduling conflicts, one changed their mind and did
not want to take sleep medication, and one was withdrawn by the study’s physician due to
headaches. It should be noted that the participant was in the midst of the placebo phase when she
complained of headaches, and she had a history of frequent headaches. Nevertheless, she wished
to withdraw from the study. Sufficient data was collected from 13 participants that proved useful
in yielding findings that were statistically significant.



Table 1. Demographics and Injury Characteristics.

Continuous Variables M SD
Age 42.5 17.7
Years of Education 14.5 2.9
Time Post-Injury (months) 62.1 91.5

Categorical Variables Count %
Sex

Male 8 61.5

Female 5 38.5
Race/Ethnicity

White 7 53.8

Black 3 23.1

Hispanic 3 23.1

Considerable time and effort was put into recruitment of participants. Enrollment remained at 18
despite ongoing attempts to seek out interested volunteers with TBI to participate in the study. Of
these 18 participants, 5 individuals either withdrew from the study or had incomplete data due to
either poor compliance or equipment malfunction. Thirteen participants were thus included in the
analyses. Ages ranged from 20 to 81, with years of education ranging from 11 to 20 and time
post injury ranging from 6 months to approximately 5 years (see Table 1).

Effect of Ramelteon Over the Course of the Treatment Period
As can be seen in Figure 1 below, Ramelteon reached its maximum effectiveness by the second
week of treatment. Total sleep time was approximately 40 to 60 minutes longer on Ramelteon

compared with sleep on placebo.

Figure 1. Actigraph Total Sleep Time as a Function of Treatment with Ramelteon.
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With 450 minutes equaling 7.5 hours of sleep, duration of sleep on Ramelteon almost reached a
full 8 hours of sleep by week 2. Participants slept significantly longer on 8mg of Ramelteon
compared with Placebo, F(1,12) = 9.09, p = 0.011, np? = 0.43. Although the literature suggests a
decrease in the time it takes to fall asleep as one of the main effects of Ramelteon, this was not
found in the current study. Nine participants (almost 70%) experienced at least 1 week with
shorter sleep onset latency on Ramelteon, but at different times during the study.

The second aim was to examine the effect of Ramelteon on daytime functioning. As can be seen
in Figure 2 below, participants scored significantly higher on (A) the neurocognitive index (nci),
and on (B) the executive functioning subtest (ef) of a cognitive test battery administered after
three weeks of treatment. These effects were large, even after controlling for practice effects
resulting from repeated testing with alternate versions of the tests. The effect of Ramelteon on
reaction time (rt), was approaching significance (p = .061) but was found to have a large effect
size as well.

Figure 2. Estimated Marginal Means for Cognitive Test Scores
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Note nci=Neurocognitive Index, ca=complex attention, cf=cognitive flexibility, ef=executive functioning,
pmrs=psychomotor speed, ps=processing speed, rt=reaction time, and mem=memory.

The overall findings indicate that three weeks of Ramelteon can increase total sleep time and
improve neurocognitive functioning after traumatic brain injury.





