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ABSTRACT This study ascertained whether a proprietary tart cherry juice blend (CherryPharm, Inc., Geneva, NY, USA)
associated with anecdotal reports of sleep enhancement improves subjective reports of insomnia compared to a placebo
beverage. The pilot study used a randomized, double-blind, crossover design where each participant received both treatment
and placebo for 2 weeks with an intervening 2-week washout period. Sleep continuity (sleep onset, wake after sleep onset,
total sleep time, and sleep efficiency) was assessed by 2-week mean values from daily sleep diaries and disease severity by the
Insomnia Severity Index in a cohort of 15 older adults with chronic insomnia who were otherwise healthy. The tart cherry
juice beverage was associated with statistically significant pre- to post-treatment improvements on all sleep variables. When
compared to placebo, the study beverage produced significant reductions in insomnia severity (minutes awake after sleep
onset); no such improvements were observed for sleep latency, total sleep time, or sleep efficiency compared to placebo.
Effect sizes were moderate and in some cases negligible. The results of this pilot study suggest that CherryPharm, a tart cherry
juice blend, has modest beneficial effects on sleep in older adults with insomnia with effect sizes equal to or exceeding those
observed in studies of valerian and in some, but not all, studies of melatonin, the two most studied natural products for
insomnia. These effects, however, were considerably less than those for evidence-based treatments of insomnia: hypnotic

agents and cognitive-behavioral therapies for insomnia.
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INTRODUCTION

ART CHERRIES ARE PURPORTED to have a number of
beneficial health effects, although few data exist to
support these claims. One such claim has been for a sleep-
enhancing effect of tart cherries, the target of this pilot study.
Available data do support the presence of several phyto-
nutrients in Montmorency tart cherries including the phe-
nolic acids—chlorogenic acid, caffeic acid, and ellagic
acid—and the flavonoids—isorhamnetin, kaempferol, quer-
cetin, catechin, epicatechin, procyanidins, and anthocya-
nins.! Anthocyanins are the main component of the phenolic
compounds found in tart cherries and mainly consist of
cyanidin-3-glucosylrutinoside and cyanidin-3-rutinoside.
Other anthocyanins like cyanidin-3-sophoroside, cyanidin-
3-glucoside, and peonidin-3-glucoside make up less than
10% of the anthocyanin profile.” One laboratory study has
demonstrated a positive linear relationship between the level
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of anthocyanins in cherries and the degree of protection
from oxidative stress in neuronal cells.” Levels of antho-
cyanins in tart cherries have been found to exceed those
found in sweet cherries and other fruits.* Tart cherries in
particular also have high levels of anti-inflammatory sub-
stances® at a level comparable to a number of nonsteroidal
anti-inflammatory products.' In the few human experiments
conducted with tart cherries, a cherry juice blend (Cherry-
Pharm, Inc., Geneva, NY, USA) was found to decrease
oxidative stress in healthy older adults,5 enhance muscle
recovery following a single bout of strength training in a
randomized clinical trial,’® and decrease inflammation and
oxidative stress following marathon running.” The food-
processing methods used to prepare this particular blend of
cherry juice retains levels of phytonutrients approaching
those in the whole fruit with one 8 ounce serving containing
approximately 60 mg of anthocyanins as measured by high-
performance liquid chromatography and 550 mg of total
phenolic compounds (unpublished data provided by the
manufacturer) as measured by spectrophotometric analysis
with the Folin-Ciocalteu reagent, the equivalent of 50 whole
tart cherries.'

Interestingly, some participants in the strength training
study® (as well as some college and professional athletes
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evaluating this tart cherry beverage as a sports recovery
drink) made anecdotal reports attributing sleep improve-
ments to the use of the beverage. No systematic studies have
been published that test these or other claims with respect to
tart cherries and sleep. One putative sleep-promoting path-
way for tart cherries is their relatively high content of
melatonin,® a substance with sleep-regulating properties.
Another potential pathway is via anti-inflammatory agents
in that a number of inflammatory cytokines are intricately
related to the modulation of sleep.”

Given these anecdotal reports and a plausible mechanism
of action, we designed a pilot study to test the efficacy of a
tart cherry juice (TCJ) beverage against placebo in older
adults with insomnia. The choice of an elderly cohort was
based on the high prevalence rates of insomnia among the
elderly'” and the potential benefit of a nonmedication
treatment for insomnia for this population, which has a high
medication burden. The primary aim was to assess whether
there were group differences on prospective self-reports of
sleep as assessed by daily sleep diaries and by a retrospec-
tive assessment of insomnia severity, while secondary aims
were focused on retrospective reports of mood and fatigue.

MATERIALS AND METHODS

Participants

Forty-three potential participants who responded to local
newspaper advertisements or brochures left in local physi-
cian offices, health centers, and senior centers were screened
by telephone for preliminary eligibility. Nineteen partici-
pants >65 years of age who complained of insomnia but

were otherwise healthy, active, and medically stable and
taking no hypnotic or sedating medications were scheduled
for an intake visit. This consisted of the informed consent
process, a physical examination, a 12-lead electrocardio-
gram, clinical laboratory evaluations, structured diagnostic
interviews, and a self-report instrument battery. Inclu-
sionary criteria also included a typical bedtime of between
9:00 p.m. and 12:00 a.m., a sleep problem frequency >3
nights/week with a duration >6 months, meeting research
diagnostic criteria for primary insomnia,'' an Insomnia
Severity Index (ISI) >10, and a minimum of 30 minutes of
either sleep-onset latency (SL) or wake after sleep onset
(WASO). Additional exclusionary criteria included any
unstable medical or psychiatric illness, a positive screen for
substances of abuse, the use of any sedating or hypnotic
medications, symptoms suggestive of sleep disorders other
than primary insomnia, and any diagnosis of diabetes or
elevated glucose levels on baseline clinical chemistries (to
exclude patients who may not monitor their sugar intake
adequately given the potential addition of a fruit juice to
their diet).

The analyzed sample (Fig. 1 shows the participant flow
diagram) consisted of 15 participants with a mean (SD) age
of 71.6 (5.4) years and a body mass index of 25.8 (4.6)
kg/mz, and seven were women. Baseline level of sleep
disturbances include group means of approximately 25
minutes SL, 80 minutes WASO, 6.5 hours of total sleep time
(TST), 80% sleep efficiency (SE), and an ISI score of 15.
These suggest a moderate to severe level of insomnia that is
more related to sleep maintenance than to sleep onset
problems.
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Study design

This was a randomized, placebo-controlled, double-blind,
crossover trial conducted at the University of Rochester
Medical Center (Rochester, NY, USA) and approved by its
Institutional Review Board. Following written informed
consent and intake assessment, participants who were not
excluded and received written permission to participate
from their primary care physician were block randomized
(in blocks of two with additional stratification by gender) to
an AB/BA order of beverage. The study consisted of four 2-
week periods (a total of 8 weeks) following enrollment: (1)
baseline, (2) beverage A or B (based on randomization), (3)
washout with no study beverages, and (4) beverage B or A.
Assessments were made at baseline, following the first
beverage period, and following the second beverage period.
During each of the 14-day periods on beverage each par-
ticipant was instructed to drink two 8-ounce servings of the
assigned beverage with one serving in the morning between
8 and 10 a.m. and one serving in the evening 1-2 hours
before bedtime to avoid excess fluid intake immediately
before bed. Participants recorded on the daily sleep diary
whether any dose was missed or taken outside of the pre-
scribed dosing times; they also returned both empty and
unused containers at the end of each 2-week treatment pe-
riod, which were counted.

Study beverages

The treatment juice was a proprietary juice blended from
whole Montmorency tart cherries and apple juice processed
to shelf stable conditions and provided by the manufacturer
CherryPharm, Inc. The placebo was a beverage intended to
have similar sugar, acid, and visual properties but without
the phytonutrient content found in the TCJ blend treatment
juice. The placebo was prepared by mixing unsweetened
black cherry Kool-Aid® soft drink mix (Kraft North Amer-
ica, Ryebrook, NY, USA) with water, coloring, a clouding
agent, and sucrose to match the color, sugar content, and
final soluble solids content by weight of the proprietary
whole TCJ. Both the TCJ and the placebo were packed in the
same clear, 8 ounce, polyethylene terephthalate containers,
labeled with the identical CherryPharm product label, and
packaged in cases marked “A” or “B.” Both investigators
and participants were blind to which cases (or which indi-
vidual containers) contained TCJ or placebo.

Measures

Instruments administered only at the intake interview in-
cluded the MINI International Psychiatric Interview, Mini
Mental Status Exam, and a structured clinical interview
developed and Institution Review Board-approved for this
study. Instruments administered at intake as well as at the
two post-treatment study visits included the ISI, which is a
validated seven-item instrument that assesses difficulty ini-
tiating and maintaining sleep, daytime consequences, worry
about sleep, and satisfaction with sleep quality,'* a medical
history inventory, a medical symptoms checklist, the Mul-

tidimensional Fatigue Inventory,'” the Beck Depression In-
ventory,'* and the Beck Anxiety Inventory.'> In addition,
participants maintained daily sleep diaries throughout the
study period, which include items from which the sleep
continuity variables may be calculated (SL, WASO, TST,
and SE).

Primary outcome measures and statistical considerations

We hypothesized that participants would report greater
improvements over baseline in insomnia severity, as as-
sessed by the ISI, and sleep continuity, as assessed by 2-
week mean sleep diary values of SL, WASO, TST, and SE,
from drinking the TCJ compared to the placebo. Tests of
period and carryover effects for these variables were con-
ducted using analysis of variance tests, and no significant
order or period effects were observed in this crossover trial.
Accordingly, participants receiving TCJ, regardless of se-
quence, were combined as a treatment group (n=15) and
served as their own controls. For each outcome variable, a
general linear model for repeated measures was used to test
the group (placebo vs. treatment juice) by time (baseline vs.
post-treatment) effect. In addition, paired-samples ¢ tests
were conducted to assess within-group effects of TCJ and of
placebo separately. Three variables (SL, TST, and the
Multidimensional Fatigue Inventory) were not normally
distributed; these data were transformed using the square
root method to allow the same parametric tests to be applied
to all data. Secondary outcomes were not tested for period or
carryover effects but were subjected to the same within and
between-group comparisons.

There were no missing data for any of the primary or
secondary outcome measures because of, in part, all in-
struments being reviewed for completeness at each study
visit. One participant missed the last three bottles while
taking TCJ and returned these bottles. We did not adjust the
data for this one subject. Significance testing was two-tailed
with o set at 0.05. Although corrections for multiple com-
parisons are not typically applied to this set of outcome
variables in insomnia trials, for readers wishing to compare
results adjusted for correlations between these variables, the
Bonferroni-adjusted o is.023. All analyses were conducted
with SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).
Effect sizes were calculated with Cohen’s d.'¢

RESULTS

There were no main effects for time or group. Detailed
within- and between-group results are presented in Table 1.
Within-group, pre—post-treatment changes for TCJ were
significant for ISI (P < .05), SL (P <.05), WASO (P < .01),
TST (P <.01), and SE (P < .05) with moderate effect sizes.
There was a within-group effect of placebo on TST only
(P < .05). In the between-group analyses, compared to pla-
cebo, TCJ was associated with a significant reduction on the
ISI (P < .05) and in WASO (P < .01), with no such findings
for SL, TST, or SE. Effect sizes are moderate. There were no
significant improvements on measures of fatigue, depres-
sion, or anxiety.
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TABLE 1. WITHIN- AND BETWEEN-GROUP EFFECTS OF PLACEBO AND CHERRY JUICE ON SLEEP AND OTHER OUTCOMES

Effect size (d) Time x group
Mean (SD) Within Between F P
Primary outcome

ISI

Baseline 15.5 2.7)

Placebo 14.9 (3.6) 0.19

Cherry juice 13.2 (2.8)* 0.86 0.55 5.65 .025
SL (minutes)®

Baseline 24.7 (15.1)

Placebo 23.7 (14.8) 0.07

Cherry juice 21.1 (17.1)** 0.23 0.17 1.25 274
WASO (minutes)

Baseline 78.9 (32.7)

Placebo 79.1 (38.6) -0.01

Cherry juice 62.1 (37.4)** 0.49 0.46 8.56 .007
TST (minutes)®

Baseline 388.3 (48.8)

Placebo 409.2 (43.9)* 0.47

Cherry juice 417.6 (54.2)%* 0.59 0.18 0.47 528
SE

Baseline 79.2 (7.0)

Placebo 81.4 (8.2) 0.30

Cherry juice 82.9 (8.6)* 0.49 0.18 0.88 355

Secondary outcomes

MFT*

Baseline 49.1 (12.5)

Placebo 44.1 9.4) 0.47

Cherry juice 46.2 (11.5) 0.25 0.21 NS
BDI

Baseline 8.5 (4.3)

Placebo 6.4 (4.3) 0.50

Cherry juice 7.3 (4.0) 0.26 0.14 NS
BAI

Baseline 6.8 (4.4)

Placebo 5.0 (4.3) 0.42

Cherry juice 5.8 (4.0) 0.24 0.20 NS

d, the measure of effect size (Cohen’s d); BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; MFI, Multidimensional Fatigue Inventory; NS, not

significant.

“These raw data were transformed to normalize data for significance testing.
Within-group pre—post-treatment improvement of *P <.05. **P < .01.

DISCUSSION

The findings from this preliminary study suggest that a
TCJ can modestly improve sleep in older adults with in-
somnia. At the within-group level, TCJ was associated with
significant improvements on each of the sleep continuity
variables as well as the ISI. Compared to placebo, the ISI
score and WASO were reduced. Possibly because of a floor
effect (this sample did not have high levels of sleep onset
problems) there was no significant improvement on SL. The
amount of improvements and their related effect sizes are
smaller than those achieved in pharmacotherapy or behav-
ioral trials (effect sizes of ~1.0 for WASO, TWT, and SE
and ~0.5 for TST). Further, the magnitude of the im-
provements at the group mean level was such that partici-
pants continued to have a significant amount of sleep
disturbance. In fact, using clinical benchmarks, the sample,
as a whole, continued to evidence insomnia. The magnitude

of improvements do exceed those reported for valerian'’
and equal some, but not all, reported outcomes for exoge-
nous melatonin.'® Neither of these other natural products,
however, is considered effective treatment for insomnia.
There are a number of limitations in this pilot study.
Although we powered the study to detect moderate effects
on the primary outcome variables, the sample size is small.
In addition, there was no polysomnographic assessment of
sleep as either a screening tool or as an outcome. Partici-
pants who were not screened out by subjective report and
structured interviews, but still had apnea, may have gone
unidentified in this study. Between-group differences would
have been mitigated by the crossover design as such par-
ticipants would have served as their own controls. Poly-
somnography is also considered the gold standard with
respect to the objective measurement of sleep. Although
polysomnography is a standard assessment method in most
pharmaceutical trials, it is rarely achieved in pre—post-
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treatment insomnia intervention trials outside of industry
support. In fact, the vast majority of studies used as rational
by a National Institutes of Health State of the Science
Conference to recommend cognitive-behavioral therapy for
insomnia as a first-line treatment for insomnia are based on
subjective data.'” This is also the case in trials of depression
and anxiety, where the norm is for primary outcomes to be
based on subjective reports using validated instruments.

It is also true that given the selected sample of healthy
elderly individuals with insomnia, these findings may not
generalize to other populations. Moreover, this cohort suf-
fered primarily from sleep maintenance insomnia and had
modest sleep onset difficulties, so it is most prudent to
consider the effect of tart cherries on SL to be undetermined
as there was a floor effect in this sample. In addition, the
cherry juice used in this study was a proprietary blend
(CherryPharm, Inc.) made from fresh tart cherries so that
findings may not generalize to cherry juice made from
concentrate or to eating 1-2 servings of tart cherries per day
(as participants ingested the equivalent of approximately
100 cherries per day).

Finally, this study was not designed to address mecha-
nism of action. If the mechanism for sleep enhancement is
melatonin, perhaps anecdotal reports of sleep improvements
by college and professional athletes is related to circadian
regulation of sleep afforded by melatonin. This is a testable
hypothesis. Similarly, a study undertaken with the study
beverage in a population with diagnosed circadian rhythm
disturbances would be informative. Alternatively, given that
several pro- 1nﬂammatory cytokines are involved in the
regulation of sleep,’ the anti-inflammatory properties of tart
cherries may be a mechanism of action.

In conclusion, the results of this study suggest that the
particular TCJ blend used in this study has modest beneficial
effects on sleep in older adults with insomnia. Given that
these results were achieved following only a brief treatment
period (2 weeks), that mechanism of action is unknown, and
that optimal dosing strategies (amount, time, frequency, and
duration) are equally uncertain, further study of the sleep-
promoting effects of tart cherries is warranted.
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