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Abstract

This review will explore the main herbal medicines used to treat chronic insomnia including valerian, hops, chamomile, passionflower and
kava and their impact on sleep parameters. There is clear evidence from the literature that some herbal medicines have been shown to improve
sleep latency, reduce wake time after sleep onset and increase total sleep time. Combinations, of herbal medicines have been explored in the
treatment of insomnia as well, with mixtures of valerian, passionflower and hops being as effective as medications in the treatment of insomnia.
Key considerations for the practice of herbal medicines are important to take into account when designing studies to effectively identify their
benefits, and a minimum dosages and duration of treatment should be reflected in study design. The review will conclude with an exploration
into the concept of personalised medicines and examine two key methodologies applied to this field - the N-of-1 clinical trials and single case-

experimental designs.
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Aim : The aim of this review is to examine the current clinical evidence for improvements in sleep parameters from single and combination herbal

medicines in insomnia.

Introduction

Sleep is considered an active biological process and
fundamentally required to promote health and well-being [1].

Insomnia is defined as a sleep-wake disorder; characterised
by difficulty in initiating sleep, staying asleep and/or by waking
early in the morning and being unable to get back to sleep
[2,3]. The latest population-based survey by Adams in 2016
reported the prevalence of sleep problems in Australian adults
to be: diagnosed sleep apnoea 8%, significant insomnia 20% and
restless legs 18% of adults. It is a condition that affects people
worldwide with increased rates seen in older people, females
and those with medical or psychiatric illness [4].

Despiteits high prevalence, insomnia often goes unrecognised
and remains untreated [5]. Insomnia also negatively affects health
and well-being, with daytime impairment of cognition, mood, or
performance that impacts not only on the person, but also family,
friends, co-workers and caretakers [4]. Furthermore, people
experiencing insomnia are also more likely to visit hospitals and

physicians, have greater absenteeism, are more susceptible to
traffic accidents and have more fatal road accidents [6,7]. Studies
have also shown that insomnia is linked to a range of chronic
diseases, including an increased risk of obesity [8], type-2
diabetes, heart disease [9], disturbances in mood, concentration
and memory and an increased risk of mortality. The economic
cost of treating obstructive sleep apnea, primary insomnia and
restless legs combined approached $818 million in Australia? in
2010 [1].

There are a range of treatment approaches for insomnia,
which have been researched, and can be separated into three key
areas:

i. Non-pharmacological approaches:
behavioural therapy for insomnia (CBT-I)and sleep hygiene
[10]

cognitive

ii.  Pharmacological interventions including: short-term
benzodiazepines [11]
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iii. Complementary and alternative medicines: ingestive
(such as supplements and herbal medicine) and manual
therapies (including massage, kinesiology).

CBT-I is the gold standard for the treatment of insomnia
with multiple randomised trials demonstrating that 70-80% of
patients benefit from this therapy [12-14]. Approximately 40%
of patients achieve remission from insomnia after CBT-I therapy.
Although highly effective, CBT-I remains underutilised as a
primary therapy for insomnia [15].

Benzodiazepines are a common pharmacological agent used
in the treatment of insomnia. They are an allosteric modulator of
the y-aminobutyric acid (GABAA) receptor complex, commonly
referred to as the benzodiazepine receptor [16,17]. These agents
enhance sleep-promoting effects of homeostatic sleep-drive and
decrease arousal by binding to the pocket created by the a and
Yy subunits and induce a conformational change in the GABA-A
receptor [18]. Benzodiazepines bind to the pocket created by a
and y subunits and induce a conformational change in the GABA-A
receptor. This alteration, in turn, induces a conformational
change in the GABA-A receptor’s chloride channel that
hyperpolarizes the cell and accounts for GABA’s inhibitory effect
throughout the central nervous system [19]. A meta-analysis
showed that the short-term use of benzodiazepines (range 4-35
days) produced reliable short-term improvements in sleep-onset
latency (effect size = 0.56), number of awakenings (effect size
= 0.65), total sleep time (effect size = 0.71) and sleep quality
(effect size = 0.62) [20]. A few long-term trials have shown
that benzodiazepines have continued efficacy and safety over
a time period of 3-12 months; most of these studies have been
conducted in primary insomnia without comorbid psychiatric
illness [21-23]. However, withdrawing from benzodiazepines
has been reported to produce an initial syndrome of insomnia

followed by persistent anxiety [24]. In addition, there are
significant concerns regarding dependency issues and adverse
events, which are common with benzodiazepines and include
headache, nightmares, daytime fatigue, nausea, confusion and
falls [18]. Concerns about the use of pharmacological agents may
lead to suffers of insomnia to seek out alternative treatments
that have fewer withdrawal issues and adverse events, such as
complementary and alternative therapies.

Complementary and alternative medicines are commonly
used in Australia for insomnia, with herbal medicines being
most frequently sought after [25]. They are generally considered
safe and effective with very few reported adverse events [7,13].
Traditional evidence supports the use of numerous herbal
medicines for insomnia including withania (Withania somnifera),
hops (Humulus lupulus), lemon balm (Melissa officinalis),
German chamomile (Matricaria recutita), valerian (Valerian
officinalis), kava (Piper methysticum), ziziphus (Ziziphusjujuba)
and many more, as described by Romero et al. [26]. A number
of systematic reviews have been undertaken to investigate the
evidence for herbal medicines in the treatment of insomnia [25-
27] with empirical evidence supporting the traditional evidence
for the use of valerian, chamomile, kava, hops and wuling [26].

Valerian (Valerian officinalis)

Previous research has reported that the effects of Valerian
in treating insomnia are quite variable, with this variation likely
to be due to the different dosages and durations of treatment
utilised (results summarised in Table 1). To date no study has
investigated the traditional dosage of Valerian (dose range 2000-
3500mg) in a population of people suffering from insomnia,
currently all dosages reported fall well below the recommended
traditional dose of the herb (Table 1).

Table 1: Summary of sleep outcomes in insomnia and the dosage and duration of herbal medicines.

Dosage of .
Author Study Design S W Herbal Medicine Duration of Sleep Outcome Changes In Sleep
(Year) . Treatment Measures Measures
Intervention
18 adults with no Self-rated Reduce.d sleep
Balderer et major sleep related questionnaire and latency, increase
Placebo pilot trial . Valerian - 900mg Five nights . total sleep time and
al, 1985 issues; age ranged polygraphicsleep .
reduce wake time
from 21-26 EEG.
after sleep onset.
Valerian - two tablets
Multlple n-of-1 24 adults over the age 30 minutes before .
randomised, double . bed. 225mg (1000mg No improvements
Coxeter et . of 18 with a new or : . .
blind, placebo- _ dry root rhizome Three weeks. Sleep diary. in sleep outcomes
al (2003) existing symptoms of .
controlled crossover A . - standardised to as measured
. chronic insomnia. o
trials. Valerenic acids. 2.94
mg total.
Valerian (Valerian
Randomised double | 16 adults over the age officinalis) - two Reduced slee
Donath et blind, placebo- of 22 years old with tablets 60 minutes Two-week Polysomnographic P
. . . latency, slow wave
al (2000) controlled crossover psychophysiological before bed. 300 mg treatment. recordings.
. . . sleep latency
trial. insomnia root extract (5:1
ratio).
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No improvements
o in sleep quality
Randomised, double- | 434 adults aged 18-75 ta‘ﬁftrslzr(l) mti}::t?es with a trend
Oxaman et blind, placebo- years of old suffering Two-weeks . in the valerian
. . before bed. 200 mg Sleep diary.
al (2007) controlled parallel- from insomnia for . treatment. group for less
roup trial more than one month extract (equivalent to night awakening
8 ' "| 1200mg dried root).
and greater sleep
duration
One-day
Randomised, double- 16 participants Valerian two dosages treatment Valerian provided
Diaper et blind, placebo- aged 50-64 years of . 8 with washout | Standardised sleep 'P
al (2004) | controlled cross-over age, that had slee were given 300 and eriods EEG no benefits on sleep
ge | p 600mg. p ' outcomes.
study disturbances between
doses.
A randomised Valerian (3.2mg ka\I:I;at;e(;l\e/;llte?ifan
Jacobs et lacebo—controll'ed 391 participants valerenc acid) Four weeks Insomnia severity compared to
al-2005 | P ol particip and kave (100 mg index (ISI). 1a£ebo s
kavalactones) p
measured by ISIL.
. Valerian - 600mg .
gﬁggcrfl?st;z 202 adults aged 18-73 | (€thanol extract) two \A\/?sl erlirflﬁec):cr;cjs
Ziegler et . ” 8¢ tablets per day, 60 Six-weeks Sleep -
double-blind, active- | years of age with non- . - . as oxazepam in
al (2002) Lo . minutes before bed. treatment. questionnaire B. . .
controlled parallel- organic insomnia. improving sleep
. Oxazepam - 10mg/ .
group trial day. quality.
. . 100 postmenopausal .
Taavoni et Ri)r;?nodnzlssgr'otlrllepcie women aged 50-60 Valerian - 530 mg of Four weeks Pittsburgh Sleep inslleri%él:?rllltt}}]le
al (2011) . . years old experiencing | concentrated extract. Quality Index. pro
clinical trial insomnia valerian group.
61 participants with .
Multicentre, generalised anxiety a?]ltliax!letcyu()feilaet(iege
Lehrl randomised placebo- disorder with sleep Kava - 200 mg daily Four weeks Sleep effect aftle)zr slee
22004 controlled double- issues; with an age dose. ' questionnaire B. | . P
. L ; improved after kava
blind clinical trial range 24-72 year of . .
administration.
age.
Adib 196 elderly
Hajbahery f;g%lgnt:};gi pa;;;ci)t}aglgsozvi};:: ! Chamomile - 400mg Four weeks Pittsburgh Sleep Ssll(;i?f?cl;iltllt}}/]
2017 controlled trial included into the per day. Quality Index. improved.
study.
No significant
change in total
34 participants with sleep time (TST),
Zicketal | pandomised placebo | 2" 28€ range of 18_.65 Chamomile - 270mg Sleep diary sleep efficiency,
. years, diagnosed with Four weeks. sleep latency, wake
2011 controlled pilot study. : : . per day. measures.
primary insomnia after sleep onset
(less than 6 months). (WASO), sleep
quality, and number
of awakenings
No significant
difference between
valerian and
Valerian (Valerian placebo for any
Taibietal | Randomised clinical | 16 older women aged officinalis) - 300n.1g One day or Self-reported sleep ou_tcome.
(2009) trial 61-77 vears of age concentrated valerian Two weeks measures and measures including
y 5 extract 30 minutes polysomnography. | sleep latency, wake
before bed. after sleep onset,
sleep efficiency and
self-rated sleep
quality.
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Objective sleep Fixed valerian
. 30 adults age ranging | Valerian single dose param?ters h0p.s co.n.1bmat10r1
Randomised double . were registered significantly
Koetter et ) from 24-48 years of 500mg Valerian Four-weeks
blind, placebo- . . by means of a reduced sleep
al (2007) age with non-organic (500mg) and Hops treatment.
controlled study. . . S transportable latency and
insomnia. (150mg) combination. .
home recorder improved slow
system wave sleep
There was a trend
for a reduction
Multicenter, in sleep l_atency
randomized for valerian and
! Valerian (187mg) hops combination
placebo-controlled, and Hops (41.8mg) compared to
Morin etal | parallel-group study | 184 adults with mild ps (%2.emg Four-weeks Daily diaries and pare
. . . combinations; placebo; this group
(2005) conducted in 9 sleep insomnia. . . treatment. polysomnography.
. Diphenhydramine also rated lower
disorders centers .
(25mg). relative to controls
throughout the .
. in the ISI and
United States . .
quality of life was
improve compared
to controls
Study was designed Two weeks Slee.p diary, Qua.lhty o
: - . treatment of life and daytime Significant
as a prospective, 39 participants Valerian: 300mg; . . . .
. period sleepiness was improvements in
Maroo et parallel group, were allocated to Passionflower:
. ) for both evaluated by TST, sleep latency,
al (2012) double-blind, the Zolpidem and 80mg; Hops: 30mg; . ) .
. ) polyherbal insomnia severity WASO and ISI
randomized polyherbal groups. Zolpidem: 10mg .
. and index and Epworth scores.
controlled trial . .
Zolpidem. sleepiness score.
Kava and
valerian was
Cross over desien 24 patients initially treated for six Total insomnia
. § received kava; 6 Kava: 120mg; Valerian | weeks with score, which
Wheatley pilot study L Sleep . .
(2001) comparing kava and participants dropped 600mg. Number of a two-week Uestionnaire significantly decline
paring out and the remaining tabs washout d ’ after both kava and
valerian . . . .
19 received valerian. period valerian treatments.
between each
herb.

The table reports single herbal medicines including valerian, kava, chamomile and different herbal medicine combinations.

Valerian has been reported to be beneficial in the treatment
of mild to moderate insomnia [28]. In healthy participants
valerian has been shown to reduce sleep latency (valerian group
14.8 minutes versus control 20.5 minutes), increase total sleep
time (valerian group 417 minutes versus control group 402
minutes) and reduce the wake time after sleep onset (valerian
group 19 minutes versus control 36 minutes); effects that
occurred using high dosages in disease free individuals (dose:
900mg and duration: 5 days) [29].

Valerian has been reported to reduce subjective sleep latency
(45minutes in the valerian group versus 60 minutes in control
group) and reduce slow wave sleep latency (13.5 minutes in
valerian group versus 21.3 minutes in control group) at a dose
of 300mg per day for two weeks [30]. In contrast to this, other
studies have found that valerian does not improve sleep quality
with comparable improvements between valerian treatment and
controls (29% improvement in valerian group versus 21% in
placebo group). There was a trend towards the valerian group
for less night wakening and greater sleep duration at a dose of
200mg per day for two weeks [31].

Our previous N-of-1 trial comparing valerian and placebo
showed that the response of participants to valerian was not
significant compared to controls, as shown by the combined

proportion of treatment success in the valerian group, including:
latency to sleep onset (0.43), number of night wakenings (0.35),
total sleep time (0.35), sleep quality (0.49) and post-slumber
refreshment (0.40) [32]. A combined proportion of 0.43 in
latency of sleep onset, for example implies that on average
valerian would successfully reduce latency to sleep onset in 43
pairs out of 100, with the placebo expected to be more successful
with 57 pairs out of 100.

Randomised controlled trials have investigated the acute
effects (one day) of valerian at a dose of 300 mg and 600 mg
compared to placebo, and showed that valerian is ineffective
at improving any sleep electroencephalogram (EEG), mood
or psychometric measure [33]. Taibi [34] also reported no
difference in a range of sleep measures, including sleep latency,
wake after sleep onset and sleep rated sleep quality, between
single dosevalerian (600mg), two weeks valerian treatment or
placebo groups. When the study compared each treatment to its
baseline in separate comparisons, the sleep outcome measure,
wake after sleep onset significantly increased after two weeks
in the valerian treatment group (17.7+ 25.6) but not in the
placebo group (6.8+ 26.4) [34]. This result is likely due to the
rare paradoxical effect of valerian, where it produces stimulation
as opposed to sedation [35].
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Ziegler [36] published the longest trial of valerian,
administering the herb over asix-week period (dose 600mg).
They demonstrated that it produced similar results to oxazepam
(short to intermediate-acting benzodiazepine), with both agents
improving sleep quality from baseline (P<0.01). Participants
in the study also reported their respective treatments to be
very good, with higher levels of satisfaction in the valerian
group (82.8% valerian group, 73.4% in the oxazepam group)
[36]. The study also found similar results for other parameters
for valerian and oxazepam, including: feeling of refreshment
after sleep, psychic stability in the evening, psychic exhaustion
in the evening, psychosomatic symptoms in the sleep phase,
dream recall, and duration of sleep [36]. This study aligns well
to the prescribing durations typically used by herbal medicine
clinicians [30,37,38], which are based on the duration of time a
disease is present in an individual. For the first year a disease
is present it is expected that three months of treatment using
herbal medicines are required, with an additional month needed
for each year above and beyond the initial year [37].

Valerian was reported to improve sleep quality in post-
menopausal women with insomnia (dose: 600mg and duration:
4 weeks) [39]. The study showed a significant difference in the
mean sleep scores (as measured by the Pittsburgh Sleep Quality
Index [39] between the valerian (3.8+1.7) and placebo (1.7+1.3)
groups. Thirty percent of participants in the valerian group and
4% of participants in the placebo group reported improvements
in sleep quality [39].

Kava (Piper methysticum)

Kava has long been used in the South Pacific islands to
reduce stress and anxiety and induce relaxation [40]. Kava has
been reported to interact with the GABAA receptor, which is the
main target for hypnotic agents that induce sleep [41,42]. Kava
has been reported traditionally to have rapid onset and minimal
morning after-effects [27,43]. One clinical trial has examined
the effects of kava in participants who presented with sleep
disturbance and co-morbid generalised anxiety disorder (dose:
200mg; duration: four weeks) [44]. The study showed that the
score differences between baseline and end of treatment were
statistically significant in the kava group for sleep quality (0.6 for
kava and 0.36 for placebo; p-value 0.007) and recuperative effect
after sleep (0.80 for kava and 0.64 for placebo; p-value 0.018).
Further trials are required to support this study and confirm
kava’s effectiveness in treating chronic insomnia.

Chamomile (Matricariarecutita)

Chamomile has traditionally been used for sleep related
disorders. Constituents of chamomile (apigenin and flavonoids)
have been reported to bind to the benzodiazepine receptors
in the brain and promote a tranquilizing effect, making them
effective in insomnia [27,45]. Chamomile significantly improved
sleep quality as measured by the Pittsburgh Sleep Quality Index
(400mg; 4 week trial) in older patients with insomnia compared
to controls [46]. In contrast to this, chamomile was reported to
have no effect on a range of sleep parameters including sleep

onset latency, wake after sleep onset time, sleep duration,
nocturnal awakening, day time functioning, sleep quality and
efficacy (dosage of chamomile 270mg; treatment duration 4
weeks) [47]. The dosage was 33% lower compared to the study
conducted by Adib-Hajbaghery [46] which could explain the
difference in results obtained.

Combinations of herbs

The practice of herbal medicine typically involves combining
herbs together to treat the underlying cause of insomnia and
the associated symptoms. There are limited studies that have
investigated the effects of different herbal combinations on
chronic insomnia. A review by Salter [48] reported that valerian
on its own or in combination with hops was associated with
improvements in sleep latency and quality of sleep [48]. There
are two randomised controlled trials (RCTs) that have examined
the combination of valerian and hops in the treatment of
insomnia [49,50]. Koetter et al. [50] reported that sleep latency
(time to fall asleep) in the valerian/hops combination was more
significantly reduced at end of the four-week trial (12 minutes)
compared to valerian only (23.8 minutes) and placebo (69.7
minutes) groups (p value). Morin et al. [49] also reported an
improvement in sleep latency with a valerian/hops combination
from baseline to the end of the trial (baseline 35 minutes and
25 minutes at end of trial) compared to placebo (baseline 27
minutes and 24 minutes at end of trial) and diphenhydramine
(baseline 25 minutes and 20 minutes at end of trial) groups
nearly reached significance (p value = 0.079).

One trial has examined the effects of a herbal combination
including valerian, passionflower and hops, reporting that it was
as effective in treating primary insomniaas zolpidem (hypnotic
agent used in insomnia) [51]. Sleep latency significantly
improved from baseline for both groups in a similar way (sleep
latency at end of study for valerian: 23.6 minutes and zolpidem:
26.4 minutes). A cross over study administering kava for six
weeks (dose 120mg), followed by a two-week washout period
and then administration of valerian for six weeks (600mg)
showed a significant reduction in mean insomnia severity in both
the kava and valerian treatments from baseline; with baseline
SOL being 138 minutes? falling to 107.1 minutes after kava
treatment and a further to 83.1 minutes after valerian treatment
[52,53]. Jacobs [54] conducted an internet-based randomised
placebo-controlled study comparing valerian (dose: 600mg) and
kava (dose: 120mg) to placebo for anxiety and insomnia over a
four-week duration. The insomnia severity index (ISI) [54] was
used in this study to measure differences between placebo, kava
and valerian interventions. The ISI for each group was similar at
four weeks from baseline: placebo -8.3, kava -8.1 and valerian
-7.9, indicating no improvement in insomnia in any of the
interventions [54].

Discussion

Currently there is some evidence to support the use of
herbal medicines for chronic insomnia, although further clinical
evidence is required. Valerian appears to have the most evidence
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to support its use in the treatment of chronic insomnia. The
dosage of valerian used in studies to date for a mono preparation
is well below the recommended therapeutic dosage range (2000-
3500mg/day) (37). Even at lower doses valerian appears to have
an effect on sleep induction and sleep quality. This question
remains that if the therapeutic dose of valerian was lifted to the
minimum therapeutic range, what outcome would it produce on
sleep indices in people with insomnia?

Other herbs and their constituents could be just as important
in promoting sleep induction and improving sleep efficacy.
Kava and chamomile appear to have some initial evidence for
improving sleep outcomes in people with insomnia [46,55];
effects that are mediated via the GABAA and benzodiazepine
receptor respectively. There has only been one clinical study
conducted on kava and sleep outcomes in people with insomnia,
further clinical evidence is required to support this initial study.
Given the number of trials conducted forkava in other conditions
(i.e. anxiety and depression) and their reported beneficial effects
on the central nervous system it is quite possible that kava could
be a very important herb for rectifying sleep problems in people
with insomnia [56-58]. Two clinical studies have been conducted
on chamomile and sleep outcomes in insomnia. One study
reported a positive result while the other reported no change in
sleep outcomes in insomnia. These result are likely to be due to
the dosage and administration duration, which need to be taken
into account with this herb, much in the line as discussed above
for valerian [46,47].

There are a number of studies that have combined herbal
medicines together to promote a synergistic effects to address
as many of the different mechanisms associated with insomnia.
To date all combinations of herbal medicines used to address
insomnia have used the herb valerian. Herbal combinations of
hops and valerian have been shown to improve sleep outcomes
compared to valerian on its own [49]. This observed effect is
likely to be caused by the additive effect of hops in the herbal
combination; although the dosage of valerian is again below
the therapeutic recommendations (Table 1). In one study
the valerian/hops extract was found to act as a sleep aid by
suppressing arousal via central adenosine mechanisms [59]. This
suggests that components of the valerian/hops combination are
adenosine agonists and is possibly the main reason as to why
it promotes sleep-inducing effects [59]. In addition, valerian has
been shown to increase GABA levels, that promote a sedative
effective upon sleep.

Studies of longer duration (six weeks) have shown that
valerian and kava are particularly beneficial in restoring
insomnia [36,53]. These durations align more closely to the
traditional prescribing rules of herbal medicine, that s paired too
the severity and chronicity of conditions like insomnia [37]; with
diseases existing for 12 months, traditionally requiring three
months of herbal medicine treatment (37). For every year above
and beyond the initial year, an additionally month is required

[37]. The time period of administration requires significant
attention, as no study has extended beyond six weeks of
treatment for any single or combination herb/s (Table 1). Future
studies should be directed towards extending the time period
over which herbal medicines are taken in people experiencing
chronic insomnia. In addition, trials need to be designed to test
the effectiveness of different herbal combinations in individuals
with insomnia; considerations for leveraging off as many of
the herbal actions should be taken into account to address the
underlying pathology of insomnia.

How do we study these medicines? What are the best

methods?
e a

Hypothetical ABAB trial design
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Figure 1: Hypothetical ABAB n-of-1 trial design without washout
period shown.

J

N-of-1 trials and single case experimental designs are
uniquely positioned to study the individual person and how they
respond to medicines. N-of-1 methods involve repeated outcome
measurements in an individual over time to draw conclusions

specific to that individual. N-of-1 RCT design randomly allocates
different time periods within an individual to treatment or
control conditions, thereby extending group based RCTs to the
individual level. N-of-1 methodologies have been reported to
provide the highest level of evidence for making individual
treatment decisions [60]; furthermore, these methods also allow
for accurate and reliable evaluation of health interventions [61].
It has been reported that N-of-1 trials and single RCTs with
multiple crossovers are highly applicable to chronic conditions
that require long-term treatment [62]. In N-of-1 trials there
are control and treatment phases - where the participants in
these trials are subjected to both phases. Trial designs typically
consist of two control (denoted as A) and treatment (denoted
as B) phases represented as ABAB or ABBA (hypothetical trial
design is shown below in Figure 1); other treatment sequences
may involve three or four control and treatment phases, denoted
as ABABAB or ABBAABBA. Washout periods are an important
consideration in N-of-1 trials as it might possibly influence
the outcome measurements obtained in subsequent phases.
Carryover effects resulting from insufficient washout will often
tend to reduce observed differences between treatments and
placebo-controlled phases. There are possible downsides of
washout periods in that the participants are forced to spend
some time completely off treatment, which might be undesirable
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for participants who already receive some benefit from the
treatment phase. This raises the importance of therapeutic half-
lives, which can vary among individuals and in some instances
are not well characterised, but if the half-life is short relative to
the length of treatment, washout periods may not be applicable
in the design of the study in this situation. Applying this model
to the practice of herbal medicine may be a bit more complicated
since herbs have many constituents that have unknown

pharmacokinetic profiles and metabolic half-lives.
s D

Hypothetical outcome measures
Participant 1

Participant 2

Hypothetical outcome measures
j

Participant 3

Hypothetical outcome measures
s

2 3 4 5 6 7 8 9 10111213 14151617 18 19 20

Days

Figure 2: Hypothetical single case experimental design.

\ J

N-of-1 trial methodologies have shown that herbal medicines
provide beneficial effects in arange of different health conditions.
Johnston and Mills (2004) published a review identifying
the feasibility of N-of-1 trials to better evaluate the clinical

and statistical significance of complementary and alternative
therapies. There have been very few N-of-1 trials published
in the area of herbal medicine. For example, N-of-1 trials have
shown that Ginkgo biloba has an effect on cognition in some
individuals and not in others [63], highlighting the individual
response to this particular herbal medicine. Traditional Chinese
herbal decoctions have been reported to be beneficial for the
respiratory condition bronchiectas is using N-of-trials [64].
Given the growth of personalised medicine these trials may
be implemented where appropriate to provide valid findings
on the effects of herbal medicines on chronic conditions at the
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individual level.

Single case experimental designs may provide an alternative
to N-of-1 trials with repeated treatment and control phases
(ABAB designs) to study the benefits of herbal medicines. There
has been some scepticism about the clinical utility of randomised
controlled trials, with renewed interest in SCEDs as a means to
assess intervention outcomes [65]. The central goal of SCEDs is
to determine whether a casual or functional relationship exists
between a researchers-manipulated independent variable and a
meaningful change in the dependent variable.

To our knowledge, there are no SCEDs with multiple baseline
designs (MBD) that have been utilised to study the benefits of
herbal medicines in any chronic diseases. MBD have a long
history in psychological research, where an intervention is
provided at different baseline times [66-68]. This model is
highly relevant and more efficient than N-of-1 trials as we do
not need to consider the metabolic half-life of these medicines
in the design of these trials as we move from baseline phase to
intervention phase with no return to baseline; or requirement
of washout periods. During the baseline phase assessments are
made, with at least five data points for participant number one
required and an additional 3 data points required for participants
two and six data points for participant three (Sample size n=3)
[69]. After the baseline phase the intervention is introduced to
each participant on day 6, 9 and 12 respectively for the above
mentioned baseline periods. A model showing a hypothetical
change in data between the baseline and intervention phase
is shown below in Figure 2. When the intervention is applied
to the first participant the other two participants are still in
the baseline period, and we would expect to see a change in
participant one if the intervention is effective and no change too
the other participants as they are still in the baseline phase (as
shown in Figure 2). Next, the intervention is applied to the second
participants while the third participant is in the baseline phase;
and observation are continued to be made in participant number
one, receiving the intervention. Finally, the third participant
receives the intervention phase with observation recorded
across all three participants. At this point we can conclude that
there is a functional relationship between the independent and
dependent variable as each participant received the intervention
there was significant changes from the baseline phase. We can
also conclude that there are no other external factor/s that are
contributing to this relationship observed.
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