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the systematic review and were eligible for the meta-analysis. The most commonly
employed outcome measurement tool was the Pittsburgh Sleep Quality Index, fol-
lowed by the therapeutic effect between the intervention and control groups (as
evaluated by participants with sleep problems compared with those without sleep
problems in each group after the intervention). Results revealed that foot reflexology
resulted in a greater reduction in the sleep quality score compared with the controls
(Hedges' g = -1.37; 95% confidence interval (Cl) = -1.81~-0.94). As for the therapeu-
tic effect, participants in the intervention group were less likely to have sleep prob-
lems than those in the control group (pooled odds ratio = 0.25; 95% Cl = 0.19 ~ 0.31).
Conclusion: The findings suggested that foot reflexology produced significant im-
provements in sleep disturbances.
Impact: Foot reflexology is a non-invasive and convenient intervention and regularly
receiving foot reflexology can be considered complementary therapy to improve the
sleep quality of adults with sleep disturbances. Furthermore, healthcare providers
can actively press the solar plexus and heart zones to alleviate sleep disturbances
when performing foot reflexology.
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1 | INTRODUCTION

Sleep is a requirement for human life and normally occupies 20-
40% of the day (Grandner, 2017). Sleep disturbances, such as dif-
ficulty falling asleep, long sleep latency, a short sleep duration,
sleep maintenance difficulties, early morning awakening, and day-
time sleepiness, are not exclusively a US health problem and are
equally concerning in other countries, such as the United Kingdom,
Germany, Japan, and Canada (Hafner et al, 2017; Lallukka
et al., 2018). Additionally, the prevalence of chronic sleep distur-
bances in industrialized nations is about 5-10% (Ohayon, 2002,
2009). Sleep disturbances have negative impacts on cardiovas-
cular health, metabolic health, mental health, immunological
health, pain, human performance, cognition, injuries, and mortal-
ity (Hafner et al., 2017; Jike et al., 2018; Palmer & Alfano, 2017,
Shi et al., 2018). Consequently, sleep disturbances are responsible
for increased healthcare costs (Hui & Grandner, 2015), with one
estimate suggesting costs of US$2-16 billion per annum (Daley
et al., 2009). Accordingly, it is vital to have effective treatments
for alleviating sleep disturbances.

2 | BACKGROUND

Treatments for sleep disturbances fall into two main categories:
pharmacotherapies and non-pharmacotherapies. Pharmacotherapy
is the major approach for treating sleep disturbances. However, it
has not been demonstrated to be effective in managing some sleep
disorders (i.e., insomnia) (Sateia et al., 2017). Short-term use of medi-
cations is perhaps effective, but long-term use may have potential
for harm, such as decreased motor coordination, drowsiness, and
difficulties with spatial navigation (Abbasi Fakhravari et al., 2018;
Chen et al., 2019). Non-pharmacological therapies (e.g., cognitive
behavioural therapies, sleep hygiene education, and complementary
and alternative medicines (CAMs)) were identified as treatment op-
tions for sleep disturbances. Particularly, CAMs have become no-
table treatments for people with poor sleep quality (Kemppainen
et al., 2018). In addition, the worldwide use of CAMs has increased
in recent decades (de Jonge et al., 2018; Esmel-Esmel et al., 2017).
CAMs include a wide list of interventions, such as meditation, tai chi,
yoga, herbal medicines, homeopathy, and aromatherapy (de Jonge
etal., 2018).

Reflexology is one of the top CAMs (Esmel-Esmel et al., 2017;
Jones & Leslie, 2013). This non-invasive treatment produces ben-
eficial effects on the human body by applying pressure to specific
areas on some body parts, called reflex areas. Foot reflexology
is the practice of using the thumb and forefinger to apply deep
pressure to specific areas of the foot (Botting, 1997). Reflexes
in the feet are matched to organs, glands, and various systems
of the body. Foot reflexology differs from massage in that con-
tact is more superficial and pressure is deeper on specific areas
(Wang et al., 2008). According to hemodynamic theory, reflex-

ology stimulation increases blood flow to the related organ and

body part, increases a sense of relaxation and improves the
healing ability (Smith et al., 2018). It was claimed that by apply-
ing pressure to ‘reflex zones’, energy blocks or disturbances such
as calcium, lactate, or uric acid crystals are reabsorbed and later
eliminated. This process is more commonly known as detoxifica-
tion (Wang et al., 2008). Currently, some scholars tend to believe
that foot reflexology stimulation enhances nervous connections
to corresponding body parts, called the nerve impulse theory
(Ramezanibadr et al., 2018). In conclusion, foot reflexology is the
stimulation of neural pathways, through which reflex areas are
stimulated using the fingers to transmit nerve impulses, restore
proper flow of the bloodstream and maintain homeostasis. Foot
reflexology is viewed as a potential treatment for sleep distur-
bances. Also, foot reflexology is treated as a profession where the
practitioner applies manual techniques and may apply adjunctive
therapies, with the intention of positively affecting the health and
well-being of the client (Embong et al., 2015).

To the present, two systematic review studies were conducted
to examine the effects of foot reflexology on sleep disturbances
(Lee et al., 2011; Yeung et al., 2012). One study included 18 non-ran-
domized control trial (RCT) studies to support a small effect of foot
reflexology on sleep (Lee et al., 2011). The other one recruited five
RCT studies but did not summarize how foot reflexology can im-
prove sleep disturbances. Moreover differences in the character-
istics of study participants and intervention components among
studies that applied foot reflexology to improve sleep disturbances
were not further examined. Since more RCTs have been published
(e.g., Bakir et al., 2018; Chu et al., 2015; Lin et al., 2019; Valizadeh
etal., 2015; Yietal, 2015; Zhang et al., 2015; Zhang et al., 2015), an
updated systematic review and meta-analysis need to be conducted
to comprehensively evaluate the effectiveness of foot reflexology
for treating sleep-related problems.

3 | THE REVIEW
3.1 | Aims

This study attempted to systematically summarize and quantify the
effect of foot reflexology on improving sleep disturbances. The spe-
cific aims were to examine whether foot reflexology is associated
with alleviation of sleep disturbances and further to explore the spe-
cific foot reflexology duration and potential mechanisms that are as-
sociated with sleep disturbances.

3.2 | Design

This review was conducted on the basis of guidelines in the ‘preferred
reporting items for systematic reviews and meta-analysis’ (PRISMA)
statement (Moher et al., 2009). Two independent researchers (HCH
and IHC) separately assessed the eligibility, extracted data and
checked the quality of the included studies. Additionally, reasons for
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exclusion were recorded. Any disagreements were resolved through
discussion between these two, with adjudication by a third reviewer
(KHC) if disagreement persisted.

3.3 | Search methods

A systematic search using designated keyword combinations
of (foot reflexology OR foot reflex massage OR foot Chinese
massage OR foot meridian massage OR tuina) AND (sleep OR
sleep hygiene OR sleep quality OR insomnia OR sleep duration
OR sleep disturbances OR sleep deprivation OR sleep latency)
was conducted to search for eligible articles. Nine electronic
databases, including PubMed, Web of Science, Scopus, Embase,
Cochrane, Google Scholar, CINAHL, and two Chinese elec-
tronic databases (AiritiLibrary and China National Knowledge
Infrastructure), were used to search from their inception to
January 31, 2019. Furthermore, reference lists of some articles
were reviewed to identify additional relevant articles. Articles
were initially screened based on the title and abstract, with the
full text sought if the abstract did not provide sufficient infor-
mation to draw a conclusion regarding eligibility for inclusion in

the current review.

3.4 | Study outcomes

To be included in this meta-analysis, studies had to have the follow-
ing characteristics: the target population was adults over 18 years
old (y); the type of foot reflexology was individual foot reflexology
or foot reflexology with other interventions (e.g., foot bath, acu-
pressure, or acupuncture); the comparison group(s) received rou-
tine care, no treatment, prescribed medications, or other activity
controls; outcomes were any changes in sleep disturbances after
the intervention; the study design was limited to RCTs; and articles
were written in the English or Chinese language. Exclusion criteria
were that the study population was pregnant women or postpartum
women, because sleep problems are common in the third trimester
of pregnancy (e.g., nocturnal waking to void, heartburn, or restless
sleep due to foetal movement) and bed-sharing with the infant and
breastfeeding behaviours of postpartum women which influence
their sleep quality (Owais et al., 2018); and studies of foot massage,
duplicate publications, animal studies, presentations, literature re-
views, and announcements.

An electronic search of the databases and use of the hand-
search approach identified 1985 potentially relevant citations. After
removal of duplicates, 1666 citations underwent title and abstract
screening according to the above-described study inclusion and ex-
clusion criteria. Eighty-three articles for full-text review were iden-
tified and 42 were found to meet the eligibility criteria (Table 1). Of
these studies, all 42 were eligible for a quantitative meta-analysis.
The screening and article selection processes are summarized in

Figure 1.

3.5 | Quality appraisal

The study quality was assessed by two authors (HCH and IHC) using
the Cochrane risk of bias assessment tool to evaluate the follow-
ing domains: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome assess-
ments, incomplete outcome data, and selective reporting. Trials with
a low risk for all six components were defined as having an overall
low risk of bias. Trials where three or more of the six bias compo-
nents were unclear or had high risk of bias were defined as having a
high risk of bias. Any disagreement between reviewers was resolved
by consulting the second author (KHC). However, there were no

disagreements between the two reviewers.

3.6 | Data abstraction and synthesis

The reviewers independently extracted and assessed data from all
eligible studies into a predesigned form in Excel software includ-
ing the following information: study details (first author, year and
country); patient characteristics (gender proportions, age, popula-
tion, with the problem of insomnia at the baseline, and taking sleep
medications); study design (setting, sample size, diagnosis of sleep
disturbances, sleep outcome measurement and control treatment);
and intervention details (mode of the intervention, reflex zones,
applied acupoints, operator and duration and intensity of treat-
ment). Wherever study reports allowed, we used data from the
intent-to-treat analysis. In case of missing data, whenever possible,

we contacted the trial authors to request missing data via e-mail.

3.6.1 | Statistical analysis

Each study's effect size (ES), demonstrated as Hedges' g, was calcu-
lated by comparing the mean and standard deviation (SD) of different
sleep scales measured immediately after the intervention between
the treatment and control groups (Gomez-Bruton et al., 2016). A
negative ES infers lower values of a given parameter on treatments
than the baseline. Hedges’ g values equal to 0.2, 0.5 and 0.8 are re-
spectively considered to be small, medium, and large effects (Kenny &
Judd, 2019). For therapeutic effect measures, the odds ratio (OR) was
chosen as the summary statistic. The therapeutic effect was evalu-
ated by participants who had sleep problems compared with those
without sleep problems in each group after the intervention; hence,
data of 2 x 2 tables of calculating ORs of sleep problems regarding
the group status were extracted (an OR of < 1 favours the interven-
tion group). A fixed or random-effect model was adopted to dem-
onstrate the overall effect of foot reflexology on diminishing sleep
disturbances. Statistical heterogeneity between studies was investi-
gated using the Q Cochrane statistic and I? statistic. A significant Q
Cochrane statistic (p < .10) and I of = 25% indicate significant hetero-
geneity among studies (Higgins & Green, 2011).When heterogeneity
was substantiated, a random-effect model was used to demonstrate
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Additional records identified through
Records identified through database reference lists of the related
= searching systematic review
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— Records after duplicates removed
N=1
( 666) Records excluded
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=] Non-RCT (N = 99)
< v Non-foot reflexology (N = 275)
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2 Records screened » | Nooutcome of interest(N = 23)
(N = 1666) Systematic literature review (N = 6)
— Conference abstract (N = 14)
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)
h 4
Full-text articles assessed
for eligibility > Full-text articles excluded
> (N =83) (N =41)
5 Not access to full-text (N = 6)
(=]
] Unavailable data (N = 6)
v Use of the same population (N = 1)
L . Non-foot reflexology (N = 23)
—_J Studies included in the in Chi .
qualitative synthesis Not in Chinese or English (N = 5)
) (N =42)
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°
(0]
-O . . .
2 Studies included in the
£ quantitative synthesis
(meta-analysis)
(N =42)
—
FIGURE 1 Flow diagram. RCT, randomized control trial
the overall effect of foot reflexology on sleep disturbances. Moreover 4 | RESULTS

a moderator analysis, including subgroup analyses for categorical
variables and meta-regression analyses for continuous variables, was
used to examine the potential moderators explaining heterogeneity
among these studies (Borenstein et al., 2011). We planned a priori
to limit our subgroup analyses to several characteristics such as age,
percentage of women, the presence of insomnia, elderly participants,
taking sleep medications, intervention modes, pressing acupoints, du-
ration, intensity, operator, reflex zone, syndrome differentiation, and
outcome measures. To assess publication bias, we employed Duval
and Tweedie's trim and fill method for all sleep parameters (Duval
& Tweedie, 2000). Sensitivity analyses were planned a priori for the
analyses set by excluding studies with extreme data (>+2 SDs). Data
were analysed using Comprehensive Meta-Analysis Software (vers.
3) (Borenstein et al., 2014).

4.1 | Characteristics of the included studies

Table 1 outlines the characteristics of the 42 included studies in al-
phabetical order of the last name of the first author. Four of these
studies used two treatments, thereby increasing the number of pos-
sible comparisons to 46. Thus, 46 ESs were used to examine the ef-
fect of foot reflexology on sleep disturbances.

Most studies were conducted in developing countries. Totally,
3,928 respondents participated in the 42 studies. The number of par-
ticipants in each dataset ranged from 46-167, with 16 of them (35%)
involving 2100 participants. Participants were diverse, ranging from

menopausal women to older adults and patients with rheumatoid
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Model Study name Statistics for each study
Hedges’s Standard Lower  Upper
g error  Variance limit limit ~ Z-Value p-
Bakir (2018) —1.495 0.289 0.084 -2.061 -0.928 -5.171
Bi (2011) -1.515 0.200 0.040 -1.906 -1.123 -7.588
Chu (2015) -5.037 0.408 0.166 —-5.837 —4.238 -12.354
Fang (2011) 0.969 0.192 0.0837 0.593 1.345 5.051
Gong (2009) -0.029 0.181 0.033 —0.384 0.327 -0.159
He (2014) -0.437 0.250 0.062 -0.927 0.053 -1.747
Lai (2006)A —0.041 0.262 0.068 -0.554 0.471 -0.158
Lai (2006)B -1.787 0.310 0.096 —2.394 -1.180 -5.768
Lian (2016) —0.983 0.217 0.047 -1.408 -0.558 -4.534
Lin (2019) -1.130 0.275 0.076 -1.669 -0.591 —4.110
Liu & Xiao (2016) -5.803 0.409 0.168 -6.606 -5.001 -14.174
Naseri (2016)A -0.103 0.237 0.056 -0.567 0.361 -0.435
Naseri (2016)B -1.054 0.253 0.064 -1.549 -0.559 —4.171
Ozdelikara(2017) —1.443 0.287 0.082 -2.005 -0.881 —5.031
Shen (2018) —2.342 0.308 0.095 —2.946 -1.738 -7.596
Unal (2016)A -1.279 0.260 0.068 -1.789 -0.770 -4.921
Unal (2016)B -3.090 0.352 0.124 -3.780 -2.399 -8.772
Valizadeh (2015)A -0.240 0.291 0.085 -0.810 0.330 -0.825
Valizadeh (2015)B -0.792 0.301 0.091 -1.382 -0.201 -2.627
Wang (2012) —0.445 0.197 0.039 -0.831 -0.058 -2.256
Xia Zhang (2015) -2.272 0.233 0.054 -2.729 -1.815 -9.739
Yeh (2014) —1.543 0.236  0.056 —2.006 -1.081 —6.540
Yi (2015) -0.714 0.187 0.035 -1.081 -0.347 -3.814
Zengin & Aylaz (2018) —3.505 0.246  0.061 —3.987 -3.023 —14.248
Zhang (2014) -2.175 0.280 0.079 -2.724 -1.625 -7.757
Zhang (2015) -0.827 0.183 0.034 -1.186 -0.468 -4.513
Zhang (2008) —-0.440 0.264 0.070 -0.957 0.077 -1.668
Zhou (2007) —0.403 0.216 0.047 -0.828 0.021 —-1.864
Zong (2010) -0.647 0.255  0.065 —1.147 -0.146 —2.531
Random -1.374 0.223 0.050 -1.811 -0.938 -6.172

Value

0.000
0.000
0.000
0.000
0.874
0.081
0.874
0.000
0.000
0.000
0.000
0.663
0.000
0.000
0.000
0.000
0.000
0.410
0.009
0.024
0.000
0.000
0.000
0.000
0.000
0.000
0.095
0.062
0.011
0.000
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Insomnia Scale. Note: p value of 0.000 indicates p < .001

arthritis, stroke, diabetes mellitus, haemodialysis, neurasthenia, can-
cers, and cardiovascular diseases. Of the 39 studies reporting gender
composition, 16 (41.0%) reported a higher percentage of females rel-
ative to males. The average age of participants in each study ranged
from 37.6- to 74.5 years, with 22 of them greater than 40 year and 15
of them greater than 60 year. Reflex zones varied, from one zone to
the entire foot (Table S1). Foot reflexology was combined with acu-
pressure in nine studies, with acupuncture in two studies and with
auricular acupressure in two studies and consisted of various num-
bers of acupoints of from one to 10. Foot reflexology was performed
by trained personnel in 19 studies, the subjects themselves in two
studies and a foot massager machine in six studies. Foot reflexology
in 16 studies lasted <14 days and lasted >14 days in 22 studies. As
for the intensity of foot reflexology, treatment in four studies lasted
<120 min and in 10 studies, it lasted >120 min. The Pittsburgh Sleep
Quality Index (PSQI) was used to assess sleep health outcomes in 15
studies, the therapeutic effect was used in 13 studies and both in 12
studies, while the Athens Insomnia Scale (AlS), sleep subscale of the
quality of life scale and Verran & Synder-Halpern (VSH) sleep quality

were each used in one study.

4.2 | Risk of bias and quality assessment

Of the 42 studies, all were assessed to have a high risk of bias, with
three or more domains being rated as ‘high or unclear risk’ (Table
S2). The domain which had a low level of risk most frequently was

bias associated with incomplete outcome data (i.e., no subjects

lost), followed by random sequence generation bias (i.e., using a
table of random numbers) for studies as assessed by the Cochrane

Collaboration's tool for assessing the risk of bias.

4.3 | Sleep disturbance outcomes
4.3.1 | Sleep quality

As to the ES for the 29 foot reflexology trials where sleep quality
was assessed, the pooled estimate revealed that foot reflexology
achieved a significant increase in sleep quality (ES: -1.37; 95% Cl:
-1.81~-0.94; p < .001). Figure 2 displays a forest plot of the 29 dif-
ferent trails where sleep quality was measured. As suggested, we
used a cutoff of I> = 25% when conducting heterogeneity analyses
for between-subgroup differences. The test of heterogeneity for
findings of studies that assessed sleep quality rejected the null hy-
pothesis of sharing a common ES (Q = 664; I? = 95.78%; p < .001).
For publication bias, the trim and fill method revealed that when re-
moving single studies, the overall ES remained unchanged.

As reported in Table 2, the findings of heterogeneity in the
ES of studies entailing a subjective assessment of sleep quality
promoted post-hoc exploration of 13 hypotheses to explain its
origin. Results demonstrated that age (p = .106), the percentage
of women (p = .633), participants with insomnia at the baseline
(p = .530), taking sleep medication (p = .389), intervention mode
(p = .408), acupoints (p = .152), duration (p = .835), intensity
(p =.168), operators (p =.073), syndrome differentiation (referring
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TABLE 2 Post-hoc evaluation of effect modifiers

Summary of effect Heterogeneity test

Modifier ES (95% ClI) z p Q df p
Age -0.04 (-0.10, -0.01) -1.62 0.106 2.62 1 0.106
Women percentage -0.01(-0.03,0.02) -0.48 0.633 0.23 1 0.633
Insomnia 0.39 1 0.530
With insomnia -1.31(-1.84, -0.77) -4.80 <0.001
Without insomnia -1.69 (-2.75, -0.62) -3.10 0.002
Elderly 5.59 1 0.018
265y -2.04(-2.78, -1.29) -5.34 <0.001
<65y -0.93(-1.46,-0.39) -3.38 0.001
Taking sleep medications 0.74 1 0.389
Yes -0.52(-2.49, 1.46) -0.51 0.609
No -1.50 (-2.56, -0.44) -2.79 0.005
Intervention mode 0.69 1 0.408
Pure foot reflexology -1.18 (-1.81, -0.56) -3.69 <0.001
Combined intervention -1.55(-2.16, -0.95) -5.03 <0.001
Pressing acupoints 2.05 1 0.152
Yes -1.94 (-2.83, -1.05) -4.28 <0.001
No -1.20 (-1.70, -0.70) -4.69 <0.001
Duration 0.04 1 0.835
<14 days -1.33(-2.06, -0.60) -3.56 <0.001
>14 days -1.43(-2.083, -0.82) -4.63 <0.001
Intensity 1.90 1 0.168
<120 min -0.77 (-1.48, -0.07) -2.15 0.032
>120 min -1.42(-2.01, -0.83) -4.75 <0.001
Operator 3.21 1 0.073
Trained -1.78 (-2.44,-1.11) -5.25 <0.001
Untrained -0.26 (-1.78, 1.26) -0.34 0.737
Reflex zone 10.34 1 0.001
Solar plexus & heart -5.04 (-7.31, -2.77) -4.35 <0.001

zones
Other zones -1.25(-1.66,-0.84) -5.93 <0.001
Syndrome differentiation 0.23 1 0.634
Yes -1.62(-2.63, -0.61) -3.14 0.002
No -1.34 (-1.87, -0.81) -4.97 <0.001
Outcome measures 1.22 1 0.270
PSQl -1.48(-1.95, -1.0) -6.08 <0.001
Non-PSQl -0.76 (-1.94,0.43) -1.25 0.21

Note.: Abbreviations: Cl, confidence interval; df, degrees of freedom; ES, effect size; min, minutes; PSQI, Pittsburgh Sleep Quality Index; y, years old.

to the diagnosis and treatment based on a patient's overall illness significant increases in sleep quality. A sensitivity analysis was
and condition, p = .643), and outcome measures (p = .270) had performed. After excluding seven trials with an ES of >+2 SDs,
no significant effects, indicating that those variables were not the recalculated pooled results (ES: -0.73; 95% Cl: -1.02~-0.45;

related to the statistically significant increases in sleep quality. p <.001) indicated that foot reflexology still achieved a significant
However, participants being older adults (p = .018) and the re- improvement in sleep quality.
flex zones (p = .001) had significant effects, indicating that being We further investigated subscales of the PSQI. The pooled esti-

older adults and reflex zones were associated with statistically mates of the ES for the 17 foot reflexology trials, 14 trials, 15 trials,
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Model Study name Statistics for each study
Odds  Lower Upper

ratio limit limit Z-Value

Asltoghiri & Ghodsi (2012) 0.334  0.134 0.828 -2.366
Bi (2011) 0.174  0.087 0.830 -2.194
Cao (2009) 0.053  0.007 0.432 -2.747
Chu (2015) 0.031 0.004 0.240 -3.318
Gao (2013) 0.0127  0.015 1.063 -1.904
Gong (2009) 0.193  0.009 4.114 -1.053
He (2014) 0.147  0.029 0.737 -2.330
Hou (2009) 0.289  0.115 0.725 -2.644
Lian (2016) 0.281 0.092 0.859 -2.227
Liu (2009) 0.224  0.086 0.582 -3.070
Liu (2016) 0.301 0.096 0.943 -2.061
Liu & Xiao (2016) 0.167  0.056 0.496 -3.221
Shangguan (2009) 0.123  0.058 0.257 -5.557
Valizadeh (2015)A 0.432  0.118 1.581 -1.268
Valizadeh (2015)B 0.303  0.084 1.095 -1.821
Xia (2011) 0.480  0.041 5.646 -0.584
Xiang (2012) 0.193  0.063 0.597 -2.857
Zhai (2013) 0.407  0.131 1.259 -1.561
Zhang (2014) 0.181 0.036 0.901 -2.087
Zhang (2015) 0.266  0.069 1.015 -1.938
Zhao (2013) 0.438  0.209 0.916 -2.194
Zhao & Chen (2006) 0.344  0.111 1.064 -1.853
Zhang (2008) 0.511 0.079 3.316 -0.704
Zhong (2016) 0.128  0.027 0.614 -2.570
Zhou (2016) 0.165  0.042 0.640 -2.605
Zong (2010) 0.443  0.147 1.341 -1.441
Random 0.246  0.194 0.312 -11.620

p-Value

0.018 —{
0.028 -'I

0.006
0.001
0.057
0.292
0.020
0.008
0.026
0.002 i
0.039
0.001
0.000
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FIGURE 3 Forest plot of odds ratio and 95% confidence interval between foot reflexology and comparison of effective rate. Note: p

value of 0.000 indicates p < .001

13 trials, 14 trials, nine trials, and 13 trials where the subjective
sleep quality subscale, sleep latency subscale, sleep duration sub-
scale, sleep efficiency subscale, sleep disturbances subscale, use
of sleeping medication subscale and daytime dysfunction subscale
were respectively assessed revealed that foot reflexology achieved a
significant increase in the subjective sleep quality (ES: -0.69; 95% Cl:
-1.18~-0.20; p = .006), produced an improvement in sleep latency
(ES: -1.36; 95% Cl: -2.01~-0.71; p < .001), increased sleep duration
(ES: -1.10; 95% Cl: -1.71~-0.51; p < .001), improved sleep efficiency
(ES: -1.23; 95% Cl: -1.88~-0.59; p < .001), ameliorated sleep dis-
turbances (ES: -1.18; 95% Cl: -2.64~-0.97; p < .001), decreased the
use of sleep medications (ES: -1.49; 95% Cl: -2.41~-0.57; p = .002),
and decreased daytime dysfunction (ES:-1.80; 95% Cl: -2.60~-1.01;
p <.001).

4.3.2 | Therapeutic effect

The pooled estimate of the ES for 26 foot reflexology trials where
the therapeutic effect was assessed revealed a significant improve-
ment in the therapeutic effect by foot reflexology (OR: 0.25; 95%
Cl: 0.19 ~ 0.31; p < .001). Figure 3 displays a forest plot of 26 dif-
ferent trials where the therapeutic effect was measured. The test
of heterogeneity for findings of studies assessing the therapeutic
effect failed to reject the null hypothesis of sharing a common ES
(Q = 19.17; I? = 0%; p = .789). The trim and fill test for publication
bias showed that when removing a single study, the overall ES re-

mained unchanged.

5 | DISCUSSION

This study is important in adding to the evidence about the bene-
fits of foot reflexology in dealing with sleep disturbances. Foot re-
flexology is associated with fewer adverse events compared with
pharmacological interventions (Dashti et al., 2016). Foot reflexol-
ogy safety and product quality have become healthcare research
interests. It is evident that foot reflexology helps eliminate stress,
reduce pain, improve blood circulation and restore the mind's bal-
ance (Dashti et al., 2016; Nakamaru et al., 2008). Moreover foot
reflexology was suggested to improve sleep health (Esmel-Esmel
et al., 2017). The beneficial effects of foot reflexology have been
researched in various settings using a variety of measures, rang-
ing from self-reported questionnaires to the therapeutic effect.
Many diverse investigations reported significant improvements in
objectively assessed sleep parameters and/or subjectively rated
sleep quality. Hence, an aspect of our review of the literature in-
cluded identification of factors related to successful improvement
in sleep by foot reflexology.

Our meta-analyses revealed that foot reflexology statistically
significantly improved sleep quality and produced a reduction in
the risk of having sleep problems by about 75%. Foot reflexology
possibly works by stimulating the release of endorphins, decreasing
sympathetic nervous system activity, increasing responses of the
parasympathetic nervous system and stimulating circulation and in
these ways may help increase feelings of well-being and relaxation
(Esmel-Esmel et al., 2017; Ramezanibadr et al., 2018). Researchers

have investigated the effects of foot reflexology on brain activity
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using functional magnetic resonance imaging (fMRI) and evaluated
findings using the blood oxygen level demand response which is
related to changes in blood flow to the brain during activation and
results showed positive responses due to foot reflexology (Sliz
et al., 2012). Additionally, research using fMRI demonstrated that
foot reflexological stimulation induced a somatosensory process
corresponding to the stimulated reflex areas (Nakamaru et al., 2008)
and showed an immediate hemodynamic effect corresponding to
the stimulated reflex areas by cardiac index or colour Doppler so-
nography (Jones et al., 2012; Sudmeier et al., 1999). Also, skin con-
tact is considered a secondary mechanism because of relaxation and
the release of oxytocin. Oxytocin is a neuropeptide hormone with
a protective effect on the autonomic and cardiovascular systems,
which in turn, may improve sleep health (Jain et al., 2017; Schuh-
Hofer et al., 2018).

Results of this study further showed that foot reflexology can
improve subjective sleep quality, sleep latency, sleep duration, ha-
bitual sleep efficiency, sleep disturbances, sleep medication use, and
daytime dysfunction. Particularly, evidence showed the existence
of a strong relationship between the application of foot reflexology
and the onset of sleep; further, no difference was demonstrated be-
tween those who had knowledge of reflexology and those who had
no knowledge (Esmel-Esmel et al., 2017). Accordingly, foot reflexol-
ogy can be used as a non-pharmacological treatment to induce sleep.

The solar plexus and heart zones were found to contribute to
significantly improved sleep quality in this study. The sole of the foot
was divided into three parts with the solar plexus on the border be-
tween the upper and middle one-third of sole (where a folding line
is created when the sole folds) which is located near the second and
third toes and its function is to help with metabolism and digestion
problems, to reduce stress and anxiety with the help of deep relax-
ation and increase the body's tolerance for stress (Moghimi-Hanjani
et al., 2015; Ramezanibadr et al., 2018; Salvo, 2016). The heart zone
is located in the middle region of the ball of the left foot, in the
area beneath the fourth and fifth toes (Rollinson et al., 2016) and
its function is to slow the heart rate, increase arterial compliance,
decrease blood pressure, improve insomnia caused by cardiac dys-
function and reduce mental stress (Jones & Leslie, 2013; Rollinson
et al., 2016). Accordingly, it is suggested that the solar plexus and
heart zones can be included as necessary reflex zones for treating
sleep disturbances. It should be noted that each reflexological foot
chart may have subtle differences leading to difficulties in pinpoint-
ing specific reflexes (Yan et al., 2015). The lack of precision and
agreement may result in a perceived lack of validity of foot reflex-
ology among medical professionals and laypeople. Recently, for in-
stance, a technique that combined an optical projection and vision
measurement was proposed to accurately identify reflexive zones of
the foot. This method was claimed to be a simple, easy-to-use and
low-cost approach (Yan et al., 2015) and may resolve the issue of the
validity of foot reflexology.

Our study results demonstrated that foot reflexology had
greater influences in older adults. Possible reasons are first, differ-

ences in reporting patterns. Compared with younger populations,

older adults are more likely to use foot reflexology. Eighty-eight
percent of adults aged 265 year, for instance, applied CAMs to
reduce symptoms of disease in the US (Stockigt et al., 2013). The
use of CAMs is more common in older people that have a chronic
condition (e.g., insomnia) (Gallego et al., 2019). Furthermore, in-
creasing numbers of older adults with cognitive impairment are
resorting to various kinds of CAMs (Esmel-Esmel et al., 2017,
Parmar et al., 2018). For instance, a study showed that worldwide
prevalences of patients with Parkinson's diseases using CAMs
ranged 25.7-76% and prevalences of using foot reflexology were
7%-10% (Wang et al., 2013). Second, older adults might not be
optimistic about the safety of sleep drugs and prefer to use foot
reflexology (Rhee et al., 2018); consequently, studies might recruit
more older adults or researchers may tend to investigate older
adults. Prevalences of sleep disturbances among older adults are
high globally, ranging from 6% in Taiwan to 62.1% in Egypt (Gulia
& Kumar, 2018). Shorter sleep durations and changes in sleep
patterns occur as people age; older adults tend to have difficulty
falling asleep and in staying asleep and spend more time in the
N1 and N2 phases than in the N3 phase (Schroeck et al., 2016;
Shi et al., 2018). Also, sleep disturbances among older adults are
frequently related to an underlying medical or psychiatric condi-
tion (Chen et al., 2019) and insomnia is one of the most common
sleep disturbances in this population (Shi et al., 2018). Although
pharmacological interventions are usually employed to treat sleep
disturbances, older adult populations are at increased risks of ex-
periencing adverse reactions from sleep medications. A previous
study demonstrated that more than one-third of a US national
sample (n = 1,065 older adults) inappropriately used medica-
tions or aids to help with sleep. Thus, older adults using medica-
tions or aids might not be aware of potential safety risks (Maust
et al., 2019). Third, the perceived effectiveness of reflexology may
be related to the effects on activities of daily living and quality of
life rather than a direct influence on sleep disturbances. Foot re-
flexology may make older adults feel empowered as to their ability
to make informed health-related decisions, as foot reflexology pro-
motes a participatory and more-active role (Gallego et al., 2019). In
turn, older adults have higher self-responsibility and compliance,
and their psychosocial aspect of health is better as sleep distur-
bances are mitigated. However, it is evident that only a few pa-
tients receive referrals to use CAMs from healthcare professionals
(Wang et al., 2013), indicating that more-effective communication
about the use of foot reflexology between patients and healthcare
professionals is needed. Healthcare providers are often unaware
of foot reflexology use as patients with sleep disturbances neglect
to inform their physicians. This study provides scientific evidence
explaining how foot reflexology may work and confers sleep dis-
turbance benefits. Older adults should communicate about foot
reflexology with their physicians, or healthcare providers can ac-
tively ask older adult patients about foot reflexology use and mon-
itor any potential side effects.

Most included articles were conducted in developing coun-

tries and the reason perhaps is that the price of foot reflexology
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is lower in those countries, thereby contributing to higher pub-
lic acceptance. In developed countries, a limitation on the use of
foot reflexology is that the cost of foot reflexology is an out-of-
pocket expenditure and it is recommended that patients with low
incomes are the least capable of affording foot reflexology (Klein
et al., 2012). For instance, traditional Chinese medicine practiced
by a certified physician in Taiwan is covered by the mandatory
health insurance. Likewise, foot reflexology may be covered by
health insurance.

5.1 | Strengths and limitations

In this study, we found that syndrome differentiation, which is a
person-centralized method viewed as an effective way to improve
a person's health conditions (Rhee et al., 2018), did not significantly
contribute to improvements in sleep quality. Additionally, having in-
somnia or not at the baseline did not influence significant improve-
ments in sleep quality. These results suggest that foot reflexology
may be transferable between different populations. Further, we
could not find a dose-response effect of foot reflexology on sleep
quality. It is suggested that foot reflexology can be used regularly
to support sleep health. This meta-analytical study found that foot
reflexology performed by either a mechanical reflexological device,
oneself, or a professional was similarly effective; hence, professionals
can be trained how to exactly perform pressure stimulation of reflex
zones; self-administered foot reflexology should emphasize educa-
tion for correct skills of foot reflexology with regular monitoring of
cases with self-administered foot reflexology to achieve efficacy.

The results need to be interpreted in the light of some lim-
itations. First, although we included articles written in English
and Chinese, a few articles written in other languages were not
included in the evaluation. Second, although foot reflexology has
beneficial effects on sleep, the quality of most of the included
studies was low and a detailed description of the intervention was
not given; hence, this reduced the validity of confirming the basis
for foot reflexology. Well-designed, large-scale RCTs that assess
long-term effect are needed to confirm the present findings and
provide more evidence of the effects of foot reflexology on sleep
disturbances. It is suggested that studies can include a control
group that involves no touch or pressure, which may reduce the
incidence of the placebo effect, since touch or pressure is viewed
as an integral part of the response to reflexology (Ramezanibadr
et al., 2018), or studies can employ the same participant-opera-
tor interaction in the intervention and control groups which can
reduce the difference between groups (Steenkamp et al., 2012).
Third, variations existed among the included studies as to the
types of patients. Fourth, because of the different diagnostic cri-
teria for sleep disturbances across the included studies, the results
may be biased and should be further validated. Fifth, despite its
popularity, current RCT studies on the topic have mostly focused
on subjective outcomes. Sixth, the meta-analysis was not regis-
tered with PROSPERO.

WILEY-L-2
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6 | CONCLUSION

Nowadays, the public is generally seeking more-holistic ways to
maintain good health and well-being. Trends of sleep disturbances
and the use of foot reflexology have both increased, indicating that
a shift in the risk-benefit balance of pharmacological treatments
has created growing interest in foot reflexology for sleep distur-
bances. Further research is needed to explain older adults’ patterns
of foot reflexology and medical pluralism engagement, which will
better inform healthcare providers regarding impacts of this popu-
lation's foot reflexology-related behaviours on their health needs.
Additional research is needed to develop intervention guidelines to
standardize foot reflexology so as to provide a reference for clini-
cal practice and make better use of foot reflexology in caring for
patients with sleep disturbances. We suggest that healthcare pro-
fessionals add foot reflexology to their clinical practice and train
their patients to apply this technique themselves, which would
improve self-management of sleep disturbances and achieve bet-
ter health results (Steenkamp et al., 2012). However, the effects of
foot reflexology on sleep quality as determined in this meta-anal-
ysis should be interpreted with caution due to concerns about the

methodological quality.
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