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A B S T R A C T

Introduction: Herbal medicine (HM) may be beneficial for geriatrics with multiple pathological conditions. The
objective of this study was to systematically analyze the effectiveness and safety of HM for insomnia in the
hypertensive elderly.
Methods: Thirteen databases were comprehensively searched from their inception dates to August 28, 2018, to
identify relevant randomized control trials (RCTs). The results of meta-analyses were presented as relative risk
(RR) or mean difference (MD) with 95% confidence intervals. The quality of evidence (QoE) was evaluated using
the GRADE approach.
Results: Eight RCTs were included in this review. Based on routine antihypertensive therapies in most cases,
compared to the hypnotics group, HM group had a significantly higher total effective rate (TER) for improve-
ment of insomnia (RR 1.24 [1.12, 1.39]). Compared to no intervention group, HM group showed a significantly
higher TER for improving insomnia (RR 1.70 [1.25, 2.33]), and lowering systolic (MD -5.63mmHg [-7.18,
-4.09]) and diastolic blood pressures (MD -4.40mmHg [-5.63, -3.18]). Pittsburgh sleep quality index (MD -4.11
[-5.72, -2.50]), Zung self-rating anxiety scale (MD -6.60 [-7.79, -5.41]), and Zung self-rating depression scale
(MD -6.15 [-7.43, -4.87]). There was no significant difference in the incidence of adverse events between the HM
and no intervention groups. The QoE ranged from “Very low” to “Moderate.”
Conclusion: HM might have some beneficial effects including improving insomnia, blood pressure, and mental
health, for the hypertensive elderly with insomnia. Since the methodological quality of the included studies and
QoE were not high, well-designed RCTs are important to confirm these results.

1. Introduction

Hypertension and insomnia are common diseases in elderly popu-
lations, with prevalence of 9–34% [1–3] and 40–75% [4–6], respec-
tively. According to the American Academy of Sleep Medicine, in-
somnia is defined as “a complaint of trouble initiating or maintaining
sleep which is associated with daytime consequences and is not attri-
butable to environmental circumstances or inadequate opportunity to
sleep” [7]. Hypertension is defined as the state of having a blood
pressure (BP) of 130/80mmHg or more according to the American
College of Cardiology/American Heart Association [8].

Several studies have revealed that the two diseases are associated
with significant negative outcomes for the health status among the

population, such as memory impairment [9], dementia [10], depression
[11], cardiovascular diseases [12], metabolic disorders [13], frailty
[14], and even mortality [15,16]. Interestingly, growing evidence has
revealed the association between the two diseases [17]. Dysfunction of
the hypothalamic-pituitary-adrenal axis has been proposed as a me-
chanism underlying the association [18]. It has also been suggested that
some psychological and biological factors such as emotional distress
and excessive activity of the arousal-related neural pathways are in-
volved [18]. In addition, lower sleeping times and fragmented sleep can
increase the risk of atherosclerosis and consequently may threaten
cardiovascular health, thus emphasizing sleep health in the prevention
of cardiovascular disease [19]. Furthermore, the analysis of the Amer-
ican Heart Association's Strategically Focused Research Network, a
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population-based prospective cohort, found that sleep disorders are
associated with increased BP as well as endothelial inflammation, a key
mechanism underlying an increasing cardiovascular burden [20].
Therefore, in a therapeutic context, the need to improve the sleep of
patients, as well as to improve cardiovascular conditions, such as hy-
pertension, is emphasized to reduce the cardiovascular burden.

Another important topic in treating these two diseases at the same
time is polypharmacy. Elucidating the relationship between two or
more diseases may be the key to addressing the polypharmacy issue,
which generally leads to patients taking five or more medications daily
[21], and has been highlighted recently, especially in the elderly [22].
This is because the potential for treatments targeting pathological
processes common to both diseases can lead to the development of
strategies to reduce the number of medications taken. However, many
synthetic drugs with a single active component acting on a single target
are limited in this respect. In the case of elderly patients suffering from
both insomnia and hypertension, for example, the use of hypnotics or
sleep inducers and antihypertensives is common according to their re-
spective clinical practice guidelines, which may increase the risk of
harm from polypharmacy [23].

Moreover, the simultaneous use of these drugs has also been asso-
ciated with some side effects. Specifically, benzodiazepines and other
sedative-hypnotic drugs are known to be associated with increased risks
of falls and hip fractures in the elderly [24]. The American Geriatrics
Society called on clinicians to avoid using benzodiazepines in the el-
derly in their recent Beers Criteria [25]. Although relatively safe, an-
tihypertensives may also be associated with adverse events (AEs) such
as hypotension, syncope and bradycardia [26], and a recent systematic
review has suggested the possibility of the withdrawal symptoms of
these drugs [27].

In East Asia, herbal medicine (HM) has been used as a primary mode
of care for centuries. Recently, HM has attracted attention as a pro-
mising candidate to complement the limit of conventional pharma-
cotherapy in geriatrics [28,29]. Several studies have also confirmed the
safety and effectiveness of HM for insomnia and hypertension [30,31].
Importantly, HM contains multiple active components that act on
multiple targets [32], thus overcoming the limitations of conventional
synthetic drugs with a single active constituent. This means that HM
can potentially affect both hypertension and insomnia at the same time,
reducing the risk of polypharmacy and its consequent complications.

However, the use of HM for insomnia in hypertensive elderly pa-
tients has not yet been systematically and critically reviewed.
Therefore, the objective of this review was to comprehensively assess
the therapeutic effectiveness and safety of HM in elderly with both
insomnia and hypertension, and to discuss the possibilities of HM in
terms of the polypharmacy issue.

2. Materials and methods

This review is reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [33].
The protocol for this systematic review was published [34] and regis-
tered in the International Prospective Register of Systematic Reviews
(PROSPERO) (registration number, CRD42018104095).

2.1. Data sources and search strategy

The following databases were comprehensively searched from their
inception dates to August 28, 2018 by two independent researchers (CY
Kwon and B Lee): six English-language databases (Medline via PubMed,
EMBASE via Elsevier, the Cochrane Central Register of Controlled Trials
[CENTRAL], Allied and Complementary Medicine Database [AMED]
via EBSCO, Cumulative Index to Nursing and Allied Health Literature
[CINAHL] via EBSCO, and PsycARTICLES via ProQuest), three Korean-
language databases (Oriental Medicine Advanced Searching Integrated
System [OASIS], Research Information Service System [RISS], and

Korea Citation Index [KCI]), three Chinese databases (China National
Knowledge Infrastructure [CNKI], Wanfang Data, and VIP), and one
Japanese database (CiNii). In addition, the reference lists of the re-
levant articles were checked, and a manual search of Google Scholar
was conducted to identify any additional studies. In addition to the
studies published in the journal, we also included gray literature, such
as theses and conference proceedings. The following search terms were
used in Medline: (Hypertension[mh] OR hypertens* OR Blood Pressure
[mh] OR blood pressure OR bloodpressure) AND (Sleep[mh] OR Sleep
Disorders[mh] OR sleep* OR insomnia* OR wakeful* OR sleepless* OR
dyssomn*) AND (Plants, Medicinal[mh] OR Drugs, Chinese Herbal[mh]
OR Medicine, Chinese Traditional[mh] OR Medicine, Kampo[mh] OR
Medicine, Korean Traditional[mh] OR Herbal Medicine[mh] OR
Prescription Drugs[mh] OR traditional Korean medicine OR traditional
Chinese medicine OR Traditional oriental medicine OR Kampo medi-
cine OR alternative medicine OR complementary medicine OR herb*
OR decoction* OR botanic*) (Appendix 1 in Supplementary materials).

2.2. Inclusion criteria

2.2.1. Types of studies
We included only randomized controlled trials (RCTs) and excluded

quasi-RCTs using inappropriate random sequence generation methods
such as alternate allocation or allocation by birthdate. If only the ex-
pression “randomization” (随机) was mentioned without a detailed
randomization method, it was regarded as an RCT and included in this
review. We included both parallel and crossover studies. In crossover
designs, only first-phase data was used in calculating the effect size and
conducting the meta-analysis. There was no language restriction.

2.2.2. Types of participants
We included studies on patients with a diagnosis of both hy-

pertension and insomnia, diagnosed using standardized diagnostic
tools, assessment tools, textbook, or clinical symptoms. Studies not
providing diagnostic criteria for hypertension and insomnia in partici-
pants were excluded. We included studies on elderly people with an
average age of 60 years or older, regardless of sex or race. Studies were
excluded if participants had serious systemic disease, congenital dis-
ease, cognitive dysfunction, or drug allergies.

2.2.3. Types of interventions
We included only those studies using HM as the experimental in-

tervention. In this review, HM is defined as herbal medicine prescribed
based on the theory of East Asian traditional medicines such as tradi-
tional Chinese medicine (TCM), Kampo medicine, and traditional
Korean medicine. We allowed any formulation (e.g., decoction, tablets,
capsules, pills, powders, and extracts) of HM. Studies involving HM
combined with other therapies as experimental interventions were in-
cluded if the other therapies were used equally in both the experimental
and the control groups. Except for patented drugs, studies that did not
list the composition of the HM used were excluded. We excluded studies
comparing different types of HM. As control interventions, we included
Western medication, placebo, or no treatment. There were no other
restrictions regarding the control interventions.

2.2.4. Types of outcome measures
The primary outcome measures were (1) change in the degree of

insomnia as measured using validated assessment tools, such as the
Pittsburgh Sleep Quality Index (PSQI) [35] and the Insomnia Severity
Index [36] and (2) change in drug use. The secondary outcome mea-
sures included (1) change in BP, (2) change in mental health as mea-
sured using validated assessment tools, such as the Hamilton Anxiety
Rating Scale (HAMA) [37], Hamilton Depression Rating Scale (HAMD)
[38], and Geriatric Depression Scale (GDS) [39], and (3) total effective
rate (TER), a non-validated outcome measure that is processed secon-
darily according to certain evaluation criteria such as clinical symptom

C.-Y. Kwon, et al. European Journal of Integrative Medicine 30 (2019) 100961

2



improvement or the improvement rates of other quantified outcomes.
In the assessment of TER, participants are generally classified as
“cured” (痊愈), “markedly improved” (顯效), “improved” (有效), or
“non-responder” (無效) after treatment. TER was calculated con-
sistently using the following formula: TER=N1 + N2+N3 / N, where
N1, N2, N3, and N were the number of patients who were cured,
markedly improved, improved, and the total sample size, respectively.
We also evaluated AEs as measured using the Treatment Emergent
Symptom Scale [40] or the incidence as secondary outcome measures.

2.3. Study selection

Two researchers (CY Kwon and B Lee) independently conducted the
study selection process according to the above inclusion criteria. After
removing duplicates, we screened the titles and abstracts of the sear-
ched studies for initial candidate studies for inclusion. We then eval-
uated the full-text of the remaining articles for final inclusion. Any
disagreement on study selection was resolved through discussion with
other researchers.

2.4. Data extraction

Using a standardized data collection form in Excel 2010 (Microsoft,
Redmond, WA, USA), two researchers (CY Kwon and B Lee) in-
dependently performed and cross-checked the data extraction.
Discrepancies were resolved through discussion with other researchers.
The extracted items included the first author’s name; year of publica-
tion; country; sample size and number of dropouts; details about the
participants, experimental intervention, and comparisons; duration of
the intervention; outcome measures; and AEs associated with inter-
ventions.

2.5. Quality assessment

Two researchers (CY Kwon and B Lee) independently assessed the
methodological quality of the included studies and the quality of evi-
dence for each main finding. Discrepancies were resolved through
discussion with other researchers.

We assessed the methodological quality of the included RCTs using
the Cochrane Collaboration’s risk of bias tool [41]. The following do-
mains were assessed: random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding of outcome
assessment, completeness of outcome data, selective reporting, and
other sources of bias. Each item was evaluated and categorized into
three groups: “low risk,” “unclear,” or “high risk.” When only the ex-
pression “randomization” (随机) was mentioned without specifying the
randomization methods, we judged the study to be at high risk of bias in
the random sequence generation domain. We also assessed other po-
tential biases with particular emphasis on baseline imbalances between
experimental and control group such as participant characteristics,
which includes mean age and baseline insomnia or hypertension level,
because baseline imbalance in factors that are strongly related to out-
come measures can cause bias in the estimation of the intervention
effect in RCTs.

We used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach to evaluate the
quality of evidence for each main finding [42]. Using the online pro-
gram GRADEpro (https://gradepro.org/), we assessed the risk of bias;
inconsistency, indirectness, and imprecision of the results; and the
probability of publication bias using a four-item scale (“Very low,”
“Low,” “Moderate,” or “High”).

2.6. Data synthesis and analysis

Descriptive analyses of the details of the participants, interventions,
and outcomes were conducted for all included studies. Quantitative

synthesis was performed if there were studies using the same type of
experimental intervention, comparison, and outcome measure. We
pooled the continuous outcomes as a mean difference (MD) with 95%
confidence intervals (CIs) and the dichotomous outcomes as a risk ratio
(RR) with 95% CIs.

Heterogeneity between the studies in terms of effect measures was
assessed using both the chi-squared test and the I-squared statistic. We
considered I-squared values greater than 50% and 75% indicative of
substantial and high heterogeneity, respectively. In the meta-analyses, a
random effects model was used when the heterogeneity was significant
(I-squared value> 50%), while a fixed effects model was used when
the heterogeneity was non-significant. The fixed-effect model was also
used when the number of studies included in a meta-analysis was very
small, where the estimates of inter-study variance had poor accuracy
[43].

All statistical analyses were conducted using the Cochrane
Collaboration’s software program Review Manager (RevMan) version
5.3 for Windows (Copenhagen, The Nordic Cochrane Centre, the
Cochrane Collaboration, 2012). We contacted the corresponding au-
thors of the included studies via e-mail to request additional informa-
tion if the data were insufficient or ambiguous.

2.6.1. Subgroup analysis
If the necessary data were available, we conducted a subgroup

analysis to explore the possible cause of the heterogeneity according to
the disease severity and treatment period.

2.6.2. Assessment of reporting biases
If there were more than 10 trials included in the meta-analysis,

reporting biases, such as publication bias, were assessed by using funnel
plots. When there was an asymmetry of the funnel plot, we tried to
explain the possible reasons.

3. Results

3.1. Description of included studies

We identified 7355 records through database searches and no ad-
ditional records through other sources. After removing duplicates, 6901
records remained. After screening the titles and abstracts, 64 articles
were considered to be relevant and the full texts of those were obtained
and reviewed. Consequently, eight RCTs [44–51] were included in this
systematic review. Among them, the meta-analyses were conducted on
six studies [44–46,48–50] with 628 participants (Fig. 1).

The general characteristics of the included studies are summarized
in Table 1. All included studies were conducted in China. There were
two dissertations [48,50], while the remaining six [44–47,49,51] were
journal articles. Based on routine antihypertensive therapies, three
[44–46], one [47], and three [48–50] compared HM with hypnotics,
HM plus hypnotics with hypnotics alone, and HM with no additional
intervention, respectively. The remaining study [51] compared HM
with antihypertensive treatment plus hypnotics. The sample sizes
ranged from 60 to 224, with a median of 94. In the case of Li [50], 224
participants were initially enrolled and randomized to experimental
group or control group after classification of their BP levels from grade
1 to 3. However, Li did not list the initial number assigned to each
group and only listed the number who completed the study as 180: 30
in the treatment group and 30 in the control group for each comparison
(treatment group versus control group in grade 1, 2, and 3 hypertensive
patients). The treatment duration ranged from 3 to 12 weeks, with a
median of 4. Two studies [48,50] recruited participants with specific
TCM patterns; both were related to liver depression. Regarding the
antihypertensive treatment, angiotensin converting enzyme (ACE) in-
hibitors, calcium channel blockers, and calcium channel blockers plus
angiotensin receptor blockers (ARBs) were used in one [47], one [49],
and two studies [50,51], respectively. Three studies [44,45,48]
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reported using “routine” antihypertensives, one [48] of which de-
scribed this as calcium channel blockers; ACE inhibitors or ARBs; and β-
blockers. All five studies [44–47,51] using hypnotics as an intervention
used benzodiazepines and, among them, one study [44] used alpra-
zolam, while the rest [45,45,46,47,51] used estazolam. TER [44–49,51]
and BP [44,45,47–51] were the most frequently used outcome in seven
studies, and PSQI was used in four [46,48–50]. The TCM syndrome
score [45,48], Zung Self-Rating Anxiety Scale (SAS) [46,50], and Zung
Self-Rating Depression Scale (SDS) [46,50] were used in two studies.
Sleep Dysfunction Rating Scale (SDRS) [51], recurrence rate of in-
somnia [46], and HAMA [51] were also used as outcomes once each.
Three different calculation methods of TER were used: seven
[44–49,51] according to improvement of insomnia, one [48] according
to improvement of hypertension, and one [48] according to improve-
ment TCM syndrome score. Two studies [45,50] reported the approval
of the institutional review board, and five [44–46,48,50] reported that
they had received consent from the participants.

3.2. Methodological quality

Four studies [44–46,51] described an appropriate method of
random sequence generation, such as a computerized random number
table, and were assessed to have low risk of bias on the random se-
quence generation domain. The remaining four studies [47–50] with no
description of the random sequence generation method were con-
sidered to be at high risk of bias. No studies reported the allocation

concealment and blinding of participants, personnel, or outcome as-
sessors. Since no studies used a placebo treatment, the domain of the
blinding of participants and personnel in all studies was assessed to be
at high risk of bias. In the domain of incomplete outcome data, one
study [50] was assessed to have a high risk of bias because they pro-
cessed the missing data with a per-protocol analysis method. Five stu-
dies [44,48–51], reporting both outcomes of insomnia and hyperten-
sion with their raw data, were considered to have a low risk of bias on
the selective reporting domain. In the domain of other sources of bias,
all studies reported that there was no statistical heterogeneity of de-
mographic data between groups and were assessed to have low risk of
bias (Fig. 2, Appendix 2 in Supplementary materials).

3.3. Details of HM used

Details of the HM used for insomnia in elderly with hypertension are
summarized in Appendix 3 in Supplementary materials. Six studies
[44–48,51] used decoctions, and the remaining two [49,50] used Chi-
nese herbal patented medicine capsules. Except for one study [49] that
instructed that the HM should be taken once a day, all others instructed
participants to take HM twice a day. There were no studies using the
same HM. In four studies [45–47,51], in addition to the basic compo-
nents of the HM, some herbs were added according to the participants’
symptoms or specific TCM patterns.

Based on the basic components, 43 different herbs were used. The
most frequently used herbs were Salviae miltiorrhizae radix, Zizyphi

Fig. 1. PRISMA flow chart for the study selection.
AMED, Allied and Complementary Medicine Database; CCT, controlled clinical trial; CENTRAL, Cochrane Central Register of Controlled Trials; CINAHL, Cumulative
Index to Nursing and Allied Health Literature; CNKI, China National Knowledge Infrastructure; KCI, Korea Citation Index; OASIS, Oriental Medicine Advanced
Searching Integrated System; RCT, randomized controlled trial; RISS, Research Information Service System
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spinosae semen, and Ligustici rhizoma, which were used in four studies
(50%) each. In addition, Paeoniae radix alba was used in three studies
(37.5%) and other all herbs were used once or twice.

3.4. Effectiveness of HM for insomnia in elderly with hypertension

3.4.1. HM vs. hypnotics (three RCTs)
Meta-analysis was available only in TER based on improvement of

insomnia. The results showed that the HM group had significantly
higher TER without significant heterogeneity (328 participants; RR
1.24, 95% CI 1.12–1.39, I2=0%) (Appendix 4 in Supplementary ma-
terials).

Zhang et al. [46] prescribed HM for 4 weeks and reported the PSQI,
recurrence rate of insomnia at 1-year follow-up, SAS, and SDS as their
outcomes. They found that the HM group was associated with sig-
nificantly lower PSQI, SAS, and SDS scores at post-intervention and
lower recurrence rate at 1-year follow-up (all, P < 0.05). Li [45]

prescribed HM for 4 weeks and reported BP and TCM syndrome score as
their outcomes. They found that the HM group was associated with
significantly lower systolic BP (sBP), diastolic BP (dBP), and TCM
syndrome score post-intervention (all, P < 0.05).

3.4.2. HM plus hypnotics vs. hypnotics alone (1 RCT)
Jiang et al. [47] prescribed HM plus hypnotics or hypnotics alone

for 3 weeks and reported TER based on the improvement of insomnia
and BP as their outcomes. The results showed that the combined
therapy group was associated with significantly higher TER and lower
sBP and dBP (P < 0.05 or P < 0.01).

3.4.3. HM vs. no intervention (3 RCTs)
Of the studies included in this category, Li [50] divided the parti-

cipants into three groups according to their baseline BP and reported
the data separately. Therefore, we regarded these as individual data and
conducted meta-analyses. Among the outcomes reported, meta-analyses
were performed on TER based on the improvement of insomnia, BP,
PSQI, SAS, and SDS. The synthesized results showed that the HM group
showed significantly higher TER (120 participants; RR 1.70, 95% CI
1.25 to 2.33, I2=0%), and lower sBP (300 participants; MD
-5.63mmHg, 95% CI -7.18 to -4.09, I2=54%), dBP (300 participants;
MD -4.40mmHg, 95% CI -5.63 to -3.18, I2=55%), PSQI (300 parti-
cipants; MD -4.11 score, 95% CI -5.72 to -2.50, I2=91%), SAS (180
participants; MD -6.60 score, 95% CI -7.79 to -5.41, I2=90%), and SDS
scores (180 participants; MD -6.15 score, 95% CI -7.43 to -4.87,
I2=63%) (Fig. 3, Appendix 4 in Supplementary materials).

The results regarding sBP, dBP, PSQI, SAS, and SDS scores showed
substantial heterogeneities; however, subgroup analysis according to
treatment duration could not explain the heterogeneities except in the
case of sBP. In most cases, the statistical significances were maintained
when sub-analyzed according to the treatment durations; however,
significant statistical differences in PSQI scores disappeared when HM
was prescribed within 4 weeks.

Ruan [48] prescribed HM for 4 weeks and reported TERs based on
the improvement of hypertension or the TCM syndrome and TCM
syndrome score as their outcomes. The results showed that the HM
group was associated with significantly higher TER based on the im-
provement of the TCM syndrome and lower TCM syndrome scores (both
P < 0.05) than that of the no treatment group. However, there was no
significant difference between groups regarding the TER based on the
improvement of hypertension (P > 0.05).

3.4.4. HM vs. antihypertensives plus hypnotics (1 RCT)
Wang et al. [51] compared HM with antihypertensives plus hyp-

notics during a 4-week period and reported TER based on improvement
of insomnia, BP, SDRS, and HAMA as their outcomes. The results
showed that the HM group was associated with significantly lower
SDRS score (P < 0.05). However, there were no significant differences
between groups regarding TER based on the improvement of insomnia,
BP, and HAMA (P > 0.05).

3.5. Safety profile

There were only three studies that reported safety data [48–50].
They all compared HM with no intervention. According to the results of
the meta-analysis, there was no significant difference between groups
with respect to the incidence of AEs with no significant heterogeneity
(300 participants; RR 1.44, 95% CI 0.44–4.72, I2=0%) (Fig. 4). This
result was maintained in the subgroup analysis according to the treat-
ment period.

3.6. Quality of evidence

In the comparison between HM and hypnotics, the quality of evi-
dence of TER based on the improvement of insomnia was assessed to be

Fig. 2. Risk of bias summary for all included studies.
Low, unclear, and high risk, respectively, are represented with the following
symbols: “+”, “?”, and “-”
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“Low.” The reasons for this were the high risk of bias of the included
RCTs and indirectness of the outcome measure (Table 2). Meanwhile, in
the comparison between HM and no intervention, the quality of evi-
dence for TER based on the improvement of insomnia, sBP, dBP, PSQI,
SAS, SDS, and AEs were assessed and graded as “Very low” to “Mod-
erate.” The main reasons for this grading were the high risk of bias of
the included RCTs and low precision of the results because they did not
satisfy the optimal sample size and had wide CIs (Table 3).

3.7. Publication bias

Because the meta-analysis did not involve more than ten studies,
evaluation of publication bias using funnel plots was impossible.

4. Discussion

This review aimed to evaluate the effectiveness and safety of HM for
insomnia in elderly with hypertension. Through comprehensive sear-
ches, eight RCTs were included in this review.

According to the results of the meta-analyses, based on routine
antihypertensive therapies, HM group showed significantly higher TER
based on the improvement of insomnia than treatment with hypnotics.
Moreover, the HM group showed significantly higher TER based on the
improvement of insomnia and lower sBP, dBP, PSQI, SAS, and SDS
scores than the no intervention group. In most cases, subgroup analysis
according to the treatment duration did not show meaningful changes
in significance level; however, there was no significant difference in
PSQI score when HM was prescribed within 4 weeks compared with no

Fig. 3. Forest plot for the comparison of HM with no intervention. Outcome: PSQI score.
HM, herbal medicine; PSQI, Pittsburgh sleep quality index

Fig. 4. Forest plot for the comparison of HM with no intervention. Outcome: incidence of adverse events.
HM, herbal medicine
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intervention. In addition to the studies included in the meta-analysis,
two different studies compared HM plus hypnotics with hypnotics alone
[47], and HM with antihypertensives plus hypnotics [51]. In the former
study, the combined therapy group was associated with significantly
higher TER based on the improvement of insomnia, and significantly
lower sBP and dBP. In the latter study, the HM group was associated
with significantly lower SDRS score, while there were no significant
differences in TER based on the improvement of insomnia, BP, and
HAMA score between groups.

There were only three studies [48–50] that reported whether AEs
occurred. They all compared HM with no intervention and there were
no significant differences in the incidence of AEs between the two
groups. However, since HM is also a type of medicine, the fact that
there was no significant difference in the incidence of AEs relative to no
intervention may be circumstantial evidence that HM is relatively safe.

We explored the possibility of using HM for the two concomitant
diseases, insomnia and hypertension in elderly patients to overcome the
one-drug-one target paradigm of conventional synthetic drugs [52],
taking into account the characteristic that HM comprises multiple ac-
tive components. In order to reduce the use of harmful drugs in the
elderly, non-pharmacological interventions, such as patient education
and cognitive behavioral therapy, have been shown to be effective;
however, more acceptable adjuvant intervention is needed [53]. In this
regard, HM may be a solution. This review suggests that HM as an
adjunctive therapy to routine antihypertensives for the treatment of
insomnia in hypertensive elderly patients might have some benefits in
improving anxiety and depression as well as in relieving symptoms of
insomnia and lowering BP compared with antihypertensives combined
with hypnotics or antihypertensives alone. When compared with anti-
hypertensives and hypnotics, HM alone might improve insomnia, but it
seemed that there is no significant difference in BP or anxiety level. In
other words, current evidence suggests that HM alone is not yet

sufficient to replace both hypnotics and antihypertensives for insomnia
in elderly with hypertension. However, the number of included studies
was small and the methodological quality of them was generally low.
Above all, the quality of the evidence assessed using the GRADE ap-
proach was “Very low” to “Moderate” and there was no high quality of
evidence. Therefore, our confidence in the estimated effect is limited
and attention should be paid to interpreting the results.

This study has the following limitations. As described previously,
the reliability of the results is markedly limited because the methodo-
logical quality of the included studies and quality of evidence for the
main findings were generally low. This means that our conclusion may
be significantly changed by rigorous further studies. In our protocol,
“change in drug use” was the primary outcome measure to assess the
impact of HM on the polypharmacy risk of elderly patients; however,
none of the included studies reported this. Therefore, the impact of HM
on this issue could only be indirectly assessed through the multiple
components acting on multiple targets. There was also a lack of ade-
quate studies to perform subgroup analysis according to the severity of
insomnia, as described in our protocol. Because all of the included
studies were conducted in China, potential publication bias was sus-
pected; however, the lack of studies made it impossible to assess the
publication bias using funnel plots. None of the included studies had
pre-registered the study protocols or used placebo as a control inter-
vention. This indicates that the results from these studies are highly
likely to be over-estimated. Despite subgroup analysis, heterogeneity
between studies was not solved. In addition, the differences in the
baseline BP level, diagnostic criteria of insomnia, and specific TCM
patterns between participants suggested clinical heterogeneity among
the included studies.

Therefore, the following should be considered in future studies. (1)
Larger RCTs implemented using rigorous methodology are needed on
this topic. In particular, protocols should be registered prior to study

Table 2
Summary of findings table: HM compared to hypnotics.

Outcomes Anticipated absolute effects (95% CI) Relative effect
(95% CI)

No. of participants (studies) Quality of the evidence (GRADE) Comments

Risk with Hypnotics Risk with HM

TER (insomnia) 740 per 1,000 917 per 1,000
(828 to 1,000)

RR 1.24
(1.12 to 1.39)

328
(3 RCTs)

(Low) Risk of bias (-1)
Indirectness (-1)

Abbreviations. CI, confidence interval; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; HM, herbal medicine; RCT, randomized
controlled trial; RR, risk ratio; TER, total effective rate.

Table 3
Summary of findings table: HM compared to no intervention.

Outcomes Anticipated absolute effects (95% CI) Relative effect
(95% CI)

No. of participants (studies) Quality of the evidence (GRADE) Comments

Risk with No intervention Risk with HM

TER (insomnia) 450 per 1,000 765 per 1,000
(563 to 1,000)

RR 1.70
(1.25 to 2.33)

120
(2 RCTs) (Very Low)

Risk of bias (-1)
Indirectness (-1)
Imprecision (-1)

sBP – MD 5.63mmHg lower
(7.18 to 4.09 lower)

– 300
(5 RCTs)

(Moderate) Risk of bias (-1)

dBP – MD 4.40mmHg lower
(5.63 to 3.18 lower)

– 300
(5 RCTs)

(Moderate) Risk of bias (-1)

PSQI – MD 4.11 score lower
(5.72 to 2.50 lower)

– 300
(5 RCTs)

(Moderate) Risk of bias (-1)

SAS – MD 6.60 score lower
(7.79 to 5.41 lower)

– 180
(3 RCTs)

(Low) Risk of bias (-2)

SDS – MD 6.15 score lower
(7.43 to 4.87 lower)

– 180
(3 RCTs)

(Low) Risk of bias (-2)

AEs 20 per 1,000 29 per 1,000
(9 to 94)

RR 1.44
(0.44 to 4.72)

300
(5 RCTs)

(Very Low) Risk of bias (-1)
Imprecision (-2)

Abbreviations. AEs, adverse events; CI, confidence interval; dBP, diastolic blood pressure; GRADE, Grading of Recommendations Assessment, Development, and
Evaluation; HM, herbal medicine; MD, mean difference; RCT, randomized controlled trial; RR, risk ratio; PSQI, Pittsburgh Sleep Quality Index; SAS, Zung self-rating
anxiety scale; sBP, systolic blood pressure; SDS, Zung self-rating depression scale; TER, total effective rate.
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initiation to reduce potential reporting bias, and a placebo control
should be used to reduce potential performance bias. (2) If the possi-
bility of drug withdrawal or tapering of the participants is evaluated
under the judgment of the clinician during the study period, more
practical findings will be obtained. (3) Using recently emerged ad-
vanced research methods such as network pharmacology, with ad-
vances in computer technology [54], the underlying molecular me-
chanisms of HMs for multiple diseases need to be explored. (4) The
herb-drug interaction induced by unregulated use of herbs has attracted
attention as another risk factor of polypharmacy [55–58]. To explain
this interaction, previous studies have focused on cytochrome P450
regulation, but currently there is a multidimensional approach, invol-
ving factors such as examining the roles of drug transport proteins at
the blood-cerebrospinal fluid barrier and blood-brain barrier [59].
Therefore, the safety evaluation of HM should be reported more ela-
borately, especially in elderly patients. This should include not only
clinical symptoms and signs, routine liver and renal function tests, vital
signs, but also cardiac function, risk of falls, motor function, and frailty,
as needed. (5) Finally, to be adopted at the level of government policy,
the economic evaluation of such interventions should be performed.

5. Conclusion

The current evidence suggests that based on routine anti-
hypertensive therapies, HM might have some beneficial effects in im-
proving insomnia, lowering BP, and improving mental health in the
elderly patients with both insomnia and hypertension, compared to
hypnotics or no intervention. Our findings suggest that HM might have
potential to help withdrawal from conventional drugs as a complement,
but not as a substitute, in this population having high risk of poly-
pharmacy. However, since the methodological quality of the included
studies was poor and the quality of evidence was generally low, the
results should be interpreted with caution. Given polypharmacy issues
in elderly, further larger, well-designed RCTs are necessary to confirm
the benefits of HM.
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