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Cognitive impairment is age-related and manageable only with early diagnosis and prevention. Moxibustion is widely accepted in
East Asia as useful for preventing cognitive impairment. This systematic review of animal studies was conducted to verify the efficacy
of moxibustion in preventing cognitive impairment and to elucidate the underlying mechanism. Randomized controlled animal tri-
als that established the efficacy of moxibustion in preventing cognitive impairment were included in the analysis. Results of behav-
ioral tests and the signaling pathways elucidated were extracted and a meta-analysis was conducted with the behavioral test results.
The risk of bias was evaluated using 9 items, and reporting quality was evaluated using the ARRIVE (Animal Research: Reporting In
Vivo Experiments) Guidelines Checklist. Ten trials involving 410 animals met the inclusion criteria. All studies reported the benefit
of moxibustion in preventing cognitive deficits caused by Alzheimers disease (AD). Among five studies using the Morris water maze
test, a significant effect of moxibustion in decreasing the escape time was reported in three studies, increasing the crossing times in
four studies, and prolonging the dwelling time in two studies. The effects of moxibustion were demonstrated to be mediated by an
increase in the activity of neurotrophins and heat shock protein, modulation of the cell cycle, and suppression of apoptosis and in-
flammation. However, considering the small number of included studies, the lack of studies investigating entire signaling pathways,
and a high risk of bias and low reporting quality, our results need to be confirmed through more detailed studies.
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INTRODUCTION wide is estimated to almost double from 12% to 22% between 2015
and 2050 [1]. Moreover, approximately 20% of elderly individuals
With rapid aging, the proportion of elderly individuals world-  may develop a mental or neurological disorder, the most likely

being cognitive impairment [1]. Cognitive impairment represents

a diverse collection of disorders characterized by chronic and pro-
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families [2]. Early diagnosis and adequate prevention are the best
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Moxibustion has been widely used in East Asia for thousands
of years [4, 5]. Moxibustion is the burning of dried herbs, such as
mugwort, at one or more relevant acupoints, thereby imparting
both heat stimulation via infrared radiation [4, 6] and the pharma-
cological action of the herbal components to the site of application
[7,8]. Moxibustion has recently become popular in gynecology for
managing fetal breech presentation and the pain of primary dys-
menorrhea [9, 10]. Moreover, moxibustion has been reported to
prevent inflammation, organ dysfunction [11, 12], and hormonal
imbalances [13]. Moxibustion may also help prevent cognitive
impairment, and prevention is currently the only suitable manage-
ment technique for this disorder [14]. There have been several
clinical reports about the use of moxibustion for managing cogni-
tive impairment [15-17], mostly from China. After applying moxi-
bustion as a single therapy or in combination with acupuncture
and/or herbal medicine, these reports evaluated the efficacy of
moxibustion by assessing outcomes such as the clinical index [16],
as well as levels of inflammatory mediators [17], lipid peroxides
[16],and antioxidants [15].

However, in spite of its long history of use and abundant clinical
support, the efficacy of moxibustion in preventing cognitive im-
pairment has not been fully validated. Additionally, mechanisms
underlying the efficacy of moxibustion have been proposed but
not verified. Although several studies have investigated the preser-
vation of cognitive function by moxibustion, a systematic analysis
of the research has not been done. Therefore, we conducted a
systematic review and meta-analysis of the literature to verify the
efficacy of moxibustion in preventing cognitive impairment. We
focused on animal studies to analyze the reported underlying

mechanisms and their levels of evidentiary support.

Table 1. Assessment of risk of bias in the included studies

MATERIALS AND METHODS

Assessment of risk of bias in included studies

To evaluate the overall potential bias in the included studies,
we designed a table composed of nine questions (Table 1). Using
the quality assessment scoring suggested by Wever et al. [18] and
Hooijmans et al. [19], we reorganized items necessary for check-
ing the risk of bias while excluding those which are less valid in an
animal study. The questions were grouped according to the type of
bias they addressed: selection bias (items 1 and 2), detection bias
(items 3), potential bias induced by baseline imbalance (items 4
and 5), performance bias (item 6 and 7), and attrition bias (items 8
and 9).

Assessment of methodological quality in included studies
The reporting quality of each study was evaluated according to
the ARRIVE (Animal Research: Reporting In Vivo Experiments)
guidelines checklist [20]. The ARRIVE guidelines were suggested
by PLOS Biology before being developed and utilized by the Na-
tional Centre for the Replacement, Refinement and Reduction
of Animals in Research (NC3R). These guidelines are believed
to enhance the standard of reporting in animal studies, enabling
thorough peer review and informing future research. Although
we developed question items to measure the risk of bias, we also
adopted the ARRIVE checklist to evaluate the overall reporting

quality.

Data synthesis and statistical analysis

Data were reported as common values that could be synthesized.
One reviewer (SC) then classified the data into groups and entered
them into the Review Manager software (RevMan5.3, Cochrane

Du Li Li Liu Liu Du

Bias Nlllirtrxler Question [ ;‘i] [Lzl;] VE/;:]g [ ;‘1}] etal. etal. etal. etal. etal. etal.
[25] [26] [27] [28] [29] [30]
Randomization 1 Were animals randomized across groups? Y Y Y Y Y Y Y Y Y Y
2 What method was used for randomization? Y U U U U Y Y U U U
Blindness 3 Was the outcome assessment blinded? U U §) §) §) §) U U U U
Experimental 4 Were characteristics of experimental animals Y Y Y Y Y Y Y Y Y Y
animals clearly described?
Baseline 5 Were the groups similar at baseline? Y Y Y Y U Y Y Y Y Y
Homogeneity 6 Was each treatment homogeneous? Y Y Y Y Y Y Y Y Y Y
7 Was the method of outcome measurement Y Y Y Y Y Y Y Y
proper and homogeneous?
Data completion 8 Was the number of animals excluded from U §) §) §) §) §) §) §) U §)
analysis and the reason for exclusion clear?
9 Were the outcome data complete? Y Y N Y Y Y Y Y Y Y

Y, yes; N, no description; U, unclear description.
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Collaboration, Oxford, UK). Post-hoc subgroup analysis was per-
formed. Subgroups were divided based on types of baseline test
and how long conducted moxibustion pre-treatment. A second
reviewer (MDC) checked the data for accuracy.

RESULTS

Fundamental study characteristics: animals

The ten studies were included in the analysis [21-30] (Fig. 1).
Four studies were dissertations [21-24], and two of them [23, 24]
were published as original articles [31, 32]. Their affiliations and
authors were the same and the experimental methods and results
were identical. However, two dissertations [23, 24] reported more
experimental results than their duplicated original articles [31,

32]. Therefore, two dissertations were selected and the duplicated

original articles was excluded in this review. Included ten studies
used a total of 410 rats (age, 8~15 months; weight, 340~480 g) [21-
30]. Sprague-Dawley (SD) rats were used in all studies except one,
which used Wistar rats. Six of the studies used male rats exclusively,
whereas the others used even numbers of both sexes. In all studies,
cognitive impairment was induced by injecting p-amyloid (AB)
into the hippocampus to model Alzheimers disease (AD). In seven
studies, 5 pl (1 pg/pl) of AP1-42 was injected and 1 pl (5 pg/pl) of
AP25-35 was injected in three studies. Six studies described inject-
ing AP into both sides of the hippocampus. In each study, ten rats
were assigned to the experimental group and ten were assigned to

the control group (Table 2).

Fundamental study characteristics: moxibustion

Seven of the ten studies employed moxibustion both before
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Fig. 1. PRISMA flow diagram for selecting related studies. doi:10.1371/journal pmed 1000097.
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Table 2. Assessment of methodological quality in the included studies

Animal model Treatment
. Treatment method
Sample size " vl sl
Study . Age  Weight Induced . Moxibustion o)\ ion
Species . Acupoint  diameter . Before
(month) (g) Moxa Control disease (min) . Afterinducing
(mm) inducing
(M,F) (M,F) model model
Li[21] SD rat 15 350~480 (10,0)  (10,0) AD GV20,BL23, 8 5 18 times for  (After 1 day)
ST36 21 days 6 times for 7 days
Lu[22]  SDrat 1242 360+20  (100)  (10,0) AD  GV20,BL23  15-20 10 40timesfor (After4day)
56 days 11 timesfor 11 days
Wang [23] SDrat 12 400+50  (10,0) (10,0) AD GV20,BL23 NR 10 40 times for
56 days
Li[24]  SDrat 1242 360+20  (55)  (55) AD  GV20,BI23 NR 5 40times for
56 days
Duetal.  Wistarrat 12 500420  (10,0) (10,0 AD GV20,BL23 6 15 48 times for 14 times for 14 days
[25] 56 days
Lietal. SD rat 15 350~480 (10,0) (10,0 AD GV20,BL23, 8 5 18 times for (After 1 day)
[26] ST36 21 days 6 times for 7 days
Lietal SD rat 15 350~480 (10,0)  (10,0) AD GV20,BL.23, 8 5 18 times for (After 1 day)
[27] ST36 21 days 6 times for 7 days
Liuetal.  SDrat 1242 360420  (5,5) (5,5) AD GV20,BL23 6 10 18 times for 7 times for 7 days
[28] 21 days
Liuetal  SDrat 1242 360220 (55)  (55) AD  GV20,BL23 NA 5 40times for
[29] 56 days
Duetal.  SDrat 10£2  360£20  (5,5) (5,5) AD GV20,BL23 6 10 18 times for 7 times for 7 days
[30] 21 days

and after induction of the disease model. All ten studies selected
GV20 and BL23 as the treatment acupoints, and three studies
added ST36 (Fig. 2). When using the BL23 and ST36 acupoints,
six studies applied moxibustion to both sides during the same ses-
sion, and four studies treated one side per day on alternating days.
All moxibustion protocols burned artemisia, which is the most
popular herbal component. In nine studies, a moxibustion area 6
to 8 mm in diameter was used; only one study used an area 1.5 to 2
cm diameter. In every study, moxibustion was performed 2 to 3 cm
above the surface of the acupoints as suspended moxibustion (Fig.
3). The duration of an individual treatment was 5 min (5 studies),
10 min (4 studies), or 15 min (I study), and the treatment periods
were 4 weeks (5 studies) or over 8 weeks (5 studies).

Risk of bias

From the risk of bias table that we constructed (Fig. 4), 68% of the
total items satisfied the low risk of bias criteria, whereas 31% were
in the “unclear” category. The risk of selection bias appeared to be
low since all studies claimed that randomization was implement-
ed; however, just three studies detailed the randomization method.
None of the studies addressed whether blinding was employed
during the outcome assessment, making it difficult to determine

4 www.enjournal.org

if there was detection bias. Every study described the character-
istics of the experimental animals, and all except one detailed the
method of adjusting the cognitive function baseline. Treatments
appeared to be performed homogeneously within a given study.
Because the number of animals excluded from analysis and the
reasons for exclusion were not described in all of the studies, it
is unclear whether or not there was a risk of bias due to selective
reporting. Nine out of the ten studies recorded all outcome data.
However, one study omitted one of their proposed outcomes, thus
there was a high risk of selective reporting bias. Fig. 4 presents the
question items for assessing the risk of bias and the results of ten

studies included in this systematic review.

Reporting quality

The titles and abstracts of the included articles mostly met the
ARRIVE guidelines (Table 3). Although objectives were expressed
in all studies, six studies did not sufficiently describe the scientific
evidence supporting the model. The experimental procedure was
fully reported in all studies, however, just one study detailed the
underlying reasons. Every study addressed housing and husband-
ry conditions, however, none of them assessed the welfare of the
animals. Although sample size was reported in every study, none

https://doi.org/10.5607/en.2018.27.1.1
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Table 2. Continued
Outcome
Study Behavior test .
morris water maze Signal pathway
Li[21] 1. Escape latency P-p38MAPK |,
2.Crossing times COX-2 |,
3. Dwelling time PGE2 |
Liu [22] 1. Escape latency 14-3-3 protein 1,
2. Crossing times Apoptosis rates |,
3. Dwelling time
Wang [23] 1. Escape latency NGF 1,
2.Crossing times BDNF 1
Li[24] 1. Escape latency CDK5 |,
2. Crossing times p27kip1 1
3. Dwelling time
Duetal.[25] 1. Escape latency Apoptosis rates |
2. Crossing times
3. Dwelling time
Lietal. [26] None BDNF 1,
TrkB 1
Lietal.[27] None NGF 1,
TrkA 1
Liuetal.[28] None CylinA |,
p21 /cip 1
Liuetal. [29] None CDK2 |,
p21 /cip 1
Duetal. [30] None Hsp70 1,
Hsp90 1

SD, Sprague-Dawley; M, male; E female; Moxa, moxibustion; AD, Al-
zheimers disease; NR, not reported; NGE nerve growth factor; Trk, tropo-
myosin receptor kinase; BDNE brain-derived neurotrophic factor; CDK,
cyclin-dependent kinase; PGE, prostaglandin E; COX, cyclooxygenase;
P-p38 MAPK, phospho-p38 mitogen-activated protein kinase.

Were animals randomized across groups?

What method was used for randomization?

Was the outcome assessment blinded?

Were characteristics of experimental animals clearly described?

Were the groups similar at baseline?

Was each treatment homogeneous?

Was the method of outcome measurement proper and homogeneous?

Was the number of animals excluded from analysis and the reason for exclusion clear?

Were the outcome data complete?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

mYes mNo

Fig. 4. Risks of various types of bias.

described the method of calculation. Eight studies reported the
number of analyzed animals in the results section, but it was not
clear whether any data had been excluded. There was no mention

https://doi.org/10.5607/en.2018.27.1.1

Fig. 2. Schematic showing the location of acupoints on the rat mentioned
in the reviewed studies.

GV20

BL23

ST36

Y

Moxibustion

Fig. 3. Suspended moxibustion treatment. Moxibustion was performed
2~3 cm above the surface of the acupoints.

100%

Unclear

of adverse events and no planning to cope with them. Eight stud-
ies interpreted the result detailing the study hypotheses, current
theory, and other relevant studies. With respect to limitations, two
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Table 3. Reporting quality assessment of the included studies based upon the ARRIVE guideline

ARRIVE Guideline
Introduction Methods

Study Back- . . Study Experimental Experimental Housing/ .

Title Abstract ground 0!)]ec- Ethical design procedure animals husbandry SRl
———— tives statement
a a b ¢ a b c¢c d a b a b ¢c a b c
Li[21] F P F F F N F P P F P F N F p F F N F N NA
Liu [22] F P F F F N F P P F P F N F p F F N F N NA
Wang [23] F F F F F N F P P F P P N P p P F N F N NA
Li[24] F p F F F N F F P F F F N F p F F N F N NA
Duetal. [25] F p F F F F F P P F P P N F p F F N F N NA
Lietal.[26] F p P P F N F F P F F F N F p P P N F N NA
Lietal.[27] F p P P F N F F P F F F N F p P P N F N NA
Liuetal. [28] F p P P F N F P P F P P N F p P P N F N NA
Liuetal. [29] F p P N F F F P P F P P N F p P P N F N NA
Duetal. [30] F p P N F N F P P F P P P F p P P N F N NA
Table 3. Continued
ARRIVE Guideline
Methods Results Discussion
e e Interpretation/
Study animals to Experi- Statistical . Numbers Qutcomes Adverse scientific Generaliz-
experimental mental methods Baseline anajvzeq o 4 events . .o ability / Fund-
data R implications . ing
groups outcomes estimation Translation
a b a b c a a b a b C

Li[21] P N F P F N F F p F N N F p P F N

Liu [22] P N F F F N F F NA F N N F p P F F

Wang [23] P N F P F N F F p P N N F N P F F

Li[24] P N F F F N F F p F N N F N P F F

Duetal.[25] P N F P F N p F NA F N N F F P F F

Lietal.[26] F N F P F N F F p F N N p N N N F

Lietal.[27] F N F P F N F F p F N N F N N F F

Liuetal. [28] P N F P F N F F NA F N N F N F F F

Liuetal. [29] P N F P F N F F p F N N F N N N F

Duetal.[30] P N F P F N F F p F N N p N P N F

ARRIVE, Animal Research: Reporting In Vivo Experiments; F, fully reported; P, partially reported; N, not reported; NA, not applicable.

studies stated the general limitation of moxibustion research in
AD, and one study added a limitation arising out of its own design.
One study fully described the implications of the experimental
methods, and six studies partially described them. Seven studies
considered the possibility of generalization and translation from
animal model to humans. All studies except one mentioned the
sources of funding.

Outcomes: behavioral experiments

Among the included studies, five used the Morris Water Maze
(MWM) test. The navigation test was conducted for 5 days, and
the spatial probe test was performed on the sixth day in each
study. Five studies reported escape latency, three of which [21-23]
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calculated the average of the results of the 5 days. One study [24]
reported latency times for all 5 days separately, whereas the other
study [25] presented this data as a graph. The three studies [21-23]
that reported data by the same method were included in the meta-
analysis (Fig. 3). From the synthesized result, moxibustion pre-
treatment was found to significantly decrease escape time (ASMD
-4.32 [95% CI -6.25, -2.38], p<0.001), although the heterogeneity
of this analysis was high (I’=72%) (Fig. 5).

Due to the high heterogeneity among the analyzed studies, we
conducted post-hoc subgroup analysis for escape latency and
cross times. Studies were divided into subgroups according to
study design, including the type of baseline test and the length of
the treatment period.

https://doi.org/10.5607/en.2018.27.1.1
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Two of the three studies [21, 22] had a similar design and were
included in the same subgroup. The results of the subgroup
analysis showed a significantly beneficial result of moxibustion
(ASMD -5.20 [95% CI -6.81, -3.59], p<0.001). These studies also
showed low heterogeneity, however, this was not statistically sig-
nificant (I°’=20%; p>0.05). Of note, two studies [24, 25] that were
not included in the meta-analysis also demonstrated significantly
decreased escape latency in the moxibustion group.

For the analysis of platform crossing times, four articles were
included [21-24], whereas one study [25] that did not report
numerical values was excluded. The results showed that crossing
times were significantly longer in the moxibustion group (ASMD
4.72 [95% CI 1.95, 7.49] p<0.001), although the heterogeneity of
this finding was high (I’=91%) (Fig. 6).

Moxibustion Control
r r Mean D Total Mean D Total Weigh
1.1.1 SubgroupA
Li [21] 35.47 3.23 10 64.06 5.34 10 28.0%
Liu [22] 44.92 3.82 10 63.75 4.14 10 33.4%
Subtotal (95% CI) 20 20 61.4%

Heterogeneity: Tau? = 0.29; Chi? = 1.26, df = 1 (P = 0.26); I? = 20%
Test for overall effect: Z = 6.33 (P < 0.00001)

1.1.2 Wang [23]

Wang [23] 27.58 4.24 10 40.86 4.94 10 38.6%
Subtotal (95% CI) 10 10 38.6%
Heterogeneity: Not applicable

Test for overall effect: Z = 4.18 (P < 0.0001)

Total (95% ClI) 30 30 100.0%

Heterogeneity: Tau? = 2.10; Chi?=7.21, df =2 (P = 0.03); I? = 72%
Test for overall effect: Z = 4.36 (P < 0.0001)
Test for subgroup differences: Chi? = 5.33, df = 1 (P = 0.02), I* = 81.2%

Std. Mean Difference

Additionally, the rats of the four studies were divided into two
subgroup A [21, 22] and subgroup B [23, 24] based on baseline
tests, practice times, and treatment times. In all subgroups, longer
crossing times were reported in the moxibustion group; however,
subgroup A showed shorter crossing times (ASMD 8.44 [95% CI
3.78,13.10] p<0.001) than subgroup B (ASMD 1.88 [95% CI 0.99,
2.77] p<0.001). After being divided into subgroups, the hetero-
geneities decreased (subgroup A: I’=76%, subgroup B: I’=23%),
although the heterogeneity of subgroup A remained high.

Measuring the dwelling time was pre-planned in all articles,
however, only two studies [22, 24] stated the dwelling time in the
target quadrant. One study [21] reported their result as a modu-
lated form with a distance proportion, and another study [23] did
not report the result at all. A third study [25] only represented the

Std. Mean Difference

IV, Random, 95% CI 1V. Random, 95% CI
6.20 [-8.52,-3.89] — = ———
-4.53 [-6.32, -2.73)] ——
-5.20 [-6.81, -3.59] N
-2.76 [-4.06, -1.47] ——
-2.76 [-4.06, -1.47] -
-4.32 [-6.25, -2.38] .

4 -2 0 2 4
Favors [Moxibustion] Favors [Control]

Fig. 5. Forest plot for comparison: moxibustion versus no treatment. Outcome: escape latency in the Morris water maze test.

Moxibustion Control

r re Mean D Total Mean D Total Weigh
2.1.1 SubgroupA
Li [21] 7.56 0.49 10 3.056 0.25 10 18.6%
Liu [22] 8.7 0.496 10 45 0.751 10 24.5%
Subtotal (95% CI) 20 20 431%
Heterogeneity: Tau? = 8.70; Chi? = 4.17, df = 1 (P = 0.04); 1> =76%
Test for overall effect: Z = 3.55 (P = 0.0004)
2.1.2 SubgroupB
Li [24] 8.5 437 10 34 158 10 28.7%
Wang [23] 3.82 097 10 1.52 0.86 10 28.2%
Subtotal (95% CI) 20 20 56.9%
Heterogeneity: Tau? = 0.10; Chi? = 1.30, df = 1 (P = 0.26); I> = 23%
Test for overall effect: Z =4.15 (P < 0.0001)
Total (95% CI) 40 40 100.0%

Heterogeneity: Tau? = 6.68; Chi? = 32.21, df = 3 (P < 0.00001); I>=91%
Test for overall effect: Z = 3.34 (P = 0.0008)
Test for subgroup differences: Chi? = 7.34, df = 1 (P = 0.007), I* = 86.4%

Std. Mean Difference

Std. Mean Difference

1V, Random, 95% CI IV, Random, 95% ClI

11.10 [7.17, 15.04] -
6.32 [3.97, 8.68] ——

8.44 [3.78, 13.10] ——
1.49 [0.47, 2.50] -
2.40[1.20, 3.61] il
1.88 [0.99, 2.77] L 2
4.72[1.95, 7.49] -

40 50 5 10

Favors [Control] Favors [Moxibustion]

Fig. 6. Forest plot for comparison: moxibustion versus no treatment. Outcome: crossing times in the Morris water maze test.
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results in the form of a graph. Therefore, the meta-analysis was
performed with the two studies [22,24] that used the same report-
ing method (Fig. 7). A significantly longer dwelling time in the
moxibustion-pretreated group was found (ASMD 2.29 [95% CI
0.40,4.18] p<0.05,1’=78%). The three studies [21,23,25] that were
not included in the meta-analysis also reported similar results.

Outcomes: putative signaling pathways

Various signaling pathways in the CA1 region of the hippocam-

Moxlbustion Control
r r Mean D Total Mean D Total Weigh
Li [24] 15.33 7.98 10 6.2 3.86 10 53.8%
Liu [22] 46.44 4.1 10 32.89 3.67 10 46.2%
Total (95% Cl) 20 20 100.0%

Heterogeneity: Tau? = 1.47; Chi?2 = 4.65, df = 1 (P = 0.03); I?=78%
Test for overall effect: Z = 2.37 (P = 0.02)

pus were examined in the ten studies (Fig. 8). Three studies [23,
26, 27] showed that moxibustion enhanced the activity of neu-
rotrophins, including nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF), tropomyosin receptor kinase A
(TrkA), and tropomyosin receptor kinase B (TrkB). Four studies
[22, 24, 28, 29] proposed that moxibustion might modulate the
cell cycle. Three studies [24, 28, 29] reported decreased concentra-
tions of cyclin A, cyclin-dependent kinase 2 (CDK2), and cyclin-
dependent kinase 5 (CDKS5) as well as increased concentrations

Std. Mean Difference Std. Mean Difference

IV. Random. 95% CI IV. Random. 95% Cl
1.40 [0.39, 2.40] ——
3.33[1.88, 4.78] —
2.29 [0.40, 4.18] ———
4 2 0 2 4

Favors [Control] Favors [Moxibustion]

Fig. 7. Forest plot for comparison: moxibustion versus no treatment. Outcome: dwelling times in the Morris water maze test.
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of p21/cip and p27kip1 in the moxibustion-pretreated group. Ad-
ditionally, Liu [22] reported increased levels of protein 14-3-3 after
moxibustion treatment. Two studies [22, 25] identified decreased
rates of apoptosis in the moxibustion-pretreated group by exam-
ining morphological changes in the brain. Li [21] found the levels
of inflammation-related factors, including prostaglandin E (PGE),
cyclooxygenases (COX-2), and p38 mitogen-activated protein
kinase (p38 MAPK), to be decreased in moxibustion-treated rats.
Finally, Du et al. [30] observed that the levels of heat shock pro-
teins HSP70 and HSP90 increased in the moxibustion-pretreated
group, and those levels were significantly higher than the levels in

normal rats (p<0.01).
DISCUSSION

This systematic review and meta-analysis indicates that moxi-
bustion might have a preventive effect against AD. In the Morris
water maze test (MWM), moxibustion treatment significantly
reduced the escape latency time while improving the frequency of
platform crossing and dwelling time in the target quadrant. Several
signaling pathways were shown to be associated with the effect of
moxibustion pre-treatment on neurodegenerative disorders, such
as stimulating the actions of neurotrophins and HSPs, modulating

cell cycle factors, and decreasing apoptosis and inflammation.

Considerations regarding behavioral test results

The five studies that used the MWM test all used it as a behav-
ioral test. As subtests, the navigation test and target probe test were
performed, assessing two different abilities; the navigation test
evaluated learning ability, whereas the target probe test assessed
learning ability. For each of the tests, our meta-analysis showed
significantly better results, including decreased escape latency,
increased crossing times, and increased dwelling time, in the
moxibustion group than in the control group. This indicates that
moxibustion might prevent AD-induced cognitive impairment by
improving both memory and learning ability. However, there was
high heterogeneity among the results of the analyzed studies.

To investigate the reasons for heterogeneity among the studies,
a post-hoc subgroup analysis was conducted by grouping studies
according to study design. Three factors (baseline tests, practice
times, and treatment times) were used to divide the studies into
two subgroup A [21, 22] and subgroup B [23, 24]. First, in per-
forming the baseline test, each subgroup chose a different test to
exclude any animals showing abnormal reactions. Subgroup B
adopted the MWM test, whereas subgroup A chose the Y-maze
test. Second, when performing the experimental MWM test, rats

in subgroup A practiced 4 times a day, whereas rats in subgroup B
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practiced once a day. Third, during the treatment, subgroup A used
a different treatment protocol than subgroup B, applying moxibus-
tion both before and after injection of Ap protein. Although moxi-
bustion is generally used for preventive purposes, the subgroup A
studies performed moxibustion both before and after injecting Ap.
Their design was based on the concepts expressed by Du et al. [30],
which is that it takes about 7 days to establish the dementia model
after injection of Ap; therefore, applying moxibustion before and
soon after injection would encompass a preventative treatment.
Based on the subgroup analysis, both subgroups demonstrated
significantly improved results for moxibustion from every subtest.
Nevertheless, for subgroup A, the heterogeneity for crossing times
was significantly high, whereas the heterogeneity for escape la-
tency was low; however, this low heterogeneity was not statistically
significant (p>0.05). The high heterogeneity might have been due
to the small number of studies, but other factors could also have
contributed to this phenomenon. In the baseline test, subgroup
A used the Y-maze, but the MWM was used for the experimental
test. Although adopting the Y-maze test could decrease the pos-
sibility of an effect due to pre-learning, it may not be sensitive
enough to exclude outliers from the MWM test. Moreover, the
different moxibustion treatment protocols could contribute to the
heterogeneity. The included studies differed with respect to the
diameter of moxibustion, the acupoints where it was applied, the
duration of treatment per session, and the total duration of treat-
ment. For example, Liu [22] applied moxibustion with a diameter
of 15 to 20 mm, which was 2 to 3 times greater than what was used
in other studies (6 to 8 mm). Considering the body size of the rat,
a difference of 5 mm could result in a large variation in the results
of the study. Additionally, the total length of the therapeutic period
could have affected the results. However, since a treatment period
of more than 8 weeks was used in all studies except one [21], the
effect of treatment period length was unlikely to be significant. Ac-
cording to Du et al. [30], empirical evidence suggests the treatment

of dementia with moxibustion can take at least 4 weeks.

Mechanisms by which moxibustion may prevent cognitive
impairment: enhanced neurotrophin signaling
Brain-derived neurotrophic factor (BDNF) and nerve growth
factor (NGF) belong to a group of growth factors known as neuro-
trophins [33], and both are selectively associated with one or more
type of protein-tyrosine kinase (Trk). NGF specifically binds to
TrkA, whereas BDNF associates with TrkB [34]. Together, BDNF
and TrkB are known to play a crucial role in regulating synaptic
plasticity and neuronal resistance to injury in the adult brain [35-
37]. The enhancement of hippocampal neurogenesis and synaptic
plasticity by BDNF is reported to promote the induction of long-
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term potentiation (LTP) in the hippocampus [38]. This cellular
model of synaptic plasticity [39] underlies learning and memory
formation [40, 41], and a higher level of BDNF is thought to im-
prove cognitive function [42]. Since BDNF is believed to help
resist cognitive decline and because BDNF levels are reportedly
lower in AD patients [42], neurotrophin supplementation may
help to prevent and treat cognitive disorders [43].

Among the studies included in this meta-analysis, three investi-
gated whether the mechanism of moxibustion in preventing neu-
ronal loss might involve neurotrophic factors and kinases. Li et al.
[26,27] reported increased expression of NGF and TrkA as well as
BDNF and TrkB. Wang [23] additionally reported significantly in-
creased numbers of NGF- and BDNF-positive cells (p<0.01) in the
CAL region of the hippocampus in moxibustion-treated animals,
reinforcing the hypothesis that moxibustion prevents neuronal
injury in the brain and protects brain cells.

Mechanisms by which moxibustion may prevent cognitive
impairment: attenuating apoptosis

Apoptotic cell death has been accepted as a common mechanism
for various neurodegenerative illnesses [44], and AD is associated
with a loss of neurons [45], seemingly due to expression of pro-
apoptotic mediators such as A [46]. Apoptotic cells are character-
ized by morphological changes such as shrunken or fragmented
cells, condensed chromatin, and cytoplasmic protuberances on
the cell surface [47, 48]. Among the included studies, two [22, 25]
identified decreased rates of apoptosis in the intervention group,
suggesting that moxibustion might prevent neuronal loss by sup-

pressing neuronal apoptosis.

Mechanisms by which moxibustion may prevent cognitive
impairment: modulation of the cell cycle

A failure in regulating the cell cycle has also been proposed to
drive the apoptosis of neurons [49, 50]. Whereas neurons of the
normal adult brain are mostly kept in the GO phase [51], neurons
in brains with AD can re-enter the cell cycle and become arrested
in the G2/M phase [52]. This aberrant cell cycle response is associ-
ated with tau phosphorylation and oxidative stress, which eventu-
ally lead to apoptosis [52, 53]. Among the studies included in our
analysis, four [22, 24, 28, 29] measured CDK2, cyclin A, P21/cip,
P27"%,and 14-3-3 protein levels to identify the role of moxibustion
in regulating the cell cycle.

Among the cyclin-dependent kinases (CDKs) that control cell
cycle progression [54, 55], CDK2 regulates DNA replication dur-
ing the G1/S transition phase [56] by associating with cyclin A,
which causes DNA assembly [57, 58]. P21/cip and P27 which
are CDK inhibitors, are involved in repairing DNA damage during

10 www.enjournal.org

the interrupted G1 phase [59]. In our systematic review, three stud-
ies [24, 28,29] demonstrated down-regulated CDK2 and cyclin A.
kip -

in the

moxibustion group, indicating that moxibustion might prevent

This was accompanied by up-regulated P21/cip and P27

neuronal loss by regulating the G1/S transition in the cell cycle.

Additionally, protein 14-3-3 is known to modulate various cel-
lular processes involving cell signaling, growth, apoptosis, regula-
tion of ion channels, and neuronal function [60-63]. In the AD
brain, increased amounts of protein 14-3-3 have been detected in
neurofibrillary tangles. Although their interaction has not been
thoroughly investigated, protein 14-3-3 is suggested to be associ-
ated with the regulation of tau phosphorylation. In fact, protein
14-3-3 might facilitate both tau phosphorylation [62] and dephos-
phorylation [60, 61]. From the perspective of controlling the cell
cycle, protein 14-3-3 is reported to regulate the G1/S and G2/M
stage by modulating transcription factors [64]. Liu [22] suggested
that moxibustion might prevent cognitive impairment through
regulating the cell cycle and showed an increased concentration of
protein 14-3-3 in the moxibustion group. Furthermore, cell cycle
abnormalities may be associated with early-stage pathological
changes in dementia [49], which would also explain how moxibus-
tion acts to prevent AD.

Mechanisms by which moxibustion may prevent cognitive
impairment: suppressing inflammation

In AD, neuronal inflammation is not only the result of A} and
neurofibrillary tangles with neurodegeneration [65-67], but it
also contributes to the pathogenesis of AD [68-71]. In cases of
neuronal damage, microglia become activated for synaptic plastic-
ity and protection [65]. However, when microglia are activated
by pathological triggers, including neuronal death or aggregated
proteins, they produce various neurotoxic proinflammatory fac-
tors that contribute to the development of AD [68, 70]. Li [21]
measured prostaglandin (PGE), cyclooxygenase-2 (COX-2), and
p38 mitogen-activated protein kinase (p38 MAPK) levels to com-
pare the degree of inflammation between groups. PGEs, which are
mainly generated by COX-2 activation, are crucial for generating
an inflammatory response, producing the cardinal signs of acute
inflammation such as vasodilation and platelet dissolution [72].
p38 MAPK is also vital for cellular responses to external stress
signals [73], by linking stress to transcription factors, which then
induce target genes [74, 75]. Li [21] verified that significant reduc-
tions of every component of the PGE, COX-2, and p38 MAPK
system occurred in the intervention groups. Thus, moxibustion

might reduce the risk of dementia by controlling inflammation.

https://doi.org/10.5607/en.2018.27.1.1



en

Moxibustion for Rat Cognitive Impairment

Mechanisms by which moxibustion may prevent cognitive
impairment: promoting HSPs

The accumulation of misfolded proteins is one mechanism
underlying the progression of neurodegenerative diseases [76].
Among them, accumulated AP peptide and tau protein are
pathological hallmarks of AD [77]. HSPs, particularly HSP70 and
HSP90, are known to play a major role in inhibiting the aggrega-
tion of misfolded proteins [76, 78, 79]. Du et al. [30] observed
significantly higher HSP70 and HSP90 levels in the moxibustion
pretreated-group than in normal rats. Thus, moxibustion might
prevent the progression of neurodegenerative diseases by assist-
ing in the degradation or reducing the accumulation of misfolded
proteins, and thus restricting tau levels.

Mechanisms by which moxibustion may prevent cognitive
impairment: other mechanisms

Among the included studies, Li [24] reported decreased levels of
CDKS5 in the moxibustion-treated group. Although its role in cell-
cycle regulation is not clear, CDK5 is thought to be implicated in
neurodegeneration [80]. Under neurotoxic conditions induced by
oxidative stress or A peptide, p25 is generated, prolonging CDK5
activation. Thus, moxibustion may diminish Ap-associated neu-
rotoxicity by suppressing CDK5, which would reduce apoptosis
caused by hyper-phosphorylated tau and neurofibrillary tangles.

Value and limitations of this study

There has been a strong consensus that an increase in the preva-
lence of dementia is inevitable in a rapidly aging society [81-84],
and both long-term care and preventative strategies are needed.
Moxibustion has become recognized as a preventive therapy for
cognitive decline and has increasingly been used to help prevent
and treat dementia. Recent studies reported that moxibustion
might improve the clinical symptoms and regulate neuropeptides
related in learning and memory in dementia patients [85, 86].
Furthermore, its painlessness and low cost makes moxibustion
particularly suitable for use in the elderly population.

Although studies have evaluated the effect of moxibustion on
cognitive improvement, there have been no attempts to systemati-
cally analyze these results. Our study is the first systematic review
evaluating the efficacy of moxibustion on cognitive impairment
from the perspective of prevention.

There are, however, several limitations to this systematic review.
First, factors that reduce the robustness of studies by increasing the
risk of bias needed to be considered. A high risk of bias and low
reporting quality was one of the main limitations of the original
studies. The risk of bias without a blinded outcome measurement

can significantly limit the validity of results. Because it was not
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clear whether blindness was fulfilled from selecting models to as-
sessing outcome, there remained a high risk of assessment bias. It is
also possible to overestimate the significance of findings from ani-
mal studies; therefore, it is essential to methodically investigate the
effect of an intervention. Reporting bias was also suspected since
descriptions of excluded animals were omitted. Furthermore, there
was a potential risk of baseline differences due to omitted baseline
test results. The randomization methods and sample size calcula-
tions were also generally not described, and the state of the animals
and their environmental conditions needed to be described in
more detail. Moreover, as studies were carried out by the same in-
stitute, they possessed a high risk of performance bias due to simi-
larities in selecting the animal model, adopting the study protocol,
performing the treatments and tests, and judging the outcomes.
Most of the experiments included in this meta-analysis were con-
ducted by one of two institutions: Hubei University of Traditional
Chinese Medicine and Zhongnan Hospital of Wuhan University.
Therefore, the results analyzed by this meta-analysis may not ad-
equately represent the efficacy of moxibustion in an animal model
of AD. Second, the results of the included studies are not sufficient
to draw a generalized conclusion regarding every possible con-
dition of cognitive impairment. The small number of included
studies was an inevitable limitation and the results are not entirely
representative of the dementia population. Furthermore, even the
tew studies which performed behavior tests reported the results in
a different format. Therefore, the number of studies eligible for this
meta-analysis was much lower than initially expected.

Furthermore, identical models established by common methods
would likely have biased the results. All included studies induced
AD in the animal models by injecting Af. Although AD is the
most common cause of dementia [87], results of the studies using
only AD models do not adequately reflect the various types of cog-
nitive impairment. Additionally, these results do not sufficiently
represent the range of pathological mechanisms of AD. Finally,
although various pathologic mechanisms of AD have been pro-
posed, there was no study that integrated the various mechanisms.
Each study reported only two or three signaling factors, which
cannot adequately represent the full mechanism of AD. Therefore,
it is difficult to draw a conclusion that comprehensively addresses
the mechanism of moxibustion.

It also remains controversial whether the selected signaling fac-
tors are valid indicators of AD. Among the included studies, two
investigated apoptotic cell rates to measure the pathological condi-
tion of AD. Although neuronal loss is known to be associated with
AD, the apoptotic mechanism of AD is quite complicated [46, 88].
Several propagators and exacerbators of apoptosis are involved in

the pathogenesis of AD, and sufficient evidence is not available to
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infer that apoptosis is the mechanism underlying the pathogenesis
of AD [89]. Furthermore, vascular dementia (VD) is considered to
be associated with apoptosis from secondary cell death following
cerebral ischemia [44, 90]. Therefore, measuring the rate of apop-
tosis might better reflect the pathologic condition of a VD model.
To overcome this limitation, measurement of cysteine-requiring
aspartate-directed proteases (caspases) might be a reasonable op-
tion [46]; this also holds true for ischemia [91].

Based on the abovementioned limitations, future studies need
to be designed with higher reporting quality and a more rigorous
study design. Specifically, a proper randomization method and
blindness assessment should be applied. Environmental condi-
tions, sample size calculations, the number of excluded animals,
and the reasons for exclusion also need to be described. More
studies performed by several different institutes using a common
format to report behavioral results would reinforce the behavioral
test results of this study. Furthermore, models of diverse cognitive
disorders induced by diverse mechanisms might enable research-
ers to better conduct behavior subtest analysis. Based on previous
research [91, 92], an integrated study combining various factors
might identify a comprehensive mechanism by which moxibus-
tion can prevent cognitive decline. Furthermore, future systematic
reviews might be discover acupoint-specific effects.

This systematic review showed that moxibustion might help
prevent AD, and its mechanism of action might include increasing
neurotrophin and HSP activity, regulating cell cycle factors, and/
or suppressing apoptosis and inflammation. However, due to vari-
ous limitations, including the small number of included studies,
the high risk of bias, the lack of an integrated study design, and low
reporting quality, the efficacy of moxibustion in preventing cogni-
tive impairment remains unclear. Further rigorous and detailed
studies are needed to validate the efficacy of moxibustion and to

identify its underlying mechanisms.
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