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2; Introduction: Constraint induced movement therapy (CIMT) and non-invasive brain stimulation
ji (NIBS) are used to counteract learned non-use phenomenon and imbalance in interhemispheric
45

46 inhibition following stroke. The aim of this study is to summarize the available evidence on the
47

48 effects of combining NIBS with CIMT in patients with stroke.

49

50

51 Method: PubMED, Embase, Web of Science (WoS), PEDro, OTSeeker, and CENTRAL were
52

;31 searched for randomized controlled trials comparing the use of NIBS+CIMT with sham
55

56 NIBS+CIMT. Data on variables such as time since stroke, and mean scores and standard
57

58

59
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deviation on outcomes assessed such as motor function were extracted. Cochrane risks of bias
assessment tool and PEDro scale were used to assess the risks of bias and methodological quality

of the included studies.

Results: The results showed that, both NIBS+CIMT and sham NIBS+CIMT improved all
outcomes post intervention and at follow-up. However, NIBS+CIMT is superior to sham
NIBS+CIMT at improving level of motor impairment (SMD = 1.75, 95% CI =0.49 to 3.01, P =
0.007) post intervention, and hand function (SMD = 1.21, 95% CI = 0.07 to 2.35, P = 0.04) at

follow-up.

Conclusions: Addition of NIBS to CIMT seems to provide additional benefit to recovery of

function following stroke.

Key words: Stroke, brain stimulation, learned non-use, interhemispheric inhibition, constraint

induced movement therapy

1.0: Introduction

Stroke occurs as a result of abnormality in blood supply to the brain cells and tissues either from
ischaemia or haemorrhage, which limits the supply of oxygen and other essential molecules and
nutrients required for proper development, growth, survival and functions of the brain [1-2].
Consequently, the limitation in the supply of oxygen and the essential molecules and nutrients
leads to impairment in the role the brain plays in the control of motor, sensory and cognitive

functions [3-5].
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For the impairment in the role the brain plays in the control of motor function, the process begins
with cortical shock, which is a suppression of neural activity that occurs immediately after a
stroke event [6]. Following the cortical shock, patients with stroke become unable or find it
difficult to move their body parts, for instance the limbs. As such, after repeated failed attempts
to move their body parts probably due to inadequacy of neural pathways which may lead to pain,
fatigue or decreased motivation, the patients behaviourally learn not to use the limbs, a
phenomenon known as the learned non-use [6-7]. Similarly, following a stroke, the unaffected
hemisphere may exert inhibitory influence on the affected hemisphere, further strengthening the
learned non-use phenomenon [8]. However, both learned non-use phenomenon and imbalance in

interhemispheric inhibition can be reversed with the use of effective rehabilitation techniques.

Two major rehabilitation techniques used to reverse learned non-use and imbalance in
interhemispheric inhibition are constraint induced movement therapy (CIMT) and non-invasive
brain stimulation (NIBS). In CIMT, the unaffected limb is constrained using a sling or a mitt or
glove so as to encourage or force repetitive use of the affected one [9-11]. In addition, a contract,
known as the transfer package is also used to make the patients increase the use the affected limb
in real life situations at home or outside clinic or the laboratory in order to increase the chances
of recovery [12-13]. That way, the inhibitory influence of the unaffected hemisphere over the
affected one and the learned non-use phenomenon will be reversed. Similarly, NIBS is a method
of delivering electrical currents to the brain to help excite or inhibit neural activity [14]. It has
been reported to increase and decrease neural activity in the motor cortex of the affected and
unaffected hemispheres respectively [15]. That way, it may help in reversing imbalance in

interhemispheric inhibition, and learned non-use.
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There are two major techniques for NIBS: transcortical direct current stimulation (tCDs) and
transmagnetic stimulation (TMS) [16]. The tCDs involves application of constant weak electrical
currents of between 1 to 4 mA to the brain through the scalp for several minutes [17-20]. Its
mechanisms of action consist of changes in membrane depolarization in the short-term, and
neuroplastic changes associated with decreased GABA concentration, and increased BDNF
levels in the long -terms [21-23]. On the other hand, TMS involves a continuous and an
adjustable electrical current that is delivered to the brain through the scalp [24]. When the current
is delivered at a low frequency, it is said to cause cortical inhibition; whereas, if it is delivered at
a high frequencys, it is said to cause cortical excitability [25]. In addition, the main mechanism
through which TMS works is by causing membrane polarization shift, which in turn leads to

changes in single-neuron, synaptic and network activity [26-28].

Thus, both CIMT and NIBS are effective at promoting recovery of function following stroke.
However, in the recent decade, combination of these two techniques has become increasingly
popular [29]. The rationale for combining the two techniques is to see whether addition of NIBS
to CIMT will increase chances of recovery [29-31]. The aim of this systematic review and meta-
analysis is to summarize the available evidence from the literature on the effects of combining

NIBS with CIMT on outcomes after stroke.

2.0: Materials and Methods

The study is a systematic review and meta-analysis that was carried out using The PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guideline. The study

was registered in PROSPERO (registration number, CRD42022354157).

2.1: Inclusion criteria for eligible studies
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Only randomized controlled trials (RCT) comparing the use of a combination of NIBS and
CIMTwith CIMT alone in patients with stroke who were 18 years old or older were included in

the study.

2.2: Literature search

Search for the literature was carried out electronically in PubMED, Embase, Web of Science
(WoS), PEDro, OTSeeker, and CENTRAL from their earliest dates to September 2022 using
search strategies appropriate to the particular databases (see appendix) for the search strategy.
Following this, reference lists of the included studies were manually screened for additional
eligible studies. The search was carried out by one of the researchers (AA) and independently

confirmed by another researcher (TVC).

2.3: Selection of studies and extraction of data

Two of the researchers (AA & TWLW) independently carried out selection of studies using
Rayyan software (AA & TWLW) [32]. Studies that were obviously ineligible for inclusion based
on their titles and abstracts, were excluded outright. When sufficient information was needed to
include or exclude a study, the full text was read by the researchers. However, in case of any
disagreement between the researchers on whether to include or exclude a study, one of the

researchers (SSMN) was consulted to resolve the dispute.

For the data extraction, one of the researchers (AA) extracted information on the authors of the
study, sample size, type of stroke, side affected, time since stroke, the NIBS and CIMT intensity
and the duration used, mean age of the participants, and mean scores and standard deviation on

outcomes assessed in the studies such as motor function, level of motor impairment, cortical
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excitability and hand function post intervention and at follow-up. The extracted data was verified

by the two of the researchers (TWLW & SSMN).

2.4: Assessment of risks of bias and methodological quality of the included studies

Risk of bias of the included studies was assessed using Cochrane risk of bias assessment tool.
The tool assesses selection bias (random sequences generation and allocation concealment),
performance bias (blinding of participants and personnel), detection bias (blinding of outcome
assessment), attrition bias (incomplete outcome data), reporting bias (selective reporting) and

any other bias not covered in the previous items [33].

Methodological quality of the included studies was assessed using PEDro scale. The scale
consists of 11 items with the first item assessing external validity of a study, and the remaining
items assessing internal validity [34]. The items that assess internal validity are rated on a two-
point scale, 0 and 1, which denote no and yes respectively to the questions in the items. Thus, the
scale can have scores ranging from 0 to 10. When the total score obtained from scale ranges from
zero to three or four to five or six to ten, the methodological quality is said to be low or moderate
or high respectively [35-37].

The assessment of the risk of bias and methodological quality of the included studies were
carried out by two of the researchers (AA & TWLW). In case of any disagreement, one of the

researchers (SSMN) was consulted to resolve it.

2.5: Narrative and quantitative syntheses of the results of the included studies

For the narrative synthesis, the characteristics, risk of bias and methodological quality of the
included studies were summarized and represented in a risk of bias graph and a summary figure,

and a table respectively. For the quantitative synthesis, random effect model meta-analysis of the
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mean and standard deviation of the scores on the outcomes of interest and the study sample size
(for both the NIBS+CIMT and CIMT groups) post intervention and at follow-up was carried out.

However, where studies provided median and interquartile range, the following formula was

a+2m+b

used to determine the mean value: Mean =——, [where a = the smallest value (minimum), b

= the largest value (maximum), and m = median] [38]. Similarly, the standard deviation was
calculated by dividing the difference between the maximum and minimum values of the
interquartile range (IQR) by 4. In addition, where studies provided standard error of mean (SEM)
instead of standard deviation (SD), the following formula was used to convert it to SD: SD =
SEM * (v/n) (where n= sample size).

When percentage of variation across the studies due to heterogeneity () was between 50 and
90% at P < 0.05, it was considered that, there was significant heterogeneity between studies.

The meta-analysis was carried out using Review Manager (RevMan), version 5.4.1 [39].

2.6: Interpretation of the of evidence

Interpretation of the evidence of the findings of the study was carried out using body of evidence
matrix adapted from the Australian National Health and Medical Research Council's (NHMRC)

evidence hierarchy [40].

3.0: Results

3.1: Narrative synthesis

3.1.1: Selection of eligible studies

Electronic search of the databases provided a total of 2755 studies; whereas manual search of the
reference list of eligible studies provided one additional eligible study, bringing the studies to a

total of 2756. Out of this number, only eight studies were eligible for inclusion in the study [41-
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48]. In one of the studies, there are two experiments, 1 and 2 [42]. However, only experiment 2
was used in this study for fulfilling the inclusion criteria. In addition, one study was excluded for
being a quasi-experimental study [29]. See Figure 1 for the details of the literature search and the

selection of the studies.

3.1.2: Characteristics of the included studies

The included studies have a total sample size of 246 patients with stroke (range, 12 to 60), age
range, 18 to 90 years and mean time since stroke range, 3 days to about 4 years. Out of this
number, 85 were female and 134 had right sided hemiplegia. The type of stroke the patients had
include both ischaemic and haemorrhagic stroke; however only six studies provided information
on this [41-43, 45-46, 48]. These studies included 138 and 47 patients with ischaemic and

haemorrhagic stroke respectively.

In some of the studies, the diagnosis of the stroke was carried out using computed tomography
(CT) [46]; magnetic resonance imaging (MRI) [42-43]; and CT or MRI [41]. In addition, six
studies, included participants with mild to moderate motor ability of the upper limb,
demonstrated by at least 10° of active wrist dorsiflexion and extension of the
metacarpophalangeal and interphalangeal joints [41, 45, 47-48]; or active extension of the paretic
wrist against gravity; [44]; or the ability to grasp a washcloth from a table top, lift it up a few
inches, and release it by using pinch method [46]. In contrast, one study included participants
with mild to moderate and severe impairment in motor ability, demonstrated by having a trace
movement at fingers, thumb or wrist, as well as those who were well recovered as long as they
reported inadequate ability to use the paretic hand in daily life [43]. However, information on

motor ability of the participants was not provided in one study [42].
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Furthermore, some of the studies excluded participants with pacemaker or metal implant in the

head [41-44, 46-47]; spasticity of grade 3 or more [44, 47]; any disorder or disability resulting in

oNOYTULT D WN =

decreased mobility of the upper limb [42, 45, 47-48]; history of surgery or neurosurgery [44, 47];
10 history of significant alcohol or drug abuse [41-42]; coexistent neurological or psychiatric
disease such as epilepsy [41-45, 47]; uncontrolled illness such as advanced liver, kidney, cardiac,
15 or pulmonary diseases [42, 48]; excessive pain in the joints of the paretic limb [42, 44];

17 pregnancy [41, 45]; balance and walking impairment [48]; who use any neuro- or psychoactive
medications [41-43]; and those who are unable to follow instructions or have cognitive deficit

22 [42, 44, 46, 48].

25 Similarly, the included studies used different types of NIBS. Seven studies used transcortical

direct stimulation (tCDs) [42-48]; whereas, one study used transmagnetic stimulation (TMS)

30 [41].

33 Two studies used low intensity NIBS, 90% of the motor threshold and 0.7 mA respectively [41,
35 46]; four studies used moderate intensity NIBS [43-45, 48]; and two studies used high intensity
37 NIBS, 2 mA [42, 47]. Duration of use of NIBS ranges between 9 mins to 2 hours in the studies

40 that used tCDs [42-48]; while in the study that used TMS, 2000 stimulations per session were

42 administered [41].

45 In seven studies, the participants received bilateral NIBS [42-48]. In three of these studies, the
47 anode and the cathode electrodes were placed over the motor cortices of the ipsilesional and
contralesional hemispheres respectively [42, 47-48]; while in four studies, they were placed on
52 the ipsilesional motor cortex and contralesional supraorbital region respectively [43-46].

54 However, in one study, the participants received a unilateral NIBS with the anode electrode
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placed over the ipsilesional motor cortex [41]. In addition, in one study, the participants received
NIBS simultaneously with CIMT for 2 hours [43]; whereas, in all the other studies, the

participants performed CIMT after the NIBS sessions.

For the CIMT protocol, modified CIMT (mCIMT) consisting of less than six hours of tasks
practice was used in four studies [42-43, 46, 48]; whereas in the remaining four studies, a
signature or traditional CIMT consisting of tasks practice of at least six hours per session was
used [41, 44-45, 47]. For the constraint, most of the studies used it for 90% of the waking hours

except in two studies where it was used for two and five hours per day respectively [43, 48].

The outcomes assessed in the studies include level of motor impairment, motor function, hand
function, hand grip strength, arm muscle strength, activities of daily living (ADL), cortical
excitability and interhemispheric inhibition. Although, both groups demonstrated improvement
in most of the outcomes post intervention and at follow-up, NIBS+CIMT seems to be superior to
sham NIBS+CIMT at improving motor function in three studies [45-47]; level of motor
impairment in one study [47]; functional independence and spasticity in one study [46]; and
interhemispheric imbalance in one study [42]. However, only NIBS+CIMT improved hand

function and muscle power post intervention in one study [46].

In addition, adverse events following NIBS were reported in only four studies, discomfort in the
scalp [41]; fatigue [43, 45]; and skin redness, headache and sleepiness [46]. See Table 1 for the

details of the characteristics of the study participants.

3.1.3: Methodological quality and risks of bias of the included studies

All the included studies have either good or excellent methodological quality. Out of these

studies, four have good methodological quality [43, 46-48]; and another four have excellent
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methodological quality [41-42, 44-45]. See Table 2 for the details of the methodological quality

assessment.

In addition, generally the studies have low risks of bias except in random sequence generation
[41, 43, 46-47]; and allocation concealment in some of the studies [42-43, 47-48]. See Figure 2

and Figure 3 for the risks of bias graph and summary respectively.

3.2: Quantitative synthesis

All the eight studies were used for meta-analysis of post intervention results. However, in one of
the studies, two different methods of NIBS were used (anodal stimulation of the primary motor
cortex, and anodal stimulation of the premotor cortex) [46]. Consequently, these two modes were
considered as separate arms in the meta-analysis. The result showed that, NIBS+CIMT was only
superior to sham NIBS+CIMT at improving level of motor impairment (SMD = 1.75, 95% CI =
0.49 to 3.01, P =0.007). However, there was significant heterogeneity between the included

studies (7’=91%, p=0.0001). See Figure 4 for the forest plot detailing the result.

At follow-up, only three studies assessed outcomes [41-42, 44]. The result showed that,
NIBS+CIMT was only superior to sham NIBS+CIMT at improving hand function (SMD = 1.21,
95% CI=0.07 to 2.35, P = 0.04). However, there was significant heterogeneity between the

included studies (’=60%, p=0.01). See Figure 5 for the forest plot detailing the result.

4.0: Interpretation of the of evidence
Although there is heterogeneity between the included studies in the use of outcome measures and
protocols of both NIBS and CIMT, the evidence seems to be excellent, satisfactorily consistent,

excellently applicable, and generalizable and have substantial clinical impact. Therefore, the
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body of evidence may be trusted to guide practice in most cases. See Table 3 for the body of the

evidence matrix.

5.0: Discussion

The aim of this study is to determine the evidence on the effects of combining NIBS with CIMT
on outcomes in patients with stroke. The results showed that, combining NIBS with CIMT
improves motor function, level of motor impairment, hand function, hand grip strength, arm
muscle strength, activities of daily living (ADL), cortical excitability and interhemispheric
inhibition. However, it is only superior to CIMT alone at improving level of motor impairment
post intervention; and hand function at follow-up. These findings are not surprising since CIMT

alone has been reported to improve many outcomes post stroke [9-10, 49].

In addition, the tasks that are practiced during CIMT mimics natural daily life active movement
unlike NIBS, which is in a way a passive form of rehabilitation. Active movement induces
cortical activity higher than passive form of movement or treatment [50]. However, the superior
effect demonstrated by NIBS+CIMT on hand function is worth noting. This is because, the
cortical map contracts following stroke especially during later time post stroke [51]. In addition,
the upper limb occupies a large area in the cortical homunculus [52-53]. Furthermore, the process
of recovery following brain injury such as stroke, involves an extensive cortical rewiring [54].
Consequently, it was suggested that, use of sensorimotor stimulation can help expand cortical
map size, which is an indication of improved motor control [49]. Thus, a technique such as NIBS
that can help recruit the neurons in the somatosensory cortex is needed to aid with recovery

especially in patients with chronic stroke.
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Similarly, the findings seem to suggest that, it is better to stimulate both hemispheres during
NIBS to help activate the ipsilesional motor cortex and inhibit the contralesional motor cortex
[42-45, 48]. This is because following a stroke, there is decreased cortical activation in the
ipsilesional hemisphere and as such, the contralesional hemisphere tends to inhibit the former in
a process known as the interhemispheric inhibition [55]. Bilateral stimulation provides a better

effect than unilateral stimulation [56-57].

Additionally, the sites for the stimulation and the order in which they are stimulated also seem to
be important [58]. Consequently, anodal and cathodal stimulation of the premotor cortices of the
affected and unaffected hemispheres respectively, and then followed by the stimulation of the
primary motor cortices in similar manner, may be more appropriate since the two cortical areas
play sequential roles in movement control. For instance, the premotor cortex receives direct
inputs from the dorsolateral frontal cortex and posterior parietal cortex, processes the
information, and then projects the output to the primary motor cortex for movement execution
[59-60]. Thus, sequential stimulation of these two areas may help induce proper functional

reorganization and recovery of function.

Moreover, the timing of the stimulation seems to also be important. As such, most of the
included studies administered NIBS before CIMT. The rationale for this is that, administering
NIBS before CIMT will help prime the motor cortex and prepare it for activity [61].
Accordingly, it has been argued that, the most effective way of administering NIBS with motor
therapy is the interleaved method, whereby a short period of NIBS and then followed by a short
period of motor therapy with the cycle repeating itself many times in like manner are given [62-

63]. Therefore, it is important studies compare the use of this interleaved method with the one
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that provides NIBS simultaneously with CIMT. That way, the most effective method may be

determined.

Although, the level of evidence from the results of this study seems to be good, caution needs to
be exercised in interpreting the results. This is because of the significant heterogeneity between
the included studies especially as regards to the sample size and time since stroke [58]. Similarly,
it has been argued that, potential effects of brain stimulation depend on many factors such as the
assessment tools used, individual patients’ neuroanatomical and neurophysiological differences
and the type of additional therapy used [58, 64]. However, it has been argued that, intensity of
stimulation does not necessarily affect outcome [65]. Thus, it is important clinicians and
researchers consider these factors during practice and research involving a combination of NIBS

with CIMT in patients with stroke.

Similarly, from the findings of the study, there are some reports of adverse events due to NIBS
such as discomfort in the scalp where the electrodes were placed, fatigue, skin redness in the
sites of stimulation, mild headache, and sleepiness. Notwithstanding, patients’ experiences have
shown that, NIBS is widely accepted by them [66]. Thus, the adverse events may not be major
concerns after all. Furthermore, only three of the outcome measures used to assess the outcomes
in the included studies are considered core measures that are required to be included in every
stroke trial [67]. These outcome measures are upper extremity Fugl meyer motor assessment
(UEFMA) used for assessing level of motor impairment, action research arm test (ARAT) used
to assess motor function, and National Institute of Health stroke scale (NIHSS) used to assess
stroke severity. The UEFMA was used in only five studies [43-44, 46-48]; the ARAT was used
in only two studies [42, 48]; and the NIHSS was used in one study only [42]. Therefore, it is

important future studies use the core measures recommended for stroke trials [67]. This is
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because using such measures may provide more valid, reliable and generalizable findings that

can be used by clinicians and researchers.

However, the findings of this systematic review and meta-analysis are not without limitations.
One of the limitations of the study is the lack of access to the datasets of the included studies that
we could use to verify the results of the individual studies. In addition, the conversion of the
results of some of the studies we did from median to mean, from interquartile range to mean, and

from standard error of mean to mean, could also affect the reliability of the results of the study.

6.0: Conclusion

Addition of NIBS to CIMT seems to provide additional benefit to recovery of function following
stroke. However, significant heterogeneity between the included studies especially in terms of
sample size and time since stroke, makes a definite conclusion difficult at the moment. Thus, it is
important clinicians and researchers consider these factors during practice and research involving
a combination of NIBS with CIMT in patients with stroke. In addition, more quality and
consistent RCTs are needed to accurately determine the effects of combining NIBS and CIMT in
patients with stroke.
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Figure Legends
Figure 1: The study flowchart
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Figure 2: Risks of bias graph of the included studies
1 Figure 3: Summary of the risks of bias of the included

14 Figure 4: Comparisons of outcomes post intervention between NIBS+CIMT and sham

16 NIBS+CIMT

Figure 5: Comparisons of outcomes at follow-up between NIBS+CIMT and sham NIBS+CIMT
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Appendix 1

Search strategy used in PUBMED

(1) cerebrovascular accident*

(2) stroke*

(3) post-stroke*

(4) post stroke*

(5) brain injury*

(6) ITOR20OR30OR40RS5

(7) constraint-induced movement therapy™
(8) constraint induced movement therapy*

(9) CIMT*

(10) constraint induced therapy*

(11) CIT*

(12) modified constraint-induced therapy*
(13) modified constraint therapy*

(14) mCIMT*

(15) forced use*

(16) forced-use*

(17) 7OR80OR90ORI100OR11OR120R 13 0R 140OR 150R 16
(18) brain stimulation*®

(19) Transcortical direct current stimulation*
(20) tDCS*

(21) Transmagnetic stimulation*®

(22) Repetitive Transmagnetic stimulation
(23) T™S

(24) rTMS

(25) 18 OR 19 OR 20 OR 21

(26) 6 AND 17 AND 22 OR 23 OR 24

(27) 6 AND 17 AND 26
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Table 1: Characteristics of the included studies
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References N Stroke duration Mean age (years) Intervention Outcomes Findings Adverse
events
Malcom et al. | N=19; NIBS+CIMT 3.8 £ 3.3 years; 67 + 6.8years; rTMS- Subjects in the NIBS+CIMT group Motor function All outcomes improved post Scalp
[41] (n=9, females=4); (NIBS+CIMT =3.9+3.1; (NIBS+CIMT =68.4+8.4; received 2000 rTMS daily as 50 trains of 40 | (WMFT), quality and | intervention in both groups. discomfort in
NIBS+CIMT (n=10, sham NIBS+CIMT sham NIBS+CIMT stimulations for ten consecutive weekdays, quantity of use of the However, there was no significant both groups
females=4) =3.843.7) =65.7£5.1) administered as 50 trains of 40 stimuli, at a limb in daily life difference between groups in all the
frequency of 20 HZ, stimulus train duration (MAL), the ability to outcomes of interest.
of 2 secs, and inter-train interval of 28 secs. use the hand to grasp,
0 A figure-8 coil was placed over the motor transport,
1 cortex area of the affected hand. The and release of small
D stimulus intensity used was 90% of the objects (BBT),
3 motor threshold. cortical excitability
The subjects in the sham NIBS+CIMT (TMS).
A group received a sham rTMS for the same
5 duration as the NIBS+CIMT group.
6 Bothe groups received rTMS or sham rTMS
; before CIMT.
8 CIMT-both groups received 7-hour CIMT
0 and 5- hour daily home program for 10
consecutive days with constraint of the
0 affected limb for 90% of the waking hours
1
pDi Lazzaro et | N=20; NIBS+CIMT 3.10+1.45 days; 63.80+13.40 years; tCDs- the NIBS+CIMT group received 40 Severity of stroke All outcomes improved in both Not reported

W W WwWwWNNDNNNNNNNN=S == 22222 =2 = 00N D WN =

3 al. [42] (n=10, females=4); (NIBS+CIMT =3.1+1.80 (NIBS+CIMT minutes (total charge of 4.8 C; fade-in/fade- (NIHSS), level of groups post intervention and at
sham NIBS+CIMT days; sham NIBS+CIMT =60.80+16.13; sham out=10 seconds) tCDs each day before disability (mRS), follow-up. However, NIBS+CIMT
A (n=10, females=3) =3.1£1.10) NIBS+CIMT =68.80+9.95) CIMT. The anode electrode of the tCDs was | quality and quantity was superior to sham NIBS+CIMT
5 placed over the ipsilesional M1; while of use of the limb in at improving interhemispheric
6 cathode electrode was placed over the the daily life activities | imbalance post intervention and at
contralesional M1. The parameters used (MAL), motor follow-up.
v were constant current of 2 mA intensity function (ARAT),
8 (current density of 0.5 A/m?). The sham hand grip strength
0 NIBS+CIMT group received tCDs for only (hand dynamometer),
30 seconds, after which the device was manual dexterity
0 turned off before CIMT. (NHPT) and motor
1 CIMT- both groups received laboratory- evoked potential
ased CIMT, 1.5 hours per day for 5 days TMS).
D based hy day for 5 d.
3 with constraint for 90% of the waking hours.
4 Key: rTMS=repetitive transmagnetic stimulation, WMFT=Wolf motor function test, MAL=motor activity log, BBT=box and block test, tCDs=transcortical
35 direct stimulation, JHFT=Jebsen Taylor hand function test, UEFMA=upper extremity Fugl Meyer motor assessment, MEP=motor evoked potential
36
37
38
39
40
41
42
43
44
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1
2
3 Table 1: Characteristics of the included studies
4] References N Stroke duration Mean age (years) Intervention Outcomes Findings Adverse
5 events
6| Cunningham N=12; NIBS+CIMT 50.00+59.42 months; 61.2549.35; tCDs- the NIBS+CIMT group received Level of motor Only NIBS+CIMT improved level Fatigue in one
7 et al. [43] (n=6, females=2); (NIBS+CIMT (NIBS+CIMT tCDs at intensity of 1 mA for 2 hours impairment (UEFMA), | of motor impairment. However, patient
sham NIBS+CIMT =63.334£81.27; sham =63.67+8.31; sham simultaneously with CIMT. The anode manual dexterity there is no significant difference
8 (n=6, females=2) NIBS+CIMT NIBS+CIMT electrode of the tCDs was placed over the (NHPT), quality and between groups in all the outcomes
9 =36.67+27.14) =58.83£10.46) ipsilesional M 1; while cathode electrode was | quantity of use of the of interest.
10 placed over the subraorbial area contralateral | limb in daily life Similarly, there was increased in the
to the ipsilesional hemisphere. The sham (MAL) and cortical ability of ipsilesional hemisphere to
1 NIBS+CIMT group received sham tCDs excitability, cortical counteract inhibition by the
i transiently for 30 to 60 seconds only. map size and inter- contralesional hemisphere and
18 CIMT- both groups received 15 sessions of hemispheric inhibition | increased cortical excitability in the
1l 2-hour laboratory-based CIMT over 5 (TMS+MRI+sEMGQG). contralesional hemisphere.
weeks. Participants were asked to wear mitt However, there was no significant
15 to constraint the unaffected limb for 2 hours difference between groups
1 during performance of home exercises.
1 7Rocha etal. N=21; Anodal Anodal NIBS+CIMT Anodal NIBS+CIMT tCDs- Anodal NIBS+CIMT group received Level of motor Only anodal NIBS+CIMT resulted Not reported
[44] NIBS+CIMT (n=7, =27.5+£9.75 months; =58.3+3.75; cathodal 13 mins of 1 mA tCDs with the anode impairment (UEFMA), | in remarkable improvement in the
18 females=1); cathodal cathodal NIBS+CIMT NIBS+CIMT =58.5+7.5; electrode placed over the primary motor quality and quantity of | level of motor impairment that
10 NIBS+CIMT (n=7, =34.2+14.25 months; sham | sham NIBS+CIMT cortex of the affected hemisphere and the use of the limb in the attained meaningful clinical
20 females=2); sham NIBS+CIMT =26.5+10.0 =58.5+6.0 cathode electrode placed above the supra- daily life activities significance compared to sham
NIBS+CIMT (n=7, months orbital region. Similarly, the cathodal (MAL), and hand grip group post intervention and at
2f1 females=3) NIBS+CIMT received 9 mins of 1 mA tCDs | strength (hand follow-up. However, there was no
2P with the cathode placed over M1 of the dynamometer). significant difference between
2B unaffected hemisphere and the anode above groups in other outcomes.
the supraorbital region. The sham
24 NIBS+CIMT group received 13 mins of 1
25 mA sham tCDs with the anode electrode
26 placed over the primary motor cortex of the
affected hemisphere and the cathode placed
27 . .
above the supra-orbital region.
2B Stimulation in all groups were carried out 3
20 times a week for 4 consecutive weeks before
CIMT.
30 .
CIMT- all groups received laboratory-based
3[1 CIMT, 6 hours per day for 4 consecutive
3R days. Constraint using sling was applied
33 during daily activities, but was removed for
10 minutes every hour in order to perform
34 stretching.
35 Key: tCDs=transcortical direct stimulation, NIHSS=National Institute of Health stroke scale,mRS=modified Rankin scale, MAL=motor activity log,
36 ARAT=Action research arm test, NHPT=Nine Hole Peg test, TMS=Transmagnetic stimulation, UEFMA=upper extremity Fugl Meyer motor assessment,
37 fMRI=Functionalmagnetic resonance imaging, sSEMG=Surface Electromyography.
38
39
40
41
42
43
44
45 URL: https://mc.manuscriptcentral.com/ern Email: IERN-peerreview@journals.tandf.co.uk
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1
2
3 Table 1: Characteristics of the included studies
4| References N Stroke duration Mean age (years) Intervention Outcomes Findings Adverse
5 events
6| Figlewski et N=44; NIBS+CIMT NIBS+CIMT =9.0+8.0 NIBS+CIMT Both groups received 6-hour CIMT for 9 Motor function All outcomes improved significantly Fatigue in 1
7 al. [45] (n=22, females=1); months; sham =60.0£11.0; sham consecutive days with constraint for 90% of (WMFT), grip post intervention in all groups. patient in the
sham t NIBS+CIMT NIBS+CIMT =7.0+8.25 NIBS+CIMT =60.0+£10.0 | the waking hours after 1.5 mA Anodal tCDs strength (precision However, the NIBS+CIMT is NIBS+CIMT
8 (n=22, females=7) months and sham tCDs for 30 mins. In both groups, dynamometer) and superior to the sham NIBS+CIMT at group
9 anode electrode placed over the primary motor | arm strength (lifting improving motor function
10 cortex of the affected hemisphere and the cuff weights)
cathode placed above the supra-orbital region.
1 However, for the sham tCDs, the device was
12 switched after 30 secs from the beginning of
18 the treatment.
1A Andrade etal. | N=60: Anodal Anodal NIBS+CIMT Anodal NIBS+CIMT All groups received received 10 sessions (5 ADL (BI), level of Functional independence, spasticity skin redness
1/5[46] NIBS+CIMT (M1) (M1) =1.78+1.75 (M1) =51.18+4.21; consecutive days for 2 weeks) of anodal tCDs motor impairment and motor function improved post under the site
16 (n=20, females=7); months; anodal anodal NIBS+CIMT or sham tCDs, with an intensity of 0.7 mA. In (UEFMA), shoulder intervention in all groups. However, of
anodal NIBS+CIMT NIBS+CIMT (PMC)= (PMC)=52.97+3.19; both the Anodal NIBS+CIMT (M1) and sham abductors and elbow, the anodal NIBS+CIMT (PMC) stimulation,
17 (PMC) (n=20, 1.86+1.52 months; sham | sham NIBS+CIMT NIBS+CIMT, the anodal electrode was placed | wrist, fingers and demonstrated a superior improvement | mild headache,
18 females=11); sham NIBS+CIMT =1.92+1.36 | =54.76+4.28 over M1; whereas, in the anodal NIBS+CIMT thumb flexors in these outcomes. and sleepiness
19 NIBS+CIMT (n=20, months (PMCQ), it was placed over the PMC. However, | spasticity, gross motor | Gross motor function and muscle
females=8) the cathode electrode was placed over the function (BBT), power improved only in anodal
20 supraorbital region in all groups. shoulder abductors, NIBS+CIMT (PMC) group.
21 All the groups received CIMT immediately flexors, and
0 after stimulation for 3 hours per day with extensors of the
2B constraint for 90% of the waking hours during elbow, the wrist, the
week days for 2 weeks fingers, and the thumb
24 muscle power (MRC)
25 and adverse events (A
26 tDCS side effects
o questionnaire)
" Ateia et al. N=40: NIBS+CIMT NIBS+CIMT =8.37+2.22 | 45-60 years All groups received 2 mA tCDs before 6-hour Muscle strength (MI), All outcomes improved significantly Not reported
28[47] (n=20, females=5); months; sham NIBS+CIMT CIMT with constraint for 90% of the waking motor function in both groups. However, the
20 sham NIBS+CIMT NIBS+CIMT=9.60+2.44 | =53.05+5.69; sham hours for 10 consecutive days. However, in the | (ARAT), and level of | NIBS+CIMT group is superior at
30 (n=20, females=6) months NIBS+CIMT=54.30+5.03 | sham NIBS+CIMT, the stimulation was sham. | motor impairment improving all the outcomes
30 In both groups, the anode electrode was placed | (UEFMA)
over the ipsilesional motor area; while the
3p cathode was placed over the contralateral
3B motor area.
34 Key: tCDs=transcortical direct stimulation, NIHSS=National Institute of Health stroke scale, mRS=modified Rankin scale, MAL=motor activity log,
35 ARAT=Action research arm test, NHPT=Nine Hole Peg test, TMS=transmagnetic stimulation, WMFT=Wolf motor function test.
36
37
38
39
40
41
42
43
44
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1
2
3 Table 1: Characteristics of the included studies
4| References N Stroke duration Mean age (years) Intervention Outcomes Findings Adverse
5 events
Kim [48 N=30: NIBS+CIMT NIBS+CIMT = 20-90 years The NIBS+CIMT and the sham NIBS+CIMT Level of motor There was significant improvement in | Not reported

6 y
7 (females=8); sham 12.13+1.84 months; sham | tCDs+CIMT =60.245.3; received 1 mA of active and sham stimulation impairment the outcomes of interest in both

NIBS+CIMT NIBS+CIMT=10.93+1.94 | sham respectively for 20 minutes per day for 4 (UEFMA), quality and | groups except in quality of use of the
8 (females=7) months tCDs+CIMT=60.33+6.33 | weeks. In both groups, the anodal electrode quantity of use of the limb in daily life. However, there was
9 was placed over M1 of the affected limb in daily life no significant difference between
10 hemisphere; whereas, the cathode electrode (MAL) and actual use groups in all the outcomes of interest.

was placed over the M1 of the unaffected of the affected and the
1 hemisphere. unaffected limb
1P Following this, both groups received 30 mins (accelerometer)
18 CIMT per day, 5 times a week for 4 weeks
with constraint using gloves for 5 hours per
Ui day during the period.
15 Key: tCDs=transcortical direct stimulation, M 1=primary motor cortex, PMC=premotor cortex, BI=Barthel index, UEFMA= upper extremity Fugl Meyer motor
16 assessment, MRC=Medical Research Council scale, MI=Motoricity index.
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
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Table 2: Methodological quality of the included studies

Study Eligibility Random Concealed Comparable | Blind Blind Blind Adequate Intention Between Point Total
criteria allocation allocation subjects subjects therapists assessors follow-up to treat group estimation score
specified analysis comparison | and

variability

Malcom et Yes 1 1 1 1 1 0 1 1 1 1 9/10
al. [41]

oNOYTULT D WN =

9 Di Lazzaro Yes 1 1 1 0 1 1 1 1 1 1 9/10
et al. [42]

Cunningham | Yes 1 1 1 1 0 1 0 1 1 1 8/10
11 et al. [43]

12 Rocha et al. Yes 1 1 1 1 1 1 1 1 1 1 10/10
13 [44]

Figlewskiet | Yes 1 1 1 1 1 1 0 1 1 1 9/10
14 al. [45]

15 Andrade et Yes 1 1 1 0 1 0 0 1 1 1 7/10
16 al. [46]

17 Ateia et al. Yes 1 0 1 1 0 0 0 1 1 1 6/110
[47]

18 Kim [48] Yes 1 0 1 0 0 1 0 1 1 1 6/10

45 URL: https://mc.manuscriptcentral.com/ern Email: IERN-peerreview@journals.tandf.co.uk
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Table 3: Body of evidence matrix

Expert Review of Neurotherapeutics

Component

Grade

Comments

1. Evidence

A-Excellent
Several Level II evidence

Quantity: a total of 8 studies
Participants: 246 patients with stroke
Level II studies: 8

2. Consistency

C-satisfactory

There is significant heterogeneity between
studies, I”>50%.

3. Clinical impact

B-Substantial

Five studies reported effect size (Malcom et
al. [41]; Cunningham et al. [43]; Rocha et al.
[44]; Andrade et al. [46]; Kim et al. [48])

4. Generalizability

A-Excellent

The studied population is the same as the
target population (patients with stroke)

5. Applicability

A-Excellent

The evidence is applicable globally since the
studies were carried out in 6 different
countries (Brazil, Denmark, Egypt, Italy,
South Korea and USA) in four different
continents

Recommendation

B=Body of evidence can be trusted to guide
practice in most cases

URL: https://mc.manuscriptcentral.com/ern Email: IERN-peerreview@journals.tandf.co.uk

Page 30 of 38



Page 31 of 38 Expert Review of Neurotherapeutics

2755 studies were provided from

the search: PubMED=2340, Manual search of
Embase=160, WoS=182, PEDro=3, reference list=1

OTSeeker=,7 CENTRAL=63

oNOYTULT D WN =

17 2577 studies remained after removing
179 duplicates

24 : 2479 studies excluded
25 2577 studies were based on their titles

26 screened for eligibility and abstracts

87 full texts of the 79 studies were

35 remaining studies excluded for not

36 were screened for fulfilling the inclusion
37 eligibility criteria

43 8 studies fulfilled the inclusion
criteria and were included in both
the narrative and the quantitative
47 syntheses

50 Figure 1: The study flowchart
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Random sequence generation (selection bias) _ |

Allocation concealment (selection bias) _ -

Blinding of participants and personnel (performance bias) —:-
Blinding of outcome assessment (detection bias) _:-
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

otner vizs [

0% 28% 5% 78%  100%

.Lu:uw tisk of bias DUnclearriak of bias .High tizk of bias

Figure 2: Risks of bias graph of the included studies
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oNOYTULT D WN =

J
. Fandom sequence generation (selection bias)
. Blinding of outcome assessment {detection hias)

Andrade [46]

= . Allacation cancealment (selection hias)

26 Ateia [47]

=)
==

L]
Y]

28 Cunningham [43]

30 Di Lazzaro [42]
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32 Finlewski [45]
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34 Kim [48]
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Figure 3: Summary of the risks of bias of the included
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Active NIBS+CIMT Sham NIBS+CIMT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.1.1 Motor function
Ateia [47] 4895 7.59 20 3895 1209 20 3% 0.97[0.31,1.63] T
Di Lazzaro [42] 472 1558 10 45 17.84 10 28% 0.13[0.75,1.00] s
Figleweski [45] 52 102 22 513 9.9 22 3% 0.07 [-0.52, 0.66] o
Malcorm [41] 87 9.1 9 271 281 10 28% -0.80 [-1.74,0.15] —F
Subtotal (95% CI) 61 62 12.1% 0.14[-0.53, 0.82] Lo

Heterogeneity, Tau*= 032, Chi®F=49.73, df= 3 (P=0.02); F=69%
Testfor overall effect: Z=0.41 (P = 0.68)

1.1.2 Level of motor impairment

Heterogeneity. Tau*= 014, Chi®*=7.86, df=5(P=0.16); F= 36%
Testfar overall effect: Z=1.86 (P = 0.06)

1.1.4 Quality of use

Andrade [46] 29 175 20 24125 20 28% 3.22[2.25 4.19] —==
Andrade [46 pme] 33 1.5 20 24 125 20 21% £.39[4.79, 7.99]

Ateia [47] 582 B77 20 384 1447 20 31% 1.72[0.98, 2.45] ==
Cunningharn [43] 475 12 6 4833 10 6 26% -0.15 [-1.289, 0.98] =

Kim [48] 4853 299 15 462 3 15 31% 0.73[0.01,1.47] e
Rocha [44 anodal] 557 43 7 5485 6.7 TO2T% 0.14[F0.91,1.19] T
Rocha [44 cathodal] 58.9 a7 7 5485 6.7 7TAT% 0.70[F0.39,1.79] 3T R
Subtotal (95% CI) 95 95  19.0% 1.75[0.49, 3.01] e
Heterogeneity: Tau?= 2.60; Chi®= 69.08, df=6 (P = 0.00001}; F=91%

Testfar overall effect Z2=2.71 (P =0.007)

1.1.3 Amount of use

Cunningharn [43] 1.9 1.3 [ 24 1.1 6 26% -0.38 [-1.53, 0.76] T

Di Lazzaro [42] 278 168 10 253 1.33 10 28% 016 [F0.72,1.04] =

Kirn [48] 233 025 15 203 0.2 15 3.0% 1.29[0.49, 2.09] =
Malcorm [41] 31 1 ] 21 1.1 10 28% 0.91 [-0.05, 1.86] =
Rocha [44 anodal] 3.34 1 7308 049 TO2T% 029077, 1.34] T
Rocha [44 cathodal] 325 1.3 7305 0.4 TO2T% 017 [-0.88,1.22] S,
Subtotal (95% CI) 54 55 16.7% 0.47 [-0.02, 0.97] &
Cunningharn [43] 1.4 0.4 [ 15 058 6 26% -012[1.26,1.01] T

Di Lazzaro [42] 285 168 10 258 0.4 10 28% 0.21 [F0.67,1.09] T L

Kim [48] 205 1.686 15 221 025 15 31% -0.13 [-0.85, 0.59] =
Malcam [41] 28 o0y 9 22 1] 10 Mot estimable

Rocha [44 anodal] 319 1 7 265 0.6 TO2T% 0.61 -0.47,1.69] T
Rocha [44 cathodal] 319 1.2 7265 0.6 TO2T% 0.53[0.54,1.61] T =y
Subtotal (95% CI) 54 55  14.0% 0.16 [-0.26, 0.58] L 2

Heterogeneity: Tau®= 0.00; Chi®=2.01, df=4 (P=0.73); F=0%
Testfar overall effect Z=0.75 (P =0.45)

1.1.5 Hand function

Andrade [46] 3 1 20 225 175 200 32% 0.52[012,1.19] ] Eo
Andrade [46 pmc] 675 125 20 225 175 200 28% 2.90([1.99,3.81] T o
Cunningham [43] 7.4 ar 4 42 4.4 B 248% 0.75[-0.44,1.94] T R

Di Lazzaro [42] 036 028 10 038 032 10 28% -0.06 [-0.94, 0.81] T

Malcorm [41] 206 =R 9 166 16 4 28% 0.29[-0.64,1.22] T I
Subtotal (95% CI) 65 65 14.4% 0.87 [-0.13, 1.88] e

Heterogeneity: Tau?=1.10; Chi®= 26.04, df= 4 (P = 0.0001}; F=85%
Testfar overall effect Z=1.70 (P = 0.05)

1.1.6 Handgrip strength

Di Lazzaro [42] 038 028 10 032 032 1m 29% 019069, 1.07] T
Figlewski [45] 211 108 22187 43 2 3% 0.14 [-0.46,0.73] i 7
Rocha [44 anodal] 18.4 9.7 7178 114 T2T% 0.05[-1.00,1.10] T
Rocha [44 cathodal] 171 54 7178 114 T2T% -0.07 [-1.12,0.98] T
Subtotal (95% CI) 46 46 11.6% 0.10 [-0.31, 0.51] L 2

Heterogeneity: Tau®= 0.00; Chi®= 017, df= 3 (P=098); F=0%
Testfor overall effect Z= 050 {F =062

1.1.7 Arm muscle strength

Andrade [46] 445 14 20 5.4 14 200 32% -0.65[-1.29,-0.02] )

Andrade [46 pmc] 11 14 20 5.4 14 00 27% 3.69 [2.56, 4.63] S R
Ateia [47] 6.2 18.01 20 BE.2Z 19.68 200 31% 1.04 [0.37,1.70] . T
Figlewski [45] 7 32 22 74 28 2 3% -013[0.72, 0.46] —=

Subtotal (95% CI) a2 82 12.3% 0.91 [-0.57, 2.40] ol

Heterogeneity: Tau?= 2,15, Chi®= 53.62, df= 3 (P = 0.00001}; F= 94%
Test for averall effect Z=1.21 (P=0.23)

Total (95% Cl) 457 460 100.0% 0.67 [0.31, 1.03] 'Y
Heterogeneity: Tau® = 0.95; Chi*= 20619, df= 24 (P = 0.00001); F= 83% e + : ; -+
desifocaveralleniect 23661k = 0,0002) Favours [Sham NIBS+CIMT] Favours [ ActiveNIBS+CIMT]

Testfor subaroup differences: Chi*=8.94, df=6 (P=0.18), F=32.9%

Figure 4: Comparisons of outcomes post intervention between NIBS+CIMT and sham

NIBS+CIMT
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Active NIBS+CIMT
Study or Subgroup Mean SD Total Mean

Sham NIBS+CIMT

5D  Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

2.1.1 Motor function

Di Lazzaro [42] 5644 0.1 10 5467 042 10 489%
Malcorm [41] 144 1495 9 363 31 10 51.1%
Subtotal (95% CI) 19 20 100.0%
Heterogeneity: Tau?=19.28; Chi®= 28.91, df=1 (P = 0.00001); = 97%
Testfor overall effect Z=072 (P =047}

2.1.2 Amount of use

Di Lazzaro [42] 463 0035 10 445 0085 10 21.9%
Malcorm [41] 23 1.1 ] 1.8 1 10 269%
Rocha [44 anodal] 36 107 7 32 1.04 7 256%
Rocha [44 cathodal] 33 134 7 32 1.04 TO25T%
Subtotal (95% CI) 33 34 100.0%
Heterogeneity: Tau*=1.19; Chi*=14.58, df= 3 (F=0.002); F=749%

Testfor overall effect Z=155{FP=012)

2.1.3 Quality of use

Di Lazzaro [42] 453 004 10 437 006 10 220%
Malcorm [41] 23 0.8 ] 2 04 9 27.2%
Rocha [44 anodal] 34 102 7 26 083 7O252%
Rocha [44 cathodal] 32 123 7 26 083 7 255%
Subtotal (95% CI) 33 33 100.0%
Heterogeneity: Tau®= 0.86; ChiF=11.17, df=3(P=001};, F=73%

Testfor overall effect: £=1.99 (P = 0.05)

2.1.4 Hand function

Di Lazzaro [42] 077 0 10 074 002 10 47.6%
Malcorm [41] 203 9.9 9 1M1 181 9 524%
Subtotal (95% CI) 19 19 100.0%
Heterogeneity: Tau®= 0.40; Chi*= 250, df=1 {FP=011); F=60%

Test for overall effect: Z= 2.08 (P =0.04)

2.1.5 Grip strength

Di Lazzaro [42] 067 003 10 445 007 10 28%
Rocha [44 anodal] 182 852 7 168 11.99 7 486%
Rocha [44 cathodal] 167 587 7 168 11.99 7 486%
Subtotal (95% CI) 24 24 100.0%

Heterogeneity: Tau?= 8.59; Chi*= 3213, df= 2 (P = 0.00001); "= 94%
Testfor overall effect: £=0.91 (P = 0.36)

Testfor subaroup differences: Chi*=2.24, df= 4 (P =069, F=0%

5.52[3.42, 7.62]
-0.80[1.74,014]
2.29 [-3.90, 8.48]

3.30[1.86, 4.74]
0.46 [-0.46, 1.37]
0358 [0.70,1.41]
0.08 [0.497,1.13]
0.96 [-0.25, 2.16]

3.01 [1.65, 4.36]
0.34 [-0.60, 1.27]
0.77 -0.33, 1.57]
0.52 [-0.56, 1.59]
1.08 [0.01, 2.14]

1.82[0.74, 2.90
0.66 [-0.30, 1.61]
1.21 [0.07, 2.35]

-67.23[-90.43, -43.96]
013 [0.492,1.18]
-0.01 [-1.06, 1.04]
-1.88 [-5.95, 2.19]
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Figure 5: Comparisons of outcomes at follow-up between NIBS+CIMT and sham NIBS+CIMT
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_—-y PRISMA 2020 Checklist

2

3 Locati
Item . ocation
# Checklist item where item

is reported

7| Title 1 | Identify the report as a systematic review. Title page

2 ABSTRACT

1 Abstract 2 | See the PRISMA 2020 for Abstracts checklist. Page 1

11 INTRODUCTION

12 Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Page 3-4

13 Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 4

14 METHODS

13 Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 5

1

1 Information Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the Page 5

: sources date when each source was last searched or consulted.

1: Search strategy Present the full search strategies for all databases, registers and websites, including any filters and limits used. Page 23

20 Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record | Pages 5-6

21 and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

22 Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked Pages 5-6

23 process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the

24 process.

25 Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each Page 6

26 study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

27 10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any Page 6

24 assumptions made about any missing or unclear information.

29 Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each | Pages 6

30 assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.

31 Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Pages 7

3‘: Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and Page 8

3;L methods comparing against the planned groups for each synthesis (item #5)).

33 13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data Page 7

3; conversions.

37 13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Page 7

38 13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the Pages 7

39 model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.

4( 13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). Pages 7

;” 13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA

4‘: Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA

| assessment

45 Certainty 15 | Describe any methodd usegbto/ assessacertainty (onoanfidense)in EnedibdyRif-@ddencsdar@m outedniendf.co.uk Page 7

46
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_—-y PRISMA 2020 Checklist
2
3 :
Yy Section and Location
Topic Checklist item where item
5 P is reported
6| assessment
/['RESULTS
8 Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in | Page 8
9 the review, ideally using a flow diagram.
1
1( 16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Page 8
12 Study 17 | Cite each included study and present its characteristics. Page 8
11 characteristics
14 Risk of bias in 18 | Present assessments of risk of bias for each included study. Page 11
15 studies
16 Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision Page 11-12
17 individual studies (e.g. confidence/credible interval), ideally using structured tables or plots.
18 Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Pages 11-
19 syntheses 12
2 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. Pages 11-
21 confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 12
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