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ABSTRACT

Backg v d AR AN SNl SYTOTOMENeNents - 1 giobal public health chalienge,
non-pharmcoiogical intecventions using infonmation and commanication technologies can be an affordable,
cost-effective. and innovative sofution.
Objectives; This study aimed to examine the effectivensss of non-gharmacological intesventions using informa-
thon and communication technologles on the behavioral anid psychologied! symptams of dementia and identify
potential moderators of intervention effects,
Design: Systematic review and meta-analysis of randomized controlled trials,
Methods: A systematic lirerature review was conducted using PubMed, CINAHL, PsycINFO, Embase, and the
Cochrane Library from May 2022, Randomized controlled triais that examined the effects of non-
pharmacological interventions using information and communication technologies on the behavioral and psy-
chalogical symptoms of dementia were included, A meta-analysis using a random-effects model was performed
to calculate the pooled stand ardized mean differences berween overall symptoms and each type of symptom. For
moderator analyses, subgioup and meta-regnsssion analyses were pesformed,
Resstlts: Sixteen trials (15 articles] met the eligibdlity aiteria, The interventions were grouped into activity engage-
ment interventions using digital health that provided muwsic and reminiscence therapy, physical exercise, social inter-
action interventions using social robots, and relehealth-basad care aid iterventions thar provided coaching or
counseling programs. Pooled evidence demonstrated that non-pharmacological intenventions using information
and commumication technologics exerted a large effect on depression (SMD = — 1088, 9551 - 1.983 to - 0193,
p = 0017), a moderate effect on overall behavioral and psychological symptoms of demensia (SMD = — (1,664,
955 01 — 0590 to — 0338, p < 0001 ) and agitation { SMD = — 0586 96% Q1 -1,130 1o — 0042 p = D35), No effects
on neuropsychiatric symptoms (SMD « — 0251, 958 {1 0579 to 0077, p = 0,133} anxicty (SMD « — 0541,
955 - 127010 0.188, p = 0.146), and apathy (SMD = - 0820,95% (1 - 1835t 0.176, p = 0.106) were reparted.
Moderator analyses identifiad the mean age of the participants as a potential moderator of intervention effects.
Comclusions: Evidence from this systematic review and meta-analysis suggests that noa-gharmacological interven-
tions, using information and communication technofogies, were an applicable approach to managing behavioral
and psychological symptoms among older adults wath dementia, with moderate to lanze effect sizes. Howeever, cvi-
dence on arcaety and agathy Is inconclusive due to the lenited number of existing randomized controlled trials, Fu-
ture studies with subgroup analyses are warranted to conclude the most effective types of intervention using
information and communication technologies for each type of symptom
Regiseration; CRD4202 1258408

© 2022 The Author(s), Published by Elsevier LI This iS5 an open acoess article under the CC BY-NEAND license

(hatpereativecommons,org/licenses/by-ne-nd 4.0/),




15



‘ PSP HOME CHECKLISTS TRAINING

Checklists

CASP Randomised Controlled Trial Checklist

~ CASP Cohott Study Checkliet

https://casp—uk.net/casp—tools—chec1k6lists/




Paper for appraisal and reference:
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Section A: Are the results of the review valid?

1. Did the review address a

clearly focused question?

Lot Wy IR -

Teernationa jounal of Nassng Stdes

The effectiveness ul noe-tosacokiilinieresiims usng
SeLOaIaion Ao CenuouiicR i fednoiugies for Betidviond a0t
pachulugical symptams of Jemenesl A SyStemanic review

4nd metaanabysls

i

Yes HINT: An Issue can be "focused’ In terms of
e the population studied
Can’t Tell e the intervention given
No e the outcome considered
. BsRT . AN SHEBR iR ERE
22 Incusian and exclusian criteria

2.0, Literature search

Ta identify relevant articles for review, a comprehensive search was
conducted with the assistance of an experienced medicat Kbrarian using
five databases: PubMed, ONAHL PsycINFO, Emiiase, and the Cochrane
Library, Based on a review of previous relevant articles, the search strat-
egy used a combénation of subject headings and keywords foe the fol-
fowing concepts: 1) older aduits. 2) dementia. 3 ihehaviaraland
psychalogical symprams of dementia, 4) non-pharnmaceiagical inter-
Entionyanc S) eehnniagy: No restrichons were applied regarding pub-
lication status and date to retrieve all the relevant articles. The search
was conducted from the inceprion of the database to May 29, 2022,
The entire search strategy tallored for each database is available in the
published protocal {Seok et al, 2022} and also updated in Appendix A
(Supplementary Tables 1-5) which describes detaided search trails,

As described in the protoced (Seok et al, 2022, the care elements af
inclusion criteria in the PICOS format were used as lollows: 1) Popiila-
tian: older adults diagnased with any type of dementia: 2) Interven-
tiom: non-pharmacological inferventions using  information and
cammumication technolagies for managing behavioral and psycholog-
cal symptoms of dementia A noo-pharmacological intervention using
information and commumnication technoleges refers ta ane that em-
ploys information and commumication technologies such an Intemet-
based mobile, tabiet, video, sensor, and robot &5 coe of the intervention
delivery modes, which enlance collecting, processing, savng, and com-
mumicating infoemation electronically (Lau et al., 2011); 3) Comgpari-
som: studies that assigned participants inlo either an expenmental
growp or 2 controd group including ustal routing, and conventional
care.or waitlist as definedd by the oeiginal studies; 4) Outcomes: effects
of ingerventions in overall or af least ane type of behavioral and psycho-
logical symptoens of dementia (eg., depression, anxiety, Jgifiion and
apathy ! and 5) Stady Design: randomized controiled tsals
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Section A; Are the results of the review valid?

2, Did the authors look for the Yes HINT: “The best sort of studies’ would
l'!_ﬂl"lf type of ;'l.t][')p[a,'.l ® gadress the review's "}UE‘SUCM'
’
n't Tel .
Can't Tell e have an appropriate study design
ciiallvy RCTe faor manerc pyva -Sdlal:
2.2, Inciusion and exclusion criteria No (usually RCTs for papers evaluating

interventions)

As described in the protocol {Seol et al, 2022), the core elements of
inclusion criteria in the PICOS format were used as follows: 1] Popula-
tion: older adults diagnosed with any type of dgmentia: 2) Interven- ﬁ\ )\‘ﬁﬁﬁ 5‘56 , m A @ERCT A@
tion: non-pharmacological Interventions wvsing information and
communication technologees for managing behavioral and psychologi-
cal symptoms of dementia. A non-pharmacological intervention using
information and communication technologies refers to one that em-
ploys information and communication technologies such as Internet-
hased mobile, tablet, video, sensor, and robot as one of the intervention
delivery modes, which enhance collecting, processing, saving, and com-
municating information electronically (Lau et al, 2011): 3) Compari-
son: studies that assigned participants into either an experimental
group or a control group including usual, routine, and conventional
care, or waitlist as defined by the oniginal studies: 4) Outcomes: effects
of interventions in overall or at least one type of behavioral and psycho-
logical symptoms of dementia (e.g., depression, anxiety, agitation, and 18
apathy): and 5) Study Design: fandamized controlled trials:




Is it worth continuing?

3. Do you think all the
Important, relevant studies
were included?

21 Literature seavch

To identity relevant armicles for review, a comprehensive search was
cunducted with the assastance of an experienced medical bbraran wsmg
Library. Based on a veview of previons selevant articles, the searnch serar-
egy used 3 combination of subject headings and keywurds foe the fol
lawing concepts: 1) alder adusts, 2} demencla, 3 RbeRavioralane
PSYCDGROEICA sympeons of derentia, 4) non-pharmacological iner-
Aenionsnd SHtechnology: No restrictons were appied regarding pub-
lication status and date to resrieve all the relevant artickes. The search
was conducred from the inception of the database to May 29 2022
The entire search strategy tallored for each datahase s available in the
published protocod (Seok e ai, 2002} and also updated In Appendix A
[Supplementary Tables 1-5), which descrbes detaded sesgch trasls.
An xdkditonal mamual search throagh the hibliographies of the inchoded
armches and previously published refevant reviews was alse condeacted,

Yes

Can't Tell

No

22 Ivchusgion and exciusion oritern

As Oescrided In the protocol (Seox o€ al, AU2) the com ehements of
inclusion crigeria in the 1C0S format were used as Sllows: 1) Popula-
tlon: okder adults diagnosed with any type of dementis; 2| nterven-
tlon: non-pharmacnlogical sverventions using information and
communkaton technsloges for managing behavioral and psychelog-
cal symptoms of dementia. A son-pharmacolingical imfervention nsrg
information and commsescation echaodogics refers 10 one [hat -
Ploys information and communicaton wechoolnges such a8 Interses-
based motle, tablet video, sensor, and robot 25 one of the ntervention
dolivery modes, which enthance colecting, peocessang, savimg, aod com-
mumcring edormation electronically (Lao et o, 2011} 3| Compan-
SO studies thad assigiwd paricgants into oither an experdmental
roup o a comtrol graup ochading tstal routine. and convenoional
Lare, oo warksr s deflncd by the orizing studies; 4) Outcomes: «ftects
of mtervencions 0 ovesall o at least oae type of behavioral and pepcho-
logcal symptoms of domentia (e.g., depression, anxiety, agitation, and
aathy) . and 51 Study Design: fandomsind consmlied s

HINT: Look for

e which bibliographic databases were

used
e follow up from reference lists
e personal contact with experts

e unpublished as well as published studies

* non-English language studies

Studies were excloded if they 1) were publications in lapgusgies cthier
than Englishs 2] incomplete stadies such as stady protocals or ongoing
studlies; 3) inclnded partiopants wath only mild cogriteee mpaioment
or cogpitive impairment without dementia; 4) did noe have sufficent -
farmation about the messurement of the outcome of smterest: and 5 @d
ot include adequate statistical vakies (eg., mean. standard deviarkm,
and median with range) of the guantitarive resolts, which are reguired
o compute an effect size for the meta-anadysis procedure,
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Is it worth continuingj

”

3. Do you think all the Yes HINT: Look for
important, relevant studies » which bibliographic databases were
were includedg? Can't Tell used

3.5, Risk of bias

The risk of bias assessment for the 15 studies is summanized in Sup-
plementary Table 6 and demonstrated in Suppléementary Fig. 1. The
quality of the included studies varied, Four studies were rated as having
“fow nisk.” Six studies were judged as having “some concerns,” primarily
in tesms of the randomization process or deviations from intended in-
tervention, or both, or in measurement of the outcome, The remaining
studies were rated as having “high risk” due to an inadequate random-
ization process, deviations from intended interventions, measurement
of the outcome, or selection of the reported result, All included studies
had a low risk of bias in missing outcome data, and all but one had a
low risk of bias in the selection of reported results,

Publication bias was evaluated based on a visual inspection of the
funned plot asymmetry and Egger's test (Egger et al., 1997). Egger's
test failed to detect a statistically significant asymmetry in the study dis-
tiibution {p = 0,331). However, the funnel plot in Supplementary Fig. 2
1s broadly symmetrical, indicating no publication bias in behavioral and
psychological symptoms of dementia,

No T
e nersonal contact with experts

e unpublished as well as published studies
- n:_m-rrw.gllst'u language studies
Q3: HERRA TEHE S KOOSO, HAEESEE R,

ANLHEsR A TR RN, H G —) A RB B 5 I8,
A Bge “ HARWZE” .

i
3

— 21

Sappb Vw1 A of Pl s M




Is it worth continuing?

4. Did the review’s authors do Yes HINT: The authors need to consider the

enough to assess quality of rigour of the studies they have identified

the included studies? Can't Tell Lack of ricour may affect the studies’
.'L",.'UH;» \ | that glisters is not gold”

written peerseviewed stadies that fufilled the following incleson -
critersa) 1) owe indepeadent (oviveers (IS and JWS) screened the Sitdes No r\; Brc |] ant UT \..L.q e #'\('t Scene 7'|

And abetracts of the sderoied artiches acconding 1o the kackision aod ex-
chuston eriverta, and 2) atey retrieving and uploading the full sext of the
potentzally relevant artices to the Endnote soltware, the two reviesers
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M least two reviewers independently assessed the risk of bias ar u”‘ =7 b .’ e s 0
qualiny of the included studies using the revised Cochirane rsk-af-hi R ® 9200 0 hias
\ : . ) 1.5 Biskof
toal for randomized trals (Kol 2) (Sterne et al. 2019). The toal assess P Reeds on 1 :r' ® 0 @ O
fisve s doenaies 1 coukd ocour in raodomized contolled twials: (4 W R A o O % & » 0 The risk of bias gssessment for the 15 studies s sammarized in Sup-
Wcmm?m o doenon do e ® ' ® 08 4 plemerdary Table 6 amd demorstrabed in Supplementary Fig. 1. The
results, Each dowsain consists of a set of questions with respense optio i fm 58 _q;:l'r"f' ft’fﬂﬁ& mﬂ.’:“:EihrmF S vy ie mﬂl.z -}I'wm
Y ) = A R hiae Sad [y —— B N N B i stuclies were judged as hindng “some concerns.” primarily
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. - By - s LA A Ly 2007 i b of the rarslonmication process or deviabioes from intendecd in-
ments. Stuchies were categorized as “low,” “some concemys.” or "high -s (BN 3N BN BN BN oS ndicesoeppon e oot ol T it Ty Faralit
the ovesall risk of I4as score. The overall risk of bias was considered “1o W Mot 0T e % ' e 0 i vated = Eﬁ;ml" i s 2
risk of bias” if all five domains were judged s low risk, “Some concern £ Powres. 217 ® 99 ! @ O ;':' I.'-HJEE WHDE ﬁl:l rﬁ'tm Iri'm&flllm = I': : ;
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Is it worth continuing?

5. If the results of the review Yes
have been combined, was It
reasonable to do so? Can't Tell
2.5, Data synthesis and analysis N 0

A narrative synthesis was conducted to describe the characteristics of
the included studies. Statistical anakyses for the meta-analysis were per-
formed using R verson 4.0.3 (R Foundation for Statsstical Computing, Vi-
enna, Austria), As the stixties used different measures for the outcomes of
interest, the standardized mean difference was calculated (SMD] to deter-
mine the effects of the intervention in the expenmental group compared
to the control group. SMDs were computed by calculating Hedges' g
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HINT: Consider whether

e results were similar from study to study

e results of all the included studies are

clearly displayed

e results of different studies are similar

® reacnns f(')f anv variatinns in restiits are

12 >50%, HHARMETH, HiERKZSIMPERE LS.

This stedy had several limitations, Frst, the major limitatan of this
review is the moderate to large heterogencity between studies. Al-
though the underlytng sources of the vaniation were exploced and de.
tected by condurting moderator analyses, results must be interpreted
with caution because uncontradied or unmeasuresd Bctars, whach were
nat included in the mederator analyses due to unavailable informasion,
poteatially produce blas Secand, although blsndng lenventiomists is
challenging in care settings for the dementia population, there were
risks of bias caused by the absence af blinding for study participants
and interventionists in meot of the included studies. Third, the results
regarding the effecuveness ol non-pharmacological Interventions
using information and communication techinologes an anxety and ap-
athy are inconclusive because of the sonall pumber of stadies, Thus, in-
terpretations regarding e results from the subgroup asalyses for
anxlety and apathy should be made with cauton. Furthermaore, al-
though this stucy was unable to condoct multivariate meta-regression
due to the insufficlent awmber of stdles concerning the pon-
significant results of the subgzroup analyses for porential ors. fu-
ture moderatar analyses using multivariate meta-regression with a




Is it warth continuing ¢

interventions (D'Aniello et al,, 2021; Pérez-Ros et al., 2019). Reminis-
cence interventions have been implemented using the smantphone ap-
plication (Moon and Park, 2020) and internet-based video (Inel Manav
and Simsek, 2019; Moon and Park, 2020). A few studies provided activ-
ity programs using personalized multimedia devices (Davison et al,,
2016; Sautter et al, 2021 ). Training games with motion-based input de-
vices have been used to motivate participants’ engagement in physical
exercise activires (Swinnen et al, 2021), For care-aid programs, a tele-
phone support program. an Internet-based e-learning course, and a
real-time consultation program using an online meeting program
have been implemented to ald informal caregivers of older adults with
dementia (Droes et al,, 2019; Laver eral, 2020). For social interaction in-
terventions, most studies have used a companion pet robat to encour

age soclal interacton through behaviors such as petting, talking, and
smiling {Jeranson et al,, 2015; Liang et al,, 2017: Moyle et al,, 2017;
Patersen et al, 2017; Valenti Soler et al. 2015), Humanoid robots have
been utilized to increase social interactions via talking and singing
(Chen et al, 2020; Valenti Soler et al, 2015).
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Section B: What are the results?

6. What are the overall results of the review?

BASAER: AREEYIRIEUR B A] PR BAE B IR T &,

0.586, J&H4ERE

4.4. Conclusions

The present review has shown that non-pharmacological Interven-
tions using information and commumication technofogies were a func-
rional approach to managing behavioral and psychological symptoms
among older adults with dementia. with several trials reporting moder-
ale to large effect sizes, Pooled evidence has demonstrated that non-
pharmacological interventions using information and communication
technologies exest a significant effect on depression and a moderate ef-
fect on agitation and overall behavioral and psychological symptoms of
dementia. However, given that insufficient evidence is currently avail-
able to assess whether this intervention approach can effectively man-
age anxiety and apathy, results on anxlety and apathy remain
inconclusive. Effect sizes varied between target symptoms, and the
moderator analyses suggested that this intervention approach was
mare effective in younger pasticipants than older participants. Thus, cli-
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section B: What are the results?

7. How precise are the results? HINT: Look at the confidence intervals, if

agitation, five trials involving 301 participants were pooled. The pooled
effects of interventions on the reduction of the leve! of agitation were sta-
tistically significant, with a moderate effect size (SMD = — 0.586,
95% Cl - 1.130t0 —0.042, p = 0.035). Moderate but significant het-
erogeneity was observed among the studies {F° = 77%, p = 0.001). For
anxiety, only two trials tested the effects of the interventions on anxiety
levels. The pooled effects of the interventions on the reduction of anxiety
were not statistically significant (SMD = —0.541, 95% I —1.270 to

Agitation

Joranson, 2015 27 <220 914 26 1.50 1290 -0.327 |[-0.870, 0.215) 0237
Davison, 2016 11 -850 1680 11 -270 935 0410 [-1.257; 0436] 0342
Liang, 2017 13 070 933 11 -300 801 0254 [-0553, 1060] 0538
Moyle, 2017 67 -266 615 72 122 6.15 -0.627 [-0.968; -0.286] <0.001
Laver, 2020 31 -320 146 32 080 1486 : 0.001
Random Effect Model 149 152 «0.586 [-1.130; -0.042]

Heterogeneity: I° = 77%, +* = 0.284, p = 0.001
Test for effect in subgroup: z =-2.11 (o = 0.035)
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Section C: Will the results help locally?

8. Can the results be appiied to Yes HINT: Consider whether
the local population? e the patients covered by the review

_ Can’t Tell could be sufficiently different to your

inclusion criteria in the PICOS format were used as follows: 1) Popula« " I
thon: older adults disgnosed with any type of dementia; 2) Interven- population to cause concern
SUNIET RIS DN T ey 1) WERe BN K- No e your local setting is likely to differ much

than English: 2) incomplete studies such as study protocols or ongoing

studies; 3) included participanes with only mild cognitive impairment rof atof t view
or cogrative smpairment without dementia; 4) did nat have sufficient in- f‘ om that of the Feview

3.2. Characteristics of the included studies

m,c: ABAlrwn W T e T 0 e Oeell St il rd Py bl e o Aemwitia
Table 1 presents the characteristics of the included studies, With the — I = e = Sres
publication years ranging from 2015 to 2021, over 37.5% of the included . 1 » e [ e wn s
studies were published after 2020. The studies were conducted in ol " " e Vo s
Europe (n = 8). Oceania (n = 4), the United States (n = 2). and Asia o
{n = 2}, The trials were implemented in both residential long-term =, - - Ao e -
care settings (n = 12) and community settings, including daycare cen- S . e wh-ha. S
ters (n = 1), meeting centers (n = 1), homes (n = 1), and both daycare P et me 2 . - i
centers and homes (n = 1). The mean age of study participants ranged Tocd waeribn " ww asay, - wsm e e
rom 74,1 years (Inel Manav and Simsek, 2019) to 90.0 years [Sautter i it 2 e g
et al, 2021). The percentage of fernale participants ranged from 39.7% o A WA et el e 2
(Laver et al, 2020) to 100% (Moon and Park, 2020), o : - — i .
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Section C: Will the results help locally?

8. Can the results be appiied to Yes HINT: Consider whether

the local population?’

e the patients covered by the review
Can’t Tell could be sufficiently different to your

panulation to cause concern
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Section C: Will the results help locally?

9. Were all important outcomes

considered?

Can’t Tell

Yes

No
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Either overall behavioral and psychelogical symptoms of dementia
or a single type of behavioral and psychological symptoms of dementia
were measured as target outcomes m the included trials: neuropsychi-
atric symptoms {n = 8), depression [n = 9), agitation (n = 5), apathy
(=3}, and anxlety (n = 2), Previous studies have measured the afore-
mentioned outcomes using various symptom-measuring instruments.
Most studies used the Neuropsychiatric Inventosy (NPI) 1o measure
neuropsychiatric symptoms (Chen et al., 2020; D'Anieflo et al,, 2021
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HINT: Consider whether

e there is other information you would

like to have seen

IR S B, M. B,

3.7. Moderator unalysts

Univanate meta-regressions for continuous moderators based on
the random-elfects model were performed to examine whether the ef-
fect sizes on reductzon in behavioral and psychological symptoms of de-
mentia were sinificanty correlated with the mean age of participants,
the proportion of women, and sample size. As shown in Table 3, the re-
sults revealed that the intervention effect was significantly moderated
by age (I = 0,129, 5E = 0.058, p = 0.026) but not by proportion ol
women (p = (0.064] and sample size {p = 0.109). Subgroup analkyses
were performed 1o assess pre-selected potential categorical moderators
such as country, setting, intervention type, interventon mode {group
vs, individualized), intervention duration, and risk of blas. As a resulr,
none of the preselected categorical variables were moderapors that
caused heterogeneity in effect sizes between trials. For example, activity



Section C: Will the results help locally?

10. Are the benefits worth the Yes HINT: Consider
harms and costs? e even if this is not addressed by the
Can’t Tell review, what do you think?

No

“When her humans arrive home, she goes quickly fo welcome tham, Whan they walk arcund, she
foflowes, When she i3 pet, she expresses happiness”

But that's nat all she does. She sneegzes, scratches, and roams the home easily, and even
investigates suspricious objects, Tha robot also beatboges, darces, and even poses for pictures

#M}.‘Hﬂ:_ & HE:H ), she 15 vary afiordable, especially considering she can stay with the family
farever

Leana usesvision, IBtening and haptic perceplion o engags with che world aradnd Rer making
her very responsie t2 har environment
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Section C: Will the results help locally?

10. Are the benefits w

harms and costs?
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Section C: Will the results help locally?

10. Are the benefits worth the
harms and costs?
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1. Did the review address aclearly focused question? PCOS %
2. Did the authors look for the right type of papers? Yes #ARCT
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4. Did the review’s authors do enough to assess quality of the Yes BT
included studies?
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