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ABSTRACT

Objective To evaluate the impact of sharing electronic
health records (EHRs) with patients and map it across
six domains of quality of care (ie, patient-centredness,
effectiveness, efficiency, timeliness, equity and safety).
Design Systematic review and meta-analysis.

Data sources CINAHL, Cochrane, Embase, HMIC,
Medline/PubMed and PsycINFO, from 1997 to 2017.
Eligibility criteria Randomised trials focusing on adult
subjects, testing an intervention consisting of sharing
EHRs with patients, and with an outcome in one of the
six domains of quality of care.

Data analysis The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines were
followed. Title and abstract screening were performed

by two pairs of investigators and assessed using the
Cochrane Risk of Bias Tool. For each domain, a narrative
synthesis of the results was performed, and significant
differences in results between low risk and high/

unclear risk of bias studies were tested (t-test, p<0.05).
Continuous outcomes evaluated in four studies or more
(glycated haemoglobin (HbA1c), systolic blood pressure
(SBP) and diastolic blood pressure (DBP)) were pooled as
weighted mean difference (WMD) using random effects
meta-analysis. Sensitivity analyses were performed for
low risk of bias studies, and long-term interventions only
(lasting more than 12 months).

Results Twenty studies were included (17387
participants). The domain most frequently assessed was
effectiveness (n=14), and the least were timeliness

and equity (n=0). Inconsistent results were found for
patient-centredness outcomes (e, satisfaction, activation,
self-efficacy, empowerment or health literacy), with
54.5% of the studies (n=6) demonstrating a beneficial
effect. Meta-analyses showed a beneficial effect in
effectiveness by reducing absolute values of HbA1c (unit:
%; WMD=-0.316; 95% Cl —0.540 to —0.093, p=0.005,
12=0%), which remained significant in the sensitivity
analyses for low risk of bias studies (WMD= —0.405;
95% Cl —0.711 to —0.099), and long-term interventions
only (WMD=-0.272; 95% Cl —0.482 to —0.062). A
significant reduction of absolute values of SBP (unit: mm
Hg) was found but lost in sensitivity analysis for studies
with low risk of bias (WMD= —1.375; 95% Cl —2.791 to
0.041). No significant effect was found for DBP (unit: mm
Hg; WMD=-0.918; 95% Cl —2.078 t0 0.242, p=0.121,
1>=0%). Concerning efficiency, most studies (80%,

n=4) found either a reduction of healthcare usage or

no change. A beneficial effect was observed in a range
of safety outcomes (ie, general adherence, medication
safety), but not in medication adherence. The proportion
of studies reporting a beneficial effect did not differ
between low risk and high/unclear risk studies, for the
domains evaluated.

Discussion Our analysis supports that sharing EHRs
with patients is effective in reducing HbA1c levels, a
major predictor of mortality in type 2 diabetes (mean
decrease of —0.405, unit: %) and could improve patient
safety. More studies are necessary to enhance meta-
analytical power and assess the impact in other domains
of care.

Protocol registration http://www.crd.york.ac.uk/
PROSPERO (CRD42017070092).

INTRODUCTION
Providing patients with access to elec-
tronic health records (EHRs) may improve
quality of care by providing patients with
their personal health information, and
involving them as key stakeholders in
the self-management of their health and
disease.! With the widespread use of these
digital solutions, there is a growing need
to evaluate their impact, in order to better
understand their risks and benefits, and
to inform health policies that are both
patient-centred and evidence-based.
According to the Institute of Medicine
(IOM), there are six domains of health-
care quality: patient-centredness, effec-
tiveness, efficiency, safety, timeliness and
equity.” Patient-centred care is based on
the provision of services that respect
and respond to individual patients’ pref-
erences and needs, and incorporates
these aspects in clinical decisions and
processes.”* Effective healthcare services
result ultimately in measurable improve-
ments in health outcomes,”* while ensuring
the prevention of errors and adverse
effects, ie, ensuring patient safety.” Other
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dimensions of quality care delivery include minimising
waste of resources (ie, efficiency), minimising delays
in the provision of care (ie, timeliness) and avoiding
differences in the provision of services to all groups of
healthcare users (ie, equity).”

Despite the claims on the theorised benefits of
providing patients with access to EHRs, there is still
a considerable lack of evidence of their demonstrated
impact. Though evidence suggests that these interven-
tions improve patient satisfaction and communica-
tion® ® no clear benefits were found on effectiveness.’
Previous studies’ ® were also unable to find a beneficial
effect on efficiency measures, such as number of face-
to-face visits and telephone appointments.

Five landmark reviews provided a comprehen-
sive characterisation of the literature published until
2013.° One of them’ included studies evaluating the
impact of both paper-based and electronic records, a
heterogeneity that challenges the identification of indi-
vidual benefits of the digital approach. The authors of
previous systematic reviews highlight the paucity of
published papers, and a tendency to include small and
methodologically less robust studies,’” with a high risk
of bias.” In fact, only one systematic review specifically
including randomised trials was published in 2012,
having found only two studies investigating the impact
on effectiveness.” Recent discussions around patients’
rights and data ownership have acted as strong drivers
to allocate resources to interventions capitalising on
EHRs with patient access.'’ Therefore, it is plausible
that the more recent literature has provided new
evidence to shed light on this subject.

This work builds on the previous landmark reviews,
and aims to capture recent, highest quality evidence
(ie, randomised trials) in order to clarify the impact of
providing patients access to EHRs. The main objective
of this systematic review was to assess the impact of
these interventions on the six dimensions of quality
of care.

METHODS

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines'' were followed in
conducting this systematic review (online supplemen-
tary file 1). The study protocol was registered with
the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42017070092) and is
available as an open access paper.'” Any differences
between the protocol and review are described in
online supplementary file 2.

Search strategy

A systematic search of the literature published between
1997 and 2017 was performed on Current Index to
Nursing and Allied Health Literature (CINAHL),
Cochrane, Embase, Health Management and Policy
Database (HMIC), Medline/PubMed and PsycINFO,
using free terms and controlled vocabulary, whenever

supported.'? The reference lists of relevant articles
(including systematic reviews), and grey literature
(including PROSPERO, reports of relevant stakeholder
organisations (NHS Digital, AMIA, eHealth at WHO,
International Society for Telemedicine and eHealth),
and conference proceedings (last 5 years) of related
conferences (American Medical Informatics Associa-
tion, MedInfo, Medicine 2.0, Medicine X)) were also
screened.

Study selection criteria

We included randomised trials only (see online supple-
mentary file 2) that met the following criteria: (1)
Focused on adults subjects (eg, patients, carers). (2)
Included an intervention consisting of sharing EHRs
with patients (either isolated or as part of a multicom-
ponent intervention, that could include the identifi-
cation of discrepancies in records, messaging systems,
access to educational material, or other). (3) Had an
outcome evaluating at least one of the six domains
of quality of care. Studies were excluded if they (1)
Included participants aged 16 years and under. (2) Had
an intervention consisting of health reminders only. (3)
Only reported cognitive outcomes (eg, intent) or other
subjective measures only (eg, subjective perception
of health and/or well-being). The detailed screening
strategy is described in the study protocol.'?

Data extraction

One investigator extracted information from the
included studies into a standardised computer-based
spreadsheet, which was reviewed by a second investi-
gator for consistency. The data collected for each study
included: name of the first author, year of publication,
number of participants, participants’ characteristics
and setting, date of the intervention, study duration,
study design, intervention characteristics, domain of
healthcare quality assessed, main outcomes (specifying
if primary or secondary), effect size (means (SD) or
% for every group, whenever possible; or difference
between groups, if the only information available),
statistical significance, overall quality score.

Risk of bias assessment

Risk of bias was evaluated using the Cochrane Risk
of Bias Tool."” Two investigators reviewed all eligible
studies in order to appraise their risk of bias (ALN, LF;
ALN, LL). A third investigator resolved disagreements
(LL, LF). A study was considered as ‘overall low risk’
if scoring low risk for at least 50% of the criteria eval-
uated; otherwise, the study was considered having an
‘overall high/unclear risk’.

Data synthesis and meta-analysis

A narrative synthesis of results was performed by
domain of quality of care (IOM framework).” For the
meta-analysis, continuous outcomes representing the
same variable and reported in at least four studies were
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pooled using random effects. This was the case for
HbA1c (reported as the percentage of glycated haemo-
globin over the total, %), and for systolic and dias-
tolic blood pressure (SBP and DBP, respectively; both
reported in mm Hg). All effect sizes are shown as abso-
lute difference in means (DM) (weighted mean differ-
ence (WMD)) and classified as negative when in favour
of the intervention, and positive when in favour of the
control. Heterogeneity was assessed using I* (<300%:
low; 30%-60%: moderate; 60%-90%: substantial;
>90%: considerable)."’. The presence of publication
bias was evaluated by a funnel plot. Comprehensive
meta-analysis V.2.3. was used for statistical analysis.

Sensitivity analysis and subgroup analysis

For each domain of quality, we described the propor-
tion of studies showing beneficial effects in both ‘low
risk” and ‘unclear/high risk of bias’ groups. Sensitivity
analyses were conducted, excluding high/unclear risk
of bias studies (for HbAlc and SBP), and short-term
interventions (lasting less than 12 months) for HbAlc.
Further information is provided in online supplemen-
tary file 2.

Patient and public involvement

Our research question emerged from the implemen-
tation evaluation of the Care Information Exchange
(https://www.careinformationexchange-nwl.nhs.
uk/), a porta/EHR with patient access available to

Pubmed
(n=2,000)
Title and abstract
screening (n=6,5%94)

Cochrane

(n=105)

2.4 million people in North-West London. Lay part-
ners will be involved in summarising the research find-
ings into lay summaries and reports.

RESULTS

The database search retrieved 6594 citations (figure 1).
Titles and abstracts were screened, and 1698 duplicates
were excluded, as well as 4801 articles that did not
meet the inclusion criteria. After the full-text screening
of the remaining articles (n=95), 72 additional papers
did not meet inclusion criteria and were therefore
excluded. The kappa statistic measuring intercoder
agreement in title and abstract screening was 0.40 (fair
agreement). Screening of reference lists of systematic
reviews revealed 13 additional studies that met our
predefined criteria. A total of 36 papers was obtained,
which included 20 randomised trials (17 randomised
controlled trials (RCTs) and 3 cluster randomised trial
(CRTs)).

Description of included studies

The 20 included studies involved a total of 17387
participants (table 1). Publication year ranged from
1999 to 2013 and study duration varied between 3
months and 32 months. Participants included had a
range of health conditions, including type 2 diabetes
(n=7),"*?% heart failure (n=2),' ** arterial hyper-
tension (n=2),2 ** cancer (n=1),” type 1 diabetes

CINAHL EMBASE HMIC
@

1,698 duplicates excluded

! [ 4,801 articles excluded based on title / abstract

6,499 arlicles excluded ]

Full-text screening
(n=95)

Arlicles included after
full-text review (n=23)

[ 72 arficles excluded ]
13 articles included
Reference lists of systematic reviews (n=13)
Grey literature (n=0)

Subanalysis of
20 randomised frials

(included in this review)

[ RCT (n=17) ]
CRT (n=3)

Figure 1

Flow diagram of included studies. CRT, cluster randomised trial; RCT, randomised controlled trial.

Neves AL, et al. BMJ Qual Saf 2020;29:1019-1032. doi:10.1136/bmjgs-2019-010581

1021


https://dx.doi.org/10.1136/bmjqs-2019-010581
https://dx.doi.org/10.1136/bmjqs-2019-010581
https://www.careinformationexchange-nwl.nhs.uk/
https://www.careinformationexchange-nwl.nhs.uk/

tic

panuiuo)

(suonew|
182 J11dads ssaippe 0}
mHmwscm\_ pue suisduod

Adesayy sa1ua 03 syuaed

pabeinodus YHd ayi

UIYIIM S3X0q 1%) 331 pue
$3X0q 3L ‘UonedIpaul

JO S1D3Y3 BSIaApE pue
SIallleq duaLAYpe
Buipiebas suonsanb

UOleLIOUI JUBWILDI}
JUBLIND U S}NSaI 1U3d3)
pue aled aAjudA3Id
‘|01a1s9j0Yd-1q7 ‘2inssaid
poojq ‘asoan|b ‘sisi|

(UonewioUl dUBUIUIEW
yieay pue Aoisiy Ajiuse}
Hwqgns pue a1epdn o}

YHd © 01 ssadde ‘3l

UOIJUAAIR}U|

03 Ada1 o} wiopield) suonedipaw 03 ssa0y «  (L'7€:D0°69:l)  dnolb jouod aied anpdy (o182 Arewyid) £00Z  (8LLD79ZL)
wayshs Buibessall aindas < PI033I L3|eay paseq-qap < 0'%9 Apnis wie-z INZL  uoneyndod |elausn 04 e 1Dy 8002 ‘1ueID
MB3IND 0} Jabeuew a1ed
pue juedpiued sy} Joy
wioy Jejngey pue diydeid
ul eep asay} skejdsip
pue sdIAdP Hulio)uow
$92IN0S31 S3)EIP 3502n|b pue ainssaid
P3SBG-Gam J3y10 01 SYUIT < POO|q WOJj SUOISSIWSUBLY (182 figpuodas
S3|NPOW |[BUOI}EINPD 31U03[3 Sidadde YIYM dnoib pue Aiewid)
se13qeIp Pa|qeUa-GaN <« 3ISqAM 0} Sy o |013U0D BIB) plepuBlS INdZL p3jj0u0d (€G- “2S:)
washs Buibessaw 21N35 <« PIOI3I Y} EdY Paseq-gop <« VN Apnis wie-z NZL  Apood yum siusned VN 01 1Y ;600 ‘epuo4
ain|ie} peay
buipiebas uonewloul
Se [|9M Se 's}nsal 159}
pue ‘spiodas Alojeloge|
S90U [EIIUIP YIM dnoib (2102 A1BPUOI3S) (€D
pi0J3l [eJIpaW 0} SSAVY (118D %°0L) |02U0D d4RD piepURlS ain|iej 1eay vS:)
walshs buibessaw aIndas < PJod3I Yieay paseq-gap < 1'SL Apnis wie-z INZL  2lUoIyd yum sjusied 200¢ 101 1DY ,,700T "1sdule3
AW} Jano
sio1edipul f1ages Bunyels Juans yyjeay
juaned asn-uonesipaul pue ‘SUOIPUOD Y}eay (19301 01 Aonins
[e1auab Jo fejdsiq <« ‘saibiajje ‘sauipaw ised dno.b —iqnd Jeiausb) (€LTD
sabessaw pue 1USLIND 01 SS3Y (0°001:D |043U0D 31BD plepurlS (plo s1eak9<) '208:1) 6EL0T
fiajes UonedIPaly < Pl Yleay paseq-go < :0°001:1) 0°00L Apnis we-g N9  uonejndod [essusn 110¢-010¢ G0l 104 's9|1IydPsHYD
UOIJUAIIUI BY} jusuodwod (7)) [e103 (%) uosiiedwod uoneing (Punyes) UOIUBAIRIUI (O «N  3dAy Apnmas Jeak ‘loyiny
Jo spusuodwiod 19y1Q Bupieys-yH3 ,saies uoiudIRY pue ubisap Apms syueddipied jo a1eq

S3IpNis papnpul 3y} Jo SasuRIeIRY)

I 9|qel

-010581

2019

Neves AL, et al. BMJ Qual Saf 2020;29:1019-1032. doi:10.1136/bmjgs

1022



Systematic review

panuiuo)

13dUed Inoge
uofeWIoUl [BIBUSD
SpI0d3l [BIIPaW

U} Ul 0} payjul| 319m pasn
Swia) Inoge uoneue|dx3
SI3PUILBI UORIIPaW
pue juswiujoddy
sabessaw
UOIepUBWIWOd3]
Pas||euosIad

510198} Ys1l Jo s1able|

sjuawiuiodde

syualied 03 JUdS PaMaIA
uoljewIoMUl §O INOJULY
uolewopul

|esauab Jo [euosiad

<« U33MI3Q 92104D J0 ‘pIoda)
[B2IpaW Jo Arewiwns

3S01 pi0da)

< U3[eay Uaans yanoj

<
$10128} XS
€1 Jo Iydel} S3)aqeIp
<« 01 55300e Japinoid aled
< fiewnd pue juaneyd

suoljedIpau
puE ‘suofesiunwiw
‘sa1bI3|[e Jo S1sl| pue
‘SaLBLIWNS SIA dIUIP
'synsal 353} Alojeloge)

<
< (968D
'9'/8:71:9°9L:L1)
< 7'Es
(0692
< 7'89:1) £'89

PaIAPISUOD
3q ||IM | pUe |013U0d
usaMIaq Ssuostiedwod

Ajuo yiom siyy u|
19Indwod e elA Japio
BuiAien uj uorewloul
|eJauab pue euosiad 0}
SSDDY/ :(Z])Z UonusAIU|
(49Indwod e

uo uonewlojul [eiauab 03
SSeDY/ :(|])] UonUSAIRU|
dnoib

|0J3U0D 1) plepuels
Apnis wie-¢

dnoib

|0J3U0D B1BD plepuels
Apnis wie-z

PaIBPISUOD BIaM

9UO UOIUIAIS}UI pUB
[0J3u0 Ajuo “y10m SIy3 U
SUOIedIUNWWO)

gam ybnouyy palanijap
Juswabeuew aled
1spewleyd snid Bujuren
g3/ pue bunoyuow dg
awoy :(z[)z uonuaniau|
Kjuo bujures

S92IAISS g3 Jused
9In23s pue bupoyuow dg
[woy (L)l uonusAu|

(2482 A1BPUO23S)
N € swsaned Adessyolpey

(2482 Arewiiid)
sa19qelp
N9 7 adh yum syuaned

(0812

8LLT

L9L:11)

L661 GCS
(85D

€00¢ €52
—00¢ LS

/6661
104 .mw—._O—.

DY ,600Z N00Iq|oH

3yew pue suonedipaul 'SUOIPUOD Y[eay (96D dnoib (2482 M1epUOIaS (857D '197:2l
1j21 0} Mgy < WaLn MaIA 03 Ay <« -8°06:C1 ‘6 76:L1) |0J3U0D d4RD piepUelS pue Aewid) 6ST:LI) 800C
wa1shs Buibessaw 2IndaS < PI0aI Y1jeay paseq-gap <« 8'€6 Apnis wie-¢ Nzl siusied snisusnadAH N 8/ 1Dy HIEETo)
uoUAAIRUI DY} jusuodwod  (3:]) |e101 (%) uosnedwod uoneing (hu1as) uoluUdAIRIUI (') «N  3dAy Apms Jeak loyiny
}0 sjusuodwod 13Y10 Bupieys-yH3 ,seies uonudIRY pue ubisap Apnis sjuedpiyieqd jJo 91eq

UOIUIAIR}Y]

psnunuo) | s|qer

1023

Neves AL, et al. BMJ Qual Saf 2020;29:1019-1032. doi:10.1136/bmjqs-2019-010581



2
)
>

tic

panunuo)

|elSew [euonednpy <«
IS el Jabeuew

aled yum buibessap <
syuednled uopuaniBlul
0} 3|qe|iene Hoddns

SdDH pue

sjuaied Joj papiroid

SJUBWAINSEIW JO MBIA
Jengey pue [ed1ydeln

S921Aap buliojuOW

pue Buuien Jndwo) < 3500n|6 pue ainssaid (2122 figpuodas
sa13qelp poojq Joj peojdn anjea dnoib pue Arewid yioq)
uo bujuren Juawabeuew um aus 1awabeuew (694D |03U0D d4RD piepURlS sjualied salagelp 7 (9D zs:l)
-Jjos fep-yjeH <« -3182 Paseq-Gaf < 0L 6'SL Apmis wie-z Wzl adhyumsiuaned 7007 0l 124,500 ‘uoye\dN
$319qeIp UO
uoliewIojul [euoiedNpI <
poddns juswabeuew-j[as
pue foediye-4jas Joy sueyd
UOIE JO SUOIRIAURD) <
siabeuew
3sed pue syuatied
yroq Aq paisisibai aq S|nsal
ued elep aspIaxa pue 153} pue ‘sajou uepishyd
‘UONIINU ‘UONRIIPAN <« ‘SIBIUN0DUS [RIIUIP LM dnoib (0100 (9€D
syuaned Aq papeojdn YH3 211UB 01 SSaNDY o (908D |0J1U0d 31BD plepuels Arewid) s313qeip | 900¢ wl)
sbuipea as0on|b poojg < PIodal yieay pased-gap L'68) €°€8 fpnis wie-z NZL adfy yum syuaneq -500¢ 8L 104 46002 43111
Sple UoIsiap pue
[eLia1eu [eUOlBWLIOU]
JUBAJ[RI 0} SYUIT < (s91ep pue sanjea
e1ep yH3 uo 1591 Alojeloqe) Joud) dnoib
Paseq SUoiepUIWILIOII 10351y suaned ayy uj [013U0D B1ed plepuels (a182 Arewud) 600¢ (0szzd 7€ 10T
SODINIDS DAJUBADI] <€ S|IPIBP JUBADJI 0 SSDY VN Apnis wie-z N9l  uonejndod |e1ausn —800Z  :0S¢C:1) 005t 1Y )Y
S}NS3l 159} Pajend|d
yum syuaned 03 suafe
pUE SI9PUILWAI ANPIANY <
syusiied 0y
3|qissadde (synsal ugalold
siapinoid 1oy spiodal auun pue ‘aujunean
uonejndod Arewwns WinJ3s 0121s3|0yd
pue ‘s1s3) Alojeloge| ]V ulqojbowsey)
3NPIANO JO SIBPUILAI salioleloqe) dnoib (ate2 Aiepuorss
‘synsal Aiojeloge] yim 1uapuadapul woly synsa (0°001:3:0°001L:1) |013u0> 84€3 piepuels pue Arewid) salaqelp (716€::998¢€:) 5,010C
$199US MOJ} JO UOIIRIBUBD) <« Alojeloge| pasienus) « 0001l Apnis wie-z NZE  zadA yum sjuaned N 89¢/ 1Dy ‘ueyy|
UOIJUBAID)UI BY} jusuodwod  (3:]) |10} (%) uosuedwod uoneinqg (Bunyas) UOIJUSAIRUI () «N 3dAy Apms Jeak Joyny
}Jo spusuodwiod 19y10 Bupieys-yH3 ,saies uoiuIRY pue ubisap Apms sjueddiped Jo 9a1eq

UOIIUAAIU|

panunuo) | ajqel

-010581

2019

Neves AL, et al. BMJ Qual Saf 2020;29:1019-1032. doi:10.1136/bmjgs

1024



Systematic review

panunuo)

sdnoib
UO[UBAIBIUI PUB [013U0D

(suole uonewlojul

yyeay Aueubaid |elaush
01 SYUI| YIM Inq 33ISGam

9aWes ay} 0} ssexde

10} 31ISGOM UOJIBULIOM] paA1adal siuaned ‘a) (96:2
ey foueubaid pIOD3I Y1[BaY [EIRUBIUE (871D '6%9:) dnoub |013u0d 31Bd BADY (a1e2 Arewyid) 900¢ '16) 58002
[eauab 0} sy < 0} 553208 Paseq-GaM\ < 675 Apnis wie-z VN 91U AuIIe | —700¢ 61l 1Dy ‘Mmeys
A1eiq| uonewloul
{3jeay e ssade pue
slemaual uopdinsald
(lewa 3135 ein uenisiyd (uonusnRul
1134} YUIM UONBIIUNWILIO) < payull-4yH3 Jusiayip e
slesiajal (%€6v:D paniadal spuatied ‘al) (7240}
pue swuawujodde YH3 01 payul| 3|npoul %0°001:) dnoib [03U0D B1Ed BAIDY (2482 Arewinid) 1002 '197:1)
15Nba1 0} Ay« UORBJIPAW PIseg-GaM < %E YL fpmys wie-z ¥N  uonendod [e1ausn -500¢ LS 14D 210z 1addiuypds
UOeWIoM| [eUOREINPT < (e0LD dno.b (212 (65D
1je1s pue syuaned amed EH); |023U0> 3183 piepuelg Aiepuodas) ainjiey Si) 700
10} wa)shs buibessaly <« $S903e YH3 Paseq-Gap < 1'SL Apnis wie-z NZL 1esy Ylm siualied 1002 101 1DY 'ssoy
(uonesipaw
pue 13Ip ‘3sIDJax3)
UOIIRWIOU [eUONEINPT < SIUBWRINSeaW 3503n|6 dnoib (282 Arepuoas) (17D
1ye1s pue syuaned PoO|] U0 3peqpasy o (848 013U03 3183 pepuels sa19qeIp ¥00¢ )
10§ walshs buibessoly < SS302B YHI Paseq-gap < ‘G6°76:1) €706 Apmis uite-z Wzl zadh yum siuaned —00¢ €8 104 4,600 'uoisjey
suonedipauw jo Aejdsiq <
s|ang| 3503n|6 poojq
UO Yeqpas) awil-[edy «
auoyd ajiqow s1usned dnoib (202 Areusuid)
3y} 03 A12a.1p Juas anjeA |0J1U0d 3ied piepuels sjuaiied salaqelp 7 (€10 €L:)
uollewoju; [euonednpy < 1913W 350on|6 poojg <« N Apnis wie-z N € 3dAy yum susned 900C 9z 1Dy £,800 ‘uuind
pi0odal yyeay
3|qe|IeAR UOIIEWLIOUI |euosiad e peojumop
yyeay [eupniibuol pue UoJeWIoul Yieay (WN:D dnoib (YN
pue uopuanaid ‘ueid abeueuw 0} uopdo yym WNI) |013U03 31BJ plepuels (eu€2 A1ewyid) YN
SSOU|[oM PasIeuosiad < [eUod 1uaned paseq-gap <« G'89 Apnis wie-z Nzl  uonendod [elauan N v8€ 14D c210T 1plexyhbeN
uoIUAAIRUI DY} jusuodwod  (3:]) |10} (%) uosuedwod uoneing (humas) uoludAIR}UI () «N  3dAy Apms Jeak ‘loyiny
}0 sjusuodwod 1BY10 Bupieys-yH3 ,saies uonudIRY pue ubisap Apnis sjuednijied jo a1eq

uoinuaAiIalu|

psnuiuo) | sjqer

1025

Neves AL, et al. BMJ Qual Saf 2020;29:1019-1032. doi:10.1136/bmjqs-2019-010581



‘snyjow sa1aqelp 7 adAy ‘@z ‘el pajjoJiuod pasiwopuel ‘| )Y ‘piodal yeay [euosiad “YHd ‘3|qe|ieAe Jou uoiewlopul ¢\ ‘syruow ‘| ‘utgloldodi| Aususp
-MOJ 77 UOIIeSI|I13} OIHA Ul YA ‘uondafur wisds djwsejdoyhoenul ‘|| ‘dnolb uoiusaiRiu| | 'sjeuoissajold a1eayleay dIH ‘SpI0daI Yyesy dIuoida|s "YH3 ‘el pasiwopuel Jaisnp ‘1Y) ‘dnoib jo1uo) ) ‘ainssaid poolq dg

‘dn-moj|o} paajduod 1eyy Apnis yaea uj pasiwopuel syuaiied jo uopodoid ay) se paje|ndjed alam sajel UoRUSRY L

*Apn3s yoes 1o} pasiwopuel suedidiied Jo Jsqunu [elo) ,

salielp yjeay pue
‘Buydel) JuswaInseaul

uofesiunwu|
pue saibla|je uo

yyeay ‘buppayd uofrewojul ‘ssi| (2183 A1gpuodas
UOIPRIAIUI UoREdIpaU uonedIpaW pue wajgoid (8'sLD dnolb pue Arewd yioq) (t4740)
'S|eli9)ew [euoIRINP MBIA p|NOd SJUBlled < ‘8'19:) |0J1U0d vied piepuels uoisualiadAy v6l)
‘uonouny bubessapy 4H3 pased-gam < 6'lL Apmis wie-z AL Ylim sjualied VN 9% I D4 174 ‘1aubepm
JUBWIRA}
BuipieBa) uopewioul dnolb (e102 (zelD
S4DH pue swsied Jayio lesousb pue [euosisd 4 (6°€9'D ‘9°ES!) |013U03 318> piepuels A1epuodas) S 10 4A| el 12L00T
Uum uonesiunwiuwiod < 4H3 pased-gam < L'EL Apmis wie-z VN bulobiapun spuaneq 700¢ 1444 104 linL
Spi0da)
ulnsul pue ‘asipIexa
‘uonnu Arewwns
S[elajew [euoleINPd S913qeIp PasieuosIad
-3 pasijeuosiad < ¥2eqpas) [BNSIA YIM
SdJH Wouy Juawebeuew sanjen asodn|b poojq (218 Arepuodas
uonedIpawW pue AINPY o Jo peojdn dijewolny <« dnoib pue Arewid yioq)
SdDH YH3 03 ssa0e 9°06::0°¢6l |0J3U0> 3J€3 plepuels sluanjed sajaqelp ¢ 600 (€172 :20T) 0z€10C
yum Buibessow aulu) < [evod Jusiied paseq-gop < €16 Apnis wie-z NZL 9dAy yum swisned -800¢ Gly 1Dy ‘buey
uoUAAIRUI DY} jusuodwod  (3:]) |e101 (%) uosnedwod uoneing (hu1as) uoluUdAIRIUI (') «N  3dAy Apms Jeak loyiny
}0 sjusuodwod 13Y10 Bupieys-yH3 ,seies uonudIRY pue ubisap Apnis sjuedpiyied jJo 91e(

uoinuaAIalu|

panunuo) | ajqel

2
£
>
)
S
-

-010581

2019

Neves AL, et al. BMJ Qual Saf 2020;29:1019-1032. doi:10.1136/bmjgs

1026



Systematic review

c
S -
B c B
Q - o] o
2 & = ©
[

o E 5 o £
] o Q £ G 2
c bl ‘0 o o £
o Q = 3] = £
=] ¢ o ] o 2
o & a 5. ° 2

-_ - 2 (3
c 5 %0 90 o o
£ = oS of G >
° o c§5 c£=2 £ 5
E O Tea To o @
o] 2 <£o £g Q ®
[ < @wQ @0 £ P2

chrischilles EA, 2013 [

Earnest MA, 2004
Fonda SJ, 2009
Grant RW, 2008
Green BB, 2008
Holbrook A, 2009
JonesR, 1999
Khan S, 2010

Krist AH, 2012
McCarrier KP, 2009
McMahon GT, 2005
Nagykaldi Z, 2012
Quinn CC, 2008
Ralston JD, 2009
Ross SE, 2004
Schnipper JL, 2012
Shaw E, 2008

Tang PC, 2013

Tuil WS, 2007
Wagner PJ, 2012

Figure 2 Risk of bias assessment cells were colour-coded in orange for
high risk of bias, in green for low risk of bias and in grey if risk of bias was
unclear.

(n=1),% fertility issues (n=1)"" and pregnancy.”®

Five studies included service users in general, without
focusing on a specific health condition.?’™

Summary of risk of bias assessment

Overall, 50% of the studies included (n=10) were
considered good quality, scoring low risk in at least
half of the domains evaluated in the risk of bias assess-
ment (figure 2),15 18202223 262283032 'Eoyp studies stood
out with an overall low risk of bias for most of the
domains evaluated.” 2° %7 Due to the nature of the
intervention, most studies scored a high risk of bias
regarding blinding of participants and personnel; one
study showed unclear risk.** Blinding of the outcome
assessment also showed a high risk of bias in several
studies. 14 1721222426 28 293132 O 1 three studies’S 202

provided information on trial protocol registration.

Interventions and retention rates

Although all interventions provided participants with
web-based access to EHRs, the content made available
varied greatly (table 1). Content available to partici-
pants included access to previous medical history and
risk factors, !5 202425 28 2931 et voqieg 1416719 21 26 31-33
medication lists,® >*3° 3133 Jist of allergies,”® ** current
health conditions,” 3! and clinical encounters and

physician notes.”® *! One study specifically mentioned
the existence of a functionality to download EHR
data.’! In all studies, the patient access to EHRs was
part of a complex intervention with other compo-
nents. Intervention components included educa-
tional materials,'* 18720 22 24726 28 3052 geperation of
personalised action plans/messages,” ¢ 3! 3% self-
management training,'” and medication and appoint-
ment reminders.” ' Twelve studies included secure
messaging systems,'* 17 20724 27 29531 33 Tyo grudies
provided incentives (either financial,”” or use of the
portal after the study),** and one explicitly mentioned
that no incentives were provided.'® Retention rates
were calculated as the proportion of randomised
patients in each study that completed follow-up.
Three studies did not provide enough information
to adequately calculate retention rates (total and per
arm)."* '? 32 Among the other studies, only one”® had a
retention rate below 60%.

Comparisons

In most studies, the comparator was usual care (ie,
no patient access to EHRs), #2224 26 27293132 1y three
studies, the comparisons were active controls.”* %% Two
studies comprised three arms,* *° which are described
in further detail in table 1.

Outcomes

Most papers assessed outcomes covering more than
one domain (median=2). The domain most frequently
assessed was effectiveness (n=14), and the least
frequently evaluated were timeliness and equity (n=0).
Patient-centredness, safety and efficiency were evalu-
ated, respectively, in 11, 4 and 5 studies. A detailed
overview of the outcomes evaluated is provided in
online supplementary file 3.

Patient-centredness

Eleven studies evaluated the impact of sharing EHRs
with patients on patient-centredness, including
CRTs**%°%! and eight RCTs."" 2 %72 While six studies
found a beneficial impact in at least one patient-
centredness outcome,?’ ##72¢ 3% 3! it is important to
note that the exact measure of patient-centredness
varied considerably across studies. Although patient
satisfaction improved in two studies?® ** (46% vs 409,
p=0.04%and 27.7% vs 24.5%, p<0.0001, respec-
tively), two other failed to show a significant effect.”**’
One study®! showed an increase in patient activation,
as measured by the Patient Activation Measure** (47 vs
45, p=0.0014), but these results were not replicated
in a similar study.** Self-efficacy scores improved in
one study?® using the Diabetes Empowerment Scale®
(+0.14 vs —0.16, p=0.04), but no differences were
found in two other studies”* *” using the Kansas City
Cardiomyopathy Questionnaire (KCCQ) and the
General Self-Efficacy Scale.*® Patient empowerment
was accessed by the Patient Empowerment Scale®” in
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two studies”' ** but a significant improvement in mean
scores was found only in one (41.2 vs 40.1, p=0.019).**
Three studies evaluated health literacy (ie, patients
acknowledging to have learnt something new)," * 2
but only one found the intervention to be beneficial
(96% vs 74%, p=0.02). Six out of 11 studies (54.5%)
scored an overall low risk of bias. The proportion of
studies showing a significant positive effect for at least
one of the outcomes evaluated was 50% in low risk of
bias studies, and 80% in the remaining studies.

Effectiveness
A total of 14 studies appraised the impact of providing
patients with access to EHRs on effectiveness, including
2 CRT3! and 12 RCTs, 1415 1772022232526 3233 o ot
of 14 studies (71.4%) demonstrated a positive impact
on effectiveness-related outcomes,'® 17720 2% 23 23 31 32
These studies evaluated the impact on a wide range of
health conditions, including depression and anxiety,”
heart failure,” cardiovascular risk (Framingham
Score),”’ obesity,”* ** smoking status,” adherence
to preventive services’' ** dyslipidaemia,'” 1% 20 24 33
diabetes'™ 1517202633 3 d hypertension, 15 171820232433
In one study using the Hospital Anxiety and Depres-
sion Scale,* patient access to EHRs did not change
patients’ depression scores, and patients in the general
computer information group were more anxious than
the ones accessing personal records (DM=+18%,
95%CI 3.7 to 26.5, p=0.001).” One study found a
dramatic improvement in symptom stability scores,
assessed by the KCCQ (DM:+17, 95%CI 9 to 29,
p<0.001).”* Two studies found an improvement in
LDL-cholesterol levels.'” ?° No significant changes
were observed on triglycerides,'” high-density lipo-
protein (HDL)-cholesterol,'” total cholesterol,'® body
weight,"® #* smoking status' or total cardiovascular
risk.”’ Adherence to preventive services improved
in the two studies evaluating this aspect® ** (ie, use
of low-dose aspirin (84.4% vs 67.6%, p<0.0001),
complete immunisation (95.5% vs 87.2%, p=0.044),
and uptake of cancer screening (increases ranging from
10.3% to +14.3%, all p<0.05)).While two studies
specifically evaluated adherence to pneumococcal
immunisation,®’ ** only one found a beneficial effect.’!
Seven out of 14 studies scored an overall low risk
of bias (50.0%). The proportion of studies showing a
positive effect was 85.7% in the low risk of bias group,
and 57.1% in the remaining studies.

Meta-analysis

Data from RCTs evaluating HbAlc and SBP were
pooled together, and the respective meta-analyses
performed. The six studies evaluating HbA1c!'"~20 263
comprised 950 participants, from which 894 completed
follow-ups. Meta-analyses showed a beneficial effect
in effectiveness by reducing HbAlc (unit, %; WMD=
—0.316;95% CI —0.540 to —0.093, p=0.005, I*=0%)
(figure 3), which remained significant in sensitivity

Study name Statistics for each study Absolute difference in
Difference Lower Upper means and 95% CI
inmeans  limit  limit
2 Grant, 2008 0100 -0.359 0.159 »
< McCarrier, 2009 -0.540 -1.286 0.206 —_
Ralston, 2009 -0.700 -1.219 -0.181 i
-Q Tang, 2013 -0.230 -0.529 0.069 E
I Quinn, 2009 0890 -1844 0064
McMahen, 2005 -0.400 -1.523 0723
-0.316 -0.540 -0.093 L 3
-2.00 -1.00 0.00 1.00 2.00
Favours Intervention Favours Control
Study name Statistics for each study Absolute difference in
Difference Lower Upper means and 95% Cl
a inmeans  limit  limit
o Ralston, 2009 -0.900 -9.606 7.806
[, Tang, 2013 -0.900 -2621 0.821 l
Green, 2008 -2.500 -5.099 0.099 —il—
McMahon, 2005 -3.000 -11.803 5.803
-1.416 -2.814 -0.018 ‘ L
-10.00 -5.00 0.00 5.00 10.00
Favours Intervention Favours Control
Study name Statistics for each study Absolute difference in
Difference Lower Upper means and 95% CI
a inmeans  limit  limit
o0 Ralston, 2009 -0.100 -3.994 3.794
o Tang, 2013 -0.800 -2.528 0.928
Green, 2008 -1.200 -2.952 0.552

McMahon, 2005 -1.000 -8.826 6.826

-0.918 -2.078 0.242
-10.00 -5.00 0.00 5.00 10.00

Favours Intervention Favours Control

Figure 3 Forest plots of effect sizes and 95% Cls representing the effect
of interventions providing patients access to EHRs in HbA1c, SBP and DBP,
using a random-effects model. The area of each square is proportional to
the study's size, and therefore to its weight in the meta-analysis. For each
study, Cls are represented by horizontal lines; a vertical line representing
no effect is also plotted. The meta-analysed measure of effect is plotted as
a diamond, the lateral points of which indicate Cls for this estimate. DBP,
diastolic blood pressure; EHRs, electronic health records; HbA1c, glycated
haemoglobin, SBP, systolic blood pressure.

analyses for low risk of bias studies (WMD= —0.405;
95%CI —0.711 to —0.099) (online supplementary
figure 1), and long-term interventions only (WMD=
—0.272; 95%CI —0.482 to —0.062) (online supple-
mentary figure 2). It is important to note that the study
showing a high risk of bias,"” was also the one showing
the smallest study sample. The funnel plot indicates
asymmetry (online supplementary figure 3), suggesting
potential publication bias.

The four studies evaluating the impact on blood
pressure’” ' 2 2 (comprising 1308 participants, of
which 1021 completed follow-ups) were pooled in
a meta-analysis, and showed a significant beneficial
effect in SBP (unit: mm Hg; WMD=-1.416; 95%
CI —2.814 to —0.018, p=0.047, [*=0%) (figure 3).
However, significance was lost after removing the
high/unclear risk of bias study'’ (WMD=-1.375;
95%CI —2.791 to 0.041) (online supplementary
figure 1). No significant effect was found in DBP in the
meta-analysis (unit: mm Hg; WMD=-0.918; 95% CI
—2.078 to 0.242, p=0.121, *=0%) (figure 3), nor in
the sensitivity analysis for low risk of bias studies only
(WMD=-0.916; 95%CI —2.089 to 0.257) (online
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supplementary figure 1). The funnel plots appear
symmetrical for SBP and DBP (online supplementary
figures 4 and 35), indicating a similar proportion of
studies in each direction of the effect size.

Safety

All studies' #**?%° showed a beneficial effect for at least
one of the outcomes evaluated (online supplementary
file 3). Two studies evaluated adherence, including
general adherence to medical regimens* (using the
General Adherence Scale from the Medical Outcomes
Study (MOS)*’ and medication adherence.”? *
General adherence (MOS Scores) improved with the
intervention®* (+2.3, 95% CI —3.7 to 8.3, p=0.01),
but no significant changes were found in adherence to
medication.”**’ A beneficial effect was observed in all
studies evaluating medication safety,” % * including a
higher likelihood of reporting discrepancies (53% vs
24%, p<0.01),” to change medications™ ** (88.3% vs
67.2%, p<0.01; and 84% vs 23%, p=0.002, respec-
tively), and a resulting slightly lower proportion of
patients with medication discrepancies (29% vs 30%,
p=0.01).’° Two out of four studies scored an overall
low risk of bias, and the proportion of studies showing
a positive effect was the same in both risk groups
(100.0%).

Efficiency

The impact of providing patients with access to EHRs
was assessed in five studies.'® '* 22 2*3! Ag less than four
studies assessed the same construct, meta-analysis was
not performed, and a descriptive analysis is provided.
Number of hospitalisations per subject was lower in
one study (0.17 vs 0.20, p=0.01)," while total number
remained unchanged in another (22 vs 21, p=1.00).*
Length of stay (in days) did not change in two studies
(+0.2vs —0.3, and 0.42 vs 0.34, respectively),'® ** but
was shorter in another (0.99 vs 1.1, p<0.01)." In
the three studies evaluating the number of emergency
visits, total numbers were either reduced,'® increased*
or remained unchanged.”* Number of primary care
visits was lower in one study (2.9 vs 4.3, p<0.0001),*"
but no changes were observed in another (0.0 vs
-0.2)." Two out of five studies scored an overall low
risk of bias, and the proportion of studies showing a
positive effect was 50.0% and 66.7% in low-risk and
high/unclear-risk groups, respectively.

Timeliness and equity

While none of the studies assessed either timeliness or
equity as primary outcome, three studies®! * ** eval-
uated the predictors of usage of EHRs by patients.
Earnest et al*' did not find any associations between
usage and race, symptom scores or number of visits;
two studies found significant associations between
usage and higher education,’® number of illnesses,*
younger age,”* clinic attended by the patient*

self-reported computer skills,”* and higher number of
internet-use items.**

DISCUSSION

Key findings in context of published literature

This work systematically appraised the impact of EHRs
with patient access across the six domains of quality
of care as defined by the IOM:? patient-centredness,
effectiveness, efficiency, safety, timeliness and equity.

Regarding patient-centredness, results were incon-
sistent. More than half of the studies included in this
domain showed a significant positive effect for at least
one outcome, but no clear effect was found for specific
outcomes, such as patient satisfaction, patient activa-
tion, self-efficacy, patient empowerment or health
literacy. These results are line with previous studies® ©*
that found mixed evidence about the impact in patient-
centred outcomes. While providing patients access to
EHRs is envisaged as a key strategy to deliver patient-
centred care, the diversity of outcomes evaluated, and
scales and tools used, hinders pooling of results and
the use of meta-analytical approaches. It is critical,
therefore, to identify and standardise measures and
constructs to evaluate patient-centredness, to allow the
application of meta-analytical methods in this domain.

A few studies included showed a positive impact
in effectiveness in a range of outcomes (ie, anxiety,
cardiac symptoms, LDL-cholesterol), but no signif-
icant improvements were found for triglycerides,
HDL-cholesterol, total cholesterol, body weight,
smoking status or total cardiovascular risk. Two addi-
tional studies not captured by our search also suggest
that providing patients access to EHRs may improve
glaucoma control*’ and quality of life in patients with
asthma.*! A positive effect was also found in adher-
ence to several preventive services (ie, use of low-
dose aspirin, cancer screening), an approach that
can be particularly relevant in the context of cancer
screening, where higher expected adherence rates
have the potential to reduce cancer incidence and
mortality.** However, the number of studies published
per outcome is limited, and further research is needed
to increase meta-analytical power and explore the size
and impact of the potential effect in specific health
conditions.

Our meta-analysis showed a beneficial effect on
HbAlc reduction, which remained significant after
removing low/unclear-risk studies, or studies in which
the intervention lasted less than 12 months. In 2013,
Goldzweig et al identified several examples of improved
outcomes for patients with chronic diseases (including
hypertension and diabetes).® In 2012, Ammenw-
erth et al’ performed a systematic review of studies
published between 1990 and 2011 and concluded that
there was insufficient evidence to document a bene-
ficial effect in effectiveness in patients with access
to EHRs. However, by then only two studies (out
of the four included in the review) investigated the
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effect on health outcomes. Our meta-analysis demon-
strates a mean reduction in absolute values of HbAlc
of 0.316% (95% CI —0.540% to —0.093%), with a
low heterogeneity (I*=0.0) reflecting the specificity
of our inclusion criteria. These results have important
clinical implications, since an absolute reduction of
1 point on HbAlc levels (expressed in the same unit
considered in our meta-analysis) is associated with
a significant reduction of deaths related to diabetes
(—21%), myocardial infarction (—14%) and microvas-
cular complications (—37%).* Visual inspection of the
funnel plot suggests a potential publication bias, with
studies with a lower precision (higher SE) reporting a
greater beneficial effect. However, the meta-analysed
effect remained significant after removing the study
that stood out with a smallest sample size."”

Although our meta-analysis found a beneficial effect
in SBR statistical significance was lost in sensitivity
analysis for low risk of bias studies only; no significant
effect was found in DBP. It must be noted, however,
that the number of studies included is low, and further
evidence is needed to establish robust conclusions.

For the efficiency domain, most studies included
found either no change, or a reduction of healthcare
usage (in primary care visits,”' or inpatient or emer-
gency contacts).'® Ammenwerth et al,” have also previ-
ously suggested a significant reduction in office visit
rates. Further studies are required to clarify the impact
on this dimension and pave the way to meta-analytical
approaches that can provide further insights on the
effect size in the various dimensions of healthcare
usage.

Our work suggests that the intervention improves
general adherence, but not medication adherence—
however, a strong body of evidence showed a posi-
tive effect in medication safety. A previous study has
suggested that patients find this approach valuable,
and reported either unchanged or improved rela-
tionships with their clinician when using it.** Further
studies should further explore patients’ willingness
and ability to report errors in their records, and also
which specific groups are most likely to benefit. These
results are in line with the findings of Mould et al,
de Lusignan et al and Ammenwerth et al, who previ-
ously suggested that these digital solutions positively
impacted patient safety.®””

Finally, we found no studies specifically focusing on
the impact on timeliness or equity. Uptake of portals
may differ by patient-specific factors, with lower use by
racial and ethnic minorities, patients with lower educa-
tion level or literacy, thus leading to digital-led health
inequities.® Davis Giardina et al’ reported that, up to
2012, no studies had assessed any of these domains.
Eight years later, these aspects remain unexplored.

Strengths and limitations
Five landmark reviews have been published to date
evaluating the impact of EHRs with patient access

on different aspects of quality of care.”” Only one
systematic review had focused on randomised trials,
having found two studies investigating the impact on
effectiveness.”

Our systematic review included studies published
between 1997 and 2017 and retrieved a total of 20
randomised trials. This study has several strengths: a
predefined, openly available protocol was followed'?
(with any changes described in online supplemen-
tary file 2); only randomised trials were included;
focused exclusively on EHRs; and impact was assessed
in all domains of quality of care, with meta-analysis
performed whenever possible.

Only half of the studies included had an overall low
risk of bias score. A possible approach to improve
blinding in web-based interventions, or to test the
impact of specific components, could be using A/B
testing, a technique used for website optimisation that
compares variation against a standard experience, and
determines which variant is more effective.*

CONCLUSION

Our results suggest that providing patients with access
to EHRs can improve patient safety and effectiveness.
More methodologically robust studies are necessary
to increase the strength of these conclusions, and to
enhance meta-analytical power. For EHRs with patient
access to be broadly used, it is important to focus on
interventions that enhance adoption and measure
usage, and issues of equity in both aspects need to be
addressed by policy makers when implementing such
programmes.*®
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