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Abstract

Aims/hypothesis Paediatric population screening for type 1 diabetes is emerging internationally. It is critically important
to understand the acceptability of screening to inform these initiatives. In this systematic review, we aimed to assess the
psychosocial impact, acceptability and ethics of screening for paediatric type 1 diabetes.

Methods We searched MEDLINE, EMBASE, APA Psyclnfo, ASSIA, CINAHL, Web of Science, Scopus, and included quan-
titative, mixed methods and qualitative articles until 25 November 2025. We assessed the emotional, cognitive and behavioural
implications, acceptability or ethics of type 1 diabetes early detection for parents and/or children. We used the mixed methods
appraisal tool and critical appraisal skills checklists for quality assessment. We performed a mixed methods evidence synthesis,
identifying key themes from qualitative data and merging with quantitative data to generate meta-inferences.

Results Seventy articles (12 qualitative, 57 quantitative and one mixed methods) involving 62,244 parents and 6363 children
aged <18 years were included. Seven articles (10.0%) met all quality criteria (high quality), 43 (61.4%) met 60-80% of criteria
(moderate quality) and 20 (28.6%) met <50% of criteria (low quality). We generated five themes and 19 sub-themes. Identifica-
tion of early-stage type 1 diabetes generated anxiety, which waned over time but could recur. Overall, parents who opted into
an early detection research programme valued knowing their child’s risk and perceived benefits to outweigh harms, although
paediatric blood sampling was considered challenging. Research ethics of screening centred on joint decision making accord-
ing to the child’s age, right to results disclosure and importance of data integrity. We synthesised a large pool of heterogenous
studies, reflecting how understanding of early disease has evolved, but likely influencing the acceptability of screening.
Conclusions/interpretation This, the most comprehensive review of the literature to date, demonstrates that despite the emo-
tional, cognitive and behavioural implications, thus far, screening and early detection of paediatric type 1 diabetes appears
to be acceptable to parents/guardians who take part but critical evidence gaps remain.
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What is already known about this subject?

e  Previous studies have predominantly assessed the emotional impact of screening and demonstrated that parental
anxiety follows a screen-positive result; this anxiety wanes but can recur or persist, particularly for mothers with a

multiple-antibody-positive child
What is the key question?

e  What are the emotional, cognitive and behavioural impacts of paediatric diabetes screening on parents and the

child, and is this screening acceptable?

What are the new findings?

e There s a clear psychosocial impact for parents/guardians following diagnosis of early-stage paediatric type 1

diabetes

e  Thusfar, there are early indicators of acceptability, as parents perceive the benefits of early detection to outweigh

potential harms

e To date, no significant research ethics concerns have been raised

How might this impact on clinical practice in the foreseeable future?

e Despite clear psychosocial impact of diagnosing early-stage type 1 diabetes, early indicators of parental
acceptability for population screening are positive. The remaining critical research gaps require qualitative work to
expand our understanding of the acceptability of general population autoantibody screening and to understand
the impact of screening on children. These will be addressed in EDENT1FI, a European general population

screening research programme

PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

SAI State anxiety inventory

TFA Theoretical framework of acceptability

Introduction

Type 1 diabetes is an autoimmune disease caused by destruc-
tion of insulin-producing beta cells, leading to lifelong
insulin dependence [1]. The key approaches to identifying
early-stage type 1 diabetes include genetic and islet-specific
autoantibody (Aab) testing [2]. Genetic testing identifies
high-risk individuals who could benefit from serial Aab
monitoring. Aab testing identifies children with early-stage
disease months to decades prior to insulin requirement (stage
3) [3].

Clinical benefits of early detection include an up to
fivefold reduction in diabetic ketoacidosis (DKA) [4, 5], a
milder clinical phenotype at presentation [6], and access
to trials and therapies to delay progression [7]. However,
psychosocial and ethical issues surround the identification
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of presymptomatic paediatric conditions [8, 9]. Reviews
show that parental anxiety, which follows high-risk noti-
fication for type 1 diabetes, generally wanes but so does
accurate risk perception [10—12]. There has not been a
systematic review in this area, nor formal synthesis of the
acceptability, ethics or qualitative data around the impacts
of screening. New studies of general population Aab
screening [4, 13] are generating high-quality data regard-
ing psychosocial implications and as our understanding
has evolved [3], progression rates conveyed to families
have improved from 1 in 16 likelihood [14] to current near
lifetime certainty of type 1 diabetes [4]. These studies are
underway worldwide, with significantly more programmes
planned and Italy becoming the first country to mandate
population screening [15]. One of the largest of these
research initiatives is the ongoing European EDENT1FI
programme (grant no. 101132379, https://www.edent1fi.
eu/), an encompassing study investigating the feasibility,
acceptability and long-term impacts of general popula-
tion Aab screening via quantitative and qualitative meth-
ods. Synthesising evidence on screening impacts from the
parent and child’s perspectives is crucial to inform these
initiatives.

This is the first systematic review in this field and col-
lates three decades of evidence surrounding the emotional,
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cognitive and behavioural impacts of early detection of
paediatric type 1 diabetes, including overall acceptability
and consideration of research ethics.

Methods

The protocol was registered with PROSPERO (https://
www.crd.york.ac.uk/PROSPERO/view/CRD4202456
6937) and follows Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) reporting
guidelines. There were no deviations from the PROSPERO
registered protocol.

Search strategy

We searched seven databases (MEDLINE [OVID],
EMBASE [OVID], Web of Science, American Psychologi-
cal Association [APA] PsycInfo, Applied Social Sciences
Index and Abstracts [ASSIA], Cumulative Index to Nursing
and Allied Health Literature [CINAHL] and Scopus) until
25 November 2025. Search terms were refined following
iterative scoping searches. We used a variety of medical
subject headings (MeSH) and synonyms to identify studies
that screened children for type 1 diabetes (population), in the
context of a targeted (family members) or population screen-
ing programme or birth cohort study (interventions) and
assessed the experience, implications and/or acceptability
of screening (outcomes). There were no restrictions by lan-
guage, country or publication year. The primary search strat-
egy is included in electronic supplementary material (ESM
Methods). The secondary search strategy comprised forward
and backward searching of reference lists of included studies
and relevant reviews. To identify grey literature, we searched
the following open-access repositories: Health Management
Information Consortium (HMIC); Open Access Infrastruc-
ture for Research in Europe (OpenAIRE); and the Social
Science Research Network (SSRN).

Article selection

Citations were imported into Covidence and duplicates
removed. Titles and abstracts were screened independently
(LQ/DS) and disagreements resolved by discussion with a
moderator (OB). Reviewers applied pre-specified criteria to
determine eligibility (ESM Table 1). Two reviewers inde-
pendently extracted data (LQ/DS) into Microsoft Excel.
Inclusion criteria were defined by population, interven-
tion, comparator and outcomes (PICO). We included stud-
ies that tested children (aged <18 years) for type 1 diabetes
via genetic, Aab or combined approaches. Study designs
included prospective cohorts, observational, non-randomised
and cross-sectional, adopting quantitative, qualitative or

mixed methodologies. We assessed parent and/or children’s
emotional, cognitive, behavioural implications, acceptability
and research ethics considerations. Comparators comprised
unscreened or usual care cohorts.

Quality assessment

We used the Mixed Methods Appraisal Tool (MMAT) cor-
roborated by the Critical Appraisal Skills Programme check-
lists (CASP) for quality assessment [16, 17]. Two reviewers
performed quality assessments independently (LQ/DS) and
a third reviewer moderated (OB). Quality was designated
as high (>90% criteria met), moderate (50-90%) or low
(<50%). Findings from high and moderate quality studies
were prioritised. The MMAT question about appropriate-
ness of the psychosocial assessment tool used was modified
to give weighting to validated instruments.

Thematic synthesis and mixed methods
convergence

Study design and outcome heterogeneity precluded meta-
analysis. We performed inductive thematic synthesis using
the three-stage process described by Thomas and Harden
[18]. Stage 1 involved iterative, line-by-line coding in
Microsoft Excel of the primary qualitative results; this
included reading and re-reading articles to identify simi-
larities and differences and translate findings. Here, we
found the available evidence fitted into one of three cat-
egories: psychosocial impact; acceptability; and research
ethics. We (LQ/DS) then sub-classified the data items
into five distinct outcomes: emotional impact; cognitive
impact; behavioural impact; acceptability; and ethics.
Acceptability is a multi-faceted construct and we based
its definition on Sekhon et al’s theoretical framework of
acceptability (TFA) [19]. Aspects of the TFA identified
in the included articles were affective attitude, satisfac-
tion, burden, value, balance of benefit and harm, and
reasons for continuation or discontinuation. Constructs
of the TFA that were not identified included perceived
effectiveness, intervention coherence, opportunity costs
and self-efficacy. Data pertaining to ethics/ethicality of
screening centred on research ethics (i.e. consent, confi-
dentiality and results disclosure) as opposed to bioethical
models of whether screening is ethical or not.

Stage 2 involved development of descriptive themes,
which remained close to the primary articles’ findings. All
relevant extracts for each theme and sub-theme were collated
[20]. Themes were checked for distinctiveness and coher-
ence, and compared with the original data extractions.

Stage 3 involved generation of analytical themes to go
beyond the primary data (third-order evaluation) and pro-
vide novel interpretation of findings to identify potential
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Table 1 Summary of included studies

Approach to detection No. of articles Data Outcomes assessed

Genetic testing (genetic)
ABIS birth cohort 13 Quantitative/qualitative Emotion, cognition, acceptability, ethics
DAISY birth cohort 1 Quantitative Emotion
MOBA/MIDIA birth cohort 1 Quantitative Emotion
PANDA 5 Quantitative Emotion, cognition, behaviour
Frederlk 1 Quantitative Emotion
KEA 4 Quantitative/qualitative Emotion

Antibody population screening (Aab, general population)

ASK 1 Quantitative Emotion, cognition, acceptability
Frlda 2 Quantitative Emotion, cognition, acceptability
TypelScreen 1 Quantitative Emotion, cognition, acceptability
UNISCREEN 1 Quantitative Emotion, cognition, acceptability
Antibody testing (Aab)
T1Early Qualitative Emotion, cognition, behaviour, acceptability
Trialnet (FHx) 2 Quantitative Emotion, cognition, behaviour, acceptability
Other 7t Quantitative Emotion, cognition, behaviour, acceptability
Birth cohorts (combined genetic and antibody surveillance)
TEDDY 16 Quantitative Emotion, cognition, behaviour, acceptability
DIPIS 2 Quantitative Emotion
BABYDIAB (FHx) 1 Quantitative Emotion

Detection and prevention trial (genetic testing followed by intervention)

DIPP 2 Quantitative Emotion, acceptability

GPPAD 2 Quantitative Emotion, acceptability
Hypothetical

Other 5 Qualitative, mixed methods Acceptability, ethics

ELSA 3 Qualitative Acceptability, ethics

Outline of the screening study groups: genetic (n=25); antibody (Aab) (n=15); birth cohorts (n=19); detection and prevention trial (n=4); hypo-

thetical (n=8)

*Total n=71 because one study included data supporting Aab testing and another dataset supporting hypothetical views

FHx, participants having a family member with type 1 diabetes

new constructs. The themes and sub-themes were tabulated
with exemplar quotes (LQ; verified by OB/DS/RPD/FB).
To integrate the qualitative and quantitative results, we
performed an explanatory sequential design, first analys-
ing the qualitative data to identify themes and sub-themes
[21]. Then, we applied a statistics-by-theme approach to
the quantitative data, highlighting aspects of confirma-
tion, expansion or discordance. This involved highlighting
whether findings from the qualitative and quantitative data
were consistent and reached the same conclusion (confir-
mation), provided new insights and enabled greater under-
standing beyond the original data (expansion) or whether
data were conflicting indicating further research is needed
(discordance) [22]. This generated an overall direction of
effect and meta-inferences with conclusions drawn from
the combined data [23]. Supporting evidence was graded
according to adequacy, fit and quality. Finally, we report
on characteristics identified from the quantitative data (i.e.

@ Springer

demographic and clinical factors associated with psycho-
social impact).

Results

The database searches identified 17,978 potentially relevant
articles plus 23 articles from reference lists. Of these, 70
met the pre-specified inclusion criteria (Table 1 and ESM
Tables 2, 3), comprising 12 qualitative (17.1%), one mixed
methods (1.4%) and 57 quantitative articles (81.4%) (Fig. 1).
All articles were peer-reviewed and the studies conducted
in high-income countries (one Australia, one Belgium, two
Canada, two Finland, four Germany, one Israel, one Italy,
one the Netherlands, four New Zealand, one Norway, 15
Sweden, six UK, 14 USA, 16 multi-centre Europe and USA,
one multi-centre Europe, USA, Canada, Australia, New Zea-
land). No grey literature was identified.
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Fig. 1 PRISMA 2020 flow diagram. *Reference 62 had data pertaining to ‘Antibody testing’ and ‘Hypothetical' but is grouped in the ‘Antibody

Testing’ category here

Fifty-eight (82.9%) articles assessed parents’ views, five
(7.1%) children’s views and seven (10.0%) both. In total,
the articles included 62,244 parents and 6,363 children. The
quantitative and mixed methods studies involved 61,902
parents (highest number reported for the uncontrolled
cohorts/time series) and 6314 children aged <18 years, from
1997-2025. The 12 qualitative studies comprised 342 par-
ents and 49 children aged 5-12 years.

Of the quantitative articles, there were 19 uncontrolled
prospective cohort studies (>13 months), 18 uncontrolled
time series (<13 months) and 20 cross-sectional studies.
The median length of follow-up was 36 months for cohort
studies and 6 months for time series. The mixed methods
study included interviews (unpublished) informing a dis-
crete choice experimental (DCE) survey. Of the qualitative
articles, n=7 performed semi-structured interviews, n=2

@ Springer



Diabetologia

XHA Yim udIp[iyd jo sjuared sem uondoorod ¥zl 9102
YS1-y3S1y Jo 9eIndode Jo Jojo1paid 3sofuons oy,  YSINIIY ‘(¢1d) . ‘Seraqvip o1 sdvyiad
Arorerrdoxdde a]qudadsns aiou Svm 2y 1pyj U0}
(st ‘zh (A1oAnd110sap 10 A[[EOLIOWINU) UOHIRWLIONUT  -DIIpUl 21JaUad 40IpI1pul JO pury auios uondoorad
‘GE T ‘e1l (#:1) S ySIy-AeIpON QADISO  UONRWILUOD) YSLI oY) Jo SIS, oY) paf[eoar syuared ISOIN  ppy 2y asnpaaq 1oy juvaut 1snl 11 2w of YSLI 9JeINOOE [eNIU]
suonjeordwt aAnTus0))
Korxue/yireay ejudw prgrow-aid yim
s1oyjouwr pue syuared 9[3uls ‘[9A9] [RUOIIEONDI
¥+ ‘ct Iomo] Pim sjuared ‘sdnois oruyle Ayrrourwa
‘O °LE “9¢ SuIpN[OUT ‘UONESYNOU YSHI-YSTY SUIMOT[0f K30
“YE-1¢€ ‘6T Auo -IXUE pau)y31oy oouaradxa oym sdnoi3qns Kjarxue Im poje
‘STl erl @€l yS1y-mo| AR3ON aanenueng) o1ydeISowap po[eaAl SAIPMIS dANRINUENQ) -100SSE SONSLIOORIEYD)
[zl T10T ysmiioy]
“(Sd) Juawout 1 J03 8,2y pory Kut Yo,
[T0T ysinLod]
swoldwAs .1, JO 90ua3Iowa 1o “(9d) 3591 poojq 42y 40f anp s1 X SADS
g€ ‘1€ S)ISIA Suriojiuow punoie Aprernonied ‘sured IDY1 42112] 2Yy1 128 [ UIYM S1J1 ‘1, USI0P InoaI 10
‘6T vT €1l (€12 S ySy-o1eIdpoN oANE3ON  UOHRWIYUOD) -u09 FULITUI] [BUOISEID0 oULIAAXQ SjudIRd 11 101 D 1N0GD JYSNOoY) 125 J,USI0P 1], ys1s1ad Aewr Kjorxuy
uonedronred Juruaards woiy
douensseal 319 sjuared ‘Kjorxue [eniur aydsog [#2] 910 ystn1Idy (Ld) . ‘Surys
[e¥ uoneOyNou S}nsal -up 10 sN 03 2NSS1 UD UI2Qq J,USDY ]1
‘o ‘eg SUIMO[[O} SYIUOW Y} UT pauem AJOIXUER S UIP pup uo L4402 3snl am mou nq ‘91 £q
‘62—LT ‘vl (9:1) L ySy-91eI9poN OANISOd  UONRWIYUOD) -[yo pue (uorssaidop pue) AJoIXue [BJUdIR]  PIYOOYS J1G M D 24M M duil] Y] 1Y, Juem ued KJRIXuUy
syoom Sunse|
‘PAAT[-}I0YS AJ[ensn ST o0y [enrur 3yl inq (2] 910T Usnizoy]
[1v—t2 (uorssaidop pue) Ajarxue pasearour s uoned “(z1d) . omnd v fo 119 v o 2wt puas
Y1c1 vl (610 1¢C yS1y-mo| EINSLRRING uorsuedxq  -gnou s)[nsaI YSL-YSIY 0} UOTIOBAI 9JBIPOW] PIp 11 pasousvip spm ay uaym:-, Kyorxue [enmuy
suoneordwr feuonowy
(oAne)
-nuenb u : (90uBpI0ISIP
aane)enb 10 uorsuedxd
u) s9[onIe ‘uonewIyuod)
Joou BIRp
‘so[onIe aAneInuEenb
Suniod so[onIEe pue aAnelenb
SOUAIRYAI -dns jo Sunioddns  j09pe Jouon  udIMIaq AOUE (eyep 2anjRINUEND
Sunioddng Koenbopy Jo Ayrend)  -0a1Ip [[BIGAQ -p102u0) pue aanelfenb SuruIqUIOd) SAOUISJUI-BIIA LAlonb repdwoxyg QWAYI-qns pue JWAYJ,

synsaI urejy g d|qeL

pringer

AQs



Diabetologia

Y3Iy-mo]

(s:0) L ySy-areIopolN

YS1Y-9IeIopoN

PIXIN

EINt1HEING

EINIERRING

Auo

dAneInuen()

UOT)EUWLIJUOD)

uorsuedxyg

KoeImnooe YSII 10mM0]

pey sdnoi3 pajussardar-opun searoym ‘A10

-IXUR JOUSIY [)IM SISYIOW pue UONBOYISSE[O

s1-yS1y ‘syuared XH,{ Surpnpour ‘AoeInode

YSLI pasearour 9ouarddxa oym sdnoi3qns
oydeSowap pa[eaAal SaIpMs 2ARINUENQ)

01 pasn uey03 pue

pardodoe oq pinoys sniess YsLI Ay} J[of sjuared
19p[0 108
K9y se yireay poos s,pIIyd AQ pAINSSear orom
pue ([$¢] 910 UsmILy J1 11ogp 105.10f;)
s)[nsa1 ay) Inoqe ssa Jysnoy) syuared oy

JUBSW UOTJEOYTIOU SI[NST QOUIS QW) PISEAIOU]
uorewr)

-S219puN YsLI 0] SUIPEI[ souem AoBINdOR YSIY

AToYI] 210Ul JO SNOLIAS JIOW S PAId
-pISu0d A1) suoreIs Jo SIssauf[I renuajod
/SYS1I oAne[aI Jo dew & Uo snje)s YSII S9JqeIp
S,PIIYd 1oy Suneso] Juared 2y paajoaul jey)
$s9001d OTIrBUAD © SEM ST JO 9SUAS SUnyeIA
QuIn I9A0 A[[enplAlpul-enur pue sjyuared
u9aMm1aq paIayIp (1.1 Surdofoadp pryo 1oyy
Jo pooyr[ayI] paAredrad oy} pue Suruesw
Juonejardiojur s juared ay) “YsuI Jo so13op
Terruats Afpeoiq Surpesar syuared oyidsog
J[nsax ayy uo paoerd onfea
A} Aq paUTLIAIOP Sem UoNEeIRIdIAuI YSIY

[vel
910T YsIMIIdY ‘(8d) . PauLaou0d ss3j
103 2apy [ 42p]O 108 SDY Y SD “‘TIUPD

1snut [ pup aurf §30af1ad s1 2y uayj ing,

(2] T10T usmaIxy “(Sd) .J4ay1
1,ua.4p 31 128 03 U108 S1 2U0IUIOS "9

u1 2uo ay; o1 pasoddo sv 2oupyd )€

u1 2U0 Y1 Ul SPM 2y Ji 42112q Yonus
2q pInom j1 :Sppo siy 21 J,Uop |,

[zl 110T ustuIay “(vd)

‘Ka10om 01 paau KJpad . u0p am os

§212qDIp 128 [N YS IDY] SSI] UIAD AO
20ubyd Y0 v LU0 1S S1 31 £pI1SvY,

uondoorad
YSLI 9JBINOJE YIIM PIje
-100SS® SONISIIA)ORIBYD)

PpauI[o9p uon
-doorad Ys11 9jeINOOYy

poLeA
uoneyerdIojur Ysry

l6v—v
‘T L
‘9¢ ‘ve ‘€
‘Te‘6T €1l (P1:0) ¥1
[Ly
‘S “Tr “g¢
‘c€ ‘¢z vl
[S€ vE
‘TEBT LT
ST YT il (9:7) 8
(oAne)
-nuenb u :
aane)enb
u) S9[onIe
Jo-ou
‘saonIe
Suniod
SQOUAIRJAI -dns jo

Sunioddng Koenbopy

so[onJIe
Sunioddns
Jo Arengy

109JJ9 Jo uon
-02I1p [[BISAQ

(90UBpIOISIP
10 uorsuedxa
‘uonewIyuod)
elep
aAneInuenb
pue aAnelenb
ud9M}aq douE
-pI05U0D)

(e3ep 2AnEINUERND
pue aAnyeI enb SUIUIqUIOD) SAOUIJUI-BISJA

;2lonb rejdwoxyg

QWIdYI-qNS pue QWY ],

(ponunuoo) zsjqey

pringer

As



Diabetologia

[os
‘St ‘v

AJurey ojoym ayy

0) A[dde 0y pareadde ‘pojowoxd 1 pue Ajranoe

[eorsAyd pasearour pue (Je3ns moj ‘A310u
m0[) Sunea Ayipeay poapnpour sagueyd KIS T

J[nsar YSL-y31y oY)

0) 9np 1M SAZurYD 9[AISYI] AYI[eIY JT Aes 0)

JNOTFIP Sem T 10 SaSueyd IA)SJI] Aue opew
jou pey Aay) pres sarfruwrej jsowr ‘eonoeld uy

J[qrssod se 9[A1syI]

' A)[eay se pesf 03 (pryo pue juared) A

[¥2] 910 usmisy (01d) U2 am
IDym S ffinis 4no Jo yonuwi sv aypul I
*$4N0]0D L0 *S2a1pALasaLd pappy Kup
ynm Suryiup 1pa j,uop am ng-pm
-&up auop aavy ppom | Suryiaouios

40 U241 SPM [ uonyvuLIoful ayj fo

‘9T ‘ST ‘vl (#:2) 9 yS1y-01eIdpPOIN AATIISO] uorsuedxyg  -wej oY) J0J QANIUADUI UL SeM SNIR)S SLI-YSIH  /jnsad v §1 S1y7 f1 mouy j,uop Kisauoy J, sagueyd 9[AISJI]
XHA
im 9soy) ur Apuanbaiy a1ow parmooo Jurio)
-Tuowr 9s0on[3 pue Juriojyruow woydwAs yog
UONEIYNUSPI YSLI-YSIY SUIMO[[O]
Apuanbaiy aI0W PAIINOd0 SINOTABYSQ 9SAY T, [s2]
Sunroyruowr 9s0on[3 pue Juriojruowr woydwAs 1102 ystIIy ‘(4d) . ‘.. ¢ Mok 1,ua1v
‘Adddl ‘39 Apmis dn-mofjoy v ur uonedonred  sa12gIp 1MOGD PaLLIOM 24D NOK,, PIDS
[1s-6¥% Surpnyour “moraeyaq AneIuaAa1d, Juenbaiy Y puy , J10] D SYULIP 2y 2SNDIIQq SInOT
‘b ST ‘vl (#:2) 9 yS1y-0JeIdpPOIN ATIISO] uorsuedxyg JSOwW Y} Sem FULIOJUOW/QOUR[[IOAINS YI[BIH  Sunyuip S1yl jnogo jpym,, ‘uily oj pios -ARY9q SULIOJIUOA
([sz] 110T ysmura3y) d1ape Jog s1opraord
QIeoY)[eAY SUNOBIU0D SUIPN[OUT ‘SINOIABYDQ
Suriojiuowr Juenbaiy paqrIdSAp syels YSLI
S,PIIYO Y3 0) SN[BA ISOW PIYOL)E OYM SJUdIR]
([0s] 00z wnoysneq) qI.L
juaaaxd 0} sjI0j9 [eurdjew pajorpaid Ajorxue
pue YsLI-y31y paaredIad ‘puey IaYIo oY) UuQ
Kep K19A2 sajoqerp | 2dA) noqe A110m 03 dwmn
Suraey Jou paqrIdsap sjuared 9say) ‘SINOIABYRq
Sunoyuow ur pagesus Apuanbaij-ssoy synsax
NSL-YSIY oY) JO an[eA Sy PISILUIUIW Ol SIUSIE] (%21 910T Usmuey ‘G .L J0 a41is23
[0s—8F 1L oImnJ woxj wirey Sut  -8ns suoiduids yim jlamun aupdaq pjiyo
‘Yt ‘v ‘TE -onpay/Sunuasaid jo wire oy Yim soISarens .12yl fi SIsousvip ayj 4apisuod ppnom £ayy
‘9T ‘97—tc]  (8:7) 01 USIY-a1eIOpPOIN OADISOd  UONRWIYUOD) [emoraeyeq paydope sjuared jo Kyjuolew oYy, vy sSa4s 01 Sjuavd A0f UOUIUOD SPM Jf,  SIISAJRI)S [BINOIARYDY
suoneorjdwr [eInorseyeg
(oAne)
-nuenb u : (9oUEpIOISIP
aane)enb 10 uorsuedxo
u) S9[onIe ‘uonewIyuod)
Jo ou elep
‘so[onIe aAneInUEnb
Suniod so[onIEe pue aAnelenb
SQOUAIRJAI -dns jo Sunioddns  j0ope Jouon  udaMIaq AOUE (eyep 2anjRINUEND
Sunioddng Koenbopy Jo Arend)  -0a1Ip [[BIGAQ -p10oU0D) pue aanelfenb SuruIqUIOd) SAOUISJUI-BIIA ;2lonb rejdwoxyg QUIAY)-qNS pue WY,

(ponunuoo) zsjqey

pringer

AQs



Diabetologia

uonuaAdld 10y JUSWIBAT} AT
1y3nos sjuared pamoys soponIe reonayiodAyq
QouaIaypE

[18-LL Ayuofewr payensuowap sarpmys dn-moj[og ¥zl 9102
‘GL ‘69 ‘59 SUIULAIOS JO OUBAJ[AI PASEAIOUT ysinay ‘(¢d) . Iys 01 sufouaq anu
49 ‘79 A[Turey 9y ur SUONIPUOD JIUOIYD 10 ([ -Yap S, a42y) ‘S, 249y udyj jjom dojoaap
‘09-8¢ sa13ajens 0y Supamis s1 71 fi 40 uaddpy o3 Su108
‘96 ‘GG uonuaaaid jo Aiqissod pue dn-mojjoy Sunyy Jo 1408 py) S1 249Y3 Ji K402 1
‘€G0S ‘61 ‘aredaid 03 owm) woj Jyouaq 0) UTUAIOS  Payoo] ‘mouy nok ‘s pyi Suryikup ‘s i1 uonoNep
‘vece vl (91:9) 1T y31y-mo ATISO] uorsuedxyq ur 9redronaed 0y sanumtoddo panfea syuareq uvaw | “Sifauaq a31uLfap s,24Y1 ‘\IoM, KJ1e9 10 UOJBATIOIN
Annqerdosoy
SLI S PIIYO 1Y) PAIRWIISaIapUn oym
sjuared 03 paredwoo uondeorad YsiI ajeInooe
pue sjuared XH,{ papnjoul sInoiAeyaq Sut
-I0JIUOW [JIM PIJBIOOSSE SI10108) 1SAZU0S Y],
IlqeyIpowr sem NSLI ey Jal[aq
pue uondoorad ysi1 9)eInooe ‘uorssaidop wmy
-redjsod 10 Ajorxue 1YSIY ‘XH ‘PIIYO A[Uo
‘uoneonpa [euIe)ew 1Oy3Iy ‘Ofe [euIdjew suoneordur
Auo JI9P[O PapN[oul SYIUOW g Je SUOIBIYIpow [BINOIARYDQ YIIM PIJe
[#¥] (1:0) 1 QBIPON AneSON oaneuen) [eINOIABYQQ 1M PIJRIDOSSE SI0J0R) JUBOYIUSIS -100SSE SONSLIgIORIRYD)
(uorssoyoxd) Suruued armny
0] sa3ueyd (9) pue ‘uonoONpaI ssaxs (G) ‘uon
-uaAaxd ssauqyr () ‘uonejuaworddns urweia [¥2] 910T ysmuoy “(G1d) . ‘sasvasip
(€) ‘Surpagy Isea1q paguojoid () ‘ua1pyo Jo spury asoyy wof wayy 192304d 01
JIoyIng oAey 03 Jou Surproap (1) :Surpnpour SPM ( UNUDIIA JDY] PIISISENS YoM
‘AL JO S S,P[IYO 29NPal 0) JUAIUT YIIm Sunyiowios pvaa [ yuiyj -apisino
[os pokordwa a1om s1norAeyeq 2A199)01d A[IeAQ 08 o1 way) SurSnanooua fo pury isnl
‘6v ‘1 SINOIABYQQ 9A199)01d/oAT) puy uaguim ayg u1 juowpddns - q
‘b€ ‘97—l () L ySy-91eI19poN oAnESON  UOnNBWIYUOD)  -OINSAI A[I9AO (%6—1) paidope A[o1e1 syuored  unupiia v Jo pury wiayl Suiais aiam ap|, SINOIABYSQ ANILNSIY
(oAne)
-nuenb u : (90uepI0ISIP
aaneyenb 10 uorsuedxo
u) S9[onIe ‘uonewIyuod)
Jo-ou BIRp
‘so[onIe aAneInUEnb
Suniod so[onIEe pue aAnelenb
SQOUAIRJAI -dns jo Sunioddns  j0ope Jouon  udaMIaq AOUE (eyep 2anjRINUEND
Sunioddng Koenbopy Jo Arend)  -0a1Ip [[BIGAQ -p10oU0D) pue aanelfenb SuruIqUIOd) SAOUISJUI-BIIA ;2lonb rejdwoxyg QUIAY)-qNS pue WY,

(ponunuoo) zsjqey

pringer

As



Diabetologia

(18]
110 [€ 12 SuIpIems ‘(P[Iyd) , ‘o7 juvm
1 .J1 ap1oap [ ‘uvo | Ji ap1oap sjuaand Kpy,
Sunyew vorstoop jurol parregerd waipiy)  [£L] TOOT T8 32 3[03S “(T:CE ‘0T Toypow

[98—+8 SUOISIOOp SUIUAIIS Sunedioned) | ‘op o1 juvaut a4v am
‘18-6L ‘LL ur 9jedroned 03 1ySLI & pey P[IYd Y I[3) pue IDYM 1 IDY ] "SIS2421ul 1S2q S, PIIyd Y]
‘eSIsLel  we) ol yS1y-mo| A1ISOq uotsuedxq popraoid sem UOTIBULIOJUI JUSIOLYNS J[Qf SJUQIRd Ul §1 11 2421]2G NOK 2SNDIAq IP1IAP NOJ, Sunfew uoIsIO9g
SurueaIds jo somyg
(2] 910T ysnizoy]
‘porrad urogmau uey) I9yjel POOypIIYd
ur Suruaa1os 19jaxd prnom — Surwiy,
J[qe[TeAR Sem juawear) uoruaraid [+2] 910 ysmiy ‘(sd)
[LL ® J1 9[qe1doode 910U UIAd 9q P[NOM UOTIIP T YN DUy Siu 21njosqy a4
‘GLTL-S9 AJ1e9 pue (swoy Je Sunyey poojq Arefides -y v a1om $159) yorid 122y 241 Y,
‘79 ‘8S LS *3°9) $159) SUIUIIOS JUSTUSAUOD AIOW puE [$2] 9107 ysmy ‘(4d) . poos
46 TS ‘16 QAISBAUL $SO] paLIojold UQIP[IYD pue SjudIRd  SPM 11 08 sutorduiks ay1 1nogy umouy
‘LE ‘PE ‘cE 3unye) poo[q Sem APISUMOD  24DY 1 UPJNOM IA| LISIN Y] JUOU UID] soouorejard pue 90U
‘9797 ‘vzl (91:9) 7T y31y-mo QATIISO] uorsuedxyg Jofew oy pue Y31y Sem UONORISIIES [RJUAIR]  24DY PJNOM aM 1S} Y] OP J,UpIp aM J], -11adxo uonedionieq
[LL] ToOT B 32
101S (1:€7 ‘p Ioyow Sunedronred
-uou) , ‘mouy oy 421ddpvy aq 3, uom |
71 wouf fjaskut 192104d 3, upd | ‘71 323
1 11128 [ J] { &ym 1nq woy; op o1 paau
QoueInsul [BAIpaWl Y1t nok pup ‘Sauas 422uvd 24y nos
JNOQE SUIIOUOD Pastel saIpnis [eonoylodAy  fi mmo puif uvd nog ;juaddpy jjm jpym
Suruaa10s ur mouy oy jupm nok op Kyp| “mo puif
uonedionted-uou 9A0Ip 9OUBAI[QLII PIAIIOIO] A0 MOUY 0] SJUDM §N JO QU0 LdYI1oU
[LLSL (s10308] A[Tuuej 10 ‘goyy 1snl s1 71 Suimowy fo 4vaf ayy jou
‘69 ‘99 ‘49 auIn Jo Yor[ ‘[9ARI) 3°9) SATUR[TRYDO [BONSISO[ §1 3] "AOUY O] JUDM JOU OP IM dSNDIAQ
‘€9 ‘19-86 pue ‘pIyd 2y} Sunany Jo Ies 10§ ‘Jurye) s1y1 Jo 14vd v 2q 01 JUDPM JON PIP M uonodep A[re
‘cs e vzl () €1 y31y-mo| AR3ON uorsuedxg poo[q papn[oul SUIUAAIOS JOJ SUOTIBAIISAI UIRIN DYy} Suruuidaq ayj wioLf 1y31i pis o, JNOQE SUOTIBAIISY
(oAne)
-nuenb u : (90uepI0ISIP
aaneyenb 10 uorsuedxo
u) S9[onIe ‘uonewIyuod)
Jo-ou BIRp
‘so[onIe aAneInUEnb
Suniod so[onIEe pue aAnelenb
SQOUAIRJAI -dns jo Sunioddns  j0ope Jouon  udaMIaq AOUE (eyep 2anjRINUEND
Sunioddng Koenbopy Jo Arend)  -0a1Ip [[BIGAQ -p10oU0D) pue aanelfenb SuruIqUIOd) SAOUISJUI-BIIA ;2lonb rejdwoxyg QUIAY)-qNS pue WY,

(ponunuoo) zsjqey

pringer

AQs



Diabetologia

juedronred mara1ul oy} woly Ajonb wneqroa oYy syuasarday,
[€Z “z2] seouaIayuI-BIoW pUR 9OUIPIAL 2ATIRINUEND ‘aAnelenb Sunioddns ym sowoy-qns pue saway) oY) Sururpno Aerdsip jurof spoyjowr paxIjp

[98-+8

uonedronred yoreasar ur

[LL]1200T [ 191018 “(1:6T “GT 1oypowt
Sunedronaed) | aanisod s1 31 {vmdup
mg sy ay Sauss Jpym pun uiry oy
uaddpy Jjim 1pym mouy i £ayp ‘71
moqp mouy 03 u103 a4v 2)doad fo
J0] 111 128 S20p Y JT "Wy 1NOGD 10]
D Mouy JJ1m a]doag “aa11suds Jj1is

mq ‘uoyvutiofur 2ayisod s1 1] ‘suoy

‘08—LL ‘6S] s y31y-mo| oAnIsod  uonewayuo)  jueyroduar sem A)J[enuUIpyuUOD BIEP I[3] SIUAIRd -014JS24 2q PINOYS 242Y] 2421]2q | ‘S, Kugour ereq
[vT] 910 ysmuay *(9d) . ‘uaddvy
202U JYS1u S1Y) 1DY) WaY] SULINSSDIL
0S]p 1Nq Wayj 1121 01 2]gv SU12q Jo 42}
-t » 31" SUNIK1242 YIIM WAY] YIIM
uado u22q 24,94 WY} £110M 0] pua}
1,UOP I “SpLy 412Yy) 01 SSuty) uw)dxa
Kay1 moy u1 jua.affip s,2uof4a47,
:9INSO[OSIP SINSAI S PIIYD)
[LL] 200T
[€303[03S “(T:1# ‘¥ 1 Toyow Sunedion
(L8 -1ed) , 9ySs suy s13] “(pautiofur a2q)
‘08 ‘8L “LL PoWLIOJUL 2q P[NOYS PIIYD Y I[F 01 Jupm [ 254n02 Jo ‘Kpnys ay3 Jo jand
‘GL “6S ‘8¢ syuared jo Ajrofewr ay) pue snjejs JSLI S,pIyo D S1 0YM pJ1yd v o 4ayj0uUl 2yj SO ‘S3f,
‘ve oz ‘vl (L) 01 y31y-mo| 9ADISOJ  UONBWIYUOD) 112y} mouy| 03 Y311 & pey Koy) 1[af sjuared :9INSO[OSIP SI[NSAI [RIUAIR] QINSO[ISIP SINSIY
(oAne)
-nuenb u : (90uepI0ISIP
aaneuenb 10 uorsuedxo
u) S9[onIe ‘uonewIyuod)
Jo-ou BIRp
‘so[onIe aAneInUEnb
Suniod so[onIE pue aAnelenb
SQOUAIRYAI -dns jo Sunioddns  j09pe Jouon  udaMIaq AOUE (eyep aanjRInUEND
Suntoddng Koenbopy Jo Arend)  -0a1Ip [[BISAQ -p10oU0)) pue aanelfenb SuruIqUIOD) SAOUISJUI-BIIA ;2lonb rejdwoxyg QUIAY)-qNS pue WY,

(ponunuoo) zsjqey

pringer

As



Diabetologia

workshops, n=1 focus group, n=1 thematic analysis from
mailbox responses and n=1 secondary analysis.

Of the 70 included articles, 62 (88.6%) explored impli-
cations or acceptability for screened/tested cohorts, seven
(10.0%) explored hypothetical views (i.e. unscreened) and
one explored both (1.4%). Type 1 diabetes screening/testing
approaches included genetic (n=25 articles), Aab (n=15),
combined detection and surveillance (n=19 articles) and
detection with a prevention trial (n=4 articles). Included
articles were drawn from 17 named screening studies
(Table 1 and ESM Table 2). ABIS, DAISY, Frederlk, KEA,
MOBA/MIDIA and PANDA offered genetic testing followed
by variable Aab surveillance (genetic). TEDDY, DIPIS and
BABYDIAB are prospective birth cohort studies investi-
gating natural history and offering Aab surveillance (birth
cohort). DIPP and GPPAD are combined genetic screening
and primary prevention studies. Frlda, ASK, TypelScreen,
UNISCREEN and T1Early offer general population Aab
screening (Aab, general population), while Trialnet offered
Aab testing to individuals with a family history of type 1
diabetes (FHx).

Evaluation of article quality using the MMAT showed
that seven articles (10.00%) met all quality criteria (high
quality), 43 (61.43%) met 60-80% of criteria (moderate
quality) and 20 (28.57%) met <50% of criteria (low quality).
CASP and MMAT scores were compared (ESM Table 4).

Themes and sub-themes

The mixed methods evidence synthesis identified five
themes, including emotional, cognitive and behavioural
implications, acceptability and research ethics, plus 19 sub-
themes. Table 2 provides the joint display with qualitative
and quantitative data summaries, evidence grading and
meta-inferences (see also Fig. 2 and ESM Table 5) [22].

Theme 1: emotional implications of screening The system-
atic review identified emotional implications of screening
as having the following sub-themes: initial anxiety; anxiety
can wane; anxiety may persist or recur; and characteristics
associated with anxiety.

The sub-theme of initial anxiety was explored using 21
articles that assessed the emotional implications of screen-
ing: two qualitative [24, 25]; and 19 quantitative [4, 13,
14, 26-41]. Eight articles assessing the emotional impact
of genetic testing (KEA, ABIS) reported the following: (1)
no statistically significant increase in anxiety compared
with baseline (pre-notification); (2) anxiety comparable
with normative samples; and/or (3) anxiety below clinical
threshold [14, 29, 34, 36-40]. Although up to a quarter of
the parents (1-25%) reported worry or anxiety [14, 33, 37,
38], there was no significant difference in anxiety or post-
partum depression between high- and low-risk groups [14,
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34]. Qualitative articles reported panic and upset following
genetic high-risk notification or early-stage type 1 diabetes
detection [24, 25].

In four articles assessing the emotional impact of Aab
testing, anxiety measured by the state trait or state anxi-
ety inventory (STAI/SAI) after screening participation was
significantly increased and/or was above the clinical cut-off
[13,26-28].

For general population Aab screening, following mul-
tiple Aab seropositive results notification, Frlda reported
significantly increased median depression scores, measured
via the Patient Health Questionnaire 9 (PHQ-9), in mothers
of children with presymptomatic type 1 diabetes compared
with mothers of Aab-negative control children, with no sig-
nificant difference observed for fathers. However, the median
PHQ-9 score for parents with an Aab-positive or -negative
child was below the clinical cut-off for major depressive
disorder [4]. In ASK (general population, Aab), parents’
mean anxiety level, assessed via the SAI, was above clini-
cal threshold regardless of Aab status (multiple/single) with
no significant difference between groups; 74% experienced
SAI above clinical threshold at first follow-up [13].

Most parents (81-96%) participating in the GPPAD
intervention study had no symptoms of depression or panic-
specific anxiety following high genetic risk notification.
However, mothers (20.9-23.3%) displayed higher levels of
depressive and anxiety symptoms than fathers (11-15%)
[41]. Similarly, in DIPP (detection and prevention trial),
high-risk mothers were more likely to display anxiety (55%)
than high-risk fathers (37%). Overall, 52-56% said they
wanted to do everything to prevent type 1 diabetes [34].

The sub-themes addressing whether anxiety can wane
but may persist or recur were explored by evaluating 9 arti-
cles that reported the medium-term effects (up to 5 years)
of high-risk notification [4, 24, 27-29, 33, 41-43]. Of these
articles, seven demonstrated reduction in anxiety and two
reported reduction in depressive symptoms [4, 24, 27-29,
33, 41-43]. Following genetic screening, parental anxiety
declined over 4 months [29] and at the 5 year follow-up in
DIPIS (birth cohort), the majority of parents (67%, n=1380)
did not report anxiety despite their child being at increased
risk of type 1 diabetes; 76% of mothers (n=1555) and 86%
of fathers said they never or rarely worried about their child
developing type 1 diabetes [33]. Up to 12 years after genetic
predisposition disclosure in KEA, parental concerns had
largely abated, with the test result described as being at the
back of their minds [24].

In Frlda, for mothers and fathers with an Aab-positive
child, depression scores had declined significantly by 12
months, remaining below the clinical cut-off throughout
[4]. In a US Aab testing study, within 4—6 months of Aab-
positive results notification, anxiety levels fell to below the
clinical threshold for parents and children [27, 28].
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In GPPAD (general population, genetic risk for interven-
tion trial), the frequency of depressive or anxiety symptoms
was significantly lower at follow-up visits [41]. One article
reported improved diabetes-specific quality of life for chil-
dren, and reduced frequency and difficulty in parenting stress
for children diagnosed with stage 3 type 1 diabetes following
screening participation compared with matched community
controls (birth cohort). However, the mean parental SAI
score was elevated (>40) at the time of stage 3 diagnosis,
and there was no significant difference in parental diabetes-
specific anxiety in the screened cohort compared with the
community controls in the first year thereafter [43].

Conversely, five articles suggested that anxiety can persist
or recur [13, 24, 25, 31, 33]. In ASK, 6 months after results
notification, despite a significant decrease in the mean anxi-
ety level, anxiety remained above the clinical threshold in
69% of parents [13]. In TEDDY (birth cohort), 47% of moth-
ers had clinically relevant anxiety (SAI >40) at study com-
mencement, with significantly more mothers than fathers
displaying high anxiety (47% vs 34%, p<0.0001). During
follow-up, 57% of mothers and 44% of fathers displayed
high anxiety (SAI >40) 1 year after multiple persistent
positive notification, compared with 43% of mothers and
34% of fathers after 3 years. Maternal anxiety was strongly
associated with persistent single or multiple Aab positivity
whereas paternal anxiety was strongly associated with mul-
tiple Aab positivity [31]. In DIPIS, having a child positive
for one or more Aabs was associated with higher anxiety
(SAI >40) compared with having an Aab-negative child
[33]. Up to 12 years after notification, qualitative interviews
confirmed that parents experienced occasional lingering
concerns, particularly around monitoring visits or symptom
emergence [24, 25].

Characteristics associated with anxiety were assessed by
evaluating 13 quantitative articles that performed regres-
sion analyses. Four subgroups with heightened anxiety were
identified: (1) FHx [29, 31, 33, 36, 37, 42], (2) pre-morbid
anxiety or depression [25, 29, 31, 33, 36, 40, 44], (3) mul-
tiple Aabs compared with single Aab or extremely high
genetic risk [14, 29, 31-34] and (4) demographic subgroups
including ethnic minorities, lower parental education level
and single mothers [13, 29, 31, 34, 37, 40, 42].

Theme 2: cognitive implications of screening The following
sub-themes were identified: initial accurate risk perception;
risk interpretation varied; accurate risk perception declined;
and characteristics associated with accurate risk perception.

In the assessment of risk perception, the four quantitative
articles from the ASK and PANDA studies and one qualita-
tive article (KEA) demonstrated initial accurate risk percep-
tion for high-risk children, with 67-79% of parents estimat-
ing risk at a level aligned with clinical probability within
1 month of notification [13, 24, 35, 42, 45]. For parents of

children with low genetic risk, 92% accurately thought their
child’s risk was less than/equivalent to the background popu-
lation at 16 weeks and up to 1 year after notification [14].
For children aged 10 years, 40% were unsure of their risk
status, 31% underestimated their risk and 29% accurately
understood they were at increased risk; for children aged 15
years, 14% were unsure, 45% underestimated their risk and
42% had accurate increased risk perception [46].

Five quantitative articles, including PANDA and TEDDY,
showed that risk accuracy waned with time, leading to risk
underestimation [33, 35, 42, 45, 47]. Within 6 months of
high-risk notification, 50-87% of parents correctly estimated
risk, while 8—24% underestimated their child’s risk [14, 35,
45]. Two qualitative articles (KEA) found parents either
forgot results or were reassured by their child’s good health
[24, 25].

The present meta-synthesis of two qualitative and six
quantitative articles showed that the perceived likelihood
of developing type 1 diabetes differed between parents and
intra-individually over 12 years follow-up [14, 24, 25, 27,
28, 32, 34, 35] and that risk comprehension was associated
with uncertainty [14, 24, 27, 28, 32, 45]. Qualitative inter-
views suggested that understanding risk was a dynamic pro-
cess which involved the parent locating their child's diabetes
risk status on a map of relative risks, potential illnesses or
situations they considered as more serious or probable, such
as injuries (falls), childhood cancer, drowning, poor diet and
being upset at day care [24, 25].

Characteristics associated with accurate risk perception
were assessed using 14 articles [13, 29, 31, 33, 34, 36, 37,
42, 44-49]. Significant factors associated with accurate risk
perception were identified, including FHx status (FHx moth-
ers/fathers compared with general population) [13, 47] and
high-risk classification (multiple vs single Aab positivity)
[13]. Mothers with higher anxiety levels had more accurate
risk perception and overestimation of risk associated with
increased anxiety levels [13, 29, 31, 33, 34, 37, 42, 45].
Conversely, minority ethnicity, lower educational level and
deprivation predicted lower risk accuracy [13, 47]. Chil-
dren were significantly more likely to have accurate high-
risk perception if the following applied: child was of older
age; child had positivity for one or more Aabs; mother had
a college education; mother had more accurate risk percep-
tion; study was from a US centre compared with Europe;
child was female; and child had a first-degree relative with
type 1 diabetes [46].

Theme 3: behavioural implications of screening The follow-
ing sub-themes were identified: behavioural strategies; mon-
itoring behaviours; lifestyle changes; restrictive behaviours;
and characteristics associated with behavioural implications.

Behavioural strategies were examined. Ten articles
explored behavioural implications of screening [24-26,
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28, 32, 34, 44, 48-50], including KEA, BABYDIAB (birth
cohort) and TEDDY. Following high genetic risk notifica-
tion, most parents (67-73%) endorsed at least one behav-
ioural strategy [24, 49, 50], 30% reported 2-3, 24% reported
4-6 and 8% reported >6 behavioural strategies [50]. In
TEDDY, 6-15 months following high-risk notification,
30—-43% of mothers reported one or more behaviour(s) to
prevent type 1 diabetes [48].

Evaluation of monitoring behaviours revealed that the
most frequently reported actions following high genetic
risk notification or participation in Aab surveillance were
those recommended in accordance with current international
guidelines [11], including symptom monitoring and home
glucose testing [24, 25, 44, 49-51]. Parents with FHx per-
formed monitoring behaviours significantly (19 times) [50]
more often than general population families [24, 25, 44, 50,
51] and mothers more than fathers [44]. Qualitative articles
showed that parents frequently considered type 1 diabetes
when the child was unwell but infrequently employed health-
seeking behaviour for reassurance [24].

In TEDDY, FHx parents performed monitoring behav-
iours and glucose monitoring more frequently than general
population parents. Following first Aab detection, monitor-
ing and glucose monitoring behaviours increased for both
FHx parents and general population parents but the increase
was higher for FHx parents. Similarly, monitoring behav-
iours were significantly more frequent for Aab-positive chil-
dren than for Aab-negative children [44].

Lifestyle changes were assessed using six articles that
explored lifestyle changes after risk notification [24, 25,
28, 44, 48, 50], including KEA and TEDDY. Here, life-
style changes were endorsed or undertaken by 14-34% of
parents, including diet modification (reducing sugar), pro-
longed breast feeding and increased physical activity [48,
50]. Qualitative studies indicated that high-risk notification
was an incentive to lead as healthy a lifestyle as possible for
the whole family [24]. Despite this, some families admitted
not making lifestyle changes (or at least not due to the child’s
high-risk status) and those that implemented changes did so
regardless of their child’s risk [24, 25, 28, 50].

Seven articles examined restrictive behaviours [24-26,
34, 41, 49, 50], including KEA and TEDDY. Up to 3 years
after risk notification, a minority of parents (1-9%) per-
formed restrictive behaviours [50], such as foregoing more
children [26], administration of medications or vitamin
supplementation, illness prevention (e.g. limiting exposure
to other children), stress reduction or change to the child’s
intended profession [24, 25, 34, 49, 50].

Characteristics associated with behavioural implications
were examined. Significant factors associated with behav-
ioural modifications at 6 months included older maternal
age, higher maternal education, only one child, FHx, higher
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anxiety or postpartum depression, accurate risk perception
and belief that risk was modifiable. The strongest factors
associated with monitoring behaviours included FHx parents
and accurate risk perception compared with parents who
underestimated their child’s risk [44].

Theme 4: acceptability of screening The meta-synthesis
identified the following sub-themes for acceptability of
screening: motivation for early detection; reservations about
early detection; and participation experience and prefer-
ences. In total, 39 articles explored acceptability of par-
ticipation in a type 1 diabetes screening/testing programme,
including nine qualitative, 29 quantitative and one mixed
methods [24, 27, 28, 30, 34, 38, 51-83]. ESM Table 6 dis-
plays the positive and negative indicators of acceptability.

Motivation for early detection was assessed from 21 arti-
cles [24, 33, 34, 49, 50, 53, 55, 56, 58-60, 62, 64, 65, 69,
75, 77-81], including KEA, ABIS, TEDDY and T1Early
(gen pop, Aab). In common across all study types, parents
saw benefit for them and their child, including having time
to prepare, information gathering and forward planning for
a smoother transition to stage 3 disease [24, 75, 77]. Parents
valued monitoring to ‘watch over’ the child for development
of type 1 diabetes [33-56, 60, 65] and the possibility of
prevention strategies [49, 50, 69]. Parents particularly val-
ued ascertaining their child’s risk information when type 1
diabetes or other chronic conditions (allergy/coeliac disease)
ran in the family [59, 64, 77, 78, 81].

Parents of Aab-positive children frequently adhered to
follow-up programmes (e.g. 68—76% adherence to Aab sur-
veillance [63]). The mean adherence to oral glucose toler-
ance testing was 62% in TEDDY, ranging from 48% to 78%
across TEDDY international centres and Trialnet (FHX,
Aab) [55, 76].

Five hypothetical articles assessed screening acceptability
[56, 72—74, 82]. Parents considered screening more accept-
able when combined with prevention trials or treatment
[56, 73]. A DCE survey revealed that screening experience
(cost, invasiveness) was less important to parents than avail-
ability of an effective treatment [56]. This shows hypotheti-
cal-empirical confirmation, as demonstrated by combined
willingness to prevent type 1 diabetes (hypothetical) and up
to 43% of mothers implementing a preventative behavioural
strategy (empirical evidence) [48].

Reservations about early detection were examined using
13 articles highlighting disadvantages or reasons for non-
participation in type 1 diabetes testing or birth cohort studies
[24, 38, 53, 58-61, 63, 64, 66, 69, 75, 77], including KEA,
ABIS, T1Early and TEDDY. The main concern was discom-
fort from blood draws, more so in fathers [64], emphasised
by 19% of general population parents and 14% of FHx par-
ents in TEDDY [64] and up to 36% of parents in ABIS [38,
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58, 60, 69, 77]. Other issues included lack of time, travel
burden and language barriers [38, 53, 58, 64]. Parents wor-
ried about the implications of testing, such as not wanting to
deal with a ‘positive’ result [24, 60, 64, 77]. Perceived irrel-
evance (no FHx) [58, 64], lack of information and fathers’
lack of agreement also contributed [38, 58, 69, 77]. This was
confirmed in qualitative interviews (ABIS) with six parents
who declined participation [69, 77].

The majority (72%) of families in the TEDDY study
remained in follow-up. Here, reasons for withdrawal from
long-term monitoring were provided in seven articles [30,
53, 60, 61, 63, 64, 66], and included concerns about blood
draw and lack of time and 27% were passive withdrawals
(non-responders) [53, 60, 63, 66].

Three hypothetical articles reported perceived social
implications, including medical insurance concerns, raised
by 91% in a focus group study [73, 74] and 61% feared that
test results could have implications on parent—child bonds
or affect other family members [72, 73].

Participation experience and preferences were assessed
from 22 articles [24, 26-28, 33, 34, 37, 51, 52, 54, 57, 58,
62, 65-71, 75, 77], across all study types, including KEA
and ABIS, BABYDIAB, Frlda, TypelScreen (FHx, Aab),
UNISCREEN (general population, Aab), T1Early, Trialnet
and Point/GPPAD.

In UNISCREEN, over 80% of children thought the
screening would be useful to prevent future health problems
and could improve the child’s health and quality of life, and
would support type 1 diabetes population screening [52].
Regarding study satisfaction, in TEDDY, parents with an
accurate risk perception and who believed something could
be done to prevent type 1 diabetes had higher study satisfac-
tion scores, whereas more-educated parents and those with
higher depression scores displayed lower satisfaction. Staff
consistency was associated with satisfaction in Europe but
not in the USA [71].

A hypothetical qualitative study showed that parents pre-
ferred the ease and convenience of home sampling for the
screening test [57] and considered peer support a helpful
resource to support the process of coming to terms with an
early-stage type 1 diabetes diagnosis, particularly to follow
on from the screening programme and continue through to
stage 3 disease [68].

Blood sampling was considered burdensome [24, 75, 77]
(e.g. by 15% of parents and 48% of children in BABYDIAB
[26]). A US study (Aab) showed that children initially
regretted participation, although this fell to 10% at follow-
up [27, 28]. In Trialnet, parents and children preferred less-
invasive testing such as capillary sampling at home [67].
Overall, parents’ satisfaction was high [24, 70], exceeding
80% for detection studies [24, 33, 34, 37, 51, 58, 62, 65,

84]. Across population genetic and Aab testing programmes
(KEA, ABIS, T1Early), parents perceived benefits to out-
weigh harms [69, 75] and 12 years after screening, parents
perceived no adverse effects (KEA) [24].

Theme 5: research ethics of screening Overall, 19 arti-
cles [24, 26, 34, 37, 38, 51, 52, 59, 69, 75, 77-81, 84-87]
explored research ethics considerations, including five quali-
tative and 14 quantitative articles, from the ABIS, Frlda and
UNISCREEN studies. The meta-synthesis identified three
sub-themes: decision making; results disclosure; and data
integrity.

Decision making and informed consent was discussed in
ten articles [37, 51, 52, 77, 79-81, 84-86]; all except two
related to the ABIS study (Frlda and UNISCREEN). Almost
all parents (89-90%) and children (83%) felt there was suf-
ficient information to make an informed [37, 51, 77, 79, 80,
84] and voluntary (95-100%) decision [77, 84]. In UNIS-
CREEN, >80% of parents and children said they under-
stood what to do following a positive screening test and
understood the overall programme [52]. ABIS reported that
parents raised no concerns with surrogate or best interests’
decision making [77]. Yet, 58% of parents thought children
should have a right to decide whether to participate (when
aged >8 years) [60] and 70% upheld the right to dissent to
blood taking [85]. Nearly all children (85-92%) wanted to be
involved in decision making and most (53%) preferred joint
decision making with their parents [80, 81].

Ten articles reported results disclosure preferences [24,
26, 34, 38, 59, 75, 77, 78, 86, 87], mostly from the KEA
and ABIS studies but also from BABYDIAB and T1Early.
Nearly all parents (90-100%) wished to be informed of the
child’s risk [26, 34, 59, 77] and 74-87% wished to know the
results despite lack of a prevention agent [59, 77, 87].

The genetic risk population studies showed that parents
expressed the right to know the results in exchange for
research participation [77]. Here, most parents (66-98%)
thought that the child should receive individualised risk
information (when aged >8 years) [59, 85]. Both parents
and children wanted results delivered in a person-centred
manner, by experienced professionals, and welcomed peda-
gogically designed children’s resources [24, 79, 81].

Data integrity and handling was discussed in eight arti-
cles [59, 77-80, 84-86], all but one pertaining to the ABIS
study. Parents emphasised confidentiality, with access limited
to researchers pursuing the detection study’s intended aims.
Parents also stressed the importance of data integrity, with
safeguarding to avoid data violation and data use for the pur-
poses for which the consent was achieved [59, 78, 84, 85].
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Fig.2 Summary of findings from the mixed methods evidence syn-
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considerations are highlighted in green and red, respectively. Cre-
ated in https://www.canva.com/. Canva Pro license agreement: Under
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Discussion

This is the first systematic review to assess the psychoso-
cial implications, acceptability and research ethics of early
detection for type 1 diabetes. This synthesises 30 years of
evidence using a mixed methods approach, thus allowing a
large pool of heterogeneous studies to be assessed. Overall,
there is high-quality evidence of psychosocial impact on
parents/guardians following detection of early-stage type 1
diabetes. Although there is insufficient evidence to judge
whether population screening is broadly acceptable or ethi-
cal, the early indicators for parents’/guardians’ screening
acceptability, in terms of satisfaction level and perceived
benefits vs harms, are positive.

There are five major findings. First, there is initial height-
ened anxiety after positive results notification and anxiety
remains high for mothers with a multiple-Aab-positive child.
Demographic and clinical factors associated with anxiety
include FHx, maternal pre-morbid anxiety, later stages in
the natural history and specific underserved groups. Sec-
ond, parents generally understand the implications of posi-
tive results but risk accuracy could decrease with time.
Third, screening results can stimulate behavioural changes,
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many of which align with monitoring guidelines, such as
increased home glucose testing. Some families endorse life-
style changes and restrictive behaviours are reported rarely.
Fourth, motivations for screening include parents wanting to
know if their child has early-stage type 1 diabetes or is genet-
ically predisposed, and to benefit from time to prepare and
follow-up, while the main reservation is blood taking. Over-
all, screening appears to be acceptable but perhaps would
be more acceptable if disease-modifying therapies were
available. Fifth, detection studies meet parents’ expectations
for research, with sufficient information for valid informed
consent and maintenance of confidentiality. While we offer
summary estimates regarding overall acceptability, there is
insufficient evidence to make direct comparisons between
the acceptability of genetic and Aab screening or general
population and FHx screening [4, 29, 64].

Critically, the 30 year span of evidence has seen a rapid
evolution in our understanding of early-stage type 1 diabetes
[88]. Results communication to parents has varied widely
between the genetic and Aab screening and early type 1
diabetes detection studies, making comparisons over time
between psychosocial and acceptability outcomes extremely
challenging. For example, the ABIS study (1997-1999)
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only released Aab results on request and was associated
with limited parental concerns regarding screening [38, 69,
78]. Conversely, recent large general population screening
programmes, principally Frlda (2015—present) and ASK
(2017-present), inform parents of near lifetime certainty of
type 1 diabetes, contributing to the observed parental anxi-
ety [4, 55].

Our review supports previous narrative reviews in this
area regarding emotional impacts, difficulties comprehend-
ing risk, and behaviour changes aiming to smoothen the
transition to stage 3 [2, 10, 89]. Nevertheless, inclusion of
qualitative articles has expanded our understanding, with
additional findings summarised in ESM Table 7. For exam-
ple, emotional implications may persist or recur relating to
symptom emergence, and parents’ risk interpretation varies,
displaying both over- and underestimation over time. While
early detection of type 1 diabetes is associated with anxiety
and stage 3 diagnosis is recognised as life-changing [90],
structures are needed to address the negative psychosocial
impact that arises from screening, through psychological
input [4] and possibly peer support [68]. These structures
should identify families with persistent anxiety who dis-
play maladaptive behaviours and negative coping strategies.
Systems also need to support the clinical care of children
identified with early-stage type 1 diabetes and educate
their parents/guardians to ensure appropriate disease per-
ception. It is imperative that parents/guardians understand
the importance of monitoring, particularly in the advent of
potential disease-modifying therapies, as a child becomes
eligible for a treatment or trial when progressing from stage
1 to stage 2.

The major novel finding is that parents who opted into
a type 1 diabetes screening/early detection research pro-
gramme perceived the benefits of knowing their child’s risk
to outweigh potential harms (ESM Table 7). The evidence
for this includes high levels of satisfaction with screening/
detection programmes, significant uptake for screening
(recruiting to target), parents valuing knowledge of their
child’s genetic risk of type 1 diabetes and/or detection of
early-stage disease providing opportunities to prepare, moni-
tor and access prevention strategies. Further, detection stud-
ies have not raised concerns in relation to research ethics
principles. These are important insights and are similar to
findings observed following early detection of other chronic
paediatric conditions [91, 92] where parents favour access to
information despite the psychosocial implications of living
with risk [11, 93-97]. Burdens of screening include paedi-
atric blood sampling and commitment to monitoring visits
for ongoing testing. This likely contributes to the parental
anxiety observed during follow-up and discontinuation from
monitoring. However, these findings relate to birth cohort
studies, when optimal follow-up had not been established.
As early-stage type 1 diabetes is now a recognised disease

state [88] with ICD-11 and SNOMED codes and consensus
guidelines for follow-up [11], population screening pro-
grammes must re-evaluate monitoring adherence and rea-
sons for withdrawal.

We present important insights that can be taken forward
to increase screening acceptability. First, screening should
where possible incorporate less-invasive testing, such as
capillary sampling [56, 67, 74]. Second, parents would pre-
fer to participate in a screening programme if there was a
licensed disease-modifying treatment for children identified
with early-stage type 1 diabetes [24, 56, 72]. This is sup-
ported by international quantitative and qualitative articles
that demonstrate high acceptability and interest in disease-
modifying therapies [98]. Teplizumab is currently licensed
in the USA, UK and Europe, and other clinical trials, includ-
ing lifestyle-based trials for prevention are emerging [7].
As these disease-modifying therapies become more widely
available worldwide, it is prudent to re-evaluate the benefits,
risks and overall acceptability of paediatric type 1 diabetes
screening.

This review’s strengths are its comprehensive search
strategy and mixed methods evidence synthesis, summaris-
ing the available international evidence to date. However,
there are several limitations. First, there was substantial het-
erogeneity in study designs (e.g. Aab vs genetic screening)
and the included populations differed (FHx vs general popu-
lation), with under-representation of minority ethnic groups
and parents with a lower educational level, and studies were
primarily conducted in high-income countries. Second,
consensus guidelines and analytical frameworks are lack-
ing on how to assess psychosocial impact, acceptability and
ethics in screened cohorts. While validated measures were
used, attempts to separate anxiety associated with screening
from concurrent life stresses is extremely difficult and poten-
tially futile due to their bidirectional nature; it is not pos-
sible to determine the extent to which anxiety about a child
developing type 1 diabetes creates the stressor as compared
with exacerbation of existing life stressors. This, combined
with lack of randomised studies comparing screened to
unscreened cohorts, confers high-risk of bias and precludes
causal interpretation. Third, most studies assessed impact
up to 12 months following diagnosis and only TEDDY
assessed anxiety up to 5 years after detection [33]. Therefore
the longer-term impacts of screening on the parent or grow-
ing child are relatively unknown. Unfortunately, the preva-
lence and clinical severity of anxiety remains unclear and
the consequences of heightened anxiety, including need for
psychological input or medication, are not reported. Fourth,
screening procedures differed and access to prevention
opportunities varied, and this will have influenced experi-
ence and perceived acceptability. The acceptability data are
from the subset of the population who opted into screen-
ing research and completed an acceptability assessment
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Priority research questions relating to the psychosocial impact and acceptability of
paediatric general population screening for T1D

Outcomes

How do we effectively counsel caregivers about the
benefits and risks of screening to ensure valid,
informed consent?
What is the psychosocial impact, acceptability and
ethics of genetic risk score screening and how does
newborn screening compare with childhood genetic
screening? How does this differ between parents with
and without FHx?
What is the psychosocial impact, acceptability and
ethics of monitoring for families (caregiver and child)
without FHx?
What are parents’ (and children’s) preferences for term?
communicating results following general population H_°W do we promote posit?ve behaviours and
screening? How does this differ between parents with dISEDU.Vage e sy -

N What is the long-term (>5 years) psychosocial impact
and without FHx? of screening on the parent and child?
What are parents’ (and children’s) preferences for How do we increase the acceptability of general
education following general population screening? population screening in terms of readiness to
How does this differ between parents with and participate, testing procedures and monitoring
without FHx? follow-up?
What are parents’ (and children’s) preferences for What are the facilitators and barriers to general
psychology support following general population

How do we comprehensively assess psychosocial
impact in screened cohorts?

How can we comprehensively assess acceptability in
screened cohorts?

How frequently do parents and children experience
do safety, benefits psychological morbidity following screening, and
and harm compare what proportion require treatment and of what
for screened vs nature?

unscreened How do we minimise negative psychosocial impact
ElhEie on parents and children?

How do we prevent maladaptive coping in parents
and children?

How do we maintain accurate risk perception long-

¢ Whatis the
effectiveness of
screening and how

.

What is the psychosocial impact, acceptability and
ethics of screening in traditionally under-
represented groups (i.e. minority ethnic groups,
parents with lower income or living in deprived
areas, and parents with lower educational level)?
What are the facilitators and barriers to screening
for these groups?

What is the psychosocial impact, acceptability and
ethics of screening from the point of view of
children and adolescents?

What is the psychosocial impact, acceptability and
ethics of screening from the point of view of the
family unit (i.e. parents/caregivers, children,
siblings and other family members)?

How does psychosocial impact, acceptability and
ethics of screening differ for parents and children
with or without FHx?

How do we increase uptake for general population
autoantibody screening? What are the most
effective recruitment strategies?

population screening participation and adherence?

What are the reasons for opting out of general
population screening? How does this differ
between parents with and without FHx?

How does screening acceptability in low- to
middle-income countries compare with that in
high-income countries?

and without FHx?

screening? How does this differ between parents with

What are the reasons for withdrawal from a
screening programme?

Is screening ethical and how does the bioethical
model apply to screening initiatives (autonomy,
beneficence, non-maleficence and justice)?

What are parents’ and children’s attitudes and
preferences towards disease-modifying treatments?
What are the insurance implications of screening and
their contributions to acceptability and ethics?

Fig.3 Priority research questions for paediatric, general population type 1 diabetes screening. T1D, type 1 diabetes

metric. Broader understanding of population-level accept-
ability, particularly for under-represented groups and those
opting out of screening, is needed to address concerns and
improve equitable access. Additionally, there is a clear need
to harmonise screening efforts and assessment tools. Quali-
tative interview studies are lacking, particularly for general
population Aab screening, but are essential to understand
rationale, psychosocial impacts and breakdown of what is
and is not acceptable. Finally, relatively few articles assessed
children’s views (n=12), meaning that psychosocial impact
and acceptability could not be ascertained for the primary
participant. The aforementioned weaknesses are significant
unmet needs, which future research programmes, such as
EDENTIFI, will aim to address. Here, different psychoso-
cial assessment tools will be compared, including the SAI,
Hospital Anxiety and Depression Scale and the EuroQuol-
5d, qualitative interviews will be performed across Euro-
pean countries and children’s views will be explored. Finally,
Fig. 3 outlines the priority research questions pertaining to
general population, paediatric type 1 diabetes screening, to
help direct future research programmes.

This mixed methods systematic review is the largest
and most comprehensive of its kind in this field. Despite
clear psychosocial impact to parents/guardians of diagnos-
ing early-stage type 1 diabetes, there are early indicators
that support parental acceptability, caveated by significant
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evidence gaps, particularly regarding the impact on children.
To advance the field, we outline important considerations
for general population screening programmes and provide
a structure with which future investigations in this area can
proceed.

Supplementary Information The online version contains peer-reviewed
but unedited supplementary material available at https://doi.org/10.
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