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BACKGROUND/OBJECTIVES: Diabetes risk screening tools are essential for identifying individuals with prediabetes and
preventing the progression to diabetes. However, systematic reviews focusing on such tools, particularly for prediabetes
screening, are scarce. This scoping review examines the characteristics, development methods, and effectiveness of diabetes
risk assessment tools in identifying prediabetes and predicting its progression to diabetes.

MATERIALS AND METHODS: A scoping review was conducted following the Joanna Briggs Institute methodology. Search-
es were performed in PubMed, ScienceDirect, and Google Scholar, complemented by citation tracking. Eligible studies in-
cluded asymptomatic adults with prediabetes. Studies were excluded if they lacked relevant data, were not in English, or had
no validation measures. Data were extracted independently by two reviewers and synthesized narratively, focusing on study
design, risk model features, performance statistics, and quality assessments.

RESULTS: Fourteen studies met the inclusion criteria, covering 26 risk models. Sensitivity and specificity were used in 9 risk
screening tools, with Hazard Ratios and C-Statistics assessing diabetes progression in six. Common risk factors included age,
BMI, family history of diabetes, and hypertension. Non-invasive tools and predictive models showed promise, with most
studies assessed as having a low risk of bias using QUADAS-2. High-sensitivity tools utilizing FBG, HbA1c, and OGTT cutoffs
demonstrated effectiveness but require balancing cost and feasibility for broader implementation.

CONCLUSION: A range of different screening tools has been tested that could identify people with prediabetes or a high risk
of developing type 2 diabetes. However, where sufficient evidence was available to compare tools across studies the perfor-
mance of these tools was inconsistent. Several tools have only been investigated in single studies, with uncertainty around
their wider generalisability. Clinicians or researchers wishing to screen people for prediabetes or a high risk of developing
type 2 diabetes using any of these tools should be aware of their potential limitations.
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MHCTPYMEHTbI CKPUHUHTA CAXAPHOIO ANABETA A)14 BbIABJIEHUA NPEAVABETA:
KOMIMJIEKCHbI O630PHbI/ AHANIU3 IAHHDBIX U MPAKTUKU BHEQPEHUA

© NanupataHa BoHrput'**, Cynuka JaHrkpagxaHr', YbloHr TxaHb Ham?

'YHmBepcuTeT Tammacart, baHrkok, Tavnang
2YHnsepcuteT Banannak, HakxoHcutxammapart, TavnaHa
3Megwnko-dapmaueBTyecknii yHusepcutet KaHtxo, KaHTtxo, BbeTHam

OBOCHOBAHUE/LEJb. IHCTpyMEHTbI CKPUHMHIa prUcKa caxapHoro anabeta (CI) nmeloT peluatolee 3HaueHUe and BbisB-
NEeHVA NULY C NpeanabeTom 1 NpefoTBpaLleHns ero nporpeccupoBarna B Cl. OgHako cuctematuyeckrx 0630poB, NocBes-
LLEHHBIX TaKUM UHCTPYMEHTaM, OCOOEHHO AJ1 CKpUHWHIa npeaunabeTta, He[OCTaTouHO. B flaHHOM 0630pHOM aHanm3e pac-
CMaTPUBAIOTCA XapaKTePUCTUKK, METOAbI Pa3paboTkm 1 3GHEKTUBHOCTb MHCTPYMEHTOB OLEHKU pricka CLl Ansa BblsBAeHUS
npeaunabeTa 1 NPOrHo3nMpoBaHus ero nepexopa B CA.

MATEPUAJIbl U METObl. O630pHbIl aHann3 NpOBOAWIICA B COOTBETCTBUM C MeTofosoren MHcTutyTa [xkoaHHbl bpurrc.
Mownck npoBoauncs B 6asax aaHHbIx PubMed, ScienceDirect n Google Scholar ¢ gononHUTeNbHBIM OTCIEXMBAHUEM LT~
poBaHuUii. B nccnepgoBaHune BKNOYaNMCh PaboTbl, MOCBSALLEHHbIE B3POC/IbIM C 6ECCUMMNTOMHBIM TeueHreM npeguabeta. Mc-
C/leOBaHNA NCKII0YANUCh, eCNV B HAX OTCYTCTBOBA/IN PENEBAHTHbIE JaHHble, OHY OblI ONy6IMKOBaHbI HE Ha AHTTINCKOM
A3bIKE UV He CofepKanuv Mep Banugaumm. [JaHHble U3BNeKaMCb HE3aBUCMO ABYMS peLieH3eHTamn 1 0606Lwanncb B onu-
caTenbHON GopMe C aKLEHTOM Ha AM3aliH UCCNefOoBaHUA, XapaKTePUCTUKN MOAeNeN puUcKa, CTaTUCTMYeCcKe nokasartenm
3¢ dEKTUBHOCTM N OLLEHKY KayecTBa.

PE3YJIbTATbI. YeTbipHaguaTb nccnefoBaHNn COOTBETCTBOBAIM KPUTEPMAM BKIIIOYEHNSA; B HAUX pacCMaTpMBanocb 26 Mo-
nenen pucka. B 11 mogenax ncnonb3oBanacb NOrMCTUYECKasa perpeccus, a ona oueHkn nporpeccuposanna CI B wectn
MoZensAx NPUMEHANNCL OTHoWweHue puckoB (Hazard Ratios) u C-ctatuctuka. K o6wmm ¢paktopam prcka OTHOCUANCH BO3-
pact, UMT (nHgeKkc maccobl Tena), ceMenHbln aHamHe3 CI1 n runepToHna. HenmHBasuBHbIE MHCTPYMEHTbI U MPOrHOCTUYECKME
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OPUTMHAJIbHOE NCCNEAOBAHNE

MOZienu NoKasanu CBO NepcrnekTUBHOCTb, NPY 3TOM GONbLUMHCTBO UCCEQ0BaHUN Bbifiv OLEHEHBI Kak UMELLNE HU3KNIA
PUCK cucTemMaTMYecKol OWMOKU ¢ ucnosb3oBaHnem UHcTpymeHTa QUADAS-2. BbiCOKOUYBCTBUTESIbHbIE WMHCTPYMEHTHI,
NCMosb3yoLLMe NOPOroBble 3HAaYEHUA MOKO3bI B N1a3Me HaToLaK, IMUKUPOBAHHOIO reMornobrHa 1 nepopanbHOro roKo-
30TONepPaHTHOro TecTa, NPOAEMOHCTPUPOBANM CBO 3P dEKTMBHOCTb, OAHAKO MX LWUMPOKOEe BHepeHue TpebyeT cbanaHcu-
pPOBaHHOroO NOAX0Aa K 3aTpaTam 1 NPakTUYeCKom peanmsaumu.

3AKJTIOMEHUE. MNpoTecTpoBaHbl pa3nnmyHble MUHCTPYMEHTbl CKPMHUHTA, CNOCOGHbIE BbIABAATD Nitofei ¢ npeanabeTom unm
BbICOKUM prckom pa3sutusa C12. OpHako B nccnefoBaHuAX, rae 6b1M AOCTYMHbI 4OCTaTOYHbIe JOKa3aTenbCTBa ANs CpaBs-
HEHUA UHCTPYMEHTOB, UX 3bdeKTUBHOCTb OKasanacb HeOAHO3HaYyHOW. HekoTopble MHCTPYMEHTbI Obln 13yuYeHbl TOSbKO
B €AUHNYHBIX NCCIeloBaHUAX, N UX Bonee LWMpoKasa NPUMEHUMOCTb OCTaeTCA HeACHON. KnMHUUMCTbl nnu nccneposateny,
nnaHupyoLire NCNosib30BaTb 3TU UHCTPYMEHTbI i1l CKPUHMHIA NaLWEHTOB C NpeanabeTom Uin BbICOKM PUCKOM Pa3BUTUA

C2, BOMKHbI yYNTbIBaTb BO3MOKHbIE OrPaHUyYeHu .

KJTIOYEBbIE CJIOBA: 0630pHbIll aHAIU3; UHCMPYMEHM CKpUHUH2a pucka; npeduabem; 83pocvle.
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MoNHbIN TEKCT CTaTbM AOCTYMEH B 3NIEKTPOHHON BepCum XypHana Ha cante www.dia-endojournals.ru.

¥ [The full text of the article is available in the electronic version of the journal on the website www.dia-endojournals.ru]

INTRODUCTION

The global rise in type 2 diabetes (T2DM) has profoundly
impacted healthcare systems, especially in low- and mid-
dle-income countries where over 75% of diabetes cases oc-
cur [1].

Prediabetes — a condition marked by blood sugar levels
higher than normal but not yet at diabetic levels — is a crit-
ical precursor to T2DM, often progressing to full-blown dia-
betes if left unaddressed [2, 3]. Individuals with prediabetes
face heightened risks for complications like nephropathy,
neuropathy, and macrovascular diseases [3-5]. Studies show
that up to 70% of those with prediabetes eventually devel-
op T2DM, sometimes within five years [2, 6]. The American
Diabetes Association (ADA) defines prediabetes using HbA1c
levels between 5.7% and 6.4% or fasting plasma glucose lev-
els between 100 and 125 mg/dL [7-11]. However, there is
no universal consensus on the HbA1c range that best iden-
tifies high-risk individuals, as different recommendations
vary across organizations [12, 13]. In the Asia-Pacific region,
guidelines advocate for screening and intervention for those
aged 35 and older or individuals at high risk, using laborato-
ry tests such as FPG, HbA1c, and the 75-gram OGTT to sup-
port early detection and potential prevention of T2DM [14].
Despite these screening protocols, diabetes risk assess-
ment tools differ significantly in sensitivity, specificity, and
suitability across diverse populations [9, 15-18].Previous
research identifies several key risk factors for prediabetes
including sex (female) [19-22], age (45 years or older) [19,
21, 23, 24], Body Mass Index (overweight or obese) [21, 25],
waist circumference and family history of diabetes [26], high
blood pressure [22], polycystic ovary syndrome in wom-
en [27, 28], dyslipidemia [29], psychological factors such as
stress or depression [6], lifestyle behaviors like smoking or
tobacco use and alcohol consumption [22, 30], poor dietary
habits [28, 31-33], and physical inactivity [34]. This scoping
review aims to summarise existing research on diabetes risk
screening tools systematically, identifying knowledge gaps
to support potential shifts toward population-wide screen-
ing within community-based programs. Specifically, this re-
view examined the characteristics, development methods,
and effectiveness of diabetes risk assessment tools for iden-
tifying prediabetes and monitoring progression to diabetes
in at-risk individuals.
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MATERIALS AND METHODS

This review systematically identified and synthe-
sized studies on diabetes risk assessment tools (Fig. 1).
The methodology followed PRISMA-ScR guidelines, ac-
cessible at http://www.prisma-statement.org/ and https://
www.prisma-statement.org/scoping [35] (see PRISMA
checklist in the supplementary file). The protocol was re-
viewed and revised with input from the advisory board
of the Community Medicine Division at Thammasat
University; a Principal Research fellow from Southampton
Health Technology Assessments Centre (SHTAC), School
of Healthcare Enterprise and Innovation, University
of Southampton, UK; and members of the research team.

Eligibility Criteria:

1) Inclusion: Studies on diabetes risk tools for adults with
prediabetes or T2DM risks (18+), examining factors af-
fecting tool adoption, implementation, or validation.

2) Exclusion: Studies lacking relevant data, focusing on ge-
netic factors, or not classified as original research. Also
excluded were studies focusing on children, pregnant
individuals, or unrelated conditions.

A systematic search across PubMed, ScienceDirect, and
Google Scholar used Boolean operators, MeSH terms, and
synonyms (e.g., "diabetes risk assessment’, "prediabetes
screening', "adults’, "non-invasive tools") (Appendix A, B).
The timeframe covered October 2012 to September 30,
2022, and October 1, 2022 to September 2024.

Studies were selected through:

Title & Abstract Screening: Based on predefined criteria.

Full-Text Review: To confirm eligibility.

Two reviewers independently extracted data using
a standardized QUADAS-2 form. Discrepancies were re-
solved by a third reviewer. Of 843 identified studies, 14 met
inclusion criteria (see Figure 1 for the PRISMA flow chart
summarising the selection process). These studies includ-
ed 26 risk models (e.g., THIARISK, CANRISK, FINDRISC, ADA-
Risk). Data on AU-ROC, sensitivity, specificity, and validation
efforts were summarized in tabular format for comparison.
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Table 1. Characteristics of the included studies (according to PICOs criteria)

. . . - Index Test (1) . Timing of Setting or
First Authors Countries | Study Design Participants (P) Name of Tool Goal Standard / Cut Point (1) Study (C) Area (C)
CANRISK >33,
FINDRISC =15
Adults ! Zamboanga
Agarwal G Philippines Case-control 240/<40 yrs with ADA 23, FPG2100 mg/dL (5.6 mmol/L) 2015-2016 | City Health
(2019) (40] impaired glucose IDRS >60, per ADA Center (PHAC)
pairedg UDD 14,
Filipino =21
Adults 35-65 yrs 68 primar
Aekplakorn W with 1 or more of | Thai Diabetes FPG =100 mg/dL (5.6 mmol/L); carz cente):'s
(201%) [41] Thailand Cross-sectional | 6 common T2DM Risk Score, 6 risk | OGTT 2140 mg/dL 2013 across all
risk, CVD risk factors (7.8 mmol/L) per ADA X
regions
factors
Adults 20-81 yrs
o L . FPG =100 mg/dL (5.6 mmol/L); .
?zaohzlg)' [542] Saudi Arabia | Cross-sectional WITc]oIg;paar:::ie?zDM iﬁ\l?)Rl-LISS%(N 3, OGTT (50 g, Th-PG) 2016-2017 E:Eehé;\etaelrsh
?isk 140-200 mg/dL; ADA criteria
. FPG >100 mg/dL (5.6 mmol/L); Inuit
flza:;%)Y[“] Canada Cross-sectional g\c/i:rlt\;ig 'I)i;SDaMnc:isk CANRISK =32 OGTT =140 mg/dL (220r1730nths) communities,
(7.8 mmol/L) per WHO Nunavut
. FPG =100 mg/dL (5.6 mmol/L);
gg;’;’;[ﬁf Saudi Arabia | Cross-sectional /:grﬂtsr:z:;:f YT | SADRISC OGTT 2140 mg/dL (7.8 2009 g'licr;urba”
preg mmol/L) per ADA
. HbA1c =5.7% (ADA), .
Rowan CP Canada, . Adults =218 yrs with | CANRISK, Community-
Cross-sectional | . . HbA1c 26.0% (CDA), 2013
(2014) [45] Toronto high T2DM risk FINDRISC HbATc >6.5% based
HbA1c =5.7% (ADA), .
(Szr(‘)‘gg) 5[2\6] Canada Cross-sectional ﬁjﬁ:g li;”rg'rs / |CANRISK>22 | HbATc >6.0% (CDA), 2018 E::;g’””'ty'
=40y HbATC 26.5%
Vanderwood KK | o, Crosesectional | nouls 40-7541S | DA isktest 29, | OGTT (2h-PG) 2140 mg/dl |, - Worksites and
(2015) [47] . 9 CANRISK =19 (7.8 mmol/L); ADA criteria Y
risk centers
Risay AJ Longitudinal Adults 218 yrs with ) o 2016 Community
(2018) [50] Norway study high T2DM risk FINDRISC, DM-UK | HbATc 25.7% (ADA) (2 months) | pharmacies
Schmidt MI Brazil Longitudinal Adults 35-74 yrs Risk - Self- FPG =100 mg/dL (5.6 mmol/L) 2008-2010 Healthcare
(2019) [51] study (civil servants) reported per ADA centers
. N.AVIGATOR Adults 45-70 yrs . FPG =100 mg/dL (5.6 mmol/L);
Bethel MA Asia, Europe, | trial (Cohort, L . Novel Risk L
. . with impaired OGTT =140 mg/dL Not stated | Multinational
(2013) [31] Latin America | 5 years Models A-E
glucose (7.8 mmol/L)
follow-up)
Prospective
Hippisley-Cox J Cohort study Adults 25-84 yrs, QDiabetes . o GP Practices
(2017) [48] England (3.9 years non-diabetes models A-C FPG per ADA; HbATc 25.7% 2016 (QResearch)
follow-up)
Adults 40-64 yrs
Kaneko K with Mets and IFG, MetS Health
(2020) [49] Japan Cohort study impaired glucose combinations FPG =100 mg/dL (5.6 mmol/L) | 2008-2018 centers
and T2DM risk
. BASIC, FPG =100 mg/dL (5.6 mmol/L); ACE Study
é‘g . China Cohort study ?f,ﬂféﬁ'lﬂ? EXTENDED, 2h-OGTT 2140 mg/dL Notstated |and LUSHOU
y FULL models (7.8 mmol/L); HbA1c >5.7% cohort

Note: FBG: Fasting Blood Glucose; OGTT: Oral Glucose Tolerance Test; HbA1c: Hemoglobin A1c; THAIRISK: Thai Diabetes Risk Score; CDA: Canadian Diabetes
Association; CANRISK: Canadian Diabetes Risk Score; FINDRISC: Finnish Diabetes Risk Score; ADA RISK: American Diabetes Association Risk Score; IDRS:
Indian Diabetes Risk Score; UDDM: Diabetes Risk Tools for Indonesia; Filipino: Diabetes Risk Tools for the Philippines; SADRISC: Saudi Arabia Diabetes Risk
Tool; and UK Diabetes Risk.
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Identification of studies via databases and registers

Records removed before screening:

Duplicate records removed (n=34)
Records marked as ineligible by automation tools (n=9)
Records removed for other reasons (n=70)

Records excluded
(n=615)

Reports not retrieved
(n=2)

c
)
s Records identified from:
:.E Databases (n=4) >
5 Registers (n=845) i
S
A4
Records screened >
(n=732)
g’ \4
o Reports sought for retrieval -
o >
5 (n=117)
w
\4
Reports assessed for eligibility >
(n=115) _
v ]
° Studies included in review -
[}
S (n=14) -
© Reports of included studies -
c
= (n=14) -

Reports excluded (n=101):

participant assessment to other risk tool (CVD) (n=21)
reviewed studies deleted not a primary study (n=18)
used comparative model of tools (n=8)

not tool identified individual risk tool (n=3)

used tool in specific groups of subjects (n=13)

used ML or other methods to validate tool (n=7)

not report outcome for the purpose of study tool (n=31)

Figure 1. PRISMA 2020 flow diagram.

As this is a scoping review, for which risk of bias as-
sessment is regarded by JBI as optional rather than man-
datory [36], we used a pragmatic approach to the risk of
bias assessment. That is, we selected a subset of what we
considered to be the most important risk of bias questions
from a relevant risk of bias tool for screening studies.. The
QUADAS-2 tool [37, 38], was used to assess bias across four
domains: Patient Selection, Index Test, Reference Standard,
and Flow and Timing. For comparative accuracy, QUA-
DAS-C [39], was applied where relevant. Additional quality
considerations included sampling and reporting bias.

Assessment Process: 1) Independent Review: Two
reviewers evaluated study design rigor, using adapted
QUADAS-2 criteria for diabetes risk assessment. 2) Study
Categorization: Included 7 cross-sectional, 6 cohort, and
1 case-control study. 3) Bias Judgment: Each study was
rated as low, high, or unclear risk in QUADAS-2 domains.
4) Comparison with Previous Reviews: Unlike earlier find-
ings [9, 18], with 87.8% high risk of bias, our review found all
14 studies had low risk of bias, highlighting their methodo-
logical robustness. All studies were deemed low risk of bias
and included in the final analysis (Table 2 in Appendix C).

RESULTS
This section may be divided by subheadings. It should
provide a concise and precise description of the experimen-

tal results, their interpretation, as well as the experimental
conclusions that can be drawn.

CaxapHbli1 gnabet. 2025;28(4):348-358
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This review includes 14 studies conducted across
11 countries, spanning the years 2009 to 2018. These studies
were drawn from five databases and nine community-based
settings, providing a diverse geographic and methodologi-
cal landscape. The study designs included one case-control
study [40], seven cross-sectional studies [41-47], and six co-
hort studies [18, 31, 48-51]. Participants were adults aged
18 and older who were identified as being at high risk for
diabetes or prediabetes.

The types of diabetes risk assessment tools varied, with

the following tools and models being assessed (Table 1):

1) Risk Screening Tools: Thai-RISK, CANRISK (3 studies),

FINDRISC (3 studies), ADA, IDRS, UDD, and Filipino risk

scores.

Comparative Models: OGTT, CANRISK Original, FBG, ADA,

CDA, FPG, and A1C were used to benchmark and com-

pare the efficacy of these risk tools.

3) The "gold standard" criteria or diagnostic cut-off points
applied in these studies included CANRISK Original, ADA,
CDA, FPG, OGTT, and A1C, allowing for standardized
evaluation of risk assessment performance.

2)

Developing reliable diabetes risk assessment tools
is essential for early detection and diagnosis in adults
with high-risk impaired glucose, intermediate hyperg-
lycemia, or prediabetes. Low-cost, simple tools such as

Diabetes Mellitus. 2025;28(4):348-358
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Table 2. Diagnostic performance and cut-off scores of diabetes risk screening tools (9 studies)

Study Screening Cut-;:ii‘ilicore Outcome Reference ilev':ts; SPC?tc;f'- PPV
o . . . o
(citation) tool threshold) predicted standard & cut-point (%) (%) (%)
CANRISK >33 70 67 35
FINDRISC >15 78 67 13
ADA RISK >3 Prediabetes 79 67 10
Agarwal G TEST or FPG =100 mg/dL
(2019) [40] undiagnosed | (5.6 mmol/L) (ADA)
IDRS >60 diabetes 83 60 17
UDDM >14 - - -
Filipino Risk 521 ) i i
Score
>6-FPG Prediabetes FPG =100 mg/dL 53.7 100 100
Aekplakorn W. | Thai Diabetes (screen (5.6 mmol/L) or
(2015) [41] Risk Score ositive) 2-h OGTT =140 mg/dL
>6-OGTT P (7.8 mmol/L) (ADA) 81.1 100 100
24 FPG 100 mg/dL 87 4 33
Bahijri S SADRISC 25 Prediabetes | (5.6 mmol/L); 72 66 39
(2020) [42] >6 or diabetes |OGTT (50 g 1-h PG) 69 69 40
>7 140-200 mg/dL (ADA) 53 83 29
>21 rediabetes FPG >100 mg/dL 85.1 314 26.0
(2017) [43] >32 L 2-h OGTT =140 mg/dL 61.2 65.7 33.6
criteria) (7.8 mmol/L) (WHO)
>33 ’ 61.2 66.5 34.2
FPG =100 mg/dL
Memish ZA Prediabetes | (5.6 mmol/L);
(2015) [44] SADRISC 2> or diabetes | OGTT 2140 mg/dL 7.2 >4
(7.8 mmol/L) (ADA)
. HbA1c =5.7% (ADA) /
Rowan CP FINDRISC |65 Prediabetes | ¢ 105 (CDA) / 26.5% 85.3 435 -
(2014) [45] or diabetes .
(diabetes)
New HbA1c =5.7% (ADA 788 54.0 -
Srugo SA CANRISK Prediabetes ¢ 25.7% (ADA)/ ' '
>22 . other thresholds per
(2020) [46] Original or diabetes study 0
CANRISK 771 55. -
. 2-h OGTT >140mg/dL
:f&d;)r[‘g;’fd KK ADA Risk Test | 29 z:eji;a;eetteis (7.8 mmol/L) and 68.9-985 445 -
ADA/CDA definitions
. Model- . FPG =100 mg/dL
Schmidt Ml QDiabetes- specific Irpdent (5.6 mmol/L) (ADA)
style - diabetes / . . 67.7 779 -
(2019) [51] aporoach (10-yr risk 10-vr risk as diagnostic reference
PP >10%) y in the study

Note: Outcome Predicted — whether the screening tool correctly identifies individuals with prediabetes and/or undiagnosed diabetes as defined by the

reference standard in each study (FPG, OGTT, or HbA1c based on ADA/WHO criteria). Cut-off scores are as reported in the original studies.

ADA RISK — American Diabetes Association Risk Score; CANRISK — Canadian Diabetes Risk Score; CDA — Canadian Diabetes Association; FBG — Fasting
Blood Glucose; Filipino — Diabetes Risk Tools for the Philippines; FINDRISC — Finnish Diabetes Risk Score; IDRS — Indian Diabetes Risk Score; OGTT — Oral
Glucose Tolerance Test; PG — Plasma Glucose; PPV — Positive Predictive Value; SADRISC — Saudi Arabia Diabetes Risk Tool; UDDM — Diabetes Risk Tools

for Indonesia; WHO — World Health Organization.
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paper-based risk questionnaires or anthropometric meas-

urements allow for easier identification of at-risk individu-

als who may benefit from lifestyle interventions. Common
tools for assessing prediabetes or diabetes risk include
the CANRISK, FINDRISC, and ADA Risk Questionnaires.

The development of these tools generally falls into three

main categories:

Non-invasive risk score assessments: These tools esti-
mate diabetes risk based on non-invasive parameters, such
as BMI, age, and lifestyle factors [42-44, 47].

Index tests for diabetes risk scores: These studies in-
vestigate the utility of diabetes risk scores as diagnostic
tools [40, 41, 45, 46, 50].

Predictive models for incident diabetes: These models fo-
cus on predicting the future development of diabetes in in-
dividuals identified as at risk [18, 51].

In summary, this review outlines three key findings re-
garding diabetes risk screening tools (Table 2):

1. Development methods: Approaches to creating and re-
fining diabetes risk assessment tools.

2. Detection capabilities: Effectiveness of the tools in iden-
tifying prediabetes or diabetes based on sensitivity,
specificity, accuracy, and feasibility.

3. Progression and intervention: Factors that influence
the reversal of prediabetes risk and the likelihood of pro-
gressing to diabetes over time, with an estimated inci-
dence of 15.9% over five years.

These findings highlight the need for tailored, effective
risk assessment tools that are both accessible and accurate,
enabling early intervention in at-risk populations.

Across 14 studies, 8.69 million participants were analyz-
ed, with 53% female and a mean age of 38.4 years (SD=7.7).
Risk assessments included 5 to 15 factors (median: 11), cate-
gorized as follows (Table 3):

« Socioeconomic: age, sex, education, marital status,
and occupation.

« Anthropometric: BMI, weight, waist circumference,
and waist-to-hip and waist-to-height ratios.

« Biomarkers: blood pressure, lipid profiles (total cholester-
ol, HDL, TG, LDL), hypertension history, gestational dia-
betes, and family history of diabetes.

+ Lifestyle: Smoking, physical activity, and sleep duration.

Among 6.49 million (74.7%) who completed risk assess-

ments: 3.1% (198,968) were identified as high-risk for predi-

abetes, 2.8% (180,639) were diagnosed with diabetes during
follow-up. Among diagnosed cases, the average diabetes
duration was 5.5 years.

Key risk factors in diabetes screening tools include age,
BMI, history of diabetes (HxDM), hypertension (HT), and
waist circumference (WC). Some tools incorporate addition-
al factors (Table 4):

«  Sex: Thai-RISK, CANRISK-9, Filipino Risk Score
« Physical activity: Included in most tools except Thai-

RISK
- Diet: CANRISK-9, FINDRISC-8, SADRISC-10, UK-D-10
- Gestational diabetes (GDM): ADA-7, SADRISC-10, UK-D-10,

Filipino Risk Score

CaxapHbli1 gnabet. 2025;28(4):348-358
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«  Ethnicity: CANRISK-9, UK-D-10, SADRISC-10
«  Smoking: CANRISK-9, SADRISC-10, Filipino Risk Score
«  Excluded factors across all tools: lipid levels (HDL, LDL),
cardiovascular diseases (CVD), and corticosteroid use.
Tool Performance:
« Sensitivity: 70-90% (higher in Thai-RISK, CANRISK-9,
FINDRISC-8, and UK-D-10).
«  Specificity: 45-80% (higher in CANRISK-9, FINDRISC-8).
Risk Stratification:
«  Lowrisk: Below tool-specific cut-off.
« Moderate risk: Intermediate range.
« High risk: Exceeds high-risk cut-off, indicating a great-
er likelihood of diabetes.
The tools that had more risk factors had lower % of peo-
ple identified at high risk of pre-DM, suggesting that adding
more risk factors doesn't improve prediction.

KEY FINDINGS AND IMPLICATIONS

The 14 studies included a range of screening tools with
different cutoffs and several different reference (i.e. gold)
standards, with limited repetition of these combinations
of tools, cutoffs and reference standards across the studies
(Table 1 and Table 2). This makes it difficult to determine
how generalisable the findings from individual studies
would be. Overall, 26 screening tools were assessed across
the 14 studies.

Across all studies and all combinations of the screening
tools and their corresponding reference standards, sensi-
tivity of the tools for detecting people with prediabetes or
those at high risk of developing diabetes ranged from 54%
to 98% whilst specificity ranged from 31.5% to 100% and
the PPV ranged from 10% to 100% (Table 2). Thus, none
of the tools studied optimised both sensitivity and spec-
ificity and, in all cases, the PPV (i.e. the probability that
someone with a positive screening test result would actu-
ally have prediabetes or a high risk of developing diabe-
tes) was relatively low. The screening tools with the highest
sensitivity for identifying people with prediabetes or a high
risk of developing type 2 diabetes were ADA Risk Tes with
a =9 cutoff, FINDRISC =15 cutoff and IDRS with a =60 cut-
off (94% and 92% sensitivity respectively) but in the corre-
sponding specificity was relatively low (43%, 45% and 67%
respectively) (Table 2).

There is a strong need for more sensitive and specific
tools to identify prediabetes effectively. While CANRISK
and FINDRISC show potential for early detection, great-
er internal validation is essential to ensure their reliabil-
ity across populations. Strengthening validation efforts
can enhance screening accuracy, guiding health provid-
ers and policymakers in developing targeted preventive
strategies for high-risk groups.

This review analyzed one case-control study, seven
cross-sectional studies, and six cohort studies focused on
tool development and validation.

DISCUSSION
This scoping review provides a comprehensive synthesis
of diabetes risk screening tools for identifying adults at risk

of prediabetes or type 2 diabetes mellitus (T2DM), as follow
each objective of the study;
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Table 3. Baseline characteristics of the included studies

. . Complete . . .
. Sample Number | High Risk . High Risk | Diagnosed
e o | size (Case/ | Mean A9 | SXIWE | “ofpisk | identified | TEKAS | of pre-DM | with DM
Control) ? Factors (%) (%) (%) (%)
Agarwal G 200 M: 23.5,
(2019) [40] (50/150) 6(11.5) F:76.5 9 NA 100 8 6
Aekplakorn W M: 23.6,
(2015) [41] 6,884 50.5 (6.9) F:76.4 6 38.8 88 38.8 13.4
Bahijri S M: 53.6,
(2020) [42] 1,477 32(11.5) F: 474 11 22.2 23 17.5 4.7
JiangY o M: 344,
(2017) [43] 303 <45 (50%) F 656 12 6.7 100 18 4
Memish ZA 50-59 M: 62,
(2015) [44] 1,485 (64%) F: 38 7 49.2 96.6 49.2 16
Rowan CP o M: 29, ADA:79.7, ADA:79.7,
(2014) [45] 691 <40(323%)| 4 7 CDA: 75 85.2 CDA: 75 61.7
Srugo SA M: 37.6,
(2020) [46] 3,334 28.5 (NA) F 624 13 NA 100 5.8 1.5
Vanderwood KK M: 36,
(2015) [47] 364 55.8(12.5) E- 64 7 89 86 55 194
Risgy AJ o M: 40,
(2018) [50] 211 <45 (43%) F 60 8 6.6 100 5.4 1.4
Schmidt Ml 45-54 M: 45.5, 2% (person-
(2019) [51] 15,105 (32%) | F:545 > & 741 >9 year)
Bethel MA M: 49,
(2013) [31] 9,306 63.8 (6.8) F: 51 15 49 100 35 35
Hippisley-Cox J M: 49.6,
(2017) [48] 8,640,363 | 44.9(15.2) F:50.4 12 NA 96.9 28.2 19.1
Kaneko K M: 82.7,
(2020) [49] 8,989 50 (NA) F173 1 433 46 18.8 5.8
XuS M:72.4,
(2021) [18] 3,250 63 (NA) F276 15 NA 96 15.8 21.1
200 to from young Male-to- Risk factors High-risk Most studies | The prevalence | Diabetes
8.6 million (28.5 years) femaleratios | assessedranged |identification | achieved of pre-diabetes | diagnosis rates
participants, | to older weremostly | from5to 15, | rates varied over 85% among high- | ranged from
reflecting (63.8years). | balanced, with |showing widely (6.6% | completion risk individuals | 1.4% to 35%,
14 authors diverse afewstudies | different t079.7%). rates for ranged from | depending on
population having male- | screening assessments. | 5.4%t055%. | population and
sizes. dominated approaches. study design.
cohorts
(e.g., Kaneko K:
82.7% male).

Note: NA: Not applicable, NS: NOT State, FBG: Fasting Blood Glucose, OGTT: Oral Glucose Tolerance Test, A1C: Hemoglobin A1C, ECG: electrocardiogram,

THAIRISK: Thai Diabetes Risk Score, CDA: Canadian Diabetes Association, CANDRISK: Canadian Diabetes Risk Score FINDRISC ; Finnish Diabetes Risk Score,
ADA RISK: America Diabetes Association Risk Score, IDRS; Indian Diabetes Risk Score, UDDM; Diabetes Risk tools for Indonesia, Filipino; Diabetes Risk tools
for Philippine, SADRISC: Saudi Arabia diabetes risk tool, UK-diabetes risk
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We identified 14 studies representing 26 risk models,
including widely used tools such as CANRISK, FINDRISC,
and ADA-Risk, with considerable variability in sensitivity,
specificity, and applicability across populations [42-44, 47].
The majority use indirect predictors such as BMI, family his-
tory of diabetes, age, waist circumference and physical ac-
tivity [44, 49]. Similarly, Rowan et al. [45]. Studies show that
the standard CANRISK questionnaire, with a cut-off score
of 33 points, achieves good accuracy, while a lower cut-off
of 21 points significantly increases sensitivity [52]. However,
adjusting BMI and waist circumference cut-off points for eth-
nicity did not enhance predictive accuracy. Arisk score based
on factors such as sex, age, waist circumference, hyperglyce-
mia history, and family diabetes history, with scores ranging
from 0 to 15, was deemed effective for assessing prediabetes
or diabetes risk [40, 42]. Women with impaired fasting glu-
cose (IFG) are often underdiagnosed, and using OGTT may
improve prediabetes detection, especially among women
aged 45 and older [41]. Between simplicity and utility are
some of the tools (eg, Thai-RISK and CANRISK) that were de-
veloped with restricted external validation so their extrapola-
tion outside the study population should be with caution [40,
41, 45, 46, 50]. A model combining FBG and OGTT (C=0.70)
proved effective for diabetes risk assessment [31]. However,
models based on IFG (WHO criteria) had lower sensitivity
(67.7%) and specificity (77.9%) than expected.

The effectiveness of various tools in predicting T2DM was
assessed through their ability to classify individuals based
on risk factors like impaired glucose tolerance (IGT) and
impaired fasting glucose (IFG). For instance, the CANRISK
tool has demonstrated success in identifying impaired
glucose in Canada’s First Nations and Métis communities,
as well as in Saudi Arabia [40, 41, 45, 46, 50]. Jieng's study
suggested that OGTT was superior to FPG for risk predic-
tion [43], and Norway’s community pharmacies effectively
utilized HbA1c testing to identify undiagnosed T2DM cases.
The QDiabetes-2018 algorithm further showed strong pre-
dictive capabilities for 10-year risk of T2DM, confirming its
feasibility for use in community screening [41, 51]. Screening
through FINDRISC in pharmacy settings proved feasible,
highlighting the utility of accessible locations for reaching
at-risk populations. Suggested model cut points include A-Q
Diabetes (no FBG or A1c), B-FBG, and C-A1C [48]. For 10-year
diabetes risk prediction, Model B_FBG provided the best
performance, effectively identifying individuals needing
intervention or more intensive follow-up [48]. Other stud-
ies found the risk score approach feasible and effective for
assessing diabetes risk in community and pharmacy set-
tings, allowing both pharmacists and participants to engage
in the screening process [44, 50]. Simple, cost-effective ques-
tionnaires are valuable for raising awareness and assessing
type 2 diabetes risk [49]. Aside from the SADRISC tool and
ADA Risk Test, which were each included in two studies, all
other diabetes screening tools were only included in one
study and so their sensitivity, specificity and PPV in a wider
range of settings is unknown. Due to the different tools and
reference standards used across the studies a quantitative
meta-analysis of the studies is not feasible. Our risk of bias
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assessment using QUADAS2 suggested that the studies
were broadly similar in their risk of bias, but the studies dif-
fered in a range of factors, including the country, study de-
sign, age range, and risk factors of the populations (Table 1).
These factors likely contribute to the observed heterogene-
ity of the sensitivity, specificity and PPV results but are diffi-
cult to test for as explanatory variables in this evidence base
due to the limited occurrence of each set of variables across
the studies.

Cohort studies primarily examined the progression
of individuals with prediabetes to diabetes, emphasizing
IFG and Metabolic syndrome (MetS) as significant risk fac-
tors [18, 31, 51]. Kaneko et al. found that IFG held a higher
population-attributable fraction (PAF) than MetS in predict-
ing T2DM incidence among middle-aged Japanese partic-
ipants [25], and the coexistence of IFG and MetS showed
the highest risk [9]. This finding suggests that IFG could be
a valuable marker for diabetes risk, especially when used
in combination with MetS criteria. In Saudi Arabia and
Algeria, basic assessment tools have effectively evaluated di-
abetes risk in the population. Across studies, socioeconomic
factors such as age, education, and marital status, as well as
biomarkers like blood pressure and lipid levels, were found
to significantly impact diabetes progression [18, 31, 511.

In a five-year period, 15.9% of participants with impaired
glucose tolerance (IGT) or coronary heart disease (CHD) pro-
gressed to diabetes, underscoring the importance of target-
ed interventions. A risk prediction model utilizing clinical
variables readily available in routine practice can help esti-
mate diabetes risk in specific populations, such as Chinese
individuals with CHD or IGT. Despite some studies having
small sample sizes, the general recommendation is for set-
tings to raise diabetes risk awareness for individuals scoring
9 or higher on the ADA risk test [18, 47]. If the intention is
primarily to identify people with prediabetes or at high risk
of developing type 2 diabetes then the relatively low spec-
ificity and PPV values may not be a concern, provided that
there are no negative issues associated with false positive
results (such as the costs of testing or of the management
of patients who receive a negative diagnosis).

CONCLUSIONS

This review mapped the field of diabetes risk screening
tools and emphasized the importance of more systemat-
ic validation, particularly in different populations. A range
of different screening tools has been tested that could iden-
tify people with prediabetes or a high risk of developing
type 2 diabetes. However, where sufficient evidence was
available to compare tools across studies the performance
of these tools was inconsistent. Several tools have only been
investigated in single studies, with uncertainty around their
wider generalisability. Clinicians or researchers wishing
to screen people for prediabetes or a high risk of develop-
ing type 2 diabetes using any of these tools should be aware
of their potential limitations.

Limitations: The limitations of this review are that it only
covers English and Thai literature; possible publication bias
due to the fact that grey literature is not included; and that
no meta-analysis was conducted. Although this is to be
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Table 4. Risk factors, Score Range, Cut-off score and Sensitivity (%) Specificity (%) of the screening tools

Risk factors el e Fieos | ADA7 | UK-D-10| oRD- | iDRs-4 | UDD-7 o sk
scors-9
1) Age + + + + + + + + +
2) Sex + + - - - - - - +
3) BMI + + - + + - - + +
4) Hxof DM + + + + + + + + +
5) HT (Hypertension) + + + + + + - + +
6) WC (Waist + + + + + " + + n
Circumference)
7) Impaired Glucose + - + - + + - + -
8) Physical Activity - + + + + + + + +
9) Diet - + + - + + - - -
10) GDM (woman) - - - + + + - + +
11) Ethnicity - + - - + + - - -
12) Smoking - + - - - + - - +
13) Lipids (HDL, LDL) - - - - - - - - -
14)CVD - - - - - - - - -
15)Drug (Depression,
schizophrenia, - - - - - - - - -
corticosteroids)
N of risk factors 7 9 8 7 10 10 4 7 9
Sensitivity (%) 80-90% | 75-85% | 78-88% | 70-85% 81% ~80% | 75-85% | ~80% | 78-88%
Specificity (%) 60-75% | 70-80% | 72-80% | 65-75% 45% ~70% | 65-75% | ~75% | 70-80%
Range of score 0-17 0-100 0-26 0-10 0-47 0-15 0-100 0-24 0-25
Cut-off score >6 >33 >15 >3 >16 >5 >60 >9 >9
Low risk score <6 <21 <7 <5 <16 <5 <30 <9 <9
Moderate risk score 6-8 21-32 7-11 - 17-24 6-9 30-50 10-14 10-14
High risk score 29 >32 12-20 =5 225 =210 =260 =15 215
Very high risk score - - =21 - - - - - -

Note: (+): Yes; (-): No
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expected in scoping reviews, the reporting of pooled perfor-
mance ranges in our tables serves to narrow the knowledge
gap and achieve higher interpretability.

Strengths: Diverse Geographic Coverage: Findings are
generalizable across different populations. Comprehensive
Tool Review: Analyzing 14 screening tools provides a broad
comparative perspective. Quality Assessment: QUADAS-2
ensures structured evaluation, enhancing reliability.
Clinical Relevance: Identifies practical, non-invasive risk
factors (e.g., age, BMI) for easy application in healthcare
settings.
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