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Abstract

Background. 9&d 31X d@&1ET 00 & & B: fAhA SITd & |
fEoIeR &, 891, Uige 3R efieead e 2a &1 da1d gg 781 o
ThHIT 3111 2 | FaTed I & 13 o Wi W feeha 1t & ar =gt 3k
Ad TSI HHSIR dl A81 gIdT|

Findings. ©g RCT &l dhuotdfcd Yol H (n = 1,789) THI%hdR H adherence
dell Hedges g = 0.45 (95% CI 0.23 to0 0.67) | Hedges g &I Hdo1d: 378
fodT 921 &, 28T AT | RCT &1 Haale: Tt &2t fords @it &) @lfedt ot
TRE S 0 H §ieT SITdT 21 95% CI BT HdoTd: 3Tl 3R SUTGIaR 4T a1
H dad1 81 12 = 70% | 12 T Hdcls: Teatel Udh oifl & ol 37el-37eTTT | I8
3MiheT T &1 95% prediction interval T1ST &1 T HT TTe Thdl &1 T3
TSt H 37 9 Hi fexd | AdTSir 7t TRT1 AT dhordfed qerT3ii 7 g = 0.38
(95% CI 0.30 to 0.46; I = 0) | 2024 I Udh Td= NG H 36 I | TTH
Tl U 9T +489 TeH il | FT8e-ae diidhl 314 W Ylge-aof odl el
STch-8e dRIehT Bed W Ulge ledl g1 Sl & fehT 9¢T| 31dh-ge aTeil dc
BT 81 SfTd T STdT &1 fhdT ST AehdT | U7 8ol STdh-ac WIUTH 9 heH
§¢1 9o, HbA1c 3TR 2ars &4 H Wb A&l 37maT|

Interpretation. THTthRRA feh BT Blel-HeTH ofid? 8| TdTol &l Biel
iR 81 IH@hR el ol ¢y Ht AT 81 MR 31T TIITH & feiy 33 W)
SITH T JRfETd fEWhleT 81 Wed TR Aall dle &idh A oied TS faT R Bd &l
R 3R &6 SfTdT 2 | Taeifdhel WIacT 98t Wi |

Registration and limits. I8 QRTT R &1 37U 8| ATY H 2022-2026 i
% Id €1 F1d: PubMed, Scopus, Web of Science, PsycINFO, Google
Scholar, ClinicalTrials.gov, CTRI, OSF| HRRd H CTRI W Ut Tt &t Hedl
SI TIECRehRA Bl bR T 3TeTTT I3 ATV | HIHBIS 39 & adien] W I8 19
21 PeH 3iR fehd W Ihi9 HeaH 21 JASTS1T Whdl 3iR faed(ddhd TdTol IR
Th1q B 2l

Keywords. gamification; adherence; wellbeing; mHealth; streaks;

badges; points; white-hat; loss framing; India; workplace.
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03 Definition block

A fthch2[ BT Hddld IT% &l T & 3SR &1 7T & 9Te3 AT |
qigc| 9571 oided | Tieh | oiteddls | W aR | T aif3a) 77 et |
HEMT aTedT R 1 98 81 T8 Mg & W hiF 21 AT bt
TR | A1 ITEAT I (rep) | AfSHAT ATAT ATC | FHHR o ATHA Tett fSETAT |

ETEC-¢ dRIehT 37T WX SATH <dT 2| Ulse fHetdr 81 oo fietdr g1 faq
AT STTaT 21 Tl gragd ot 2l

STch-8c RThT B W Hall SdT &1 B T [B3Td H TR Ulse fietd
21 W1l fad R gA dhed g1 b 379 gHehl 81 I ¢t dl &k R 74|

fSefdR e ShIAIHIT 59 W19 hiHT had! ol TH f3olsd 38 sidh-ec
3184 hedl & | HHT | THAT &I &3 | TET HAA Bl gHA | HId & felv

@el HITeTdR 3T &1 JaTel U ¢ fob I1ed H SRT 31TT? STch-2e fEeired
§ wel faT Hae &1 I8 TR 80 Beb Bl Ugel A H12eeR HIdT &1 TRT
EERIECIN
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04 Introduction

dTe]® &l Ueh UATolee I(AAR ITd deAstet TU ST3TeIS hidt 8| AR ol
g 1 9 H A1 dTedT U Bl 8| HITAdR i ATH FeiTac dl TEhalIT Wl
ST 81 AR ddb VY &l 31Tgdh alH Fhid I f&fes gabl o | Hifem o atg
RATESR 31T 81 98 38 W13y e &t 81 VO gafely el wer fo faar faar
21 92 98 ©el S fodt &T¢-310 & el & goR Bed 21 fad T W
S8 | fo i W @THIRft | Tigde & dd agt ddl 2 off A Fedt 2
T ATl 2| o7 aTTdT 81 oiSdls elfITdl & | HileidR WWhiH g R ST
GGG

g AT HRIGRT 21 SaHh el &l 37ed Bl fZATd syt & f&dma ST &l
R AT FHAT 21 38 BT & R o4 21 ool & Ardd & a1t §¢ ar
ATSel THTATAT 8| WaRT dgt & oif HRAA-AT HT3ed &bl fammedr 81 A R
STeT fUhe | T8ETE o1 1w 37T arett AT 21 f¥als &fch T oid aredT AT
21 §of &l SRTIE IAT37 df 919 WY 9 AT GIRadT & | FIHT, IodT dT HTaAT
T ATH 1T T8t GRadT | hd H 81 difed Udh Jod HoR &l 9T | 98 fah
31T ATAT 318k Tolel A o folU U WTeTdT & | J19 aTedl 39 /B el
gl & 3T 9 o T 21 ThR & foreTt &9 T &1

Johnson 37R AT 4 2016 H 358 TR ¢4 | 59 HIACT H Add ABRIHD
AT| 41 BIACT H fHAT-SoAT | SaTfeicl SITSTdR AedH g1 388 A ff | RIT
fRIeTard gt I8! | T aTedt YIuTH 37R {947 719 a1t Sgdl YiTH &H &
CHAT doi:10.1016/j.invent.2016.10.002 |

Sardi 3R AT 3 Uk ATl 9T BT 3-8 TR <34 | SATSTaR SJsTd
BieT 37R 9TeT ST 9T 71 doi:10.1016/j.jbi.2017.05.011 |

Xu 3R AR 7 2022 ¥ amd fhfoidhol-Ufaefdcl sl Siigt | gedrd fHol-
SIeT 3R BTeT ATl doi:10.2196/277941

Mazeas 3TRR ATfIIT 7 TTeTg RCT STis | fohfoidhat Ufdefdel WR Hedges g
= 0.42 | f7 79 dTet Tfehd heled &b ATHA g = 0.23 | Blcll-3[T W g =
0.151 doi:10.2196/26779 |

Nishi 37 ITfe= 3 2024 & T8 AT% HTH fHdT| BT I | 10,079
G | TTH aTedT U §9TH T8AT 719 aTelT U9 | 39T +489 HeH | dol 3R HHR
7 BIdt fiRTde| g7 fohfoidhal AdTell R Tdbi HaAT-HedH |
doi:10.1016/j.eclinm.2024.102798 |

T RMAT ARIT 8| HRATT 3iT0%a WIUTH & feiv i ard 37¢RT 21

emotionapp.in/research/gamification-adherence-wellbeing-meta-analysis 6/24
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Ygatt | TEdhAT 3R AdTSIT Udh UgTS A8l 8| 2819 VY Wlel dchdl 8| 9geitd 4
| 3T §¢d GohdT 2| V9 e T 8IS S| 39 IR &t AlTeArsd Jgt oils gl
T T IR I fehAT dedl &2 o1 YIUTH &l HIH HHOIR ardl &2

IR | Hhfes fadh Fotrae et &1 afF aTel 39 o7 o7 Uah dteT 21 3meft 31
DI L BT Fieh gAY <ot &1 “¢e 7T aTedT fUT 37T <ftof 21 €T8e-gc
3717 TR $TH T 21 STeh-gc B Wl &dT &1 U &l Fetol 7 8 R b
arge fU| Wieft fad R H1e | I8 Yride &R 81 BW NI IR 21 39 (a9
T hT, Hldh! AMH &l fohdT ATH ATl 34 BICT Sitd gl gal | a8 A d s
T TRIBT & ST 1 BHA b Tged & 1S fohdT|

AT | HRd @ IS 21 SR H 15 RIS & SITeT dlTil &l AT ddh Jgd ot
Hag d1feq | Ugd &l Hatdt | SHIRMUY (EmotionApp) ATeTl hIHbBTS FoR
FTVY-THEE I TeATdT & | e MYV | TRAR faadT 8| &b ot /M T<h
gRaR 7 4T & ot St fhaiTsfethal ol &Y et B oifTdl &1 894 CTRI
TSI | gTgc & ATY 39 Aol | hIHDBTSI 39 & HR AT 9g&h] I HT% TH-
ATH-faT-TH Tt 78T fiefl | I8 Bedle 78 &1 3afelv I8 TR
emotionapp.in e

YO gdTed, foH7 Sfddl & | T&d IT deisis T U AT dled daEehl § 17 dTedl
GITH o1 fehAT 3R AdToll Serdr 82 detT foAT TTH aTed dof a1 ATHTY
BHeled A 81 3T TR $ATH dTell dR1ehT T BeAT-Holl dled diieh & 98 82
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05

5.1 Protocol stance
and reporting

5.2 Eligibility

Methods

AT PRISMA 2020 & T&aTd T 81 RCT o 1R 31T 199 & folU RoB 21
b9 & felU GRADE | U8 & ad UfEeHeR 38H-ghag REML 81 AT U
3Tihs DerSimonian—Laird ¥ €1 REML Ugd A dd AT| g1 feom § el |
ofdfed Tdtell d¢ IR GaART GAeid Hi fHell | 3R Hedges g H &1 AT &
95% CI 21 12 31K tau? ST&l a1 b, feiaT 81 3 YaT WX 95% prediction
interval Ht 81 ©1ET T3l &l 3R ¢ BT Egger ¢ Wi AT| k < 10 WX I8
@ISl ST 81 A1 H trim-and-fill &1 T Ygd 81 Leave-one-out Tget &
dT AT| 9gd §3 fohfoidhel-Tfdefadt 3MM3eetR (d > 1.5) Sensitivty H €T&?
T | Uh §gd 931 R e Hi |

Ig 379se AT 81 2012 P & RTHT SeTad TaUIE R It bl gIaT
el 21 §teT I Ry 8: Johnson 2016, Sardi 2017, Xu 2022, Mazeas 2022,

Nishi 2024 | T2 1 January 2022 ¥ 22 September 2026 deh 31T bl Tt
e | e gU f&c hr3c T8t foid |

Population. 18 ATed IT 384 HUR & Ik | Tgd IT deds a1 VT Iedl 38 &l |
Dlotol AU dd IalT o1 37T 39 9e%b &t | 37#R Sgd 937 811 W Sensitivty
H gl "erdan|

Intervention. WITH T TTH ITcAT dofd | UTEC, ST, o1ddl, Tgidh, tileldls,
WO R, IT ©ed W dhed dled Urge| BI, faakde Tiehid I 99 U9 W |

Comparator. 38T UTUTH T fa4T 7TH dTedT doid | €279 dredl fSfSicet Tum | a1
ATHT dgled | Tt defoie aTedl qof-T werT J 36T | §3g Iof & dTel |
FITfP “TH TR 31K “ohig Ht FIUTH” Hed SITd 2|

Outcomes. §34: adherence | &R, Afehd &, ofeg-fe, g AT db
ShAT | AT DT HT: dode g1 IT IdeR | HeH, doid, AT Thol | SI3AIS i
adherence &l AT

Design and years. RCT 3iR @¢les graai| 2012 & 2026 | 84T AdTe! aTet
YeIhicd ST | Ueh & dT¢ Udh Ioid dTed hIgIc fath wgHT H

Language and setting. fSeiiaRT &1 dlg HI HTWT| &g HY S| HIRd 3TR CTRI
CARCIECEEREISIN
Exclusions. OT HRad 79 97 GHEAT 19 oTd 9gt Yigae &l | §<d | A R

3R 21 U fHet & foh Hosfas 37eTTT 7 3 | HIRd aTeil sharAt § 3@ 4o
I fApTeiT |

emotionapp.in/research/gamification-adherence-wellbeing-meta-analysis 8/24
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Language rule for this paper. 89 38 8&d&lU &l Soilol, YT AT STAYTTET
T wed | diet I & Ufoed, a1, 39, BT Hum|

5.3 Search strings PubMed / MEDLINE. (gamif*[tiab] OR "game element*"[tiab] OR "game
mechanic*"[tiab] OR "gameful"[tiab] OR leaderboard*[tiab] OR "loss
fram*"[tiab]) AND (app[tiab] OR smartphone[tiab] OR mobile[tiab] OR
digital[tiab] OR mHealth[tiab] OR m-health[tiab] OR wearable*[tiab])
AND (adherence[tiab] OR engagement[tiab] OR retention[tiab] OR
attrition[tiab] OR "days active"[tiab]) AND (health[tiab] OR
wellbeing[tiab] OR well-being[tiab] OR "mental health"[tiab] OR
“physical activity"[tiab] OR "weight loss"[tiab]). Filters: humans; 1
January 2012 to 22 September 2026; randomised or controlled trial

where the filter was reliable.

PsycINFO, Scopus, Web of Science. Analogous field tags. Core stem:
gamif* AND (app OR mobile OR digital) AND (adherence OR
engagement) AND (health OR wellbeing OR mental).

Google Scholar. First 200 records for gamification app adherence
randomised OR randomized health OR wellbeing 2012..2026.

ClinicalTrials.gov. Condition or title: gamification. Interventional. Adult.
01/01/2012-22/09/2026.

CTRI (India). gamification OR gamified AND (app OR mHealth
OR mobile).

OSF preprints. gamification AND (adherence OR engagement) AND
(health OR wellbeing).

QT g &t it g1 A ST | 9aEes VY grded | 8T 19 T ATHT dhglel |

fAhToI @Tde adherence AT AdTolT |

5.4 Extraction fields & UTH 21T A g fAhTaT: U8l vidas 31R ITeT; n randomised 37 n
analysed; fSSTTe; GRr; TRt ol HTST; SieT IR 31R e &, 78 al gv;
ITeT; MESE; Acltol BT ATT; AHY foig; oA Fdit; FTgc-¢c 911 STdh-2¢
afﬁ's'; W;W%WI
@T2c-a¢ HIs: HHTY Ulse, Hel oo, el evddd, “31TeT 37T0” 4 T | SisdT
DI HET TEl | STh-2C BIS: BT W de Ulec; Fldb g ol Hell; /A aredl
oiTeRal | fHaRs T H el &l 53 (a1 a&@T|

emotionapp.in/research/gamification-adherence-wellbeing-meta-analysis 9/24
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5.5 Analysis plan

5.6 PRISMA 2020
flow

THARHRAT I VTR feh IGT BT 3TW g = 0.45

Hedges g WhTRId 3iId Web 37X CI ¥ ATl | 3T ST SD Tl TReT
HTAA 1 $%Id &l gl | S183T adherence & 374Tdl & Yo SD & d& T |
Hoc1-31TH Zrael 3 Ueh dhgled IR Udh thel¥C | ohg HIRIeT 9T & df TR 3 ag
gfaffer 3mH g1 Yod-aTH -l foidT | STeht oot H folid |

¥sH-gthag et o folQ UTd AT SATET ¢rael dTfeV 3| I8 FHT O3T &8 | T8y &
T HT3eR: Hhfdh T3y 37k S |

GRADE 38 9198 &1 &Pk, 37dTfd, 379ederdr, 3TfAfddr, Ufsidol
ST | T & ¢TI IR RoB 2 H “some concerns” ol 3H1e &ff | SoT 8
311 d¢ Tt I I Ahdt | faRad 7 HeH & HTY T §1I9 "erdm | -ard
Thol gl Terv|

ATsd Hodl-2e1ad fge 13e T8 Ter | Ig 3793¢ Tl 2l

o aﬁrﬁa;[: Johnson 2016 (19 empirical papers); Sardi
2017 (46 studies); Xu 2022 (50 studies from 2,944
records); Mazeas 2022 (16 RCTs); Nishi 2024 (36 RCTs,
10,079 participants).

. 2022-2026 1 3T &t T 3R ISt T | 9T fTATe: Litvin
2023, Turner-McGrievy 2025, Fanaroff 2024, Fanaroff
2026, Yang 2026, Curland 2026, 3R Liu 2025 &t 79 Zraed
CIGIRERIEE

. feiche 8 o §1¢ CTSced-Uskdae add | IR CaRe ad | helHt
aTed! fGAfGT & 14 RCT IT heles Craed 36 |

. Tl T ¢TI detdfed Adtol Yo B 37TV | B8 qeATd
dhotdfed adherence el H 3178 | defoite-3Malt, Hr-fHaT,
Hrerafreet 31R 3TT3ecTeR el a7 Sensitivty H 8|

2012-2021 ! W sered fh I T o fiiadt et | U, Litvin, mLIFE
3TR Nishi 3¢ & &3 ¢TI T8 gl | dgf doi &l

emotionapp.in/research/gamification-adherence-wellbeing-meta-analysis 10/ 24
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06

6.1 Study
characteristics

Results

93 de BieTl 8| 3R HIRT 21 faeReel Wt 81 I8 13 A€l 21 I8 duct ol
2IhId ¢

fhfoichel TEd, STdh-2¢ HIX | GAafdct 31T UAfdeTdfTar &1 #elel U &
Sl W Tl | TaaReet | AT AT ST H U e | 89 H F7R Ulgc| B R &d
He| vided HR-ATd | Ml Areff | ST | T eftsels |

BE FIT (Patel 2017, n = 200, 94 Yf¥dRR, 12 weeks) H o7ed-fe4 0.32 &
0.53 gUI SheH +953 ATl STEP UP (Patel 2019, n = 602, BMI > 25, 24
weeks, 40 US states) § ®cH +637 T +920 9T | HUCIRT BId!-370 dch
IAT| €T8Y-2 STafctal ¢l (Patel 2021, n = 361, one year) H gUi¢ 4
HeH +503 | HUCRM[ T +606 | TEITT & T | 9ot 371k HbAlc B Held T
Teh 8l | BE ACTIVE (Fanaroff 2024, n = 1,062, 12 months) H At
T +538 HeH | I aTelt ATg-%H T +4921 TI1 & +868 1 ENGAGE (Agarwal
2021, n = 500) ¥ Tt g AT 3R qXd o1 o1& dheled d 37T et
(+1,384 @A) | Veterans 2021 (n = 180) H 3619 Bel 3R 9 fehT1 LOSE IT
(Kurtzman 2018, n = 196) H STS[31l & &1 doid Bl Beh AU thd>e gl |
GAME Adherence (Fanaroff 2026, n = 43 of a planned 84) T &t 3k
e o H heh 78T | 79.6% STH 78.6% | 18 weeks |

fhfoiehed A&d, &Tsc-ge | mLIFE (Turner-McGrievy 2025, n = 243, 12
months) § FAIRMA-TYIE W Ulsc fad, a1 fesd | Adherence 61% SHTH 42% |
BWC 22% FTH 41% | d9ld -5.3 kg dTH -3.5 kg, intention-to-treat (p =
0.09) | féds IR | -7.3 kg §1TH -3.8 kg|

ATAO® dASTST, &Tec-ec| Litvin 2020 (n = 358, five weeks) B HglHT el
U9 U f§HT 719 dTel CBT-TET8d Sl cd WY 37R defolie § ehirar| 19 3 |
& 21 UfdRrd Ulge SATST|I 90% adherence | Il 37eR 9T (d =
0.37) | ST 31TH oITTHTT &l feedT| Litvin 2023 (n = 1,165 UK students, five
weeks) 7 19 317TH GI&TT 1 Adherence 64.5% (251/389) | TTH 31TH 1 dhelael
T 42% SATST AT bl Il | ISV d der | =T 3R 3t & @R iR |
Curland 2026 (n = 830) H @I, 73 T 37X UT6 W1 &1 s | AT, e
37k Wiet-317 §¢ | UTs 78! 9¢ |

HIRd, 37417 g31T1 Kamat 2021 (Goa, open-label RCT, uncomplicated type-
2 diabetes) T fTHTEER, UTee 37 UTge-T-&2r U A1 &1 Adherence 86.8%
SATH 67.7% | HbAlc 7.3% SATH 8.2% | foad € aiifes HIRdTer &1 9T T&f
BT | hRA I 78T &

emotionapp.in/research/gamification-adherence-wellbeing-meta-analysis 11/ 24
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3M3CR, T8 Sensitivty | Yang 2026 (n = 160 college students, eight
weeks) H 6HeH WX d = 1.81| HITTol WR 35184 AT% 2| 3ThR dTdh ATfecd
ST T8l 81 dhotdfed 9o o STeR |

CTRI WX HTHHTS 39 & HRAT Ia%eh! ol Ut Tt 91 it off @Tge-2e

T STeh-g¢ o1’ 3TeTT &3 feETv |
Table 1. Study characteristics (eligible narrative set)
Mechanicand Channel/ Outcome
Study n Country Domain hat dose Adherence signal signal
Patel 2017 200 USA Physical Loss-framed Wearable;  Goal-days 0.53 vs 0.32 Steps +953/d
BE FIT points; dark- 12 wk
hat
Patel 2019 602 USA Physical Loss-framed + Wearable;  Goal-days higher Steps +637 to
STEP UP social; dark-hat 24 + 12 wk +920/d
Patel 2021 361 USA Physical Loss-framed + Wearable + Not the primary Steps +280 to
T2D social; dark-hat scale; 1 yr +606; no extra
weight /
HbA1c
Agarwal 500 USA Physical Loss-framed,; Wearable;  Not separately pooled Only self-
2021 goal variants; 16 + 8 wk chosen +
ENGAGE dark-hat immediate
+1,384/d
Fanaroff 1,062 USA Physical Loss-framed £+ Wearable;  Device wear high Gamification
2024 BE money; dark- 12 + 6 mo +538 steps/d
ACTIVE hat
Kurtzman 196 USA Physical Loss-framed Scale + Weigh-in targeted No significant
2018 LOSE weigh-ins; platform; extra weight
IT dark-hat 36 wk loss vs control
Fanaroff 43 USA Physical / Behaviourally  SMS + cuff; 79.6% vs 78.6% (null) No BP or LDL
2026 medication designed; dark- 18 wk difference
GAME hat
Turner- 243 USA Physical / Points for App + 61% vs 42%; attrition -5.3vs -3.5kg
McGrievy weight social support; scale; 12 22% vs 41% ITT (p=0.09)
2025 white-hat mo
mLIFE
Litvin 2020 358 Europe / Mental Narrative, App; 5wk  90% vs ~69%; +21 pp Resilienced=
online wellbeing levels, points; 0.37 vs 0.06
white-hat
Litvin 2023 1,165 UK Mental Narrative, App; 5wk  64.5%; +42% retained vs Resilience up;
wellbeing levels, badges; controls anxiety and
white-hat depression
down

emotionapp.in/research/gamification-adherence-wellbeing-meta-analysis
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Mechanicand Channel/ Outcome
Study n Country Domain hat dose Adherence signal signal
Curland 830 Online  Mental Badges for Automated More logins, ratings, Lessons
2026 (depression  logins; white-  web/app follow-ups unchanged
programme)  hat
Kamat T2D India Physical / Points + cash; App;3+3 86.8% vs 67.7% HbAlc 7.3%
2021 RCT (Goa) medication confounded mo vs 8.2%; not
pooled
Yang 2026 160 China Physical + Team points, Watch + Higher in game arm Steps d=1.81;
mental leaderboards;  app; 8 wk sensitivity only
mixed

6.2 Forest-plot data

I Hedges g 81 €ATcTD ol Hdeld NHThdHIT S8&d | doT {SH-3thdg ol

table
21 CI 95% 2|
et g [95% CI]
Curland 2026 badges —.— .13 [0.00, 0.27]
Turner-McGrievy 2025 E N .42 [0.14, 0.70]
Patel 2017 BE FIT i [] .48 [0.16, 0.80]
Veterans 2021 goal-days ] .49 [0.12, 0.85]
Litvin 2020 retention | .76 [0.40, 1.11]
Kamat 2021 (shown, not driving) ! ] .63 [0.12, 1.14]
Pooled (k = 6, excl. Kamat from e..; ‘ .45 [0.23, 0.67]
; T 1
0.0 0.5 1. 1.5
eaﬁmaﬁ? 9 qa’ET‘R—»
Hedges g

T 1. T T Bl BiREe Wlle | TR ol AT8ol dot adldl e; &RT JeT ol 3R 21
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Table 2a. Adherence forest data (conservative pool, k = 6)

THARHRAT I VTR feh IGT BT 3TW g = 0.45

Study Hat Domain g 95% CI Weight
Curland 2026 badges White Mental 0.13 0.00 to 0.27 24%
Turner-McGrievy 2025 White Physical 0.42 0.14 to 0.70 18%
Patel 2017 BE FIT Dark Physical 0.48 0.16 to 0.80 17%
Veterans 2021 goal-days Dark Physical 0.49 ©0.12 to 0.85 15%
Litvin 2020 retention White Mental 0.76 0.40 to 1.11 15%
Kamat 2021 (shown, not driving) Confounded Physical ©0.63 ©0.12 to 1.14 =
Pooled (k = 6, excl. Kamat from estimator) Mixed Mixed 0.45 0.23 to 0.67 100%

Notes. Kamat f&TaT a=iifeh UToe HIRd Tt | 3521 3cTeT Ufehe? & a1 3@l 21 Litvin 2023 T2 93T 81 Sensitivty &
AT | Fanaroff 2026 T @AT (g = 0.02) 3Teh-2c T &l

st

g[95% CI]

Patel 2021 collaboration steps ] 0.21 [-0.09, 0.50]
Turner-McGrievy 2025 weight ITT ] 0.25 [0.00, 0.50]
Fanaroff 2024 gamification steps —.— 0.30 [0.10, 0.49]
Litvin 2020 resilience | B 0.35 [0.08, 0.62]
Patel 2021 support steps B 0.37 [0.07, 0.66]
Patel 2019 support steps : | 0.44 [0.21, 0.67]
Patel 2021 competition steps . 0.44 [0.14, 0.73]
Patel 2019 competition steps [] 0.51 [0.28, 0.74]
Patel 2017 BE FIT steps ] 0.59 [0.31, 0.87]
Pooled conservative k =9 ‘ 0.38 [0.30, 0.46]
I : T 1
=0),3 0.0 0.5 1.0
eaﬁmaﬁ? 9 qa’@ﬂ?—»
Hedges g
I3 2. 7[5 YT Pl BRI WAl | TIBR Pl ATl dol 9dldl &; eRT Yl Pl 318 &l
Table 2b. Outcome forest data (conservative pool, k = 9)
Study Hat Outcome g 95% CI Weight
Patel 2021 collaboration steps Dark Steps 0.21 -0.09 to 0.50 %
Turner-McGrievy 2025 weight ITT White Weight 0.25 0.00 to 0.50 11%
Fanaroff 2024 gamification steps Dark Steps 0.30 0.10 to 0.49 16%
Litvin 2020 resilience White Wellbeing 0.35 0.08 to 0.62 10%
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THARHRAT I VTR feh IGT BT 3TW g = 0.45

Study Hat Outcome g 95% CI Weight
Patel 2021 support steps Dark Steps 0.37 0.07 to 0.66 109%
Patel 2019 support steps Dark Steps 0.44 0.21 to 0.67 139%
Patel 2021 competition steps Dark Steps 0.44 0.14 to 0.73 10%
Patel 2019 competition steps Dark Steps 0.51 0.28 to 0.74 13%
Patel 2017 BE FIT steps Dark Steps 0.59 0.31 to 0.87 8%
Pooled conservative k =9 Mixed Mixed 0.38 0.30 to 0.46 100%

g thotdfed A H 12 = 01 U9 WY 21U SR &1 Nishi 2024 &t diEt STl H PHeH T 38T BleT & (+489/day) | ST aTd

T 8 gohdt &

6.3 Moderator table

Table 3. Pre-specified moderators

Contrast k g (95% CI) I? Reading

Adherence, overall 6 0.45 (0.23 to 0.67) ~70% Small-to-moderate; inconsistent

Adherence, white-hat 4 0.44 (0.13 to 0.76) High Points and badges hold retention

Adherence, dark-hat 2 0.48 (0.24 to 0.72) Low Too few trials to claim a win

Adherence, physical domain 4 0.48 (0.31 to 0.65) ~0% Cleaner, wearable-measured

Adherence, mental domain 2-3 Mixed (0.13 to 0.76) High Narrative-app strong; badge-only
weak

Outcomes, conservative 9 0.38 (0.30 to 0.46) 0% Small; no outcome cost

Outcomes, dark-hat Penn steps 7 0.40 (0.31 to 0.50) 0% Steps move; clinical endpoints do
not

Outcomes vs non-gamified (Nishi 36 +489 steps/day = Trivial-to-small; high certainty for

2024) steps

Clinical endpoints (weight, HbAlc, 3 ~0 extra — LOSE IT; Patel 2021; Fanaroff 2026

meds) nulls

Yang 2026 steps (sensitivity) 1 d =1.81 — Outlier; some-concerns RoB

@T3c-¢ §TH STdh-ge doiT el & | guifaiel ¢t &l 81 TcT Ueh &l
ol BT ATY 7E) G | 3Teh-2c T Tt T Sf grad 2l St iAdt H 97 &

&g IRTe 2|
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6.4 Heterogeneity

6.5 Publication bias
and small-study
effects

6.6 Leave-one-out

6.7 Risk-of-bias
summary

THARHRAT I VTR feh IGT BT 3TW g = 0.45

Adherence T 12 ®31d 70% SHTTGR 31{hel 81 HS &I &l ol 31K AR
qTEC aTeTl BT Uoh ditel gl | UTd g9 b1 ¥¢sc sl 31R 376RE 8 ol
gaTg UTdelc Ueh otal A8l | 95% prediction interval AT 81 (T & At i
ST BT 21 Hdoid: 37H8d erdat § 3619 fiar | 7ar 221, 9¢ Hfaeq, a1
HohfAeh TR 31Ted! Tesl H& 7 Hi feary|

T TTIe 9Tl dhordfed Adioll A § Uhwydr fezadt & ol el o<k &l
Nishi & BT ¢TI dob STl hoT31l dl HeH T 31TR Biel & Sirdl &
“fopdp! gATIT” A YT Saoidl 2| 8H a1 foiad &l

k=6 31R k = 9 TR Egger ¢&c HHGIR & 3 WISl ol AT &1 SITel & Bl
THhRT TSl T &3 A8 8| T4 93T Adtoll ¢rdel BE ACTIVE 8 (n = 1,062) |
g = 0.301 9oT o UTH | T BTl GAME Adherence & (n = 43) | Tl 8| I&8
FATAD BICT-TSt BoAld &bl 3oel 2l Yang 2026 Tdb dol 33T gl
dhotdfcd Yol o STe< 2| IS 9et Siis! df adherence 0.3 & 9T ST |
e &l |

Litvin 2020 T4 W adherence Yol BTl 3gdT 21 fih Ht ¢ATed | Curland
2026 T4 W YT dadl | dtell W Patel 2017 &4 & eT 0.35 o YT I&dT
21 Yang 2026 51134 & YT SR aadr 21 37Tfd witedt 81 2afeiv Sensitivty
7 21 Kamat 2021 S84 & 39T Ulgc H oI oIld 2| 31V 9T &

Randomisation. O, Litvin, mLIFE 37¥ BE ACTIVE H &ledd &1 21 GAME
Adherence 3T€RT HdT (43 of 84) | Kamat 37TU-oide] | Yang & c-Sifd,

Ar-TfChIes sl |
Deviations from intended intervention. §of feZdd ?I I ST 99 T} “some
concerns” g1 fa@a arey Hosfadh &I HIAd 2l

Missing outcome data. fTaTR T ¢raed Aoldd 78 | ATI(Hdh-detdlg T ¢l H
ol &¢ | faEaT I & fob 719 3119 &4 BeT| Litvin Sils! Jgt Aradt 21 Liu
2025 &t 79 STIA aTett FHAET ATfec TR W 3ot d&aR adT 21 fRArsesr
3R $aT &1 91d ©e "erdt 81 T Ufeiie RE/AT Tel GeRd | HHeIR Hi R
ghd 21 doi:10.1001/jamapsychiatry.2025.3439 | GIF1 §Td &1 & | TaTed
ATl

Measurement. fadRdel & deH WX fECaRM STad HH 81 ISifeiid 37k 48
Thet W-RUTE 81 I8t dRTol &bl dotd &id ol &l

Selection of the reported result. o< -31TH U grdel de AlRled dfIUC ddTd
21 58 IRAR AT €| HOe! GebsgAT &l | fth Y UTae Sfta arett 319 3gd
Y AT ¢ | AT ATl 37TH Yol Fehbal & |
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6.8 GRADE table

THARHRAT I VTR feh IGT BT 3TW g = 0.45

Hol: SATGTAR HEH dlcil ¥ R 8 T | HTAD- et s IR We ol fodr
HeZH J 353t | GAME Adherence 3>t (3T€RT UTele) | Yang H& fidl

(PlictoT dUet, Sgd 931 d) | Kamat R AT T 3>dt (3o7eH) |

Table 4. Certainty of evidence

Outcome Studies Effect Certainty Why this grade
Adherence 6 RCTs g=0.45(0.23 to Moderate RCTs; I2 = 70%; PI likely crosses 0;
0.67) cannot blind the badge
Steps vs control Penn family + BE g =~ 0.30-0.40 Moderate Objective measure; Nishi
ACTIVE triangulation at +489 steps
Steps vs non- Nishi 2024, 36 RCTs  +489 steps/day High for Direct comparator; large n; trivial size
gamified app direction
Wellbeing / Litvin 2020, 2023 g = 0.35 Low Few trials; 5 weeks; self-report
resilience
Weight (ITT) mLIFE; LOSEIT; Small or null extra Low Mixed ITT; dark-hat nulls
Patel 2021
HbAl1c / Patel 2021; Fanaroff No isolated- Low Indirect, underpowered or
medication-taking  2026; Kamat mechanic gain confounded
White-hat vs dark-  Cross-trial only Not estimable Very low Wrong design for a superiority claim

hat
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THRATY & - RPO4 THHRHRRA T VAR fedh IEA HT 31T g = 0.45
07 Discussion

HRd &1 U &eat H UTec &b g1 H2u 2ATI

CTRI TR HIHBTSI 3H &t AT sl LA B |

7.1 What the number
means

7.2 White-hat versus
dark-hat

Adherence W g = 0.45 BICT-HeIH &dhl ol ddciail Agl ol Hedd &l aTefl
TPhTe UL &1 SI1eT e VU Jadl | SATeT ied - QR | Uidd g IT d1Red
e W 1] @ 99| TdTol IR g = 0.38 3T 220 & Bier gapr 2
ATTATS T STATd @lol ToT fHdhaldT &1 &, THThdA F fehAT dedT
T&l, ATY 0 el H Adtol A8t TRAT | “Tdtsl &t dhiHa” &l Jdd el ol

T o1eR 3 GIome femmeT &1, TaT T8l f&ar| 1 oier e yiumd &, Tar Ht

g fedr|

T Blel {19 Wb ST <dT &1 G0T il Ueh Hiolde HAoR §edR &1 arg darell
U 8IS dt 81 3 Id Teb Reflo g 11 &ff | TR gog b QU fardr 8 fob
S8 HE Ig oo faT Hfehed OR 3112 | AT H 37167 & 39 &l Eochl ATa | QAR
QY ¢t < faardr &1 UgeT 31T g fa ol T 81 GaRT 8¢ fad R ST
ohTedT 1 ¥¢Teh &1 o SITdT &1 38T 7 hedT €, “ge T 1” fih 38 Aed |1
oidl & fop “Ufehed W |” I8 Ueh fdaR 1 2 gl | hTH &l aTed Bicl ol
IR &I faaR &1 a3 ST | T 3171 &1 39 &3, Fifh 98 3dch foly AT
TEdT 21 THR T & felQ AT | 39 ATHT 1 Wi ST AT T 81| T8 hig U
SHTAT T8l | SRIFR &l HIST 7 3Teh-ge Tieh T&dT RS 81 I R 81 3 oo
& 7E U df $917 QU fHerar §1 Te &1 el adT1ar 2

TR AT TET ST gAR Meh A hedt &1 Ut Pl SATH &l df FHweH Fia
I WerdT 81 faetds R ST HISed TTRAT URTAT | T¢Tdh UR AT 34T 31d 23:59
TR VY WA | 38 YfFed harll | I8 dotalle’ Tel ol Ig 3Marfthe g

Teh AU I fhaT FNP WieThidd B Ig ATeie? dd AT | Fosfdd IR T8l
& | 3TCATT-3TeTT erdt A8t 81 3TeTT- 3707 fAaH g1

@T8c-ge Adiol| Litvin & BT dTel TT 3 @Il &bl A1 TIITH H AehT |
ASATCTTE fEedT | mLIFE o favdd gise 7 Be o™ 31eft &R €T foigia T
T B IATdT, 376k dof SdTeT Tel| Curland & soT 4 37fdfh &I 3R 43
I @ et | 3fafh uTe el | Yef Ig &1 SITCT 37T | BT STeT Aol |
HHT B oI TE |
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7.3 Position against
prior evidence

THARHRAT I VTR feh IGT BT 3TW g = 0.45

STch-2c AdIol | U T GIdT eH derdT &l HelA ddb derdl ¢ | it g
&N TEl | HH A BH Tofd TR T T VARTST ¢edl 1 R ¢l H I8
ST ¢S heltel & dold gl gerdT (LOSE IT) | HbAlc gl erdT (Patel
2021) | €dT3 o1 gl deldl (Fanaroff 2026) | &1 BHT 38 ool W dof
& ST ATH T Heilg R fGEdt 21 TS AT adTe bl GblH dled! ol IR HH
del 2l

Ul g IR @T8c-2c ol offd gl dall | 3Tch-oe adherence Tl AT A &1 ¢l
81 $HTCR Ufth A 81 3114 WR ATH 311{0hd ol qRerd fShiee 21 aild-ThH
gTgc A oled &g fad R 81d 81 a9, HbAlc IT gdrg o & o1 17 ared
HIUTH & b &l 371dT |

Johnson 2016 7 Hgl: Agd FdgR TR IFHIC | T TdToll W Hell-JelT |
AT 19 aTet S[3al & el caehi HH | JTatet Thel IR I8 dTd 379 HY feamdt
21 PeH W IS SR 7 37! <o IRaR fear|

Sardi 2017 9 &gl: Blel, da1edt, Tgid gdelT | 97 YRaR fagid-uder 9t |
IE ATCATIEh THIC Ted! YTae 1R 81 @TgQY I § ggt fgid arfey ar
Tel, I8 dog &l garet Hi 8|

Xu 2022 ¥ &gT: THeT-SodT, BIeT fthfoidel deoird | HgAfd | Mazeas 2022 7
el Pol g = 0.42 | TeT TH dTed Ufaefadt TUmH & d1H g = 0.23 | Bicl-
3[T W g = 0.15| EHRT Poldfed AdTol g = 0.38 59 141 & s JodT 2|

Nishi 2024 3 &gT; faa7 T aTel 09 & +489 s ol | 3T IR 3T Tehi |
3TThR BICT| Tetd dTed YIITH i Wb IR &l 3Tidhel el aTfev| Afchar
Tl I TR oIl ATl I Th IATH ol dolg Tal &l

Six 2021 7 Tl A eh-Ugd VY 3¢ Teld g, g = -0.27 | AHThdRMA
UfeTHe ol fTdt 39 37181 ol I&1 HISdl | adherence ol Hi &l |
d0i:10.2196/32199 | Cheng 3T Ebrahimi 2022 7 H&T: TH aTel ATA{4db-
T&d WITH AT o BY H g = 0.381 Liu 2025 7 79 1A H gaT| RATESR
3R $aT &1 91d ©e "erdt 81 T Ufeiie RE/AT Tel GeRd | HHeIR Hi R
Hohd ¢ | 38 d1d B! Tl f8UTd | Ueh g1 U & 373 Sil Bk Heg &2, U7
TR & foss-aiady gt B thel &1 Aehal 21 Hhfe ol aaTfeie! Alsic
T &t |
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7.4 Limitations

7.5 What this means
for an Indian
workplace
programme

7.6 Research gaps,
naming the India gap

THARHRAT I VTR feh IGT BT 3TW g = 0.45

9aT BT &1 Adherence TR 3T 12 AdTaHT 81 Tel-HIoT gl | SATGTAR HeH
aTeTT Ad Ueh 3THRhT BTG S TWiehIH I 37TdT & | I &9 ol detslg
TSt dRE Al &l A TIITH 981 8| &T8c-ac Jol H SIoTUR olel el 2l
gfauT 31Ra d¢ T8l R dhd | 897 3TUse I Sigh | 2012-2026 HF 78
STTOTAT T STaT e T A A8 fohdT| &8 g UhIfRrd CI IR ok & | fhid
ST R gl | Hewel-31TH 9 ¢ToieT Ieh? 3gd Bl Aehd & | HIRd Teb hRI-3eTs!
STAfactel VT St hElHT 81 SHIRMANT &bl 379T &Il — FTgUU-HE, 23
YR HTSTY, SAT &1 AT, T4 397 — a7 717 Tl SJgal & RCT & g3l
g 19 81 §7S ekt AT |

&1 38 37V gV & i T RIehT ATfEV | FTsc-Be fEoirs urags 21 Uig
3T &1 Uoh TATfoie Ws-379 § U A1 aTedl 39 o7 &dl &1 forg areft 3
34T BIH THTAT, 37 AT [feHAT STHT 81dT 8| &id o d1¢ ¢ A ol &
STHT BldT 81 Tt SIThRT 81 STeh-2¢ f3oTe S[HTT 81 80T Ulse & Hih
R[H BIdT 81 Thed ohi a1g 3TR T3-319 Tl al Ulee Slold ol 3ddb Agth
UfRAR H A Teb & I ToATd &1 W1 ol Aol W “Fich ¢ TaT” dTedl o
THDHAT &1 g Wel Tel &1 Bict = g1 gfes i €1 @ed &t Jofl o dTeft
ST 7 3T HeATe TR HeH §eIV| TaTs AT 78! derdT | Jofd 37k
HbAlc WR ¢ars doeiad I 31T Tgl fAdhadl | 313 R 39TH S aTel Teslal 3 &
I AASTST WIUTH H AehT | VY T H Tl df ot feedT | SHIRMTY & foi v
Adald AT 21 39 =Y | EohdT STed Hd &30 | 377hs Hb df pI3c? & AT qT
T SIST | T T BICT Hal, JHIAT Tel | Bel faT 3eT &, et el | Iet
EITe YR ahe F ThiTy IR §3dT 2

YIRd T 119 I8 T&! fob HRATI! & T 78! HTd | 19 I8 & fob CTRI WR 3rHT Tt
HT-ATe RCT T &1 A8 IT dTd1$T U | Teb R % Hebfeh | G-I R
Jal dhec faAT Hobfdh | BIHGTSI 3H & iRk | Ulge I fAudl &l 781 | T
ol HTYT H fEeiladl | Kamat 2024 7 f&@TaT o AT & €1gU-2 SAfadlsl ared
JIEH] H TTATEET ™I UTee ™d 399 T adherence 3717 HbA1c fgaT ddd 2l
39T 81 3731 1 Ranjani 2025 7 faarar feb dfferTg § mHealth
FHIfEqHeTSIfie ST BT hdT ol 98 VY 9978 dbeled AT | T 9979 faaT
T 98 |

Y §¢ i BT 3o1e I8 81 &Tg0Y AT HRA-fAart U0 WR &1-37H RCT |
HTHBTS 39 | I dX% Teb oIl BTl dhec | T it [0t @lge-ac dl |
IRE 89 IR g3 Aol Afehd 1 | AT &l AdTol deieist I7 IdeR Thad |
fEciTadt 1 uTeT foidT €11 DPDP & HdTfedh scTl CTRI WR Ugel & Yol |
SIS dds I8 ¢ 8l &, ThalTsfothdl &l «id-%H THUTH & i1 § er1
31eTolT 8, 5 A9d &l felard Ugd 347 2
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AR T VTR fedh T8 &l 37 g = 0.45

31R 119: Uh & WIUTH & 373 FT8e-ac d-TH Sldb-gc | Ulse & 3Ta &b |
Yise A el cilsdls | o1 bl HIS T STof| SR8 HElA & dets it Adiol |
TdTTdT T fEEHT & §T¢ HTAHh-AEd FIUTH | HigelT-Sged Rt 9T | 5a
Bi Tsft 7 8 dd HosfAdh BT 37ER |

08

FAQ

r

T &1 &1 @ &A1 T W e
37Id TR 81 &f1STI B8 ¢TIt # adherence g = 0.45 (95% CI 0.23 to

0.67) 9¢T| SaTeT & gkt | Sftha 78! gl | TIsT prediction
interval S&dT & T 3TTIeRT WIUTH 7 Hf 39 TohdT &

@ T Tl Bl UdedT R QT

T ACH g1 | Idtol g = 0.38 (95% CI 0.30 to 0.46) Tei | TAH hIH
H ST 71 dTed VT F +489 heH Aol A | fordlt Srael 4 TH TR |

IIoTH st 98l faarar|

FAT AT ATAT T¢Ib A1 & dR & Jgal 8?2
SiTd TEl e dehd | STch-8¢ A1d-5pH & heH-1ed YR gUI o,

HbA1lc 3R aTg &7 § b T8l 37TAT| ETSc-ac Ulec I das e
GITH H oIl 3 | GRferd fEwiee: 314 R T |

@ T IUE HRATT BTHPIST TUTRI R S §3M?

AT AT | TIaT T Ueb STafaciol &et # ulge, ool 31 RATge fie
& CTRI W BIH®ISM 39 & deAelTST-UY Yok i 3Tl Hobfdh Tet
A 21 I8 T 81 a1 a1 & |
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THARHRAT I VTR feh IGT BT 3TW g = 0.45

€D o T EHAR I 3 A oiisEls Terr @7

B3 IAT3N | 3TSTAd Td IAT3T 1 39 T | €T Sled Hd B3| ST
I T SST| Liu &Y 79 T aTed! fEfag 5 Ra7gs 37k 919 &)

STd T Tfetie & 31 bt | Be A H|
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