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Abstract

Aims The treatment of diabetes distress plays an important role in diabetes care; however, no meta-analysis has been
performed to synthesize the short- and long-term effects of psychological interventions tailored for diabetes distress
in people with type 2 diabetes. We aim to evaluate the evidence on tailored psychological interventions for diabetes
distress as the primary outcome, focusing on individuals with type 2 diabetes.

Methods Two reviewers independently searched eight databases from their inception to September 2024. EndNote
X9 was used to screen records. The Revised Cochrane risk-of-bias tool for randomized trials was used to assess the risk
of bias. The GRADE system was used to assess the overall certainty of the evidence. A random effect model was used
to determine the mean difference or standardized mean difference with 95% Cls. Subgroup analyses based on several
intervention characteristics and sensitivity analyses were also conducted.

Results Totally, 22,279 records were yielded, and we finally included 18 studies in our systematic review. The meta-
analysis included data from 16 studies representing 1639 participants. Interventions types included mindfulness-
based and cognitive behavioral therapy, among others. Duration of interventions ranged from 4 weeks to 6 months.
We found that psychological interventions that measured diabetes distress significantly reduced diabetes distress

in the short-term in people with type 2 diabetes (SMD=-0.56; 95% Cl=-0.90, -0.22; p=0.001). Subgroup analysis
indicated that this effect could be enhanced when delivered in a group format, by psychologist, using a technology
component, or including participants having elevated baseline diabetes distress. However, the short- and long-term
effects on HbATc were non-significant, with results showing (MD=0.02; 95% Cl =-0.23 to 0.26; p=0.89) and (MD =
-0.27;95% Cl =-0.64 t0 0.10; p=0.15), respectively. The long-term effect on diabetes distress was also non-significant
(SMD =-0.45; 95% Cl =-0.93 t0 0.03; p=0.07).
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Conclusions Psychological interventions tailored for diabetes distress in people with type 2 diabetes are effective in
reducing the level of diabetes distress immediately after the intervention. More trials are still needed to further enrich

the evidence in this area.
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Background

Diabetes is a long-term condition that significantly
impacts individuals and society, with a global prevalence
estimated at 9.3% in 2019, projected to rise to 10.2% by
2030 and 10.9% by 2045 [1, 2]. Among the main types
of diabetes, type 2 diabetes accounts for over 90% of the
total, and its prevalence is increasing due to an aging
population and urbanization [2]. Living with diabetes is
always tough since individuals and families have to face
the constant demands and challenges of self-manage-
ment as well as the threats of the occurrence of diabetes-
related complications. These ongoing stressors can elicit
negative emotions that may hinder individuals’ ability to
effectively engage in diabetes management [3, 4].

Diabetes distress refers to the specific negative emo-
tional experience resulting from the challenges of man-
aging diabetes, and it can encompass a wide range of
emotions [5, 6]. Diabetes distress affects approximately
36% of individuals with type 2 diabetes and is negatively
associated with self-management and glycemic con-
trol [7-9]. Moreover, it may have a stronger association
with glycemic control than depression [10, 11]. Given the
importance of diabetes distress and its impact on glyce-
mic control, the primary goal of people with diabetes, it
is essential to provide appropriate psychological treat-
ments for people with diabetes [3].

Several systematic reviews and meta-analyses have
examined the effectiveness of psychological interven-
tions on diabetes distress and glycemic control, yield-
ing inconclusive results [12—15]. One review found that
psycho-education was the only effective intervention for
reducing diabetes distress [15]. However, a Cochrane
review found no significant effect of psychological inter-
ventions on diabetes distress compared to usual care,
although small effects on HbAlc were noted at follow-up
[12]. Additionally, a review including both people with
type 1 diabetes and type 2 diabetes revealed that psycho-
logical interventions effectively reduce diabetes distress,
with diabetes-specific interventions also lowering HbA1lc
[14].

Notably, almost all studies included in prior reviews,
with the exception of the review conducted by Schmidt
et al, only evaluated diabetes distress as a secondary
outcome. This suggests that these studies were not spe-
cifically designed to target diabetes distress, potentially
limiting their applicability and relevance to this par-
ticular outcome [14]. While baseline severity is impor-
tant in mental health trials, the majority of studies,

aside from Schmidt et al.,, used post-intervention out-
comes to estimate effect sizes [14, 16, 17]. Furthermore,
individuals with type 1 and type 2 diabetes experience
different sources of psychological distress due to varia-
tions in symptom presentation, age of onset, and social
support. For instance, individuals with type 2 diabetes
may be judged by others as having the condition due to
unhealthy lifestyles, resulting in social stigma [18, 19].
Consequently, we aimed to focus on diabetes distress
specifically in individuals with type 2 diabetes to provide
evidence that is more relevant to this population.

In summary, the aim of this review is to systematically
evaluate the evidence on tailored psychological interven-
tions for diabetes distress as the primary outcome, focus-
ing exclusively on people with type 2 diabetes.

Methods

This systematic review and meta-analysis was con-
ducted and reported following the suggestions of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [20]. The proto-
col was registered in PROSPERO (registration number:
CRD42023411507).

Search strategy

We systematically searched eight English and Chinese
electronic databases, namely PubMed, Embase, Psy-
cINFO, CINAHL, the Cochrane Library, China National
Knowledge Infrastructure (CNKI), WanFang Data, and
VIP from their inception to January 2023, and updated
on September 2024. In order to include all potential
records, the search strategy used in our review was modi-
fied from the search strategy established by Schmidt et
al., aiming at diabetes distress generally [14]. The refer-
ence lists of the identified articles and reviews were also
manually searched to identify additional relevant articles.
Details of search strategies are presented in the Supple-
mentary material Table S1.

Eligibility criteria

The following criteria established according to PICOS
strategy were used to determine eligibility for inclusion.
Studies with incomplete data, conference abstracts, study
protocols, editorials and studies that full-texts cannot be
obtained were excluded.

(i) Participants: we included studies evaluating adults
(=18 years old) with type 2 diabetes in all settings;
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Studies for children, adolescents, people with type 1
diabetes, gestational diabetes, or <70% people were
diagnosed as type 2 diabetes were excluded;

(ii) Intervention and comparisons: according to the
previous review, psychological intervention in
this review is defined as a range of collaborative
treatments based on evidence from psychology
research and are aimed to reduce diabetes distress,
such as mindfulness-based interventions, cognitive
behavioral therapy (CBT), acceptance and
commitment therapy (ACT), and problem-solving
therapy. Whereas interventions that only consist of
education without any psychological component
were excluded, such as diabetes self-management
education and diabetes education. The control group
could be usual care, enhanced usual care, waitlist
and/or attention control.

(i) Outcomes: diabetes distress measured by validated
measurements (e.g., Problem Areas in Diabetes
(PAID) or the Diabetes Distress Scale (DDS)) should
be one of the primary outcomes of the original study.

(iv) Study design: randomized controlled trials (RCTs)
that reported the process of randomization.

Study selection

All the records retrieved from databases were imported
into EndNote X9 to select articles. Two reviewers inde-
pendently screened the potential records based on titles
and abstracts according to the eligibility criteria, result-
ing in a disagreement rate of 16% during this stage. Full
texts were read when decisions could not be made based
on titles and abstracts, and any disagreements were
resolved through discussion with a third reviewer.

Data extraction

Two reviewers independently extracted the data using
a standardized table, which includes information about
publication (first author, year, and country), participants
(sample size, mean age, gender, and baseline scores of
measurements of participants), intervention (setting,
type, content, frequency, duration, and delivery method),
control, outcome measurements, follow-up timepoints,
and other relevant information. Authors were contacted
by email for missing information. Any disagreements
about data extraction were resolved by consultation with
a third reviewer.

For studies with multiple follow-up time points, we
separately extracted the results of the earliest and the
longest post-intervention time point to analyze the
short-term and long-term effectiveness of interven-
tions. For studies with several intervention groups, we
only extracted intervention and control groups that met
our inclusion criteria. If two intervention groups were
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compared with the same control group, the sample size
of the control group would be halved to avoid double
counting [21].

Risk of bias and certainty of evidence

Quality of included studies was evaluated and cross-
checked by two reviewers using the Revised Cochrane
risk-of-bias tool for randomized trials (RoB 2) [22]. Risk
of bias of each study was assessed by answering signal-
ing questions of five domains, namely bias arising from
the randomization process, bias due to deviations from
intended interventions, bias due to missing outcome
data, bias in measurement of the outcome, and bias in
selection of the reported result. Each domain was rated
as “low risk of bias,” “some concerns,” or “high risk of
bias” Finally, the overall risk of bias was judged according
to the worst risk of bias in any of the above domains [22].
Additionally, we used the GRADE profiler (GRADEpro)
to assess the overall certainty of the evidence. According
to the GRADE system, the certainty of evidence for each
outcome is classified into four levels: high, moderate,
low, and very low [23]. In cases of disagreement, a third
researcher was consulted to achieve agreement.

Data synthesis and analysis
If more than three studies reported the same outcome,
then a meta-analysis was performed to calculate effect
sizes. We used mean change and standard deviation (SD)
of the outcome measurements from baseline to each time
point to calculate the effect size of the intervention. The
pooled effects would be expressed as Mean Difference
(MD) with the 95% CI if the outcome was measured by
the same instrument. Standardized Mean difference
(SMD) would be presented when the same outcome was
measured by different instruments [21]. The magnitude
of the effect size was interpreted as small (SMD<0.2),
medium (SMD<0.5), large (SMD<0.8), and very large
(SMD<1.2) [24]. I-square statistic () was used to assess
heterogeneity, and the level of heterogeneity was rated as
low (25%), moderate (50%), or high (75%) [25]. The ran-
dom effect model was used for calculating the pooled
effect since a random effect model takes into account
both within and between study variances and thus would
be more conservative than the fixed effect model [26].
Subgroup analysis would be performed when het-
erogeneity was detected. And sensitivity analysis was
performed to assess the robustness of the outcome. Pub-
lication bias was assessed by using a funnel plot and Egg-
er’s test when more than 10 studies. Review Manager 5.4
and Stata 17.0 were used for meta-analysis. Studies were
excluded from meta-analysis and summarized in a nar-
rative way if they did not report means and SDs, or any
other relevant statistics.
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Results

Study selection

Totally, 22,279 records were yielded from eight English
and Chinese electronic databases, and 16,461 records
remained after removing duplicate records. Then, 16,016
records were excluded based on titles and abstracts.
Finally, we included 18 studies in our narrative review,
but only 16 studies were included in the meta-analysis
because we were unable to obtain outcome data for one
of the studies [27]. Additionally, another study’s pri-
mary aim was to explore the feasibility of the interven-
tion, which included only a small number of participants
and did not report significance tests [28]. The process of
selection is presented in Fig. 1.

Study characteristics

The eighteen included studies were published from 2004
to 2023, and four of them were conducted in the US [27,
29-31], three in China [32-34], four in the Netherlands
[17, 35-37], two in Australia [38, 39], and one each in UK
[28], Pakistan [40], Iran [41], Malaysia [42], and Korea
[43]. Most of the included studies were two-arm tri-
als except for two studies that were three-arm trials [29,
43], and the sample size of included studies ranged from
24 [37] to 392 [29]. The mean age of participants ranged
from 36.93+6.87 [40] to 70.7%6.6 [36]. Diabetes distress
was measured as (one of the) primary outcome(s) in all
included studies, and DDS-17 was used in seven studies

Page 4 of 15

[29, 32, 39-43], PAID-20 in eight studies [17, 27, 28, 31,
35-38], CDDS-15 in one study [33], PAID-5 in one study
[30], and SF-PAID-C in one study [34]. Eight studies
included participants in both the intervention and con-
trol groups who had baseline diabetes distress levels
above the threshold (DDS-17>3 or PAID>40) [31-34,
40-43].

As for the intervention types of included studies, six
studies used mindfulness-based interventions [17, 27,
32, 37, 38, 43], three studies used motivational inter-
viewing-based interventions [31, 34, 35], two studies
used problem-solving-based interventions [29, 39], three
study used Acceptance and Commitment Therapy-based
interventions [28, 33, 41], two study cognitive behavioral
therapy [36, 40], one study combined traditional cogni-
tive behavioral therapy and mindfulness therapy [30], and
one study constructed a value-based emotion-cognition-
focused intervention [42]. The duration of interventions
ranged from 4 weeks [34] to 6 months [31], with the lon-
gest follow-up time extending to 12 months [42]. The
description of the interventions is presented in Table 1.
Four studies used technology-based components to
deliver intervention [27-29, 32], and two of them used
mobile applications [27, 32]. Three studies explicitly
described the method used to ensure intervention fidelity
[27, 32, 42].

[ Identification of studies via other methods }

[ Identification of studies via databases and registers
—
Records identified from database
.E ;emh'gﬁ gﬁ)gzﬂg) - Records removed before
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= sye a N > Duplicate records removed Citation searching (n = 2)
'.E Cochrane= 2209; (n = 5818)
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=2 CINAHL= 3058; CNKI= 347;
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—
— :
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i -
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Fig. 1 PRISMA flow chart



Page 5 of 15

(2024) 24:660

Zu et al. BMC Psychiatry

J01235310UD 11
‘ainssaid poo|d d1joiselp

's|eob wisy-buo| pue

-Joys bumas pue poddns [e130s buipircid pue s1syio pue

1011dxe pue 21|015As D YaH 4195 Y1 Ul suonows buibeuew pue buiziubodal 0y piebail
A)|2py ‘suonowa aAsod 1S [PUOIIOW Bululel} JusUWSHeUBW UOIEIIPaW pUe
Juswieal} 'SSIAIIDE 24D-J|3S ‘AD 's31K15-941| Ay3|eay ‘s12b1ey |013u0d ‘suoedl|dwod paiesl
S)ew 0} Yiuowl-z|  -edyJa-§|9s sa1aqelp oyl SOIUlD yieay dlgnd -s912qeIp BUIUS3IDS J0) PIAU DU} '9583SIP B S Sa19qeIp 4
Siomaudely yuow-9  Jo Ayjenb ‘suondadiad ‘asinu pue uepisAyd  Buipiebal sya119q [euosiad Bupiojdxa papn|oul SUSU0D Ay Hate]] eisAelely
e JO sjusul ESEEIVNe] uolssaidap (/| |013u0d ‘paseg-dnoib "SYIUOW € 8 UOISSS ID3S00Q B YIM ‘(UOIUSAISIUL UlPW) 104 61078102
SIA EEEN ‘[ulpseq  -5dq) ssaasIp sa1aqeld uopuaye 90ej 0} 98} SHOIM 9 JDAO SUOISSIS Apjoamiq ¢ :owuleibold [ 1HOW3A  Jaisnp ‘e 312 MaYD
193U3d AYUNWWOd
‘asInu pue uel|
Yiuow-z 151bojoydAsd jesjulp S4OM SUWOY pUB UOISNDUOD ‘| DY Ul S3daduod 08 :[e1oL 610C
yodal 'SHoam g (£1-SQQ)  suopeonpa ‘paseq-dnoib 2102 'UOIIONPOJIUI PAPN|DUI AJUIBW SUOISSDS S| H29M 104 JEBE}
JON  ModaijoN uliaseq SsalISIp s919qPIg aunnol 9Dkj 0} 908 19d UOISS3S BUO ‘SUOISSSS UIW-06 1YDIS :UOIUSAISIUL | DY ule g Ipnosybepy
$I93UD Y3jeay Ayunw "951219X7 |eIISAYd
-W0D 3314} SE ||]oM Se pue 121g Ay3eaH ‘2182495 s9120PIQ ‘s912geIQ Buimouy
DIUID BUDIPaW Ajluie)  :sbuipeay peolq Inoy 03Ul padnoib sem pue ‘quauliamoduld
2100s abuey)) Jo sabeisg e pue Dlul|> Juaedino 1uaized Jo A10aY3 aY3 pue K103y} ||N UO paseq paubisap a4
yuouw-¢ Xapu| Juswa|geus 95INU paules}  SEM JUSIUOD 3Y] Y Z 03 G| Aj3ewixoidde paise| yoea 1eyy ;|e10] eUIYD
'S)OIM 1ualed {(D-AIvd uoneonpa ‘paseq-dnoib  oam e 9dUO PJaYy ‘SINPOW INOJ JO PA3sISUOD wielboid uoly 10y 020T
S9A  wodalioN ‘auljeseq -4S) ssansIp sa1agelg yieay 90ej 0} 908§ -eonpa ay| :sanbjuyday | buisn welboid uoiednpa uy wleg NRERN
‘AJII9py aIns
-UD 01 329M 1uswabebus Jued|dieyd
L ulyim “UOI1DBJSIIeS JUlIRd
Buipiodal '$213511930B1BYD Dl ‘uonedydde
olpne yoea -1wodolyiuy ainssaid 9|Iqouwl e pue yoogyiom e Ag payioddns sem ao10eid
SEIVEINEY [eLIS}IE UBSI D | YO H IR SUIOH "S}99M 1 1B UOISSIS 191500q UlU Q€ VY "SSaualeme
J103e61353AU ‘Ssaunypul ‘Uolssaidaq uoIssSas sa19gelp Juanedino [eJOIABYSQ pUE ‘DAINUDBOD ‘A1osuas bulabie) saliAlde pue
ledpund 'S$313S DI}RWINRIIISOd dnoib ‘9sinU paules}  ‘9dpdeid UOIIRYPSW [BWIOY ‘'S919GRIP PUB $$313S DIUOIYD JO 143
9y} Jo/pue SHOIM 77 ‘AoeoLya-49s sa1ageIg Inoy-¢ ‘paseqg-Abojouydal  uoleuasaid d130epIp e ‘uoissnosip dnoub Jo PalsISUoD pue H[=ate] VSN
101eUIPIO0D ‘SHIIM 7| '2J8D-J|95 S9190RIJ (07 UOISS95-9U0 paseg-dnoib YSgN WOl padepe sem UOIUIAIRIUL 3Y] "SINSJ 343 Bul 104 [4dV
SOA  UDIeasal oy} ‘BuUIPseq  -lvd) Ssa43sIp s21aqeld e :SINSa 90BJ 0} 9JB) -MOJ|O} PAISAIIDP UOIIUSAISIUI UIW 06 STNSA +IAIYLS-PUIN wlez 4 piaopieNid
BIPPRY2
A[opy e uo
paseq Juelsis
-se ydJeasal J1VYaH [eudsoy ‘0B Bua| pue ‘9durIdadIR ‘BUlALISUOU
Eye! ‘Juawsbeueu-§3s 95INU paulel} ‘JSnJ3 ‘pulll s auulbag sy ‘9dualied ‘buibpnluou ‘Buluiely 001
paINSUS sem SHIM 7| sa1aqelq ‘Aoedyje-f|9s uoledNpa ‘paseq-Abojouyday SSaUINYPUIW 3Je SaWRY} 1YDIa ay] "dd1oeid sdurUUIRW Hate]] eulyd
A)jepy uon Syoam g sa3qeld (£ 1-saq) sa19qelp paseq-dnolb paseq-Abojouyay 3yaam-g ue snjd uiw Oz | JO SUoIssas 10¥ [4d4
S9A  -USAISIUI B3 ‘uljaseq ssalsIp s919qeIq Jejnbal 908} 0} 908} Ajiep g :uoneonpa sajaqelp + Adesayl ¥YSgi paj-asinN wle g ‘e 39 ono
azis
sawil dn mojjo4 s|dwes
bur  Kydpy uon /swuiod awi bunag/sisidesay | Jubisap Anuno>
-pung -UdAJU| JudWAINSEIN $24NSe3\ dWOodINQ |o1u0d /apow KianljQg uonuaniu| jo uondudsag Apms  (4eak) Joyiny

(81 =U) S3IPNIS papN|dU JO SDIASHRIDRIRYD) | dlqeL



Page 6 of 15

(2024) 24:660

Zu et al. BMC Psychiatry

BIVITR)
juaiiedino sayaqelp
AKbojoyoAsd

"92110e4d SWOY J0J PIPIACID 219M S3SIDI9X PapIND

uole|nbay uonusny [eD1Ul> Ul 92.H39p € UIM SOD pUe 13]300q [euoiewIojul Ue {|03030id dnoib SpuelayIaN
YIUOW-E€  PUB SSIUJNJPUI ‘SWO} yym sysidesayy paurely 19N 3o9M-8 PaLIDSIP-||9M pUe PaZIPIPPURLS 93U} WOY) 47 :[BIOL 5107
podal Syoam g -dwiAs anissaidaq {0z |013u0d paseqg-{eNpPIAIPUl  PALYIPOW SEM UOIUSAISIUL 93U} ‘a2110eid swioy Ajlep uiu O¢ 104 NERES
JON  ModasioN [uleseq  -dlvd) ssa41sIp s21ageig 1SIem 90e) 0} 93k} snjd UIW Q9 JO SUOISSIS [BNPIAIPUL ABRaM 8 1| DFIA [BNPIAIPUL wleg SI9AS0IYDS
S|9A3)| |0431S3|0YD
pue ainssaid poo|q 191
31 YQH ‘uolssaidap pue ;|e10]
AJ2Ixue '9|edS anbojeuy [endsoy 1Dy
[ensiA joboing ‘sniels 9sINU paulel} “AoeDYJa-§|95 95B3IDUI 0} Pasn 24am salb 191U92 SpueayIaN
‘Yyuow-g yiesy :bulag-jjam (0 |0J3uod paseq-lenpIAlpUl  -93el1s Al ‘suoidadiad ssaul|l SSNISIP 03 SSWOY 4191 18 Sall} -nw 9107
soA  uodaiioN ‘DuUlPseq  -Alvd) Ssa3sIp s21aqeld uopuane 90e) 0} 98} 92143} payIsIA alam dnolb uonuaaisiul 3y ul syuedpijed wlez el ukajisey
Enliblile]
[eudsoy  awoy oy paplaoid osje alam gD e pue Jakeld 0D v Bulules
|0SI10D AJeulIN D YIH 1e D1uld 3usnedino uonexe|al |edisAyd pue Adelayy ssaujnypuiul pue [g>) uo
'snye1s yijeay payodal 193IoM  paseq Bululel) [BUORRINPIOYIASD papn|dul AjUlew 1| "SHa9M /01
JIUOW-E |G ‘21eD-43S S213geIg yiesy Ajunwwiod 01 —8 $50.2e SU0ISSas dnoib g JO PaSLAWIOD UOIIUIAIIUI ;|e10] VSN
‘uonuaniRulsod  {A1BIxuy ‘uolssaidad (S uonedNPa ‘paseg-dnoib paseq A|[ean3nd ‘pazijenuew e snjd uoesnpa sa1ageip 104 910C
S9A  ModasioN [uleseq  -dlvd) ssa41slp sa1agelq sa1aqelp 908§ 0} 908} | G'Z :UOIUSAISIUI JUSWSHRUBW $5313S + UOIIRINPS Sa13GERIP wleg ‘|e 12 Jaubepn
|eydsoy
1 SDIUlD [eURSI
15160j0YdAsd |eajulp
e Ag pasiaiadns juessis
JLVaH -Se DIeasal paulel} e 'sda1s buinjos-wa|goid yBNOoIY3 Uo yiom 03 widjgold
yiuow-9 'SI01ABYQ 24BD-J|9S ‘paseg-lenpiAlpul  dY1oads e 3500UD pue ‘s312qelp O3 Paje|al 35I| Wa|qoid e JO  Of (810l ellesISNY
‘Yyuow-¢ - s919GeIp ‘Uolssaldap (/| EpLell JUSWAORASP 3y} ‘UO[IDNPOIIUL UB PIPN|IUI SJUSIUOD Y| 10y /107
S9A  uodasioN ‘[ulpseq  -5dq) ssaasIp sa1aqeld 2Jed |ensn 0} 928} 10 3UOYda|2} Ul 09—G DUIISE| Ydea 'suoissas g 03 dn :uoiuaAIaIul J-1Sd wileg ‘1B 39 599y
SOIUIP Juaiedino
ainssald ‘Jauren
poo|q D1 YqH ‘21eD-J9S SSaUINJPUIW € JO
‘SHIIM 7 | s91ageI( 'Ssans pue pasodwod sem QD Y} "SY9IM g IS0 Aep/ulud O J0j U3ISI| 0} /9 :[e1o] ellesISNY
‘Seam g A1aIxuy ‘uolssaidaq {0 paseq-[enpIAIPUl  PaXSe d1am Sjuedidilied 199ys UO[IDNIISUL UB UM SSaUdIeMe 10y 810C
9o uodasioN ‘QuUIPseq  -AIvd) SSa3sIp s21aqeld 2Jed |ensn SEIREI[MIER 41eaiq papinb Jo 0D OIPNE Ue UOIIUSAISIUI SSAUINJPUIN wleg [P 19 UOSIEDd
azis
sawn dn mojjo4 9|dwes
bur  Ay@py uon /sautod swi} bunyas/sisidesay | Jubisap Anuno>
-pung -UdAJIR| JUSWINSEIN SaINSea\ SWodINO |os3uod /apow Kida112Qq uonuaniu| jo uondudsag Apnis  (1eak) Joyany

(ponunuod) | 3jqelL



Page 7 of 15

(2024) 24:660

Zu et al. BMC Psychiatry

1loddns
191U9d UolEdNPa  [RIDOSOYDASA ‘9duepIinb [euoleAIIOW pue BulAjos wajgoid
J1VaH g ‘uonelb sa19gelp Juanedino ‘JUSWSD104UISJ UOIIEINPS ‘JUSWISSISSe papn|oul Juauod SN
Yjuow-9  -31ul S333qeIp ‘S3|gelieA aied 95INu -WO0D 3y "SYIUOW € ISIY 3Y3 Ul papiroid SUOISSSS 9 Y} 6 :[e10] 00T
‘yyuow-¢ Juswabeurw-§3s (07 sa19qeIp 'PaSeg-[eNPIAIPUL  JO G YIM ‘SYIUOW Q JISAO PAPIACID I19M SUOISSSS 9 JO [B10} 104 §iRE
S9A  wodalioN ‘[ulRseq  -Alvd) ssaasip s21aqelq plepueig 92ej 0} 908§ e 118D $3}3qeIp PIEPUE)S + UOUSAISIUI BUIYDR0D-3SINN wleg SIOWRIMYM
sadoeid 'sda3s 9AY JO Pa3SISUOD pue JusWbeURW-}|9S pue
Yiuow-6 JLVaH a/ed Alewnd gD JO SJUSWSS papnpul | "abesane uo Y | Ajrewixoidde 80C
‘Yuow-¢  ‘ssansip woydwAs oyd 9SINU paulel}  JO SUOISSaS  pey dnolb uoiuaAISIUL BY) Ul suosiad ‘sbesane ‘|eyoL spuejiayiaN
Soam | -ads-s3190eIp {(0Z-AlVd) ‘paseq-{enpliAlpul uQ ‘ssaiboid uodn spuadap SHISIA JO JSGUINU 3y} ‘Spew 104 1102
S9A  wodalioN ‘auljeseq SsalisIp s91aqeIq 2Jed jensn 90e) 0} 98} -J0|1e} :24BD [BNSN + UOIIUSAISIUI [BDI60J0YDASd (WU wleg ‘B39 SlaweT
$J21U3D UoIIedNPS
sa19gelp pue sdnoib
[EDIPAW AHUNUIWIOD
'sioyebsanul
a3 Aq pasiaiadns “uoneaNpa sa1aqgelp Yum buole esiesdde ysu yijeay
S)SIUONUSAIDIUI DR paIaAIaP-123ndWod ‘UlW-07 B (peayy dea (€) Syuou g
J|YQH ‘@ouaiaype uon -npeib 263||0d paules} 3B UOISS3S 191500q B YaIMm |Sd snid AISYD papn|daul 1ey3 uoh 76€
yuow-z|  -edIpay ‘buiies AyyesH Paseq-gap)  -USAJSIUI UOSIad-Ul UIW-09 B :SdyD (2) SYIUOW G Je U235000q ‘|e1o| VSN
‘Yuow-4 AUAIDE [eDISAUd ‘(£ 1 ‘paseg-jenpiAlpul ,UleYd JOIARYSQ, paleuloine ue yum weiboid yuswaroidu 104 €107
S9A  wodalioN ‘aulpseq  -5dq) ssaasip s21aqelq auou 90ej0}30R)  JuUdWSbRURW-)SS S239GRIP Paseq-ga UIW-0f B NSYD (1) wle ¢ ‘e 39 J3YSI4
JLVAH )] SaIUld oem/sAep G ‘Ul Q€ Inoge
yuow-9  jo Ayjenb pajejai-yyesy $919¢eIp JUaedINO 300} SHUSWIUBISSE YIOMIUIOY ‘UOIUSAISIUI 94} Jo1e SYIUoW 6€l
S99M 8 POOW ‘SS3UIS PAAIDIID 15160|0U2Asd PayIRd € pappe Sem UOISSS 1235000 JNOY-7 B !S3S|DIaXS UO[R}paW H=te]] SpuejiayiaN
‘SyPam ¢ IA3aIxuy ‘uoissaidag (07 ‘paseq-dnoib BudnRdeId YBNOIYL SSAUINJPUIL JO JUSWAO[IAIP Y3 Sem 10y 102 €102
S9A  wodaiioN ‘dupseq  -Alvd) SsaasIp s21aqeld 2Jed |ensn 90ej 0} 98} JUSUOdUWIOD [BIJUDD B} 'SUOISSIS INOY-Z APam 8 1] DG wlez e 3d uosg uep
‘welbold Buryjjem
ay3 buluuibaq a1042q sanbiuyday bupyjem sadoid buipiebal
$24N109| papuane syuedidiped Hoam 4ad sawily INoy 03
uonewweul 92443 "UIW 09—0€ 40} Bu|em 3sliq :3s1219x3 Bbupiep (2)
1e|nosep '9s00n|b poojq [eydsoy 3e "Wy 1e YSgN
Bulise} s|pAd) [0SI110D Juswedap uanedino -y 92130eud 01 pabeinodua a1am syuedidied “UIW OZ1-09 96 :[PI0L
‘Klojuanu| asuodsay '9SINU paules}  UIIMIQ PRISE| UOISSIS YDra {UOofelpaw Buls 3US|is pue 104 2310
Jodal ‘Soam g SIS PAAIDDIRG ‘(£ 1 uoneonpa ‘paseg-dnoib Buiyieaiq pue ‘buies ‘bupjjem |njpuill pajey|ioe) sswayly  Jaisnp 5107
JoN  ModaiioN ‘[ulpseq  -5dq) ssasip sa1aqeld sa19qeIp 90ej 0} 98§ 1YDI3 'S2aM § 10§ YoM Jad 3D1Mm] :U0REINPS +YSIN-Y (1) ule ¢ ‘|39 bunr
azis
sawn dn mojjo4 9|dwes
bur  Ay@py uon /sautod swi} bunyas/sisidesay | Jubisap Anuno>
-pung -UaAJU| JuUdWRINSEIN $24NSE3\ dWOdINO |o13u0) /apow KiaA119Qg uonuaniu| jo uondudsag Apms  (4eak) Joyiny

(ponunuod) | 3jqelL



Page 8 of 15

(2024) 24:660

Zu et al. BMC Psychiatry

INJPUI “DSIA {BUIMBIAISIUL [EUOIIBAIIOW ‘| ‘UOIIEINPT $319GRIQ U] UOIIdNPAY SSBILS [NJPUIN ‘JAIYLS-PUIN ‘UOIIINPAI SS311S Pased-ssaujnjpuiw ‘Ysgn ‘Adesay an

sisA|eue-e1aW 3y WOJJ PIPN|IXIy

swuweibo.d [euonednNpa PasNI04-UoiloW paseq
-an|eA ‘| [HOW3A ‘dIVd WJ0j-10ys JO UOISIDA 3saUlyD ‘D-d|Vd-4S {|el1 pajjoiuod paziwopuel ‘| DY ‘sa1adelp 1oy Adesayl Buiajos-wa|qoid ‘g-15d ‘d41euuonisanb salagelq ul sealy wa|qold ‘dlvd 954n0) uolssedwod-J|as

60> paseq-ssaujnipuIw ‘| DA ‘UOIIdNPaI SSIIS paseq

-$S2U|NJPUIW UBIOY ‘YSFIN-Y ‘1oddns pue uorednpa Juswabeuew-|as sa13qgelp ‘SFNSQ 9. ssaiisid sa1ageld ‘Ssaq 91eds ssaiisig sa1ageld asaulyd ‘51-sadd \EEwE |elolneyaq aAnIUB0d ‘19D {1Sd snid WSYD ‘SdVD
Juawabeuew-j|as palsisse-1a1ndwod NSy ‘s3190eIg Ul JUSWILaI) Paseq uolssedwo)-§|9$ pue ‘luswliwwo) ‘@dueidandy ‘g-1gSIY :uonednpa salaqelp pajelbalul-1 Dy ‘3g-1DV ‘Adesayl Juswyiwwod pue adueidany ‘| Dy

Ayjgxayul ouIp
|ed160joydAsd (Adeoyye aled juanedino saagelp "UOISS3S 191500q B PUE ‘SUOISSAS | DY ‘U0l eUIYD
-J|9S 'JOIARYSQq 91eD-)|9S |ensn pue 'SI9YDIeasal bUISINU  -BONPI $313GRIP PaPN|DUl Ajulew SUOISSas 3y ‘syueddiied gy eiol ‘buoy buoH
B EEIYe] sa1a0eIp (51-SaadDd) uoesdNpa ‘paseq-dnoib 9 J0 sdnolb Ul UIwW OZ | INOGR PI1Se| UOISSDS e ‘SHaam g 10y €202
SOA  ModaiioN ‘[ulpseq SSalISIp s919qRIQ sa19qeIp 90Bj 0} 0B  ISAO UONRINPS S332qelp paieibajul-] DY UOISSS-G :3J-1 DV wieg 1219 'uebN
AM|IgIxayul [ed160j0Y>
-Asd ‘uoissedwod-49s

‘JuswabrURW-J3S $3}97 '$919IP Ul 918D-J|3S PUP UOISSeduIod-|as pue

uoneziuopuel-isod  -eip ‘9l Jo Alljenb paie) poddns isidessyiou  ‘JUSUWHWIWIOD ‘9oueidadde BuldojsASp UO PasND0) SUOISSSS
SPIM 6 -21-5919GeIp ‘BUIag-|[aMm paseqg-lenpIAlpul - 3y “UIw Of AjR1eulixoidde yoea ‘(so13enp) SUljUO PaIdAIRP €€ :eI0L Nl
‘SPam G ‘Aaixue ‘uoissaldap {0z |03UoD BUIIUO  SUOISS3S Aaam G ‘DS pue | Dy wolj sydaduod uoissedwod 10y €707
SOA 110dal 10N Buleseq  -Qlvd) SS41s1p sa19geIQ 151]3em pa102lIP-495 -J|9s pue AJ|IqIxa| |ed1bojoydAsd pareibatul :g-19SDY wiez T RERSTI]

‘uonuanaid asdejal pue

osde| ‘pue ‘A1abewll pue uoexe|as 3jdsnul ‘saibalelys buidod

AjAnoe Buiroiduwl ‘Buiajos-wiajgold ‘Bulnpayds AyAide ‘bujules

[ed1sAyd ‘aduaiaype 1l [ea1bojoydAsd  adulaype ‘Uoliezljenidasuod aAINUHOD ‘UonedNpPaoydAsd
Juswieal) ‘9y1| Jo Ayjenb 's3s160joydAsd [edjuld  a1am syusuodwod Ulew 3y UIu 09-St UM S[AISIUL SABP 06 ([PIOL ueisped
1odal ‘Yuow-  A1aIxuy ‘uoissaidaq (/. |013U0d ‘paseq-|enpIAIpUl 7|01 Ul UOISS3S SUO sem Aduanbaly pue ‘syaam 9| uj paiald 10Y €0t
JON  ModasioN [uldseq  -SQQ) ssa41sIp sa1agelg 1Siem 98} 0} 908} -WOD 2J9M SUOISSaS diInadesayl paseqg-1gd 0L 01 818D wleg e 19 'seqqy

ozis
saw} dn mojjo4 9)dwes

bur  Ay@py uon /saurod swig Bbunmag/sisidesay Jubisap Anuno>
-pung -UaAIRU| JUBWIDINSEIN S2INSEe3\ BWO02INO Jonuo) /apow K1aa12Qq uonuaAidu| jo uondudsag Apms  (1edk) Joyiny

(Panunuod) | 3jqel



Zu et al. BMC Psychiatry (2024) 24:660

Risk of bias and certainty of evidence

Overall, five of the eighteen included studies were rated
as high risk of bias, and the remaining thirteen stud-
ies were rated as having some concerns (Supplemen-
tary material Figure S1). Two studies did not explicitly
describe the process of randomization were rated as high
risk of bias in domain “bias arising from the randomiza-
tion process” [30, 31]. Two studies were rated as high risk
of bias in domain “bias due to deviations from intended
interventions” because of the nature of psychological
interventions that participants and providers are aware of
the assigned intervention and they did not report appro-
priate analysis methods to estimate the effect of assign-
ment to intervention [39, 43]. A single study was rated as
high risk of bias in domain “missing outcome data” [28].
The overall certainty of the evidence was low for diabe-
tes distress, and high for glycemic level (Supplementary
material Table S3).

Experimental Control
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Effects of interventions

Primary outcome: diabetes distress

As for the short-term effect of psychological interven-
tions on diabetes distress, we included 16 studies with
1639 participants to calculate the pooled effect size. A
random effect model revealed a significant and medium
reduction in diabetes distress compared with the con-
trol group (SMD= -0.56; 95% ClI= -0.90, -0.22; p=0.001)
(Fig. 2). These studies showed high heterogeneity
(P=91%, p<0.00001). One of the 18 studies that cannot
be pooled in the meta-analysis due to insufficient out-
come data was a technology-based mindfulness interven-
tion for US military veterans with diabetes distress [27].
Veterans with elevated diabetes distress (n=132) were
randomly assigned to the Mind-STRIDE intervention
group (a 90-min intervention adapted from the Mindful-
ness-Based Stress Reduction program) or control group.
Significant reductions in diabetes distress were observed
in both groups with a non-significant group by time

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Whittemore, R. 2004 -13 22.52 26 0.6 17.06 23 6.0% -0.66 [-1.24, -0.09]

Wagner, J. A. 2016 -16 638 61 -0.7 6.51 46 6.6% -0.14 [-0.52, 0.24] o
van Son, Jenny 2013 -6.5 19.35 70 -2.8 20.63 69 6.8% -0.18 [-0.52, 0.15] e
Schroevers, Maya J. 2015  -22.3 14.77 12 -3.2 16.56 12 4.9% -1.18[-2.05, -0.30] —

Rees, G. 2017 -0.7 0.98 16 -0.2 0.79 19 5.6%  -0.55[-1.23,0.12] .
Pearson, Sue 2018 2 19.79 31 -3 13.71 36 6.3% 0.29 [-0.19, 0.78] i
Ngan, 2023 -0.35 0.83 24 0.23 0.87 24 6.0% -0.67 [-1.25, -0.09] S
Maghsoudi, Z. 2019 -5.15 12.53 40 -0.6 12.23 40 6.4%  -0.36 [-0.81, 0.08] ——

Li, Z. 2020 -7.4 15.52 117 -1.7 22.6 108 6.9% -0.30[-0.56, -0.03] =
Lamers, F. 2011 0.82 19.69 67 0.6 18.74 71 6.8% 0.01 [-0.32, 0.35] T
Kasteleyn, M. J. 2016 0.8 10.58 81 -0.2 11.85 80 6.8% 0.09 [-0.22, 0.40] i
Jung, Hee Young 2015 -0.67 123 21 2.12 12.82 17 5.7%  -0.22 [-0.86, 0.42] T
Guo, J. 2022 -1.89 0.48 50 -0.45 0.33 50 5.8% -3.47 [-4.10,-2.84] —

Fisher, L. 2013 -0.27 0.86 146 -0.21 0.94 96 6.9% -0.07 [-0.32, 0.19] =
Chew, B. H. 2018 -0.3 0.79 53 -0.2 0.92 71 6.7%  -0.11[-0.47,0.24] -
Abbas, 2023 -6.41 2.51 27 -0.32 2.96 35 5.8% -2.17 [-2.81, -1.53] —

Total (95% ClI) 842 797 100.0% -0.56 [-0.90, -0.22] <o

Heterogeneity: Tau? = 0.42; Chi? = 158.88, df = 15 (P < 0.00001); I> = 91%
Test for overall effect: Z = 3.22 (P = 0.001)

(b)

-4

s

2
Favours [experimental] Favours [control]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, Random, 95% CI
Chew, B. H. 2018 -0.1 0.72 53 -0.6 0.95 71 11.4% 0.58 [0.21, 0.94] =
Fisher, L. 2013 -0.46 0.83 146 -0.5 0.92 96 11.8% 0.05 [-0.21, 0.30] T
Guo, J. 2022 -2.05 0.4 50 -0.82 0.37 50 10.3% -3.17[-3.76, -2.57] —_—
Lamers, F. 2011 -4.11 19.68 62 -0.51 18.7 61 11.4% -0.19[-0.54,0.17] -~
Li, Z. 2020 -14.3 1466 117 -12.7 19.69 108 11.8% -0.09[-0.35,0.17] -
Maghsoudi, Z. 2019 -3.47 13.15 40 0.67 12.36 40 11.1% -0.32 [-0.76, 0.12] =
Pearson, Sue 2018 -7.4 147 31 -2.7 13.91 36 10.9%  -0.33[-0.81, 0.16] =7
Rees, G. 2017 -0.7 0.98 16 -0.2 0.72 19 9.8%  -0.58 [-1.26, 0.10] =
van Son, Jenny 2013 -9.3 18.82 70 -3.3 19.53 69 11.5% -0.31[-0.65, 0.02] -
Total (95% CI) 585 550 100.0% -0.45 [-0.93,0.03] L 2

Heterogeneity: Tau? = 0.50; Chi? = 119.43, df = 8 (P < 0.00001); I> = 93%
Test for overall effect: Z = 1.83 (P = 0.07)

-4 =2 0 2 4
Favours [experimental] Favours [control]

Fig. 2 Effect of psychological interventions on diabetes distress. (@) short-term; (b) long-term
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interaction, however, the distal effect between 12 and 24
weeks was significantly favoring the intervention group.
Similarly, significant improvement of HbAlc was also
observed in both groups with non-significant interven-
tion effects [27]. Another study that we did not include
in the meta-analysis was a feasibility trial whose primary
aim was to explore the feasibility of an online psycho-
logical intervention incorporating elements of ACT and
Mindful Self-Compassion Course in improving psycho-
logical distress in people with type 2 diabetes. The study
reported a treatment completion rate of 47.37% (only 9
participants were considered treatment completers),
which led the authors to note that the effects of the inter-
vention are challenging to interpret due to the small sam-
ple size and the low completion rate [28].

9 studies including 1135 participants provided the
follow-up data for calculating the long-term effect of
psychological intervention on diabetes distress. At
3-12 months post-intervention, a random effect model
revealed a medium but non-significant effect (SMD=
-0.45; 95% CI= -0.93, 0.03; p=0.07) (Fig. 2) with high het-
erogeneity (I’=93%, p<0.00001).

Experimental Control
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Secondary outcome: glycemic level

7 studies including 650 participants examined the effect
of psychological interventions on HbAlc immediately
after intervention. Compared with the control group,
a random effect model revealed a non-significant effect
on HbAlc at the first time point of post-intervention
(MD=0.02; 95% CI=-0.23, 0.26; p=0.89) (Fig. 3) with low
heterogeneity (P=0%, p=0.62).

7 studies including 609 participants provided the fol-
low-up data for calculating the long-term effect of psy-
chological interventions on HbAlc. At 3-12 months
post-intervention, a random effect model revealed a
non-significant effect on HbAlc (MD= -0.27; 95% Cl=
-0.64, 0.10; p=0.15) (Fig. 3) with moderate heterogeneity
(P=52%, p=0.05).

Subgroups and sensitivity analyses

Based on our previous literature review, we believe that
the following intervention characteristics may intro-
duce heterogeneity; therefore, we conducted subgroup
analyses accordingly: (a) the provider of the psychologi-
cal intervention, specifically whether they are profes-
sional psychologists; (b) the inclusion of a technology
component; (c) the format of the intervention, whether

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chew, B. H. 2018 0 1.91 53 -0.4 2.05 71 12.2%  0.40[-0.30, 1.10] —

Kasteleyn, M. J. 2016 -0.3 3.36 81 -0.1 3.05 80 6.1% -0.20[-1.19, 0.79] —
Lamers, F. 2011 0.3 1.11 18 0.2 131 17 9.2%  0.10[-0.71, 0.91] i
Rees, G. 2017 -0.5 1.08 16 0.1 2.05 19 5.3% -0.60 [-1.66, 0.46] —

van Son, Jenny 2013 0.1 1.15 70 0.2 1.37 69 34.0% -0.10[-0.52,0.32] — .
Wagner, J. A. 2016 0.3 1.51 61 -0.1 1.85 46 14.0%  0.40[-0.26, 1.06] -
Whittemore, R. 2004 -0.2 1 26 -0.1 1 23  19.1% -0.10 [-0.66, 0.46] I E—
Total (95% CI) 325 325 100.0% 0.02 [-0.23, 0.26]

Heterogeneity: Tau? = 0.00; Chi? = 4.44, df = 6 (P = 0.62); I* = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

Experimental Control

N <
=2 -1 0

1
Favours [experimental] Favours [control]

Mean Difference Mean Difference

(b)

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Chew, B. H. 2018 -0.4 2.03 53 -0.7 2.01 71  13.7% 0.30[-0.42, 1.02] —

Guo, J. 2022 -0.61 1.48 50 -0.23 1.47 50 16.8% -0.38[-0.96, 0.20] —

Lamers, F. 2011 -0.2 1.11 20 0.6 1.31 17 12.4% -0.80[-1.59, -0.01]

Pearson, Sue 2018 -0.74 1.43 31 0 1.48 36 14.1% -0.74 [-1.44, -0.04] e —

Rees, G. 2017 -1 1.15 16 0.2 2.29 19 7.3% -1.20[-2.37,-0.03]

van Son, Jenny 2013 0.1 1.15 70 0.1 1.37 69 20.9% 0.00[-0.42, 0.42] —

Wagpner, J. A. 2016 0.1 1.71 61 -0.2 1.77 46  14.8% 0.30[-0.37, 0.97] I e —

Total (95% CI) 301 308 100.0% -0.27 [-0.64, 0.10] e 7

Heterogeneity: Tau? = 0.12; Chi? = 12.55, df = 6 (P = 0.05); I> = 52% _52 _51 ) :51 é

Test for overall effect: Z = 1.44 (P = 0.15)

Fig. 3 Effect of psychological interventions on HbA1c. (a) short-term; (b) long-term

Favours [experimental] Favours [control
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individual or group-based; and (d) the baseline scores
of diabetes distress, specifically whether they are above
the cut-off, to explore potential heterogeneity across
subgroups.

Regarding the short-term effects on diabetes distress,
we did not observe a significant decrease in heterogeneity
across subgroups. However, as shown in Table 2, inter-
ventions delivered in a group format resulted in a signifi-
cant and larger effect (SMD= -0.65; 95% CI= -1.20, -0.10;
p=0.02). Similarly, interventions targeting participants
with baseline diabetes distress scores above the cut-off
demonstrated a significant and larger effect (SMD= -0.97;
95% Cl= -1.65, -0.30; p=0.005). Furthermore, interven-
tions provided by professional psychologists also yielded
a significant and larger effect (SMD= -0.93; 95% Cl=
-1.78, -0.09; p=0.03). Interventions containing a technol-
ogy component yielded a larger but non-significant effect
(SMD= -1.76; 95% CI= -5.09, 1.58; p=0.30).

As for the long-term effect, interventions delivered by
professional psychologists significantly reduced diabetes
distress (SMD= -0.31; 95% CI=0.58, -0.05; p=0.02) with
low heterogeneity (I?=0%, p=0.97), whereas intervention
effects of other subgroups were non-significant (Supple-
mentary material Table S2).

We performed sensitivity analysis by removing one
study in each turn. When the study conducted by Guo et
al. [32] was removed from the analysis of the short-term
effect of psychological intervention on diabetes distress,
the heterogeneity reduced (?=76%), whereas the overall
effect also declined (SMD= -0.34; 95% CI= -0.56, -0.12;
p=0.003) (Supplementary material Figure S2).
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Publication bias

The funnel plot suggested the possibility of publication
bias, as studies with small samples were expected to
appear in the lower right corner (Supplementary material
Figure S3). Additionally, Egger’s test indicated potential
publication bias (p=0.019).

Discussion

This systematic review and meta-analysis examined the
effectiveness of psychological intervention on diabetes
distress of people with type 2 diabetes. Sixteen studies
with 1639 participants were included in the meta-analy-
sis. Our results indicated that psychological interventions
measured diabetes distress as a primary outcome could
significantly reduce diabetes distress in short-term with
large effect compared with control groups, which is con-
sistent with the previous study conducted by Schmidt et
al., which included both type 1 and type 2 diabetes, but
inconsistent with the study conducted by Chew et al,
which found a small and non-significant effect of psy-
chological intervention on diabetes distress of people
with type 2 diabetes. The possible reason for the conflict-
ing results might be the different inclusion criteria as we
only included studies that measured diabetes distress as
a primary outcome while studies included in Chew et al.
mostly measured diabetes distress as a secondary out-
come. We believe that designing specific psychological
interventions with diabetes distress as the primary out-
come is important, not only due to the high prevalence
of diabetes distress but also because it is distinct from
general psychological distress in its focus on diabetes-
specific psychological issues. Unlike interventions that
target general psychological distress, such as anxiety and
depression, focusing on diabetes distress aligns more

Table 2 Subgroup analysis on the short-term effect of psychological interventions on DD

Title Num-  Number of Statistical method Effect size Overall Het-
berof participants effect,p  eroge-
trials value neity

12 value

Overall effect 16 1639 SMD (IV, Random, 95% Cl) -0.56 [-0.90, -0.22] p=0.001 91%

1. provider of intervention

1.1 non-professional psychologist 12 1334 SMD (IV, Random, 95% Cl) -0.45 [-0.83, -0.06] p=0.02 91%

1.2 professional psychologist 305 SMD (IV, Random, 95% Cl) -0.93 [-1.78,-0.09] p=0.03 91%

2. whether contains a technology

component

2.1 contains a technology component 2 342 SMD (IV, Random, 95% Cl) -1.76 [-5.09, 1.58] p=030 99%

2.2 without technology component 14 1297 SMD (IV, Random, 95% Cl) -0.37 [-0.61,-0.12] p=0.003 77%

3. delivery format

3.1 individual 778 SMD (IV, Random, 95% Cl) -046 [-0.90,-0.02] p=0.04 87%

3.2 group 861 SMD (IV, Random, 95% Cl) -0.65[-1.20,-0.10] p=0.02 93%

4. baseline DD scores

4.1 above cutoff 8 726 SMD (IV, Random, 95% Cl) -0.97 [-1.65,-0.30] p=0005  94%

4.2 below cutoff 8 913 SMD (IV, Random, 95% Cl) -0.09 [-0.27,0.09] p=0.32 42%

DD, diabetes distress; SMD, Standardized Mean difference
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closely with the unique challenges faced by individuals
with diabetes. Furthermore, we only included interven-
tions for people with type 2 diabetes rather than inter-
ventions for mixed populations since people with type 1
and type 2 diabetes might have different struggles with
diabetes. For example, the negative emotions of peo-
ple with type 2 diabetes link more closely with lifestyle
changes, the permanence of diabetes, and lack of suffi-
cient social support [18, 44, 45]. Therefore, summarizing
the evidence for the effects of psychological interventions
designed for this specific population is necessary, while
future research needs to continue to be explored because
of the limited number of trials in this area.

According to the further subgroup analysis, we found
that the effect of interventions could be bolstered by
several intervention characteristics, including group for-
mat, supported by a technology component, provided by
professional psychologists and baseline diabetes distress
scores of participants above the cut-off. The greater effect
of interventions delivered through small groups may be
because group members can share feelings and exchange
experiences, a process that may be an important source of
social support [46, 47]. The larger effect of interventions
supported by a technology component is in line with the
results of a previous review, which examined psychoed-
ucational interventions for type 2 diabetes distress [48].
In our narrative review, three studies used either mobile
app-based or web-based mode to support the delivery of
interventions, and all them showed promising results in
improving diabetes distress [27, 29, 32]. Besides, the rea-
son of dropout of participation of intervention were simi-
lar among included studies, such as time conflicts, lack
of interest and travel long distance to healthcare settings
[31, 35, 37]. Given the cost-effectiveness and accessibility
of technology-based platforms, it would boost the adher-
ence of psychological interventions and help overcome
the barriers existed in currently traditional intervention
delivery mode; however, the evidence in this area is still
limited and needed to be explored in the future [49, 50].
The finding that participants with baseline diabetes dis-
tress levels above the cut-off benefitted more from the
psychological intervention is consistent with the review
conducted by Schmidt et al. [14], but we produced a
larger effect in this particular population. The potential
reason for this finding may be a floor effect, suggesting
that participants without diabetes distress benefit less
from interventions that reduce diabetes distress [17,
29]. Therefore, future studies aimed at improving dia-
betic distress should consider including only participants
with elevated levels of diabetic distress at baseline. In
addition, although current guidelines recommend that
all members of the healthcare team, including special-
ist nurses, can provide psychological interventions for
people with diabetes [3], the present study found that
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interventions delivered by psychologists have a greater
effect. Therefore, promoting a collaborative care model
and encouraging online support from psychological pro-
fessionals could help broaden access to psychological
services. However, due to the limited number of studies
in the subgroup analyses, this finding warrants further
exploration.

Additionally, we used follow-up data from included
studies to detect the long-term effect on diabetes dis-
tress, and we found a medium but non-significant effect.
In the subgroup analysis, we found that interventions
delivered by professional psychologists showed a signifi-
cant and medium effect, suggesting that the maintenance
of the intervention effect might require the guidance of
professional psychologists [17, 41]. However, the number
of studies included in the subgroup analysis was limited,
thus the results should be interpreted with caution. And
the medium to long-term effect of psychological inter-
ventions in this population should be further examined
in high-quality trials.

Finally, we did not find short- and long-term effects of
psychological intervention on HbAlc, which is incon-
sistent with the findings of Chew et al. who showed a
small benefit on HbAlc at 6-12 months of follow-up
[12]. However, our results are consistent with studies
by Schmidt et al. and Mathiesen et al. who found that
a reduction in diabetes distress did not appear to be
associated with an improvement in HbAlc [13, 14]. We
assume that the possible reason might be the potential
mechanism of the association between diabetes distress
and glycemic level, as indicated by previous research that
self-management activities might mediate the pathways
between diabetes distress and glycemic outcomes [45,
51]. Thus, substantial improvements in glycemic out-
comes might take time and require interventions that
have both emotional and educational components to pro-
vide knowledge for self-management and techniques for
dealing with negative feelings [6]. However, longitudinal
studies exploring the underlying mechanism are scarce in
this area, and the causative link between diabetes distress
and glycemic level still needed to be explored to maxi-
mize the intervention effect. Another point to note is
that we only focused on psychological interventions that
included diabetes distress as a primary outcome, which
may have led to inaccurate estimates of the effect of psy-
chological interventions to improve glycemic level.

Strength and limitations

As far as we know, this is the first systematic review and
meta-analysis exploring the short and long-term effects
of diabetes distress tailored psychological intervention on
diabetes distress and HbAlc in people with type 2 diabe-
tes. Although the number of included studies is limited,
we verify the evidence that psychological interventions
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tailored for diabetes distress showed promising results
in this specific population. Moreover, according to our
subgroup analysis, the short-term effect of interventions
could be bolstered when delivered in a group format,
using a technology component, provided by psycholo-
gists, or including participants having elevated baseline
diabetes distress scores.

Nevertheless, some limitations of this review should be
acknowledged. Firstly, due to the nature of psychological
interventions that blinding is difficult to implement and
the fact that diabetes distress is a self-report outcome,
most of the included studies are rated as some con-
cerns or of high risk in methodological quality. Secondly,
although we tried to explore the potential origins of the
considerable heterogeneity across studies, we failed to
find a significant decrease in heterogeneity according to
subgroups performed in this review. However, we further
performed sensitivity analysis and we found a signifi-
cant decrease in heterogeneity after removing the study
conducted by Guo et al. [32], whereas the effect of inter-
ventions also declined. This might be because this study
was conducted in a hospital setting as most other studies
were conducted in community settings, as well as it was
the only included study that used a mobile app to sup-
port the intervention. Thirdly, there were relatively insuf-
ficient studies for some subgroups, thus more studies in
this area are needed to draw sound conclusions. Given
the above limitations, the results of this review should be
interpreted with caution.

Conclusions

In this review, we found evidence supporting that psy-
chological interventions tailored for diabetes distress
in people with type 2 diabetes are effective in reducing
the level of diabetes distress in the short term, and the
intervention effect could be enhanced when delivered
in a group format, using a technology component, pro-
vided by psychologists, or including participants having
elevated baseline diabetes distress scores. More trials are
needed to combine efficient intervention components
and to explore the long-term effect of psychological
interventions on diabetes distress as well as the underly-
ing mechanism of improvement in glycemic level.
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