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Psychological interventions to improve
glycemic control in adults with type 2
diabetes: a systematic review and meta-

analysis

Kirsty Winkley

,' Rebecca Upsher, Daniel Stahl,® Daniel Pollard,*

Alan Brennan,* Simon R Heller,® Khalida Ismail?

ABSTRACT

The quality of evidence that psychological interventions are
effective in improving glycemic control in adults with type
2 diabetes (T2D) is weak.

We conducted a systematic review and meta-analysis

of psychological interventions in T2D to assess whether
their effectiveness in improving glycemic levels has
improved over the past 30 years. We applied the protocol
of a systematic review and aggregate meta-analysis
conducted to January 2003. We added network meta-
analysis (NMA) to compare intervention and control group
type against usual care. MEDLINE, Cumulative Index to
Nursing and Allied Health Literature, PsycINFO, EMBASE,
Cochrane Controlled Trials Database, Web of Science, and
Dissertation Abstracts International were searched from
January 2003 to July 2018. Only randomized controlled
trials (RCT) of psychological interventions for adults with
T2D reported in any language were included. The primary
outcome was change in glycemic control (glycated
hemoglobin (HbA1c) in mmol/mol). Data were extracted
from study reports and authors were contacted for missing
data.

94 RCTs were eligible for inclusion in the systematic
review since the last review. In 70 RCTs (n=14 796
participants) the pooled mean difference in HbA1c in
those randomized to psychological intervention compared
with control group was —0.19 (95% CI —0.25 to —0.12),
equivalent to a reduction in HbA1c of 3.7 mmol/mol,

with moderate heterogeneity across studies (1°=64.7%,
p<0.001). NMA suggested the probability of intervention
effectiveness is highest for self-help materials, cognitive—
behavioral therapy, and counseling, compared with usual
care. Limitations of this study include that there is a
possibility that some studies may have been missed if
diabetes did not appear in the title or abstract.

The effectiveness of psychological interventions for
adults with T2D have minimal clinical benefit in improving
glycemic control.

PROSPERO registration number CRD42016033619.

INTRODUCTION

In type 2 diabetes (T2D), management
involves adopting multiple self-care tasks
which include consuming lower energy
dense diets, increasing physical activity,

self-administration of oral and injectable
therapies, selfmonitoring of blood glucose
levels, decision-making about dose of insulin,
and attending education and annual review
appointments.

Despite  evidence-based  guidelines,'
at least a third of people with T2D do
not achieve target glycated hemoglobin
(HbAlc) levels.” This is partly attributable
to psychological factors that adversely affect
self-management. These include depressive
disorders,” anxiety disorders,* and diabetes-
specific distress, such as fear of dlabetes
complications, gpoglycemla
disordered eating, the burden of living
with T2D and stigma.® Psychological treat-
ments, such as cognitive-behavioral therapy
(CBT) and counseling, including motiva-
tional interviewing, are offered with the aim
of improving self-management. In 2003, we
conducted a systematic review and meta-
analysis of randomized controlled trials
(RCTs) testing the effectiveness of psycho-
logical interventions in improving glycemic
control in T2D. We found that there was a
small but clinically significant reduction in
HbAlc by 8 mmol/mol.9 At that time, there
were only 12 studies with a pooled sample
of 522 participants, and most were published
before the Consolidated Standards of
Reporting Trials (CONSORT) ™ and were of
low methodological quality. Since then guid-
ance for conducting and reporting complex
interventions has been published and widely
disseminated, and there has been an explo-
sion in the number of RCTs. The aim was
to conduct a systematic review and meta-
analysis to assess the effectiveness of psycho-
logical treatments as compared with control
conditions in improving glycemic control in
adults with T2D and whether the strength
for the association was improving over time.
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METHODS

We repeated the original protocol for the systematic
review and aggregate meta-analysis for the primary
outcome, the change in HbAlc.” We added network
meta-analysis (NMA) to enable us to compare all inter-
vention arms and attention control groups with usual
care and expanded the data extraction to include further
details about the intervention that allow for potential
replication; the protocol is available at https://www.jour-
nalslibrary.nihr.ac.uk/progmmmes/hta/1421310#/.11 12
The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement" and relevant
extensions were followed.

Data sources and searches
MEDLINE (OVID), Cumulative Index to Nursing and
Allied Health Literature, PsycINFO, EMBASE (OVID),
Cochrane Controlled Trials Database, Web of Science,
and Dissertation Abstracts International were searched
from 1 January 2003 to 1 July 2018. (Our earlier review
searched literature from inception of electronic data-
bases to January 2003.) Conference proceedings from
Diabetes UK, American Diabetes Association, European
Association for the Study of Diabetes, and International
Diabetes Federation were searched for the past 5 years
(from 2012 to 2018). We checked the US government
trial registry (ClinicalTrials.gov) and searched publica-
tion status for any ongoing RCTs. Finally, the reference
lists of the included studies and other reviews were
searched for additional studies, and leading experts and
investigators of ongoing RCTs identified from clinical
trials registers were contacted for additional information.
Web of Science (formerly Web of Knowledge), launched
in 2002, and ClinicalTrials.gov became widely mandated
from 2004 onwards, and Dissertation Abstracts Interna-
tional is a leading international repository since 2008;
therefore, these data sources were additional sources to
those specified in the original protocol.9

We used the Cochrane Collaboration’s optimum
search strategy. The following terms were applied to
search  MEDLINE: ‘diabetes mellitus’, ‘psychological
therapies’ and ‘mood disorders’, and ‘clinical trials’;
these were adjusted for other databases (online supple-
mentary appendix 1, online supplementary table S1). We
included additional keywords for some newer therapies,
such as ‘Acceptance Commitment Therapy (ACT)’ and
‘Mindfulness’.

Study selection

Studies eligible for inclusion were RCTs of a psycholog-
ical intervention as defined previously for adults (age 18
years and older) with T2D. There was no language restric-
tion. Psychological interventions were categorized as
supportive or counseling therapy, including motivational
interviewing; CBT, including techniques commonly
used in CBT, such as relaxation, cognitive restructuring,
goal-setting, and problem-solving; and psychodynamic
or interpersonal psychotherapy. We were mindful that

newer therapies may have been developed and may not
fall into these criteria. Studies which did not explicitly
describe the intervention or techniques or which did
not have face validity for these categories underwent
consensus discussion by an academic liaison psychiatrist,
health psychologist and nurse therapist trained in moti-
vational interviewing (KI, RU, and KW, respectively). If
agreement could not be reached, the study was excluded.
Comparators were defined as usual care, waiting list,
attention control (matching the number of sessions as in
the intervention arm) and diabetes education.

The main outcome was change in glycemic control
using HbAlc (mmol/mol) between baseline and
follow-up (closest to 12 months). HbAlc was an inclusion
criterion for the review.

All titles and abstracts of identified articles from the
search were screened by two independent reviewers (RU
and KW) to determine if they met the inclusion criteria.
Full-text articles were accessed, and inter-rater reliability
was conducted to determine agreement for inclusion. If
there was a disagreement at title and abstract screening,
the study was included for full-text screening. Quasi-RCT,
N-of-1 and any design other than RCT were excluded.

Data extraction and quality assessment

Data were extracted independently by both reviewers
(RU and KW). The data extraction form was managed
in Microsoft Excel, piloted independently on five
included studies and compared among reviewers before
applying to the rest of the studies. Studies written in a
language other than English were translated and data
were extracted by a native speaker. If there were multiple
publications, the main one reporting the baseline and
follow-up closest to 12 months was included. When
studies involved more than one psychological treatment,
data from the most intensive psychological treatment
were included for the aggregate meta-analysis. Inten-
sity was defined as the number and duration of sessions
(hours) and the duration of therapy (months). Data
from all allocations (including alternative intervention,
eg, self-help materials and control treatments) were
extracted for NMA. Missing data were requested from the
authors. Any disagreements were discussed with a third
reviewer (KI) until consensus was reached. We extracted
data in a standardized format for country of origin and
year. Data extracted on participant characteristics were
summary estimates and included age, gender, ethnicity,
glycemic control at baseline and at follow-up, dura-
tion of T2D, type of diabetes treatment, and duration
of follow-up. When studies included type 1 and type 2
diabetes, only data on T2D were extracted if the data had
been stratified by type. The characteristics of all interven-
tions were coded as type, duration, number of sessions,
mode of delivery (individual, group, family), therapist
characteristics (profession), manualized treatment, and
duration of follow-up. In line with developments in meth-
odology for complex interventions,'" we extracted infor-
mation on underpinning psychological theory and data
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describing fidelity to the intervention and competency of
the therapist.'?

We changed the quality assessment from the original
protocol to the Cochrane Risk of Bias tool as this had
greater validity'* in determining high, low or unclear
risk of bias (RoB),!* within and across studies. RoB was
conducted independently (RU and KW) and disagree-
ments were resolved by a third reviewer (KI). A subgroup
meta-analysis was conducted by RoB rating, and meta-
regression compared effect sizes between RoB groups.

Data synthesis and analysis

For the aggregate meta-analysis, the standardized mean
difference (SMD), Cohen’s d, was calculated to determine
change in HbAlc (mmol/mol) between baseline and
12-month follow-up or closest to that data point. SMDs
were pooled in random-effects meta-analysis. SMDs were
converted to absolute HbAlc values by multiplying SMD
by pooled SD of all studies included in the meta-analysis.
Diagnostic analyses included investigations of the effect
of removing individual studies; Egger’s publication bias;
and funnel plots' and the trim and fill procedure'® to
determine potential for missing studies. Meta-regression
was conducted if there were five or more studies with data
that could be pooled.'” All meta-analyses were conducted
using STATA V.14.

Non-protocol analyses were performed. For example
meta-regressions were performed for the association
between HbAlc and the primary outcome category;
HbAlc primary outcome (vs HbAlc secondary outcome);
comorbid depression inclusion criteria (vs no comorbid
depression criteria); and suboptimal HbAlc inclusion
criteria (vs no suboptimal HbAlc inclusion criteria). In
addition, meta-regressions were performed to determine
the interaction between depressive symptoms as an inclu-
sion criterion and whether HbAlc was the study’s primary
or secondary outcome, and the interaction between
studies with suboptimal HbAlc as an inclusion criterion
and whether HbAlc was the study’s primary outcome.

To determine the potential for cohort effects, we
linked the data from the original meta-analysis removing
any duplicate studies.

For the NMA we analyzed direct and indirect effects of
the treatment and control arms on the mean change in
HbAlc." Indirect effects compared categories of inter-
vention (psychological interventions, alternative treat-
ments) or control groups (usual care, attention control,
waiting list, diabetes education) within and across studies.
We constructed network plots for direct comparisons.
We conducted random-effects meta-analysis allowing for
heterogeneity and inconsistency between the studies.'’ *’
Inconsistency was assessed by comparing direct and indi-
rect effects of the contrast I-] and Wald tests. Hedges’ g
formula was used to determine unbiased SMDs corrected
for df for different categories of intervention with usual
care as the control.”' Finally, we estimated potential ranks
for each category using cumulative probability plots and
surface under the cumulative ranking (SUCRA); the

higher the SUCRA (closest to 1), the greater the proba-
bility of the intervention being effective.

RESULTS

Study selection

We identified 31 069 study citations from the literature
search (figure 1). Once duplicates were removed, titles
and abstracts of 23 080 citations were screened, from
which 547 full texts were selected for further extraction.
There was 94.5% agreement in identifying abstracts for
full retrieval (Cohen’s kappa=0.95). We identified 94
RCTs that met the inclusion criteria for the systematic
review, and the reasons for exclusion of the other studies
are shown in figure 1.

Study characteristics

The studies included in the systematic review are listed
and the study and intervention characteristics are synthe-
sized in online supplementary table S2. There was a
broad range of clinical settings and/or criteria, such as
suboptimal glycemic control (n=28), specific duration
of diabetes (n=19), age (n=41), body mass index (n=10)
and depression (n=11). There were no RCTs adminis-
tering psychodynamic therapy, while 33 RCTs admin-
istered CBT or techniques that fall under its umbrella
such as relaxation therapy or problem-solving, 60 RCTs
delivered counseling, and 1 used interpersonal psycho-
therapy (IPT). In the control group, there were 60, 20, 10
and 4 studies administering usual care, attention control,
waiting list, and diabetes education, respectively. Most
therapists were diabetes specialists (n=37) or psycholo-
gists (n=31), and others (n=26) defined as research assis-
tants (n=10), non-diabetes health professionals (n=11),
lay people (n=3), or did not report their profession
(n=2). Most interventions were delivered face to face
(n=75), and mostly to individuals (n=54) and groups
(n=37). The mean number of therapy sessions offered
was 7.41 (SD 4.60), the mean duration of each session
was 1.40 hours (SD 1.03), and the mean duration of
therapy was 5.44 months (SD 6.54). Twenty-seven studies
referred to an intervention manual, of which 7 provided
a link to the manual and 24 studies provided a link to the
study protocol.

RoB within studies

Of the studies included in the meta-analysis, few were
assessed as high RoB (n=3). The majority of studies were
either of low RoB (n=29) or unclear RoB (n=38) (online
supplementary figure S1), and there was no association
between these RoB categories and HbAlc (p=0.23).

Results of individual studies

Additional information regarding the case definition
of studies included in the meta-analysis is summarized
in online supplementary table S3. There were 70 RCTs
with data to be pooled, giving a total sample of n=14
796. In the random-effects meta-analysis, while there was
a statistically significant reduction in HbAlc for those
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Records excluded
{n=22533)

P
_E Records identified through database
E searching
£ (n = 31069}
=
ay
=

Records after duplicates removed
(n = 23080)
-4
=
=
a
g v
v Records screened
(n =23080)
v
Full -text articles assessed for
z eligibility
= (n =547)
5
E l
A Studies included in
gualitative synthesis
(n =94}*
5 ¥
3
5 Studies included in
= quantitative synthesis [meta-
analysis)
{n=70)**

Full-text articles excluded
(n = 453):

Protocol (n=41)
Conference abstracts (n=37)
Qutcome of interest reported in
separate paper (n=22)
Intervention not psychological
(n=214)
Glycemic control not measured
(n=47)
Not RCT (n=25)
Unable to access study [n=9)
Not diabetes population [n=8)
Type 1 diabetes population (n=48)
Type 2 adolescents (n=2)

Figure 1 Qualitative and quantitative PRISMA flow chart for all type 2 diabetes studies. *Sixteen studies were papers which
included a type 1 and type 2 diabetes population where separate analysis per diabetes type could not be obtained. In the
remaining eight studies which were not included in the meta-analysis, not enough information for meta-analysis was reported
in the paper and could not be provided by author when contacted. **Three studies had a type 1 and type 2 diabetes population
where separate analysis per diabetes type was obtained. PRISMA, Preferred Reporting ltems for Systematic Reviews and

Meta-Analyses; RCT, randomized controlled trial.

randomized to a psychological intervention compared
with the control group (SMD -0.19, 95% CI -0.25 to
-0.12, p<0.001), this was of weak clinical significance,
representing an absolute reduction in HbAlc of 3.7
mmol/mol (figure 2). Removal of individual studies had
little impact on the overall effect size. There was moderate
heterogeneity across studies (I°=64.7%, p<0.001) and
evidence of publication bias toward positive findings via
Egger’s test (p=0.002). No additional studies were consid-
ered missing using the trim and fill method.

Synthesis of results

There was no significant difference in effect size (p=0.12)
between interventionist categories when subgroup anal-
yses were conducted for interventions delivered by
psychology professionals (n=23, SMD=-0.30, 95% CI
-0.46 to —0.14, p<0.001; reduction in HbAlc, 5 mmol/
mol), diabetes specialists (n=30, SMD=-0.18, 95% CI
-0.25 to -0.10, p<0.001; reduction in HbAlc 3 mmol/
mol), and ‘other’ interventionists (n=16, SMD=-0.07,
95% CI -0.21 to 0.06, p=0.29; reduction in HbAlc, 1
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Number of Number of
participantsin  particpants %

First authorArial name intervention in control Inclusion_criteria SMD@5% C Wiight

Williars et al. 2004 146 147 A+B-C —— 0.03(-0.20,026) 201

‘Whittemore et al. 2004 26 23 ABC -0.10 (-0 .66, 0 46)

Keeratiyutawong et al. 2006 45 4% ABC+ . -D.35(-0.77,007) DBI

Gregg et al. 2007 43 38 ABC+ -0.30(-0.74,014) 055

West et al. 2007 109 108 ABC — 0.13(-0.14,039) 149

Davazdah et al. 2009 20 20 ArB-C+ — -0.59(-1.22,008) 026

Sacco et al. 2009 31 31 ABC — -0.17(-067,032) 042

Dale etal. 2009 44 a7 AB+C — -0.08(-044,028) 083

Hawkins et al. 2010 34 32 ABC+ —.—r -0.49(-0.98,000) D044

Melkus et al. 2010 52 57 ABC+ —— 0.1 (-027,0.48) 075

De Greefetal. 2010 20 21 ABC 0.33(-0.29,095) 028

Osbom etal. 2010 48 137 ABC ~ -0.14(-0.47,0.19) D98

Wolever et al. 2010 30 26 ABC - -0.32(-085,021) 038

Eans etal. 2010 13 20 ABC — 002(-068,072) 022

Hamid et al. 2011 23 23 A+B-Ct —— 0. 0.

Keogh et al. 2011 60 61 AB+C+ —— -0.

Piette et al. 2011 145 146 A+B-Cr [ 0.

Welch et al. 2011 61 58 A B+CH 0.

Garcia-Huidobro et al. 2011 a3 84 ABC+ —— 0.

De Greefetal. 2011 21 24 ABC -0.

Lamers et al. 2011 33 37 ArB-C -0

Bletal. 2011 m 118 A+B-C - D

Chen etal. 2012 104 m ABC+ -1

Fammeretal. 2012 126 85 AB+C ——

Penckofer etal. 2012 38 36 A+B-C- ——

Hartnamnn et al. 2012 53 57 ABC

Mandel etal. 2013 67 64 ABCH

Plotikoff et al. 2013 a6 4 ABC+ ——

Jansink et al 2013 186 202 ABC+ - b 45, -1

Welschen et al. 2013 76 78 ABC — 10 (-0.42,

Lietal. 2014 51 50 AB+C+ —— 16 (-0.55,

Juul etal. 2014 1959 1987 ABC+ * .03(-0.08,

Siebolds et al. 2006 13 110 ABC+ 1 .67 (-0.84, -

Safen etal. 2014 45 42 ArB-C- .55 (-0.98, -

Griffin et al. 2014 239 239 ABC - 16 (-0.34,

\&n Sonetal. 2014 48 35 ABC —— 16 (-0.60,

Steed etal. 2014 65 59 ABC — -0.07 (-0.42,

Goisetal. 2014 1 " A+B-C —_— 05(-0.89,

Eakin etal. 2014 136 141 ABC —— .03(-0.27,

Pladeall etal. 2015 566 567 ABC+ 4 09¢-0.21,

Petrak et al. 2015 26 27 ArB+Cr —_—— .48 (-1.03,

Kimetal. 2015 105 104 ABC+ —— 29(-0.57, -1

Chlebowyet al. 2015 26 36 ABC ——| .58 (-1.10, -

Hermanns et al. 2015 38 22 A+B-C- — 02(-0.54,

Pibemik-Okanovié etal. 2015 64 57 ArB-C — 09(-0.44,

Huang etal. 2016 31 30 A+B-Cr —_— 68(-1.20, -

Shayeghian et al. 2016 53 53 ABC+ . .41 (-0.80, -

Browning et al. 2016 81 80 ABC+ -0.06(-0.37,0

Chiu et al 2016 85 89 A+B-C .07 (-0.23,

Wagner et al. 20 16 61 46 ABC .24(-0.14,0

Kasteleyn etal. 2016 81 80 ABC D6 (-0.37,

Fan etal. 2016 138 138 ABC .28 (-0.52, -

Juul et al. 2016 63 64 ABC 19(-0.16,

Chee etal. 2017 58 115 ABC+ .49 (-0.80, -

Gomes etal. 2017 108 114 ABC+ .14(-0.40,0.

Jang etal 2017 60 59 ABC+ .40(-1.90,-11

Camasquillo et al. 2017 150 150 A B+CH 0.29(-0.52,-0.07) 204

Furler et al. 2017 151 115 AB+Cr 0.48(-0.73,-0.24) 174

Hermanns et al. 2017 82 78 ABC+ 0.23(-054,008) 109

Balducei et al. 2017 150 150 ABC -0.19(:0.41,004) 20§

Munoz-Florez et al. 2017 15 1 ABC -0.83(-1.64,-0.02) 0.16

Aduranetal. 2017 49 44 ABC -0.16(-0.57,025) 064

Egedeetal. 2017 47 43 AB-C 0.24(-0.17,066) 081

Reesetal 2017 21 19 ABC -0.74(-1.38,-0.09) 026

kmail et al. 2018 164 170 AB+C+ -0.03(-0.25,018) 229

Chwastiak et al. 2018 14 15 A B+C+ -0.39(-1.13,035) 020

Momtaziet al. 2018 15 15 ABC+ —— -1.20(-2.08,-050) 017

Dobler etal. 2018 a3 101 ABC -, -0.51(-0.80,-0.23) 132

Chew etal. 2018 53 I AB+C * -005(-041,031) 083

Wroe etal. 2018 52 AB-C -0.27(-064,010) 078

Dwerall (l-squared = 647%,p = DDDD) ' -0.13(-0.16,-0.09) 10000
1

25 2 15 1 -5 0 5 1
Figure 2 Forest plot for a random-effect meta-analysis of standardized mean difference in HbA1c comparing psychological
intervention with control group for adults with type 2 diabetes. A+, depressive symptoms in inclusion criteria; A-, depressive
symptoms not inclusion criteria; B+, suboptimal HbA1c in inclusion criteria (7.5%/58mmol/mol or more); B-, suboptimal HbA1c
not inclusion criteria; C+, HbA1c is primary outcome; C-, HbA1c is secondary outcome. HbA1c, glycated hemoglobin; SMD,

standardized mean difference.

mmol/mol). Heterogeneity was high and significant
for psychology professionals (I°=72.6%, p<0.001) and
moderate for diabetes specialists (1°=57.7%, p<0.001) and
‘other’ interventionists (1°=58.2%, p=0.002). For diabetes
specialist delivered studies, there was some evidence of
publication bias (p=0.01), but no additional studies were
identified as missing using the trim and fill method. For
psychology professional and ‘other’ interventionist deliv-
ered studies, there was no evidence of publication bias
(p=0.09 and p=0.69, respectively), and no additional
studies were identified as missing using the trim and fill
method.

There was no dose-response association with the
number of sessions (b=-0.0063 (95% CI -0.0224 to
0.0097), p=0.43) or duration of psychological interven-
tion (b=-0.06 (95% CI -0.18 to 0.07), p=0.36) or control
group (b=-0.02 (95% CI -0.11 to 0.08), p=0.75).

Additional analyses, non-protocol

We conducted some additional non-protocol analyses.
We categorized studies into four groups according to
their primary outcome (online supplementary table S4):
HbAlc (n=33), psychological (n=19; diabetes empower-
ment n=1, depressive symptoms n=10, diabetes distress
n=4, self-efficacy n=2, stress n=2), self-management
behaviors (n=13; physical activity n=6, medication adher-
ence n=b, diet adherence n=2), or biomedical (n=
coronary heart disease risk n=1, weight n=3, body mass
index n=1). There was no association between type of
primary outcome and change in HbAlc (p=0.33). A
meta-regression revealed no significant difference in
effect size in HbAlc reduction between studies where
HbAlc was a primary outcome (n=33) compared with
studies where HbAlc was a secondary outcome (n=37)
(p=0.21).

BMJ Open Diab Res Care 2020;8:¢001150. doi:10.1136/bmjdrc-2019-001150

"ybuAdod Aq pejosiold 1senb Aq 020z ‘02 IHMdy uo /wod fwg-olp//:dily woly pepeojumoq "0202 IMdy § uo 0S| L00-6+02-24Plwa/9gt L '01 S paysiignd 1s1iy :81e) sey gelq uedo NG


https://dx.doi.org/10.1136/bmjdrc-2019-001150
http://drc.bmj.com/

Psychosocial research 8

Out of the 70 included studies, 16 had an inclusion
criterion for depressive symptoms, that is, where partic-
ipants had T2D with comorbid depressive symptoms
(figure 2). A metaregression revealed no significant
difference in effect size in HbAlc reduction between
studies with comorbid depression inclusion criteria
and studies where there were no comorbid depression
inclusion criteria (p=0.80). For six of the studies with
comorbid depressive symptom inclusion criteria, HbAlc
was the primary outcome (online supplementary table
S5). A meta-regression was conducted for the interaction
between depressive symptoms as an inclusion criterion
and whether HbAlc was the study’s primary or secondary
outcome; there was no significant difference between
the groups (p=0.63). Additionally, some of the comorbid
depression studies included collaborative care interven-
tions, and as these could be considered distinct from
other psychological interventions we conducted a sensi-
tivity analysis and there was no difference in overall effect
size (SMD=-0.19, 95% CI -0.26 to -0.13).

More information regarding inclusion/exclusion
criteria of studies included in the meta-analysis can be
found in online supplementary table S6.

Eleven studies had an inclusion criterion for subop-
timal glycemic control (HbAlc 7.5%/58 mmol/mol
or more) (figure 2). A metaregression revealed no
significant difference in effect size in HbAlc reduction
between studies where suboptimal HbAlc was an inclu-
sion criterion (SMD=-0.15, 95% CI -0.28 to -0.01) and
studies where suboptimal HbAlc was not an inclusion
criterion (SMD=-0.19, 95% CI -0.27 to -0.12, p=0.62).
For eight studies with suboptimal glycemic control as
the inclusion criterion, HbAlc was the primary outcome
(online supplementary table S7). A metaregression
was conducted to determine the interaction between
studies with suboptimal HbAlc as an inclusion criterion
and whether HbAlc was the study’s primary outcome,
and there was no significant difference between groups
(p=0.51).

RoB across studies

The RoB domain which was most difficult to assess (ie,
coded as ‘unclear RoB’) was the ‘blinding of participants
and personnel’ domain (online supplementary figure
S2). ‘Selective reporting’ and ‘other bias’ RoB domains
were mostly coded as low RoB, while ‘Random sequence
generation,” ‘allocation concealment’ and ‘incomplete
outcome data’ showed high RoB across studies.

Additional analyses: cohort effect

To examine whether there was a cohort effect, we pooled
the HbAlc data from 12 RCTs included in an earlier
meta-analysis (from inception to January 2003) with
the current review (January 2003-July 2018), totaling
82 RCTs (n=15 306). We derived a similar effect size to
the current review (SMD -0.20, 95% CI -0.26 to -0.14,
p<0.001, equivalent to absolute change in HbAlc of —4
mmol/mol). The effect size was not significantly different

between the two meta-analyses (b=-0.13 (95% CI-0.38 to
0.12), p=0.31).

Additional analyses: NMA

For the NMA there were data available from 70 studies,
which included five categories of psychological interven-
tion and three control conditions. In total 146 treatment
arms were analyzed (some studies had more than one
intervention or control group), with a total sample size
of 15 702 (online supplementary table S8). A network
plot for all studies demonstrated that 13 out of a possible
28 contrasts could be analyzed (online supplementary
figure S3), although to reduce overestimation of treat-
ment effects we only analyzed contrasts with two or more
studies. IPT and diabetes education (control) were only
studied once and were thus removed from the NMA,
including the control group for IPT, resulting in a total
number of studies of 142 with a total sample size of 15
573, allowing us to study 11 out of a possible 15 contrasts.

Therefore, direct and indirect effects between CBT,
counseling, self-help materials (alternative intervention
treatment), usual care, attention control and waiting list
control were performed. Online supplementary table
S9 shows that the estimated direct and indirect effects
between interventions did not differ significantly, with
only one exception (counseling vs self-help materials).
The non-significant x2 test for inconsistency (X2(8) 8.33,
p=0.402, 1°=8.9%) supports the conclusion of model
consistency.

Online supplementary table 10 shows the results of
the consistency of NMA comparing all treatments (and
controls) against usual care. Self-help materials (this was
an additional treatment arm, used in four studies), CBT,
and counseling showed a small to moderate treatment
effect. Online supplementary table S11 presents the pair-
wise comparisons of all treatment effects.

The rankogram (figure 3) indicated that self-help
materials had the highest probability of being the
most successful intervention (58.1%), followed by CBT
(22.4%) and counseling (18.8%), while waiting list
control, attention control and usual care were less likely
to be the best treatment (all <0.6%). However, an assess-
ment of mean rank and SUCRA suggests little differences
between self-help materials, CBT and counseling (online
supplementary table S12).

CONCLUSIONS

In this study 94 RCTs were included in the systematic
review and 70 had HbAlc data which could be pooled.
There was a statistically significant improvement in
glycemic control, but this was of weak clinical significance.
The absolute reduction in HbAlc of 3.7 mmol/mol is just
less than the consensus minimal difference of 4 mmol/
mol to reduce the risk of microvascular and cardiovas-
cular disease.” The NMA demonstrated that CBT and
counseling interventions were effective compared with
controls, but effect sizes were small. Self-help was offered
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Figure 3 Rankogram for all treatments. The plot shows

the surface under the cumulative ranking curves for all
treatments for adults with type 2 diabetes. For example,
usual care has a very low probability of being among the best
treatments but a very high probability of being one of the
worst. CBT, cognitive-behavioral therapy.

as an alternative treatment to CBT (n=1268) or coun-
seling (n=6105) in four studies and this was effective, but
the total sample size was smaller (n=792). There was no
difference in the change in glycemic control when inter-
ventions were delivered by mental health or non-mental
health professionals. Most studies were conducted in
North America and Europe.

The strengths of this systematic review were that it was
protocolized, registered with PROSPERO (International
Prospective Register of Systematic Reviews), conducted
according to PRISMA guidelines, and not restricted to
English-language publications. We used aggregate and
network meta-analysis to optimize the analysis of the
pooled data. As we used the same protocol, we were
able to link current data with a previous meta-analysis to
compare the effects of psychological interventions over
30 years.

The limitations of this review are that by using an older
protocol we may have missed some innovative studies,
and clinical settings such as multimorbidity and digital
interventions where diabetes may have not appeared in
the title or abstract. We used outcome data closest to
12-month follow-up as the majority of the included trials
were of short duration. We did not review the content
of the manuals as there was no systematic method to do
so. We included collaborative care interventions under
the CBT umbrella, and it could be argued that collabo-
rative care is a complex intervention which differs from
other psychological interventions. However, when collab-
orative care studies® > were removed from our overall
aggregate meta-analysis, there was no significant change
in the results. While we were able to determine whether
the effect sizes of the current and previous review were
different, we were not able to determine if there were
differences in effectiveness of psychological interven-
tions according to study population or type of therapy.

Our observation is that in the past 15 years there has
been an almost 10-fold increase in the number of RCTs
testing the effectiveness of psychological interventions
to improve glycemic control as primary or secondary
outcome, yet their effectiveness has decreased compared
with pre-CONSORT studies. This needs discussion
within the diabetes and mental health research and
clinical community. Similar patterns of increasing
research productivity yet decreasing effectiveness have
been observed by others but have not until now been
debated.”® One explanation is that despite guidance
on the assessment for fidelity to the psychological inter-
vention,29 there is little evidence that this is conducted.
Deviations in fidelity to a psychological intervention can
lead to dilution of the ‘dose’ and underestimation of its
effect. Another possible explanation is the lack of data
on the level of proficiency or competency in the delivery
of psychological treatments.” A third explanation is
whether the primary focus of the psychological treatment
is targeting glycemic control or other aspects of diabetes
self-management. Only a quarter of studies had links to
additional materials or manuals that would give informa-
tion on the specific content of the intervention. Only a
third of the studies were focused on glycemic control.
A significant proportion focused on treating depressive
symptoms or weight with the secondary outcome that this
would improve glycemic control. We also noticed there
was no difference in the effect on glycemic control by
the profession of the therapist. One interpretation is that
diabetes specialists bring diabetes knowledge which is
likely to be an important prerequisite to a therapeutic
alliance for a person with diabetes. On the other hand,
the mental health profession brings psychotherapeutic
skills which are also a prerequisite to building a thera-
peutic relationship. These skills may be more effective
when combined. A fifth explanation is that the interven-
tion in the control was of high standard, usual care for
diabetes has improved, and the HbAlc national average
has dropped in some countries.” * Last but not least,
as the methodological quality has improved with only
a handful of RCTs assessed to be of high RoB, another
explanation is that collectively these types of interven-
tions, namely CBT and counseling, are not indicated
in T2D. The average number of sessions was 7 and the
average duration of the intervention was approximately 5
months. T2D is a progressive condition and if a person is
not able to make the self-management changes alone or
with standard support, it is possible that they are unlikely
to do so with a brief relatively inexpensive psychological
intervention.

This review highlights a need for a balanced debate.
On the one hand there is a clear policy agenda for
integrating physical and mental health in diabetes, but
there need to be psychological interventions that are
effective in improving blood glucose, as ineffective inter-
ventions could do more harm and cost health systems
more. National and international research strategy led
by funding organizations need to invest in innovations in
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psychological treatments, rather than replicating existing
psychological models that are repeatedly delivering very
small effect sizes. For instance, there were no studies
that used psychodynamic models or addressed the high
levels of disordered or addictive eating patterns, stigma
of diabetes, or habit formation.?!

In summary, brief psychological interventions in T2D
have limited clinical effectiveness in improving glycemic
control.
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