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OBJECTIVE

Dietary behavior is closely connected to type 2 diabetes. The purpose of this meta-
analysis was to identify behavior change techniques (BCTs) and sp@dmponents

of dietary interventions for patients with type 2 diabetes associated with changes in
HbA . and body weight.

RESEARCH DESIGN AND METHODS

The Cochrane Library, CINAHL, Embase, PubMed, PsycINFO, and Scopus databases
were searched. Reports of randomized controlled trials published during 22187

that focused on changing dietary behavior were selected, and methodological rigor,

use of BCTs, anddelity and intervention features were evaluated.

RESULTS

In total, 54 studies were included, with 42 different BCTs applied and an average of

7 BCTs used per study. Four B@Tproblem solving; “ feedback on behaviof,

;-.adding objects to the environment, a_nd "sogial comparisotd and the inter_ven_— 1physiology Department, School of Medicine

tion feature “use oftheory’ were assomateq W|th>0.3% (3.3 mmol/mol) reductionin National University of Ir eland G alway, Galw ay"
HbA . Meta-analysis revealed that studies that aimed to control or change theyejand

environment showed a greater reduction in HhAof 0.5% (5.5 mmol/mol) (95% Z2Electrical & Electronic Engineering, College of
Cl12 0.65,2 0.34), compared with 0.32% (3.5 mmol/mol) (95% Z0.40,2 0.23) Engineering and Informatics, National University

. . . S of Ireland Galway, Galway, Ireland
for studies that aimed to change behavior. Limitations of our study were the het-sg ..o Foundation of Ireland Centre for Research

erogeneity of dietary interventions and poor quality of reporting of BCTSs. in Medical Devices (lRAM), Galway, Ireland
“Bariatric Medicine Service, Galway Diabetes Re-
CONCLUSIONS search Centre, Health Research Board Clinical

This study provides evidence that changing the dietary environment may have morgesearch Facility, Galway, Ireland
. . ) : : " School of Health and Exercise Sciences, Faculty
of_ an effect on HbAcln_ adults yw_th type_ 2 c_ilabetes th_an changmg dietary bghg_wor. of Health and Social Development, The Univer-
Diet interventions achieved clinically signtant reductions in Hb4y, although initial  sity of British Columbia, Kelowna, British Colum-
reductions in body weight diminished over time. If appropriate BCTs and theory arégia, Canada
applied, dietary interventions may result in better glucose control. Corresponding author: Leo R. Quinlan, leo.quinlan@
nuigalway.ie.

) o ) ) ) Received 11 March 2017 and accepted 11 August
Dietary behavior is intricately linked to type 2 diabetes and has become an increasirglyr.

complex phenomenon to understand and change. There is a long association betwaarticle contains Supplementary Data online
diet and the pathogenesis of type 2 diabetes. A recent study suggested that redueedttp://care.diabetesjournals.org/lookup/
risk of type 2 diabetes was strongly associated with dietary factors such as gre&t#pl/doi:10.2337/dc17-0462/-/DC1.
intake of fruit, vegetables, legumes, nuts, whole grains, and long-chain fats and a lo@@p17 by the American Diabetes Association.
intake of sugar-sweetened beverages (1), trans fat, processed/red meats, and sodi§afers may use this article as long as the work
and a moderate alcohol intake (2). Dietary factors have also been linked to the hig i3 gyoperly cited, the use is educational and not
. . . ) . ro t, and the work is not altered. More infor-
proportion of deaths in type 2 diabetes, stroke, and heart disease (3). There is a neeghtgon is available at http:/iwww.diabetesjournals
identify factors associated with effective clinical outcomes in dietary interventiorgg/content/license.
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(4-6). ldentifying effective behavior 3. RCTsthatincluded supervised physicattake of. 2 g/kg/day was recommended

change techniques (BCTSs) in successful di- activity (11).

etary approaches to type 2 diabetes4. RCTs that targeted multiple chronic

management may help to rane and diseases, gestational diabetes, oata Extraction Process

improve the scalability of successful type 1 diabetes Data extraction was carried out by one

approaches to changing dietary behavior5. Studies not reported in English membef of the team (K-A-C;)1 and rele-

A BCT is an observable, replicable. Studies that focused exclusively orY@nt information was stored in Excele

and irreducible component of an interven-  supplement or micronutrient use templates. All data regarding HA

tion designed to alter or redirect causal , weight loss, intervention features, BCTs,
Information Sources and Search delity coding, and risk of bias was

processes regulating behavior, such a;

“feedback or “self-monitoring (7). The trategy checked by another member of the re-

o ) . ; The following databases were searche ; _
objective of this systematic review and 9 Gearch team (R.M.). All corresponding au

. . . . using a Boolean combination of keywordsors were contacted by e-mail (where
g\gtTa-a_nalySIS _WaS]: - ldentlfydd|etar_y and MeSH terms: Cochrane Library, CINAHLontact details were avgilable = éo of
S Iniervention Jeatures, anc Sec! Embase, PubMed, PsycINFO, and SCOR4$ using a standardized template to re-

diets associated with chianges In A (Supplementary Data Table S2). Searchyest additional information. The re-
and body weight in type 2 diabetes. terms were developed following the pro- sponse rate was 34% (over é period of
RESEARCH DESIGN AND METHODS tocol of an earlier review (8) and using ag weeks).

] ) ) series of sensitivity analyses of terms,
This systematic review and meta-analysig, ,s_checking results against ideeti  Risk of Bias and Fidelity Assessment
followed a registered protocol (http:// oterence criteria. Additional records The Cochrane Collaboration risk of bias
www.crd.york.ac.ukkPROSPERO/iSplayqe i ed from other sources such as ref-tool was used to assess methodological
record.asp’?lD:CRD4201.6042466). &rence lists of relevant reviews, studiesquality (12). Assessment criteria are ap-
PRISMA (Preferred Reporting Items foyis, i itinle intervention arms in an ear- plied to seven aspects of trials to yield an
Systematic Reviews and Meta-Analysegl, royiew, and all included studies wereappraisal oflow risk” “ high risk: or “un-
Ch?Ckl_'St was created and PRISMA revieWe o rched for additional sources. The origelear risk of bias. Studies were indepen-
guidelines were followed (Supplementary;n | search was conducted on 22 Februargently assessed by two members of the

Data Table S1). 2016 and repeated on 12 April 2017.  review team for risk of bias and method-
_ o ological quality (K.A.C. and R.M.). Assess-
Inclusion Criteria Article Screening ment results were discussed and agreed

1. Randomized controlled trials (RCTs) di"ticles were initially screened by two re-ypon after the rst 10 studies and again
any duration using a dietary interven- S€a/¢h team members (K.A.C. and R.Mafter the rst 20 studies. Interrater reli-
tion published in peer-reviewed jour- PaS€d ontitles and abstracts and then fullapility was calculated and discrepancies
nals between 1 January 1975 and®Xs ofthe remaining articles (see Fig. 1)were discussed after each round. Treat-
12 Aprll 2017 were included. Athird membel’.ofthe review team (HLG)ment dehty was assessed according to

2. RCTs with a comparison arm or controf V&/S8W any disagreements on search rethe ve categories proposed by Bellg
group that constituted usual care §ults and had thenal say onincluded stud- et al. (13). Each category and subcategory
were included. Usual care could in-€S- Interrater agreement by the Cohén  was assigned a score of yes, no, or unclear.
clude typ|Ca| diabetes dietal’y treat- for the full-text search results was 0.82. RCTs were independent]y assessed by two
ment such as recommended by the members of the review team (K.A.C. and

Article Classi cation ;
American Diabetes Association or carey, 4 . H.L.G.) and results were discussed and
Studies that aimed to control or change en-, << ocsments repeated following discus-

3. Zouhnzg;,at;afggigiﬂ?:ﬁrg'%ﬁzer than vironment were (.:Ia.SSEd as studies Where sion of the rst 10 and rst 20 articles.
ith clini allfood orthe majority of food was provided Interrater reliability is based on thenal
18 years of age with clinically commed  y, hanicipants. Studies in this category s, < i
type 2 diabetes at time of recruitment. 14 also be described as studies with >
4. The primary clinical outcome measure, g internal validity. Studies that aimed Coding of Behavior Change
was HbA. However, studies report- 1, change behavior were classil as stud- Techniques
ing HbA. results as a secondary Out-jeq \here participants were instructed or The BCT taxonomy v1 of Michie et al. (7)

come measure were also included. o cated about diet changes by dietitianswas used to identify and code BCTs re-
5. Randomized crossover trials were in-

) or health care professnals; they included a lated to diet only that were identied in
cluded if relevant outcome data were 4 jiety of diets and no food was provided. each study. A list of all 93 BCTs and their
reported for both intervention and gy gies in this category could also be dedescriptions is avible (http://www
_control groups prior tO_SUb]eCtS CrOSS-scribed as having high external validity.  .bct-taxonomy.com) (7). A BCT was only
ing over to the other diet. Low-carbohydrate diets were classi-coded when it was explicitly mentioned

ed as studies where carbohydrate in-in the intervention methodology. BCTs
take of, 130 g/day was recommended were coded separately for intervention
1. RCTs of diabetes prevention or RCTs {{9). Low-fat diets were classd as stud- and control groups. A coding rubric was
populations at risk for type 2 diabetes ies where dietary fat intake gf 30% was developed by three authors (K.A.C.,
2. RCTs that used pharmacological agentecommended (10). High-protein dietsR.M., and H.L.G.) to guide the coding pro-
exclusively to treat type 2 diabetes  were classied as studies where protein cess (Supplementary Data Table S3). All

Exclusion Criteria
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Records identified through database
searching
() The Cochrane Library (827)
CINAHL (201)
.§ 53;?\;22 ((%21)) Additional records identified through
o PsycINFO (175) other sources
&= (n =2, other review)
= Scopus (1,055)
g (n=4,143)
., \ 4 \ 4
. Records after duplicates removed
(n=2,273)
=
c
g \ 4
@ Records screened by title - Records excluded
(n=2,273) > (n=1,609)
—
Full-text articles excluded, with
Articles screened by reasons (n = 136)
4 abstract Diet and physical activity (22)
S (n = 664) No control group (25)
g" No HbA;. reported or
w measured (12)
A 4 Studies reporting on same trial
__J Full-text articles assessed for (12)
eligibility Not an RCT (12)
P— (n = 190) Abstract only (9)
Supplement (9)
Not type 2 diabetes (5)
8 v Not all subjects had type 2
S diabetes (5)
% Studies included in Multiple behaviors (4)
£ quantitative synthesis (meta- Not in English (4)
analysis) Other: Not a diet intervention
(n=54) (3), Cost analysis (2), Group vs.
— individual (2), drug trial (2),

conference proceedings/letter
(2), review, insulin trial, study
less than 4 weeks (2), peer
support study, weighed diet
record trial (17)

Figure =PRISMA 2009w diagram of search process and results. Adapted from Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 2009;6:€1000097. For more information, visit www.

prisma-statement.org.

included studies were coded indepen-bias-adjusted calculations were used to after independently coding the remaining
dently by two authors (K.A.C. and R.M.)establish intercoder reliability of BCTs53 studies. All available information, in-
immediately after training in the use of present and absent. A BCT must have beeduding study manuals, protocols, and ear-
the Michie et al. taxonomy. A third master used in at least three studies for inclusionlier methodology papers, was also used to
coder (H.L.G.) independently assessed then the moderator analysis (14). Bothcode each study. Rationale for classi-
coding results and arbitrated any disagree€oders discussed coding practices and rdion of intervention features such as mode
ments. Coherk and prevalence-adjusted sults after coding therst study and again of delivery, provider, intensity/frequency of
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intervention, and other variables included isusing Comprehensive Meta-Analysis (CMAJf dropouts (mean percentage of dropouts
documented in an earlier review carried out software. The random effects analysis wad% and 1.8%, respectively), with meal
by the review team (8). Intensity was de-used to conduct all moderator analyses.replacement studies reporting the high-
ned as the number of total or face-to- For every moderator variable (BCT and inest dropout rate (mean percentage of
face contacts with intervention personnel tervention feature), we calculated the dropouts 28%) (Supplementary Data
and frequency was dened as the average point estimate, 95% CI]) statistic, and Table S5).
number of weeks between contacts. Pvalue.
As a result of the large effect size ob-Risk of Bias and Treatment Fidelity
served in the control group, a series ofIn the assessments of risk of bias, 63% of
o - subgroup analyses were carried out inthe studies were classéd as“unclear;
(3.3 mmol/mol) as clinically sigrgant, - . L
. an attempt to elucidate the true effect while 34% were'low” across all seven
which follows the precedent set by others _. . - . )
ize of intervention groups comparedvariables and only 2% were clas=il as
(14,15). Meta-analyses were conducted" Wt .
. . with control groups. Further subgroup “high’ risk of bias (Supplementary Data
using RevMan (v5.3) on the primary out- o -
sensitivity analyses were carried out onTables S6a and S6b). Raters agreed on
come measure of HhAand the second- . . . .
. true control groups, excluding studies78% of risk of bias assessments follow-
ary outcome of body weight, where AR
. . where the control group had 1 contact ing initial assessment and came to
suf cient data were available. We re- . . . .
. with a dietitian, and an additional sub- agreement on the remainder through
corded changes in outcomes at®) 3- . . . ; . .
group analysis removed studies with adiscussion. Treatmentdelity results
6, 6-12, and 1224 months. The use of . )
. : control group reduction in HbAof $ 0.3% are documented in Supplementary Data
these time points allowed a greater num-
ber of studies to be included. In studies(3'3 mmol/mol). Moderator analyses of Table S7. Overall, the reported use of
) BCTs associated with reductions in kbA treatment delity strategies was very

tha.lt reported data frqm mult_|ple time were also carried out on studies that usedlow, with 78% assessed as having not
points, we used the time point closest .

to the end of the intervention for analysis |n'FeN§ntions gimed atchfangi.ng behaviorused a t.reatment delity strategy. The
Mean differences and SDs in the diﬁe'r__pnmarllyorenwronmentpnmanlyand stud- most widely u_sed treatment delity
ences for Hbf, and weight loss between ies that reported results at 3 months only. strat(_agy_ was m_the sgbcategory of
baseline and the different time points “monitoring an.d Improving enactment
lculated. SDs f me p q tRESULTS of treatment skills, where 68.5% of all
a:rree é: ; Cculf a?e?j f.r om ;H?O;:;'f \S/ggesa z%tudy Selection and Study studies reported us_e dfensgre partici-
where reported using“the CochraheChare}CteriSti.Cs o pant use of behavioral skillsRaters
guidelines orwer,e calculated using acor-The .|nclu5|on criteria were met by 54 agreed on 75.5% qf assessments and re-
relation (method documented in an ear- s_tudles_ (1669). Summary charz_acten_s-sglved remaining d_lsagreements through
. . ) tics of included studies are outlined in discussion and arbitration.
lier review by this research team) (8)'Supplementary Data Table S4. Average
(Cvc)ei’i;eli?l'[(l)?:‘g)sv\?efrg -u7$58((1|'t|(? f)alizgt(e).ri?ss?gg of partiqipants was 574 4.7 years Meta—analyse§ of I?iet Interv.entions .
ing SDs following a sensitivity analysis 0ffor intervention groups and 58_.6 5.1 Meta-analysis ofl_ntervenuons thataimed
correlations and reported SDs Statisticai/.ears for control groups. For mte_rven-to change behgwor_r(: 39) showed an
signi cance of the moderator aind meta- ion and co_ntrol groups, respectively, overall reduction in Hbf of 0.32%
analyses was set &, 0.05. In all cases mean duration of diabetes, where re- (3.5 mmol/mol) (95%.C2 0.40,.2 0.23;
the meta-analyses ,use.d the raw mea orted, was 7.6 3.3 ye_ars and 7.8 P_, 0.00001), while interventions _that
difference and a random effects model .1 years, mean baseline HpAwvas aimed to change or control the environ-
0 calculate results. Meta-analyses Were8'l% (69.8 mmol/molp 1% and 8.12% ment showed an overall reduction in
carried out on botﬁ interventions that (69.9 mmol/mol)6 1%, and BMI was HbA. of 0.5% (5.5 mmol/mol) _(95%
aimed to change behavior only and inter-3.2'16 4.1_ kg/nf and 31_.86 4 kg/mz._ Cl2 0652 0.34;|_3, 0.0Q001) (F_|g. 2)_.
tions that aimed to chanae environ-SIX pf the mcludeq studies were carriedSensitivity analysis removing studl_es Wlth
\r/::nt onlv. Eurther meta-angl ses Wereout in a community center setting, 12 a. 0.3% (3.3 mmol/mol) reduction in
carried ozi on HbA, and weigr)(t loss at studies did n.ot report the settirlg, one Hbﬁgc in the control group G = 21)
0-3.3.6.6-12 and 1224 months. Meta- stud_ywas onllne,on(_e gtudywa_ls|nahoteI|r_1creased furth_er the ot_)serv_ed effect
ana[lyse,s weré also carried out 6n differ_settlng, ar_1d all remaining studies € 34) ~ size on Hbﬁ, with behavpral interven-
ent diet types were carried oqt!n achmcal or academlctlons showing a reduction of 0.32%
’ setting. All participants in the 54 studies (3.5 mmol/mol) (95% C2 0.41,2 0.24;
Moderator Analyses were classied as having type 2 diabetes; P, 0.00001) compared with 0.66%
A series of moderator analyses were carhowever, diagnostic criteria for HpAvar- (7.3 mmol/mol) (95% C2 0.88,2 0.45;
ried out to investigate the association be-ied among included studies from aminimumP, 0.00001) for environment-controlled
tween BCTsl/intervention features andof 5.5% (47.4 mmol/mol) (34) to a maxi-studies 0 = 11) (Supplementary Data
clinical outcome results (HRA where mum of 12% (103.4 mmol/mol) (23,57). Table S8).
the presence or absence of a certain BCThe mean percentage of dropouts per Studies included in this review focused
or intervention feature in certain studies study was lower in the intervention groups on different dietary approaches: low car-
was associated with changes in HRA (12.6%) than in control groups (16.4%)bohydrate o = 9), low fat 6 = 16), high
The moderator analyses reported the Studies with lowglycemic index and high- protein (h=5), meal replacementa € 4),
standardized mean difference in outcomesprotein diets reported the lowest number low glycemic indexr( = 3), medical

Analysis
We de ned an HbA.reduction of$ 0.3%
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nutritional therapy (= 2), Mediterranean contact was provided. In 16 studies,The duration of interventions carried

(n = 2), and othersr( = 13). There was American Diabetes Association or Ameriout ranged from 4 weeks to 2 years. In
considerable heterogeneity in the dietscan Heart Association guidelines were ap21 studies, there was an additional minor
used in control groups. There was aplied to control groups, with varying physical activity component.

“true” control group in 28 studies, where degrees of intervation support pro- Studies using meal replacements and
no additional intervention support or vided (Supplementary Data Table S9high-protein diets were associated with

Intervention Control Mean Difference Mean Difference

A Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

Al-Shookri et al 2012 -0.8 1.191 85 -0.4 1.587 85 2.6% -0.40[-0.82, 0.02] I

Anderson-Loftin et al 2005 -0.5 1.063 38 -0.3 1.979 27 1.0% -0.20[-1.02, 0.62]

Andrews et al 2011 -0.09 0.665 246 0.09 0.69 93 5.4% -0.18[-0.34, -0.02] -

Azadbakht et al 2011 -1.7 0.39 31 -0.5 0.79 31 3.6% -1.20[-1.51, -0.89]

Barnard et al 2009 -0.34 0.94 49 -0.14 0.85 50 3.2% -0.20[-0.55, 0.15] E—

Bowen et al 2016 A -0.45 1.53 50 -0.25 1.847 25 0.9% -0.20 [-1.04, 0.64] ——

Carter et al 2016 -0.6 0.8 31 -0.8 1 32 2.4% 0.20 [-0.25, 0.65] B

Coppell et al 2010 -0.5 0.927 45 0 0.888 48 3.0% -0.50[-0.87,-0.13] I —

Daly et al 2006 -0.55 0.86 51 -0.23 0.66 51 3.7% -0.32[-0.62, -0.02] —

Dyson et al 2007 -0.4 0.919 6 -0.2 0.919 6 0.6% -0.20 [-1.24, 0.84]

Elhayany et al 2010 A -2 0.927 61 -1.6 0.608 28 3.4% -0.40[-0.72, -0.08] e —

Elhayany et al 2010 B -1.8 0.663 63 -1.6 0.608 27 3.9% -0.20 [-0.48, 0.08] /T

Evangelista et al 2009 A -0.7 0.2 5 -0.5 0.1 2 4.6% -0.20[-0.42, 0.02] I——

Evangelista et al 2009 B -0.8 0.2 5 -0.5 0.1 2 4.6% -0.30[-0.52,-0.08] h———

Franz et al 1995 -1.1 1.2 88 -0.8 1.269 85 3.0% -0.30[-0.67,0.07] —

Goldstein et al 2011 -1 1.5 14 -1 1.1 16 0.7% 0.00 [-0.95, 0.95]

Imai et al 2011 -1.5 1.269 65 -0.9 1.217 27 1.8% -0.60 [-1.15, -0.05] e —

Jonsson et al 2009 -1.1 0.4 13 -0.7 0.6 13 2.8% -0.40[-0.79, -0.01] I —

Kaplan et al 1987 -0.46 1.994 18 0.36 1.088 18 0.6% -0.82[-1.87,0.23]

Kattelmann et al 2010 -0.3 1.515 51 -0.2 1.03 53 2.1% -0.10[-0.60, 0.40] e e—

Kondo et al 2014 0 0.283 11 0 0.283 12 4.5% 0.00 [-0.23, 0.23] —_

Koo et al 2010 -0.59 0.61 19 -0.43 1 18 1.9% -0.16 [-0.70, 0.38] I E—

Laitinen et al 1993 -0.6 1.234 40 -0.3 132 46 1.9% -0.30[-0.84, 0.24] e

Liu et al 2015 -0.49 0.772 58 -0.01 0.89 59 3.7% -0.48[-0.78,-0.18] I

Luger et al 2013 -0.3 0.989 21 -0.2 0.678 21 2.0% -0.10[-0.61, 0.41] e E—

Ma et al 2008 -0.35 0.91 19 -0.43 0.905 21 1.8% 0.08 [-0.48, 0.64] —

Mesci et al 2010 -1.22 1.63 38 -0.59 1.56 35 1.2% -0.63[-1.36, 0.10] ~

Miller et al 2002 -0.5 0.474 45 0 0.48 47 5.0% -0.50[-0.69, -0.31] —_—

Muchiri et al 2016 -1 132 41 -1 1.48 41 1.6% 0.00 [-0.61, 0.61] I E—

Nicholson et al 1999 -1.4 1.138 7 -1 0.762 4 0.5% -0.40[-1.53,0.73]

O'Neil et al 2016 -0.35 0.933 223 0.12 1 250 5.2% -0.47 [-0.64, -0.30] -

Saslow et al 2017 -0.8 0.372 11 -0.3 0.359 8 3.4% -0.50[-0.83, -0.17] -

Sato et al 2017 -0.65 1.44 30 0 0.349 32 1.9% -0.65[-1.18,-0.12] s —

Talib et al 1997 -0.3 1.52 58 0.4 2.036 13 0.5% -0.70[-1.87, 0.47]

Trico et al 2016 -0.3 0.4 8 -0.2 0.212 9 3.6% -0.10[-0.41, 0.21] 1

Visek et al 2014 -0.415 2.036 20 -0.503 2.036 20 0.4% 0.09 [-1.17, 1.35]

Yamada et al 2014 -0.6 0.48 12 -0.2 0.678 12 2.3% -0.40[-0.87,0.07] E—

Yang et al 2017 -0.3 0.707 33 0 0.99 23 2.2% -0.30[-0.77,0.17] I —

Ziemer et al 2003 -1.9 1.606 94 -1.9 1.584 126 2.6% 0.00 [-0.43, 0.43] B E—

Total (95% CI) 1803 1516 100.0% -0.32 [-0.40, -0.23] <

Heterogeneity: Tau? = 0.03; Chi? = 72.90, df = 38 (P = 0.0006); I* = 48% 5_2 _51 + J

o

1 2

Test for overall effect: Z= 7.14 (P < 0.00001) Favors [experimental] Favors [control]

Intervention Control Mean Difference Mean Difference

B Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

Cheskin et al 2008 -0.29 0.884 31 0.32 1.523 17 3.0% -0.61[-1.40, 0.18] —

Foster et al 2009 -0.9 0.723 34 0.03 0.723 34 8.2% -0.93[-1.27,-0.59]

Gannon et al 2003 -0.8 0.692 12 -0.3 0.692 12 5.0% -0.50[-1.05, 0.05] — T

Gannon et al 2004 -2.2 0.827 6 0 0.502 2 2.2% -2.20[-3.16,-1.24] +—

Goday et al 2016 -0.9 0.435 45 -0.4 0.663 40 10.3% -0.50 [-0.74, -0.26] —_—

Itsiopoulos et al 2011 -0.3 1.012 27 0 1.123 27 4.8% -0.30[-0.87,0.27] —

Jung et al 2014 -0.72 0.324 21 -0.25 0.32 20 11.3% -0.47[-0.67,-0.27] —_

Kahleova et al 2011 -0.68 0.86 37 -0.59 0.89 37 7.2% -0.09[-0.49, 0.31] e e—

Lietal 2016 -0.61 1.652 79 0.1 1.703 60 4.9% -0.71[-1.27,-0.15] e —

Nuttall et al 2008 -1.7 0.81 6 -1.65 0.471 2 2.3% -0.05[-0.97, 0.87]

Pi-Sunyer et al 1999 -1 1.1 92 -0.6 1.131 100 8.8% -0.40[-0.72, -0.08] e —

Rock et al 2014 A -0.7 0.927 66 0.1 0.992 33 7.1% -0.80[-1.21, -0.39] e —

Rock et al 2014 B -0.3 0.995 67 0.1 0.992 32 6.9% -0.40[-0.82, 0.02] e —

Shirai et al 2013 -0.6 1.1 119 -0.4 0.8 110 10.2% -0.20 [-0.45, 0.05] T

Williams et al 1998 A -0.71 1.59 16 -0.23 1.04 8 1.8% -0.48 [-1.54, 0.58]

Williams et al 1998 B -0.97 1.7 15 -0.23 1.04 7 1.6% -0.74[-1.89, 0.41]

Yip et al 2001 -0.8 0.959 41 -0.6 1.1 16 4.4% -0.20[-0.81, 0.41] .

Total (95% ClI) 714 557 100.0% -0.50 [-0.65, -0.34] <o

Heterogeneity: Tau® = 0.04; Chi® = 33.22, df = 16 (P = 0.007); I* = 52% ' t J

Test for overall effect: Z = 6.32 (P < 0.00001) 2 Favors [eiperimental] OFavors [contrz)l] 2
Figure 2-Meta-analysis of studies aimed at changing dietary beharist39) @) and studies aimed at changing dietary environment (7) 8). Values
reported in meta-analyses represent mean difference and SD of the difference in tilyA baseline to spect time point for intervention and control
groups. Letter next to a study indicates a subgroup. Eaglre panel provides the combined weighted difference of all studies between intervention and
control groups. 95% Cls are also reported. Pedersen etal. (49) was notincluded as the intervention provided a portion control plate to subjéwtsirathe
a specic diet or food group. Yusof et al. (58) was not included as it did not specify the amount of food provided to subjects. 1V, inverse variance.
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the greatest reductions in HQA(0.56% single study ranging from 0 (49,60) tostudies with control group pre- to post-
[6.2 mmol/mol]and 0.5% [5.5 mmol/mol], 15 (44) (Supplementary Data Table S14xtudy change aof 0.3% (3.3 mmol/mol)in
respectively). Lovearbohydrate diets Interrater agreement as determined by HbA . showed that the only intervention
showed a greater reduction in HRA the Coherk was 0.7 after coding 44 stud- feature associated with a clinically signif-
(0.44% [4.8 mmol/mol]) than low-fat diets ies and 0.68 after all 54 studies wereicant reduction in Hbf was the use of a
(0.40% [4.4 mmol/mol]) or lowglycemic coded. A breakdown by category oftheoretical model or framework (0.33%
index diets (0.09% [1 mmol/mol]) BCTs used (Supplementary Data Tabl8.6 mmol/mol]). Other intervention fea-

(Supplementary Data Table S10). S15) and BCTs not used (Supplementatyres associated with reductions in HQA
Data Table S16) was also carried out. were a higher frequency and number of
Meta-analysis of Changes in HbA ;. and both total and face-to-face contacts with

Body Weight at Different Time Points Moderator Analysis of BCTs . ntervention personnel (Supplementary

: . The original moderator analysis showe

Meta-analyses showed differences in . - ata Table S23).
. : no BCTs coded for diet behavior were as-

HbA . between intervention and control

; ) 0 °
groups at differenttime points, presented sociated with. 0.3% (3.3 mmol/mol) re-  concLusioNs

; - - . duction in HbA. (Supplementary Data . .
graphmglly in Flg. 3..Comb|n|ng all studie able S17). Subgroup analysis ofinterver;[hese ndings suggest that changing or
and all time points in one overall meta-

tions using onlv true control Arouns controlling dietary environmental factors
analysisrf = 59, 54 studies) showed a e howed thgt theyBCT‘SSOCiaI co?npar?— may be more effective than strategies
duction in HbA0f 0.35% (3.8 mmol/mol) sorf (0.52% [5.7 mmol/mol]P = 0.012) to change dietary behavior in attempting
(95% CIR2 0.43,2 0.28;P, 0.00001) e o 1> o to reduce HbAin adults with type 2 dia-
and “feedback on behavidr(0.365% . N
(Supplementary Data Table S11). Heterq- _ ; betes. High-protein diets and meal re-
) (14 mmol/mol],P=0.046) were associated
geneity as measured H§was 62%, 44%, with clinicall ,an d étatisticall siqrdant placement programs produced the greatest
38%, and 68% at-3, 3-6, 6-12, and 12 y y S19

. . reductions in HbA. A clinically signicant
24 months, respectively. Sensitivity anal? eductions in Hb# (Supplementary Data difference in HbA.at 0-3, 3-6, and 6-12

ysis comparing data at exactly 3, 6, 12 an(g able S18). S ubgrogp an.alysis of interVenrﬁonths was reported when all dietary ap-
24 months to data at 63. 3-6 6—’12’ an’d ions excluding studies with control group

re- 1o poststudy chanae of 0.3% proaches were combined in meta-analyses.
12-24 months using a larger dataset £ b P oy 9 270 Weight loss occurred but diminished over
LS . (3.3 mmol/mol) in HbA. also showed . . .
54) showed no signcant differences. ) : time. Moderator analyses idengd four
. . . the BCT‘feedback on behavitr(0.34% w M
The difference in body weight loss . N BCTd “problem solving, “feedback on
. . [3.7 mmol/mol]) associated with clinically A . . .
between intervention and control groups signi cant reductions in Hbé (Supple- behavior; “ adding objects to the environ-
was 2.34 kg (95% 212.99,2 1.69:P, 9 bp

ent,” and “social comparisdtd and
0.00001), 2.94 kg (95% £B.92,2 1.97, mentary Data Table S19). Subgroup aname intervention feature‘use of theory

P, 0.00001), 2.27 kg (95% @13.32, Yo r?]folrs;tclznlss .Zi‘v’féﬂrlﬁa?i’ﬁ;°§§«§rﬁffgeﬁ1at were associated with clinically signif-
21.21;P, 0.0001), and 2.14 kg (95%Iem solving (0.63% [6.9 mmol/mol]) was icant reductions in Hbf.

Cl2 3.34,2 0.93; P = 0.0005) at 63, . ; T R Diets where the environment was
3-6, 6-12, and 1224 months, respec- associated with clinically sigmiant re- changed or controlled (e.g., where all food

tively (Supplementary Data Table Slzﬁ:ﬁfr:zg H@f&éiﬁgflgnma(f;;;’r)\/,v[a):tr?owas provided) were more than twice as
) effective in reducing HbAthan diets using

Combining all studies and time points re-__ . .
o - carried out at 12 months because insuf . . . .
vealed a reduction in body weight of _. . behavioral change interventions. This ob-
cient data were available. . .
servation was consistent when a range of

2.41 kg (95% C22.96,21.86, P, Subgroup analysis of interventions
0.00001) (Supplementary Data Table group Y different foods were provided, including
high-protein (29,30,48), meal replace-

S13). Heterogeneity as measured By aimed at changing behavior showed

was 84%, 93%, 88%, and 27% -aB8,03- Egaéztge[g’ g-[r-rg]r:weo?;jrr?;?; ?% g%g?\ggg ment (21,27,50,57)low-carbohydrate

6, 6-12, and 1224 months, respectively. 0 1o e (51,62), low-fat (51,55,63), Mediterra-
nean (33), Korean traditional (35), vege-

“adding objects to the environmeht
o i
(0.39% [4.3 mmol/mol]) were assouatedtarian (36), and partial formula or partial
low-calorie diets (52). These studies rep-

BCTs Used . L - . :
A total of 42 distinct BCTs were appliedinW'th clinically signicant reductions in
HbA ;. (Supplementary Data Table S21). - .
s . - esent a more internally valid approach
Subgroup analysis of interventions aime

the intervention groups, 7 of which were
reported only once. The number of BCTs compared with studies aimed at changing
behavior; however, successful externally

. - at changing the dietary environment
used in a single RCT ranged fromshowed that the BCTproblem solving
3(25,35,45) to 17 (41). Theve most fre- P . valid interventions are required in order
. » . (0.5% [5.5 mmol/mol]) was associated o .
guently occurring BCTs wetmstruction ‘. S - .. ""to change diet in a real-world setting. It
. _ with a clinically signicant reduction in
on how to perform a behavidr(n = 54),

has been suggested that environmental
“credible source(n = 45),"self-monitoring HbA (Supplementary Data Table S22). changes to social, built, and food environ-

of behaviof (n=37),“monitoring of be- Moderator Analysis of Intervention ments, in addition to individual behavioral
havior by others without feedbatkn = Features changes, are required in order to adopt a
32), and“social support (unspecéd)’ The original moderator analysis showecdhealthy diet and lifestyle (70). Changing
(n=24) (Table 1). no intervention feature was associatedthe environment has been identd as

Control group BCTs were coded sepawith a clinically signicant reduction in one of the overall theoretical themes as-
rately, and 28 different BCTs were identi-HbA . (Supplementary Data Table S23)sociated with changing behavior, particu-
ed, with the number of BCTs used in aSubgroup moderator analysis excludindarly in the longer term (71).


















