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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 speci� c components
of dietary interventions for patients with type 2 diabetes associated with changes in
HbA1c 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 1975–2017
that focused on changing dietary behavior were selected, and methodological rigor,
use of BCTs, and� delity 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 BCTsd “problem solving,” “ feedback on behavior,”
“adding objects to the environment,” and “social comparison”d and the interven-
tion feature“use of theory” were associated with>0.3% (3.3 mmol/mol) reduction in
HbA1c. Meta-analysis revealed that studies that aimed to control or change the
environment showed a greater reduction in HbA1c of 0.5% (5.5 mmol/mol) (95%
CI2 0.65,2 0.34), compared with 0.32% (3.5 mmol/mol) (95% CI2 0.40,2 0.23)
for studies that aimed to change behavior. Limitations of our study were the het-
erogeneity of dietary interventions and poor quality of reporting of BCTs.

CONCLUSIONS

This study provides evidence that changing the dietary environment may have more
of an effect on HbA1c in adults with type 2 diabetes than changing dietary behavior.
Diet interventions achieved clinically signi� cant reductions in HbA1c, although initial
reductions in body weight diminished over time. If appropriate BCTs and theory are
applied, dietary interventions may result in better glucose control.

Dietary behavior is intricately linked to type 2 diabetes and has become an increasingly
complex phenomenon to understand and change. There is a long association between
diet and the pathogenesis of type 2 diabetes. A recent study suggested that reduced
risk of type 2 diabetes was strongly associated with dietary factors such as greater
intake of fruit, vegetables, legumes, nuts, whole grains, and long-chain fats and a lower
intake of sugar-sweetened beverages (1), trans fat, processed/red meats, and sodium
and a moderate alcohol intake (2). Dietary factors have also been linked to the highest
proportion of deaths in type 2 diabetes, stroke, and heart disease (3). There is a need to
identify factors associated with effective clinical outcomes in dietary interventions
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(4–6). Identifying effective behavior
change techniques (BCTs) in successful di-
etary approaches to type 2 diabetes
management may help to re� ne and
improve the scalability of successful
approaches to changing dietary behavior.
A BCT is an observable, replicable,
and irreducible component of an interven-
tion designed to alter or redirect causal
processes regulating behavior, such as
“feedback” or “self-monitoring” (7). The
objective of this systematic review and
meta-analysis was to identify dietary
BCTs, intervention features, and speci� c
diets associated with changes in HbA1c

and body weight in type 2 diabetes.

RESEARCH DESIGN AND METHODS

This systematic review and meta-analysis
followed a registered protocol (http://
www.crd.york.ac.uk/PROSPERO/display_
record.asp?ID=CRD42016042466). A
PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)
checklist was created and PRISMA review
guidelines were followed (Supplementary
Data Table S1).

Inclusion Criteria

1. Randomized controlled trials (RCTs) of
any duration using a dietary interven-
tion published in peer-reviewed jour-
nals between 1 January 1975 and
12 April 2017 were included.

2. RCTs with a comparison arm or control
group that constituted usual care
were included. Usual care could in-
clude typical diabetes dietary treat-
ment such as recommended by the
American Diabetes Association or car-
bohydrate exchange–type diets.

3. Human participants were older than
18 years of age with clinically con� rmed
type 2 diabetes at time of recruitment.

4. The primary clinical outcome measure
was HbA1c. However, studies report-
ing HbA1c results as a secondary out-
come measure were also included.

5. Randomized crossover trials were in-
cluded if relevant outcome data were
reported for both intervention and
control groups prior to subjects cross-
ing over to the other diet.

Exclusion Criteria

1. RCTs of diabetes prevention or RCTs in
populations at risk for type 2 diabetes

2. RCTs that used pharmacological agents
exclusively to treat type 2 diabetes

3. RCTs that included supervised physical
activity

4. RCTs that targeted multiple chronic
diseases, gestational diabetes, or
type 1 diabetes

5. Studies not reported in English
6. Studies that focused exclusively on

supplement or micronutrient use

Information Sources and Search
Strategy
The following databases were searched
using a Boolean combination of keywords
and MeSH terms: Cochrane Library, CINAHL,
Embase, PubMed, PsycINFO, and SCOPUS
(Supplementary Data Table S2). Search
terms were developed following the pro-
tocol of an earlier review (8) and using a
series of sensitivity analyses of terms,
cross-checking results against identi� ed
reference criteria. Additional records
identi� ed from other sources such as ref-
erence lists of relevant reviews, studies
with multiple intervention arms in an ear-
lier review, and all included studies were
searched for additional sources. The orig-
inal search was conducted on 22 February
2016 and repeated on 12 April 2017.

Article Screening
Articles were initially screened by two re-
search team members (K.A.C. and R.M.)
based on titles and abstracts and then full
texts of the remaining articles (see Fig. 1).
A third member of the review team (H.L.G.)
oversaw any disagreements on search re-
sults andhad the� nal say on includedstud-
ies. Interrater agreement by the Cohenk
for the full-text search results was 0.82.

Article Classi � cation
Studies that aimed to control or change en-
vironment were classi� ed as studies where
all foodor themajorityof foodwasprovided
to participants. Studies in this category
could also be described as studies with
high internal validity. Studies that aimed
to change behavior were classi� ed as stud-
ies where participants were instructed or
educated about diet changes by dietitians
or health care professionals; they included a
variety of diets and no food was provided.
Studies in this category could also be de-
scribed as having high external validity.

Low-carbohydrate diets were classi-
� ed as studies where carbohydrate in-
take of , 130 g/day was recommended
(9). Low-fat diets were classi� ed as stud-
ies where dietary fat intake of, 30% was
recommended (10). High-protein diets
were classi� ed as studies where protein

intake of. 2 g/kg/day was recommended
(11).

Data Extraction Process
Data extraction was carried out by one
member of the team (K.A.C.), and rele-
vant information was stored in Excel� le
templates. All data regarding HbA1c,
weight loss, intervention features, BCTs,
� delity coding, and risk of bias was
checked by another member of the re-
search team (R.M.). All corresponding au-
thors were contacted by e-mail (where
contact details were available,n = 50 of
54) using a standardized template to re-
quest additional information. The re-
sponse rate was 34% (over a period of
6 weeks).

Risk of Bias and Fidelity Assessment
The Cochrane Collaboration risk of bias
tool was used to assess methodological
quality (12). Assessment criteria are ap-
plied to seven aspects of trials to yield an
appraisal of“low risk,” “ high risk,” or “un-
clear risk” of bias. Studies were indepen-
dently assessed by two members of the
review team for risk of bias and method-
ological quality (K.A.C. and R.M.). Assess-
ment results were discussed and agreed
upon after the� rst 10 studies and again
after the � rst 20 studies. Interrater reli-
ability was calculated and discrepancies
were discussed after each round. Treat-
ment � delity was assessed according to
the � ve categories proposed by Bellg
et al. (13). Each category and subcategory
was assigned a score of yes, no, or unclear.
RCTs were independently assessed by two
members of the review team (K.A.C. and
H.L.G.) and results were discussed and
assessments repeated following discus-
sion of the� rst 10 and� rst 20 articles.
Interrater reliability is based on the� nal
34 studies.

Coding of Behavior Change
Techniques
The BCT taxonomy v1 of Michie et al. (7)
was used to identify and code BCTs re-
lated to diet only that were identi� ed in
each study. A list of all 93 BCTs and their
descriptions is available (http://www
.bct-taxonomy.com) (7). A BCT was only
coded when it was explicitly mentioned
in the intervention methodology. BCTs
were coded separately for intervention
and control groups. A coding rubric was
developed by three authors (K.A.C.,
R.M., and H.L.G.) to guide the coding pro-
cess (Supplementary Data Table S3). All
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included studies were coded indepen-
dently by two authors (K.A.C. and R.M.)
immediately after training in the use of
the Michie et al. taxonomy. A third master
coder (H.L.G.) independently assessed the
coding results and arbitrated any disagree-
ments. Cohenk and prevalence-adjusted

bias-adjustedk calculations were used to
establish intercoder reliability of BCTs
present and absent. A BCT must have been
used in at least three studies for inclusion
in the moderator analysis (14). Both
coders discussed coding practices and re-
sults after coding the� rst study and again

after independently coding the remaining
53 studies. All available information, in-
cluding study manuals, protocols, and ear-
lier methodology papers, was also used to
code each study. Rationale for classi� ca-
tion of intervention features such as mode
of delivery, provider, intensity/frequency of

Figure 1—PRISMA 2009� ow diagram of search process and results. Adapted from MoherD, LiberatiA,Tetzlaff J,Altman DG;The PRISMA Group.Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 2009;6:e1000097. For more information, visit www.
prisma-statement.org.
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intervention, and other variables included is
documented inanearlier reviewcarriedout
by the review team (8). Intensity was de-
� ned as the number of total or face-to-
face contacts with intervention personnel
and frequency was de� ned as the average
number of weeks between contacts.

Analysis
We de� ned an HbA1creduction of$ 0.3%
(3.3 mmol/mol) as clinically signi� cant,
which follows the precedent set by others
(14,15). Meta-analyses were conducted
using RevMan (v5.3) on the primary out-
come measure of HbA1c and the second-
ary outcome of body weight, where
suf� cient data were available. We re-
corded changes in outcomes at 0–3, 3–
6, 6–12, and 12–24 months. The use of
these time points allowed a greater num-
ber of studies to be included. In studies
that reported data from multiple time
points, we used the time point closest
to the end of the intervention for analysis.
Mean differences and SDs in the differ-
ences for HbA1cand weight loss between
baseline and the different time points
were calculated. SDs for missing data
were calculated from SE,P,andt values,
where reported, using the Cochrane
guidelines or were calculated using a cor-
relation (method documented in an ear-
lier review by this research team) (8).
Correlations of 0.75 (HbA1c) and 0.98
(weight loss) were used to calculate miss-
ing SDs following a sensitivity analysis of
correlations and reported SDs. Statistical
signi� cance of the moderator and meta-
analyses was set atP, 0.05. In all cases
the meta-analyses used the raw mean
difference and a random effects model
to calculate results. Meta-analyses were
carried out on both interventions that
aimed to change behavior only and inter-
ventions that aimed to change environ-
ment only. Further meta-analyses were
carried out on HbA1c and weight loss at
0–3, 3–6, 6–12, and 12–24 months. Meta-
analyses were also carried out on differ-
ent diet types.

Moderator Analyses
A series of moderator analyses were car-
ried out to investigate the association be-
tween BCTs/intervention features and
clinical outcome results (HbA1c) where
the presence or absence of a certain BCT
or intervention feature in certain studies
was associated with changes in HbA1c.
The moderator analyses reported the
standardizedmeandifference inoutcomes,

usingComprehensiveMeta-Analysis (CMA)
software. The random effects analysis was
used to conduct all moderator analyses.
For every moderator variable (BCT and in-
tervention feature), we calculated the
point estimate, 95% CIs,Q statistic, and
Pvalue.

As a result of the large effect size ob-
served in the control group, a series of
subgroup analyses were carried out in
an attempt to elucidate the true effect
size of intervention groups compared
with control groups. Further subgroup
sensitivity analyses were carried out on
true control groups, excluding studies
where the control group had. 1 contact
with a dietitian, and an additional sub-
group analysis removed studies with a
control group reduction in HbA1c of $ 0.3%
(3.3 mmol/mol). Moderator analyses of
BCTs associated with reductions in HbA1c

were also carried out on studies that used
interventions aimed at changing behavior
primarily or environment primarily and stud-
ies that reported results at 3 months only.

RESULTS

Study Selection and Study
Characteristics
The inclusion criteria were met by 54
studies (16–69). Summary characteris-
tics of included studies are outlined in
Supplementary Data Table S4. Average
age of participants was 57.76 4.7 years
for intervention groups and 58.16 5.1
years for control groups. For interven-
tion and control groups, respectively,
mean duration of diabetes, where re-
ported, was 7.66 3.3 years and 7.36
3.1 years, mean baseline HbA1c was
8.1% (69.8 mmol/mol)6 1% and 8.12%
(69.9 mmol/mol)6 1%, and BMI was
32.1 6 4.1 kg/m2 and 31.86 4 kg/m2.
Six of the included studies were carried
out in a community center setting, 12
studies did not report the setting, one
study was online, one study was in a hotel
setting, and all remaining studies (n = 34)
were carried out in a clinical or academic
setting. All participants in the 54 studies
were classi� ed as having type 2 diabetes;
however, diagnostic criteria for HbA1c var-
iedamong includedstudies fromaminimum
of 5.5% (47.4 mmol/mol) (34) to a maxi-
mum of 12% (103.4 mmol/mol) (23,57).
The mean percentage of dropouts per
study was lower in the intervention groups
(12.6%) than in control groups (16.4%).
Studies with low–glycemic index and high-
protein diets reported the lowest number

of dropouts (mean percentage of dropouts
1% and 1.8%, respectively), with meal
replacement studies reporting the high-
est dropout rate (mean percentage of
dropouts 28%) (Supplementary Data
Table S5).

Risk of Bias and Treatment Fidelity
In the assessments of risk of bias, 63% of
the studies were classi� ed as“unclear,”
while 34% were“low” across all seven
variables and only 2% were classi� ed as
“high” risk of bias (Supplementary Data
Tables S6a and S6b). Raters agreed on
78% of risk of bias assessments follow-
ing initial assessment and came to
agreement on the remainder through
discussion. Treatment� delity results
are documented in Supplementary Data
Table S7. Overall, the reported use of
treatment � delity strategies was very
low, with 78% assessed as having not
used a treatment� delity strategy. The
most widely used treatment� delity
strategy was in the subcategory of
“monitoring and improving enactment
of treatment skills,” where 68.5% of all
studies reported use of“ensure partici-
pant use of behavioral skills.” Raters
agreed on 76.5% of assessments and re-
solved remaining disagreements through
discussion and arbitration.

Meta-analyses of Diet Interventions
Meta-analysis of interventions that aimed
to change behavior (n = 39) showed an
overall reduction in HbA1c of 0.32%
(3.5 mmol/mol) (95% CI2 0.40,2 0.23;
P , 0.00001), while interventions that
aimed to change or control the environ-
ment showed an overall reduction in
HbA1c of 0.5% (5.5 mmol/mol) (95%
CI2 0.65,2 0.34;P , 0.00001) (Fig. 2).
Sensitivity analysis removing studies with
a . 0.3% (3.3 mmol/mol) reduction in
HbA1c in the control group (n = 21)
increased further the observed effect
size on HbA1c, with behavioral interven-
tions showing a reduction of 0.32%
(3.5 mmol/mol) (95% CI2 0.41,2 0.24;
P , 0.00001) compared with 0.66%
(7.3 mmol/mol) (95% CI2 0.88,2 0.45;
P, 0.00001) for environment-controlled
studies (n = 11) (Supplementary Data
Table S8).

Studies included in this review focused
on different dietary approaches: low car-
bohydrate (n = 9), low fat (n = 16), high
protein (n= 5), meal replacements (n= 4),
low glycemic index (n = 3), medical
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nutritional therapy (n= 2), Mediterranean
(n = 2), and others (n = 13). There was
considerable heterogeneity in the diets
used in control groups. There was a
“true” control group in 28 studies, where
no additional intervention support or

contact was provided. In 16 studies,
American Diabetes Association or Ameri-
can Heart Association guidelines were ap-
plied to control groups, with varying
degrees of intervention support pro-
vided (Supplementary Data Table S9).

The duration of interventions carried
out ranged from 4 weeks to 2 years. In
21 studies, there was an additional minor
physical activity component.

Studies using meal replacements and
high-protein diets were associated with

Figure 2—Meta-analysis of studies aimed at changing dietary behavior (n= 39) (A) and studies aimed at changing dietary environment (n= 17) (B). Values
reported in meta-analyses represent mean difference and SD of the difference in HbA1cfrom baseline to speci� c time point for intervention and control
groups. Letter next to a study indicates a subgroup. Each� gure panel provides the combined weighted difference of all studies between intervention and
control groups. 95% CIs are also reported. Pedersen et al. (49) was not included as the intervention provided a portion control plate to subjects rather than
a speci� c diet or food group. Yusof et al. (58) was not included as it did not specify the amount of food provided to subjects. IV, inverse variance.
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the greatest reductions in HbA1c (0.56%
[6.2 mmol/mol] and 0.5% [5.5 mmol/mol],
respectively). Low-carbohydrate diets
showed a greater reduction in HbA1c

(0.44% [4.8 mmol/mol]) than low-fat diets
(0.40% [4.4 mmol/mol]) or low–glycemic
index diets (0.09% [1 mmol/mol])
(Supplementary Data Table S10).

Meta-analysis of Changes in HbA 1c and
Body Weight at Different Time Points
Meta-analyses showed differences in
HbA1c between intervention and control
groups at different time points, presented
graphically in Fig. 3. Combining all studies
and all time points in one overall meta-
analysis (n = 59, 54 studies) showed a re-
duction in HbA1cof 0.35% (3.8 mmol/mol)
(95% CI2 0.43, 2 0.28; P , 0.00001)
(Supplementary Data Table S11). Hetero-
geneity as measured byI2 was 62%, 44%,
38%, and 68% at 0–3, 3–6, 6–12, and 12–
24 months, respectively. Sensitivity anal-
ysis comparing data at exactly 3, 6, 12, and
24 months to data at 0–3, 3–6, 6–12, and
12–24 months using a larger dataset (n =
54) showed no signi� cant differences.

The difference in body weight loss
between intervention and control groups
was 2.34 kg (95% CI2 2.99,2 1.69;P ,
0.00001), 2.94 kg (95% CI2 3.92,2 1.97;
P , 0.00001), 2.27 kg (95% CI2 3.32,
2 1.21; P , 0.0001), and 2.14 kg (95%
CI 2 3.34, 2 0.93; P = 0.0005) at 0–3,
3–6, 6–12, and 12–24 months, respec-
tively (Supplementary Data Table S12).
Combining all studies and time points re-
vealed a reduction in body weight of
2.41 kg (95% CI2 2.96, 2 1.86; P ,
0.00001) (Supplementary Data Table
S13). Heterogeneity as measured byI2

was 84%, 93%, 88%, and 27% at 0–3, 3–
6, 6–12, and 12–24 months, respectively.

BCTs Used
A total of 42 distinct BCTs were applied in
the intervention groups, 7 of which were
reported only once. The number of BCTs
used in a single RCT ranged from
3 (25,35,45) to 17 (41). The� ve most fre-
quently occurring BCTs were“instruction
on how to perform a behavior” (n = 54),
“credible source” (n= 45),“self-monitoring
of behavior” (n = 37),“monitoring of be-
havior by others without feedback” (n =
32), and“social support (unspeci� ed)”
(n = 24) (Table 1).

Control group BCTs were coded sepa-
rately, and 28 different BCTs were identi-
� ed, with the number of BCTs used in a

single study ranging from 0 (49,60) to
15 (44) (Supplementary Data Table S14).
Interrater agreement as determined by
the Cohenk was 0.7 after coding 44 stud-
ies and 0.68 after all 54 studies were
coded. A breakdown by category of
BCTs used (Supplementary Data Table
S15) and BCTs not used (Supplementary
Data Table S16) was also carried out.

Moderator Analysis of BCTs
The original moderator analysis showed
no BCTs coded for diet behavior were as-
sociated with. 0.3% (3.3 mmol/mol) re-
duction in HbA1c (Supplementary Data
Table S17). Subgroup analysis of interven-
tions using only true control groups
showed that the BCTs“social compari-
son” (0.52% [5.7 mmol/mol],P = 0.012)
and “ feedback on behavior” (0.365%
[4 mmol/mol],P= 0.046) were associated
with clinically and statistically signi� cant
reductions in HbA1c(Supplementary Data
Table S18). Subgroup analysis of interven-
tions excluding studies with control group
pre- to poststudy change of. 0.3%
(3.3 mmol/mol) in HbA1c also showed
the BCT“feedback on behavior” (0.34%
[3.7 mmol/mol]) associated with clinically
signi� cant reductions in HbA1c (Supple-
mentary Data Table S19). Subgroup anal-
ysis of BCTs reporting outcome changes
at 3 months showed that the BCT“prob-
lem solving” (0.63% [6.9 mmol/mol]) was
associated with clinically signi� cant re-
ductions in HbA1c (Supplementary Data
Table S20). Moderator analysis was not
carried out at 12 months because insuf� -
cient data were available.

Subgroup analysis of interventions
aimed at changing behavior showed
that the BCTs“feedback on behavior”
(0.52% [5.7 mmol/mol],P = 0.007) and
“adding objects to the environment”
(0.39% [4.3 mmol/mol]) were associated
with clinically signi� cant reductions in
HbA1c (Supplementary Data Table S21).
Subgroup analysis of interventions aimed
at changing the dietary environment
showed that the BCT“problem solving”
(0.5% [5.5 mmol/mol]) was associated
with a clinically signi� cant reduction in
HbA1c (Supplementary Data Table S22).

Moderator Analysis of Intervention
Features
The original moderator analysis showed
no intervention feature was associated
with a clinically signi� cant reduction in
HbA1c (Supplementary Data Table S23).
Subgroup moderator analysis excluding

studies with control group pre- to post-
study change of. 0.3% (3.3 mmol/mol) in
HbA1c showed that the only intervention
feature associated with a clinically signif-
icant reduction in HbA1cwas the use of a
theoretical model or framework (0.33%
[3.6 mmol/mol]). Other intervention fea-
tures associated with reductions in HbA1c

were a higher frequency and number of
both total and face-to-face contacts with
intervention personnel (Supplementary
Data Table S23).

CONCLUSIONS

These� ndings suggest that changing or
controlling dietary environmental factors
may be more effective than strategies
to change dietary behavior in attempting
to reduce HbA1cin adults with type 2 dia-
betes. High-protein diets and meal re-
placement programs produced the greatest
reductions in HbA1c. A clinically signi� cant
difference in HbA1cat 0–3, 3–6, and 6–12
months was reported when all dietary ap-
proaches werecombined inmeta-analyses.
Weight loss occurred but diminished over
time. Moderator analyses identi� ed four
BCTsd “problem solving,” “ feedback on
behavior,” “ adding objects to the environ-
ment,” and “social comparison”d and
the intervention feature“use of theory”
that were associated with clinically signif-
icant reductions in HbA1c.

Diets where the environment was
changed or controlled (e.g., where all food
was provided) were more than twice as
effective in reducingHbA1cthan diets using
behavioral change interventions. This ob-
servation was consistent when a range of
different foods were provided, including
high-protein (29,30,48), meal replace-
ment (21,27,50,57),low-carbohydrate
(51,62), low-fat (51,55,63), Mediterra-
nean (33), Korean traditional (35), vege-
tarian (36), and partial formula or partial
low-calorie diets (52). These studies rep-
resent a more internally valid approach
compared with studies aimed at changing
behavior; however, successful externally
valid interventions are required in order
to change diet in a real-world setting. It
has been suggested that environmental
changes to social, built, and food environ-
ments, in addition to individual behavioral
changes, are required in order to adopt a
healthy diet and lifestyle (70). Changing
the environment has been identi� ed as
one of the overall theoretical themes as-
sociated with changing behavior, particu-
larly in the longer term (71).
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