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ELIGIBILITY CRITERIA FOR SELECTING STUDIES
Randomised controlled trials of three or more weeks
investigating the effect of diets with low glycaemic
index (Gl)/glycaemic load (GL) in diabetes.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Previous systematic reviews and meta-analyses have shown that low glycaemic

index (Gl)/glycaemic load (GL) dietary patterns improve glycaemic control and
cardiometabolic risk factors in randomised controlled trials in people at risk for,

and with, diabetes and are associated with reduced incidence of diabetes and
cardiovascular disease in prospective cohort studies inclusive of people with diabetes

These benefits are recognised by major international clinical practice guidelines
in Canada, US, Australia, UK, and Europe, with low GI/GL dietary patterns
recommended for those with diabetes

The last comprehensive systematic review and meta-analysis in diabetes was
published in 2010, but lacked a GRADE (grading of recommendations assessment,
development, and evaluation) assessment for certainty of evidence, and numerous
randomised controlled trials have been published after the census for these syntheses

WHAT THIS STUDY ADDS

The available evidence suggests that low GI/GL dietary patterns result in small
clinically significant reductions in the primary target of glycaemic control
HbA, , and small clinically meaningful improvements in other established
cardiometabolic risk factors (blood lipids, body weight, blood pressure,
inflammation) in moderately controlled type 1 and type 2 diabetes

As these benefits are seen beyond concurrent treatment with hyperglycaemia
drugs orinsulin, low GI/GL dietary patterns might be especially helpful as add-
on treatment to help individuals with type 1 and type 2 diabetes achieve their
targets for glycaemic control and cardiometabolic risk factors

This synthesis includes new data, expands the number of relevant intermediate
cardiometabolic outcomes, and assesses the certainty of the evidence using
GRADE, providing an update to the last EASD clinical practice guidelines
published over 15 years ago and the last systematic review and meta-analysis of
low GI/GL dietary patterns in diabetes published over a decade ago
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systematic review and meta-analysis of randomised controlled

OUTCOME AND MEASURES

The primary outcome was glycated haemoglobin
(HbA ). Secondary outcomes included other markers
of glycaemic control (fasting glucose, fasting insulin);
blood lipids (low density lipoprotein cholesterol
(LDL-C), high density lipoprotein cholesterol (HDL-C),
non-HDL-C, apo B, triglycerides); adiposity (body
weight, BMI (body mass index), waist circumference),
blood pressure (systolic blood pressure (SBP) and
diastolic blood pressure (DBP)), and inflammation (C
reactive protein (CRP)).

DATA EXTRACTION AND SYNTHESIS

Two independent reviewers extracted data and
assessed risk of bias. Data were pooled by random
effects models. GRADE (grading of recommendations
assessment, development, and evaluation) was used
to assess the certainty of evidence.

RESULTS

29 trial comparisons were identified in 1617
participants with type 1 and 2 diabetes who were
predominantly middle aged, overweight, or obese
with moderately controlled type 2 diabetes treated by
hyperglycaemia drugs or insulin. Low GI/GL dietary
patterns reduced HbA, in comparison with higher
GI/GL control diets (mean difference —0.31% (95%
confidence interval —0.42 to —0.19%), P<0.001;
substantial heterogeneity, 1’=75%, P<0.001).
Reductions occurred also in fasting glucose, LDL-C,
non-HDL-C, apo B, triglycerides, body weight, BMI,
systolic blood pressure (dose-response), and

CRP (P<0.05), but not blood insulin, HDL-C, waist
circumference, or diastolic blood pressure. A positive
dose-response gradient was seen for the difference
in GLand HbA, and for absolute dietary Gl and SBP
(P<0.05). The certainty of evidence was high for the
reduction in HbA, _and moderate for most secondary
outcomes, with downgrades due mainly to imprecision.

CONCLUSIONS

This synthesis suggests that low GI/GL dietary patterns
result in small important improvements in established
targets of glycaemic control, blood lipids, adiposity,
blood pressure, and inflammation beyond concurrent
treatment with hyperglycaemia drugs or insulin,
predominantly in adults with moderately controlled type
1 and type 2 diabetes. The available evidence provides
a good indication of the likely benefit in this population.

STUDY REGISTRATION
ClinicalTrials.gov NCT04045938.
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Introduction

The glycaemic index (GI) ranks a carbohydrate
containing food according to the amount by which
it raises blood glucose levels after it is consumed in
comparison with reference food (pure glucose or white
bread), for which a GI of <55 is low, 56-69 is medium,
and >70is high, based on a glucose scale. The glycaemic
load (GL) of a food is the GI multiplied by the available
carbohydrate (g) in the serving divided by 100.2

Clinical practice guidelines recommend dietary and
lifestyle changes as the basis of treatment to prevent
and manage diabetes and cardiovascular disease.>®
Many dietary patterns are recommended that reduce
cardiovascular risk for those with diabetes. Approaches
that target postprandial glycaemic excursions through
changes to carbohydrate quality and quantity of the
diet might have particular advantages.

Systematic reviews and meta-analyses have shown
that low GI/GL dietary patterns, which incorporate
elements of carbohydrate quality and quantity, resultin
lower postprandial glycaemic excursions and improve
longer term glycaemic control and cardiometabolic
risk factors in randomised controlled trials in people at
risk for, and with, diabetes,”*? and are associated with
a reduced incidence of diabetes and cardiovascular
disease in prospective cohort studies inclusive of
people with diabetes.'?*® These benefits are recognised
by major international clinical practice guidelines in
Canada, USA, Australia, UK, and Europe,’ 7"*° with
low GI/GL dietary patterns recommended for those
with diabetes. Despite this recognition, the European
Association for the Study of Diabetes (EASD) last
updated their clinical practice guidelines in 2004'®
and the last comprehensive systematic review and
meta-analysis in diabetes was published in 2010,” ®
with numerous randomised controlled trials published
after the census for these syntheses.”'' To inform
the update of EASD clinical practice guidelines for
nutrition treatment, the Diabetes and Nutrition Study
Group (DNSG) of EASD commissioned a systematic
review and meta-analysis of randomised controlled
trials to summarise the effect of low GI/GL dietary
patterns on glycaemic control and other established
cardiometabolic risk factors in people with type 1 and
type 2 diabetes and assess the certainty of the evidence
using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach.

Methods

The supplemental methods present our methodology
in detail. We followed the Cochrane Handbook for
Systematic Reviews of Interventions (version 6.1)*
for the conduct and the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA)
guidelines®® (supplemental table S1). The protocol was
registered at ClinicalTrials.gov (NCT04045938).

Search strategy and selection criteria

Supplemental tables S2 and S3 shows the search
strategy.’® Validated filters from the McMaster University
Health Information Research Unit were applied to limit
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the database search to controlled studies only.>* We
searched Medline, Embase, and the Cochrane Central
Register of Controlled Trials through 13 May 2021.
These searches were supplemented with manual
searches of the reference lists from included trials.

We included randomised controlled trials with
a follow-up of three or more weeks investigating
the effect of low GI or low GL diets on measures of
glycaemic control, blood lipids, adiposity, blood
pressure, or inflammation in those with type 1 or type 2
diabetes. We excluded trials that were multimodal with
cointerventions (that is, trials which were designed
in such a way that the effect of GI or GL could not be
isolated), had non-energy matched controls, were in
pregnant or breastfeeding women, or did not report
viable endpoint data. No restrictions were placed on
language.

Data extraction

Two investigators (LC and DL, AA, or AC) independently
reviewed and extracted relevant data from each
included report using a standardised form including
sample size, participant characteristics, study setting,
design, feeding control, intervention, control, GI
and GL dose (glucose scale) during intervention and
control, dietary macronutrients, energy balance,
follow-up, funding source, and outcome data. When GL
was not reported but GI and carbohydrate (g/d) were,
we calculated GL from these values as GIxcarbohydrate
(g/d)/100. If carbohydrate was reported as percentage
of energy, we calculated grams per day using total
kilojoules when available, otherwise we assumed an
8368 K] diet. Authors were contacted for missing data.
In the absence of outcome data and inability to obtain
the original data from authors, values were extracted
from figures using Plot Digitizer,>> where available.
Discrepancies were resolved through consensus.

Risk of bias assessment

Included trials were independently assessed by two
investigators (LC and DL, AA, or AC) for risk of bias
using the Cochrane Risk of Bias Tool.>* Assessment was
made across five domains of bias (sequence generation,
allocation  concealment, blinding, incomplete
outcome data, and selective reporting). Risk of bias
was assessed as either low (proper methods taken to
reduce bias), high (inadequate methods creating bias),
or unclear (insufficient information provided) for each
of the five domains of bias (supplemental table S4).
Reviewer discrepancies were resolved by consensus or
arbitration by the senior author (JLS).

Outcomes

The prespecified primary outcome was difference in
glycated haemoglobin (HbA ). Secondary outcomes
included difference in other markers of glycaemic
control (fasting glucose, fasting insulin); blood lipids
(low density lipoprotein cholesterol (LDL-C), non-
high density lipoprotein cholesterol (non-HDL-C),
apo B, HDL-C, triglycerides); adiposity (body weight,
BMI (body mass index), waist circumference), blood
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pressure (systolic blood pressure (SBP) and diastolic
blood pressure (DBP)), and inflammation (C reactive
protein (CRP)). Change in hyperglycaemia drugs or
insulin, adverse events, and intervention acceptability
were added as a post hoc secondary outcomes that
were assessed narratively.

Data analyses

All analyses were conducted using STATA software,
version 16.1 (StataCorp, College Station, TX). Separate
pooled analyses of study trial comparisons were
conducted for each outcome using the generic inverse
variance method with DerSimonian and Laird random
effects meta-analyses.>® Mean differences between the
intervention and control arms and their respective
variance terms were extracted and used as the basis for
analysis for each trial comparison. If mean differences
were not provided, they were derived from available
data using published formulas.’?> When median data
were reported, they were converted to mean data
with corresponding variances using established
methods.?” ® When no variance data were available,
the standard deviation was taken from a trial similar
in size, participants, and nature of intervention. Mean
differences and standard errors were computed using
change in values from baseline in preference to over
end differences. For crossover trials and for within
arm changes in parallel trials, we used a correlation
coefficient of 0.5 in pairwise analysis to calculate
standard errors.’**' To mitigate a unit of analysis
error, when arms of trials with multiple interventions
or control arms were used more than once, the
corresponding sample size was divided accordingly.>?
Non-HDL-C values that were not reported were derived
by subtracting HDL-C from total cholesterol values
with standard errors derived from HDL-C and total
cholesterol variance data using the inverse variance
law.*? For trials in which the change in BMI was not
reported, but body weight was reported, then if baseline
BMI was available, these data were used to calculate
the height, which could then be used to calculate
the end BMI and change in BMI. The change in BMI
variance was imputed using published formula®? and
a correlation coefficient of 0.5.3%*

Data were expressed as mean differences with 95%
confidence intervals. Heterogeneity was assessed
using the Cochran Q statistic and quantified using the
I? statistic. Significance for heterogeneity was set at
P<0.10, with an I >50% considered to be evidence of
substantial heterogeneity.>> Sources of heterogeneity
were explored using sensitivity and subgroup analyses.

Sensitivity analyses were performed in which
each individual trial comparison was removed from
the meta-analysis and the effect size recalculated to
determine whether a single trial comparison exerted
an undue influence. A trial comparison whose removal
explained the heterogeneity, changed the significance
of the effect, or altered the effect size by one or more
minimally important difference  (supplemental
table S5) was considered an influential comparison.
Sensitivity analyses were also performed using
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correlation coefficients of 0.25 and 0.75 to determine
whether the overall results were robust to the use of
different correlation coefficients. Where 10 or more
trial comparisons were available, a priori subgroup
analyses were conducted using random effects meta-
regression where heterogeneity of effect estimates
(effect modification) was explored using prespecified
subgroups (diabetes type, study design, follow-up
duration, comparator diet, baseline outcome level,
diabetes duration, and domains of risk of bias).** *

Additional post hoc subgroup analyses were
conducted by age, energy balance, feeding control, test
GI/GL (absolute value of GI or GL achieved in trial in the
low GI/GL diets), difference in GI/GL (test control), and
funding source. Further post hoc categorical subgroup
analyses were conducted by presence of a washout
period for crossover trials and continuous subgroup
analyses by test fibre (absolute value achieved in trial
for dietary fibre in the low GI/GL diets) and difference
in fibre (test control).

We assessed significant difference within each
subgroup category or, where possible, as a continuous
variable. Residual I* was estimated to measure the
remaining heterogeneity after accounting for any
effect modification. We also conducted dose-response
analyses to assess linear dose-response gradients
and non-linear dose-response thresholds for dietary
GI and GL (by both the absolute value of GI/GL
achieved in trial in the low GI/GL diets and difference
in GI/GL, test control) if there were six or more trial
comparisons.”” Linear dose-response analyses were
assessed by random effects meta-regression. Non-
linear dose-response associations were assessed with
restricted cubic splines with three knots at Harrell’s
recommended centiles (15%, 50%, 85%).%¢ Departure
from linearity was assessed using the Wald test and
its significance conferred non-linear model as the best
fit. When 10 or more trial comparisons were available,
publication bias was investigated by inspection of
contour enhanced funnel plots*” and formal testing
using the Egger and Begg tests (at P<0.05).*® * If
publication bias was suspected, we attempted to adjust
for funnel plot asymmetry by imputing the missing
study data using the Duval and Tweedie trim-and-fill
method and assessed for small study effects.®

GRADE assessment

We used the GRADE approach to assess the overall
certainty of the evidence and produce profiles in
which evidence was graded as high, moderate, low,
or very low certainty.’’®® Two investigators (LC
and DL, AA, AC, or JLS) independently performed
GRADE assessments for each outcome. Randomised
controlled trials receive an initial grade of high by
default and were downgraded based on the following
prespecified criteria: risk of bias (assessed by the
Cochrane Risk of Bias Tool), inconsistency (substantial
unexplained interstudy heterogeneity, I* >50%, and
P<0.10), indirectness (presence of factors that limit the
generalisability of the results), imprecision (the 95%
confidence interval for effect estimates overlap the
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minimally important differences for benefit or harm),
and publication bias (significant evidence of a small
study effect), or upgraded.

Patient and public involvement

No patients were involved in the design or conduct of
the study, development of patient relevant outcomes,
interpretation of the results, or writing or editing of the
manuscript as there was no funding for this as part of
the guidelines development.

Results

Flow of the literature

Figure 1 shows the literature search and selection
process. Of 9596 reports identified, 9408 were
excluded based on titles and abstracts. Of 188 reports
reviewed in full, 161 were excluded based on eligibility
criteria. A total of 27 reports containing data for 29
trial comparisons involving 1617 participants with
diabetes were included in the final analyses.**?!>%7*

Trial characteristics

Table 1 and supplemental table S6 show the
characteristics of the 29 trial comparisons for each
outcome. All trial comparisons were conducted in
outpatient settings, with most in Canada (21%)
and Australia (17%), and also in France (10%), the
United States (7%), Israel (7%), Mexico (7%), and
the rest across European and Asian countries. Trials
had a median follow-up duration of 12 weeks (range
3-52), an approximately equal distribution of men
and women (median percentage women 47%, range
0-100%), and 45% had a crossover design (6 (46%) of
13 trial comparisons had no washout period between
interventions). Most trials included adult participants
(93%) with type 2 diabetes (90%). Most participants
were middle aged (median age 56 years, range 11-
67), overweight or obese (median BMI 31, range
19-36), with moderate glycaemic control (median
baseline HbA, 7.7%, range 6.2-13.8%) treated by
hyperglycaemia drugs (69%) or insulin (14%) or a mix
of both (7%), with a few included participants treated
exclusively with diet alone (10%). Mean duration of
diabetes varied from 4.9 to 9.5 years for those with
type 2 diabetes (n=16 trial comparisons), 10.3 to 14.6
years for adults with type 1 diabetes (n=2), 3 to 3.7
years for children with type 1 diabetes (n=2), 11.5
years for those with mixed type 1 and type 2 diabetes
(n=1), otherwise it was unspecified (n=8).

Themedian Gl values prescribed orachievedintrialin
the intervention or control diets were 49 (range 38-58)
and 63 (51-86), respectively; this value was reported
for 24 of 29 trial comparisons and approximated for
two trial comparisons. The median difference in GI
(test — control) between the intervention and control
diets was a reduction of 12 (range -32 to —-1). The
median (range) GL prescribed or achieved in trial
values in the intervention or control diets were 102
(33-176) and 138 (39-175), respectively; GL values
were reported for about one third of trial comparisons
(n=12) and calculated for nearly half (n=13). The
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median difference in GL (test — control) between the
intervention and control diets was a reduction of 29
(=77 to 5). Most trial comparisons investigated the
effect of a low GI diet (90%), but only three trials
explicitly defined their interventions as low GL (10%).
Macronutrient composition of intervention and control
diets varied across trials. Across intervention arms, the
median (range) intake values, reported as percentages
of energy were: carbohydrate 49% (range 38-60%),
protein 20% (13-23%), fat 32% (18-42%), saturated
fat 8.2% (5.1-13.2%), and fibre 30.7 g/d (12.2-53.0).
Across control arms, percentages of energy were:
carbohydrate 48% (36-64%), protein 19% (15-23%),
fat 32% (17-43%), saturated fat 8.6% (6.1-14.2%),
and fibre 26.3 g/d (11-35.4). Most trials had neutral
energy balance (90%), provided dietary advice (59%;
34% supplemented; 7% metabolic), and were funded
by agency alone (55%) or agency-industry (24%; 10%
industry; 10% not reported).

Risk of bias

Supplemental figures S1 and S2 show the Cochrane
Risk of Bias assessments for the included trials. Most
trials were judged as having a low or unclear risk of
bias across domains and none were rated as high.

Primary outcome

Figure 2 and supplemental figure S3 show the
effect of low GI/GL dietary patterns on the primary
outcome HbA, . In 22 trial comparisons involving
1502 participants (18 in those with type 2 diabetes
(n=1319), three in those with type 1 diabetes (n=165),
and one in those with mixed type 1 and 2 diabetes
(n=18)), low GI/GL diets led to a small important
reduction in HbA, compared with control diets (mean
difference —-0.31% (95% confidence interval -0.42%
to -0.19%), P<0.001; substantial heterogeneity,
’=75%, P<0.001).

Secondary outcomes

Figure 2 and supplemental figures S4-16 show the
effect of low GI/GL dietary patterns on cardiometabolic
outcomes. Low GI/GL diets showed moderate
reductions in non-HDL-C (mean difference -0.20
mmol/L (95% confidence interval -0.33 to -0.07),
P=0.002; substantial heterogeneity, I°’=70%, P<0.001);
small important reductions in LDL-C (-0.17 mmol/L
(-0.25 to —0.08), P<0.001; substantial heterogeneity,
1’=70%, P<0.001), apo B (-0.05 g/L (-0.09 to -0.01),
P=0.03; substantial heterogeneity, 1°’=58%, P=0.03),
triglycerides (-0.09 mmol/L (-0.17 to —0.01), P=0.04;
no substantial heterogeneity, I1°=44%, P=0.01),
body weight (-0.66 kg (-0.90 to —0.42), P<0.001; no
heterogeneity, 1°=0%, P=1.0), BMI (-0.38 (-0.64 to
-0.13), P=0.003; no heterogeneity, 1°=0%, P=1.0),
and trivial reductions in fasting blood glucose (-0.36
mmol/L (-0.42 to -0.19), P<0.001; substantial
heterogeneity; I°’=549%, P<0.001) and CRP (-0.41 mg/L
(-0.78t0 -0.04), P=0.03; no substantial heterogeneity,
’=24%, P=0.26). Other secondary outcomes
demonstrated non-significant improvements.
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(W 9596)

All reports identified through database searching (up to 13 May 2021)

2942 Medline 3313 Embase

3340 Cochrane Library

|

(B 5281)

Total reports after duplicates removed

A

4

1 Manual searches

CEELD

Reports excluded by title and abstract
919 Observational
1316 Review (includes SRMASs)
1181 Not diet
256 Not GI/GL
21 Co-intervention
21 Control Inappropriate

\ 234 Commentary/editorial/letter

214 Drug
42 Animal/cell
23 Case study
149 Acute (<3 weeks)
356 Protocol/methods paper
33 Not a dietary intervention
484 Not diabetes
47 Companion paper (secondary publication)
5 Conference/abstract

CXED

Reports assessed for full review

(B 157
Reports excluded by full review

3 Observational

3 Review

8 Not diet
19 Not GI/GL
Co-intervention
Control Inappropriate
Acute (<3 weeks)

Duplicate

Protocol/methods paper

Not a dietary intervention

Not diabetes
Companion paper (secondary publication)
Conference/abstract

No viable outcome data

Irretrievable
GDM

6

-
W=0hMbhONDMa2GTUOW

Total reports included in meta-analysis (29 trial comparisons)
Trial comparisons for each outcome

26 Glucose
24 Body weight

12 Insulin
20 BMI

22 HbA,
6 apo B

26 LDL-C
10 Waist circumference

25 Non-HDL 26 HDL-C
9 SBP 8 DBP

26 TG
6 CRP

Fig 1| Literature search and selection strategy. Apo B=apolipoprotein B; CRP=C reactive protein; DBP=diastolic
blood pressure; GDM=gestational diabetes; Gl=glycaemic index; GL=glycaemic load; HbA =glycated haemoglobin;
HDL-C=high density lipoprotein cholesterol; LDL-C=low density lipoprotein cholesterol; non-HDL-C=non-high density
lipoprotein cholesterol; SBP=systolic blood pressure; SRMA=systematic review and meta-analysis; TG=triglycerides

Medication use

Supplemental table S7 presents the data available for
the reporting of changes in medication or insulin use.
Of the 29 trials, 10 reported changes in hyperglycaemia
drugs or insulin use, in which two showed a significant
reduction in their use for low GI/GL diets compared
with control,*® 7 four showed a significant reduction
within the low GI/GL diet interventions which was not
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statistically different from control,?® %’ > ¢ and four

showed no change in medication or insulin use within
or between the low GI/GL and control diets.>! >¢>° ¢©

Adverse events

Adverse events were reported in four trials. One trial
by Giacco et al®® reported a statistically significant
reduction in hypoglycaemicevents (0.73 +0.7v1.5+1.2
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tAll sample sizes reflect participants included in the data analysed.

$Data are medians and ranges where the range represents the range of the mean (age or diabetes duration or follow-up) in the included trial comparisons.

2), BMI

2), body weight (n=

3), apo B (n=

5), triglycerides (n=

2), insulin (n=3), LDL-C (n=7), non-HDL-C (n=7), HDL-C (n=

1 trial comparison), fasting glucose (n

§Note: not all trials reported baseline values. Baseline values were not reported for: HbA, (n

0).
INote: not all trials reported a GI/GL value for the intervention. For those trials that did report GI/GL values, most reported intakes achieved in trial intakes based on food records. G units are on the glucose scale.

0), SBP (n=0), DBP (n=0), CRP (n=

0), waist circumference (n
**Negative energy balance refers to a deficit in normal energy intake or intake below energy requirements. Neutral energy balance refers to the maintenance of usual energy intake or meeting energy requirements.

ttAgency funding is that from government, university, or not-for-profit sources. Industry funding is that from trade organisations that obtain revenue from the sale of products.
+#Five of six trial comparisons explicitly report that high sensitivity CRP was measured.

(n

events per patient per month; P<0.01). Giacco et al*’
also reported gastrointestinal side effects, recording
that 56% of participants treated with a high fibre/low
GI diet had some minor gastrointestinal side effects
(flatulence, meteorism, and diarrhoea) in comparison
with 40% of the those treated with low fibre/higher
GI diets (P>0.05). None of these episodes resulted
in participant withdrawals. A trial by Jenkins et al,
2008% showed that more hypoglycaemic symptoms/
low blood glucose levels were found in a subset of
those who had to reduce their hyperglycaemia drugs
on low GI/GL diets compared with control diets (6/106
and 0/104 participants, respectively). The remaining
two trials by Jenkins et al, 2014 and Gilbertson et al,
2001 showed no differences in hypoglycaemic events
between diets.?®*°

Acceptability

Supplemental table S8 presents the data available
for the seven trials reporting acceptability. Three trial
comparisons?® 28 % reported a preference for the low
GI diets and the other four®®® reported that both diets
were equally acceptable.

Sensitivity and subgroup analyses

Supplemental figures S17-S30showinfluenceanalyses,
in which systematic removal of individual trials altered
the results. Removal of single trial comparisons
resulted in changes in a gain of significance in the
pooled effect estimate for the decrease in waist
circumference?®; loss of significance for the decrease
in triglycerides®? 23 26275657 71 and apoB,®* ®® although
the direction of the pooled effect estimate still
favoured low GI/GL diets; and partial explanation of
the evidence of substantial heterogeneity for HbAlC,21
fasting glucose,”* *” ¢ non-HDL-C,*° HDL-C,** % ¢
apoB,’! waist circumference,?® and SBP and DBP.%’

Supplemental table S9 shows sensitivity analyses in
which we used different correlation coefficients (0.25
and 0.75) for paired analyses to calculate standard
errors. None of the correlation coefficients altered the
conclusions for any outcome.

Supplemental figures S31-S62 present the subgroup
analyses conducted for all outcomes except apo B, SBP
and DBP, and CRP (<10 trial comparisons). For HbA, ,
evidence of significant effect modification by baseline
HbA, (P=0.02) was seen in categorical analyses, where
significantly greater reductions were found in HbA,
in those trials with greater baseline HbA, (27.7%);
in funding (P=0.003), where those not reporting the
funding source (two trial comparisons) showed greater
reductions than the other categories of funding;
and allocation concealment (P=0.04) and blinding
(P=0.04), where those studies rated as unclear had
greater reductions than those rated as low, although
both categories were significant.

For the secondary outcomes fasting insulin, LDL-C,
non-HDL-C, HDL-C, triglycerides, and DBP, significant
effect modification was observed by at least one of
the following: age, baseline outcome level, funding
source, allocation concealment, blinding, incomplete
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outcome reporting, absolute test fibre, and difference
in fibre. No effect modification was found by type of
diabetes. None of these subgroup effects altered the
evidence for heterogeneity for any outcome. No effect
modification was found by presence of a washout
phase in crossover trials on any outcome except for
LDL-C (P=0.03), where seven crossover trials with a
washout showed significant reduction, whereas five
trials without a washout showed no effect, a trend seen
similarly for non-HDL-C (P=0.05). The opposite was
found for triglycerides (P=0.002), however, where the
reduction was greater in those crossover trials without
a washout phase (n=7).

Dose-response analyses

Supplemental figures S63-S70 present linear and
non-linear dose-response analyses, and supplemental
figures S31-S49 present categorical subgroups
analyses for GI and GL. For HbA , a significant
linear dose-response was seen for difference in GL
(P=0.032). For the dose-response analyses of GI,
there was a positive linear association with absolute
test GI (prescribed or achieved in trial GI in the low
GI/GL diets) and SBP, where trials with lower dietary
GI saw greater reductions in SBP (which influenced
the interpretation of the magnitude of effect, fig 2).
Similar non-significant trends were seen for HbA ,
non-HDL-C, apo B, triglycerides, and body weight
(P values ranged from 0.122 to 0.301). A non-linear
bell shaped association was seen for absolute test GI
and fasting glucose (P=0.01) and waist circumference
(P=0.002). For difference in GI, no associations
were found for any outcome. For the dose-response
analyses of GL, for absolute test GL, a non-linear
bell shaped association for HDL-C (P=0.04) was seen
and a U shaped association for waist circumference
(P<0.001). For difference in GL, a non-linear U shaped
association was seen for triglycerides (P=0.03) and
waist circumference (P<0.001) and a negative linear
association for DBP (P=0.01). The associations for
triglycerides and DBP were driven by outliers. The
association for triglycerides became a significant
positive linear dose-response gradient with the
removal of a single outlier of effect®* (P=0.04) (which
influenced the interpretation of the magnitude of
effect, fig 2), and the association for DBP became non-
significant with the removal of a single extreme outlier
of exposure®! (P=0.07).

Publication bias

Supplementary figures S71-S74 show the assessments
for publication bias for all outcomes. No evidence for
funnel plot asymmetry was found, and Egger’s and
Begg’s tests showed no evidence of small study effects
(P>0.05) for HbA,, or for any secondary outcome
except fasting glucose and insulin (P<0.05, Egger’s
test). The trim and fill method (supplemental fig S72)
shows no evidence of small study effects for fasting
glucose, but some evidence for fasting insulin, where
the imputation of five trials altered the significance
(mean difference -6.68 pmol/L (95% confidence
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interval -11.99 to —-1.37), P=0.01). Publication bias
was not assessed for apo B, SBP and DBP, and CRP (<10
trial comparisons).

GRADE assessment

Figure 2 and supplemental table S10 present the
GRADE assessments of the overall certainty of the
evidence for the effect of low GI/GL dietary patterns on
cardiometabolic outcomes. The evidence was graded
as high for the primary outcome HbA, owing to a
downgrade for imprecision and an upgrade for a dose-
response. The evidence for most secondary outcomes
was graded as moderate owing to downgrades for
imprecision, except HDL-C which was graded as high,
and insulin, LDL-C, and waist circumference which
were graded as low owing to downgrades for either
inconsistency, imprecision, or evidence of publication
bias from small study effects.

Discussion

This systematic review and meta-analysis included 27
randomised controlled trials (29 trial comparisons) in
1617 participants with type 1 or 2 diabetes, who were
predominantly middle aged, overweight, or obese
with moderately controlled type 2 diabetes treated
by hyperglycaemia drugs or insulin. We showed
that low GI/GL dietary patterns in comparison with
higher GI/GL control diets provide small important
benefits for glycaemic control and other established
cardiometabolic risk factors over a median follow-up
of 12 weeks. An improvement was seen in the primary
outcome and primary target of glycaemic control
HbA, of 0.31% with a significant positive linear
dose-response gradient for difference in GL showing a
reduction of ~0.04% HbA, units per 10 unit reduction
in GL. Further improvements were seen in several
secondary outcomes, including other established
targets of glycaemic control (fasting glucose —0.36
mmol/L); blood lipids (LDL-C -0.17 mmol/L; non-
HDL-C -0.20 mmol/L; triglycerides —0.09 mmol/L;
apo B -0.05g/L); adiposity (body weight —0.66 kg; BMI
-0.38); SBP (positive linear dose-response gradient
showing a reduction of 0.49 mm Hg per unit reduction
of GI) and inflammation (CRP -0.41 mg/L). A limited
number of trials also showed that low GI/GL dietary
patterns were preferred or equally acceptable to control
diets, without any adverse effects.

Findings in the context of the literature

Our findings provide a comprehensive update on
previous systematic reviews and meta-analyses. The
last comprehensive analysis in diabetes, which was
published in 2010,”® also showed a reduction in
HbA, (-0.5%). With similar inclusion criteria, but
with a census date of March 2009, it included only
12 randomised controlled trial comparisons, of which
only seven reported data for HbA, . Thus, our 29
trial comparisons, including 22 trial comparisons for
HbA, , provide an update to support a role of low GI/GL
diets for glycaemic control in diabetes. Other similar
analyses published since 2010 were not comprehensive
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owing to restrictions in search dates or inclusion
criteria, thus including only 3-15 trials. Despite their
limitations, each showed important improvements
in glycaemic control in diabetes.”*! Thus evidence
consistently shows that low GI/GL dietary patterns can
improve glycaemic control in comparison with higher
GI/control diets.

The effects observed for secondary outcomes are
generally supported by previous systematic reviews
and meta-analyses. One synthesis by Goff et al of 23
randomised trials comparing low with high GI diets
over at least four weeks (14 with diabetes) found
similar LDL-C reductions, with no effect found on
HDL-C or triglycerides.”? Similarly, another synthesis
by Zafar et al of 36 randomised trials over one or more
weeks in diabetes and impaired glucose tolerance
found a reduction in LDL-C with no effect on HDL-C
or triglycerides.”® In contrast to our synthesis, which
showed a positive linear dose-response gradient
for difference in GL and triglycerides, these two
meta-analyses did not find a significant effect on
triglycerides, although there was a tendency for a
reduction; however, those studies focused on low GI
interventions only. This difference suggests that the
improvement in triglycerides requires the combination
of lower GI and lower carbohydrate intake. The meta-
analysis by Zafar et al also showed in 42 trials a
reduction in body weight and BMI. Another synthesis of
14 long term randomised trials (=6 months), four trials
in type 2 diabetes, of low GI/GL diets reported a non-
significant reduction in body weight compared with
higher GI/GL diets.”* Our observed anti-inflammatory
effect is supported by previous work,” particularly
with longer follow-up.”* The positive linear dose-
response gradient observed for absolute prescribed
or achieved in trial dietary GI and SBP found in the
present synthesis is supported by a systematic review
and meta-analysis of 13 trials in healthy participants
(not taking drugs for hypertension), commissioned by
the Scientific Advisory Committee on Nutrition (SACN),
which demonstrated reductions in SBP and DBP for GI
and GL.”® Evidence for the effect of low GI/GL diets on
insulin is mixed.”>”*

The reductions in intermediate cardiometabolic risk
factors seen with low GI/GL dietary patterns align with
the reductions in clinical events seen in prospective
cohort studies. Systematic reviews and meta-analyses
of prospective cohort studies have shown reduced
incidence of diabetes and cardiovascular disease. A
recent random effects dose-response meta-analysis
of 24 prospective studies with validated instruments
(correlation >0.55) for carbohydrate, showed a 27%
and 26% greater incidence of type 2 diabetes per 10
unit increase in GI and per 80 g/d increase in GL,
respectively, and relative risks for global dose-response
meta-analyses were 1.87 and 1.89 for GI (range 47.6-
76.1 GI units) and GL (range 73-257 g/d GL in an 8368
kJ (2000 kcal) diet), respectively.'* The same dose-
response meta-analysis was conducted looking at the
risk of coronary heart disease and showed relative
risks of 2.71 and 5.5 across the global range for GI

(47-82 GI units) and GL (55-290 g/d), respectively.'*
Another meta-analysis similarly demonstrated
significantly higher risk with higher GI/GL diets for
both cardiovascular disease'® and the incidence of
heart disease.*

The association between GI and GL and
cardiovascular disease was most recently explored in a
large international cohort of 137 851 participants aged
between 35 and 70 years living on five continents, with
a median follow-up of 9.5 years.”” The Prospective
Urban Rural Epidemiology (PURE) study found that a
diet with a high GI was associated with an increased
risk of a major cardiovascular event or death, both
among participants with pre-existing cardiovascular
disease (hazard ratio 1.51, 95% confidence interval
1.25 to 1.82) and among those without such disease
(1.21, 1.11 to 1.34) compared with diets with a
low GL”” The results were similar for GL among the
participants with cardiovascular disease at baseline,
but the association was not significant among those
without pre-existing cardiovascular disease.”” This
study showed that the associations found in the meta-
analyses, which principally include cohorts from
Western countries, are also found in non-Western
countries with low or middle incomes. The study
also examined the outcomes among participants
according to the presence or absence of pre-existing
cardiovascular disease, allowing the exploration of
associations with implications for both primary and
secondary prevention strategies.

Our synthesis shows that a focus on both
carbohydrate quality and quantity through low GI/
GL dietary patterns might have similar or broader
benefits than a focus on carbohydrate quantity
alone. An earlier DNSG commissioned systematic
review and meta-analysis of low carbohydrate diets
(defined as interventions encouraging diets with
carbohydrates as <40% of energy) compared with
higher carbohydrate diets (defined as control diets
encouraging carbohydrates as >40% of energy) in
participants with type 2 diabetes found a trivial effect
on HbA, with no differences in other measures of
glycaemic control, blood lipids, blood pressure, or
measures of adiposity.’® Other systematic reviews and
meta-analyses showed reductions in HbA, , fasting
glucose, and triglycerides over the shorter term (3-6
months) but not the longer term (>12 months), with
no consistent evidence of reductions in body weight
or LDL-C using lower carbohydrate diets (defined as
<47% of energy).”’ These studies also showed higher
diabetes remission, with important improvements in
weight loss, triglycerides, and insulin sensitivity over
the shorter term (<6-months), which diminished at
12 months in those following low carbohydrate diets
(defined as diets with <26% of energy as carbohydrates)
but not very low carbohydrate diets (defined as
diets with <10% of energy as carbohydrates).®® This
synthesis also had an important signal for harmful
increases in LDL-C at 12 months.?® On the other hand,
our synthesis shows that low GI/GL dietary patterns
produce similar improvements in HbA, and related
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cardiometabolic risk factors, with the addition of
reductions not seen with lower carbohydrate diets in
LDL-C, non-HDL-C, apo B, SBP, and CRP, which are
established targets for cardiovascular risk reduction.

Acarbose, an oral o-glucosidase inhibitor that
effectively converts the diet to a low GI/GL dietary
pattern, provides a biological analogy®! to support
the ability of low GI/GL dietary patterns to improve
clinical outcomes.®? Individual randomised controlled
trials®*® and systematic reviews and meta-analyses
of randomised controlled trials®® ® have shown
that acarbose reduces the incidence of diabetes,
hypertension, cardiovascular disease, myocardial
infarction, and stroke in people at risk for type
2 diabetes,®** ¥ and myocardial infarction and
cardiovascular disease in people with type 2 diabetes,
reductions which have estimates and 95% confidence
intervals that contain those seen for the association
of low GI dietary patterns with the same clinical
outcomes®'® and correspond with improvements
in glycaemic control similar to those seen in our
synthesis. Supplemental Table S11 presents various
other mechanisms supporting the effects observed in
our analyses.

One of the longstanding criticisms of the GI is
the inability to disentangle the effects of a low GI
dietary pattern from the individual components that
it contains, especially dietary fibre.> We were able to
assess the interaction by fibre in the available trials. No
interaction by fibre was found on the primary outcome
HbA,_ or any of the secondary outcomes related to
glycaemic control. Exceptions were other secondary
cardiometabolic outcomes, including LDL-C, non-
HDL-C, and DBP, where higher fibre intakes on the
low GI/GL diets or greater differences in fibre between
the low GI/GL and control diets were associated with
reductions (P<0.05), possibly related to the intake of
viscous fibre. Another exception was for triglycerides,
where a higher difference in fibre between the low GI/
GL and control diets was associated with a smaller
reduction in triglycerides, which might reflect higher
carbohydrate intakes. These findings indicate that
fibre does not contribute to the beneficial effects on
glycaemic control achieved with low GI/GL diets but
might relate to improvements in lipids and blood
pressure. The underlying criticism that one cannot
disentangle the effects of a dietary pattern from its
components is applicable to any dietary pattern—for
example, Mediterranean, vegetarian, Portfolio, Nordic,
Dietary Approaches to Stop Hypertension (DASH), low
carbohydrate, and others. The same criticism applies
equally to fibre itself, as foods which are rich in fibre
also contain vitamin B6, thiamine, folate, vitamin E,
magnesium, and other trace minerals and bioactive
agents—in particular, phenolic compounds and
antioxidants.®**!

Strengths and limitations

The strengths of the analyses include a rigorous
search and selection strategy allowing comprehensive
identification of all eligible studies; inclusion of

thebmj | BMJ2021;374:n1651 | doi: 10.1136/bmj.n1651

RESEARCH

primarily high quality randomised controlled trials
providing the highest protection against bias; use of
intention to treat data, when available, providing more
conservative pooled estimates,’” and using the GRADE
approach to assess the overall certainty of evidence.

Our analyses had several limitations. Firstly, the
evidence indicated serious inconsistency for the
effect of low GI/GL dietary pattens on LDL-C and waist
circumference. No inconsistency was present for other
outcomes.

Secondly, potential for indirectness was seen in
some of the analyses. Few trial comparisons were
available in children (two trials) and people with type
1 diabetes (five trials). Removal of the trials in children
did not alter the estimates for any outcome and there
was no effect modification in subgroup analyses by
type of diabetes for any outcome and so we did not
downgrade for serious indirectness in either case. Our
findings, however, remain most relevant to adults with
type 2 diabetes. The relative lack of high GI comparator
diets was another potential source of indirectness. The
median GI achieved in trial across low GI interventions
was 49, whereas it was 63 across the higher GI control
diets, with a median difference of more than 10 GI units.
Although these GI values suggest that the comparisons
were between low GI/GL and medium GI/GL diets,
we did not downgrade for serious indirectness, as
probably these medium GI control diets would have
led only to an underestimation of the true effect of low
GI/GL diets, with larger effect sizes expected for their
intended substitution with high GI/GL control diets.

Thirdly, the evidence indicated serious imprecision
in the pooled estimates across most outcomes. The
959% confidence intervals were wide and could not rule
out clinically trivial effects for all outcomes, although
they did not contain harm. Instability was seen in the
significance of the pooled effect estimates, with the
removal of single trial comparisons during sensitivity
analyses changing the significance from non-significant
to significant for waist circumference and significant
to non-significant for triglycerides and apo B. Several
cases of imprecision, however, were explained by
linear dose-response gradients (HbA,, triglycerides,
and SBP), suggesting that trials with lower prescribed
or in trial achieved GI/GL and larger differences in GI/
GL (test—control) might produce more precise clinically
important reductions. Finally, evidence of small study
effects was found for the effect on insulin. Although
the overall effect on fasting insulin was not significant,
trim-and-fill analyses showed evidence of small study
effects, with additional imputed trial comparisons
resulting in a significant reduction in insulin. The
small number of available trial comparisons (<10) for
blood pressure and inflammatory markers meant we
were unable to conduct publication bias analyses for
these outcomes.

Weighing these strengths and limitations, we graded
the certainty in the evidence as high for HbA, and
moderate for most other outcomes, with the exception
of high for HDL-C and low for fasting insulin, LDL-C,
and waist circumference.

1
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Implications

Diet and lifestyle remain the cornerstone of the
management of diabetes. Our synthesis shows that low
GI/GLdietary patterns are considered an acceptable and
safe dietary strategy that can produce small meaningful
reductions in the primary target for glycaemic control in
diabetes, HbA , fasting glucose, and other established
cardiometabolic risk factors. The pooled in trial
achieved reduction in HbA, of -0.31% would meet the
threshold of 20.3% reduction in HbA, proposed by the
European Medicines Agency as clinically relevant for
risk reduction of diabetic complications.”” This effect
was observed beyond concurrent hyperglycaemia
drugs or insulin, which was reduced in many of the
included trial comparisons.?*2® > >7 © Thus low GI/
GL dietary patterns might be an especially helpful
lifestyle strategy for those with type 2 diabetes as it
might assist in the management of glycaemic control
as add-on treatment to hyperglycaemia drugs while
at the same time reducing the need for these drugs.
Given the ultimate target of glycaemic control in those
with diabetes is reducing cardiovascular events as the
leading cause of death in this population,® it is likely
to be achieved not only by the clinically significant
reduction in HbA , which previous systematic reviews
and meta-analyses of trials have shown,”*”*” but also by
the 0.17 mmol/L reduction (~6%) in LDL-C, which it is
predicted would translate to about a 6% risk reduction
in major cardiovascular events.’® *° Therefore, there is
an important opportunity for those with diabetes to
achieve the glycaemic and cardiometabolic advantages
of adopting low GI/GL dietary patterns.

Conclusions

In conclusion, our synthesis supports existing
recommendations for the use of low GI/GL dietary
patterns in the management of diabetes. The available
evidence shows that low GI/GL dietary patterns might
have advantages for reducing the primary target for
glycaemic control, HbA , as well as fasting glucose
and other established cardiometabolic risk factors
beyond concurrent treatment with hyperglycaemia
drugs or insulin in predominantly adults with
moderately controlled type 1 and type 2 diabetes. Our
confidence in the evidence was high for small clinically
important reductions in HbA, and moderate for most
cardiometabolic risk factors, suggesting the available
evidence provides a good indication of the likely
benefit in this population.

The main source of uncertainty, imprecision,
should be considered by further large high quality
randomised controlled trials, which target lower GI/GL
diets with bigger differences between test and control.
To confirm whether the improvements in intermediate
cardiometabolic risk factors translate to reductions
in clinical outcomes, larger randomised trials are
needed in those with diabetes of the effect of low GI/
GL dietary patterns on outcomes of cardiovascular
disease, nephropathy, and retinopathy. We await
the results of the Low Glycemic Index Diet for Type 2
Diabetes trial (NCT01063374), a randomised trial of

the effect of a low GI dietary pattern on the progression
of atherosclerosis by vascular MRI over three years
in 169 high risk participants with type 2 diabetes
and subclinical atherosclerosis (carotid intima media
thickness >1.2 mm).'%°
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