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Abstract

Aims/hypothesis Recent studies advocate prediabetes remission as a goal in diabetes prevention, but the optimal dietary
composition for prediabetes remission over the long term is unknown. We aimed to examine the long-term effects on pre-
diabetes remission of a prudent diet with moderate protein and a moderate glycaemic index (GI) (akin to general dietary
guidelines) vs a high-protein, low-GI diet.

Methods This study is a secondary analysis of PREVIEW, which is a 3 year, multicentre, parallel, randomised trial. Adults
with overweight/obesity (BMI > 25 and <30 kg/m? or BMI > 30 kg/m?, respectively) and prediabetes (fasting glucose
5.6-6.9 mmol/l and/or 2 h glucose 7.8—11.0 mmol/l determined using an OGTT) were recruited. Eligible participants
underwent an 8-week rapid weight loss programme comprising a low-energy diet, followed by a 3 year weight maintenance
phase comprising lifestyle intervention. At baseline, participants were randomly assigned to a high-protein (25% of energy
from protein), low-GI (GI<50) diet, or a prudent diet with moderate protein (15% of energy from protein) and moderate GI
(GI>56). The primary outcome of the current analysis was the number of participants who achieved prediabetes remission
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(i.e. areturn to normal fasting glucose and normal glucose tolerance) at 1 year or 3 years. Secondary outcomes were changes
in body weight and composition over 3 years (continuous variables) and maintenance of a >8% weight loss target (binary
variable). Modified intention-to-treat analyses were performed on all participants who received the dietary intervention
(n=1856). Risk ratios and 95% CI for prediabetes remission and maintaining the weight loss target in each diet group were
estimated using multilevel modified Poisson regression adjusted for age and sex. Linear mixed models were used to estimate
the dietary effects on changes in body weight and composition.

Results The moderate-protein, moderate-GI group (n=923) had a higher rate of remission than the high-protein, low-GI
group (n=933) at both 1 year (rate of remission 26.3% vs 20.7%; RR 1.26; 95% CI 1.04, 1.53; p=0.025) and 3 years (20.6%
vs 15.5%; RR 1.26; 95% CI 1.06, 1.50; p=0.015). However, body weight and composition changes were similar for partici-
pants on the moderate-protein, moderate-GI vs high-protein, low-GI diet at 1 year (54.0% vs 57.3% of participants met the
weight loss maintenance target [>8% of initial body weight]; p=0.215) and 3 years (31.4% vs 30.4%, respectively; p=0.793).
The differences in remission rates of the two dietary patterns were independent of body weight and composition changes.
Conclusions/interpretation Following rapid weight loss, a prudent diet with moderate protein and moderate GI was more
effective for long-term prediabetes remission than a high-protein, low-GI diet, irrespective of weight change.

Trial registration ClinicalTrials.gov NCT01777893

Keywords Diabetes prevention - Diet - Dietary composition - Glycaemic index - Glycaemic load - Normoglycaemia - Nutrition

Abbreviations GI Glycaemic index

ABSI A body shape index LAP  Lipid accumulation product

E% Percentage of energy derived from each PA Physical activity
macronutrient VAI  Visceral adiposity index

What is already known about this subject?

e Recent studies advocate prediabetes remission as a goal for diabetes prevention, with diet as a key modifiable risk
factor

e Ashort-term study reported that a high-protein diet was more effective for prediabetes remission than a high-
carbohydrate diet for 6 months, but carbohydrate quality (assessed as glycaemic index, Gl) was not taken into
account

e |tis not known whether a high-protein, low-Gl diet is superior (or inferior) to a prudent diet with moderate protein
and moderate Gl (akin to general dietary guidelines) for remission of prediabetes, particularly over the longer term
(=1 year)

What is the key question?

e Qver the longer term (=1 year), is a high-protein, low-Gl diet more beneficial than a prudent diet, with moderate
protein and moderate Gl, for prediabetes remission?

What are the new findings?

e A prudent diet with moderate protein and moderate Gl was more effective for 3 year prediabetes remission than a
high-protein, low-Gl diet

e The differences in the effects of the two dietary patterns on prediabetes remission were independent of weight
change

How might this impact on clinical practice in the foreseeable future?

e  Contrary to evidence from previous short-term (<1 year) studies, our findings from this large-scale, multicentre,
randomised trial suggest that the optimal diet for long-term prediabetes remission is a prudent diet with
moderate protein and moderate Gl; future research should explore the mechanisms underlying these observations
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Introduction

By 2050, diabetes is expected to affect 1.3 billion people
worldwide, with the vast majority having type 2 diabetes
[1]. Prevention of type 2 diabetes will not only avert com-
plications, but also produce enormous savings to health-
care budgets [2]. Prediabetes is the strongest risk factor for
diabetes [3]. Prediabetes remission, a return to normal glu-
cose regulation, is related to lower risks of diabetes [4-6],
complications [7] and mortality [8]. Prediabetes remission
is therefore advocated for use as a goal in diabetes pre-
vention [4, 5]. Obesity is highly prevalent among people
with prediabetes, and there is strong evidence that weight
loss is effective for diabetes prevention [9] and prediabetes
remission [10]. The ADA recommends a weight loss target
of >7% for diabetes prevention [9]. Unfortunately, weight
regain after weight loss is common [8], and it is unclear
to what extent this compromises prediabetes remission.

Despite recent advances in drug therapy, dietary strategies
are still first-line and effective treatment for weight manage-
ment and diabetes prevention [11]. Identifying the optimal
dietary pattern for prediabetes remission is important for
diabetes prevention. Low-carbohydrate diets are effective
for weight loss and glucose management in the short term
(<1 year) [12-14]. To achieve long-term (>1 year) bene-
fits, some successful diabetes prevention studies involving
lifestyle intervention, such as the US Diabetes Prevention
Program [15] and the Finnish Diabetes Prevention Study
[16], were based on a prudent, higher-carbohydrate diet (45-
65% of energy [E%], akin to general dietary guidelines [17])
with moderate protein (10-20 E%) and moderate glycaemic
index (GI). A recent study also showed that a high-protein
diet (30 E%) with increased intake of low-fat animal foods
was more effective for prediabetes remission than a high-
carbohydrate diet (15 E% as protein) for 6 months [18, 19].
As well as carbohydrate quantity, recent meta-analyses have
demonstrated that carbohydrate quality (GI and glycaemic
load) may also play a role in weight and glucose manage-
ment [20]. In particular, the DiOGenes study reported that
a high-protein (23-28 E%, with intake of fish twice a week),
low-GI diet was more effective for weight maintenance for
6 months than four other diets that varied in composition
with respect to both protein and carbohydrate quality [21].
However, the long-term (>1 year) effects of dietary compo-
sition (especially protein content and carbohydrate quality)
on prediabetes remission remain unknown.

This study is a secondary analysis of PREVIEW, a 3 year,
multinational, randomised diabetes prevention trial. This
analysis aimed to examine the effects of a high-protein, low-
GI diet vs a prudent diet with moderate protein and moderate
GI on prediabetes remission (i.e. return to normoglycaemia,
similar to the ADA definition of complete diabetes remission

[22]) and maintenance of the weight loss target at 1 and 3
years. We also examined whether the effects varied between
adults who achieved and did not achieve the weight mainte-
nance target, as well as exploring the role of changes in body
weight and composition in prediabetes remission.

Methods

Study design This secondary analysis used the data from
the PREVIEW study (Prevention of Diabetes through Life-
style Intervention and Population Studies in Europe and
Around the World) (ClinicalTrials.gov: NCT01777893), a
3 year, multicentre, open-label, parallel, RCT conducted
between June 2013 and March 2018 at eight intervention
centres in Denmark, Finland, the UK, the Netherlands,
Spain, Bulgaria, Australia and New Zealand. The main aim
of the PREVIEW study was to examine the effects of two
diets on prevention of type 2 diabetes among adults with
overweight/obesity and prediabetes. Participants under-
went an 8-week rapid weight loss programme comprising a
low-energy diet (phase 1), followed by a 148-week weight
loss maintenance phase (phase 2) comprising lifestyle
intervention (diet and physical activity, PA). In phase 1, all
eligible participants were provided with low-energy diet
meal replacement products with an intake of 3400 kJ/day
(810 kcal/day). Those who lost >8% of their initial body
weight after phase 1 were allowed to enter phase 2 and
underwent lifestyle intervention.

The primary outcome of the PREVIEW study was the
difference in 3 year cumulative incidence of type 2 diabetes
between the two diets (high-protein, low-GI vs moderate-
protein, moderate-GI). Detailed information on the study
design and findings is provided in the PREVIEW protocol
and the main paper [23, 24]. The protocol was approved by
the human ethics committee at each intervention centre (see
electronic supplementary material [ESM] Methods). The
original ethics approvals allowed for secondary analyses
based on the database created during the PREVIEW study
and also for subgroup studies at each site, which were sub-
ject to separate ethics approvals. The PREVIEW study was
conducted in line with the Declaration of Helsinki.

Study population and randomisation Community-based
participants were enrolled between June 2013 and April
2015. Eligible participants were women and men with a
BMI >25 kg/m? and prediabetes. The participants were
not recruited through random sampling. However, during
recruitment, we paid special attention to sex and age distri-
bution. We aimed to avoid significant sex imbalance and to
achieve a wide range of ages (25-70 years) to increase gen-
eralisability. Sex was self-reported by participants as female
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or male. Ethnicity/race was self-reported by participants as
white, Asian, Black, Arabic, Hispanic or other. Prediabetes
was defined as fasting glucose of 5.6—6.9 mmol/l and/or 2 h
glucose of 7.8—11.0 mmol/l determined using an OGTT,
according to ADA criteria. The main exclusion criteria were
pre-existing type 1 or 2 diabetes. Inclusion and exclusion
criteria and reasons for attrition during the study have been
listed elsewhere [23, 24]. Written informed consent was pro-
vided by eligible participants.

At baseline, participants were randomly assigned in a 1:1
ratio to one of the two diet groups, and those in each diet
group were randomised (1:1) into one of two PA groups
(moderate vs high intensity). The randomisation was strati-
fied by sex (female/male) and age group (25-45, 4654 and
55-70 years) at each centre. Detailed information is pro-
vided in ESM Methods.

Interventions At the start of the weight loss maintenance
phase, participants received instructions for one of the two
diets and one of the two PA programmes (four intervention
groups in total). Detailed group information is provided in
ESM Methods. The two diets had different macronutrient
composition and carbohydrate quality: a high-protein (25
E%), lower-carbohydrate (45 E%), low-GI (<50) diet, or a
moderate-protein (15 E%), higher-carbohydrate (55 E%),
moderate-GI (>56) diet. Details about GI levels are pro-
vided in ESM Methods. Based on previous research (i.e.
the DiOGenes study) [21], we anticipated a difference of
approximately 5 units in the mean GI values between the
two diet groups was necessary to detect a difference in 3 year
incidence of type 2 diabetes.

Diets were consumed ad libitum without energy intake
targets. Participants received diet and PA advice from
trained professionals. Both intervention diets emphasised
healthy food choices, and participants in each diet group
were encouraged to increase intakes of wholegrain cereals,
vegetables and fruit, and reduce intakes of red meat and
sugar-sweetened beverages. Participants in the high-protein,
low-GI group were recommended to eat more low-GI cere-
als, pasta, legumes, low-fat dairy products, poultry and fish.
Participants in the moderate-protein, moderate-GI group
were recommended to eat more wholegrain cereals with
moderate GI. Details of PA programmes are provided in
ESM Methods. Participants were encouraged to maintain
target weight loss during the weight loss maintenance phase.

Dietary intake and PA were assessed using self-reported
4-day food records and 7-day accelerometry, respectively.
Details about diet and PA assessment are provided in ESM
Methods, including standard operating procedures and com-
pliance strategies.

Outcomes The primary outcome of the current analysis
was the number of participants who achieved both normal
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fasting glucose and normal glucose tolerance at 1 year and 3
years (with normal fasting glucose and normal glucose toler-
ance at 3 years indicating complete prediabetes remission,
corresponding to the ADA definition of diabetes remission
[22]). Prediabetes was defined as elevated fasting plasma
glucose (5.6—6.9 mmol/1) and 2 h plasma glucose (7.8—11.0
mmol/l) after an OGTT. Prediabetes remission was defined
as the return from prediabetes criteria to normal measures
of glucose metabolism (normoglycaemia) at 1 and 3 years.
Normoglycaemia was defined as normal fasting glucose
(<5.6 mmol/l) and normal glucose tolerance (2 h glucose
<7.8 mmol/l) [4, 5]. In the sensitivity analyses, prediabetes
remission is defined as meeting all of the following three
criteria: a return to normal HbA ;, (<39 mmol/mol or 5.7%),
normal fasting glucose (<5.6 mmol/l), and normal 2 h glu-
cose (<7.8 mmol/l) at 1 and 3 years. We used a derived vari-
able conditioned on all three criteria for analysis.

The secondary outcomes of interest were: (1) count vari-
ables: the number of participants achieving the PREVIEW
weight loss target (i.e. >8% of initial body weight after rapid
weight loss phase according to protocol) at 1 and 3 years;
the ADA weight loss target (i.e. >7% of initial body weight)
was used in the sensitivity analysis; (2) continuous variables:
changes in body weight, BMI, fat mass and fat-free mass
over 3 years as measured by absolute value at baseline, 8
weeks, 1 year and 3 years; and (3) continuous variables:
changes in surrogate adiposity markers, including fat-free
mass index, fat mass index, WHR, a body shape index
(ABSI), visceral adiposity index (VAI) and lipid accumula-
tion product (LAP) over 3 years (absolute measured values
rather than changes in variables at baseline, 8 weeks, 1 year
and 3 years). The formulas used to calculate ABSI, VAI and
LAP are listed in ESM Methods. Outcomes were measured
according to pre-specified standard operating procedures.
The assessment methods used have been described previ-
ously [24] and in ESM Methods.

Statistical analysis We conducted modified intention-to-treat
analyses and included the participants who achieved >8%
weight loss at the end of the weight loss phase and received
the lifestyle intervention for weight maintenance. The RR and
95% CI for prediabetes remission and achieving the weight
loss target at 1 and 3 years between the two diet groups were
estimated using multilevel modified Poisson regression,
adjusting for sex and age group as fixed effects and interven-
tion centre as a random effect. We further compared the dif-
ferences in body weight and composition measures, insulin
resistance and beta cell function between the two diet groups
and between participants with and without remission within
each diet group. The role of the change in body weight and
composition measures in the effects of the two diets on the rate
of prediabetes remission was examined by additionally adjust-
ing for change in body weight and composition measures in
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the models. The interaction of diets and maintenance of the
weight loss target was examined by additionally adding an
interaction term. For changes in body weight and composition
over 3 years, linear mixed-effect models were used to manage
the repeated measurements of body weight and composition at
baseline, 8 weeks, 1 year and 3 years. Changes in body weight
and composition measures between the two diet groups over
3 years were estimated using linear mixed models, adjusting
for sex and age group as fixed effects and intervention centre
as a random effect. Missing data were not imputed.

For the primary outcome of the current analysis (i.e. pre-
diabetes remission at 1 and 3 years), we performed several
sensitivity analyses and auxiliary analyses. Details are pro-
vided in ESM Methods. For the primary outcome (i.e. predia-
betes remission at 1 and 3 years), significance level o values
were adjusted for multiple comparisons. For other outcomes,
adjustments for multiple comparisons were not employed,
and related results should be interpreted as exploratory due to
the potential for type I error. Data were analysed using SAS
software version 9.4 (SAS Institute, Cary, NC) and SPSS
software version 28.0 (IBM, Chicago, IL). The statistical test
was two-sided. A p value < 0.025 was considered statistically
significant for the primary outcome. A p value < 0.05 was
considered statistically significant for other outcomes.

Results

Participants This secondary analysis included 1856 partici-
pants (ESM Fig. 1). Of these, 933 were in the high-protein,
low-GI group, and 923 were in the moderate-protein, mod-
erate-GI group. In total, 475 (26%) participants had dropped
out by 1 year and 894 (48%) had dropped out by 3 years. The
baseline characteristics of participants were broadly similar
between the diet groups (Table 1). Female participants rep-
resented 66% of the participants. Compared with completers,
non-completers were younger and heavier (ESM Table 1).

Dietary composition ESM Tables 2 and 3 show that the
high-protein, low-GI and moderate-protein, moderate-
GI groups had similar baseline dietary intake and PA. As
planned, the moderate-protein, moderate-GI group had sig-
nificantly lower protein intake, higher GI and a higher carbo-
hydrate intake than the high-protein, low-GI group at 1 and
3 years (at 1 year: mean values of GI 54.6 [SE 0.4] vs 51.0
[SE 0.4]; mean values of protein 18.4 E% [SE 0.2] vs 22.1
E% [SE 0.2]; at 3 years: mean values of GI 54.3 [SE 0.4]
vs 51.6 [SE 0.5]; mean values of protein 18.8 E% [SE 0.3]
vs 21.2 E% [SE 0.3]). There were no significant differences
in fat, fibre or energy intake between the diet groups (p for
group and time interaction >0.05 for all; p for group >0.05

for all). There were no differences in energy intake between
the PA groups within each dietary arm.

Prediabetes remission In the modified intention-to-treat
analyses, the moderate-protein, moderate-GI group had a
higher rate of prediabetes remission (defined using fasting
glucose and 2 h glucose) at 1 and 3 years than the high-
protein, low-GI group (rate of remission at 1 year 26.3%
[159 of 604] vs 20.7% [134 of 646]; RR 1.26; 95% CI 1.04,
1.53; p=0.025; rate of remission at 3 years 20.6% [97 of
472] vs 15.5% [73 of 471]; RR 1.26; 95% CI 1.06, 1.50;
p=0.015) (Fig. 1a). The above results were robust in sensi-
tivity analyses in which prediabetes remission was defined
using alternative criteria including HbA , in which missing
data were imputed, and in which the PA group was further
adjusted for (ESM Figs 2—4). After adjusting for energy
intake, the results remained robust at 1 year (ESM Fig. 5).
At 3 years, similar trends were observed, although the results
were not significant due to a high number of missing values
for energy intake and the smaller sample size (ESM Fig. 5).
In the complete-case analysis, the results remained robust at
3 years (ESM Fig. 6). Similar trends were observed at 1 year
(a 4.1% increase in the rate of prediabetes remission in the
moderate-protein, moderate-GI group), although these were
not significant due to the smaller sample size (ESM Fig. 6).

At baseline, there were no differences in the proportion of
participants with normal fasting glucose, normal 2 h glucose
or normal HbA . between the two diet groups (p<0.05 for all).
The moderate-protein diet resulted in significantly more par-
ticipants achieving normal fasting glucose at 3 years (24.7% vs
20.0%; RR 1.19;95% CI 1.03, 1.37; p=0.026), but the two diets
did not differ in terms of the other glucose criteria (Fig. 1b—d).
The results of the auxiliary analyses are shown in ESM Results.

Body weight and composition In the modified intention-to-
treat analyses, 54.0% (352 of 652) of participants in the mod-
erate-protein, moderate-GI group maintained the weight loss
target (=8% of body weight) at 1 year, compared with 57.3%
(352 of 614) of those in the high-protein, low-GI group. At
3 years, 31.4% (154 of 490) and 30.4% (151 of 497), respec-
tively, maintained the weight loss target (Fig. 2a). There were
no differences in the proportion of participants who achieved
weight loss targets between the diet groups at 1 year (RR
0.94; 95% CI 0.85, 1.04; p=0.215) and 3 years (RR 1.03;
95% CI 0.85, 1.23; p=0.793). The above results were robust
in the sensitivity analysis in which the weight loss target was
defined according to the ADA recommendation, i.e. >7% of
initial body weight (ESM Fig. 7). There were no differences
between the diet groups when outcomes were expressed as
changes in body weight or body composition, including BMI,
fat mass, fat mass index, fat-free mass, fat-free mass index,
WHR, ABSI and VAI, over 3 years (Fig. 2b—d and ESM
Table 4).
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Table 1 Participant
characteristics at baseline

HP-LGI group

MP-MGI group

(N=933) (N=923)
Age range, years 25-70 25-70
Age, years 55 (43-62) 55 (43-62)
Age group, years
25-45 302 (32.4) 287 (31.1)
46-54 143 (15.3) 148 (16.0)
55-70 488 (52.3) 488 (52.9)
Sex
Female 619 (66.3) 614 (66.5)
Male 314 (33.7) 309 (33.5)
Race and ethnicity
White 843 (90.4) 820 (88.8)
Other® 90 (9.6) 103 (11.2)
Body weight, kg 96.8 (84.7-110.5) 96.2 (84.7-109.7)
Height, m 1.67 (1.61-1.75) 1.67 (1.62-1.75)
BMI, kg/m? 33.9(30.7-38.1) 33.9(30.8-38.2)
Weight status
Overweight® 173 (18.5) 185 (20.0)
Obesity® 760 (81.5) 738 (80.0)
Fat mass, kg 40.3 (33.3-50.0) 40.9 (33.4-49.7)

Fat mass index, kg/m2
Fat-free mass, kg

Fat-free mass index, kg/m2
Waist circumference, cm
Hip circumference, cm
WHR

ABSI

VAI

LAP

Fasting plasma glucose, mmol/l
2 h plasma glucose, mmol/l
HbA ., mmol/mol

HbA, ., %

14.4 (11.7-17.9)
54.0 (47.8-64.1)
19.6 (18.0-21.5)
109.3 (101.0-118.7)
115.5 (108.5-125.5)
0.93 (0.87-1.00)
0.080 (0.076-0.084)
1.87 (1.29-2.76)
65.0 (45.1-96.0)
6.2+0.7

7.7£2.2

36.6+3.7

5.5+0.3

14.5 (11.9-18.0)
53.8 (47.6-64.2)
19.3 (17.8-21.3)
109.0 (99.6-118.4)
115.8 (108.8-124.8)
0.93 (0.87-1.00)
0.080 (0.076-0.084)
1.82 (1.31-2.65)
64.0 (44.4-93.9)
6.2+0.7

7.642.1

36.7+4.0

5.5+0.4

Values are mean+SD or median (25th—75th percentiles) for continuous variables and n (%) for categorical

variables

“Including Asian, Black, Arabic, Hispanic and other
°Overweight is defined as a BMI >25 and <30 kg/m?
°Obesity is defined as a BMI >30 kg/m?

HP-LGI, high-protein, low-GI diet; MP-MGI, moderate-protein, moderate-GI diet

Role of body weight and composition in prediabetes remis-
sion The changes in body weight and composition from
baseline to 1 or 3 years were similar across diet groups
(ESM Table 5). Greater reductions in body weight, BMI and
fat mass were observed among those who achieved remis-
sion and those who did not within each diet group (ESM
Table 6). After adjusting for maintenance of the weight loss
target (>8% or >7%) or changes in body weight and com-
position from baseline (Table 2), the effect sizes (RR) for

@ Springer

prediabetes remission between the diet groups at 1 and 3
years remained similar, and p values remained significant
in most cases. There was no significant interaction between
the diet groups and maintenance of >8% or >7% weight loss
at 1 year (p for interaction >0.05). However, at 3 years, the
effects of the moderate-protein, moderate-GI diet on remis-
sion of prediabetes were stronger in individuals who main-
tained >8% or >7% weight loss (p for interaction <0.05)
(ESM Results and ESM Table 7).
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Discussion

This secondary analysis of the PREVIEW multinational
randomised diabetes prevention trial provides novel, high-
quality evidence on the role of dietary composition per se
in long-term prediabetes remission. We found that a high-
protein, lower-carbohydrate, low-GI diet was less effec-
tive for long-term prediabetes remission compared with
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ence group. The RR and 95% CI at 1 and 3 years between the diet
groups were estimated using multilevel modified Poisson regression
models, adjusting for sex (male/female) and age group (2545, 46-54
and 55-70 years of age) as fixed effects and intervention centre as a
random effect. The data analyses were based on modified intention-
to-treat analyses without imputation for missing data. HP-LGI, high-
protein, low-GI diet; MP-MGI, moderate-protein, moderate-GI diet

a prudent, higher-carbohydrate diet (as in general dietary
guidelines) with moderate protein and moderate GI. These
results were robust in sensitivity analyses. Surprisingly,
the differences in prediabetes remission rates were inde-
pendent of changes in body weight and body composition.

Previous clinical trials have explored the effects of die-
tary composition on glucose management, but few have
compared them for as long as 3 years. Low-carbohydrate
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Fig.2 Effects of dietary patterns on maintenance of weight loss tar-
get and changes in body composition over 3 years. (a) Proportion of
participants who achieved the weight loss target (>8% of initial body
weight) in each diet group. The high-protein, low-GI diet was the ref-
erence group. (b) Change in BMI over 3 years (estimated marginal
mean and SE). (¢) Change in fat mass index over 3 years (estimated
marginal mean and SE). (d) Change in WHR over 3 years (estimated
marginal mean and SE). RR and 95% CI for maintenance of weight
loss targets at 1 and 3 years between the diet groups were estimated

or low-energy diets have been found to be effective for
weight loss and glucose management in the short term, but
the majority of studies only lasted 2—6 months, and little is
known about the long-term effects of such diets [12—14].
Moreover, weight regain is common after rapid weight
loss [25, 26], and therefore it is necessary to identify an
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using multilevel modified Poisson regression models, adjusting for
sex (male/female) and age group (25-45, 46-54 and 55-70 years
of age) as fixed effects and intervention centre as a random effect.
Changes in BMI, fat mass index and WHR over 3 years between the
diet groups were estimated using linear mixed models, adjusting for
sex and age group as fixed effects and intervention centre as a ran-
dom effect. HP-LGI, high-protein, low-GI diet; MP-MGI, moderate-
protein, moderate-GI diet

ideal and sustainable diet for long-term weight loss main-
tenance and glucose management. In terms of long-term
effects, low-carbohydrate diets may not be that effective
in some populations. Indeed, a recent prospective cohort
study showed that low-carbohydrate diets were related to
increased diabetes risks in an Australian population [27].



Diabetologia

Table 2 Role of body weight and composition measures in the effects of dietary patterns on prediabetes remission

Prediabetes remission at 1 year

Prediabetes remission at 3 years

HP-LGI MP-MGI p value HP-LGI MP-MGI p value
Model 1 1 (reference) 1.26 (1.04, 1.53)  0.025 1 (reference)  1.26 (1.06, 1.50)  0.015
Model 1 + additional adjustment for the following measures
Maintenance of weight loss targets (categorical) 1 (reference) 1.26 (1.04, 1.53)  0.027 1 (reference) 1.25(1.06,1.48) 0.016
Percentage weight loss 1 (reference)  1.21 (1.00, 1.48)  0.053 1 (reference) 1.20(1.01, 1.43)  0.044
Change in body weight from baseline 1 (reference) 1.23 (1.01, 1.51)  0.043 1 (reference)  1.22 (1.03, 1.44)  0.027
Change in BMI from baseline 1 (reference) 1.24 (1.01, 1.51)  0.039 1 (reference) 1.21(1.02,1.44) 0.034
Change in fat mass from baseline 1 (reference) 1.23 (1.02, 1.50)  0.038 1 (reference) 1.24 (1.05,1.47)  0.020
Change in fat mass index from baseline 1 (reference)  1.24 (1.02, 1.50)  0.035 1 (reference) 1.23 (1.04,1.47) 0.025
Change in fat-free mass from baseline 1 (reference) 1.26 (1.04, 1.54) 0.026 1 (reference) 1.29(1.09, 1.54) 0.010
Change in fat-free mass index from baseline 1 (reference) 1.26 (1.04, 1.54)  0.026 1 (reference) 1.29 (1.09, 1.54) 0.010
Change in WHR from baseline 1 (reference)  1.26 (1.04, 1.52)  0.025 1 (reference) 1.28 (1.07,1.54) 0.014
Change in ABSI from baseline 1 (reference) 1.26 (1.04,1.52)  0.023 1 (reference) 1.27 (1.06, 1.52)  0.018
Change in VAI from baseline 1 (reference) 1.27 (1.03, 1.57)  0.030 1 (reference) 1.26 (1.07,1.49) 0.013
Change in LAP from baseline 1 (reference) 1.28 (1.04, 1.57) 0.026 1 (reference) 1.28 (1.08, 1.51) 0.010

Values are RR (95% CI)

Analyses were performed using modified Poisson regression models. Model 1 was adjusted for sex (male/female) and age group (2545, 46-54
and 55-70 years of age) as fixed effects and intervention centre as a random effect. Other models were additionally adjusted for changes in body

weight and composition measures from baseline to 1 and 3 years

HP-LGI, high-protein, low-GI diet; MP-MGI, moderate-protein, moderate-GI diet

However, the importance of carbohydrate quality and the
benefits of low-GI diets have been confirmed by meta-
analyses of randomised trials [20] and large prospective
cohorts [28].

In the present study, in which total energy intake was not
restricted, the moderate-GI diet (with higher carbohydrate)
outperformed the lower-carbohydrate, lower-GI diet in terms
of prediabetes remission, but the diets were comparable with
respect to diabetes incidence and other markers of glycaemic
control. This unexpected result may be partly attributable
to both diet groups adhering to healthy eating in the PRE-
VIEW study. All participants were given lifestyle instruction
from trained professionals, e.g. on sufficient dietary fibre
and low intake of added sugars. According to our analysis,
the intake of dietary fibre was comparable in both groups
throughout the intervention. While a review of meta-anal-
yses concluded that fibre intake was more important than
carbohydrate amount for people with diabetes [29], our find-
ings suggest that carbohydrate may actually be beneficial as
long as fibre intake is high enough (>20 g) and overall diet
quality is high. Moreover, unlike other large diabetes preven-
tion trials, the large initial weight loss induced rapidly by a
low-energy formula diet resulted in prediabetes remission
in most participants.

Some previous studies have supported the use of high-
protein diets for glucose management [13], potentially
because they increase secretion of glucagon-like peptide 1
[30]. In contrast to the present study, a small, short-term

randomised trial (n=24) demonstrated that participants in
the high-protein group had higher prediabetes remission
than those in the high-carbohydrate group, even with simi-
lar weight loss over 6 months [18, 19]. Nonetheless, our
findings and a recent meta-analysis of randomised trials do
not support the use of higher protein diets for prediabetes
remission or lowering HbA . or fasting plasma glucose [31].
Similarly, a recent umbrella review of systematic reviews of
prospective cohort studies suggested that higher total protein
intake was associated with a higher diabetes risk, with no
strong evidence for or against animal vs plant protein [31].
Future studies should assess the long-term effects of high-
plant vs high-animal protein on prediabetes remission.
Intake of dietary protein is generally considered to be
beneficial to weight management, through mechanisms that
are hypothesised to include increased satiety hormones [32].
However, in the PREVIEW study, the weight loss main-
tenance and changes in body composition were similar on
the two diets, despite a large difference between groups in
terms of target protein intake (25 vs 15 E%) and recorded
protein intake (22 vs 18 E%). Previous studies have found
that a combination of high protein and low-GI carbohy-
drates could help with weight loss and appetite control.
This pattern was the optimal diet for weight maintenance
in the DiOGenes study, but the dietary intervention lasted
only 26 weeks [21, 33]. In the PREVIEW study, the high-
protein, low-GI diet suppressed self-reported hunger more
effectively than the moderate-protein, moderate-GI diet
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[34]. However, it was not superior in terms of weight loss
maintenance or for improvements in body composition. Both
diet groups were given healthy diet advice with increases
in wholegrain cereals, vegetables and fruits, and decreases
in red meat and added sugar. Similarly, an umbrella review
of 19 meta-analyses of hypocaloric diets for weight man-
agement in people with type 2 diabetes found no support
for any particular macronutrient profile over another [35].
Branched-chain amino acids (i.e. leucine, isoleucine and
valine) have been suggested to have adverse effects on lon-
gevity and insulin resistance [36]. The effects are not con-
sistent, however, and may depend on the background diet
and its fat content. Future studies should therefore endeavour
to separate the effects of high-protein diets from those high
in branched-chain amino acids as well as assessing plant vs
animal protein.

It is worth noting that approximately 66% of PREVIEW
participants were women and approximately 70% of them
were middle-aged or older. Unlike men, the basal metabolic
rate of women decreases significantly during midlife due to
changes in sex steroid hormones as part of menopause [37].
Weight gain and metabolic disorders are common among
this age group [37]. Our study provides reassurance that a
prudent diet containing moderate (rather than high) levels
of protein and higher levels of carbohydrate is effective for
prediabetes remission among perimenopausal and postmen-
opausal women with a high-protein, lower-carbohydrate diet.

This secondary analysis has many strengths, including
the multinational randomised trial design, long duration of
intervention, large sample size, broad age range, use of a
centralised laboratory, repeated measurements, sensitivity
analyses and consistent findings from multiple analyses.
Certain limitations merit consideration. First, all diet stud-
ies introduce bias because participants are aware of which
diet they have been allocated and their food records may
not be accurate. According to the food records, the die-
tary intervention did not fully achieve the macronutrient
targets. The differences in carbohydrate intake (approxi-
mately 6 E%), protein intake (approximately 3 E%) and
GI (approximately 3 units) between the two diets were
smaller than predicted. In particular, the GI value (54)
in the moderate-GI group was lower than targeted (>56).
Second, there were no differences between groups in terms
of whether recorded PA was moderate or high intensity,
regardless of which group they had been allocated to,
which made us unable to examine the effect of the poten-
tial interaction between PA and diet on prediabetes remis-
sion. Third, this analysis was specified in the PREVIEW
synopsis for publication, but not in the PREVIEW study
protocol. Fourth, the attrition rate was acceptable at 1 year
(26%), but was higher than expected (48%) at the end of
the study, resulting in selection bias. When we imputed
missing data to reduce bias, our results remained robust
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in multiple sensitivity analyses, especially complete-case
analyses among older and healthier participants. Fifth, we
have no knowledge of the prior duration of prediabetes
in our participants. As the participants were randomly
assigned, the baseline duration of prediabetes should be
balanced and not affect the results. However, the rate of
achieving prediabetes remission may be affected by predia-
betes duration, which may lead to differences in incidence
in the results of this study compared with others. Finally,
the PREVIEW participants were predominantly of North-
ern European origin (approximately 90%), which limits
the generalisability of our findings to other ethnicities.
This study has not been externally validated, particularly
in participants of other ethnicities.

In conclusion, this secondary analysis provides new
insights into the role of dietary composition in long-term
prediabetes remission. Our findings indicate that a pru-
dent, higher-carbohydrate diet with moderate protein and
moderate GI (similar to general dietary guidelines around
the world) was more effective for long-term prediabetes
remission than a high-protein, lower-carbohydrate, lower-
GI diet, regardless of weight change, in a predominantly
white older population, two-thirds of whom were women.
These findings suggest caution be used in recommending
high-protein diets in this context. However, given the limi-
tations of our study (e.g. the lack of external validation),
these findings should be confirmed by future trials, and
the underlying mechanisms warrant further investigation.
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