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ABSTRACT

It is a well-evidenced fact that diet significantly
impacts type 2 diabetes mellitus (T2DM) pre-
vention and management. However, dietary
responses vary among different populations,
necessitating personalized recommendations.
Substantial evidence supports the role of diet
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in T2DM remission, particularly low-energy or
low-carbohydrate diets that facilitate weight
loss, enhance glycemic control, and achieve
remission. This review aims to comprehensively
analyze and compare personalized nutritional
interventions with non-personalized approaches
in T2DM remission. We conducted a literature
search using the Academy of Nutrition and
Dietetics guidelines, focusing on clinical and
observational trials published within the past
decade. We present the strengths and draw-
backs of incorporating personalized nutrition
into practice, along with the areas for research in
implementing personalized interventions, such
as cost-effectiveness and accessibility. The find-
ings reveal consistently higher diabetes remis-
sion rates in personalized nutrition studies com-
pared to non-personalized interventions.

Keywords: Personalized nutrition; Glycemic
control; Dietary approaches; Diabetes mellitus;
Type 2; Diet; Carbohydrate-restricted
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Key Summary Points

Our review is focused on two dietary
approaches: personalized nutrition interven-
tions and non-personalized nutritional inter-
ventions. These strategies vary globally in the
methods used to achieve T2DM remission.

A global perspective is seen in the diverse
dietary therapies for T2DM remission. Arti-
cles from Europe, North America, Asia, and
Africa collectively emphasize the worldwide
relevance of these interventions.

Personalized interventions show high remis-
sion rates, often outperforming non-person-
alized approaches. They include precision
nutrition based on postprandial glucose
responses, diabetes subtype-tailored diets,
and individualized meal plans.

Non-personalized interventions offer general
dietary recommendations. These encompass
low-carb Mediterranean diets, calorie-restric-
tion diets, and meal replacements.

Studies demonstrate substantial improve-
ments in HbA1c levels, weight loss, and body
fat reduction. Even those not experiencing
significant weight loss, see improved HbAlc
levels. Personalized dietary interventions
based on glycemic responses and diabetes
subtypes positively affect body composition
and glycemic control. Each approach offers
distinct advantages for patients.

INTRODUCTION

Diabetes mellitus (DM), a group of metabolic
disorders characterized by elevated blood sugar
levels, represents a global health concern.
Among its various forms, type 2 diabetes melli-
tus (T2DM) is the most prevalent, accounting for
approximately 90% of cases [1]. T2DM is closely
associated with overweight, obesity, and an
increased percentage of body fat in the abdomi-
nal region [2]. Numerous dietary interventions
have been developed to address these issues, and
it has become evident that these interventions

can also be targeted toward achieving diabetes
remission [3].

The concept of “diabetes remission” has
evolved since its initial introduction by the
American Diabetes Association (ADA) in 2009
[4]. The original definition required normaliza-
tion of glucose without the use of medications
or surgery. In 2021, the ADA refined this con-
cept, using “remission” to describe achieving
blood glucose levels below the diagnostic thresh-
old either spontaneously or after medical inter-
ventions, including the discontinuation of glu-
cose-lowering drugs. Although the 2021 criteria
have become the standard [5], the ADA’s 2009
proposal remains the most commonly used.

Various dietary strategies have been employed
to achieve remission, with recent approaches
incorporating personalized or precision nutri-
tion. Precision nutrition encompasses multi-
ple synergistic approaches and omics sciences,
including dietary habits, health status, food
environment, environmental exposures, physi-
cal activity, socioeconomic factors, psychoso-
cial characteristics, genomics, microbiomics,
and metabolomics [6]. It has the potential to
deliver nutrients, foods, or diets to individuals
who stand to benefit the most while minimizing
potential harm [7].

While there is still no universally accepted
definition for personalized nutrition, it can be
described as an approach that tailors specific
nutritional advice, products, or services based
on individual characteristics [8]. Although “per-
sonalized nutrition” and “precision nutrition”
are sometimes used interchangeably, the lat-
ter is more suitable for describing nutritional
approaches grounded in biological, environmen-
tal, and social factors, which can be applied to
individuals or groups with similar characteristics
[9].

Studies investigating the variability of indi-
vidual post-meal responses revealed that differ-
ences in microbiota, lifestyle, demographics,
and genetic factors collectively contribute to
the observed diversity in how individuals’ bod-
ies respond after consuming a meal [10, 11].
While several reviews have examined personal-
ized and precision nutrition in diabetes [12-14],
none have specifically examined its impact on
the remission of T2DM.
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The most common non-personalized inter-
ventions include Mediterranean dietary pat-
terns, low-carbohydrate diets, very-low-calorie
restriction (VLCR) diets, and replacement food
diets, or a combination of these. The Medi-
terranean diet includes a high intake of plant
foods, minimally processed and locally grown
items, limited consumption of sweets, frequent
use of olive oil as the main fat source, moder-
ate dairy and egg intake, low to moderate con-
sumption of fish and poultry, minimal red meat
consumption, and moderate wine consumption
with meals, setting it apart from other healthy
diet patterns [15]. A low-carbohydrate diet is
characterized by a reduction in carbohydrate
intake to under 130 g per day with different lev-
els of calorie restriction [16]. Low-calorie diets
typically offer an energy intake ranging from
800 to 1200 kcal/day, which can be achieved
through complete dietary replacement (TDR)
or a partial replacement involving traditional
foods [17]; this dietary approach includes a diet
replacement with low-energy or other diet meal
replacement product.

This narrative review includes personalized
nutrition and precision nutrition interven-
tions, as well as other non-personalized nutri-
tional therapies such as low-carb diets and meal
replacement therapies. It aims to provide a com-
prehensive overview of these interventions, dis-
cussing their proven benefits on diabetes remis-
sion and the limitations of each nutritional and
lifestyle approach.

METHODOLOGY

We conducted a concise review using a system-
atic search approach to ensure the inclusion of
the most relevant studies [18]. Our methodol-
ogy involved (1) formulating a PICO (Popula-
tion, Intervention, Comparison, and Outcome)
research question; (2) implementing a system-
atic search process; (3) extracting and synthe-
sizing the data; and (4) analyzing key findings.

Search Process

This study commenced with an exhaustive
search of the existing literature aimed at incor-
porating and interpreting results from diverse
study types, populations, and interventions. We
searched several electronic databases, including
the Virtual Health Library (VHL), Epistemonikos,
PUBMED, SciELO, and Google Scholar, from
April 1, 2023 to October 30, 2023. The search
strings, constructed with Boolean operators,
incorporated Medical Subject Heading (MeSH)
terms and were based on defined eligibility cri-
teria (see Table 1). These criteria included men-
tions of T2DM remission, personalized nutri-
tion, diet, physical activity, and exercise in the
title, abstract, or full text of the articles. Ethical
approval was not required since the study design
is based on previously conducted studies and
does not contain any new studies with human

Table 1 Inclusion and exclusion criteria used for screening studies

Inclusion criteria ~ Clinical trials

Evaluation of T2DM remission through personalized nutritional interventions or other dietary recom-

mendations and lifestyle changes

Human studies with documented informed consent processes

Articles published in peer-reviewed journals, with full-text availability

Articles published within the last 10 years

Articles in English or Spanish
Exclusion criteria

protocols, or theses

Abstracts for meetings, letters to editors, commentaries, opinions, narrative or systematic reviews, study

Studies involving pharmacological therapy for diabetes remission

Interventions include bariatric surgery or procedures unrelated to nutritional intervention and lifestyle

changes
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participants or animals performed by any of the
authors.

Data extraction, Synthesis, and Analysis

Data extraction involved collecting and record-
ing study details (title, author, publication date,
study type, follow-up duration), population
(subjects, sample size), intervention specifics
(diet type, intervention duration, adherence
assessment methods), health outcomes (diabe-
tes remission definition), and study limitations.

Each author then conducted two separate
rounds of reviews, recording their selection
in a shared table. In the first round of review,
authors worked independently to choose arti-
cles on the basis of their titles, ensuring rel-
evance to the research question and MeSH
terms. Subsequently, authors jointly assessed
the articles selected for the second review,

Initial Article Identification from Databases
(n=102).

involving abstract examination and alignment
with inclusion and exclusion criteria, deter-
mining the articles for inclusion in this review.
When discrepancies arose, reviewers discussed
their perspectives and sought consensus by
jointly reviewing the articles in question to
ensure reliability, objectivity, and consistency
in our review study selection (Fig. 1).

In the category of personalized nutrition
studies, we included those that not only speci-
fied their intervention as personalized nutri-
tion but also employed a specific and tailored
approach considering different characteristics
such as diabetes subtype or with a focus on
the postprandial period for glycemic control.
Additionally, these studies took into account
unique individual characteristics such as
age, sex, and goals for metabolic parameters,
instead of following a generic plan or a one-
size-fits-all approach for all participants.

Records removed before screening (n=48)

A4

Articles included after initial screening (n=29). ‘

A 4

Duplicate records removed (n=25)

Records removed by eligibility assessment:

v

Articles included (n=14). ‘

v

Categorization of Studies:

1) Personalized nutrition interventions (n=5)

2) Non-personalized nutritional interventions or
dietary recommendations and lifestyle changes (n=9)

Fig. 1 Flowchart of study selection process

—>

\ 4

L_| Non-personalized nutritional

Duplicate studies (n=2)
Studies involving pharmacological therapy/ bariatric
therapy (n=13)

Personalized nutrition interventions:

* Personalized postprandial-targeting diet
(n=1)

*  Personalized diet based on hepatic IR and
beta-cell-functionality (n=1)

» Personalized the diet based on diabetes
subtypes (n=1)

* Personalized dietary
prescriptions (n=1)

»  Personalized counseling (n=1)

and  exercise

interventions or
dietary recommendations and lifestyle changes:
*  Mediterranean diet (n=2)
*  Carbohydrate restriction diet (n=2)
*  Low- and Very-Low Calorie diet (n=2)
*  Meal replacement diet (n=3)
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RESULTS

We initially identified 102 articles, included 29
articles after the initial screening, and assessed
a total of 14 for eligibility. After excluding two
duplicate studies, we examined a total of 14 arti-
cles. A little over half (seven) were conducted in
Europe, three each in North America and Asia,
and one each in the Middle East and Africa.

We categorized the studies into two main
approaches: (1) personalized nutrition inter-
ventions and (2) non-personalized nutritional
interventions or dietary recommendations and
lifestyle changes. Within these studies’ nutri-
tional interventions, three main dietary patterns
emerged: the Mediterranean diet, carbohydrate
restriction diet, and low- and very-low-calorie
diets. Studies employing this type of interven-
tion demonstrated significant potential for
weight loss and T2DM remission.

High rates of T2DM remission were observed
in personalized dietary interventions. We noted
that the methods for customizing the diets var-
ied among the studies. For instance, one study
delivered a precision nutrition intervention
[19] based on participants’ postprandial glucose
responses measured through continuous glu-
cose monitoring (a personalized postprandial-
targeting [PPT] diet). Another study personal-
ized the diet on the basis of diabetes subtypes
[20], while another developed individual dietary
plan including calorie restriction and specific
exercise prescriptions intending to achieve a
BMI<25 [21]. Yet another study reported using
a personalized dietary intervention, but did not
describe how it was personalized nor the partici-
pants’ characteristics. The study did, however,
describe using a stepwise approach to counseling
and providing personalized, individualized, and
tailored meal plans [22].

Personalized Nutrition

Personalized nutrition studies achieved high
remission rates, sometimes superior to non-per-
sonalized intervention studies. For instance, a
study by Rein et al. used Zeevi et al.’s machine
learning algorithm for predicting postprandial

glucose responses (PPGR) in individuals with
T2DM [10, 19]. In this study’s crossover design,
participants received both algorithm-person-
alized interventions and a non-personalized
Mediterranean diet for 2 weeks. Upon compari-
son, the personalized diets tailored to glycemic
responses outperformed the Mediterranean
diet. The average PPGR across all meals was sig-
nificantly lower during the personalized inter-
vention, ultimately resulting in a remarkable
improvement in glycemic control and diabetes
remission for over 50% of the participants, even
though the personalized diets were high in fat
compared to the Mediterranean diet (51% vs.
29% of calories from fat, respectively) [19].

In a study by de Hoogh et al., 75% of the par-
ticipants in the personalized intervention group
experienced remission at 13 weeks, compared
to only 22% of their usual care group peers [20].
In this study, seven subtypes of diabetes were
identified on the basis of their beta cell func-
tion and the presence of hepatic and/or muscle
insulin resistance: (1) reduced beta cell func-
tion (PB), (2) hepatic insulin resistance (HIR),
(3) muscle insulin resistance (MIR), (4) a combi-
nation of muscle and liver IR (CIR), (5) PB and
HIR, (6) PB and MIR, and (7) PB and CIR [20].
The classification of subgroups was based on
clinical and biochemical data, utilizing glucose
and insulin responses to the oral glucose test
(OGTT) to calculate indices such as disposition
index, Matsuda index, hepatic insulin resistance
index, and muscle insulin sensitivity index. Sub-
sequently, participants were assigned to seven
subtypes according to beta cell function and
the presence of hepatic and/or muscular insulin
resistance. At the study’s outset, there were no
participants with a heathy, MIR, or PB-MIR sub-
type. A substantial redistribution of participants
among subtypes was observed after 13 weeks of
intervention.

The HIR and CIR subgroups initially followed
a very-low-calorie diet for 1 week, followed by a
12-week low-calorie diet; the PB, PB-HIR, and PB-
CIR groups engaged in 13 weeks of low-calorie
dieting; and finally, the MIR and PB-MIR groups
followed a normal isocaloric diet. In addition to
dietary changes, some groups exercised accord-
ing to Dutch guidelines and under the super-
vision of a physiotherapist [20]. HIR, PB, and
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PB-HIR groups were encouraged to do moderate
exercise (60 min/day). The CIR and PB-CIR sub-
groups engaged in physical activity for 1 week
followed by 12 weeks of 180 min of strength
and endurance training. The MIR and PB-MIR
subgroups underwent 13 weeks of strength and
endurance training. After the 13-week interven-
tion, all patients returned to standard primary
care. Remission was maintained in 29% of the
participants in the personalized intervention
group after 2 years, although unfortunately
there was no control group to compare against.

Weight loss was a significant factor in achiev-
ing remission in the de Hoogh et al. study. In
the intervention group, patients who achieved
remission lost 10.7 kg compared to 4.6 kg in
those who did not (p<0.001). The CIR subgroup
experienced a significantly greater weight loss
(-13.1, p<0.001) compared to the other diabe-
tes subtypes. The PB-HIR subgroup responded
best to the personalized intervention in terms
of fasting glucose and HbAlc levels, showing
a decrease of —1.1 mmol/L and -6.2 mmol/
mol, respectively, compared to the other groups
(p<0.001) [20]. The most notable trend was
observed in the HIR subtype, with 55% of par-
ticipants transitioning to a heathy subtype after
the intervention. Of the participants who ended
with a healthy subtype, 36.8% achieved diabe-
tes remission, making it the subgroup with the
highest remission rate.

In another study by Roncero-Ramos et al.,
patients were classified according to their HIR
fasting and beta cell functionality, measured
as the disposition index (DI) at baseline. Indi-
viduals with low HIR fasting or high DI had a
higher likelihood of achieving diabetes remis-
sion compared to those with high HIR fasting or
low DI (HR 1.7 and 2.6, respectively) [23]. This
remission was achieved through a personalized
dietary intervention without pharmacological
treatment and without weight loss.

The combination of low HIR fasting and high
DI presented the highest probability of remis-
sion (HR 4.6, 95% CI 2.0-10.7). Participants in
this study were randomly assigned to receive
one of two diets: a Mediterranean diet or a low-
fat diet. To further distribute participants, they
were divided into eight groups based on sex, age,
and history of previous myocardial infarction.

These groups were then assigned to different
diets using block randomization [23]. In com-
parison to the high HIR fasting patients (the
reference group), the low HIR fasting patients
showed a 2.3-fold higher likelihood of achiev-
ing T2DM remission. After adjustment for all
potential confounding variables, a Cox model
demonstrated that low HIR fasting patients had
a 1.8-fold higher probability of remission (HR
1.7,95% CI 1.0-3.0) [23].

Patients with T2DM in the de Hoogh, Rein,
and Dave studies observed improvements in
HbAlc levels, weight loss, and reductions in
body fat [19, 20, 22]. Even those who did not
experience weight loss reported healthier HbAlc
levels (Roncero-Ramos I) (Ried-Larsen M), result-
ing in post-intervention remission rates of over
20%. These findings suggest that personalized
dietary interventions and food choices based
on glycemic responses and diabetes subtypes
can positively influence body composition
and glycemic control. Consequently, it can be
inferred that the effectiveness of such interven-
tions is contingent on reducing body weight and
enhancing insulin sensitivity [21, 23].

We only found one study [19] that incorpo-
rated the use of omics sciences by integrating
participants from a previous study [10]. Preci-
sion nutrition, supported by omics sciences, pre-
sents significant advantages in diabetes remis-
sion. By utilizing genomics, transcriptomics, and
metabolomics, it allows for a profound undez-
standing of individual responses to dietary inter-
ventions. This enables a more precise customi-
zation of nutritional recommendations, taking
into account genetic variations, gene expression,
and the unique metabolic profiles of each indi-
vidual. This approach not only enhances the
effectiveness of nutritional interventions but is
also crucial for improving patient adherence to
treatment plans, indicating a promising avenue
for future research.

Non-personalized Nutrition

One study (Esposito et al.) tested the potential
for a low-carbohydrate Mediterranean diet to
prevent the need for drug therapy in people with
T2DM [24]. The study found that participants

A\ Adis



Diabetes Ther (2024) 15:749-761

755

following this diet had a greater likelihood of
achieving remission, with a prevalence of 15%
within the first year, in contrast to 4% in the
low-fat diet group. Another study (Gardner
et al.) tested a low-carbohydrate ketogenic diet
against the Mediterranean diet and demon-
strated improvements in HbA1c levels and blood
sugar control among individuals with prediabe-
tes and T2DM [25]. These findings highlight the
potential of these dietary strategies in T2DM
management [24, 25].

Simplifying carbohydrate reduction in daily
life in newly diagnosed and pre-existing T2DM,
rather than complex counting, can lead to drug-
free T2DM remission. Unwin et al. studied this
approach, achieving a 46% remission rate in
patients with T2DM within 12 months [26].
They focused on educating patients about the
physiological principles of glucose and insulin
responses to various foods, emphasizing the
importance of starchy carbohydrates, glycemic
index (GI), and glycemic load [26].

In a separate study, Durrer et al. explored the
role of pharmacists within healthcare teams
in facilitating better dietary adherence among
patients with T2DM [27]. Their low-carbohy-
drate energy-restricted diets, led by community
pharmacists, significantly improved HbA1lc lev-
els, weight, lipid profiles, and blood pressure
while reducing the need for glucose-lowering
medications. Notably, the low-carbohydrate
(<50 g), energy-restricted diet approach led to
a substantial reduction in medication use, with
35.7% of participants discontinuing all glucose-
lowering medications at 12 weeks. This suggests
that a low-carbohydrate diet can be a practical
therapeutic option for patients with prediabe-
tes or newly diagnosed with T2DM who wish to
avoid medication [27].

Calorie-restriction-based interventions,
including those with meal replacements, offer
a non-personalized alternative and have dem-
onstrated the feasibility of achieving diabe-
tes remission, with success rates ranging from
40% to 87% [28]. Most studies in this category
involved discontinuing antidiabetic medication
at the start of the intervention; instead, they
typically implemented an initial phase of calo-
rie restriction, either very-low-calorie (VLCR,
<800 kcal) or low-calorie (LCR, 800-1200 kcal/

day), within an intervention period ranging
from 9 days to 3 months. This is followed by
diet reintroduction and a subsequent follow-up
period that includes support for physical activity
and behavioral adjustments to maintain adher-
ence [29]. A common outcome observed in all
these studies is a significant improvement in
weight, accompanied by corresponding changes
in BMI.

Two studies highlight the effectiveness of
intensive weight management in achieving
T2DM remission. In a study conducted by Ste-
ven et al., 30 individuals with T2DM received
structured weight maintenance support while
following a very-low-calorie diet (VLCD) for
8 weeks and then gradually transitioning to an
isocaloric diet [28]. Notably, 40% of the par-
ticipants reached T2DM remission, defined as
achieving fasting blood glucose levels below
7 mmol/L after the VLCD [28]. Another study—
the DiRECT trial—focused on intensive weight
management using a cluster-randomized study
design [30]. The intervention included complete
diet replacement and structured weight loss
support, leading to significant results; 46% of
participants in the intervention group achieved
remission at 12 months, compared to only 4%
of the control group [30].

A study led by Bynoe et al. assessed the fea-
sibility of a short-term, low-calorie diet for
individuals with recently diagnosed T2DM in
Barbados, involving 25 participants whose hypo-
glycemic medication was discontinued upon ini-
tiating an 8-week liquid diet [31]. Remarkably,
40% of these participants achieved remission
from T2DM in response to the dietary interven-
tion, highlighting the potential effectiveness
of short-term, low-calorie diets as a strategy to
induce T2DM remission in newly diagnosed
individuals [31].

The DIADEM-I study, a trial of an intensive
lifestyle intervention, addressed weight loss
through two phases. In the first phase, known
as the “total diet replacement phase,” partici-
pants received low-calorie diet meal replace-
ment products to significantly reduce their
calorie intake [32]. In the subsequent phase,
the “weight-loss maintenance phase”, foods
were gradually introduced and physical activity
was increased. Diabetes remission was achieved
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by 61% of the intervention group in compari-
son to only 12% in the control group [32]. A
study by Wei et al.—investigating the effects of
a VLCR diet on individuals with T2DM—found
similar results [29]. In the study, 39% of paz-
ticipants achieved long-term T2DM remission
with a median duration of 7.8 years following
the VLCR intervention. These findings high-
light the potential of VLCR in the long term in
achieving remission [29].

The reduction of HbAlc, a key indicator of
glycemic control, was observed in several dietary
interventions aimed at managing T2DM. Espos-
ito et al. reported that the low-carbohydrate
Mediterranean diet led to a significant decrease
in HbAlc (-0.5% [p<0.001]) compared to a low-
fat diet [24]. Gardner’s study, which compared
the low-carbohydrate ketogenic diet (WFKD)
and the Mediterranean diet, found both diets
resulted in reduced HbA1c levels, with no sta-
tistically significant difference between them
(WFKD, -9%, Med-Plus, — 7%). However, the
WEFKD showed a more substantial decrease in
triglycerides and a rise in LDL cholesterol con-
centrations compared to the low-carb Mediter-
ranean diet [25].

Unwin et al. reinforced the potential of a
lower carbohydrate diet, finding significant
weight loss in 94% of patients with T2DM and a
remarkable drop in HbA1lc levels (from a median
of 66 to 48 mmol/mol [p<0.001]) [26]. In the
same vein, Durrer et al. reported that 17% of
a low-carbohydrate energy-restricted group
achieved an HbAlc of <6.5%, reducing the need
for glucose-lowering medications through com-
plete discontinuation of medications [27].

The VLCD intervention by Steven et al. showed
substantial improvements in fasting blood glucose
levels (-2.2 mmol/L at 8 weeks and —1.7 mmol/L
at 8 months), insulin sensitivity, and hepatic and
pancreatic fat content. This intervention under-
scores the durable effects of a VLCD in manag-
ing T2DM [28]. Bynoe et al. reported a significant
reduction of 2.2 mmol/L in fasting plasma glucose
levels after an 8-week low-calorie liquid diet, with
levels remaining 1.7 mmol/L lower after 8 months
[31]. Collectively, these findings emphasize the
potential of various dietary approaches to effec-
tively reduce HbA1c levels and improve glycemic

control in individuals with T2DM, with each
approach offering unique advantages for patients.

In the DiRECT trial, nearly a quarter of the
intervention group (24%) successfully achieved
substantial weight loss of 15 kg or more. These
findings illustrate the feasibility of primary-
care-driven T2DM remission and highlight the
improvements in participants’ quality of life [30].
Similarly, Bynoe’s study, focusing on a predomi-
nantly Black population in Barbados, revealed
that participants on a short-term, low-calorie
diet achieved significant mean weight loss. Par-
ticipants lost a mean of 10.1 kg after 8 weeks and
maintained the loss at 8.2 kg after 8 months.
Notably, over 80% of those who lost more than
10 kg attained fasting plasma glucose levels below
7 mmol/L, underscoring the potential of such
interventions for weight loss and diabetes remis-
sion. These interventions, of course, face chal-
lenges related to cultural food preferences and
societal pressures [31]. Participants in the DIA-
DEM-I trial experienced an average weight loss of
12 kg after a low-calorie diet with meal replace-
ment products and intensive lifestyle interven-
tion, while the control group lost only 4 kg [32].

While statistical significance varied across stud-
ies, both LCD and VLCD have shown the poten-
tial to improve lipid profiles, including elevating
HDL levels and reducing non-HDL cholesterol
and triglycerides [28, 31, 32]. In Gardner et al.’s
study, participants eating a low-carbohydrate
ketogenic diet (WFKD) or a modified Mediterra-
nean diet (Med-Plus) exhibited significant reduc-
tions in HbA1c levels. Importantly, the WEFKD led
to a significantly greater reduction in triglycerides
compared to the Mediterranean diet (p=0.02).
Additionally, there was a significant increase in
LDL cholesterol concentrations in the low-car-
bohydrate ketogenic diet group compared to a
decrease in the Mediterranean diet group (p=0.01)
[25]. These findings underscore the impact of die-
tary choices on the lipid profiles of individuals
with prediabetes and T2DM.

DISCUSSION

This mini-review set out to explore the effect
of different diet interventions on T2DM
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management and whether any of these could
effectively achieve ADA-defined diabetes remis-
sion [4].

Personalized nutrition has demonstrated
superior outcomes compared to the Mediter-
ranean diet, achieving 61% diabetes remission
in high-fat personalized diets, even though the
Mediterranean diet has better adherence and
sustainability. Low-carb restriction and energy-
restricted diets effectively manage T2DM,
improving lipid profiles, body weight, waist
circumference, HbAlc, and blood pressure and
reducing medication reliance. While personal-
ized diet studies did not report these results,
we believe they are not excluded from these
benefits.

As a result of varying reporting methods,
weight loss achievements were not able to be
compared across studies. However, it was clear
that intervention groups consistently achieved
more substantial weight loss than the compari-
son groups. While this may represent a connec-
tion between weight loss and T2DM remission,
our study does not explore this relationship and
thus we do not report on it here. In addition to
weight loss, as observed in most of the reviewed
studies, which was seen independently of the
type of intervention, predictors of response cor-
relating with remission have been identified.
One such predictor is the duration of the disease,
with early diagnosis of diabetes associated with
higher remission chances, as highlighted in vari-
ous studies [19, 20, 22-24, 29, 32]. These stud-
ies emphasize that individuals newly diagnosed
with diabetes have a better chance of achieving
remission, as well as higher fasting glucose levels
and acute insulin response in OGTT, which may
indicate a better-preserved glucose metabolism
at the time of intervention [29].

Interventions for T2DM can vary in duration,
with short-term interventions primarily focus-
ing on fast glycemic control, while longer-term
interventions focus on improving adherence
and achieving remission, with early diagnosis
enhancing remission prospects.

Adherence remains a critical and challenging
factor in the success of personalized diets, low-
carbohydrate diets, and energy-restricted diets
for managing and potentially reversing T2DM,
especially over the long term. This challenge

arises from the complexities of sustaining spe-
cific dietary patterns and the technological dif-
ficulties involved in evaluating these personal-
ized regimens [33]. These studies underscore
the complexity of T2DM and the significance of
personalized lifestyle interventions in managing
and achieving disease remission.

Each study reports adherence to nutritional
intervention differently. Furthermore, the dura-
tion of remission may vary, and maintaining it
over the long term may necessitate continuous
follow-up and individualized care. These find-
ings underscore the effectiveness of a personal-
ized approach that extends beyond weight loss,
addressing factors such as glycemic control,
physical fitness, and economic aspects in achiev-
ing T2DM remission. The research published by
de Hoogh et al. revealed a 75% remission rate in
the personalized intervention group (personal-
ized by diabetes subtype) at 13 weeks, although
it decreased to 28.6% at 104 weeks, emphasizing
the challenge of sustaining long-term remission
[20]. Patient perception and social networks sig-
nificantly influence adherence, and strategies
such as education, support, motivation, and
addressing individual challenges can improve
adherence in diabetes management and remis-
sion efforts.

The non-personalized interventions were
based on general recommendations, such as the
studies by Unwin et al. and Durrer et al., which
centered on reducing dietary carbohydrates [26,
27]. Their approach led to diabetes remission
through improvements in HbAlc values and a
reduction in the consumption of hypoglycemic
medications. Similarly, low-calorie interventions
and meal replacements were found to be effec-
tive strategies for achieving diabetes remission
in newly diagnosed patients with T2DM, as seen
in the study by Wei et al. [29, 32]. However, it
is essential to acknowledge some limitations.
The observed results were primarily seen in the
younger population with recent T2DM diagno-
ses [29, 32], and not all participants achieved
remission, because of the variability in individ-
ual responses to these non-personalized inter-
ventions. Additionally, long-term adherence
remains a subject for further investigation, and
it is essential to consider the potential challenges
associated with cultural food preferences [31].
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Personalized diets offer the advantage of
achieving significantly higher remission rates in
patients with T2DM. By tailoring dietary guide-
lines to individuals’ glycemic responses and
diabetes subtypes, these interventions demon-
strate greater efficacy in blood glucose control
and disease remission. Precision medicine can
potentially address this enormous problem by
accounting for heterogeneity in the etiology,
clinical presentation, and pathogenesis of com-
mon forms of diabetes and the risks of complica-
tions. However, there are challenges associated
with personalized diets. Variability in the meth-
ods used in studies makes it difficult to compare
results and draw general conclusions directly.

Long-term remission sustainability can be
an obstacle, as a decrease in remission rates
has been observed in some cases after a certain
period. Adherence to specific dietary guidelines
can be problematic for some patients, and the
cost of customizing diets may be a limiting fac-
tor for widespread implementation. Further-
more, the lack of adequate control groups in
some studies makes it challenging to accurately
assess the effectiveness of personalized interven-
tions compared to non-personalized ones.

LIMITATIONS

Some limitations of this review were that it was
limited to studies in English and Spanish, which
may have excluded relevant research in other
languages. Expanding our search to additional
languages could have provided further insights.
It is worth noting that our review exclusively
focused on non-pharmacological and non-sur-
gical interventions for managing T2DM. While
surgical procedures and medications for weight
loss might be important aspects of T2DM remis-
sion, our goal was to investigate lifestyle and
dietary approaches. However, the included stud-
ies had varying follow-ups, limiting conclusions
to the medium term. Other limitations included
variability in the duration of the interventions
across studies, creating difficulty in evaluating
and comparing results between studies, as well
as variability in the definition of “remission”.
This variability can impact the final outcomes

for patients who really achieved remission based
on the ADA definition in 2021. It also affects the
comparability between the studies included in
this review.

PERSPECTIVES

Together, the findings in this review underline
the importance of focusing on individualized
approaches and early intervention in diabetes
management. It is remarkable how the percep-
tion of diabetes, once considered a lifelong con-
dition, has turned towards being potentially cur-
able for some patients. Further research in this
area is crucial to gain a comprehensive under-
standing of the long-term implications of these
interventions and their potential to revolution-
ize T2DM management.

Achieving remission from T2DM is possible
for many patients, especially when using per-
sonalized and lifestyle-based approaches. This
underscores the importance of an early interven-
tion in managing the disease. Both low-calorie
and low-carbohydrate diets have demonstrated
their effectiveness in promoting weight loss
and T2DM remission, although it is important
to consider long-term sustainability. Personal-
ized nutrition has proven effective in enhancing
blood glucose control by adapting treatments on
the basis of individual responses.

These investigations provide valuable insights
into T2DM management, emphasizing that
achieving disease remission is an attainable goal.
Personalized approaches, early intervention, and
consideration of physical fitness are key com-
ponents of disease management, offering the
potential to improve patient’s quality of life and
healthcare resource efficiency.

CONCLUSIONS

The findings presented in this narrative review
underscore the impact of dietary choices on
the HbA1c% control, weight loss, lipid profiles,
and T2DM remission of individuals with predi-
abetes and T2DM. In conclusion, one needs to
look more closely at personalized approaches
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that consider individual patient characteristics
and keep a consistent focus on diet, exercise,
and lifestyle factors to better understand the
factors influencing long-term remission in
T2DM.

Achieving remission in T2DM is a complex
process influenced by multiple factors. These
include the stage of the disease, the extent
of weight loss, the effectiveness of lifestyle
changes, and treatment adherence. Therefore,
adopting a personalized approach, with ongo-
ing monitoring, is essential for both achieving
and maintaining remission. The choice between
these dietary strategies should consider indi-
vidual preferences, tolerances, and metabolic
responses, underlining the importance of per-
sonalized approaches in T2DM management.
Understanding these aspects will help develop
more effective and personalized strategies for
managing T2DM, ultimately improving the
quality of life for individuals living with this
condition.
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