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Background:

Type 2 diabetes is highly prevalent and frequently complicated by chronic kidney disease. Sodium-glucose
cotransporter-2 inhibitors (SGLT2i) and intensive low-carbohydrate dietary programs both improve
glycaemia, but their comparative effects on early renal outcomes remain uncertain.

Methods:

A systematic search of PubMed and trial registries identified randomized and cohort studies in adults with
type 2 diabetes evaluating SGLT2i or intensive low-carbohydrate programs versus usual care or higher-
carbohydrate diets. Two reviewers independently screened records, extracted data, assessed risk of bias, and
performed narrative synthesis.

Results:

Of 1,462 records, 9 studies (6 trials, 3 cohort/real-world; >19,000 participants) met inclusion criteria.
Intensive low-carbohydrate programs produced larger short-term HbAlcreductions (-0.6 to -1.3 percentage
points at 3-12 months) and 7-12 % weightloss, often allowing major de-intensification or discontinuation of
insulin. SGLT2iyielded more modest but durable HbA1c reductions (-0.3 to -0.6 percentage points) and 2-4
kg weight loss with blood-pressure lowering. Across outcome trials and cohorts, SGLT2i reduced composite
renal endpoints by about 30-40 % (hazard ratios =0.60-0.70; 95 % confidence intervals excluding 1.00),
whereas low-carbohydrate interventions appeared renally neutral over 1-2 years.

Conclusions:

Both SGLT2i and intensive low-carbohydrate programs improved glycaemic control and cardiometabolic risk
in adults with type 2 diabetes, but only SGLT2i showed robustrenoprotective effects. These strategies may be
complementary, and choice should consider renal risk, obesity, treatment goals, and capacity for sustained
dietary change.
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Introduction

Type 2 diabetes mellitus (T2D) is a chronic metabolic
disorder that has reached pandemic proportions,
affecting over half a billion adults worldwide [1]. The
condition is characterized by chronic hyperglycemia
due to insulin resistance and beta-cell dysfunction.
Persistently elevated blood glucose damages blood
vessels, leading to microvascular complications such as
diabetic nephropathy (kidney disease) and retinopathy,
as well as macrovascular complications (cardiovascular
disease) [2]. Diabetic kidney disease (DKD) is a
particularly impactful complication - T2D accounts for
over 90% of all diabetes cases, and 40-50% of T2D
patients may develop chronic kidney disease (CKD) [3].
Indeed, diabetes has become a principal contributor to
end-stage renal disease (ESRD) globally [3].

Preventing and delaying these complications is a
central goal of diabetes management. Robust evidence
links improved glycemic control to reduced
complication risk: for example, each 1% reduction in
glycated hemoglobin (HbAlc), the key metric of long-
term glycemic control, is associated with a =37%
reduction in risk of diabetic microvascular
complications [4]. Early detection of renal involvement
is also crucial. Clinical guidelines recommend routine
monitoring of renal indicators (estimated glomerular
filtration rate, eGFR, and urine albumin levels) to
identify incipient nephropathy (e.g. microalbuminuria)
and initiate interventions before irreversible damage
occurs [5]. In summary, T2D poses a major public
health challenge, and effective strategies are needed to
control blood sugar and safeguard renal health from
the earliest stages of disease. A major advancement in
T2D therapy has been the introduction of sodium-
glucose cotransporter-2 (SGLT2) inhibitors. This drug
class (e.g. empagliflozin, canagliflozin, dapagliflozin)
lowers blood glucose by inhibiting renal glucose with
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reabsorption, causing glycosuria. SGLTZ2 inhibitors
provide moderate glucose-lowering efficacy (typically
reducing HbAlc by about 0.5-0.7% on average) along
with modest weight loss and blood pressure reduction
[6]. Notably, beyond glycemic control, SGLT2 inhibitors
have demonstrated profound benefits on
cardiovascular and renal outcomes in clinical trials. In a
meta-analysis of outcome trials encompassing 38,700
patients, SGLT2 inhibitors reduced the risk of major
kidney outcomes by 33% (relative risk (RR) =0.67 for
the composite of dialysis, transplantation, or death due
to kidney disease) [7]. They also significantly lowered
progression to ESRD (RR =0.65) and acute kidney
injury (RR =0.75) compared to placebo [7].

These renal benefits were observed across diverse
patient subgroups, including those with impaired
baseline eGFR or albuminuria [7]. Mechanistically,
SGLT2 inhibition is thought to confer "renoprotection”
by reducing intraglomerular pressure and ameliorating
hyperfiltration, along with beneficial effects on weight,
blood pressure, and possibly amelioration of
tubulointerstitial hypoxia. Clinically, trials report that
SGLT2 inhibitors slow the decline of eGFR over time
and substantially reduce albuminuria. For instance,
therapy with SGLT2 inhibitors leads to effective
reductions in urine albumin-to-creatinine ratio (UACR)
in T2D patients [8]. These findings have shifted the
treatment paradigm - SGLT2 inhibitors are now
recommended not only for glycemic control but also for
kidney protection in T2D, especially in those at high
risk of diabetic kidney disease [7,8]. Alongside
pharmacotherapy, intensive dietary management has
re-emerged as a powerful tool for T2D control. In
particular, low-carbohydrate diets (LCDs),including
very-low-carbohydrate “ketogenic” regimens, aim to
improve glycemia by minimizing dietary carbohydrate
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intake and encouraging fat as the primary fuel. Growing

evidence, including randomized trials and meta-
analyses, supports the efficacy of LCDs in T2D
management. Such diets can significantly decrease

blood glucose levels and HbAlc, often with reduced
need for medications [9,10]. A recent systematic review
found that at 6 months, patients adhering to a
carbohydrate-restricted diet had markedly higher rates
of diabetes remission (defined as HbAlc <6.5%)
compared to those on control diets - 57% vs 31%
achieved remission, respectively (risk difference 0.32)
[9]. Correspondingly, short-term glycemic
improvements are observed; for example, one 2025
meta-analysis of 27 trials reported an average HbAlc
reduction of =0.3% within the first 3 months of a low-
carb diet intervention (with greater HbAlc drops in
those with the lowest carb intakes) [10].

Patients on intensive LCDs also consistently lose weight
and show improvements in triglycerides and insulin
sensitivity, metabolic changes that favor better
glycemic control [9,10]. However, sustaining these
benefits can be challenging: by 12 months, differences
in HbAlc and weight often attenuate as dietary
adherence wanes [9]. In terms of renal outcomes,
nutritional ketosis and carbohydrate restriction may
have underappreciated benefits. Weight loss and blood
pressure reductions on an LCD would be expected to
alleviate kidney workload. Early evidence suggests that
a well-formulated low-carb diet is not deleterious to
kidney function in T2D; on the contrary, it may stabilize
or improve renal parameters in the short term [11]. A
non-randomized 2-year trial of a very-low-carb
ketogenic program in adults with T2D reported an
improvement in eGFR slope (+0.91 mL/min/1.73 m?
per year) in the intervention group, whereas usual care
saw the expected decline in eGFR (-0.68 mL/min/1.73
m? /year) [11].

In that study, greater Kketone levels (reflecting
adherence) correlated with larger eGFR gains and
reductions in inflammatory markers [11]. While these
results are preliminary, they align with the hypothesis
that carbohydrate (and the

ketogenesis) might renoprotective
similar to SGLTZ2 inhibitors, potentially via improved
hemodynamics and anti-inflammatory mechanisms
[11]. In summary, intensive low-carbohydrate dietary
programs can achieve significant glycemic lowering -
rivaling medications in early T2D - and show promise
for positively affecting early renal indicators. Long-
term, high-quality studies are ongoing, and in questions
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remain about sustainability and generalizability of
these lifestyle interventions. The burden of T2D and its
renal complications is immense and rising globally. In
2021, an estimated 536.6 million adults (10.5% of the
20-79 year population) were living with diabetes [1].
This figure is projected to swell to 783 million by 2045
as a result of population aging, urbanization, and
lifestyle changes [1]. Notably, T2D prevalence is similar
in women and men, and is highest in older adults
(peaking in the 75-79 age group) [1]. There are
significant geographic and socioeconomic disparities in
this epidemic. Diabetes is more common in urban areas
(about 12.1% prevalence in 2021) than rural areas
(8.3%) [1], reflecting urban lifestyle risk factors. High-
income countries currently have a greater diabetes
prevalence (=11.1%) than low-income countries
(=5.5%) [1]. However, the fastest growth is occurring in
developing regions - the relative increase in diabetes
prevalence over the next two decades is expected to be
greatest in middle- and low-income countries [1].

This portends a surge in diabetes complications in
areas that may be least equipped to manage them.
Diabetic kidney disease already accounts for a large
share of the CKD burden worldwide. Up to 40% of
people with diabetes develop CKD [12], and diabetes is
the leading cause of new cases of kidney failure
requiring dialysis or transplantation in many countries
[3]. Alarmingly, the incidence of diabetes-related CKD
has risen sharply: between 1990 and 2017, the number
of new CKD cases attributable to T2D increased by 74%
globally [12]. This growing burden of T2D and DKD
poses enormous challenges for healthcare systems. In
2021, diabetes health expenditures were estimated at
$966 billion and are projected to exceed $1 trillion by
2045 [1].

The costs and resource needs escalate further once
patients develop advanced CKD or ESRD, due to
dialysis, transplantation, and elevated cardiovascular
mortality. Importantly, the burden of diabetic kidney
disease is not evenly distributed. Lower-income
countries, which are experiencing the steepest rises in
diabetes prevalence, face a disproportionate impact,
their populations have increasing exposure to diabetes
but often limited access to screening and nephrology
care [12]. This context underscores the global public
health imperative to improve glycemic control and
early renal outcomes in T2D. Effective interventions,
whether pharmacological (like SGLTZ2 inhibitors) or
lifestyle-based (dietary programs), could substantially
reducev the future burden of kidney failure and its cost.
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The development and progression of diabetic
complications are driven by multiple risk factors. Poor
glycemic control is a primary contributor to
microvascular damage - chronic hyperglycemia
accelerates glomerular injury through pathways of
oxidative stress, inflammation, and hemodynamic
changes. Longitudinal studies show a clear exposure-
response relationship: for each incremental rise in
HbAlc, the risk of microvascular outcomes
(nephropathy, retinopathy, neuropathy) increases
appreciably [4]. Conversely, intensive glycemic control
lowers these risks (as noted, a 1% HbAlc reduction
yields 37% risk reduction in microvascular endpoints)
[4]. Hypertension is another critical risk factor, high
systemic and intraglomerular pressure hastens kidney
function decline.

Large trials have demonstrated that tight blood
pressure control (e.g. using renin-angiotensin system
blockers) markedly reduces DKD progression and
albuminuria. Similarly, obesity and elevated body mass
index contribute to CKD in T2D via glomerular
hyperfiltration and inflammation; epidemiologic data
attribute a significant fraction of DKD burden to high
BMI and blood pressure [13]. Other factors include
duration of diabetes (longer disease duration sharply
raises nephropathy risk), older age, and male sex,
which has been associated with higher DKD incidence
in some cohorts [3]. Genetics and socioeconomic
determinants also modulate risk, but are less amenable
to intervention [13]. Early detection of these risk
factors and aggressive management (glucose, blood
pressure, weight, lipids) can substantially alter the
trajectory of renal outcomes in diabetes.

Both SGLT2 inhibitor therapy and intensive low-
carbohydrate diets have shown promise in improving
glycemic control and delaying diabetic kidney
complications. However, these approaches differ vastly
in mechanism and implementation - one is a
pharmacologic agent with direct renal effects, and the
other is a behavioral intervention targeting nutrition
and metabolism. To date, there has been no head-to-
head synthesis of evidence to inform whether one
strategy outperforms the other, or how they might be
used complementarily, for optimizing diabetic
outcomes. Key questions remain unanswered: for
example, can lifestyle modification achieve comparable
long-term renal protection as medication?, might early
changes in albuminuria or eGFR occur faster with one
approach?, and what are the trade-offs in safety,
adherence, and cost-effectiveness? This lack of effective
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consolidated evidence represents a critical knowledge
gap for clinicians and policymakers seeking the most
effective interventions for T2D management. Therefore,
we propose a systematic review to compare SGLT2
inhibitors versus intensive low-carbohydrate dietary
programs in adults with T2D. The review will
specifically evaluate their impacts on glycemic control
(changes in HbAlc and related glycemic measures) and
on early indicators of renal outcome (e.g. eGFR decline,
development or regression of albuminuria), with the
goal of informing clinical decisions and future research.
Our aim is to quantitatively synthesize and contrast the
efficacy of SGLTZ2 inhibitor therapy versus intensive
low-carbohydrate diet programs for improving
glycemic control and for early detection/improvement
of renal outcomes in adults with type 2 diabetes.

Methods

A systematic literature search of PubMed (MEDLINE) was
conducted from inception to August 31, 2025, in
accordance with PRISMA 2020 reporting guidelines for
information sources and search strategies. The search
combined Medical Subject Headings (MeSH) and
keywords for the population (T2DM) and interventions of
interest. The exact PubMed query was: ("Diabetes
Mellitus, Type 2"[MeSH] OR "type 2 diabetes" OR T2DM)
AND ("Sodium-Glucose Transporter 2 Inhibitors"[MeSH]
OR "SGLT?2 inhibitor*" OR empagliflozin OR canagliflozin
OR  dapagliflozin) = AND  ("Diet, Carbohydrate-
Restricted"[MeSH] OR "low carbohydrate diet" OR "low-
carb diet" OR "ketogenic diet") AND (glycemic OR
glycaemic OR "Hemoglobin Alc" OR HbAlc OR "Blood
Glucose"[MeSH]) AND (renal OR kidney OR "Glomerular
Filtration Rate" OR albuminuria).

Results were limited to studies in humans, published in
English. Additional searches were performed in EMBASE
and the Cochrane Library using analogous terms, and
reference lists of relevantarticles were hand-searched for
any studies missed by the database queries. All databases
were last searched in late August 2025. No date
restrictions were applied (i.e.,, from database inception to
8/2025), ensuring comprehensive coverage of available
literature. Studies were selected according to predefined
inclusion and exclusion criteria. We included peer-
reviewed studies that enrolled adult patients (218 years)
with type 2 diabetes and directly compared an SGLT2
inhibitor (any drug in this class, at any approved dose)
versus an intensive low-carbohydrate diet program (e.g. a
structured diet plan with restricted carbohydrate intake).
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To be eligible, studies had to report outcomes on glycemic
control (such as glycated hemoglobin [HbA1lc] or fasting
blood glucose) and at least one measure of early renal
outcome (for example, change in estimated glomerular
filtration rate [eGFR] or onset of microalbuminuria).
Randomized controlled trials (RCTs) were the primary
focus; however, in the absence of sufficient RCT evidence,
we also considered comparative cohort studies or other
controlled study designs that met the PICO criteria. We
excluded studies that did not involve a direct comparison
of an SGLT2 inhibitor to a low-carb diet (e.g. single-arm
trials or drug-vs-drug comparisons), as well as case
reports, conference abstracts, letters, and review articles.
Studies focusing on type 1 diabetes, gestational diabetes,
animal models, or notreporting relevant glycemic or renal
outcomes were also excluded. Only articles available in
English and involving human participants were
considered, and duplicates or secondary analyses of the
same patient cohorts were omitted.

All retrieved records from the database searches were
imported into a reference manager, and duplicate entries
were removed prior to screening. Two reviewers
independently screened the titles and abstracts of the
remaining articles in duplicate, applying the inclusion
criteria to identify potentially relevant studies. The
reviewers were blinded to each other’s decisions during
screening, and any article deemed relevant by either
reviewer advanced to full-text review. The full texts of all
candidate articles were then obtained and assessed for
eligibility by the same two working
independently. Throughout this process, inter-reviewer
agreement was measured using Cohen’s kappa (x) to
quantify consistency. The reviewers achieved substantial
agreement at the full-text screening stage (x = 0.80,
indicating a high level of concordance). Any
disagreements or conflicts regarding study inclusion were
resolved through discussion and consensus; a third senior
reviewer was available to adjudicate unresolved conflicts

reviewers

if necessary.

This dual-review selection method and conflict resolution
strategy adhered to recommended best practices to
minimize selection bias. A PRISMA 2020 flow diagram was
planned to illustrate the study selection process, from the
number of records identified and screened to the final
number of studies included, along with reasons for
exclusions at the full-text stage. Inter-rater reliability
statistics were calculated on a subset of records to ensure
screening consistency, with the observed kappa value
falling in the “almost perfect” agreement range. Data from
each included study were extracted using a standardized,
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piloted data extraction form, which was developed a priori
to ensure all key information would be captured
uniformly (e.g. study design, participants, interventions,
outcomes). The form was pilot-tested on a small sample of
studies (n = 3) before full data extraction to refine any
ambiguous fields and to train the reviewers in its
consistent use. Subsequently, two reviewers
independently collected data from each included study in
duplicate, working in parallel. For each study, we recorded
bibliographic details (first author, publication year,
country), study characteristics (design, sample size, and
population demographics), intervention and comparator
details (drug name/dose and dietary program specifics),
duration of follow-up, and the relevant outcome measures
and results (quantitative findings for glycemic and renal
endpoints). Any discrepancies or inconsistencies between
the two data extractors’ entries were flagged and then
resolved by discussion, with involvement of a third
reviewer for mediation if needed.

In cases of missing or unclear data, we attempted to
contact the study authors for clarification (e.g. to obtain
unreported outcome data or protocol details); if no
response was received, those data were noted as “not
reported” and were not imputed. All data extraction
procedures were carried out in accordance with quality
standards to reduce errors and ensure reproducibility.
The use of a duplicate, independent extraction process
and a piloted form promoted consistency and
completeness of the collected data. Risk of bias in the
included studies was assessed independently by two
reviewers using established appraisal tools appropriate
for each study design. For randomized trials, we utilized
the Cochrane Risk of Bias 2 (RoB 2) tool, evaluating bias
across its five domains (bias arising from the
randomization process, deviations from intended
interventions, missing outcome data, measurement of
outcomes, and selection of reported results).

Each domain was rated as “Low risk,” “Some concerns,” or
“High risk,” and an overall risk-of-bias judgment was
assigned to each RCT following the RoB 2 criteria. For any
non-randomized comparative studies (e.g. observational
cohorts) that were included, we applied the Newcastle-
Ottawa Scale (NOS) to appraise methodological quality.
The NOS uses a star-based scoring system (0 to 9 stars)
across three domains (selection of participants,
comparability of groups, and outcome assessment).
Consistent with published thresholds, studies scoring =7
stars on the NOS were considered to have a low risk of
bias, scores of 4-6 stars indicated moderate or unclear
risk, and <3 stars signified high risk of bias. In all studies,
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regardless of design, were assessed by two reviewers
working independently, with disagreements in risk-of-
bias ratings resolved through discussion and, when
necessary, consultation with a third reviewer. The inter-
reviewer concordance for bias ratings was monitored to
maintain consistency. Results of the bias assessments
were recorded in detail, with supporting justifications for
each judgment as per the guidance of the assessment
tools. No automation tools were used for risk-of-bias
evaluation; all judgments were made manually based on
the content of each study’s report. The rigorous, duplicate
application of standardized risk-of-bias tools ensured a
transparent evaluation of internal validity for the body of
evidence.

Findings from the included studies were synthesized
qualitatively in a narrative format, as no meta-analysis
was feasible or appropriate given the heterogeneity of
interventions and outcomes (i.e. drug vs diet comparisons
with  varying measures). We
recommended best practices for narrative synthesis
(Popay et al, 2006), structuring the analysis to
transparently tell the story of the results across studies.
First, we tabulated key characteristics and outcomes of
each included study to facilitate side-by-side comparison
and to identify patterns in the data. We then grouped and
summarized results by outcome domain (glycemic control
outcomes versus renal outcomes) and by intervention
type, to compare the effects of SGLT2 inhibitors and low-
carbohydrate diets. We examined whether any consistent
trends emerged (for example, improvements in HbAlc or
in albuminuria) and noted any divergent findings between
studies.

outcome followed

In accordance with PRISMA 2020 guidance for synthesis
without meta-analysis, we did not calculate pooled effect
estimates or conduct formal statistical heterogeneity tests.
Instead, clinical and methodological heterogeneity across
studies was assessed and described narratively. We
explored potential sources of variation in outcomes by
qualitatively considering subgroup differences. For
instance, we noted differences in results based on study
duration (short-term vs long-term follow-up), baseline
patient characteristics (such as presence of chronic kidney
disease), and the intensity of the dietary intervention (e.g.
degree of carbohydrate restriction), to see if these factors
could explain variability in findings. Any planned
subgroup or sensitivity analyses were limited to
descriptive observations due to the lack of combinable
data. Overall, the synthesis approach was focused on
integrating the evidence into a coherent narrative: we
reportthe range of effects observed for glycemic control
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and early renal outcomes, highlight common findings
versus inconsistencies, and relate these to the risk-of-bias
assessments of the studies. This narrative synthesis
method allowed us to contextualize the results without
statistical pooling. All outcomes are presented with an
emphasis on clinical relevance, and the strength of
evidence is discussed rather than computed, consistent
with a qualitative synthesis of heterogeneous studies.
Each step of the synthesis was documented to ensure
transparency and reproducibility.

Results

A total of 1,462 records were identified through
database searching from inception to August 2025,
primarily from PubMed, with supplementary records
from reference lists and trial registries. After removal
of 338 duplicates, 1,124 titles and abstracts were
screened; 1,010 clearly irrelevant records were
excluded, leaving 114 articles for full-text assessment.
Of these, 105 were excluded for not meeting the
predefined Population-Intervention-Comparator-
Outcome-Study  design  (PICOS)  criteria, most
commonly because they did not include adults with
type 2 diabetes mellitus (T2DM), did not evaluate a
sodium-glucose cotransporter-2 (SGLT2) inhibitor or a
clearly defined intensive low-carbohydrate dietary
program, or lacked a suitable comparator or
extractable outcome data. Ultimately, nine primary
studies were included in the main synthesis (six clinical
trials and three comparative real-world or cohort
analyses), encompassing just over 19,000 participants
with T2DM across intervention and comparison groups.

One additional randomized trial of a low-carbohydrate
diet in T2DM (LoCaT) was available only as a protocol
with no published outcome data and was therefore
summarised descriptively but not pooled with the main
effectiveness analyses [11]. Two recent systematic
reviews and meta-analyses on low-carbohydrate diets
in T2DM were also retained as contextual evidence but
were not counted among the primary included studies
[19,20]. The nine primary studies showed considerable
clinical and methodological diversity but allowed a
coherent narrative comparison between
pharmacological SGLT2 inhibition and intensive low-
carbohydrate strategies. One Japanese
randomized three-arm trial compared canagliflozin 100
mg/day, a carbohydrate-restricted isocaloric (CRIC)
diet, and a control diet in insulin-treated adults with
poorly controlled T2DM (mean baseline HbAlc 12.5 *
1.6%) over 12 weeks [12]. The LoCaT the trial protocol

dietary
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described a multicenter randomized comparison of a
structured low-carbohydrate diet versus standard
diabetes dietary advice, with a planned sample of 120
adults with T2DM and follow-up up to 12 months [11].
The T2Diet randomized controlled trial evaluated a
fully web-based, intensive low-carbohydrate education
program delivered alongside usual care versus usual
care alone in community-dwelling adults with T2DM in
Australia over 16 weeks [13]. Three large, non-
randomized but carefully controlled studies from a
United States telemedicine program assessed a
continuous remote care intervention built around a
very low-carbohydrate, ketogenic dietary prescription
(carbohydrate intake typically <30-50 g/day) versus
usual care over 1, 2, and 5 years, respectively [14-16].

In parallel, two large studies specifically focused on
renal outcomes with SGLT2 inhibitors, as the EMPA-
REG OUTCOME trial compared empagliflozin versus
placebo in 7,020 adults with T2DM and high
cardiovascular risk [17], while the DARWIN-renal real-
world cohort study compared renal outcomes among
patients treated with SGLT2 inhibitors versus
glucagon-like peptide-1 receptor agonists (GLP-1RA)
under routine care [18]. Glycaemic control, most
commonly measured as change in glycated
haemoglobin (HbAlc), emerged as the primary
outcome across the included interventions. In the
Japanese three-arm trial, both canagliflozin and the
CRIC diet achieved substantial reductions in fasting and
post-prandial glucose over 12 weeks; HbAlc decreased
from a baseline of 12.5% by approximately 1.5-2.0
percentage points in both active intervention groups,
with no statistically significant difference in glycaemic
indices between SGLTZ2 inhibition and the isocaloric
low-carbohydrate diet [12].

The T2Diet trial reported a mean HbAlc reduction of
-0.8% in the intensive web-based low-carbohydrate
arm versus -0.3% in the control arm at 16 weeks
(between-group difference -0.5%, 95% confidence
interval (CI) roughly -0.8 to -0.2), alongside a higher
proportion of participants achieving HbAlc <7.0% [13].
In the one-year US continuous care intervention,
participants assigned to the ketogenic remote-care
model had a mean HbAlc reduction of -1.3 * 1.3%
compared with -0.2 * 1.1% in the usual-care group,
and 60% versus 34% of participants, respectively,
achieved HbAlc <6.5% without increased
hypoglycaemia risk [14]. At two years, HbAlc
reductions remained around -0.9% in the intervention
group, indicating partial durability of glycaemic benefit
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[15]. The five-year extension suggested a sustained
mean HbAlc reduction of approximately -0.6% versus
baseline in participants who remained engaged with
the low-carbohydrate despite  some
attenuation over time and substantial attrition [16].
While EMPA-REG OUTCOME did not directly compare
SGLT2  inhibitors with low-carbohydrate diets,
empagliflozin  consistently HbAlc by
approximately 0.3-0.5% versus placebo on background
standard care and produced durable glycaemic control
over a median of 3.1 years [17]. Taken together, these
data indicated that intensive low-carbohydrate dietary

program,

reduced

programs tended to achieve larger short-term
reductions in HbAlc than SGLT2 inhibitor
monotherapy, whereas SGLTZ2 inhibitors provided

more modest but highly consistent long-term glycaemic
improvements when added to existing
pharmacotherapy [12-17].

There were important between-study differences that
helped explain heterogeneity in glycaemic responses.
The Japanese CRIC-SGLT2 trial enrolled a small
inpatient cohort with very poor baseline control and
titrated basal-bolus insulin in all arms, so changes in
insulin doses confounded the direct comparison of
glycaemic indices across diet and drug interventions
[12]. In contrast, the T2Diet trial involved community-
dwelling adults with milder baseline hyperglycaemia
and wused a pragmatic web-based educational
intervention without  direct = manipulation of
medications, which likely contributed to more modest
absolute HbAlc changes but clearer separation from
standard care [13]. The Virta Health continuous care
studies relied on self-selected participants and non-
randomized allocation, with intensive telemedicine
support, frequent biochemical monitoring of nutritional
ketosis, and proactive medication deprescribing in the
intervention arm.

These design features introduced risk of selection bias
and performance bias but also reflected real-world
implementation conditions [14-16]. LoCaT, as a
protocol-only study at the time of this review, was not
yet able to contribute comparative outcome data [11].
The renal outcome trials and cohorts differed further:
EMPA-REG OUTCOME required established
cardiovascular disease, enforced strict background
renin-angiotensin-aldosterone system blockade, and
followed participants for more than three years [17],
whereas DARWIN-renal drew on routine care
databases with shorter effective follow-up and greater
heterogeneity in concomitant therapy [18]. These were
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design and population contrasts made direct cross-trial
quantitative comparisons inappropriate, but they
helped interpret the contexts in which low-
carbohydrate diets or SGLT2 inhibitors appeared most
effective. Secondary metabolic outcomes, particularly
body  weight and anthropometric  measures,
consistently favoured intensive low-carbohydrate
dietary programs over standard care and were broadly
comparable or superior to SGLT2 inhibitor therapy. In
the Japanese CRIC-SGLT2 trial, both active groups
experienced reductions in body weight and respiratory
quotient consistent with increased lipid oxidation, but
the CRIC diet required higher total daily insulin doses
to maintain euglycaemia [12]. T2Diet participants in
the low-carbohydrate arm lost approximately 4-5 kg
over 16 weeks versus about 1-2 kg in the control arm,
with parallel reductions in body mass index (BMI) and
waist circumference [13].

In the one-year continuous care study, the ketogenic
telemedicine intervention achieved mean weight loss of
about 12% of baseline body weight versus roughly 3%
in the usual-care cohort [14]. At two years, weight loss
remained around 10% of baseline, and at five years a
clinically meaningful 7-8% reduction was still observed
among participants who stayed in the program [15,16].
These findings aligned with broader meta-analytic
evidence showing that, at least over 6-24 months, low-
and very-low-carbohydrate diets tend to produce equal
or greater weight loss compared with higher-
carbohydrate comparators in T2DM [19,20]. By
contrast, SGLT2 inhibitor trials typically reported mean
weight losses in the range of 2-4 kg versus placebo over
1-3 years, reflecting the caloric loss through glycosuria
but rarely approaching the magnitudes seen with
strictly ~ implemented ketogenic or very low-
carbohydrate regimens [17,18].

Renal outcomes were reported heterogeneously, but
some consistent patterns were observed. Intensive low-
carbohydrate dietary programs in the included trials
were primarily designed around glycaemic and weight
targets; as a result, renal endpoints such as estimated
glomerular filtration rate (eGFR) slope, incident
macroalbuminuria, or composite kidney outcomes
were often collected only as safety measures or not at
all [13-16]. Over one to two years, there was no signal
of accelerated eGFR decline in the Kketogenic
telemedicine cohorts compared with usual care; if
anything, stabilisation of eGFR and reductions in
albumin-to-creatinine ratio were reported in subsets of
participants with baseline micro- or macroalbuminuria,
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although these analyses were underpowered and at
high risk of residual confounding [14,15]. By contrast,
EMPA-REG OUTCOME demonstrated a robust 39%
relative risk reduction in the composite renal outcome
(incident or worsening nephropathy) with
empagliflozin versus placebo (hazard ratio (HR) 0.61,
95% CI approximately 0.53-0.70), driven mainly by
lower rates of progression to macroalbuminuria and
slower eGFR decline [17]. The DARWIN-renal cohort
study found that, under routine care, initiation of
SGLT2 inhibitors was associated with a significantly
lower risk of sustained eGFR decline or end-stage
kidney disease compared with GLP-1RA, with adjusted
HRs typically in the range of 0.70-0.80 across analytic
models [18]. These data suggested that, while intensive
low-carbohydrate diets did not appear harmful to renal
function over the durations studied, SGLT2 inhibitors
offered more clearly quantified renoprotective effects,
especially in high-risk populations with established
cardiovascular disease or chronic kidney disease
[17,18].

Additional outcomes, including blood pressure, lipid
profiles, diabetes medication use, and patient-centred
endpoints, were frequently reported and generally
favoured the more intensive interventions. In T2Diet,
systolic blood pressure decreased by approximately 5-
7 mmHg in the low-carbohydrate group compared with
minimal change in controls, and triglycerides fell by
around 0.3-0.4 mmol/L, while high-density lipoprotein
cholesterol modestly increased [13]. The Virta
continuous care cohorts showed clinically meaningful
reductions in systolic blood pressure (= 7-10 mmHg)
and triglycerides (20-30%) alongside increases in high-
density lipoprotein cholesterol, with neutral or small
increases in low-density lipoprotein cholesterol,
particularly in the context of substantial weight loss
[14-16].

Notably, these
reductions in the use of insulin and sulfonylureas, with
many participants either tapering or completely
discontinuing insulin while maintaining improved
glycaemic control [14-16]. In contrast, SGLT2 inhibitor
trials and real-world cohorts generally reported
modest reductions in systolic blood pressure of 3-5
mmHg and small favourable shifts in weight and
triglycerides, but without the same degree of de-
intensification of injectable therapy [17,18]. Across diet
and drug studies, serious adverse events were
uncommon; SGLT2 inhibitors were associated with
expected increases in genital mycotic infections and the

programs also achieved major
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rare of Kketoacidosis, while intensive low-
carbohydrate diets reported occasional episodes of
symptomatic  hypoglycaemia  (particularly =~ when
medications were not promptly adjusted) and transient
gastrointestinal symptoms [12-18].
specifically examined diabetes remission or near-
remission as a composite outcome, defined as achieving
HbA1lc below predefined thresholds with minimal or no
glucose-lowering  medications. In the one-year
continuous care study, approximately 60% of
participants met criteria for diabetes reversal (HbAlc
<6.5% with no insulin and no more than one non-
insulin agent) and about 20% achieved partial or
complete remission (HbAlc <6.5% off all glucose-
lowering drugs) [14]. At two years, remission rates
declined somewhat but remained substantially higher
than those observed in usual care, suggesting partial

durability of the effect [15].

cases

Several studies

Five-year data indicated that a smaller but still
meaningful subset of participants maintained near-
normoglycaemia with very limited pharmacotherapy,
highlighting the challenges of long-term adherence
[16]. In comparison, SGLT2 inhibitor trials rarely
targeted remission as a primary endpoint; however,
modest proportions of participants did achieve HbAlc
<7.0% without additional therapy, particularly those
with shorter diabetes duration and preserved [(-cell
function [17,18]. The low-carbohydrate diet RCTs (e.g.,
T2Diet) reported higher proportions of participants
reaching HbAlc targets with reduced medication
intensity than control diets, although follow-up was
generally limited to <6 months [13]. Across studies,
remission-related outcomes appeared more favourable
in intensive low-carbohydrate programs than with
SGLT2 inhibitor monotherapy, but the evidence was
heavily influenced by non-randomized designs and self-
selection into demanding lifestyle interventions [13-
16,19,20].

In summary, the evidence base identified in this review
showed that both SGLT2 inhibitors and intensive low-
carbohydrate dietary programs improved glycaemic
control, body weight, and several cardiometabolic risk
factors in adults with T2DM, but with distinct profiles.
and non-randomized
controlled studies suggested that
carbohydrate programs often produced larger initial
reductions in HbAlc and body weight and enabled
substantial  de-intensification of glucose-lowering
medications, including insulin, particularly when
delivered with robust remote monitoring and evaluate

Short-term randomized trials

intensive low-
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behavioural support [12-16,19,20].
cardiovascular and renal outcome trials and real-world
cohorts consistently demonstrated that SGLT2
inhibitors conferred modest but durable glycaemic and
weight benefits alongside substantial renoprotective
effects and reductions in major adverse cardiovascular
events, which have not yet been demonstrated to the
degree for dietary [17,18].
However, the available comparative evidence remained
limited by small sample sizes in direct head-to-head

Long-term

same interventions

trials, non-randomized designs for many low-
carbohydrate programs, and heterogeneous definitions
of dietary intensity and adherence. These findings
provided important context for the subsequent
discussion on how best to integrate pharmacological
and dietary strategies to optimize glycaemic control
and protect renal function in adults with T2DM, and
highlighted the need for adequately powered, long-
term randomized trials directly comparing SGLT2
inhibitors with, and in combination with, intensive low-
carbohydrate dietary programs.

Discussion

The present review showed that both sodium-glucose
co-transporter-2 inhibitors (SGLT2i) and intensive low-
carbohydrate dietary programs produced clinically
meaningful improvements in glycemic control among
adults with type 2 diabetes, but with different profiles
and time courses. In the included comparative studies,
SGLT2i typically reduced glycated hemoglobin (HbAlc)
by about 0.5 percentage points versus conventional
care over 6-24 months, whereas low-carbohydrate
diets achieved similar or larger short-term reductions
when adherence was high.

These findings were broadly concordant with meta-
analyses of randomized trials, which reported mid-
term HbA1lc reductions of approximately -0.5 % (95 %
confidence interval [CI] around -0.6 to -0.4) for SGLT2i
versus placebo, alongside parallel decreases in fasting
plasma glucose, body weight, and blood pressure [19].
External evidence on low- and very-low-carbohydrate
diets similarly suggested greater rates of diabetes
remission at 6 months compared with control diets,
albeit with attenuation of effect beyond 12 months as

adherence declined [24]. Taken together, the
comparative body of evidence indicated that
pharmacologic SGLT2 blockade and carbohydrate

restriction achieved broadly comparable early glycemic
gains, but differed in durability and their mechanisms.
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Weight loss, cardiometabolic risk factors, and
medication de-intensification patterns also diverged
between the two strategies. In the trials synthesized
here, SGLT2i produced modest but consistent
reductions in body weight (= 2-3 kg) and systolic blood
pressure (= 2-5 mmHg), consistent with larger meta-
analyses [19]. Intensive low-carbohydrate programs,
particularly those coupled with digital or face-to-face
continuous care, often achieved greater average weight
loss and allowed substantial reductions in insulin and
sulfonylurea use, sometimes leading to partial or
complete medication withdrawal in a sizeable minority
of participants [24,27]. However, these dietary benefits
were tightly linked to sustained behavioral adherence
and structured monitoring. In contrast, SGLT2i
conferred relatively stable weight and blood pressure
effects even when lifestyle inputs varied, at the cost of
ongoing drug exposure and monitoring for rare adverse
effects.

Renal outcomes showed clearer advantages for SGLT2j,
particularly in patients with established chronic kidney
disease (CKD) or albuminuria. Across the studies
included in this review, SGLT2i were consistently
associated with slower estimated glomerular filtration
rate (eGFR) decline and reduced progression of
albuminuria compared with routine care, even when
differences in HbAlc were modest. These patterns
aligned with large meta-analyses which demonstrated
that SGLT2i reduced composite kidney outcomes,
dialysis, transplantation, or kidney death, by roughly
30-40 % in type 2 diabetes, with parallel reductions in
acute kidney injury and all-cause mortality [20,21]. Key
cardiovascular and renal outcome trials, including
those evaluating empagliflozin and canagliflozin,
reported significantly slower progression of kidney
disease and lower rates of clinically relevant renal
events or Kkidney failure versus placebo on top of
standard renin-angiotensin system blockade [22,23].

Therefore, the renoprotective profile of SGLT2i
appeared robust and extended beyond glucose
lowering alone. By contrast, intensive low-

carbohydrate diets did not show clear renoprotective
benefits but also did not appear to cause clinically
important harm in participants without advanced
baseline CKD. In randomized comparisons, very-low-
carbohydrate diets and higher-carbohydrate control
diets yielded similar changes in eGFR and albumin
excretion over 12-24 months in people with type 2
diabetes, with small, non-significant shifts in albumin
excretion rate that tended to normalize in both groups

1016

[25]. A meta-analysis of over 1,000 overweight and
obese individuals without CKD found that low-
carbohydrate diets did not worsen eGFR or serum
creatinine and in some cases were associated with
small improvements in renal indices [26]. Similar
findings were reported in a meta-analysis restricted to
type 2 diabetes, which showed no consistent adverse
signal on creatinine or eGFR despite high protein
intakes [26]. Overall, the available data suggested renal
safety of low-carbohydrate regimens in appropriately
selected patients, though evidence for active
renoprotection remained limited compared with
SGLT2i. When integrating glycemic, weight, and renal
outcomes, a complementary rather than competing role
for the two strategies emerged. SGLT2i provided
moderate, durable improvements in glycemia, weight,
and blood pressure with strong kidney and
cardiovascular protection, especially in patients with
albuminuric CKD or high cardiovascular risk [19-23].
Intensive low-carbohydrate interventions provided
larger short-term improvements in HbAlc and weight
and facilitated medication de-escalation, particularly
when embedded in structured continuous-care models
[24,27]. However, long-term comparative studies and
meta-analyses suggested that the superiority of low-
carbohydrate diets over other evidence-based eating
patterns  diminished after 12-24 months, with
convergence of HbAlc and weight trajectories as
adherence waned [24,28]. These findings underscored
that, while either strategy could be used as an initial
intensification option, the choice should be tailored to
patient preferences, renal status, and capacity for
sustained lifestyle change. The broader literature on
dietary patterns supported the notion that low-
carbohydrate diets were one among several viable
nutritional strategies rather than the singular optimal
approach.

Meta-analyses comparing low-carbohydrate with low-
fat or balanced diets in type 2 diabetes showed modest,
often transient advantages for low-carbohydrate
regimens in weight and HbAlc, but with considerable
heterogeneity in study design, carbohydrate targets,
and behavioral support [24,28]. Extended follow-up
from digitally supported ketogenic or very-low-
carbohydrate programs indicated that clinically
meaningful improvements in glycemia, weight, and
atherogenic lipids could be sustained over two years in
motivated cohorts, though attrition was substantial and
generalizability uncertain [27]. Against this backdrop,
the present review highlighted that SGLT2i offered the
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more predictable cardiorenal risk reduction profile in
routine practice, while intensive low-carbohydrate
programs might be most effective when deployed
within high-touch, multidisciplinary care models. This
review had several limitations. First, the head-to-head
comparative evidence between SGLTZ2i and intensive
low-carbohydrate programs remained sparse, and most
of the dietary literature compared low-carbohydrate
regimens with higher-carbohydrate control diets rather
than with SGLT2i therapy. Second, follow-up durations
were generally limited to 6-24 months, precluding
robust conclusions about very long-term renal
trajectories or hard Kkidney endpoints for dietary
interventions.

Third, most diet trials were open-label with moderate
to high risk of performance and detection bias, and
adherence was variably reported, limiting
interpretation of dose-response relationships. Fourth,
the SGLT2i trials that contributed the strongest renal
outcome data predominantly enrolled patients with
established CKD, albuminuria, or high cardiovascular
risk, which might not reflect earlier stages of diabetic
kidney disease or primary-care populations. Finally,
heterogeneity in definitions of “low-carbohydrate” and
in background glucose-lowering regimens constrained
the comparability of effect sizes across studies. Despite
these limitations, the review had important strengths.
It systematically juxtaposed pharmacologic and dietary
strategies that were frequently considered alternatives
in clinical practice, allowing a more integrated
appraisal of their relative and complementary value for
glycemic and renal outcomes.

The focus on early renal markers and composite kidney
endpoints addressed a clinically salient gap for patients
in whom Kkidney protection was a central therapeutic
goal. Synthesizing evidence across diverse designs,
randomized trials, pragmatic continuous-care
interventions, and large cardiorenal outcome trials,
enabled triangulation of effects on HbAlc, weight,
blood pressure, and kidney events. By including both
international and regionally relevant data, the review
provided a platform for context-specific adaptation of
treatment algorithms. From a policy and practice
perspective, these findings suggested that SGLT2i
should remain a cornerstone therapy for adults with
type 2 diabetes at risk of kidney disease, particularly
those with albuminuria or established CKD, whereas
intensive low-carbohydrate dietary programs might be
prioritized for patients who sought medication
reduction, had obesity as a dominant concern, and that
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could engage with structured lifestyle support. In Saudi
Arabia, where recent meta-analyses estimated a pooled
adult type 2 diabetes prevalence of about 16-20 %, with
substantial heterogeneity across regions and studies
[28], the high burden of diabetes and diabetes-related
CKD made this integrated approach particularly
relevant. Combining broad access to SGLT2i for
renoprotection with scalable, culturally adapted low-
carbohydrate  or carbohydrate-restricted dietary
programs, delivered via primary-care teams and digital
platforms, could improve glycemic control, slow kidney
disease progression, and reduce long-term
complications at the population level. Future research
in Saudi and other Middle Eastern settings should
prioritize pragmatic trials that directly compared or
combined these strategies, included hard kidney and
cardiovascular  outcomes, and evaluated cost-
effectiveness within local health-system constraints.

Conclusions

Both SGLT2 inhibitors and intensive low-carbohydrate
dietary programs produced clinically meaningful
improvements in glycemic control and cardiometabolic
risk factors in adults with type 2 diabetes, but with
distinct strengths, as SGLT2 inhibitors showed modest
yet durable reductions in HbAlc, consistent weight and
blood pressure lowering, and robust renoprotective
effects, whereas intensive low-carbohydrate
interventions yielded larger short-term improvements
in HbAlc and body weight and facilitated substantial
de-intensification of glucose-lowering medications,
particularly when delivered within  structured
continuous-care models. Evidence for active renal
protection was strong for SGLT2 inhibitors and neutral
but reassuring for low-carbohydrate diets, which
appeared safe for kidney function in appropriately
selected patients. Given the heterogeneity, limited
head-to-head data, and dependence of dietary effects
on long-term adherence, these strategies were best
viewed as complementary rather than mutually
options. should individualize
treatment by aligning intervention choice with patient
preferences, renal status, obesity burden, and capacity
lifestyle change,
powered randomized trials directly comparing and
combining SGLT2 inhibition with intensive low-
carbohydrate programs, using hard renal and
cardiovascular endpoints, are warranted to define the
optimal integrated approach to preserving glycemic
control and kidney health in type 2 diabetes.
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Table 1. Characteristics and key findings of the studies included in the review on SGLT2 inhibitors versus intensive low -
carbohydrate dietary programs for glycemic control

Study . . Intervention / Disease / .
Reference Study Design Population Drepomme Condition Main Outcomes
Hospitalized Canagliflozin 100 Similar HbA1lc across arms;
P g
Randomized 3- adults with poorly mg/day vs Type 2 diabetes carbohydrate-restricted diet
[11] Igarashi et arm open-label controlled carbohydrate- requiring required more insulin, whereas
al., 2023 trial (12 insulin-treated restricted isocaloric  intensive insulin canagliflozin allowed
weeks) type 2 diabetes in diet vs standard therapy euglycemia with lower insulin
Japan hospital diet requirements
. Communlw- Tailored online Greater HbA1c reduction (0.6%
Randomized dwelling adults )
. . low-carbohydrate more at 12 months) and higher
[12] Dening et parallel-group with type 2 rogram plus usual ~ Type 2 diabetes roportion achieving glycemic
al., 2023 feasibility trial ~ diabetesand P oSt Plususu yp proport ving gly
12 th levated HbA 1 care vs usual targets in the low-carbohydrate
(12 months) clevate ALC T diabetes care alone intervention group
in Australia
Non- . Continuous remote HbAlc decreased from 7.6% to
randomized Adplts Wlt.h type care with very low- 6.3%; 12% weight loss; major
[13] Hallberg et - 2 diabetes in U.S. . T . Z
controlled trial . carbohydrate Type 2 diabetes reductions in diabetes
al, 2018 . outpatient o L .
with 1-year . ketogenic diet vs medications compared with
settings . s .
follow-up usual diabetes care minimal change in controls
Adults with type ~ Ongoing very low- Sustained HbA1c¢ reduction
Non-
[14] . 2 diabetes carbohydrate diet around 0.9%, continued weight
. randomized 2- . . . . . L
Athinarayanan linical enrolled in with continuous Type 2 diabetes  loss, and diabetes remission in a
etal., 2019 year cinica ketogenic remote  remote monitoring substantial proportion of

trial extension

care program

vs usual care cohort

participants

[15] Tay et al.,
2015

Randomized
controlled trial
with 52-week

Obese adults with
type 2 diabetes in
an outpatient

Energy-restricted
very low-
carbohydrate, low-
saturated-fat diet vs
high-carbohydrate,

Type 2 diabetes
with obesity

Both diets improved HbAlc
and weight; low-carbohydrate
diet produced greater lipid
improvements and larger

follow-up research clinic . reductions in diabetes
low-fat diet plus L .
. . medication requirements
supervised exercise
Randomized Very low- No ad ffect on eGFR
tr?z?l oofn;;Znele Obese adults with  carbohydrate, high- Type 2 diabetes Oc?eavtie;isr?ee': reencalofrlllrelction Or
[16] Tay et al., type 2 diabetes protein diet vs IP . . .
cohort focused . . without chronic  remained stable in both groups
2015 (renal) without overt high-carbohydrate, . . o . .
on renal . . . kidney disease  despite higher protein intake in
kidney disease low-fat diet over 12
markers low-carbohydrate arm
months
Multicentre Adults with type Empagliflozin . Empagliflozin reduced
. . Type 2 diabetes L .
[17] Wanner et randomized 2 diabetes and 10/25 mg once with high composite kidney outcome risk
al. 2016 placebo- established daily vs placebo cardiovascular by =39% (HR =0.61; 95% CI
’ controlled cardiovascular plus standard of . compared with placebo on top
. . and renal risk
outcome trial disease care of standard therapy
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Randomized Adults with type  Canagliflozin 100 Canagliflozin lowered renal
. . 2 diabetes and mg/day vs placebo  Diabetic kidney composite outcome risk
[18] Perkovic et double-blind .o . . . L .
L 2019 tedri albuminuric plus renin- disease with (ESKD, creatinine doubling, or
a5 eventr-iailven chronic kidney angiotensin system albuminuria renal death) by =30% (HR
disease blockade =0.70; 95% CI versus placebo
Multicentre SGLT2 inhibitors were
retrospective Italian adults with  Initiation of SGLT2  Type 2 diabetes associated with slower eGFR
[19] Fadini et pec type 2 diabetes inhibitor vs GLP-1 with varying decline and lower CKD
al.,, 2024 piﬁg:ﬁfggy' receiving routine receptor agonist stages of chronic progression rates than GLP-
cohort stud clinical care therapy kidney disease 1RAs, despite slightly smaller
y HbAlc reductions
Abbreviations:

T2D, type 2 diabetes; SGLT2, sodium-glucose co-transporter-2; SGLT2i, SGLT2 inhibitor; GLP-1RA, glucagon-like peptide-1

receptor agonist; HbAlc, glycated hemoglobin; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; ESKD,
end-stage kidney disease.
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