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Abstract

Background: There is ongoing debate regarding the optimal nutritional intervention for glycemic regulation in patients
with obesity and prediabetes. Classic ketogenic diets have been proposed for weight control and stabilizing plasma glucose

levels. This study introduces a novel approach: the Very Low-Calorie Very Low Fat Ketogenic Diet (VLCLFKD).

Material and Methods: In a controlled clinical trial, we compared the effects of VLCLFKD and a hypocaloric diet on weight

reduction and fasting plasma glucose levels.

Results: VLCLFKD achieved a 5% weight loss in half the time compared to the hypocaloric diet (p < 0.001) and resulted in a
total weight reduction of 12.39 + 2.8 kg versus 6.95 + 1.9 kg (p < 0.001), respectively. Additionally, there was a significant
modification in fasting plasma glucose levels from 94.3 + 22.9 mg/dl to 82.3 + 10.1 mg/dl (p = 0.009).

Conclusion: VLCLFKD leads to greater weight loss and significant improvement in fasting plasma glucose levels compared

to the hypocaloric diet.
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Introduction

Obesity represents a major risk factor for glucose
metabolism disorders [1], with 80-90% of type 2 diabetes pa-
tients being overweight or obese [1]. Globally, type 2 dia-
betes affects approximately 537 million adults, accounting
for 10.5% of the population aged 20 to 79 years [2]. In Mexi-
co, the prevalence of diabetes is alarmingly high, with a re-
ported rate of 18.3%(3). Prediabetes, characterized by
glycemic dysfunction preceding type 2 diabetes onset, af-
fects 38% of adults in the United States [4] and 22.1% in
Mexico [3].

Obesity stands out as the primary modifiable risk
factor for prediabetes and type 2 diabetes. A weight loss of 5
to 10% through reduced energy intake is essential for man-
aging obesity and preventing prediabetes and type 2 dia-
betes [4,5]. Therefore, addressing obesity and glycemic dis-
orders requires a multifaceted approach, encompassing
lifestyle modifications, dietary changes, increased physical

activity, pharmacotherapy, and surgical interventions [4].

The optimal nutritional intervention for glycemic
regulation in obese, prediabetic, or type 2 diabetic patients
remains a topic of debate [4]. Both hypocaloric diets and
classic ketogenic diets have demonstrated efficacy in
glycemic control [5]. Ketogenic diets have been shown to
help maintain normal glucose levels and reduce blood glu-
cose peaks in individuals with type 2 diabetes, potentially de-
creasing the need for insulin [6]. Notably, a 5% reduction in
total body weight has been associated with improved
glycemic control and reduced reliance on diabetes medica-
tions, enhancing overall quality of life [7]. Systematic re-
views have further highlighted the significant weight loss,
glucose level reduction, and decreased cardiovascular risk
factors associated with Very Low-Calorie Ketogenic Diets
(VLKDs) [8].

Numerous descriptions of ketogenic diets and
low-fat diets exist. The Zélé method integrates nutritional in-
tervention, featuring 1.2 grams of protein per kilogram of
ideal weight, very low-calorie content (800 kcal), and 20
grams of fat per day, constituting a ketogenic, normoprote-
ic, low-fat diet (VLCLFKD). However, evidence comparing
VLCLFKD to hypocaloric diets in glycemic control is lack-
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ing. Thus, we conducted a double-blind, randomized
prospective study to compare the effects of a hypocaloric di-
et (LCD) with a controlled low-fat ketogenic diet. Our study
aimed to evaluate the impact of VLCLFKD compared to a
hypocaloric diet on fasting plasma glucose levels at 5% and
10% weight loss thresholds.

Materials and Methods

This segment of the Zélé 2021 study, registered as
a prospective, longitudinal, randomized, double-blind clini-
cal trial under the code NCT06275347, focused on the com-
parative analysis of glycemic behavior in Mexican patients
with grade I obesity. Two metabolically distinct nutritional
interventions were compared: a very-low-calories low-fat ke-
togenic diet (VLCLFKD) and a low-calorie diet (LCD).

All patients underwent multifrequency bioelectri-
cal impedance analysis (In-Body 570 body composition ana-
lyzer) and weekly fasting plasma glucose (FPG) measure-
ments throughout the study. The time points at which an av-
erage body weight reduction of 5% and 10% was achieved

were also identified for each group.

Initially, baseline glycemic conditions were estab-
lished in the study group and following randomization. Sub-
sequently, FPG was evaluated when a 5% weight loss was
achieved, and finally, when a 10% body weight loss was

achieved
Participants

Participants of any gender, aged between 18 and
60 years, with a body mass index (BMI) between 30 and 35
kg/m?, were eligible for inclusion. Exclusion criteria com-
prised individuals who had undergone weight loss treat-
ments or used hypoglycemic agents within the last 6
months. Recruitment was conducted within the metropoli-
tan area of Mexico City via open invitations through Zélé*'s
social media platforms. Excluded were pregnant or lactating
individuals, those with severe eating disorders, alcoholism,
or substance abuse, as well as patients with severe psychia-
tric disorders (e.g., schizophrenia, bipolar disorder). Addi-
tionally, patients with liver dysfunction, defined as ALT,
AST, GGT elevation more than 4 times the reference value,

and those diagnosed with endocrine, metabolic, cardiovas-
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cular, or renal diseases under treatment prior to the study,
or using medications for glycemic control or weight loss,

were excluded.
Sample Size

Sample size determination was primarily based on
resource availability and secondarily on population repre-
sentativeness. With a power of 95% and a 95% confidence
interval, maintaining a 3:1 ratio of cases to controls, and ac-
counting for a dropout rate of up to 35%, the Fleiss equa-
tion was used for calculation (computed with EPlinfo STAT-
CALC for sample size). Consequently, the study included

56 cases and 32 controls.

Randomization

The initial 100 eligible individuals were invited for
an interview with the researchers. During this session, pro-
ject details and conditions were explained, and informed
consent was obtained, approved by the research ethics com-
mittee of the CAE of the Secretary of Health of the State of
Veracruz. Participants were assigned random numbers via
computerized allocation, which were then blindly assigned
at the food production and distribution facility, ensuring
both researchers and participants remained unaware of the
group assignments. Nutritional treatment commenced only
after baseline laboratory analyses had been reviewed and in-

terpreted.

Nutritional Intervention

Participants underwent a 12-week nutritional in-
tervention program, complemented by a standardized physi-
cal exercise regimen and emotional support. Throughout
the study period, participants received vitamin and trace ele-
ment supplements (sodium chloride, magnesium oxide, cal-
cium carbonate) to ensure compliance with recommended

daily requirements.

Participants allocated to the VLCLFKD group pro-

gressed through four stages:

1. Ketosis Phase: Participants consumed between
650 and 730 kcal/day in 5 meals consisting of Z¢lé* commer-

cial products and low glycemic index vegetables. This phase
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provided an average of 1.2 g of protein/kg of ideal body
weight/day, 20 g/day of lipids derived from essential fatty
acids, and less than 60 g/day of absorbable carbohydrates.
This phase lasted for 4 weeks.

2. Mixed Ketosis Phase: Over 4 weeks, two meals
of commercial products were gradually replaced with ani-
mal protein sources (meat, fish, eggs, etc.), increasing
caloric intake by 100 to 150 kcal/day while maintaining keto-

sis.

3. Transition Phase: Simple carbohydrates from
fruits and some complex carbohydrates from cereals were
introduced, facilitating the transition from ketosis to a con-
trolled hypocaloric diet of approximately 1300 to 1500 kcal/-
day. This phase typically lasted for one or two days.

4. Integral and Maintenance Phase: Participants
received a tailored hypocaloric diet aligned with their ener-
gy expenditure, measured by IBMF and ranging from 1300
to 2250 kcal/day. The macronutrient distribution followed
the DiOGenes study recommendations, comprising 50% car-

bohydrates, 25% protein, and 25% fat [9].

Participants assigned to the LCD group received a
balanced hypocaloric diet, providing 20% fewer calories
than their basal metabolic rate, either measured by multifre-
quency bioelectrical impedance or calculated using the
FAO/WHO/UNU formula. The typical caloric intake
ranged from 1200 to 1400 kcal/day, with a macronutrient
distribution consistent with the DiOGenes study recommen-
dations (50% carbohydrates, 25% protein, and 25% fat) [9].

Food Delivery During the Study

All participants received, free of charge, the neces-
sary products for meal and snack preparation throughout
each phase of the study. Fresh vegetables were the only
items that needed to be added to complete their diet. Meals
were delivered weekly, providing menu items for 7 days per
delivery at the time of their clinical review. This ensured
that participants received a weekly set of items to customize
their menu according to their assigned nutritional interven-
tion, in a blinded process for each patient. Nutritional
counseling was provided to all participants weekly through-

out the study, along with menu item suggestions.

J Food Nutr 2024 | Vol 10: 104



Anthropometric and Metabolic Data

Anthropometric measurements were preferably
taken at the same time and under consistent conditions
each week. Height was measured at the beginning of the
study using a Seca brand wall-mounted stadiometer with an
accuracy of 0.1 cm. Weight and body composition were re-
corded without shoes and in light clothing using an In--
Body 570 body composition analyzer with an accuracy of
0.1 kg.

Fasting blood extractions were conducted in the
medical laboratory through venipuncture by trained person-

nel.
Statistical Analysis

Descriptive statistical tests were performed estab-
lishing general and group measures, demographic data and
initial clinical characteristics of the participants are sum-
marized presenting the n and mean (SD) and the Confi-
dence Interval at 95% (CI 95%) for continuous variables cat-
egorical and percentage (%) for categorical variables. To as-
sess the difference between variables in each group, t-tests
and general lineal model repeated measures ANOVA were
performed for continuous variables, while the X2 test was
contrasted with Mann-Whitney U and one-way ANOVA
for categorical variables, assuming differences with P values
< 0.05. The primary outcome was the percentage and/or ab-
solute change in fasting glucose values. Statistical analysis

was conducted using Microsoft Excel 365 and SPSS V 21.

Results

A total of 88 participants were enrolled in the
study, comprising 75 females and 13 males. Following ran-
domization, 32 participants were assigned to the LCD
group and 56 to the VLCLKFD group. The overall dropout
rate at the end of the study was 12.5%, with 7 participants
from the LCD group and 4 from the VLCLFKD group. Data
analysis was conducted using information from participants
who completed the study, accounting for 81.2% in the LCD
group and 91.1% in the VLCLFKD group.

The mean BMI of the participants at baseline was

32.6 +1.86 (95% CI 32.2 - 33.08) kg/m2. After group alloca-
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tion, there were no significant differences observed, with
BMIs of 32.4 + 1.5 kg/m2 and 32.7 + 2.02 kg/m2 for the
LCD and VLCLFKD groups, respectively (p = 0.47). Regard-
ing baseline weight determination, the mean weight for all
participants was 85.3 + 8.81 kg (95% CI 83.176 — 87.411). Af-
ter randomization, the mean weight was 81.9 + 8.03 kg
(95% CI 78.128 - 85.651) for the LCD group and 86.7 +
8.08 kg (95% CI 84.152 - 89.215) for the VLCLFKD group
(f=4.412,df 1, p = 0.039).

The fasting glucose determination upon admis-
sion was 93.7 + 21.1 mg/dl (95% CI 88.25 — 99.14). Patients
were categorized according to the diagnostic criteria of the
American Diabetes Association (10), considering fasting
plasma glucose (FPG) levels. Among them, 89.4% had levels
below 100 mg/dl (Normal), 7.6% between 100 and 126
mg/dl (Prediabetic), and 3% above 126 mg/dl (Diabetic).
Following group integration, the mean FPG level was 91.14
+ 11.98 (95% CI 85.68 — 96.59) for the LCD group and
95.07 + 24.66 (95% CI 87.08 - 103.87) mg/dl for the VL-
CLFKD group (p = 0.49). The distribution after randomiza-
tion according to the ADA was as follows: LCD 90.5% Nor-
mal, 9.5% Prediabetic, and for VLCLFKD 88.9% Normal,
6.7% Prediabetic, and 4.4% Diabetic (U = 436, p = 0.8).

The initial analysis of glycemic behavior was con-
ducted when patients achieved a 5% weight loss, occurring
after 9.5 £ 3.1 (95% CI 8.05 - 10.9) weeks in the LCD group
and 5.3 £ 1.5 (95% CI 4.8 - 5.7) weeks for VLCLFKD (f =
56.15df 1, p < 0.0001).

The FPG levels were 87.39 + 7.68 mg/dl (95% CI
84.06 - 90.71) for the LCD group and 84.62 + 13.53 (95%
CI 80.77 — 88.46) mg/dl for the VLCLFKD group. Accord-
ing to ADA criteria, 86.4% of LCD group patients fell
within normal ranges, while 13.6% were classified as predia-
betic, consistent with the baseline distribution (X2 = 0.173
df 1, p = 0.678). In contrast, 98% of VLCLFKD group pa-
tients reported levels below 100 mg/dl, with only 2% falling
between 100 and 126 mg (X2 =0.182df 1, p = 0.117).

The maximum weight loss achieved by week 12
was 6.95 + 1.9 kg (95% CI 6.03 to 7.83 kg) in the LCD
group, approximately 9% of total body weight, compared to
12.39 + 2.8 kg (95% CI 11.7 to 13.3 kg) in the VLCLFKD
group, approximately 12% of total body weight (t -9.16 df
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76 p < 0.001). Consequently, the final analysis was per-
formed when both groups reached a 9% weight loss, occur-
ring on average during week 8 for the VLCLFKD group. At
9% weight loss, LCD group patients maintained a mean
blood glucose level of 91.2 + 11.5 mg/dl (95% CI 86.5 to

5

96.0 mg/dl). After ADA classification, 88% exhibited nor-
mal glucose levels, while 12% had levels between 100 and
126 mg/dl. In the VLCLFKD group, the mean glucose level
was 82.3 + 10.1 mg/dl (95% CI 79.2 to 85.4 mg/dl), with
97.7% of patients reporting normal levels and only 2.3%

with prediabetic levels.

Weight Loss
30
(t=-9.16 gl 76 p < 0.001)
25 °
20
21 1
10 1
5
0
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Figure 1: This figure shows the difference in weight loss at the end of the study
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Figure 2: In this graph, the modification in the percentage of patients with normal glucose levels, prediabetics, and diabetics can be appreciat-

ed at the beginning and when they reached a 9% weight loss
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The analysis of mean glucose levels in both groups
revealed an intriguing trend. In the LCD group, levels start-
ed at 92.8 £ 12 mg/dl (95% CI 86.5 to 98.9 mg/dl), de-
creased to 87 + 25.5 mg (95% CI 73.9 to 100.1 mg/dl) with a
5% weight loss, and then returned to 91.5 + 13.5 mg/dl
(95% CI 84.5 to 98.3 mg/dl) after achieving maximum
weight loss (f = .561 df 2 p = 0.576). Conversely, the VL-
CLFKD group exhibited an initial glucose determination of
94.3 + 22.9 mg/dl (95% CI 86.6 to 101.9 mg/dl), which de-
creased to 81 * 21.9 mg/dl (95% CI 73.7 to 88.4 mg/dl) with
a 5% weight loss. By week 8, with a 9% weight loss, glucose

6

levels stabilized at 84.9 + 8.8 mg/dl (95% CI 82.1 to 87.9
mg/dl). Notably, the generalized linear analysis of repeated
measures (f = 5.26 df 2 p = 0.009) and the inter-subject con-
trast test between both groups demonstrated a highly signifi-
cant difference (f= 2624.1 df 1 p < 0.001).

During the study, two cases of rash occurred,
which were resolved by changing the vitamin supplementa-
tion, and one case of diarrhea that was self-limiting and

could not be attributed to the consumption of the foods pro-
vided.

Mean Glucose Levels

100 f=2624 df 1 p < 0.0001
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Figure 3: Comparative graph of mean glucose levels in the LCD and VLCLFKD groups. In the LCD group, a decrease in the average glucose

level is observed with a 5% weight loss, followed by a recovery when patients reached a 9% loss. Conversely, in the VLCLFKD group, al-

though there was an upward compensation, glucose levels showed a decrease. A repeated measures comparison of group behaviors was con-

ducted, yielding highly significant results

Discussion

Obesity's role as a risk factor for type 2 diabetes
(T2DM) and its complications, including chronic cardiovas-
cular diseases, is well established in literature [11]. Numer-
ous studies have underscored the effectiveness of ketogenic
diets in weight management [12,13].This study, supported
by robust evidence, reaffirms that with a structured weight
control program such as the Very Low-Calorie Low-Fat Ke-
togenic Diet, FPG control can be enhanced in patients with
grade I obesity, starting from a 5% weight loss. Participants

in the intervention group achieved a remarkable weight loss
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of 12.39 + 2.8 kg over the 12-week study period, while those
in the LCD group experienced a weight loss of 6.95 + 1.9 kg
(p < 0.001). These findings indicate that weight loss miles-
tones were reached at different time points during the
study, with a 5% loss occurring at 9.5 weeks for the LCD
group and at 5.3 weeks for the VLCLFKD group (p <
0.0001). This data suggests that weight loss is expedited in
patients managed with VLCLFKD, thereby reducing obesity

and diabetes-related risk factors at an accelerated pace.

Various approaches have been explored to mini-
mize fluctuations in glucose levels. While medications such

as metformin, gliquidone, and acarbose have demonstrated
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efficacy in this regard, nutritional interventions, particularly
ketogenic diets, have emerged as promising strategies for
stabilizing glucose levels [5,14]. Recent studies have high-
lighted the potential of such interventions as effective
weight control measures for obese individuals. Among the
four main types of ketogenic diets studied—standard keto-
genic diet, cyclical ketogenic diet, targeted ketogenic diet,
and high-protein ketogenic diet [15], the primary novelty of
this article lies in the utilization of a very low-calorie keto-
genic diet, which is low in fats and normal in protein con-
tent (Zélé method). This diet comprises macronutrients
with 50 g of carbohydrates, 20 g of medium-chain fatty
acids, and 1.2 g of protein per kg of ideal weight. Through
this approach, ketone bodies are generated via hepatic oxida-

tion of fatty acids released from adipocytes [16-18].

The mechanisms underlying the relationship be-
tween ketogenic diets and T2DM remain a subject of debate
[19] and the efficacy of ketogenic diets in managing body
weight and glycemic and lipid profiles in T2DM patients is
not yet definitively established [5]. Nevertheless, interven-
tions such as the one proposed herein, which involve strin-
gent restriction of carbohydrate intake, suggest that glucose
level fluctuations may be mitigated by reducing
monosaccharide absorption, thereby lowering blood glu-
cose levels and positively regulating glucose metabolism, as

previously hypothesized [20,21].

Furthermore, obesity is associated with chronic
low-grade inflammation that, via activation mediated by
proinflammatory cytokines, blocks tyrosine phosphoryla-
tion of the insulin receptor, resulting in insulin resistance,
type 2 diabetes, and many other diseases. and endocrine ab-
normalities [22] it is know that weight loss, especially that
associated with a decrease in the percentage of body fat, re-
duces the chronic inflammatory process and contributes to

the reduction of insulin resistance [23,24].

Similarly, systematic reviews and meta-analyses,
such as the study conducted by Yuan et al., have demonstrat-
ed significant improvements in glycemic profiles associated
with ketogenic diets [25]. By inducing a slight increase in pe-
ripheral blood ketosis, ketogenic diets may enhance insulin
sensitivity, alleviate peripheral insulin-related stress, reduce

external insulin requirements, and inhibit insulin secretion,
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thereby improving glycemic profiles and mitigating insulin

resistance [26].

In relation to complications, the possibility of "Ke-
to Flu" [27] Headache, dehydration, hypoglycemia and vom-
iting is described [28], none of them occurred in this study
group, the adverse effects that were detected were not at-

tributable to the foods provided.

Despite the promising outcomes observed in this
controlled clinical trial, it is acknowledged that both the
sample size and trial duration serve as limiting factors for
reaching definitive conclusions. However, it is evident that
VLCLFKD leads to a substantial decrease in FPG levels, cou-
pled with greater weight loss achieved in a shorter duration.
And it can be included in the treatment protocols of pa-
tients with obesity in whom insulin resistance and type 2 di-
abetes is an associated factor, reducing fasting plasma glu-
cose levels in the short term and with them the associate

risk factors.

Conclusions

Achieving a 5% weight loss in half the time unders-
cores the significantly faster reduction in glucose levels with
VLCLFKD. We recognize that these findings represent pre-
liminary steps in the investigation of this controlled form of
ketogenic diet. Further studies, particularly longitudinal fol-
low-up studies, are warranted to delineate the long-term
benefits of VLCLFKD in individuals with obesity and predi-
abetes. Nonetheless, this research contributes valuable in-
sights into dietary interventions for glycemic control and of-
fers avenues for enhancing metabolic health within this de-

mographic.
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