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Abstract

Introduction: The ketogenic diet, characterized by very low carbohydrate intake, promotes fat catabolism, leading to ketone body formation. High
levels of nutritional ketogenesis support weight loss; however, excessive ketone levels may induce oxidative stress, inflammation, and insulin resistance.
Current studies are investigating a low-calorie, low-fat KetogenicDietvariant to assess the impact of ketonemia on pH and blood lactate in the context
of weight loss.

Materials and Methods: In a double-blind, randomized clinical trial, we compared two nutritional interventions effects on blood pH, beta-hydroxybu-
tyrate, lactate levels, and weight loss.

Results: Very low-calorie low fat ketogenic dietpatients experienced significant weight loss (12.39 + 2.8 kg) compared toLow-Calorie Diet participants
(6.95 £ 1.96 kg, p < 0.001). A positive correlation was found between ketone body levels and weight loss, with 3BHB levels of 0.776 mmol/L associated
with >1 kg/week weight loss (p < 0.0001). No significant differences were observed in pH or lactate between groups (pH: p = 0.933; lactate: p = 0.104),
indicating stable acid-base status.

Conclusion. The findings suggest that very low-calorie low fat ketogenic diet effectively promotes weight loss without altering blood pH or lactate levels,
supporting its use as a safe option for obesity management under professional guidance.
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Abbreviations Introduction
Over 100 years ago, it was first reported [1], that in healthy individuals,
3BHB -B-
3 ﬁ hydroxybutyrate acetone and beta-hydroxybutyric acid are produced after fasting. A similar
ALT Alanine aminotransferase finding was observed following a low-carbohydrate, high-fat diet, known
AST Aspartate aminotransferase as the Ketogenic Diet (KD) [2], In response to carbohydrate (CHO) re-
striction, the body activates fat catabolism; mitochondria in hepatocytes
BMI Body Mass Index oxidize free fatty acids released by adipose tissue into acetic acid, which
CHO Carbohydrate then conjugates with Coenzyme A to form Acetyl-CoA. The excess Ace-
tyl-CoA facilitates the formation of Acetoacetyl-CoA, which quickly loses

DKA diabetic ketoacidosis ;
the CoA to form acetoacetic acid. This, in turn, leads to the production
GGT Gamma-glutamyl transferase of acetone, 3-B-hydroxybutyrate (3BHB), and acetoacetate, energy-rich
ICM Indirect Calorimetry Method metabolites [3, 4].
KD Ketogenic Diet .
— Under normal conditions, the reference range for ketone body concen-
LCD Low Calorie Diet tration in healthy adults is between 100 and 250 pumol [5]. Ketone levels
MCTs medium-chain triglycerides increase during prolonged fasting, exercise, ketogenic diet usage, and even
VLCLEKD very low-calorie low-fat ketogen- during pregnancy and ‘latctatlon [6]: Recent stud1e§ have est.abhshed that a
ic diet safe and effective nutritional ketosis range for weight loss is between 0.5

and 3.0 mmol/L. In contrast, in pathological conditions—including cases
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of hyperemesis gravidarum, diabetic ketoacidosis (DKA), alcoholism, and
various metabolic disorders—ketone levels can reach up to 20 mmol [5].

As previously mentioned, a ketogenic diet (KD) mimics the fasting state,
thereby altering metabolism to primarily utilize fats as an energy source
[7]. Several variations of KDs exist, differentiated by their macronutrient
composition. Generally, KDs reverse the typical dietary macronutrient
pyramid by promoting restricted CHO intake while allowing more lib-
eral consumption of proteins and fats. Traditionally, a KD is a stringent
nutritional regimen that must be closely monitored by healthcare pro-
fessionals [8]. These diets emphasize the consumption of medium-chain
triglycerides (MCTs), as these fats yield a greater amount of ketone bodies
per gram compared to long-chain triglycerides.

The modified Atkins diet is less restrictive, permitting ad libitum intake
of fats, proteins and CHO [9]. In contrast, the diet based on the Low Gly-
cemic Index pattern focuses on maintaining stable blood glucose levels
through adherence to a KD, allowing for approximately 10% of total en-
ergy expenditure to come from CHO [10]. Recently, KDs have been inte-
grated into medical nutrition therapy (MNT) for treating overweight and
obesity [11-13]. In N-of-1 trials, patients with overweight and obesity of-
ten prefer this type of intervention over traditional hypocaloric diets [14].
This preference may be attributed to the appetite-suppressing effects of
KDs, which also serve as a weight loss tool [15,16].

Consequently, although not traditionally included in classic ketogenic di-
ets, our group is investigating a variation characterized by a very low-cal-
orie, low-fat, and normal-protein content (VLCLFKD), which initially
provides less than 800 total kcal, with 1.2 g of protein per kg of ideal body
weight, 50 g of CHO, and 20 g of fats, primarily from medium-chain tri-
glycerides. This regimen gradually transitions to a normal diet, as previ-
ously described by the Zélé Method [17].

Considering the myths surrounding KDs and the assumption of their abil-
ity to modify blood pH, a comparative study was conducted between two
nutritional interventions: a low-calorie diet (LCD) and a very low-calorie
low-fat ketogenic diet (VLCLFKD). This study aimed to assess whether the
level of ketone bodies produced results in changes in blood lactate and pH
levels over a 12-week treatment period. Additionally, the research sought
to establish the ketonemia threshold at which patients could achieve a
weight loss of one kilogram or more per week.

MATERIALS AND METHODS

This is a prospective, longitudinal, randomized, double-blind clinical
trial registered atwww.clinicaltrial.gov under NCT06275347. The study
compared levels of beta-hydroxybutyrate (3BHB), blood pH, and lactate
in Mexican patients with a body mass index (BMI) between 30 and 34.9
kg/m* undergoing two metabolically distinct nutritional interventions: a
very low-calorie low-fat ketogenic diet (VLCLFKD) and a low-calorie diet
(LCD).

The primary outcome was to establish baseline pH and ketone body levels
and then track their behavior at peak ketonemia and after 12 weeks of
nutritional intervention in patients following a VLCLFKD. The second-
ary outcome focused on determining the ketone body levels necessary for
patients on a VLCLFKD to achieve a weight loss of one kilogram or more
per week. Finally, the study aimed to compare the changes in blood pH
and lactate levels between patients on a VLCLFKD and those on an LCD.

PARTICIPANTS

Eligible participants included individuals of both sexes, aged 18 to 60
years, with a BMI ranging from 30 to 34.9 kg/m”. To ensure the integrity
of the results, patients who had received weight loss treatment within the
previous 6 months were excluded. Recruitment was conducted in Mexico

City through an open call on Z¢lé”s (Agustin Gonzalez de Cossio 806
Colonia del Valle Centro, AlcaldiaBenito Juarez 03100 CDMX, México)
social media channels.

Exclusion criteria encompassed pregnant or breastfeeding individuals,
those with severe eating disorders, alcoholism, or substance abuse issues,
as well as individuals with severe psychiatric disorders such as schizophre-
nia or bipolar disorder. Patients with liver disorders were excluded if their
alanine aminotransferase (ALT), aspartate aminotransferase (AST), or
gamma-glutamyl transferase (GGT) levels exceeded three times the ref-
erence value. Furthermore, individuals with endocrine, metabolic, cardio-
vascular, or renal diseases who were undergoing treatment and had been
diagnosed prior to the study, or those taking blood glucose control med-
ications—including insulin, GLP-1 receptor agonists, or sodium-glucose
cotransporter-2 inhibitors—were also excluded.

SAMPLE SIZE

The sample size was determined based on resource availability and the
need for population representativeness, with a target of 95% power and
a 95% confidence interval. A 3:1 ratio of cases to controls was selected to
accommodate up to 35% attrition. Sample size calculations were conduct-
ed using Fleiss' equation, with results derived from EPI Info STATCALC,
leading to the inclusion of 56 cases and 32 controls.

RANDOMIZATION

The first 100 individuals deemed eligible for the study were invited for
an interview with the researchers. During this interview, participants re-
ceived detailed information about the project's characteristics and condi-
tions, and their consent was obtained through the signing of an informed
consent form. This form was reviewed and approved by the Research Eth-
ics Committee of the Centro de Alta Especialidad “Dr. Rafael Lucio” of the
Ministry of Health of the State of Veracruz. Each participant was assigned
a number randomly through a computerized process, which was then sent
to the food production and distribution facility. A blind selection process
was conducted for both the researchers and the participating patients. It is
important to note that participants did not receive nutritional treatment
until their baseline laboratory analyses had been reviewed and interpreted.

NUTRITIONAL INTERVENTION

All participants underwent a nutritional intervention program that in-
cluded a standardized physical activity plan and psycho-emotional sup-
port over a 12-week period. Additionally, they received nutritional supple-
ments containing vitamins and trace elements, such as sodium chloride,
magnesium oxide, and calcium carbonate, to meet daily recommended
requirements throughout the study.

Participants assigned to the VLCLFKD group pro-

gressed through four stages

1. FrankKetosis: In this initial stage, caloric intake was limited to 650 to
730 kcal per day, divided into five meals based on Zélé® commercial
preparations and low-glycemic-index vegetables. Patients received an
average of 1.2 g of protein per kilogram of ideal body weight daily, 20
g of lipids based on essential fatty acids, and less than 60 g of absorb-
able carbohydrates. Thisstagelasted 4 weeks.

2. Mixed Ketosis: During this stage, two meals based on commercial
preparations were gradually replaced with animal proteins (meat,
fish, eggs, etc.), increasing caloric intake by 100 to 150 kcal per day
without causing patients to exit ketosis. Thisstagealsolasted 4 weeks.

3.  Transition Stage: In this phase, simple carbohydrates from fruits and
some complex carbohydrates in the form of grains were introduced.
This allowed patients to exit ketosis and transition to a hypocalor-
ic diet with an intake of 1300 to 1500 kcal per day. Macronutrient
proportions were adjusted to 30-35% protein, 25% fat, and 40-45%
carbohydrates. This stage lasted 2 to 3 days.
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4. Integral and Maintenance Phase: In this phase, patients were provided
with a hypocaloric diet tailored to their energy expenditure, as mea-
sured by the Indirect Calorimetry Method (ICM), with caloric intake
ranging from 1300 to 2250 kcal per day. Macronutrient proportions
were adjusted to 50% carbohydrates, 25% protein, and 25% fat, fol-
lowing the Diogenes study.

Conversely, participants assigned to the LCD group followed a balanced
low-calorie diet, with caloric intake reduced by 20% relative to basal meta-
bolic expenditure, calculated via Multifrequency Bioelectrical Impedance
Analysis and verified using the FAO/WHO/UNU formula (FAO/WHO/
UNU, 1985). Caloric intake ranged from 1200 to 1400 kcal per day, with a
macronutrient distribution of 50% carbohydrates, 25% proteins, and 25%
fats, following the Diogenes study.

FOOD DELIVERY DURING THE STUDY

Throughout the study, all participants received, free of charge, all the prod-
ucts needed to complete their meals according to each phase of the study.
They were only required to add fresh vegetables to complete their meals.
Each participant received a weekly food package during their consulta-
tion, containing everything necessary to meet the meal requirements for
their assigned stage of nutritional intervention. It is important to note that
this process was conducted while maintaining double-blinding criteria.

ANTHROPOMETRIC AND METABOLIC DATA
Anthropometric measurements were taken at the same time and under
the same conditions each week. Height was measured at the beginning of
the study using a Seca wall stadiometer with 0.1 cm precision. Weight and
body composition were recorded with participants wearing light clothing
and no shoes, using an InBody 570 body composition analyzer with 0.1 kg
accuracy. Fasting blood samples were collected at a medical laboratory by
specialized personnel trained in phlebotomy and arterial puncture.

STATISTICAL ANALYSIS

The initial demographic and clinical characteristics of the participants
are summarized in tables, with descriptive statistics presenting n (%) and
mean (SD) for categorical and continuous variables. To evaluate the differ-
ences in each variable between the two groups, a t-test and repeated mea-
sures ANOVA were conducted for continuous variables, while Chi-square
(X?) tests and one-way ANOVA were performed for categorical variables.
Bivariate Pearson correlation was calculated between weight loss and ke-
tone body levels. A ROC curve analysis was conducted to determine the
optimal ketone body level for achieving a weight loss of at least 1.0 kg per
week during the ketosis phases. A p-value of < 0.05 was considered sta-
tistically significant in all cases. The primary outcome was the percentage
and/or absolute change in ketone body values, pH, and lactate levels.

RESULTS

A total of 88 patients were included in the study, with 56 randomly as-
signed to the VLCLFKD group and 32 to the LCD group. The dropout rate
during the first stage of the study was 12.5%, so the analysis was conducted
only on the patients who completed the protocol, resulting in 51 and 26
patients, respectively.

To establish the correlation between weight loss and ketosis, the mean
weight in kg and levels of 3BHB were obtained during the first 4 weeks of
treatment, corresponding to the strict ketosis period of the Zélé method.
A bivariate Pearson correlation was performed using the mean values of
these variables for each patient, resulting in r=0.558, p<0.0001, as shown
in Graph 1.
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Graph 1. Correlation between Weight Loss and Blood Ketone Levels

Subsequently, the levels of 3BHB were analyzed to calculate the optimal
level of p-Hydroxybutyrate. All patients who lost between 1 and 1.5 kg per
week were included, and their blood ketone levels were used to construct a
ROC curve, indicating that a value of 0.776+0.054 mmol/L corresponds to
a weight loss of at least 1 kg per week (p< 0.0001), as illustrated in Graph 2.
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Graph 2. ROC curve to achieve a loss equal to or greater than 6 kg in 4

weeks, it is necessary to reach the figure of 0.776 + 0.054 mmol/l p < 0.0001

Next, baseline results for arterial pH and ketone bodies were analyzed,
focusing on the peak elevation of ketone bodies achieved in the second
week of treatment with VLCLFKD, compared to the results from LCD pa-
tients during the same week and the values at the end of the 12-week treat-
ment period. A general linear model for repeated measures was employed,
which showed no significant differences in pH levels between patients on
VLCLFKD and those on LCD (f=0.007, df=1, p=0.933), as illustrated in
Graph 3. The lactate levels at the study's onset had a mean of 1.02+0.241.02
\pm 0.241.02+0.24 mmol/L for VLCLFKD and 1.18+0.401.18 \pm
0.401.18+0.40 mmol/L for LCD patients. The intermediate measurement
was 0.9740.30and 0.96+0.20 mmol/L, respectively, and at the end of the
study, 0.92+0.30mmol/L, which showed no differences in repeated mea-
sures tests (f=3.01df=1, p=0.104p), as shown in Graph 4.
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Graph 3. pH levels remained within normal ranges even when expanding
all dispersion measures and showed no differences between the nutritional
interventions.
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Finally, to complement the study, the weight loss in patients subjected to
VLCLFKD was 12.39+2.81kg for the VLCLFKD group and 6.95+1.96kg
for the LCD group (t=9.16df=76, p<0.001). The reduction in the visceral
fat index was 3.59£1.2 in patients with VLCLFKD and 1.95+1.2for LCD
(t=—4.81df=76, p<0.0001).

DISCUSSION

Conducting case reports and nutritional intervention studies in humans
presents challenges due to high variability among participants, a common
issue faced by many researchers. This study aimed to control most vari-
ables, and with the participation of the manufacturing plant, randomiza-
tion and blinding were successfully implemented.

Recently, the term "nutritional ketosis" has been used, with experts such
as Jeff S. Volek, Timothy Noakes, and Stephen D. Phinney recommending
ketone levels between 0.5 and 3.0 mmol/L [18]. In our study, we found that
to achieve a weight loss of 1.5 kg per week, a ketone level of 0.8 mmol/L
was sufficient. Additionally, we demonstrated a directly proportional cor-
relation between weight loss and the concentration of 3BHB.

Finding articles that measure acidemia and lactate levels in patients un-
dergoing ketogenic diets is not easy. The hypothesis that acidemia produc-
tion has therapeutic potential in treating epilepsy was proposed in 1931
[19]. Several years later, this theory was challenged when an animal study
showed that a ketogenic diet did not alter cerebral acidosis levels. More
recent reviews exploring the mechanism of action of ketosis in epilepsy

treatment also assert that there are no changes in the pH of patients un-
dergoing these nutritional interventions [19].

Focusing on weight loss, our study demonstrates that there is no signif-
icant change in arterial pH or lactate levels in patients undergoing VL-
CLFKD, and the behavior of these variables is consistent with those in
patients on an LCD. We found only one study measuring pH values during
weight loss treatment; although not a comparative study, its results were
nearly identical to those of our study [20].

An experimental study comparing Wistar rats on a ketogenic diet and a hy-
pocaloric diet for 60 days found that the hypocaloric diet group concluded
the experiment with a pH of 7.52+0.177.52 \pm 0.177.52+0.17, while the
ketogenic diet group had a pH of 7.36+0.277.36 \pm 0.277.36+0.27. The
authors concluded that the animals in ketosis exhibited acidosis; however,
normal blood pH values range from 7.35 to 7.45, suggesting that the con-
trol diet animals may have tended toward alkalosis [21]. The most recent
study published regarding pH determination in patients on a ketogenic
diet relates to nutrition in patients with sepsis hospitalized in intensive
care units, which also demonstrated no changes in acidemia values sec-
ondary to this type of nutrition [22].

Conclusion

The ketosis state induced by the very low-calorie, low-fat ketogenic diet
(VLCLFKD) promotes safe weight loss, achieving a reduction of at least
1 kg per week when ketone body levels are maintained around 0.776
mmol/L. Additionally, the study confirms that VLCLFKD does not cause
significant changes in acidemia nor does it induce lactate elevation, indi-
cating an acid-base stability comparable to that observed in a conventional
hypocaloric diet.
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