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Abstract

Background Very low-calorie ketogenic diet (VLCKD) has shown to significantly reduce body weight and fat mass,
as well as inflammation. These effects are supported by nutritional ketosis, which triggers the utilization of the ketone
body as an energy source. Medium-chain fatty acids (MCTs) might serve as potential enhancers of ketone bodies
production with a greater effect on weight loss. Nevertheless, no clinical studies have evaluated the effect of MCTs
supplementation in addition to VLCKD. Therefore, the present study aimed to evaluate whether the supplementation
with MCTs can induce a greater weight reduction during the ketogenic phase of VLCKD.

Methods In this retrospective study, 263 women with overweight/obesity (body mass index, BMI: 35.7 £ 5.3 kg/m?)
aged 37.5+ 14.2 years followed one of these dietary protocols for 45 days: (a) Control group, 83 participants (31.6%)
(VLCKD without MCTs), (b) VLCKD + MCTs group, 86 participants (32.7%) (MCTs supplementation — 20 g/day- during
VLCKD starting from the first day of the active phase), () VLCKD 4 earlyMCTs, 94 participants (35.7%) (MCTs supple-
mentation — 20 g/day-starting from 5 days before the beginning of the VLCKD active phase. Anthropometric meas-
ures, body composition, and c-reactive protein (CRP) concentrations were collected at the beginning and at the end
(45 days) of the VLCKD intervention.

Results MCTs supplementation significantly decreased body weight, BMI, and waist circumference as compared
to the control group, with a greater effect in the VLCKD + earlyMCTs group. A two-fold decrease in fat mass and

an increase in muscle mass were observed in the VLCKD + earlyMCTs group as compared to the control group.

As for inflammation, hs-CRP concentrations (assessed as absolute percent change) were significantly lower in the
VLCKD 4 MCTs group (p=10.009) and the VLCKD + earlyMCTs group (p =0.011) than in the control group. A logistic
regression model showed that VLCKD 4 earlyMCTs increase the likelihood of improvement of BMI classes (OR: 1.85,
95% Cl 1.02-3.36) also after adjusting for the potential confounding factors.
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Conclusion MCTs supplementation (20 g/day) may be a useful tool to enhance the beneficial effect of VLCKD on the
reduction of body weight and fat mass. In particular, MCTs supplementation before the beginning of the VLCKD active
phase might facilitate ketosis thus contributing to the effectiveness of the nutritional intervention.

Keywords Obesity, Nutritional ketosis, VLCKD, Ketogenic diet, Ketone bodies, Medium-chain fatty acids (MCTs),

Inflammation, Diet

Introduction

Obesity is recognized as a chronic disease that associ-
ates with several comorbidities, such as type 2 diabetes
mellitus (T2D), hypertension, dyslipidemia, cardiovascu-
lar diseases (mainly coronary heart disease and stroke),
sleep disturbance, and some cancers [1-4]. These comor-
bidities—also known as non-communicable diseases
(NCDs)—reduce the quality of life and life span and
increase public health costs [3, 5].

Although several strategies have been developed to
obtain weight loss, the trend of obesity is dramatically
increasing, particularly among young adults and middle-
income countries [6, 7].

In addition to lifestyle factors such as physical inactiv-
ity, smoking, and alcohol intake, also diet has been estab-
lished as a highly modifiable risk factor for obesity and
NCDs [8].

Among dietary approaches, very low-calorie ketogenic
diet (VLCKD) has been appointed as one of the most
effective interventions for body weight loss [9, 10]. In
addition, it has shown to reduce inflammation and insu-
lin resistance which represent two main triggers for the
onset of NCDs [11].

VLCKD consists in a multistep protocol with three
main stages: active phase, dietary re-education, and
maintenance [12]. The active stage is the most impor-
tant stage of VLCKD since it allows the achievement of
80% of the target weight loss, with a duration ranging
30-45 days depending on the individual response. Rapid
weight loss is obtained through a great energy restriction
(600-800 kcal/day) and a sharply sustained nutritional
ketosis [12].

Nutritional ketosis occurs when carbohydrate intake
is<50 g/day and, because of carbohydrate restriction,
it enhances the oxidation of the fatty acids in the adi-
pose tissue for energy purposes [13, 14]. Indeed, acetyl-
CoA is the precursor of ketone bodies (acetoacetate,
B-hydroxybutyrate, and acetone) which are used as an
alternative fuel in various tissues.

Interestingly, only fatty acids with carbon chain
lengths <8 can cross the inner membrane of the mito-
chondria independent of carnitine palmitoyl trans-
ferase I [15]. In this contest, fatty acids C8 (caprylic
acid) might have a stronger ketogenic effect compared
to C10 (capric acid) and C12 (lauric acid) [16]. Clinical

evidence demonstrated that 20 g of C8 produces a signifi-
cantly stronger ketogenic response than 10 g of C8 [15].
However, Norgren and colleagues [17] reported that to
minimize potential side effects, the dose of C8 should
be limited to 15-20 g per intake. Triglycerides contain-
ing medium-chain fatty acids (MCTs) consist in fatty
acids with a carbon backbone with 6-12 carbon atoms
linked to glycerol [18, 19]. After ingestion with the diet,
MCTs are digested by intestinal lipases and absorbed in
the gut as triglycerides containing long-chain fatty acids
(LCTs,>12 carbon atoms) [19]. Unlike LCTs, the fatty
acids contained in MCTs can bind albumin and skip the
formation of chylomicrons. Therefore, MCTs skip the
hydrolysis by plasma lipoprotein-lipase and the conse-
quent deposition in adipose tissue [20]. Then, MCTs
directly reach the liver where they can be metabolized
more quickly by mitochondrial B-oxidation [21]. How-
ever, unlike LCTs, MCTs do not require carnitine-medi-
ated transport to enter the mitochondria. Moreover,
MCTs, especially C8 and C10, can also be oxidized in
peroxisomes, thus representing a more available source
of energy than LCTs [21]. Several studies showed that
MCTs supplementation increases p-hydroxybutyrate
concentrations with a dose-dependent relationship [13,
22-24]. Consequently, MCTs might endorse “nutritional
ketosis” during ketogenic diets [24].

Over a faster metabolism and less deposition in adi-
pocytes, MCTs can significantly influence energy bal-
ance, favouring body weight loss independently of dietary
energy intake [25, 26].

The mechanisms behind this effect are not completely
understood possibly due to the high heterogeneity of
studies available so far. Some studies have shown that
MCTs might increase thermogenesis and, consequently,
affect energy expenditure. Furthermore, the replace-
ment of LCTs with MCTs was associated with a greater
reduction of adipose tissue in animal models as well as
in humans [27, 28]. This effect could be mediated by the
specific action of MCTs on a G-protein coupled recep-
tor (GPR84) in the adipose tissue [27]. In addition, MCTs
might increase satiety feelings thus limiting food intake
while favouring body weight control [28-31]. Indeed,
hyperketonaemia can enhance the anorexigenic effect at
the hypothalamic level [29, 30]. Furthermore, some stud-
ies suggested that MCTs can modulate the secretion of
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some gastrointestinal hormones involved in hunger/sati-
ety feelings (ghrelin and YY peptide, respectively) [29,
31].

To date, it is unclear whether the use of MCTs might
increase the acute ketogenic response. Nevertheless,
a 30 day clinical trial reported that the consumption
of caprylic acid (C8; 6 g twice a day) increased plasma
B-hydroxybutyrate concentration from~0.1 mmol/L
to ~0.2 mmol/L [32].

To the best of our knowledge, no previous studies
investigated the potential effects of MCTs supplemen-
tation during VLCKD for a greater reduction of body
weight and fat mass in individuals with overweight and
obesity.

Against this background, the present study aimed to
evaluate whether the supplementation with MCTs can
induce a greater weight reduction during the ketogenic
phase of VLCKD. For this purpose, we retrospectively
investigated the effect of MCTs supplementation in addi-
tion to diet vs diet alone in a group of individuals with
overweight/obesity undergoing a VLCKD. Over the
effect on weight loss, we evaluated whether the asso-
ciation between VLCKD and MCTs supplementation
may also affect inflammatory status as demonstrated for
VLCKD alone.

Methods

Study design and setting

This study was conducted in compliance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement checklist [33]. Data
from consecutive participants undergoing a VLCKD
protocol for weight loss at Centro Italiano per la cura e
il Benessere del paziente con Obesita (C.L.B.O.) of the
Federico II University Hospital (Naples, Italy) were ret-
rospectively collected between September 2021 and Sep-
tember 2022. All participants provided written consent
after being informed about the study design. The study
has been approved by the Local Ethical Committee (n.
50/20). The present analyses included a total of two time
points: at baseline and during the VLCKD active stage
after 45 days with the collection of anthropometric meas-
ures and body composition.

Participants

We included 263 healthy participants as individuals with
diseases, such as T2D, might have different metabolic
responses [16]. Individuals eligible for this study pre-
sented the following features: women aged 18—69 years,
body mass index (BMI) 25.0-50.9 kg/m? at the beginning
of the nutritional treatments. We excluded individuals
presenting one or more of the following characteristics:
(a) new onset physiological or pathological conditions

Page 3 of 10

that represent contraindications for VLCKD (i.e., preg-
nancy/breastfeeding, individuals with diabetes on insulin
therapy, liver or kidney insufficiency, etc.) [10], (b) poor
adherence to the dietary intervention (negative test for
ketonuria or food behaviours not included in the die-
tary program referred by the participant); (c) individuals
needing treatment with anti-obesity drugs or referred to
bariatric surgery; (d) use of drugs, supplements or nutra-
ceuticals that affect energy expenditure or weight loss
during the intervention.

Nutritional intervention

Participants included in the present study underwent
a VLCKD with the use of replacement meals (New
Penta, Cuneo, Italy) following a 3-stages protocol (active
phase, re-education, and maintenance) [12]. After the
nutritional status assessment, the dietary plan was pre-
scribed by the endocrinologist and planned by a skilled
nutritionist. The VLCKD provided a total daily energy
intake <800 kcal, with 13% carbohydrates (<30 g/day);
43% protein (1.2-1.5 g/kg ideal body weight); 44% lipids
(mainly from extra-virgin olive oil). According to the
international recommendations, participants were pre-
scribed a multi-vitamin and saline supplement (com-
plex B vitamins, vitamins C and E, potassium, sodium,
magnesium, calcium, and omega-3 fatty acids; PentaCal,
Penta, s.rl., Cuneo, Italy), as reported in previous stud-
ies [34—36]. In all participants, physical activity (at least
30 min/day aerobic exercise) was assessed using a YES/
NO response, as reported in previous studies [37-39].

Participants followed one of these dietary proto-
cols: (a) Control group, VLCKD without MCTs; b)
VLCKD +MCTs group, MCTs supplementation (20 g/
day) during VLCKD starting from the first day of the
active phase; ¢) VLCKD + earlyMCTs, MCTs supplemen-
tation (20 g/day) starting from 5 days before the begin-
ning of the VLCKD active phase.

To reduce potential confounding factors related to the
oil composition, all participants in the VLCKD +MCTs
and VLCKD + earlyMCTs groups used only 100% MCT
oil (Kanso MCToil 100%, for composition details, see:
https: //www.kanso.com/en/p/oil-mct-100). MCTs sup-
plementation (20 g/day) provided 163.8 kcal and 18.2 g of
fat.

To improve compliance with the recommendations for
diet and physical activity, participants were contacted by
phone calls by a skilled nutritionist each week. Moreo-
ver, the participants were advised to measure blood
B-hydroxybutyrate by test strips (Optium Xceed Blood
Glucose and Ketone Monitoring System; Abbott Labora-
tories, Chicago, IL, USA) at fasting in the morning and to
notify the results to the nutritionist.
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Assessment of anthropometric measures and body
composition

Anthropometric measures were collected by a sin-
gle skilled nutritionist at each visit between 8 a.m. and
10 a.m. Weight, height, and waist circumference were
detected in participants wearing light clothing and no
shoes, after an overnight fast, according to standard pro-
cedures [40, 41]. Weight and height were used to calcu-
late BMI (kg/m?) [42]. BMI was classified according to
the WHO criteria [43]: normal weight (18.5-24.9 kg/
m?); Overweight (25.0-29.9 kg/m?); Obesity class I
(30.0-34.9 kg/m?); Obesity class II (35.0-39.9 kg/m?);
Obesity class III (>40.0 kg/m?). All measurements were
taken while the subject was standing upright with the feet
together and the arms hanging closely by the sides, with
the subject standing and breathing normally, as previ-
ously reported [36—38].

Body composition was evaluated by bioelectrical
impedance analysis (BIA). BIA was performed by a
phase-sensitive BIA system (an 800 A current with a fre-
quency of 50 kHz BIA 101 RJL, Akern Bioresearch, Flor-
ence, Italy) [44, 45] with BIATRODES electrodes (Akern
Srl; Florence, Italy), according to the standard procedures
of the European Society of Parenteral and Enteral Nutri-
tion (ESPEN) [46]. All measurements were performed
under strictly standardized conditions by the same certi-
fied skilled nutritionist and with the same device to avoid
inter-observer and inter-device variability as reported in
previous studies [36, 47, 48]. Briefly, the device was rou-
tinely checked with resistors and capacitors of known val-
ues. Reliability for intraday and interday measurements
by the same observer was<2% for resistance (R),<2.5%
for reactance (Xc), and <3.3% for R, < 2.8% for Xc, respec-
tively. The coefficients of variation (CVs) of repeated
measurements of R and Xc at 50 kHz were determined
in 10 females by the same observer: CVs were 1.4% for R
and 1.3% for Xc.

Assessment of C-reactive protein concentrations

In a subgroup of participants (n=207), information on
c-reactive protein (CRP) was retrieved from electronic
medical records. During each visit, fasting blood sam-
ples were collected in the morning (8.00-10.00 a.m.), and
stored at — 80 °C until processing. Serum high-sensitivity
(hs) CRP concentrations were analyzed by CardioPhase®
(Siemens Healthcare Diagnostics, Marburg, Germany),
based on particle-enhanced immunonephelometry. The
CV of intra-and interassay was < 7%.

Statistical analyses

The data distribution was evaluated by Kolmogorov-
Smirnov test and variables not normally distributed
were normalized by logarithmic transformation. Skewed
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variables (waist circumference, R, and muscle mass) were
back transformed for presentation in tables and figures.
Continuous variables were expressed as mean = stand-
ard deviation (SD) whereas categorical variables were
reported as numbers and percentages (%). The effect
of MCTs supplementation was evaluated as absolute
changes (45 days minus baseline). Differences between
groups were analyzed by analysis of variance (one-way
ANOVA) and post hoc analyses for multiple comparisons
(Bonferroni). Differences between categorical variables
were assessed by x? (chi-square) test. A logistic regression
model was used to estimation of the likelihood of BMI
changes of WHO classes with MCTs supplementation.
BMI improvement was investigated as a dichotomous
variable (yes/no) and no MCTs supplementation was des-
ignated as reference for ease of comparability. Estimates
of the logistic regression coefficients were reported as
odds ratios (OR). The analysis was conducted in six steps:
Model 1 not adjusted; Model 2 adjusted for age; Model
3 adjusted for age and body weight at baseline; Model 4:
adjusted for age, body weight at baseline, and percentage
of fat mass at baseline. A p value<0.05 was considered
significant. Statistical analysis was performed accord-
ing to standard methods using the Statistical Package for
Social Sciences software 26.0 (SPSS/PC; SPSS, Chicago,
IL, USA).

Results

A total of 263 participants were included in the analy-
ses, with 83 participants (31.6%) in the control group
(VLCKD alone without any integration with MCTs),
while 86 participants (32.7%) in the VLCKD + MCTs
group, and 94 participants (35.7%) in the VLCKD + ear-
lyMCTs group. All individuals of the three groups were
evaluated at baseline and at the 45th day (the end of the
active phase of VLCKD). At baseline, the three groups
did not differ for demographic and anthropometric fea-
tures, as well as for body composition (Table 1). Abso-
lute changes after the intervention were reported in
Table 2. MCTs supplementation significantly decreased
body weight, BMI, and waist circumference as com-
pared to the control group, with a greater effect in the
VLCKD + earlyMCTs group (p<0.001). MCTs sup-
plementation significantly also affected body com-
position (Table 2). A two-fold decrease in fat mass
and an increase of muscle mass were observed in the
VLCKD + earlyMCTs group as compared to the con-
trol group (p <0.001). Fat mass and muscle mass were
also different when comparing the two groups with
MCTs supplementation. Of interest, from baseline, no
participant in the three groups changed their physical
activity levels during the 45 days of VLCKD (x*>=4.22,
p=0.121). All dietary interventions significantly
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Table 1 Demographic and anthropometric characteristics, and body composition in the three groups at baseline
Parameters Control group (n=83, VLCKD + MCTs (n =86, VLCKD + earlyMCTs (n =94, p for ANOVA
31.6%) 32.7%) 35.7%)
Age (years) 401+£152 36.8+£14.1 3594131 0.130
Physical activity (yes) 32 (38.6%) 21 (22.3%) 33 (38.4%) >=422,p=0.121
Body weight (kg) 925+149 985+ 165 95.74+175 0.059
BMI (kg/m?) 35.1+5.1 359452 36.0+55 0475
25.0-29.9 kg/m? (1 5.7%) (1 2.8%) 6 (17.0%) x> =064, p=0.725
30-34.9 kg/m? 1(37.3%) 1(36.0%) 23 (24.5%) X' =4.16,p=0.125
35-39.9 kg/m? 23 (27.7%) 23 (26 7%) 37 (39.4%) >=4.14,p=0.126
> 40,0 kg/m’ 16 (19.3%) 21 (24.4%) 18(19.1%) ¥’ =0.95,p=0.622
Waist circumference (cm) 10634137 1058+ 156 1022+164 0.147
R 481.61+68.6 46791681 483.84+80.5 0.296
Xc () 476+98 459488 453494 0.245
FM (%) 416+64 424473 430+£7.1 0403
Muscle mass (%) 272443 278454 268448 0.390
Data are expressed as mean = SD or n (%). One-way ANOVA and post hoc test for multiple comparisons (Bonferroni) and x? (chi-square) test
VLCKD Very low-calorie ketogenic diet, MCTs Medium chain fatty acids, BMI body mass index, R resistance, Xc reactance, FM fat mass
Table 2 Absolute changes in anthropometric characteristics and body composition in the three groups
Parameters Control group (n=83, VLCKD + MCTs (n =86, VLCKD + earlyMCTs (n=94, p for ANOVA
31.6%) 32.7%) 35.7%)
Body weight (kg) — 484264 —724+£19° — 88429 <0.001
BMI (kg/mz) —184+09 —26406° —33£1.1%° <0.001
18.5-24.9 kg/m? 2 (2.4%) 2(2.3%) 6 (6.4%) x> =266,p=0263
25.0-299 kg/m2 23 (27.7%) 25 (29.1%) 24 (25.5%) x2 =0.29,p=0.865
30-349 kg/m? 28 (33.7%) 26 (30.2%) 35 (37.2%) x>=098,p=0611
35-39.9 kg/m? 24 (28.9%) 24 (27.9%) 19 (20.2%) ¥?=2.16,p=0.340
>40.0 kg/m? 6 (7.2%) 9(10.5%) 10 (10.6%) x> =073, p=0693
Waist circumference (cm) —44+57 —73£54° — 814497 <0.001
R 6.11+364 89430.7 — 1.1+£495 0227
Xc () 28+64 38+54 50+6.7 0.059
FM (%) —25+27 —37426° —51438% <0.001
Muscle mass () 11421 18419 27426 <0.001

Data are expressed as mean +SD
A p-value in bold type denotes a significant difference (p <0.05)

VLCKD Very low-calorie ketogenic diet, MCTs Medium chain fatty acids, BMI body mass index, R resistance, Xc reactance, FM fat mass

2 p<0.05 vs control; one-way ANOVA and post hoc test for multiple comparisons (Bonferroni)

b p<0.05 vs VLCKD +MCTs; one-way ANOVA and post hoc test for multiple comparisons (Bonferroni).

decreased the prevalence of higher BMI classes (obe-
sity class III and obesity class III) from baseline to
45 days of VLCKD active phase while lower BMI
classes increased (obesity class I, overweight, and nor-
mal weight) (Table 2). Although no significant differ-
ence was observed (p=0.623), VLCKD + earlyMCTs
induced a threefold increase of normal weight partici-
pants (n=6, 6.4%) than the other two dietary interven-
tions (2 participants for both groups) (Table 2).

Inflammatory status was assessed in a subgroup of 207
subjects, being 62 participants in the control group, 67
participants in the VLCKD + MCTs group, and 78 par-
ticipants in the VLCKD +early MCTs group. Hs-CRP
concentrations did not differ among the three groups at
baseline (control group: 3.1 +2.9 mg/L, VLCKD 4+ MCTs:
29426 mg/L, VLCKD+earlyMCTs: 3.7+3.5 mg/L;
p=0.279) as well as at 45 days of VLCKD active phase
(control group: 1.8%+23 mg/L, VLCKD+MCTs:
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1.5+1.8 mg/L, VLCKD +earlyMCTs: 1.4+1.7 mg/L;
p=0.530) (Fig. 1). However, as compared to the con-
trol group, CRP concentrations (evaluated as abso-
lute percent change) were significantly lower in both
the VLCKD+MCTs group (A%=— 225£51.2 vs
— 46.2+25.3; p=0.009), and the VLCKD + earlyMCTs
group (A%=— 2254512 vs — 45.0+£52.4; p=0.011)
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(Fig. 1).Findings from the logistic regression modeling in
the whole population were shown in Table 3.

MCTs supplementation starting at the beginning of
the VLCKD active phase (VLCKD+MCTs) did not
influence the likelihood to improve BMI classes. As for
VLCKD +earlyMCTs intervention, participants pre-
sented a high likelihood of improvement of BMI classes

Control Group VLCKD + MCTs VLCKD + earlyMCTs
n=62 n=67 n=78
81
&)
)
g
(2]
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>
=
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24
S
2]
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©
>
=
o -40 -+
24
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& 60 -
3
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< 4 B
*p=0.279 p=0.530 ***p=0.004
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M Bascline W After 45 days of VLCKD active phase  ® A%hs-CRP levels

Fig. 1 Changes in hs-CRP concentrations in the three study groups. One-way ANOVA and post hoc test for multiple comparisons (Bonferroni). A
p-value in bold type denotes a significant difference (p <0.05). * hs-CRP concentrations in the three groups at baseline. ** hs-CRP concentrations in
the three groups after 45 days of VLCKD active phase. *** The absolute percent change of hs-CRP concentrations in the three groups

Table 3 Logistic regression analyses on the likelihood of BMI improvement * after MCTs supplementation, adjusted for possible

confounders
Intervention Model 1 Model 2 Model 3 Model 4
OR (95% CI) OR (95% CI) OR (95% ClI) OR (95% CI)
Control group (no MCTs) ref ref ref ref
VLCKD + MCTs 1.53(0.84-2.77) p: 0.131 1.59 (0.87-2.91) p: 0.162 149 (0.83-2.70) p: 0.181 148 (0.82-2.67) p: 0.190
VLCKD +earlyMCTs 1.98 (1.08-3.63) p: 0.028 1.96 (1.06-3.60) p: 0.031 1.90 (1.04-3.48) p: 0.037 1.85 (1.02-3.36) p: 0.043

*BMI improvement was evaluated as change of BMI classes according to WHO classification after the intervention. Model 1: unadjusted; Model 2: adjusted for age;
Model 3: adjusted for age and body weight at baseline; Model 3: adjusted for age, body weight at baseline, and fat mass at baseline

A p-value in bold type denotes a significant difference (p <0.05)

VLCK Very low-calorie ketogenic diet, MCTs Medium chain fatty acids, BMI body mass index, OR odds ratios, C/ confidence interval
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(OR: 1.85, 95% CI 1.02-3.36) also after adjusting for the
potential confounding factors (age, body weight at base-
line, and fat mass at baseline).

Discussion

The present study showed that individuals undergoing
a VLCKD with daily MCTs supplementation (20 g/day)
obtained a higher body weight loss than individuals sup-
plied with VLCKD alone. Weight loss translated into a
significant reduction in BMI, waist circumference, and
fat mass. These effects were greater when MCTs sup-
plementation started 5 days before the beginning of the
VLCKD active phase than on the first day of the dietary
protocol.

Our results are in line with previous studies focusing
on supplementation with MCTs during energy-restricted
diets [25, 26]. Indeed, two meta-analyses [25, 26] showed
that the isoenergetic substitution of LCTs with MCTs
during energy-restricted dietary interventions resulted
in a small reduction in body weight (— 0.5 to — 0.7 kg)
and waist circumference (— 1.5 to — 1.8 ¢m) in middle-
aged individuals with overweight/obesity. However,
when considering studies involving very low-calorie diets
(<800 kcal/day) with MCTs supplementation the mean
weight reduction was similar to that observed in our
study (on average — 8 kg).

As reported above, MCTs are metabolised differently
from LCTs, since they can reach the liver after being
absorbed in the intestine and are largely oxidized and
not stored [23]. In addition, MCTs have been suggested
to increase thermogenesis and reduce fat deposition,
thus contributing to weight loss [27, 28]. Indeed, Hill
and colleagues [49] demonstrated that MCTs s increased
thermogenesis by 50% after a 6 day supplementation.
Therefore, this mechanism might explain the greater
effect on body weight loss that we observed in the group
starting MCTs supplementation prior to the VLCKD.

As for the effect on body composition, MCTs supple-
mentation significantly reduce fat mass whereas muscle
mass was increased only in the earlyMCTs group as com-
pared to VLCKD alone.

It is known that during nutritional ketosis, ketone bod-
ies can be used as the main energy source thus limiting
protein breakdown for energy purposes [50]. On the
other hand, high doses of MCTs have been shown to
stimulate lipolysis by increasing lipoprotein lipase activity
in animal models [51, 52]. Nevertheless, the mechanisms
underlying the effect of MCTs on body composition in
humans need further clarification.

In the management of obesity and its metabolic comor-
bidities, VLCKD has been proposed also to reduce sys-
temic inflammation by virtue of its antioxidant and
anti-inflammatory effects [53, 54]. Interestingly, in our
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study all groups undergoing the VLCKD presented a
reduction of CRP concentrations, a well-known marker
of inflammation. This result confirms those obtained in
previous studies demonstrating the anti-inflammatory
effects of the VLCKD in the short [36, 54] and -long-
term in individuals with obesity [55]. Indeed, VLCKD has
shown to reduce inflammation through several mecha-
nisms, i.e.by inhibiting activation of the nuclear factor
kappa-light-chain-enhancer of activated B cells, and the
inflammatory nucleotide-binding, leucine-rich-contain-
ing family, pyrin domain-containing-3, and inhibiting
histone deacetylases [56]. Notably, the earlyMCTs group
experienced the greatest reduction as compared to the
other groups, likely due to the overflow of ketone bod-
ies [57]. Unfortunately, we did not perform a quantitative
measurement of ketone bodies and we were not able to
test this hypothesis.

Our study has some strengths and limitations. To the
best of our knowledge, this is the first study evaluat-
ing the effect of MCTs supplementation in addition to
VLCKD in individuals with overweight/obesity. In addi-
tion, this study was performed in a large population in a
real-life setting.

Weaknesses included the single-centre recruitment
with potential selection bias. Nevertheless, to increase
the homogeneity of the study population, we included
only women to avoid potential gender differences in body
composition and CRP concentrations. In addition, we did
not evaluate the long-term effect of MCTs supplementa-
tion. However, the short study duration increased partici-
pants’ compliance to the treatment. Finally, we did not
analyse other inflammatory markers, but CRP is a reliable
inflammatory biomarker in different clinical settings [58].

Another limitation might be the transferability of these
results to other populations. Our study focused on young
adult women with overweight/obesity. Previous studies
reported that MCTs supplementation did not increase
ketone bodies in middle-aged and elderly subjects [59].
Therefore, further studies of the ketogenic effect of MCTs
in different populations are warranted.

Conclusion

The results of the present study demonstrated for the
first time that MCTs supplementation (20 g/day) during
the active stage of the VLCKD may be a useful tool to
enhance the beneficial effect of VLCKD on the reduction
of body weight and fat mass, as well as the improvement
of the inflammatory state. In particular, MCTs supple-
mentation 5 days before the beginning of the VLCKD
active phase might facilitate the transition into ketosis
thus contributing to the effectiveness of the nutritional
intervention and enhancing its beneficial effects (Fig. 2).
However, further studies extending the observations to
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The results of this study demonstrated for the first time that MCTs supplementation (20g/day) 5 days before the
start of the active stage of the VLCKD may be a useful tool to enhance the beneficial effect of VLCKD on the
reduction of body weight and fat mass, as well as the improvement of the inflammatory state.

Fig.2 MCTs supplementation during the active stage of the VLCKD. The MCTs supplementation (20 g/day) 5 days before the beginning of the
VLCKD active phase might facilitate the transition into ketosis thus contributing to the effectiveness of the nutritional intervention enhancing its
beneficial effects on weight loss, body composition modulation and inflammatory status

subsequent stages of the VLCKD are mandatory. In addi-
tion, VLCKD with early MCTs supplementation (5 days
before the onset of the active phase) should be compared
with other hypocaloric dietary programs to confirm
its role in the enhancement of weight loss and reduced
inflammation by virtue of the increase of ketosis. Finally,
this study underlines the pivotal role of the nutritionist
in the management and correct planning of the VLCKD.
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