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Abstract The global prevalence of obesity has signifi-

cantly increased in most industrialized countries. Anti-

obesity drugs are scarce, and indications to change their

life style are impractical. Therefore, to identify diets able to

produce significantly and maintained weight loss is man-

datory. The present work evaluated the efficacy of a very

low-calorie-ketogenic (VLCK) diet in obesity. A group of

obese patients were randomized into two groups: the

VLCK diet group and a standard low-calorie diet (LC

group). The follow-up period was 12 months. Both groups

received external support, counseling, to perform physical

activity and adhered to the diet. The VLCK diet induced a

30–45 days of mild ketosis and significant effects on body

weight within 15 days. At 2 months, the weight reductions

in the VLCK diet and LC diet groups were 13.6 ± 3.9 and

4.8 ± 2.7 kg, respectively (p \ 0.0001). At the end of the

study, at 12 months, the weight reductions were

19.9 ± 12.3 and 7.0 ± 5.6 kg, respectively (p \ 0.0001),

and more than 88 % of patients in the VLCK diet group

lost more of 10 % of their initial weight. Lean mass was

practically unaffected. The VLCK diet was well tolerated

and the side effects were moderate and transitory. In a

group of obese patients, the VLCK diet was significantly

more effective than a standard LC diet. At one year follow-

up in the group with VLCK diet, most of the patients loss

more than 10 % of their initial weight and lean mass was

well preserved.

Keywords Low-carbohydrate diet � Fat mass � Lean

mass � Ketosis � Protein diet � BMI � Weight reduction �
Pronokal Program

Introduction

Obesity has been defined as a global epidemic, and its

prevalence is now maintained or even accelerated in most

industrialized countries [1–3]. Furthermore, it is forecasted

that those countries that exhibit a lower prevalence than the

above-mentioned countries will reach the same levels once

social inequities are settled [4]. The genetic background of

the human species will not change over the next decades,
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and the environmental situation will not return to more

active times with expensive food; the logical forecast is

that prevalence levels of obesity will be maintained or

increased, thereby increasing its associated diseases and

complications, such as type 2 diabetes mellitus (DMT2),

cardiovascular mortality, cancer, and so on [5–7]. Thus,

prevention and treatment of obesity are mandatory to

reduce the burden of the disease in both the individuals and

the society.

The promotion of lifestyle changes has a solid rationale,

but this policy is doomed to failure and is unsuitable in the

large-scale [8] and bariatric surgery had been shown to be

unequivocally effective long term and able to reduce car-

diovascular morbidity and mortality [9–11], but such

techniques are unsuitable as population–wide treatments

[12]. Hence, effective medical treatments are needed.

However, most of the drugs that have been used to treat

obesity have been withdrawn from the market due to

incorrect use or side effects [13–15], and the new anti-

obesity drugs approved or under evaluation by the FDA or

the EMA have not yet been tested in the large scale [16].

Thus, health stakeholders are facing a situation without

precedent by fighting an epidemic without tools.

An increase in physical activity is one way to prevent or

fight obesity, but the efficacy of this intervention is scarce

without a simultaneous reduction in the food intake [17].

As a result, many dietary regimens which operate through

various mechanisms have been proposed to reduce appetite

or for weight control [18]. The leading non-pharmacolog-

ical approach is the use of diets, particularly low-calorie

and very low-calorie diets [19–21]. In the last few years,

the low-carbohydrate diet has gained progressive recogni-

tion over other dietary treatments [22], and the low-car-

bohydrate ketogenic diet in particular has been closely

examined [23, 24].

In the present work, a commercially available very low-

calorie-ketogenic (VLCK) diet was tested against the

standard low-calorie (LC) diet that is commonly practiced

in many hospitals. The two main objectives of this study

were to compare the efficacy of both treatments in the

induction of weight loss, and to evaluate their efficacy after

a one year follow-up period. The secondary targets were to

evaluate the rate of dropouts and side effects, and to

determine the effects of these diets on fat mass (preserva-

tion of lean mass) and cardiovascular risk factors.

Materials and methods

This study was a nutritional intervention clinical trial,

open, randomized, controlled, prospective for one year, and

performed in a single center. The patients attending the

Obesity Unit at the Hospital Gregorio Marañon of Madrid

to receive treatment for obesity were consecutively enrol-

led in this study. Apart from obesity and prediabetes,

participants were generally healthy individuals. The

inclusion criteria were, age 18–65 years, body mass index

(BMI) C 30, stable body weight in the previous 3 months,

desire to lose weight, and history of failed dietary efforts.

None of the participants had serious medical condition.

The main exclusion criteria were, type 1 diabetes mellitus

or insulin therapy, obesity induced by other endocrine dis-

orders or by drugs, and use of any weight loss diet or pills in

the previous 6 months. Secondary exclusion criteria were,

severe depression or any other psychiatric disease, abuse of

narcotics or alcohol, severe hepatic insufficiency, any type of

renal insufficiency or gout episodes, neoplasia (except basal

cell skin cancer), previous events of cardiovascular or

cerebrovascular disease, kidney ltiasis, uncontrolled hyper-

tension, and hydroelectrolytic alterations. Females with

child-bearing potential, who were pregnant, breast-feeding,

intending to become pregnant, or not using adequate con-

traceptive methods were excluded. All participants provided

written informed consent and the Institutional Review Board

(Comite Etico de Investigacion Clinica, Hospital Gregorio

Marañon, Madrid) approved the study (C.I 143/09, protocol

PRO–PRO 2009-02, Foundation code 143/09 EO). Partici-

pants received no monetary incentive. A total of 79 subjects

were participated in the study (Table 1).

Interventions

Using a controlled open design, the patients were ran-

domized and allocated to receive either a low-calorie diet

(thereafter ‘‘LC diet’’) or a very low-calorie-ketogenic diet

(thereafter ‘‘VLCK diet’’) as part of a commercial weight

loss program (Pronokal Method), which included lifestyle

and behavioral modification support. The intervention for

both groups included an evaluation by the specialist phy-

sician conducting the study, an assessment by an expert

dietician, group meetings, and exercise recommendations.

The group meetings and evaluations took place in a hos-

pital setting at 0.5, 2, 4, 6, 8, 10, and 12 months. At 6 and

12 months, the participant0s satisfaction with the diet was

assessed. In these meetings, the patients received diet

instructions, individual supportive counsel, and encour-

agement to exercise on a regular basis using a formal

exercise program. In addition, a program of telephone

reinforcement calls was instituted, and a phone number to

address any doubts was provided to all participants.

Low-calorie diet

The standard LC diet of the Obesity Unit was provided to

this group. This equilibrated diet had a caloric value 10 %
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below the total metabolic expenditure of each individual.

The total metabolic expenditure was calculated from the

basal metabolic expenditure (based on the formula FAO/

WHO/UN) [25] multiplied by the coefficient of activity,

which was calculated according to the physical activity of

each participant. The calories provided to this group ranged

between 1,400 and 1,800 kcal/day. The ration of ma-

cronutrients provided was 45–55 % carbohydrates,

15–25 % proteins, and 25–35 % fat [26], in addition to a

recommended intake of 20–40 g/day of fiber in the form of

vegetables and fruits. A ratio exchange model was

followed.

Very low-calorie-ketogenic diet

The VLCK diet group, followed a very low-calorie-keto-

genic diet according to a commercial weight loss program

(PronoKal method) based on a high-biological-value pro-

tein preparations diet and natural foods. Each protein

preparation contained 15 g protein, 4 g carbohydrates, and

3 g fat, and provided 90–100 kcla [27] ‘‘Fig 1’’. This

method has three stages: active, re-education, and

maintenance.

The active stage consists of a very low-calorie diet

(600–800 kcal/day), low in carbohydrates (\50 g daily from

vegetables) and lipids (only 10 g of olive oil per day). The

amount of high-biological-value proteins ranged between

0.8 and 1.2 g per each Kg of ideal body weight, to ensure

meeting the minimal body requirements and to prevent the

loss of lean mass. This method produces three ketogenic

phases. In phase 1, the patients eat high-biological-value

protein preparations five times a day, and vegetables with

low glycemic index. In phase 2, one of the protein servings is

substituted by a natural protein (e.g., meat and fish) either at

lunch or at dinner. In the phase 3, a second serve of the

natural protein low in fat substituted the second serve of

biological protein preparation. Throughout these ketogenic

phases, supplements of vitamins and minerals, such as K,

Na, Mg, Ca, and omega-3 fatty acids, were provided in

accordance to international recommendations [28]. This

Table 1 Baseline characteristics of participants (n = 53)

Commercial method (n = 27) Hypocaloric diet (n = 26) Pb

Age (y) 44.4 ± 8.6 (32–65)a 46.3 ± 9.3 (24–62) 0.444e

Female sex (%) 81.4 96.1 0.192f

Body weight (kg) 97.9 ± 18.9 92.1 ± 17.7 0.259e

BMI (%) 35.1 ± 4.5 (30.5–44.4) 35.1 ± 5.3 (29.5–47.3) 0.955e

\25 kg/m2 0 0

25–29 kg/m2 0 11.5

30–34 kg/m2 66.6 50.0

35–39 kg/m2 11.1 15.3

C40 kg/m2 22.2 23.0

Waist circumference (cm) 111.3 ± 13.4 (90–151) 108.2 ± 11.4 (93–140) 0.377e

Waist circumference C102/88 cm (%)c 100 100

BMI C30 kg/m2 or waist circumference C102/88 cm (%) 100 100

Comorbidities and drugs (%)

History of CVDd 0.00 0.00

History of cancer 0.00 0.00

Antiobesity drugs 0.00 0.00

Insulin 0.00 0.00

Oral antidiabetes 7.4 3.8 1.000f

Antidyslipidemia drugs 7.4 0.0 0.491f

Antihypertension drugs 14.8 19.2 0.728f

a Mean ± SD; range in parentheses (all such values)
b Proteinated diet compared with hypocaloric diet
c Waist circumference C102 cm for men, C88 cm for women
d CVD, cardiovascular disease
e Group differences were analyzed by using T test and ANOVA test
f Group differences were analyzed by using Fisher’s exact test
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active stage is maintained until the patient loses most of

weight loss target, ideally 80 %. Hence, the ketogenic pha-

ses were variable in time depending on the individual and the

weight loss target, but they lasted between 30 and 45 days in

total.

In the re-education stage, the ketogenic phases were

ended by the physician in charge of the patient based on the

amount of weight lost, and started a low-calorie diet. At

this point, the patients underwent a progressive incorpo-

ration of different food groups and participated in a pro-

gram of alimentary re-education to guarantee the long-term

maintenance of the weight lost (see ‘‘Fig. 1’’). The main-

tenance stage, consist of an eating plan balanced in car-

bohydrates, protein, and fat, that lasted one year.

Depending on the individual the calories consumed ranged

between 1,500 and 2,000 kcal/day and the target was to

maintain the lost weight and promote healthy life styles.

Primary outcome measures

The body weight, waist circumference (WC), and BMI

were the primary outcome measures. At each visit, patients

were weighed on the same calibrated scale (Seca 220 scale,

Medical Resources, EPI Inc OH, USA) wearing light

clothing and no shoes. BMI was calculated as body weight

in Kg, divided by height in meters squared. WC was

recorded with a standard flexible non-elastic metric tape

over the midpoint between the last rib and the iliac crest,

with the patient standing and exhaling [26].

Secondary outcome measures

Cardiovascular risk factors

Blood pressure and pulse rate were measured in the non-

dominant arm after the participants sat by at least 15 min.

Two measurements were collected on each visit and

averaged. Serum lipids were measured before starting the

intervention and at regular intervals thereafter.

Adherence

Adherence to the diet and exercise recommendations in

VLCK diet group was determined through self-reports,

food records, and in the ketogenic phases by urinary ketone

qualitative assessment. Interacetona dipstick (Carulla Ve-

kar Madrid) was used for ketone analysis and the patients

recorded these values that were analyzed at each visit to the

hospital. Adherence in the LC diet group was assessed

according to the patients self-reports.

Body composition

Body composition was measured by Dual-Energy-X-ray

Absorptiometry (DXA Scan). Total body imaging was

acquired using the GE Healthcare Lunar (iDXA Madison,

WI, USA), and analyzed using enCORE software version

13.2. Subjects were scanned using standard imaging and

positioning protocols. The GE Lunar Body Composition

Software option (body composition) used on GE Lunar

iDXA bone densitometer measures the regional and whole

body bone mineral density (BMD), lean, and fat tissue

mass, and calculates derivative values of bone mineral

content (BMC), area, soft tissues mass, regional soft tissue

mass, total soft tissue mass, fat free mass, regional/total

soft tissue mass ratio, % fat, region % fat, total body % fat,

Android % fat, and Gynoid % fat. Android/Gynoid ratio

(A/G ratio) is automatically generated. During the proce-

dure, patients wore only light clothes.

Other metabolic parameters

Serum tests for glucose, HbA1c, cholesterol-HDL and

cholesterol-LDL, potassium, chloride, sodium, urea,

nitrogen, creatinine, calcium, phosphorus, total proteins,

albumin, liver transaminases, bilirubin, uric acid, thyroid

Fig. 1 Scheme of the dietary intervention program for the VLCK diet. The duration of the different stages is dependent on the targets and the

clinical decision of the physician in charge of the patient. VLCD, stage of a very low-calorie diet; LCD, stage of a low-calorie diet
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hormones, alkaline phosphatase, iron, hemoglobin, red cell

and white cells counts, plasma lipids, and glomerular fil-

tration rate were performed using automatic standard pro-

cedures (Cobas c711, Roche-Spain, Madrid, Spain) and a

Coulter LH 750 Hematology Analyzer, (Beckman Coulter,

Inc.; Brea CA, USA) at basal and at regular intervals

during and after the intervention programs.

Adverse effects, dropouts, and satisfaction

with the treatments

During all visits, the patients completed a questionnaire of

side effects and dropouts, and the reasons provided were

recorded. A questionnaire of patient satisfaction with the

diets, with a single question ‘‘How satisfied are you with

the diet that you are following’’, using 5-point Likert scale

format (1 = very dissatisfied, 2 = dissatisfied, 3 = indif-

ferent, 4 = satisfied, 5 = very satisfied) was provided to

the patients. This questionnaire was undertaken at visits

6–12 months.

Statistical analysis

This study was a nutritional intervention clinical trial,

open, randomized, controlled, prospective for one year, and

performed in a single center. A total of 79 obese subjects

were studied, 39 patients were in the VLCK diet group and

40 patients were in the LC diet group, because it was

calculated that the groups should have at least 30 patients

on each arm to detect differences in the mean weight

reduction of 3 kg, with a potency of 90 %. The significance

level was established at p \ 0.05. Weight loss was pri-

marily analysed in the patients that complete the study

(completers), and results were also evaluated with an

intention-to-treat (ITT) analysis using the baseline obser-

vation carried forward (BOCF). In sensitivity analyses,

used the last observation carried forward (LOCF) and

multiple imputations (MI) as age, sex, and baseline values

were used to predict any missing values at the 1 year time

point and determine whether the findings were affected by

the choice of data-imputation method.

The data are presented as mean ± SD. The differences

between two groups were determined using Fisher0s exact

test for categorical variables and Student0s t test. Alterna-

tively, ANOVA was used for comparison of continuous

variables between three or more groups. Variables that

were not normally distributed were analyzed by non-

parametric tests (Mann–Whitney U test or Kruskal–Wallis

test). For completers-only analysis, there were no formal

imputations, therefore, all the estimations were obtained

using all the available data (available data only-ADO).

Analyses were performed using the SAS software version

9.1.3 (SAS Institute Inc). The level of significance was set

to 5 %.

Funding source

The funding for the study as well as the high-biological-

value protein preparations was provided by Protein Sup-

plies, S.L., (Barcelona, Spain) free of charge to the

patients. The funding source had no involvement in the

study design, recruitment of patients, study interventions,

data collection, or interpretation of the results.

Results

Of the 79 participants that were initially enrolled in the

study, a total of 12 in the VLCK diet group and 14 in the

standard LC diet group dropped out of the study within

12 months. The 53 patients who completed the study,

(completers), exhibited the following characteristics at

enrollment: mean age 45.3 ± 8.9 year (range 24–65), BMI

35.1 ± 4.9 (range 29.5–47.3), and waist circumference

109.8 ± 12.4 cm (range 90.0–151.0). In addition, 88.6 %

were women, and all the patients were obese (Table 1).

The completers-only analysis revealed that starting at

day 15, the reduction in weight was twofold higher in the

VLCK diet than in the LC diet group. This difference was

most evident at 2 months with a reduction of 13.6 ± 3.9

and 4.8 ± 2.7 kg in the VLCK and LC groups, respec-

tively (p \ 0.0001); ‘‘Fig. 2’’. The maximum weight loss

was observed after 8 months of treatment, 22.8 ± 11.4 kg

in the VLCK diet group and 7.1 ± 5.3 kg in the LC group.

At 12 months, the difference between the groups was still

evident, with a reduction of 19.9 ± 12.3 kg for the VLCK,

whereas it was of 7.0 ± 5.6 kg in the LC group

(p \ 0.0001), even though the weight regain in VLCK diet

group was 12.4 %, while in the LC diet group was only

1.4 %.

When the weight loss at one year was analysed as inten-

tion-to-treat with multiple imputations (ITT-MI), the values

for the VLCK versus LC diets were 19.9 ± 12.6 versus

7.1 ± 4.7 kg (p \ 0.0001). Similarly, the differences

between both groups were 17.3 ± 11.9 and 5.7 ± 5.6 kg

(p \ 0.0001) in the ITT-last observation carried forward

(ITT-LOCF); and 13.7 ± 13.8 versus 4.5 ± 5.6 kg

(p \ 0.0002), in the ITT-baseline intervention carried for-

ward (ITT-BOCF), ‘‘Fig. 1’’. All of the analyses showed that

the VLCK diet induced a higher weight reduction of more

than 10 kg compared with the LC diet.

As shown in ‘‘Fig. 3’’, the study of the categories of

weight loss percentages demonstrated that the VLCK diet

induced a reduction of more than 10 % of the original

weight at 2 months in 96 % of the patients, compared with

Endocrine (2014) 47:793–805 797
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3 % of the patients in the LC group (p \ 0.0001). This

striking difference in the efficacy of the diets was main-

tained at 4 months, and at the end of the study (12 months),

88.9 % of the patients in the VLCK group exhibited a

weight loss of at least 10 % of the original weight, com-

pared with 34.6 % of the patients in the LC group

(p \ 0.0001).

Although both groups exhibited a fairly similar BMI

(35.1) at the beginning of the study, the BMI absolute

values within 4 months were 28.0 ± 3.2 in the VLCK

group and 32.5 ± 5.6 in the LC group, (p \ 0.0008), and

persisted throughout the study (Fig 4a). This observation

resulted in final reductions at 12 months of 7.0 ± 3.9 and

2.6 ± 2.2 BMI units for the VLCK and the LC groups,

respectively (p \ 0.00001) ‘‘Fig. 4b’’. Similar results were

observed when the data were analysed as absolute values of

body weight in Kg, or as excess of body weight in per-

centage ‘‘Fig 4c, d’’. Similar observations were obtained

with the intention-to-treat analysis, ITT-MI, ITT-LOCF,

and ITT-BOCF.

To evaluate the toll imposed by both diets on the different

body compartments, i.e., fat mass or lean mass, the waist

circumference was measured as an indirect measurement of

the fat mass or more precisely the central or visceral fat mass.

As shown in ‘‘Fig. 5a’’, the VLCK diet induced a reduction

in waist circumference from 111.3 ± 13.4 to 92.8 ± 8.0 cm
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Fig. 5 Evaluation of the body

composition of the patients in

the VLCK diet and the LC diet

groups at the end of the study.

a Absolute values of the waist

circumference, b Changes the

waist circumference (in cm),

c Percentage of the loss of fat-

mass evaluated by DXA scan,

and d Absolute values of lean

body mass (LBM) and fat body

mass (FBM) determined by

DXA scan
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Table 2 Analytical values during the follow-up period

Baseline 2 months 4 months 12 months

Erythrocyte count (mm^3 9 10^6) VLCK diet 4.64 (0.37) 4.69 (0.68) 4.40 (0.28)2 4.46 (0.31)

LC diet 4.62 (0.35) 4.59 (0.38) 4.53 (0.34) 4.48 (0.39)

Leukocyte Count (mm^3 9 10^3) VLCK diet 7.78 (1.81) 6.97 (2.44) 7.26 (1.77) 6.66 (1.46)2

LC diet 7.48 (1.93) 7.08 (1.70) 6.70 (1.69) 6.69 (1.45)

Neutrophils (mm^3 9 10^3) VLCK diet 4.43 (1.44) 4.18 (2.09) 4.31 (1.39) 6.31 (13.31)

LC diet 4.41 (1.39) 4.18 (1.19) 3.96 (1.32) 3.86 (0.98)

Hematocrit (%) VLCK diet 41.15 (3.22) 41.08 (2.99) 40.18 (2.31) 41.20 (2.79)

LC diet 41.21 (2.69) 41.22 (3.08) 40.97 (2.98) 41.13 (2.66)

Hemoglobin (g/dL) VLCK diet 13.76 (2.12) 13.94 (0.87) 13.67 (0.80) 13.94 (0.97)

LC diet 14.11 (0.95) 14.05 (1.05) 13.98 (1.06) 14.01 (0.89)

Glucose fasting (mg/dL) VLCK diet 99.56 (28.31) 82.7 (12.34)2 87.08 (11.98)2 90.79 (12.34)

LC diet 88.73 (9.54) 87.48 (12.29) 85.69 (9.36) 86.42 (9.98)

HbA1c (%) VLCK diet 5.50 (0.76)1 5.14 (0.35)2 5.12 (0.24)2 5.49 (0.38)2

LC diet 5.09 (0.31) 5.09 (0.33) 5.20 (0.46) 5.46 (0.36)2

Total Cholesterol (mg/dL) VLCK diet 207.2 (38.3)1 158.6 (29.3)2 175.9 (29.7)1, 2 193.2 (45.3)1, 2

LC diet 185.9 (38.2) 176.2 (41.2) 178.9 (38.7) 184.0 (38.9)

Triglycerides (mg/dL) VLCK diet 137.7 (88.8) 89.1 (35.2)1, 2 76.9 (23.1) 89.4 (100.2)

LC diet 96.8 (34.9) 102.9 (39.0) 100.5 (42.0) 88.0 (45.0)

Cholesterol-LDL (mg/dL) VLCK diet 118.7 (35.7) 93.1 (23.8) 107.0 (24.4) 105.1 (33.5)

LC diet 112.6 (29.0) 108.2 (30.3) 109.5 (27.6) 110.7 (25.7)

Cholesterol-HDL (mg/dL) VLCK diet 60.7 (17.6)1 47.7 (10.5)1, 2 53.6 (12.1) 68.5 (14.9)

LC diet 53.4 (12.9) 47.4 (13.6) 49.3 (13.4) 55.7 (14.3)

Alanine transaminase (ALT/ALAT/GPT) (U/l) VLCK diet 27.44 (19.55) 30.48 (17.64)1 25.48 (21.43) 18.58 (5.05)

LC diet 20.85 (10.71) 19.44 (7.50) 19.73 (9.61) 15.96 (6.28)

Aspartate transaminase (AST/ASAT/GOT) (U/l) VLCK diet 20.38 (10.30) 22.41 (7.23) 18.38 (3.37)2 17.63 (3.74)

LC diet 17.4 (5.66) 17.28 (3.47) 17.92 (4.94) 15.42 (3.87)

Gamma glutamyl transferase (GGT) (U/l) VLCK diet 26.37 (11.41) 15.33 (5.70) 19.6 (19.46) 18.63 (8.19)

LC diet 18.81 (8.28) 17.76 (8.39) 19.54 (12.34) 16.42 (7.93)

Total Bilirrubin (mg/dL) VLCK diet 0.41 (0.21) 0.49 (0.24) 0.51 (0.34) 0.48 (0.25)

LC diet 0.42 (0.15) 0.49 (0.16)2 0.48 (0.16) 0.48 (0.16)

Creatinine (mg/dL) VLCK diet 0.75 (0.17) 0.69 (0.16) 0.71 (0.15)2 0.73 (0.15)

LC diet 0.73 (0.13) 0.73 (0.12) 0.73 (0.11) 0.75 (0.09)

Total protein (mg/dL) VLCK diet 7.01 (0.38)1 6.77 (0.32) 6.73 (0.27) 6.90 (0.42)1

LC diet 7.07 (0.49) 6.82 (0.30) 6.86 (0.40) 7.05 (0.39)

Uric acid (mg/dL) VLCK diet 5.07 (1.25) 4.91 (1.48) 4.61 (1.03)1 4.62 (1.11)

LC diet 4.67 (0.90) 4.64 (1.03) 4.57 (0.76) 4.61 (1.19)

Urea (mg/dL) VLCK diet 33.74 (6.84) 33.59 (7.63) 36.48 (8.88) 37.38 (8.46)

LC diet 35.19 (7.18) 31.52 (6.35) 33.42 (9.71) 36.23 (9.02)

Microalbuminuria (mg/dL/day) VLCK diet 1.14 (0.31) 1.05 (0.14) 1.02 (0.08) 1.13 (0.63)1

LC diet 1.22 (0.49) 1.06 (0.22) 1.26 (0.58) 1.30 (0.87)

Thyrotropin (TSH) (mLU/mL) VLCK diet 2.48 (1.13) 2.43 (1.16) 1.95 (0.89) 1.92 (0.85)

LC diet 3.71 (4.72) 2.38 (1.37) 2.27 (0.99) 2.48 (1.49)

Free thyroxine (F-T4)(mg/dL) VLCK diet 0.78 (0.10)1 0.88 (0.10) 0.85 (0.10)2 0.80 (0.11)

LC diet 0.86 (0.12) 0.94 (0.19) 0.94 (0.18) 0.95 (0.21)

Sodium (Na) (mmol/L) VLCK diet 140.1 (2.2) 141.2 (141.2) 141.7 (2.4)2 141.2 (2.5)

LC diet 141.2 (2.8) 140.6 (140.6) 141.4 (3.0) 141.3 (2.7)

Potassium (K) (mmol/L) VLCK diet 4.30 (0.25) 4.4 (0.38) 4.27 (0.31) 4.46 (0.29)1, 2

LC diet 4.20 (0.36) 4.24 (0.45) 4.31 (0.36) 4.23 (0.34)
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(p \ 0.0001) at 12 months, whereas the LC diet induced a

reduction from 108.2 ± 11.4 to 101.2 ± 13.3 cm,

(p \ 0.0473), at 12 months. Using absolute changes in

waist circumference ‘‘Fig. 5b’’, net reductions of

18.4 ± 10.4 and 7.0 ± 6.3 cm were obtained for the VLCK

and the LC group, respectively (p \ 0.0001). A more

sophisticated analysis was performed using the DEXA scan

evaluation. As shown in ‘‘Figs. 5c–d’’, the VLCK diet

induced a reduction in fat mass from 44.3 to 28.3 kg,

(whereas, the LC diet induced a reduction from 42.3 to

36.7 kg). None of the diets affected the lean mass because

no significant changes were found throughout the

12-months study.

Biochemical and metabolic parameters measured during

the treatment and follow-up periods are depicted in

(Table 2). As shown, the VLCK diet induced a significant

change in some of the biological parameters that were

clinically meaningful, such as HbA1c, total cholesterol and

micro-albuminuria, and some of these changes were still

evident at 1 year follow-up.

Side effects and dropout rates at the 1 year follow-up

Table 3 shows the most frequent side effects that were

observed in both groups. The VLCK diet induced more

frequent manifestations of asthenia, fatigue, headache,

Table 2 continued

Baseline 2 months 4 months 12 months

Chloride (Cl) (mmol/L) VLCK diet 104.1 (3.0) 104.1 (104.1) 105.3 (2.7)1 104.5 (1.9)

LC diet 104.5 (2.7) 105.1 (105.1) 105.2 (2.2) 104.2 (2.7)

Total calcium (Ca) (mmol/L) VLCK diet 8.90 (1.43) 9.37 (0.28) 9.33 (0.32) 9.18 (0.35)

LC diet 9.23 (0.52) 9.23 (0.42) 9.12 (0.39) 9.21 (0.35)

Magnesium (Mg) (mmol/L) VLCK diet 2.04 (0.37) 2.03 (0.16) 2.08 (0.20) 2.03 (0.13)

LC diet 1.95 (0.16) 2.00 (0.19) 2.02 (0.15) 2.05 (0.13)2

All values indicate mean(SD)

Bold values are statistically significant
1 p \ 0.05 comparison between groups using T test and ANOVA test
2 p \ 0.05 compared with baseline using T test and ANOVA test

Table 3 Side effects and patients drop out under the nutritional interventions

15 days 4 months 12 months

VLCK diet LC diet p VLCK diet LC diet p VLCK diet LC diet p

Asthenia 8 (29.6 %) 0 (0 %) 0.004 5 (19.5 %) 0 (0 %) 0.051 1 (3.7 %) 0 (0 %) 1.000

Hair fall 1 (3.7 %) 0 (0 %) 1.000 8 (29.6 %) 0 (0 %) 0.004 2 (7.4 %) 0 (0 %) 0.491

Cramps 3 (11.1 %) 0 (0 %) 0.236 4 (14.8 %) 0 (0 %) 0.111 – – –

Headache 15 (55.6 %) 0 (0 %) \0.000 – – – – – –

Muscle weakness 6 (22.2 %) 0 (0 %) 0.023 – – – – – –

Constipation 16 (59.3 %) 4 (15.4 %) 0.002 11 (40.7 %) 3 (11.5 %) 0.028 5 (18.5 %) 3 (11.5 %) 0.002

Hyperuricemia [6.5 mg/dL 11 (40.7 %) 1 (3.9 %) 0.002 1 (3.7 %) 0 (0 %) 1.000 – –

Orthostatic hypotension 4 (14.8 %) 0 (0 %) 0.111 – – – – – –

Myalgia 2 (7.4 %) 0 (0 %) 0.491 – – – – – –

Nausea 9 (33.3 %) 0 (0 %) 0.002 1 (3.7 %) 1 (3.9 %) 1.000 – – –

Leg heaviness and fatigue 6 (22.2 %) 0 (0 %) 0.023 2 (7.4 %) 0 (0 %) 0.491 – – –

Patients lost 15 days 4 months 12 months

VLCK diet LC diet VLCK diet LC diet VLCK diet LC diet

Due to side effects 0 0 0 0 0 0

Voluntary dropout 1 0 3 5 8 9

Total dropout – – – – 12 14

Group differences were analyzed by using Fisher’s exact test
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muscle weakness, constipation, hyper-uricemia, and nausea

that that of the LC diet. However, these manifestations

were of mild intensity and transient (most disappear after

the first few weeks). In fact, the number of patients who

dropped out of the study was negligible at the beginning of

the study, which was when more frequent side effects were

observed. In addition, none of the patients who dropped out

attributed that to these collateral effects. In total 12,

(33.3 %) in the VLCK diet group, and 14, (35 %) in the LC

diet group dropped out throughout the course of the study.

Sensitivity analysis

To minimize the effect of the method used to handle

missing data in the final results obtained for the group of

patients who completed the study, all the analyses were

performed again through sensitivity analysis using the last

observation carried forward, basal observation carried

forward, and multiple imputations, in the intention-to-treat

analysis. None of the alternative data imputation methods

altered the results of the main analysis.

Discussion

The main finding of this work is that, compared with a

standard low-calorie diet (LC diet), a VLCK diet was

significantly more effective in inducing loss of body

weight, and that the weight loss was mainly related to the

loss of fat mass. As ancillary findings, the reduction in

weight was rapid, the side effects were transitory and well

tolerated. Interesting enough, when evaluated at one year

follow-up, the VLCK diet group showed than more than

88 % of the patients presented a reduction of initial body

weight higher than 10 % and that lean mass was well

preserved.

In the present work, the VLCK diet induced a rapid,

intense, and persistent weight reduction compared with the

LC diet. In fact, it is remarkable that this diet group

exhibited a twofold higher weight reduction within 15 days

of starting the program. Although, in absolute terms, the

maximum loss (-22.8 kg) was observed at 8 months, the

effect was rapid and maintained because the loss at

4 months (-22.0 kg) and the ensuing values of (-22.0)

and (-20.7 kg) obtained at 6 and 10 months were all not

significantly different than those at the 8 months. This

result is remarkable considering that the ketogenic phase

ended at 30–45 days after starting the method, therefore,

the above results were obtained in the re-education stage

and out of ketosis. It has been previously found that a

greater initial weight loss improves the long-term mainte-

nance of the weight loss [29, 30]. This hypothesis was

confirmed in the present work: patients eagerly adhered to

the treatment and evaluations mostly because they found

the rapid weight loss highly encouraging and increasingly

motivating. The effect was persistent long term because the

final weight loss of (-19.9 kg) was obtained at 12 months,

i.e., time after the ketosis combined with very low-caloric

treatment had ended and patients were on a maintenance

diet. Because weight regain in successfully treated obese

patients is the most common drawback of any treatment

[31, 32], the long-term maintenance of weight here

observed is another positive effect of the ketogenic

approach, it was interesting to find that patients on the

conventional treatment also exhibited a significant weight

reduction, which indicate that the multidisciplinary

approach used in this study for both groups, which include

diet counseling, physical activity, and psychological sup-

port was effective.

The VLCK diet method was found to be superior to the

standard LC diet, and the average weight loss of 20 kg that

was measured in this study was higher than the weight loss

that has been observed with most of the anti-obesity drugs

that have been studied [33–38]. The analysis of the per-

centage of the body weight loss revealed that more than

96 % of the patients in the VLCK diet group lost more than

10 % of the initial body weight within 2 months compared

with 3.8 % of the patients in the LC-diet group. In addition,

these differences were maintained at 4 and 12 months.

Although initially the VLCK diet was lower in calories

than the LC diet which implies a greater efficacy, the main

point of this work is that patients were able to tolerate and

gladly adhere to the calorie restriction. In the true that

during the first phase of the study there was a difference in

the total caloric value of the diets in the VLCK study group

and the LCD control group, but after that short period, and

up to a maximum of a 4 months after the beginning of the

study, calorie intake was increased until it reached that of

the control group (LC diet), as a similar calorie intake was

followed by both groups until 12 months the differences

between them faded away. The initial effectiveness for the

VLCK group was mainly due to the calorie limitations

specified in the dietary guidelines. The proportion of ma-

cronutrients in the diet provides a percentage of fats which

covers essential requirements, a not too severe restriction

of carbohydrates (50 g) and the intake of high biological

value proteins (75 g per day). This proportion of ma-

cronutrients, which may induce ketosis, has been associ-

ated with a greater feeling of fullness and a greater

tolerability by the patient (23). Interesting enough, the

ketogenic diet mainly reduced body fat and did not affect

lean mass. In fact, both the indirect data provided by waist

circumference and the direct information provided by DXA

scan clearly showed that the VLCK diet induces a strong

reduction in fat mass (measured either as a percent or in

absolute values, i.e., total Kg), whereas, the lean mass was
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no significantly affected by either treatments. No clear

explanation is apparent for the observed preservation of

lean mass in the presence of the rapid weight reduction, but

is likely that the combination of protein administration and

the exercise program explain these results [39, 40].

There are some concerns regarding the use of very low-

calorie diets with or without ketosis. Such restricted calorie

diets, as well as bariatric surgery, have been associated

with adverse events, such as gallstones formation and

sudden deaths [40, 41]. In addition, the regain of weight is

a concern of very low-calorie diets [42]. It is possible that

their risks may be reduced by informing the patients of

these risks and the substantial efforts required to maintain

the weight loss. The dropout rate in this study was similar

to that expected in any program with obese individuals, but

the dropout rate due to side effects was negligible. Many of

the side effects were well tolerated and transient, i.e., they

disappeared after the first few weeks of treatment.

This study exhibits a number of strengths and limita-

tions. It involves a unicenter analysis which may have

introduced some selection bias and baselines differences.

However, the results were consistent when analyzed as

total weight loss (in Kg) or as percentage of weight loss.

Moreover, the results obtained from the BMI-stratified

analysis were also consistent. The data were collected in

consecutively enrolled participants in a real life setting. In

addition, although the main analysis was performed with

the completers, the results obtained when the data were

analyzed using an intention-to-treat (ITT) approach [43,

44], the results were quite similar. The analysis of ITT-last

observation carried forward and the ITT-basal observation

carried forward showed weight reductions of -17.3 and

-13.7 kg, respectively, and the ITT with multiple impu-

tations also yielded a similar result of -19.9 kg. The

results were higher encouraging toward the use of VLCK

diets in obese patients although in the LC diet group the

weight reduction was positive suggesting that the sup-

porting method was very effective. However, a more

extended follow-up of this type of diets is required to

further evaluate its efficacy.

Conclusion

In summary, the present work demonstrated that a VLCK

diet was significantly superior in the induction of weight

loss in otherwise healthy obese patients compared with a

standard LC diet. The induced weight loss was rapid,

intense, and persistent, i.e., the same weight loss was

obtained in the follow-up evaluation. The treatment was

well tolerated and exhibited small dropout rate, and none of

the patients who dropped out of the program cited collat-

eral effects as the reason. Furthermore, the results at one

year after starting the treatment showing that most of the

patients still maintain a weight reduction higher than 10 %

of the initial weight and that lean mass was preserved in the

VLCK diet group, address an important concern in the

current diet treatment methods of obesity [45–47].
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