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  Abstract
  The present study investigated the impact of a Lactobacillus rhamnosus CGMCC1.3724 (LPR) supplementation on weight loss and maintenance in obese men and women over 24 weeks. In a double-blind, placebo-controlled, randomised trial, each subject consumed two capsules per d of either a placebo or a LPR formulation (1·6 × 108 colony-forming units of LPR/capsule with oligofructose and inulin). Each group was submitted to moderate energy restriction for the first 12 weeks followed by 12 weeks of weight maintenance. Body weight and composition were measured at baseline, at week 12 and at week 24. The intention-to-treat analysis showed that after the first 12 weeks and after 24 weeks, mean weight loss was not significantly different between the LPR and placebo groups when all the subjects were considered. However, a significant treatment × sex interaction was observed. The mean weight loss in women in the LPR group was significantly higher than that in women in the placebo group (P= 0·02) after the first 12 weeks, whereas it was similar in men in the two groups (P= 0·53). Women in the LPR group continued to lose body weight and fat mass during the weight-maintenance period, whereas opposite changes were observed in the placebo group. Changes in body weight and fat mass during the weight-maintenance period were similar in men in both the groups. LPR-induced weight loss in women was associated not only with significant reductions in fat mass and circulating leptin concentrations but also with the relative abundance of bacteria of the Lachnospiraceae family in faeces. The present study shows that the Lactobacillus rhamnosus CGMCC1.3724 formulation helps obese women to achieve sustainable weight loss.
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 The increase in the prevalence of obesity observed over the last few decades has favoured the numerous investigations that have contributed to better understand the effects of a modern lifestyle on energy balance, body composition and metabolic health. Among the studied potential determinants of obesity, the intestinal microbiota has been proposed to have an impact on energy balance in both animals and humans(
Reference Hill and Peters
1

,
Reference Turnbaugh and Gordon
2

).

 Microbiota may be perceived as an ‘organ’ that contributes to the metabolism and plays a role in energy storage. The human gut microbiota is composed of trillions of bacteria belonging mainly to two bacterial divisions: Firmicutes and Bacteroidetes. Although the diet has an impact on the composition of the gut microbiota(
Reference Hildebrandt, Hoffmann and Sherrill-Mix
3

–
Reference Jumpertz, Le and Turnbaugh
5

), these bacteria have been proposed to participate in the development of obesity and diabetes(
Reference Ley, Turnbaugh and Klein
6

–
Reference de La Serre, Ellis and Lee
8

). Animal studies have shown differences in gut microbiota composition associated with obesity(
Reference Ley, Backhed and Turnbaugh
9

). Lean mice have a higher relative abundance of Bacteroidetes and a lower abundance of Firmicutes when compared with obese rodents(
Reference Ley, Backhed and Turnbaugh
9

). Inoculation of the gut microbiota of obese mice into axenic mice has been shown to induce a significant fat mass gain when compared with that of the gut microbiota of lean animals into mice(
Reference Turnbaugh, Ley and Mahowald
10

). These data suggest, at least in mice, a potential role for gut microbiota in the development of obesity. In human subjects, Million et al.
(
Reference Million, Maraninchi and Henry
11

) have recently demonstrated an association between Lactobacillus and weight. They found that certain species of Lactobacillus are present in normal-weight individuals, while other species of Lactobacillus are present in obese individuals(
Reference Million, Maraninchi and Henry
11

). Unlike in diabetes(
Reference Qin, Li and Cai
12

,
Reference Karlsson, Tremaroli and Nookaew
13

), changes in gut microbiota composition associated with obesity or weight loss are less clear in humans. In 2006, Ley et al.
(
Reference Ley, Turnbaugh and Klein
6

) showed that after consumption of a carbohydrate- or fat-restricted low-energy diet, obese subjects had an increased proportion of Bacteroidetes and a decreased abundance of Firmicutes in their gut, confirming observation made in rodents. However, other studies have reported opposite results or lack of changes in gut microbiota composition(
Reference Jumpertz, Le and Turnbaugh
5

,
Reference Duncan, Lobley and Holtrop
14

–
Reference Zhang, DiBaise and Zuccolo
16

). These differences might be due to differences in population characteristics and size and methodologies used for analysing microbiota composition.

 The potential role of gut microbiota in the development of obesity led several groups to investigate the effects of probiotic consumption on weight management. Probiotics, which are bacteria known to confer health benefits on the host, may modulate the gut microbiota and therefore affect the energy balance and/or metabolism of the host. The administration of specific strains of Lactobacillus or Bifidobacterium has been shown to prevent weight gain in mouse models of obesity(
Reference Arora, Singh and Sharma
17

). Limited evidence exists on the effect of probiotic consumption on weight management in humans. Kadooka et al.
(
Reference Kadooka, Sato and Imaizumi
18

) reported that a supplementation of fermented milk with Lactobacillus gasseri SBT2055 for 12 weeks induces significant weight loss (about 1 kg) and a decrease in abdominal visceral and subcutaneous fat mass in overweight men and women under ad libitum conditions. Recently, a placebo-controlled, double-blind, cross-over clinical study has shown that the consumption of two yogurts per d supplemented with Lactobacillus amylovorus (109 colony-forming units (cfu)/yogurt) leads to a decrease in total body fat mass(
Reference Omar, Chan and Jones
19

). Interestingly, Ilmonen et al.
(
Reference Ilmonen, Isolauri and Poussa
20

) showed that nutritional counselling combined with probiotic treatment (Lactobacillus rhamnosus GG and Bifidobacterium lactis Bb12) in pregnant women can reduce the risk of central adiposity at 6 months post-partum.

 The aim of the present study was to investigate, for the first time in human subjects, the effects of probiotic consumption during the energy-restriction and weight-maintenance phases. For this purpose, the association between Lactobacillus rhamnosus CGMCC1.3724 (LPR) and a low dose of polysaccharides was tested in obese men and women.


 Methods

 Healthy overweight men and women participated in a 24-week randomised, double-blind, placebo-controlled trial that was aimed at facilitating body-weight control by using a two-phase intervention protocol. In phase 1 (weight-loss period), supervised dietary restriction with or without probiotic LPR supplementation was followed over 12 weeks. Phase 2 was a period of weight maintenance with supervision of dietary habits without restriction over 12 weeks during which LPR or placebo supplementation was continued. The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Laval Hospital Ethics Committee (CER: 20 449) and by Health Canada (144245). Written informed consent was obtained from all the subjects. The study was registered at ClinicalTrials.gov (NCT01106924).


 Subjects

 Subjects were recruited through different media in the Quebec City area on the basis of the following inclusion and exclusion criteria that were verified during telephone interviews: age between 18 and 55 years; absence of pregnancy, breast-feeding or menopause (determined by the cessation of menstruation); stable body weight (body-weight change < 5 kg for 3 months before screening); BMI between 29 and 41 kg/m2; without associated co-morbidities (hypertension ≥ 140/90 mmHg, obstructive sleep apnoea, type 2 diabetes or CVD, or family history of dyslipidaemia); no abnormal thyroid hormone levels; no immunocompromised conditions or anaemia; no use of vitamin and mineral supplementation within 6 months of screening; no use of medication affecting body weight, energy expenditure, or glucose control or antibiotic treatment for the last 3 months; no smoking, drug or alcohol (>2 drinks/d) problem; consumption of ≤ 5 cups of coffee/d (1250 ml/d). Participants with allergy to the ingredients in the study product and placebo or experiencing nausea, fever, vomiting, bloody diarrhoea or severe abdominal pain or currently participating or having had participated in another clinical trial during the last 6 months before the beginning of the present study were excluded. A 2-week washout period was included in the intervention programme to eliminate probiotic-containing products in the daily diet before the initiation of treatment. Participants who met these criteria were invited to a pre-selection individual meeting during which body weight and height were measured. They also received more information about the protocol and explanations about the dietary and physical activity records that had to be completed at home. Baseline characteristics of the participants are given in Table 1. The first step of screening allowed the recruitment of 153 participants. The participants were aware of the study objectives, but they were blinded regarding the supplementation (LPR or placebo) that was assigned according to the computerised randomisation system. After randomisation, blood samples were analysed and twenty-eight subjects were excluded because of dyslipidaemia (plasma TAG levels >2·0 mmol/l).


Table 1 Baseline characteristics of the subjects (Mean values with their standard errors)
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 LPR, Lactobacillus rhamnosus CGMCC1.3724; REE, resting energy expenditure; RQ, respiratory quotient; HR, heart rate; bpm, beats/min; SBP, systolic blood pressure; DBP, diastolic blood pressure; LBP, lipopolysaccharide-binding protein; CRP, C-reactive protein.










Fig. 1 shows the distribution of subjects within each study group. The LPR formulation and the placebo were administered orally. All the participants had to ingest one capsule 30 min before breakfast and one capsule 30 min before dinner. The subjects were tested at baseline, at week 12 (after the weight-loss phase) and at week 24 (after the weight-maintenance phase) of the programme. The participants arrived at the laboratory at about 08.00 hours, after a 12 h overnight fast, during each testing session, and they had to abstain from physical exercise for 48 h and from alcohol intake for 24 h before the testing session. For women, testing sessions were held during the first 10 d of their menstrual cycle.
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Fig. 1 Flow chart of the study protocol. (A colour version of this figure can be found online at http://www.journals.cambridge.org/bjn).







 Treatment

 The probiotic capsules contained a formulation consisting of 10 mg of a LPR powder providing 1·62 × 108 cfu, 300 mg of a mix of oligofructose and inulin (70:30, v/v) and 3 mg of magnesium stearate. The placebo capsules were of the same colour and size as the LPR capsules and contained 250 mg of maltodextrin and 3 mg of magnesium stearate. The subjects consumed two capsules per d corresponding to an average of 3·24 × 108cfu/d in the probiotic group. When combined with prebiotics or other probiotics, LPR has been shown to promote healthy growth in toddlers and to reduce risks of eczema in infants(
Reference Firmansyah, Dwipoerwantoro and Kadim
21

,
Reference Rautava, Kainonen and Salminen
22

).




 Daily energy intake and physical activity measurements

 A standardised 3 d dietary record(
Reference Tremblay, Sevigny and Leblanc
23

) was obtained from each participant. This record was completed at home after the participants had received detailed explanations from a dietitian. A computerised version of the Canadian Nutrition File (version 2005) was used to determine the macro- and micronutrient content of foods as well as total daily energy intake(

24

). This measurement was repeated at the end of the weight-loss period (phase 1) and the weight-maintenance period (phase 2). A 3 d physical activity record was also completed at home on the same days the dietary record was completed. In addition, the participants completed a 24 h dietary recall with the assistance of the dietitian every 2 weeks during phase 1 and every month during phase 2. These records or recalls provided reference information of each participant to the dietitian to standardise the counselling and related guidelines over the two phases of the intervention programme.




 Energy-restricted diet

 As has been indicated above, each participant received a personalised diet plan targeting 2092 kJ/d (500 kcal/d) energy restriction for the first 12 weeks of the programme. During phase 2, each participant received a personalised diet plan without energy restriction. The energy content of the diets was determined by a dietitian from the daily energy requirement of each participant. The daily energy requirement was estimated using resting energy expenditure and multiplying it by an activity factor based on the physical activity record. Resting energy expenditure was determined after a 12 h overnight fast in subjects having had rested for at least 15 min in a standardised supine position. Resting energy expenditure was measured at baseline and was reassessed after the weight-loss and weight-maintenance periods using indirect calorimetry. Specifically, expired air was collected through a mouthpiece with the nose being clipped. The concentrations of oxygen (electrochemical oxygen sensor) and CO2 (non-dispersive IR analysis) were determined using an Uras 10 E device (Hartmann & Braun), whereas pulmonary ventilation was assessed using a K520 flow transducer and a Spirometric module S-430A measurement system (KL Engineering). The Weir formula(
Reference Weir
25

) was used to determine the energy equivalent of O2 volume.

 The food plan was based on an exchange food group list adapted from the Meal Planning for People with Diabetes(

26

). Apart from the supplement, both the groups were limited to consume a maximum of four servings of products supplemented with probiotics per week. Each participant met his or her assigned dietitian every 2 weeks during phase 1 and every 4 weeks during phase 2. The participants' compliance to the diet plan was measured by comparing the prescribed diet composition (total daily energy intake and macronutrient composition) with the actual diet composition measured every 2 weeks by a 24 h dietary recall. The participants' compliance to the supplementation was measured using the compliance journal every 2 and 4 weeks during the weight-loss period and the weight-maintenance period, respectively. Participants who discontinued taking the treatment (LPR or placebo) for three consecutive days were excluded.




 Anthropometric parameter and body composition measurements

 Body weight, height (light clothes and without shoes) and waist circumference (directly on the skin) were assessed at baseline, every 2 weeks during phase 1 as well as at the end of this phase, and every 4 weeks during phase 2 and at the end of this phase, except for height(
Reference Slaughter, Lohman and Boileau
27

). BMI was calculated as body weight divided by height squared (kg/m2). During each testing session, heart rate, systolic blood pressure and diastolic blood pressure were assessed in a supine position after a resting period. Body fat and fat-free mass were measured by dual-energy X-ray absorptiometry (GE Medical Systems Lunar) at baseline, at the end of the weight-loss phase and at the end of the weight-maintenance phase.




 Biochemical analyses

 Blood samples were collected into EDTA-containing tubes (Miles Pharmaceuticals) and heparin-containing tubes at about 08.00 hours following an overnight fast for at least 12 h. These samples were used for the determination of plasma concentrations of glucose, insulin, leptin, lipids, lipoproteins and inflammatory indicators, which were measured at three time points (baseline, week 12 and week 24). The concentration of glucose was measured enzymatically(
Reference Richterich and Dauwalder
28

), that of insulin was determined by an electrochemiluminescence immunoassay(
Reference Bristow and Das
29

), that of leptin was determined using an ELISA array (Human Leptin ELISA Kit; B-Bridge International, Inc.) detecting leptin levels as low as 0·78 pg/assay and not cross-reacting with human insulin, proinsulin, glucagon, pancreatic polypeptide or somatostatin(
Reference Imagawa, Matsumoto and Numata
30

). The concentrations of total cholesterol, phospholipids and TAG were quantified by enzymatic assays. The concentrations of HDL-cholesterol and LDL-cholesterol were determined by an immunoinhibition method (HDL-C, LDLC Direct; BioRad Unassayed Chem). The concentration of C-reactive protein was measured using an ELISA array (Human C-Reactive Protein ELISA Kit; EDM Millipore). The concentration of glycerol was measured using a colorimetric method, utilising commercially available kits (Randox Laboratories), and that of NEFA was measured using the same method, utilising commercially available kits (Wako). The plasma concentration of β-hydroxybutyrate was measured using an enzymatic assay (Wako). The serum concentration of LBP was assayed using an ELISA kit (Hycult Biotech). The plasma concentration of adiponectin was determined using an ELISA array obtained from Millipore.





In vitro gastrointestinal Lactobacillus rhamnosus CGMCC1.3724 survival assay

 LPR (6 × 108cfu) was incubated at 37°C in 1 ml of gastric (0·3 % porcine pepsin+NaCl 0·55 adjusted at pH 2·5) or duodenal (0·2 m-phosphate buffer at pH 6·8+0·49 % porcine bile+0·24 % porcine pancreatin) simulated juices in the presence or not in the presence of 0·01, 0·1 or 1 % of oligofructose/inulin (70:30, v/v; Beneo). After 30 min of incubation in the gastric juice, 100 μl of the mix were transferred into the duodenal juice for 90 min. LPR viability was assessed at 30 and 120 min by plating and growing Lactobacilli for 48 h under anaerobic conditions on de Man, Rogosa and Sharpe (MRS) agar medium plates (methods adapted from Sutter et al.
(
Reference Sutter, Citron and Finegold
31

)). Cfu were counted and are reported as cfu/ml of solution.




 Sequence-based microbiota analysis

 Faecal samples were collected from the placebo-treated and probiotic-treated subjects at baseline, end of phase 1, and end of phase 2, and samples were stored at − 80°C until analysis. Frozen faecal samples were reduced to a powder using a cryoPREP device (Covaris), and total DNA was extracted using the QIAamp DNA Stool Mini Kit (QIAGEN), following the manufacturer's instructions, except for the addition of a series of mechanical disruption steps (11 × 45 s) using a FastPrep apparatus and Lysing Matrix B tubes (MP Biochemicals)(
Reference Junick and Blaut
32

). PCR amplification was carried out using two sets of primers targeting the hypervariable regions (V) 1–3 (V123) and 4–6 (V456) of the 16S ribosomal RNA gene. For the amplification of the V123 region, a mixture of forward primers was combined to ensure optimal coverage of bacterial phylogenetic diversity, as described previously(
Reference Frank, Reich and Sharma
33

). The primers were designed according to Hamady et al.(
Reference Hamady, Walker and Harris
34

): V123 forward primer 1, 5′-CTATGCGCCTTGCCAGCCCGCTCAG
TC
AGAGTTTGATYMTGGCTCAG-3′; V123 forward primer 2, 5′-CTATGCGCCTTGCCAGCCCGCTCAG
TC
AGGGTTCGATTCTGGCTCAG-3′; V123 forward primer 3, 5′-CTATGCGCCTTGCCAGCCCGCTCAG
TC
AGAGTTTGATCCTGGCTTAG-3′; V123 forward primer 4, 5′-CTATGCGCCTTGCCAGCCCGCTCAG
TC
AGAATTTGATCTTGGTTCAG-3′; V123 reverse primer, 5′-CGTATCGCCTCCCTCGCGCCATCAGNNNNNNNNGG
TTACCGCGGCTGCTGGCAC-3′; V456 forward primer, 5′-CTATGCGCCTTGCCAGCCCGCTCAG
GC
CRRCACGAGCTGACGAC-3′; and V456 reverse primer, CGTATCGCCTCCCTCGCGCCATCAGNNNNNNNNAG
GCCAGCAGCCGCGGTAA-3′ (where the adapter sequences for Roche 454 FLX Titanium sequencing are italicised, the linkers are underlined, NNNNNNNN sequences designate the sample-specific eight-base barcodes used to tag each PCR product, and bold sequences correspond to broadly conserved 16S ribosomal RNA gene regions). V123 forward primers 1, 2, 3 and 4 were combined in 4:1:1:1 ratios. Amplifications were performed in 50 μl volumes with 2 μl of DNA extract, 50 μm of deoxyribonucleotide triphosphate (dNTP), 200 nm of forward primers (mix of forward primers for the V123 region), 200 nm of reverse primers, 1 ×  Expand High Fidelity Reaction Buffer and 5 U/100 μl of Expand High FidelityPLUS enzyme blend (Roche Applied Science). PCR conditions were as follows: 94°C for 2 min followed by twenty-five cycles of 94°C for 30 s, 49°C for 30 s, and 72°C for 1 min, ending with a final step of 72°C for 7 min. After purification, pooling in equimolar amounts, the PCR products were sequenced using the 454 FLX Titanium technology (Microsynth AG). Raw data were analysed using the QIIME software package(
Reference Caporaso, Kuczynski and Stombaugh
35

) with default parameters, except that no barcode correction was allowed, and reverse primers were removed when present. The chimeras were detected and removed using ChimeraSlayer based on reference alignment from GreenGenes (as provided in QIIME 1.2) and default parameters. Samples described by less than 200 sequencing reads were excluded from the analysis. Quality-filtered sequencing reads were analysed using the Uclust method at a similarity threshold of 97 % identity for operational taxonomic unit clustering. The assignment of operational taxonomic unit into Bergey's bacterial taxonomy was done using the Ribosomal Database Project (RDP) Classifier with a confidence value threshold of 60 %.




 Quantification of faecal Lactobacillus rhamnosus CGMCC1.3724

 The quantification of Lactobacillus rhamnosus CGMCC1.3724 was carried out by quantitative PCR using faecal DNA as described previously(
Reference Ahlroos and Tynkkynen
36

). Dilutions of genomic DNA of L.
rhamnosus CGMCC1.3724 were used to prepare a calibration curve (0·02 pg–20 ng). Measured DNA quantities were converted into number of genome equivalents/g of faeces based on the molecular weight of the L. rhamnosus CGMCC1.3724 genome (3·278 fg/genome). The limit of quantification (1·26 × 105 genome equivalents/g of faeces) was set to 10-fold of the measured quantitative PCR detection limit, to take into account potential contamination during sample analysis.




 Statistical analysis (clinical outcomes)

 The outcome measures were analysed using ANCOVA considering changes over time in a mixed model setting treatment and sex as independent variables while correcting for baseline values in the model. The change in fat mass over time was also considered as an independent variable for the ANCOVA pertaining to changes in plasma leptin concentrations over time. Furthermore, the effect of treatment×sex interaction in the model was examined. The analyses were carried out on the intention-to-treat population utilising SAS version 9.2 (SAS Institute). Statistical significance level was set at 5 %, and no correction of significance level was applied to adjust for multiple testing. Sample size calculation was implemented using the statistical and power analysis software NCSS. The calculations were primarily driven by the intention to show superiority in mean body-weight reduction at a significance level of 5 % and with a statistical power of 80 %. The initial calculations suggested that the testing of 104 subjects (fifty-two per group) was required to get adequate statistical power. In addition, since a dropout rate of about 12 % subjects was anticipated, we planned to recruit 120 obese subjects (sixty per treatment group). The sample of 104 subjects estimated above was also expected to provide adequate power to address the important secondary objective aiming at the detection of a between-treatment difference in body-weight change of 1·5 kg or more during the weight-maintenance phase of the programme.




 Statistical analysis (microbiota composition)

 Statistical analysis of differences between the groups with regard to the relative abundance of individual taxonomic groups was assessed using two-sided Wilcoxon signed-rank tests. This analysis is consistent with the analysis on the clinical outcomes, but slightly refined to take the microbiota data specificities into account. First, the analysis was carried out during visits (while checking the baseline levels), since the clinical relevance of assessing the difference between two relative abundance values is very low. Second, a non-parametric approach was preferred due to the non-normal distribution of the microbiota data. Moreover, the statistical analysis was carried out by sex, based on the information gathered from the clinical outcomes. No correction of significance level was applied to adjust for multiple testing. However, since the analysis was carried out on two 16S ribosomal RNA gene regions separately, only taxa showing consistent differences in both the regions, with a significance level of 5 % and median relative abundance greater than or equal to 0·1 % in at least one group, were examined.






 Results


 Improvement of Lactobacillus rhamnosus CGMCC1.3724 viability

 Metabolisable sugars have been reported to improve the survival of Lactobacillus rhamnosus strain LGG in gastrointestinal conditions through ATP production(
Reference Corcoran, Stanton and Fitzgerald
37

). The survival of LPR in simulated gastrointestinal tract conditions was assessed in vitro by incubating the probiotic in a medium mimicking the upper gastrointestinal tract conditions (stomach and duodenum) containing or not containing a mixture of oligosaccharides and polysaccharides (fructo-oligosaccharides–inulin 70:30). The viability of LPR was only slightly affected under the simulated gastric conditions, whereas under duodenal conditions bacterial counts were dramatically decreased ( − 5·00 (se 0·06) log (cfu/ml); Fig. 2). Supplementation of 0·1 % of a mixture of oligosaccharides and polysaccharides significantly improved the resistance of LPR to duodenal conditions ( − 1·76 (se 0·14) log (cfu/ml); Fig. 2). Based on these results and the assumption that probiotic viability is required for the efficacy of LPR, 300 mg of the oligosaccharide and polysaccharide mixture were added to each ingredient capsule to improve probiotic gastrointestinal tract survival and support functionality. This dose of oligosaccharides and polysaccharides corresponds to a dose that is 100-fold higher than the maximal dose tested in vitro in order to ensure optimal survival during capsule filling and gastrointestinal transit.

[image: ]




Fig. 2
Lactobacillus rhamnosus CGMCC1.3724 survival in the presence of an oligofructose/inulin mix under gastric (□) and duodenal (■) in vitro conditions. Values are means, with their standard errors represented by vertical bars, n 4. Results represent the decrease in bacterial count when compared with the initial bacterial count (8·85 (se 0·02) log (cfu/ml)). ** Mean values were significantly different from those obtained under the gastric or duodenal condition in the absence of the oligofructose/inulin mix (P< 0·01).







 Intervention trial: effects on body weight and body composition

 Variations in body weight and composition are summarised in Table 2. The intention-to-treat analysis showed that treatment with the LPR formulation did not significantly change weight loss during the energy-restriction period (week 12, phase 1) and after the weight-maintenance period (week 24, phase 2) in the population regrouping male and female subjects. Fat mass was also not significantly modified by the LPR formulation at week 12, but it tended to be decreased by the treatment at week 24 (changes in fat mass compared with those observed with the placebo treatment: − 1·42 (se 0·79) kg; P= 0·07; values are corrected for the baseline values). A significant treatment × sex interaction effect was observed for some variables. Specifically, during phase 1, reductions in body weight and fat mass were more pronounced in the LPR-treated women than in the placebo-treated women (Table 2; changes in body weight compared with those observed with the placebo treatment: − 1·8 (se 0·8) kg; P= 0·02; changes in fat mass compared with those observed with the placebo treatment: − 1·23 (se 0·66) kg; P= 0·06; values are corrected for the baseline values). Similarly, at the end of phase 2, reductions in body weight and fat mass were more pronounced in the LPR-treated women than in the placebo-treated women (changes in body weight compared with those observed with the placebo treatment: − 2·6 (se 1·1) kg; P= 0·02; changes in fat mass compared with those observed with the placebo treatment: − 2·54 (se 1·01) kg; P= 0·01; values are corrected for the baseline values). The body weight and fat mass of men were not affected by the treatment during the two phases of the programme.


Table 2 Changes in body weight, body composition and physiological variables during the intervention programme (Mean values with their standard errors)
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 LPR, Lactobacillus rhamnosus CGMCC1.3724; REE, resting energy expenditure; RQ, respiratory quotient; HR, heart rate; bpm, beats/min; SBP, systolic blood pressure; DBP, diastolic blood pressure.




* Mean values were significantly different from those of the placebo group (P< 0·05).












 Energy balance and physiological parameters


Table 2 also summarises the values of reported daily energy intake in each group of subjects at baseline and at the end of the two phases of the programme (weeks 12 and 24). As expected, the reported energy intake was reduced at week 12, which is compatible with the dietary restriction that was planned at the beginning of the intervention. In each group, this reduced energy intake was maintained at week 24, and no difference between the placebo and LPR groups and between the sexes was observed during the two phases. However, in spite of a lack of significant differences, energy intake seemed to be consistently lower in the LPR-treated women in both phase 1 and phase 2, when compared with that in women in the placebo group (Table 2).

 Variations in other physiological parameters are summarised in Table 2. The LPR treatment did not exert any significant effect on resting energy expenditure, respiratory quotient, heart rate and diastolic blood pressure, during both phase 1 and phase 2.




 Metabolic and inflammatory plasma markers

 There was no significant treatment and treatment × sex interaction effect on the metabolic and inflammatory plasma markers during the programme, except for plasma leptin (Table 3). Indeed, at week 24, a more pronounced decrease in fasting leptin concentrations was found in the population, including males and females in the LPR group compared with their placebo counterparts (changes compared with those observed with the placebo treatment: − 5·9 (se 2·3) ng/ml; P= 0·01; values are corrected for the baseline values). This effect of LPR on plasma leptin concentrations of the population regrouping both the sexes was mainly driven by an important effect in females (changes compared with those observed with the placebo treatment: − 11·0 (se 2·9) ng/ml; P= 0·0004; values are corrected for the baseline values). These differences remained significant when the values were corrected for the loss of fat mass between baseline and week 24, suggesting that LPR decreased plasma leptin concentrations independently of fat mass reduction.


Table 3 Changes in metabolic and inflammatory markers during the intervention programme (Mean values with their standard errors)




[image: ]






 LPR, Lactobacillus rhamnosus CGMCC1.3724; LBP, lipopolysaccharide-binding protein; CRP, C-reactive protein.




* Mean values were significantly different from those of the placebo group (P< 0·01).












 Microbiota analyses

 The sequencing of 16S ribosomal RNA gene libraries in stool samples collected at baseline, at week 12 and at week 24 generated, on average, 925 and 823 quality-filtered reads/sample for the V123 and V456 regions, respectively. The following number of samples per group and per time point fulfilled the quality criteria for consideration of sequencing results: fifty-two, fifty and forty-four samples from the placebo group at baseline, week 12 and week 24, respectively; fifty-two, fifty and forty-two samples from the LPR group at baseline, week 12 and week 24, respectively. Diversity rarefaction curves reached a plateau, suggesting that the current sequencing effort captured most of the phylogenetic diversity within the samples (data not shown). Phylogenetic diversity was not distinguishable between the sexes (at baseline) and groups (at all time points; data not shown). As expected, the quantification of overall microbiota similarity between the samples, measured based on weighted UniFrac distances, revealed a higher similarity between the samples collected from the same subjects at different time points than between the samples collected from different subjects (Fig. 3). The relative abundance of individual bacterial taxonomic groups was analysed at phylum, class, order, family and genus levels, and it is reported as median hereafter. At baseline and at weeks 12 and 24, no significant difference was detected between the groups (LPR v. placebo). Considering the sex × treatment interaction observed for the anthropometric parameters (described above), we stratified the groups by sex. At baseline, a significant difference was detected between males and females with regard to the relative abundance of bacteria of the Prevotellaceae family. However, this taxonomic group represented only a tiny fraction of the global microbiota (0 % in males v. 0·4 % in females; with P= 0·03 and P= 0·05 for V123 and V456, respectively). In males, the LPR treatment did not affect the microbiota composition at any time point, except for a low-abundance unclassified taxonomic group belonging to the Firmicutes phylum that was quantified at week 12 at a slightly higher relative abundance in the placebo group than in the LPR group (0·1 % in the placebo group v. 0 % in the LPR group, as detected by V123 with P= 0·01; 0·5 % in the placebo group v. 0·2 % in the LPR group, as detected by V456 with P= 0·02). Interestingly, in females, the relative abundance of bacteria of the Lachnospiraceae family, a dominant taxonomic group, was consistently reduced in the LPR group at week 12 (36·9 % in the placebo group v. 30·3 % in the LPR group, as detected by V123 with P= 0·009; 32·9 % in the placebo group v. 24·5 % in the LPR group, as detected by V456 with P= 0·001) and week 24 (38·2 % in the placebo group v. 27·6 % in the LPR group, as detected by V123 with P= 0·001; 32·6 % in the placebo group v. 24·5 % in the LPR group, as detected by V456 with P= 0·03). The results obtained for the relative abundance of bacteria of the Lachnospiraceae family with V123 are shown in Fig. 4. Differences in the abundance of members of the Lachnospiraceae family were essentially driven at the genus level by bacteria classified in the Roseburia genus and unclassified in the Lachnospiraceae family, although none reached the statistical significance threshold (data not shown). The only other significant difference detected between the LPR-treated and placebo-treated females was a reduction in the abundance of bacteria of the Subdoligranulum genus detected at week 12 (4·8 % in the placebo group v. 2·9 % in the LPR group, as detected by V123 with P= 0·01; 4·1 % in the placebo group v. 2·5 % in the LPR group, as detected by V456 with P= 0·02). This taxonomic group belongs to the closely related Ruminococcaceae family.
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Fig. 3 Evolution of the relative abundance (%) of bacteria of the Lachnospiraceae family in (a) males and (b) females in the placebo group (○) and the probiotic group (●) at week 0, week 12 and week 24. Values are medians, with their standard errors represented by vertical bars. ** Median values were significantly different from those observed with the placebo treatment (P< 0·01).
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Fig. 4 Faecal Lactobacillus rhamnosus CGMCC1.3724 (LPR) content in male (●) and female (○) subjects in the placebo and LPR groups measured at baseline, week 12 and week 24. Data represent individual faecal contents. A 2 log (copies/sample unit) value was arbitrarily attributed to measures below the quantification limit (QL) as defined in the Methods section. Zero values correspond to subjects with undetectable faecal LPR by quantitative PCR.







 Faecal Lactobacillus rhamnosus CGMCC1.3724 detection

 Faecal LPR was quantified by real-time PCR using strain-specific primers and TaqMan probes. At week 12, the percentage of subjects with detectable LPR in the faeces increased to 90 % in the treated group, whereas in the placebo group, only 10 % of the subjects showed LPR-positive signals (Fig. 5; Fisher's exact test P< 0·001). A similar percentage of subjects with detectable faecal LPR were observed at week 24 (Fig. 5; Fisher's exact test P< 0·001). The faecal abundance of LPR in the LPR-positive subjects in the treated group was similar at weeks 12 and 24 (week 12: 7·7 (se 1·1) × 106 genome equivalents/g faeces; week 24: 5·4 (se 0·9) × 106 genome equivalents/g faeces). At week 12, the percentage of detectable faecal LPR was similar in males and females (90·9 and 90·0 %, respectively; Fisher's exact test P= 1), whereas at week 24, it was slightly lower in males than in the females (77·8 and 85·7 %, respectively; Fisher's exact test P= 0·424).
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Fig. 5 Comparisons of the weighted UniFrac distances between samples (□) collected during each period (W0, baseline; W12, week 12; W24, week 24) and between paired samples collected from the same subjects ([image: ]
) at the end of the weight-loss period (W12, week 12) and the end of the trial (W24, week 24). Values are means, with their standard errors represented by vertical bars.







 Dropout rate

 As shown in Fig. 1, the dropout rate was less than 25 %. The main reason given by the dropouts was the lack of time. There was one participant who was excluded because of the poor compliance to the treatment (more than three consecutive days without the treatment). No adverse events were reported as a dropout reason. There was no significant difference between the two groups for the dropout rate.






 Discussion

 Obesity is a multifactorial problem that requires the consideration of numerous relevant factors when designing a potential successful intervention. Recent literature provides evidence that gut microflora might be involved in the aetiology of obesity. In this regard, we conducted the present study to evaluate the impact of a LPR formulation on body weight and fat mass in obese men and women.

 During the energy-restriction period, administration of the LPR formulation did not significantly decrease the body weight or fat mass of an obese population regrouping men and women. However, at the end of the weight-maintenance phase, the LPR group tended to lose more fat mass than the placebo group. A subgroup analysis revealed that the observed trend was mainly driven by a significant reduction in fat mass in women. Analysis of the sex-specific results revealed significantly higher body-weight and fat mass losses promoted by the LPR treatment at the end of the energy-restriction phase and after the weight-maintenance phase in women but not in men. Measurements of the abundance and prevalence of LPR in faeces of the placebo and LPR groups indicated good treatment compliance and did not reveal any significant difference between the sexes.

 Our clinical experience indicates that men are generally more prone to respond to a negative-energy balance intervention than women, be it in response to an exercise-training programme(
Reference Tremblay, Despres and Leblanc
38

), a diet–exercise programme(
Reference Doucet, Imbeault and Almeras
39

), or a session of exercise and of mental work(
Reference Pérusse-Lachance, Brassard and Chaput
40

). This is concordant with the results of the present study showing higher weight loss in men in the placebo group than in the women. The fact that the LPR supplementation abolished this difference suggests that the gut microbiota may be involved in the LPR-induced effect. At baseline, only a single low-abundance taxonomic group (Prevotellaceae) showed significantly different abundance levels between the sexes. The small difference observed in the present study between men and women is in agreement with the findings of previous studies investigating sex-associated signatures, generally reporting only minor and inconsistent differences(
Reference Mueller, Saunier and Hanisch
41

–
Reference Aguirre de Carcer, Cuiv and Wang
43

). Consequently, the baseline microbiota composition is unlikely to explain the sex-specific responses to the LPR treatment. Interestingly, whereas the LPR treatment did not induce any major change in the microbiota composition in men, the abundance of bacteria of the Lachnospiraceae family was substantially and significantly reduced by the LPR treatment in women at both week 12 and week 24. The Lachnospiraceae family belongs to the Firmicutes phylum, a taxonomic group that has previously been reported to be positively associated with obesity(
Reference Ley, Turnbaugh and Klein
6

,
Reference Ley, Backhed and Turnbaugh
9

,
Reference Turnbaugh, Ley and Mahowald
10

). However, associations between microbiota composition and obesity show only limited consistency between independent studies(
Reference Ley
44

), making it difficult to identify specific bacterial groups that could contribute to the obese phenotype. Both positive and negative associations have been reported between the intestinal levels of Lachnospiraceae family members and obesity(
Reference Ravussin, Koren and Spor
45

,
Reference Backhed, Ding and Wang
46

). Taken together, these observations suggest that bacteria of the Lachnospiraceae family might play a role in obesity and that the seeming contradictions may be due to differences in hosts (human and mouse), conditions (age, diet, etc.) and techniques used to measure the microbiota composition. Interestingly, alterations in the abundance of bacteria of the Lachnospiraceae family (enrichment of an unknown Lachnospiraceae family member and reduction in the abundance of the Roseburia species) and an increased abundance of an unknown bacterium closely related to the Subdoligranulum genus have also been reported in association with type 2 diabetes in a human metagenomic study(
Reference Qin, Li and Cai
12

). Similar results have been obtained in another type 2 diabetes human study carried out using 16S profiling(
Reference Zhang, Shen and Fang
47

), suggesting a progressive modification of the microbiota composition from obese individuals losing weight on dietary restriction to obese individuals with type 2 diabetes through healthy obese individuals. It is worth noting that the taxonomic groups identified in the present study are among the most important intestinal producers of SCFA derived from carbohydrate fermentation(
Reference Louis and Flint
48

). Among other mechanisms, these compounds have been proposed as mediators of the interaction between gut microbes and the host in the regulation of energy metabolism(
Reference Delzenne and Cani
49

,
Reference Clarke, Murphy and Nilaweera
50

).

 In addition to its effect on weight and fat mass loss, the LPR formulation reduced by about 25 % circulating leptin concentrations at the end of the weight-maintenance phase. Statistical analysis correcting for fat mass loss between baseline and week 24 revealed that circulating leptin concentrations were regulated independently of fat mass reduction. These data suggest that LPR could lower plasma leptin concentrations directly or through changes in the microbiota composition or function. Interestingly, the relative abundance of bacteria of the Lachnospiraceae family has been reported to be positively associated with circulating leptin concentrations in mice after weight loss(
Reference Ravussin, Koren and Spor
45

). Reductions in plasma leptin concentrations were preferentially observed in women who had about 3-fold higher baseline leptin concentrations than in men (Table 1), suggesting that LPR was more prone to reduce leptin concentrations in elevated leptin concentration conditions. Since the SCFA stimulate leptin production in adipocytes(
Reference Xiong, Miyamoto and Shibata
51

), the reduction in the abundance of SCFA producers belonging to the Lachnospiraceae family and Subdoligranulum genus observed in the LPR-treated women may explain the reduction in circulating leptin concentrations.

 No significant changes in other physiological, metabolic and inflammatory markers of the metabolic syndrome were observed in the treated group. The absence of changes in the plasma metabolic and inflammatory markers may be explained by the fact that the inclusion and exclusion criteria used in the present study prevented the recruitment of subjects displaying an unhealthy metabolic profile. This does not exclude that LPR can improve the condition of obese individuals exhibiting the metabolic syndrome, but the present results suggest that these potential benefits are at least limited in metabolically healthy individuals.

 It is well established that a major difficulty related to obesity management is the capacity to maintain body weight after significant weight loss. This is concordant with the findings of studies showing that body-weight and fat mass losses favour a greater-than-predicted decrease in energy expenditure(
Reference Leibel, Rosenbaum and Hirsch
52

,
Reference Doucet, St Pierre and Almeras
53

) and a significant increase in hunger feelings(
Reference Doucet, Imbeault and St-Pierre
54

). Thus, in a reduced obese state, it is essential that some lifestyle changes be made to compensate for the trend towards weight regain. In the present study, recommendations of healthy eating at the end of the weight-loss phase (phase 1) appeared to be successful in men in the placebo group as well as in the two groups of subjects who continued the LPR supplementation. In contrast, fat regain was observed in women in the placebo group during the weight-maintenance phase, suggesting that probiotics may help obese women to maintain healthy body weight.

 It is important to mention that there was probably no independent prebiotic effect in the LPR group considering that 600 mg of daily dose of inulin and oligofructose (70:30, v/v) included in the LPR capsules are not sufficient to exert an effect on weight loss. In contrast, in a study, a daily dose of 16 g of inulin–oligofructose (50:50, v/v) in obese women led to changes in the gut microbiota composition that were of a magnitude similar to that observed in the present study, but of different orientation or in different taxonomic groups, and without a significant effect on body weight(
Reference Dewulf, Cani and Claus
55

). Even if a slight impact on gut microbiota composition cannot be excluded, it is unlikely that weight loss observed in the LPR group can be attributed to the prebiotic mix contained in the capsules. Fibres were used to increase probiotic survival in the gastric (low pH) and duodenal (presence of bile salts) conditions, thereby supporting probiotic functionalities.

 In summary, the present study demonstrates that LPR supplementation can accentuate body-weight loss in women submitted to energy restriction. This effect persisted in the subsequent maintenance phase when energy restriction was not imposed further. Thus, LPR supplementation seems to help obese women to maintain healthy body weight. Further research is needed to provide mechanistic explanations of this effect on energy balance.
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 Table 1 Baseline characteristics of the subjects (Mean values with their standard errors)
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 Fig. 1 Flow chart of the study protocol. (A colour version of this figure can be found online at http://www.journals.cambridge.org/bjn).
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 Fig. 2 Lactobacillus rhamnosus CGMCC1.3724 survival in the presence of an oligofructose/inulin mix under gastric (□) and duodenal (■) in vitro conditions. Values are means, with their standard errors represented by vertical bars, n 4. Results represent the decrease in bacterial count when compared with the initial bacterial count (8·85 (se 0·02) log (cfu/ml)). ** Mean values were significantly different from those obtained under the gastric or duodenal condition in the absence of the oligofructose/inulin mix (P< 0·01).
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 Table 2 Changes in body weight, body composition and physiological variables during the intervention programme (Mean values with their standard errors)
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 Table 3 Changes in metabolic and inflammatory markers during the intervention programme (Mean values with their standard errors)
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 Fig. 3 Evolution of the relative abundance (%) of bacteria of the Lachnospiraceae family in (a) males and (b) females in the placebo group (○) and the probiotic group (●) at week 0, week 12 and week 24. Values are medians, with their standard errors represented by vertical bars. ** Median values were significantly different from those observed with the placebo treatment (P< 0·01).
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 Fig. 4 Faecal Lactobacillus rhamnosus CGMCC1.3724 (LPR) content in male (●) and female (○) subjects in the placebo and LPR groups measured at baseline, week 12 and week 24. Data represent individual faecal contents. A 2 log (copies/sample unit) value was arbitrarily attributed to measures below the quantification limit (QL) as defined in the Methods section. Zero values correspond to subjects with undetectable faecal LPR by quantitative PCR.
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 Fig. 5 Comparisons of the weighted UniFrac distances between samples (□) collected during each period (W0, baseline; W12, week 12; W24, week 24) and between paired samples collected from the same subjects () at the end of the weight-loss period (W12, week 12) and the end of the trial (W24, week 24). Values are means, with their standard errors represented by vertical bars.

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 
 	250
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
250




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Fijan, Sabina
2014.
Microorganisms with Claimed Probiotic Properties: An Overview of Recent Literature.
International Journal of Environmental Research and Public Health,
Vol. 11,
Issue. 5,
p.
4745.


	CrossRef
	Google Scholar






Sanchez, Marina
Panahi, Shirin
and
Tremblay, Angelo
2014.
Childhood Obesity: A Role for Gut Microbiota?.
International Journal of Environmental Research and Public Health,
Vol. 12,
Issue. 1,
p.
162.


	CrossRef
	Google Scholar






Tremblay, A.
Lepage, C.
Panahi, S.
Couture, C.
and
Drapeau, V.
2015.
Adaptations to a diet‐based weight‐reducing programme in obese women resistant to weight loss.
Clinical Obesity,
Vol. 5,
Issue. 3,
p.
145.


	CrossRef
	Google Scholar






Burton-Shepherd, Alison
2015.
Prebiotics and probiotics as novel therapeutic agents for obesity.
Nurse Prescribing,
Vol. 13,
Issue. 3,
p.
136.


	CrossRef
	Google Scholar






Tremblay, Angelo
and
Bellisle, France
2015.
Nutrients, satiety, and control of energy intake.
Applied Physiology, Nutrition, and Metabolism,
Vol. 40,
Issue. 10,
p.
971.


	CrossRef
	Google Scholar






Tremblay, Angelo
Doyon, Caroline
and
Sanchez, Marina
2015.
Impact of yogurt on appetite control, energy balance, and body composition.
Nutrition Reviews,
Vol. 73,
Issue. suppl 1,
p.
23.


	CrossRef
	Google Scholar






WANG, HSUEH-FANG
LIN, PEI-PEI
CHEN, CHUN-HUA
YEH, YU-LAN
HUANG, CHUN-CHIH
HUANG, CHIH-YANG
and
TSAI, CHENG-CHIH
2015.
Effects of lactic acid bacteria on cardiac apoptosis are mediated by activation of the phosphatidylinositol-3 kinase/AKT survival-signalling pathway in rats fed a high-fat diet.
International Journal of Molecular Medicine,
Vol. 35,
Issue. 2,
p.
460.


	CrossRef
	Google Scholar






Ortega, O.
Sakwinska, O.
Combremont, S.
Berger, B.
Sauser, J.
Parra, C.
Zarcero, S.
Nart, J.
Carrión, S.
and
Clavé, P.
2015.
High prevalence of colonization of oral cavity by respiratory pathogens in frail older patients with oropharyngeal dysphagia.
Neurogastroenterology & Motility,
Vol. 27,
Issue. 12,
p.
1804.


	CrossRef
	Google Scholar






Lecerf, Jean-Michel
2015.
Influence des pré- et probiotiques sur le poids.
Pratiques en nutrition,
Vol. 11,
Issue. 43,
p.
25.


	CrossRef
	Google Scholar






Cani, Patrice D
and
Van Hul, Matthias
2015.
Novel opportunities for next-generation probiotics targeting metabolic syndrome.
Current Opinion in Biotechnology,
Vol. 32,
Issue. ,
p.
21.


	CrossRef
	Google Scholar






Floch, Martin H.
2015.
Gender in Probiotic Use.
Journal of Clinical Gastroenterology,
Vol. 49,
Issue. 2,
p.
93.


	CrossRef
	Google Scholar






Poutahidis, Theofilos
Varian, Bernard J.
Levkovich, Tatiana
Lakritz, Jessica R.
Mirabal, Sheyla
Kwok, Caitlin
Ibrahim, Yassin M.
Kearney, Sean M.
Chatzigiagkos, Antonis
Alm, Eric J.
and
Erdman, Susan E.
2015.
Dietary Microbes Modulate Transgenerational Cancer Risk.
Cancer Research,
Vol. 75,
Issue. 7,
p.
1197.


	CrossRef
	Google Scholar






Dogra, Shaillay
Sakwinska, Olga
Soh, Shu-E
Ngom-Bru, Catherine
Brück, Wolfram M.
Berger, Bernard
Brüssow, Harald
Lee, Yung Seng
Yap, Fabian
Chong, Yap-Seng
Godfrey, Keith M.
Holbrook, Joanna D.
de Vos, Willem M.
and
Dominguez Bello, Maria Gloria
2015.
Dynamics of Infant Gut Microbiota Are Influenced by Delivery Mode and Gestational Duration and Are Associated with Subsequent Adiposity.
mBio,
Vol. 6,
Issue. 1,


	CrossRef
	Google Scholar






Jung, Saem
Lee, Young Ju
Kim, Minkyung
Kim, Minjoo
Kwak, Jung Hyun
Lee, Ji-Won
Ahn, Young-Tae
Sim, Jae-Hun
and
Lee, Jong Ho
2015.
Supplementation with two probiotic strains, Lactobacillus curvatus HY7601 and Lactobacillus plantarum KY1032, reduced body adiposity and Lp-PLA2 activity in overweight subjects.
Journal of Functional Foods,
Vol. 19,
Issue. ,
p.
744.


	CrossRef
	Google Scholar






Koretz, Ronald L.
2015.
JPEN Journal Club 16. Trial Registries.
Journal of Parenteral and Enteral Nutrition,
Vol. 39,
Issue. 8,
p.
990.


	CrossRef
	Google Scholar






Ipar, N.
Aydogdu, S. Durmus
Yildirim, G. Kilic
Inal, M.
Gies, I.
Vandenplas, Y.
and
Dinleyici, E.C.
2015.
Effects of synbiotic on anthropometry, lipid profile and oxidative stress in obese children.
Beneficial Microbes,
Vol. 6,
Issue. 6,
p.
775.


	CrossRef
	Google Scholar






Graham, C.
Mullen, A.
and
Whelan, K.
2015.
Obesity and the gastrointestinal microbiota: a review of associations and mechanisms.
Nutrition Reviews,
Vol. 73,
Issue. 6,
p.
376.


	CrossRef
	Google Scholar






Le Barz, Mélanie
Anhê, Fernando F.
Varin, Thibaut V.
Desjardins, Yves
Levy, Emile
Roy, Denis
Urdaci, Maria C.
and
Marette, André
2015.
Probiotics as Complementary Treatment for Metabolic Disorders.
Diabetes & Metabolism Journal,
Vol. 39,
Issue. 4,
p.
291.


	CrossRef
	Google Scholar






Park, Sunmin
and
Bae, Ji-Hyun
2015.
Probiotics for weight loss: a systematic review and meta-analysis.
Nutrition Research,
Vol. 35,
Issue. 7,
p.
566.


	CrossRef
	Google Scholar






Osterberg, Kristin L.
Boutagy, Nabil E.
McMillan, Ryan P.
Stevens, Joseph R.
Frisard, Madlyn I.
Kavanaugh, John W.
Davy, Brenda M.
Davy, Kevin P.
and
Hulver, Matthew W.
2015.
Probiotic supplementation attenuates increases in body mass and fat mass during high‐fat diet in healthy young adults.
Obesity,
Vol. 23,
Issue. 12,
p.
2364.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Effect of Lactobacillus rhamnosus CGMCC1.3724 supplementation on weight loss and maintenance in obese men and women








	Volume 111, Issue 8
	
Marina Sanchez (a1), Christian Darimont (a2), Vicky Drapeau (a3), Shahram Emady-Azar (a4), Melissa Lepage (a5), Enea Rezzonico (a2), Catherine Ngom-Bru (a5), Bernard Berger (a2), Lionel Philippe (a4), Corinne Ammon-Zuffrey (a2), Patricia Leone (a2), Genevieve Chevrier (a6), Emmanuelle St-Amand (a6), André Marette (a6), Jean Doré (a1) and Angelo Tremblay (a1)

	DOI: https://doi.org/10.1017/S0007114513003875





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Effect of Lactobacillus rhamnosus CGMCC1.3724 supplementation on weight loss and maintenance in obese men and women








	Volume 111, Issue 8
	
Marina Sanchez (a1), Christian Darimont (a2), Vicky Drapeau (a3), Shahram Emady-Azar (a4), Melissa Lepage (a5), Enea Rezzonico (a2), Catherine Ngom-Bru (a5), Bernard Berger (a2), Lionel Philippe (a4), Corinne Ammon-Zuffrey (a2), Patricia Leone (a2), Genevieve Chevrier (a6), Emmanuelle St-Amand (a6), André Marette (a6), Jean Doré (a1) and Angelo Tremblay (a1)

	DOI: https://doi.org/10.1017/S0007114513003875





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Effect of Lactobacillus rhamnosus CGMCC1.3724 supplementation on weight loss and maintenance in obese men and women








	Volume 111, Issue 8
	
Marina Sanchez (a1), Christian Darimont (a2), Vicky Drapeau (a3), Shahram Emady-Azar (a4), Melissa Lepage (a5), Enea Rezzonico (a2), Catherine Ngom-Bru (a5), Bernard Berger (a2), Lionel Philippe (a4), Corinne Ammon-Zuffrey (a2), Patricia Leone (a2), Genevieve Chevrier (a6), Emmanuelle St-Amand (a6), André Marette (a6), Jean Doré (a1) and Angelo Tremblay (a1)

	DOI: https://doi.org/10.1017/S0007114513003875





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















