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A B S T R A C T   

Background and aim: Gut microbiota influences energy homeostasis in part through circulating hormones. Insulin- 
like growth factor-binding protein (IGFBP)-2 is a biomarker whose increase in systemic circulation is associated 
with positive effects on body weight and metabolism. In a recent clinical trial, probiotic Lacticaseibacillus 
rhamnosus HA-114 supplementation showed positive effects on eating behaviors and insulin resistance in over
weight participants undergoing a weight-loss intervention. In this context, this ancillary study aimed at assessing 
the impact of L. rhamnosus HA-114 supplementation on plasma IGFBP-2 levels in these individuals, and whether 
this modulation correlated with changes in fat mass, energy metabolism, and eating behaviors. 
Methods: Fasting plasma IGFBP-2 concentrations were quantified in 100 overweight or obese men and women 
enrolled in a 12-week diet-based weight reduction program (− 500 kcal/day), in combination with probiotic 
L. rhamnosus HA-114 or placebo supplementation. Baseline and changes in circulating IGFBP-2 concentrations 
were correlated with anthropometric parameter, glucose and lipid metabolism, cardiorespiratory function and 
eating behaviors. 
Results: On average, the intervention reduced BMI by 4.6 % and increased IGFBP-2 by 13 %, regardless of 
supplementation group. Individuals who presented an increase in IGFBP-2 levels had significantly greater re
ductions in BMI. Changes in IGFBP-2 levels were correlated with loss in fat mass (r = 0.2, p < 0.001) in the 
probiotic-supplemented group, but not with other metabolic parameters or eating behaviors. Baseline IGFBP-2 
levels were not associated with weight loss or improvements in cardiometabolic parameters. 
Conclusion: Probiotic supplementation with L. rhamnosus HA-114 did not modulate plasma IGFBP-2 levels. 
Changes in IGFBP-2 levels were correlated with greater reductions in BMI, but not with other metabolic pa
rameters or eating behaviors, indicating that the benefits of HA-114 on eating behaviors are likely independent of 
IGFBP-2. Additional changes in microbiota might be required to modulate IGFBP-2 and observe its associations 
with eating behaviors and cardiometabolic improvements.   

Introduction 

The incidence of obesity and its comorbidities has rapidly and 
steadily increased in the past years, stressing the need for new thera
peutic and preventive measures [1]. Quality of food and eating 

behaviors are factors that play an important role in the development of 
obesity [2]. Emerging evidence indicates that low-quality food is asso
ciated with a poorly diversified microbiota, which can impact body 
weight and alter metabolic functions by modulating gut and brain hor
mones [3,4]. Moreover, altered microbiota can induce a state of 
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dysphoria, which changes eating behaviour in a reciprocal relation 
contributing to the initiation of weight gain [5,6]. Analysis of dysbiosis 
in disease states and fecal transplantation experiments have shown that 
gut microbiota can modulate energy metabolism directly through the 
vagus nerve or indirectly by impacting metabolite production [7–9]. On 
this basis, probiotic supplementation is considered a potential strategy 
to prevent obesity or associated disorders [1,10,11]. 

Insulin-like growth factor (IGF) binding protein (IGFBP)-2 is an 
hepatokine also produced by the gut and associated with positive effects 
on glucose and lipid metabolism [12]. Low plasma IGFBP-2 levels 
(under ~ 200 ng/mL) are observed in obese and diabetic patients as well 
as in individuals with high-risk cardiometabolic profiles [13,14]. 
Following a one-year lifestyle modification program aimed at weight 
loss, circulating IGFBP-2 levels were shown to increase by 43 %, along 
with improvements in insulin resistance and lipid metabolism [15]. 
Consistently, in mice, IGFBP-2 overexpression prevented against age- 
induced and diet-induced obesity and insulin resistance [16]. Notably, 
IGFBP-2 levels are robustly increased by bariatric surgery, especially 
after malabsorptive procedures such as Roux-en-Y gastric bypass 
(RYGB) and biliopancreatic diversion with duodenal switch (BPD-DS), 
rising a 6-fold in humans within 6 months after surgery [17,18], whereas 
Igfbp2 gene deletion in mice attenuated the early metabolic improve
ments caused by bariatric surgery [17]. Interestingly, bacterial richness 
is enhanced after bariatric surgery, more specifically with a significant 
increase in the major Lacticaseibacillus (Firmicutes phylum) and Bifido
bacterium (Actinobacteria phylum) genera [19]. Changes in the relative 
amount of these two genera have been associated with surgery-induced 
improvements in energy balance, body composition, and glucose and 
lipid metabolism [20]. In particular, Lacticaseibacillus rhamnosus has 
been identified as an anxiolytic species in animals [21], and thus may 
influence food intake and eating behaviors in the context of weight loss. 
Altogether, these data suggest that increasing circulating IGFBP-2 levels 
may be beneficial in obesity prevention or management and its comor
bidities, especially when gut microbiota is modified after energy re
striction caused by nutritional or surgical approaches. 

Because IGFBP-2 is also produced in the intestine, the parallel 
changes in both gut microbiota composition and the increase in IGFBP-2 
levels reported after bariatric surgery suggest that IGFBP-2 levels could 
be modulated by gut microbiota, and/or that changes in IGFBP-2 could 
also potentially contribute in parts to the beneficial effects of a healthy 
gut microbiota. However, the mutual relationships between gut micro
biota and circulating IGFBP-2 levels remain unknown. We thus hy
pothesized that the supplementation with a specific probiotic strain 
could positively impact circulating IGFBP-2 levels, which may in turn 
support improvements in cardiometabolic health. 

To assess this hypothesis, we analysed IGFBP-2 levels in plasma 
samples from a previously described cohort of healthy participants with 
overweight and obesity enrolled in a 12-week calorie restricted weight 
loss program (− 500 kcal/d) and randomized to receive either Lactica
seibacillus rhamnosus HA-114 or placebo [22]. In this cohort, 
L. rhamnosus HA-114 supplementation resulted in a significant decrease 
in the circulating levels of insulin, LDL-cholesterol and triglycerides in 
the probiotic-supplemented group only, along with a reduction in Ho
meostatic Model Assessment for Insulin Resistance (HOMA-IR) index 
[22]. In addition, significant beneficial effects of the HA-114 supple
mentation were observed of eating behaviors and mood-related factors, 
including decrease in binge eating tendencies and disinhibition and 
food-cravings [22]. In the present ancillary analysis, baseline and 
changes in circulating IGFBP-2 levels were correlated with modifica
tions in anthropometric and cardiometabolic parameters, as well as 
food-related behaviors. 

Materials and methods 

Cohort 

The present post-hoc analysis was conducted using plasma samples 
obtained from a cohort whose details about volunteer recruitment and 
approval by the institutional ethics committee of Université Laval were 
previously described [22]. 

Briefly, the original study was designed as a randomized, double- 
blind, placebo-controlled 12-week clinical trial conducted in 152 over
weight or obese (BMI between 27.0 and 39.9 kg/m2) men and women, 
aged between 18 and 55 years old [22]. Volunteers followed a person
alized program to lower their calorie intake by 500 kcal/day and were 
concomitantly treated daily with a placebo or a similar capsule con
taining 10.109 CFU of probiotic L. rhamnosus HA-114 (provided by 
Lallemand Health Solutions, Montreal, QC, Canada), for 12 weeks. 
Importantly, baseline characteristics of participants were similar be
tween the placebo and the probiotic groups (Supplementary Table 1). 
Capsules were kept refrigerated all along the intervention, and partici
pants were asked to ingest them during a meal, not exceeding one 
capsule per day. The absolute presence of L. rhamnosus HA-114 in fecal 
samples could only be detected in the probiotic group at the end of the 
intervention [22], confirming the compliance of volunteer and the 
proper conduct of the intervention. Volunteers were included in the 
initial study following several specific criteria: sedentary or moderately 
active individuals (<90 min physical activity per week) with a stable 
body weight (<4.5 kg change within 3 months before the study) and had 
to stop consuming any laxatives, fermented foods and prebiotics during 
the study. Exclusion criteria were antibiotics intake or any treatments 
(medication or nutritional program) affecting body weight, food intake 
and/or energy expenditure, smoking or a history of drug and/or alcohol 
abuse (>9 drinks weekly). Women could not be in menopause, or known 
to be pregnant, breastfeeding, or planning on becoming pregnant in the 
18 months after enrollment. Any of the following health conditions also 
resulted in exclusion: celiac disease, inflammatory bowel syndrome, 
short bowel syndrome or any other malabsorptive syndrome, uncon
trolled angina within the past six months, type 1 diabetes, serious and/ 
or unstable medical conditions (e.g. cardiovascular, renal, pulmonary, 
psychiatric diseases, bleeding disorders), cancer treatment within past 
six months, allergy to yeast, soy or milk, abnormal thyroid hormone 
levels, immune-compromised conditions, or chronic nausea, fever, 
vomiting, bloody diarrhoea or severe abdominal pain. The study was 
conducted in accord with the Declaration of Helsinki principles. 
Informed written consent was obtained from all participants prior to 
their inclusion in the study. 

Data reported herein were obtained at baseline and at the end of the 
study immediately after the intervention. For 52 individuals, matched 
data for plasma IGFBP-2 levels at both baseline and end of the inter
vention were lacking, resulting in an analysis on 100 men and women. 

Measurements 

Before and at the end of the intervention (12 weeks ± 1 week), 
volunteers were subjected to a visit after an overnight fast and blood 
samples were collected and anthropometrics variables, blood pressure, 
heart rate, resting metabolic rate (indirect calorimetry) were measured 
exactly as described [22]. During visits, eating behaviors such as binge 
eating, disinhibition, susceptibility for hunger were determined using 
established Binge Eating questionnaire, the Three Factor Eating (TFEQ) 
and the Food Cravings (FCQ) Questionnaires before and after a stand
ardised breakfast test meal (733 kcal for men and 599 for women, 
consisting of bread, butter, peanut butter, cheddar cheese, and orange 
juice) exactly as described [22]. 

Plasma IGFBP-2 concentrations were quantified by ELISA (Alpco kit 
#22-BP2HU-E01, Salem, NH, USA) according to the manufacturer’s 
instructions. The detection limit was 0.2 ng/mL; the inter-assay 
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coefficient of variability was below 10 %. Plasma biochemistry and 
levels of other circulating factors described in this study were quantified 
as previously reported [22]. Using a portable chemistry analyzer 
(Piccolo Xpress, Abaxis inc.) glucose, total cholesterol, HDL-cholesterol, 
LDL- cholesterol, ALT and AST levels were measured according to the 
manufacturer’s instructions. Ghrelin and leptin were quantified by 
ELISA (Human Leptin Instant ELISA Kit and Human Ghrelin ELISA Kit, 
Invitrogen, ThermoFisher Scientific). C-reactive protein and insulin 
were assessed by the biochemical analysis platform of the Quebec Heart 
and Lung Institute. 

Statistical analysis 

Data are expressed as the mean ± SD in text and tables and mean ±
SEM in figures. Statistical analyses were performed with GraphPad 
Prism version 8.4.2 (GraphPad Software, La Jolla, CA, USA), using one 
or two-way ANOVA followed by Bonferroni post-hoc test for multiple 
comparisons as appropriate. Correlations were analyzed by bilateral 
partial correlation test adjusted or not with BMI, age and sex using JMP 
software (Cary, NC, USA). Differences were considered statistically 
significant at p ≤ 0.05. 

Results 

Mild caloric restriction increases circulating IGFBP-2 levels independently 
of probiotic supplementation 

Participants were 34 ± 9 years old and had a BMI of 32 ± 3 kg/m2 at 
baseline (Suppl. Table 1). The dietary restriction regimen stimulated a 
similar extent of weight loss in both groups, with an average BMI 
reduction by 4.6 %. Baseline IGFBP-2 levels were under 200 ng/mL in 
both men and women (180 ± 82 ng/mL and 187 ± 100 ng/mL, 
respectively, p = 0.8). Baseline IGFBP-2 levels were not different be
tween placebo and probiotics groups (Suppl. Table 1). The dietary 
regimen increased IGFBP-2 levels by 13 %, an average augmentation of 
26 ± 70 ng/mL (p < 0.001), without any sex interaction (Fig. 1A). When 
analysed according to probiotic or placebo groups, plasma IGFBP-2 
concentrations increased similarly over the 12-week study (Fig. 1B). 

The change in circulating IGFBP-2 levels from baseline to week 12 (Δ 
IGFBP-2) was not dependent upon the treatment (probiotic vs placebo 
supplementation, p = 0.8) or baseline IGFBP-2 levels (low vs high levels, 
based on the median of 160 ng/mL, p = 0.6) (Fig. 1C). In this cohort, 
there were 37 IGFBP-2 responders, defined as participants showing an 
increase in plasma IGFBP-2 levels from baseline to week 12 (Δ IGFBP-2 

> 0) and 63 non-responders who showed a reduction in plasma IGFBP-2 
levels (Δ IGFBP-2 < 0). There was no difference in the IGFBP-2 
responder status between treatment groups (p = 0.4), sex (p = 0.7) or 
their interaction (p = 0.1, Fig. 1D). These results clearly indicate that 
IGFBP-2 was modulated by the reduced caloric intake (− 500 kcal/day) 
of the nutritional intervention but not amplified by L. rhamnosus HA-114 
supplementation. 

IGFBP-2 “responders” exhibit larger weight loss but similar improvements 
in cardiometabolic parameters 

To evaluate whether IGFBP-2 was implicated in the beneficial effects 
of dietary restriction and probiotics, the response in IGFBP-2 was first 
correlated with anthropometric parameters. Interestingly, the decrease 
in BMI associated with the nutritional intervention was 30 % higher in 
IGFBP-2 responders (p = 0.05, Fig. 2A), but when divided into treatment 
groups (placebo or probiotic supplementation), this observation was no 
longer significant (Fig. 2B). Nonetheless, IGFBP-2 response (Δ IGFBP-2) 
was still positively associated with BMI reductions in the probiotic group 
(r2 = 0.2, p < 0.001, Fig. 2C). Similarly, in the probiotic group, the 
IGFBP-2 responder status was slightly positively associated with loss of 
fat mass (r2 = 0.1, p < 0.01, Fig. 2D, E) but not lean mass (Fig. 2F). 

The IGFBP-2 responder status was next correlated with car
diometabolic parameters (Fig. 3). Overall, IGFBP-2 responders did not 
show greater metabolic improvements (data not shown). When consid
ering probiotic or placebo supplementation, changes in IGFBP-2 levels 
were weakly but significantly associated with reductions in insulinemia 
in the placebo group (r2 = 0.1, p < 0.01, Fig. 3A) and glycaemia in the 
probiotic group (r2 = 0.08, p = 0.03, Fig. 3B). However, no other as
sociation was observed between the changes in IGFBP-2 and those in 
HOMA index, lipid metabolism or cardiorespiratory variables (Fig. 3C- 
I). Taken together, these findings indicate that, within the present 
cohort, changes in IGFBP-2 are associated with diet-induced loss of 
weight but are not correlated with important changes in glucose, lipid or 
cardiorespiratory variables. 

Eating behaviors are improved with probiotic supplementation 
independently of IGFBP-2 

Next, IGFBP-2 levels were correlated with modifications in eating 
behaviors. Regression analyses between IGFBP-2 response and changes 
in eating behaviors were tested in each treatment group (Fig. 4). 
Although probiotic supplementation by itself had a positive effect on 
binge eating (BINGE), hunger (TFEQ_HUN), intention and planning to 

Fig. 1. Dietary restriction but not probiotic supplementation increases plasma IGFBP-2 levels independently of sex. Plasma IGFBP-2 levels before and 12- 
weeks after a mild energy restriction intervention in men (blue dots) and women (red dots) independently of the supplementation group (A). IGFBP-2 levels in the 
cohort were then analyzed before and after 12-weeks of diet dependently of the treatment, either in the placebo (black cercle) or probiotic group (turquoise dots) (B). 
IGFBP-2 modulation in each study arm was also analyzed based on median baseline IGFBP-2 levels (160 ng/mL) (C). Men and women were divided into “responders” 
when IGFBP-2 levels were increased after 12-weeks protocol (Δ IGFBP-2 > 0) and “non responders” when IGFBP-2 levels were decreased after 12-weeks protocol (Δ 
IGFBP-2 < 0). Bars are mean ± SEM. p < 0.05, ** p < 0.01. Baseline clinical characteristics are detailed in Supplementary Table 1. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 
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consume (FCQ-T_INT), lack of control (FCQ-T_CTR) and thoughts or 
preoccupation (FCQ-T_PEP) (Fig. 4A and Suppl. Fig. 1A, B, C, E, F), 
neither IGFBP-2 response (Δ IGFBP-2) or higher baseline IGFBP-2 levels 
were associated with a greater improvement of these parameters 
(Fig. 4). However, in the placebo group, baseline IGFBP-2 levels were 
negatively associated with binge eating (r = -0.29, p = 0.05), but this 
correlation was no longer significant when adjusted with age, sex and 
BMI (Table 1). After the 12-weeks program, IGFBP-2 levels were 
significantly and negatively associated with craving variables such as 
intention to consume (FCQ-T_INT), anticipation of relief from negative 
states (FCQ-T_ANM), lack of control (FCQ-T_CTR), thoughts or preoc
cupation (FCQ-T_PEP) or emotion-related cravings (FCQ-T_EAN) 
(Table.1). Again, these correlations were no longer statistically signifi
cant when adjusted for age, sex and BMI (Table 1). No significant cor
relation between IGFBP-2 levels and improvement of eating behaviors 
was observed in the probiotic group (Fig. 4B, D and Table.1), suggesting 
that the beneficial effects of HA-114 on eating behaviors are indepen
dent of IGFBP-2. 

Baseline IGFBP-2 levels do not predict cardiometabolic improvements after 
weight loss 

We then tested whether baseline IGFBP-2 levels (below or over the 
cohort median of 160 ng/mL) were associated with the magnitude in 
cardiometabolic improvements induced by dietary restriction and 
weight loss. Overall, baseline IGFBP-2 did not predict improvements in 
either anthropometric parameters such as BMI (Fig. 5A,B), loss of fat 
mass (Fig. 5C,D), or cardiometabolic parameters such as insulinemia 
(Fig. 5E,F) or triglyceridemia (Fig. 5G,H). Consistent with the lack of 
association between baseline IGFBP-2 levels and changes in eating be
haviors (Suppl. Fig. 1), these additional data suggest that baseline 
IGFBP-2 concentrations are not predictive of the efficacy of the diet 
intervention, regardless of the study arm. 

Discussion 

How microbiota influences hormone production is still not well un
derstood. Previous studies have shown that bariatric surgery, which 
greatly influences gut microbiota [20,23], also stimulates an increase in 
IGFBP-2 production, which in turn contributes to metabolic improve
ments [17]. In this study, direct supplementation with L. rhamnosus HA- 
114 probiotic strain was tested as a modulator of the circulating 
biomarker IGFBP-2, and changes in IGFBP-2 levels were analyzed for 
correlations with cardiometabolic improvements and eating behaviors. 

In accordance with previous reports [13–15,17], we observed that 
overweight and obese participants display low IGFBP-2 levels (under 
200 ng/mL), and that mild calorie restriction can increase IGFBP-2 
levels by approximately 13 % after 3 months of nutritional interven
tion, in both men and women. Also consistent with previous findings 
[15], individuals with positive changes in circulating IGFBP-2 concen
trations had a larger reduction in BMI. Larger increases in IGFBP-2 levels 
(43 %) have been achieved in a similar population of obese men (BMI ~ 
31 kg/m2) experiencing a 500 kcal/day deficit, but after a one-year 
intervention [15]. Thus, when compared with the 6-fold increase in 
plasma IGFBP-2 concentrations induced by bariatric surgery [17], 
nutritional dietary changes are significant but weaker modulators of 
circulating IGFBP-2 levels. The mechanisms for such differences are not 
yet understood. However, it suggests that the short duration of the 
present intervention (12 weeks) was not sufficient to induce major 
changes in IGFBP-2 levels. Combined with the latter premise, the rela
tively healthy cardiometabolic condition of the participants, which 
possibly reduced the potential magnitude of positive changes in most 
cardiometabolic parameters (including glucose or insulin levels, lipid 
metabolism, and blood pressure) [22], may explain, at least in part, the 
poor associations of these variables with circulating IGFBP-2 levels. 
Longitudinal studies with longer intervention periods might reveal 
stronger correlations between changes in IGFBP-2 and those in energy 

Fig. 2. Correlations between changes in IGFBP-2 levels and anthropometric parameters. Differences in BMI (A-C) and fat mass (D-F) before and 12-weeks after 
diet were analyzed according to IGFBP-2 response status (“responders” or “non responders”) in the whole cohort (A) or for each treatment (placebo in black and 
probiotic supplementation in turquoise) (B, D, F, H). Correlations between IGFBP-2 response (Δ IGFBP-2) and BMI (C), fat mass (E) or lean mass (F) was then assessed 
in each treatment groups. * p < 0.05. Bars are mean ± SEM. 
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metabolism. 
One aim of this analysis was to assess the effect of L. rhamnosus HA- 

114 on circulating IGFBP-2 levels in humans with overweight and 
obesity in the context of a weight loss intervention. Indeed, available 
preclinical data suggest that probiotics could be useful to potentiate 
weight loss (or mitigate weight gain), and that this effect could be 
mediated by IGFBP-2. First, in high fat-fed mice, the weight loss and 
insulin sensitization effects of bariatric surgery were associated with 
increased circulating IGFBP-2 levels, and these benefits of bariatric 
surgery were attenuated in obese igfbp2-deficient mice[17]. In humans, 
circulating levels of IGFBP-2 were also increased after bariatric surgery, 
and also correlated with insulin sensitization [17]. In vitro and in vivo 
studies in male mice suggests that IGFBP-2 can modulate loss of weight 
by inhibiting preadipocyte differentiation and visceral but not subcu
taneous fat development [24,25]. Another study showed that Bifido
bacterium pseudocatenulatum supplementation for 7 weeks in a mouse 
model of diet-induced obesity mitigated weight gain, which was asso
ciated with an 63 % increase in hepatic IGFBP-2 levels [26]. In the 
current analysis, an increase in circulating IGFBP-2 was associated with 
a superior weight loss (reduced BMI and fat mass) when considering the 
cohort as a whole, and this effect was similar in both groups. The 
mechanisms by which higher IGFBP-2 is associated with weight reduc
tion is currently not established, as previous reports in mice have 
observed that IGFBP-2 can changes food intake [17] or energy expen
diture depending [16] on the context and sex. In addition, as 

L. rhamnosus HA-114 probiotic supplementation did not potentiate the 
loss of weight in the subjects of the study [22], it suggests that the 
modulation of IGFBP-2 levels occurring during the course of the regimen 
is more likely related to the calorie-restricted diet. However, an 
important limitation of our study is that it cannot be excluded that the 
current probiotic intervention (12 weeks) could have been too short to 
capture beneficial effects on IGFBP-2 levels, that other probiotic strains 
may have been more potent, or that potential HA-114-induced modu
lation of IGFBP-2 production in the gut, brain or liver may have been 
impeded by proportional changes in degradation. Another limitation is 
that it is possible that the energy restriction intervention per se could 
target and saturate similar effectors as L. rhamnosus HA-114 supple
mentation, which could mask additional outcomes on circulating IGFBP- 
2 levels. A complete analysis of the changes in gut microbiota induced by 
L. rhamnosus HA-114 supplementation used in the present study would 
likely shed light on this issue. Further studies are needed to verify if 
manipulation of gut microbiota can modulate IGFBP-2 production in 
humans independently of weight loss. 

To the best of our knowledge, the potential associations between 
IGFBP-2 and eating behaviors have not yet been studied in humans. 
Considering that the absence of IGFBP-2 in mice was shown to stimulate 
intake of low-energy density (chow) food over that of high-density diets 
[17] and that IGFBP-2 is also produced in the brain [27,28], this para
digm is even more interesting because positive changes in eating be
haviors were among the largest effects of L. rhamnosus HA-114 

Fig. 3. Changes in IGFBP-2 levels do not correlate with cardiometabolic improvements. Correlation between IGFBP-2 response (Δ IGFBP-2) and parameters of 
glucose metabolism: insulinemia (A), glycaemia (B) and insulin resistance HOMA index (C); lipid metabolism: triglycerides (D), LDL cholesterol (E) and total 
cholesterol (F); and cardiorespiratory function: heart rate (G), O2 and CO2 max volumes (H,I). 
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supplementation in the cohort studied herein, notably a decrease in 
binge eating tendencies, disinhibition and food-cravings [22]. However, 
regression analyses indicated that IGFBP-2 levels were not associated 
with eating behaviors after adjustments for age, sex and BMI. Moreover, 
when divided on the basis of baseline or changes in IGFBP-2 levels, 
subjects were not characterized with better behaviors in either placebo 
or probiotic groups. Thus, although further experiments might reveal 
potential effects of IGFBP-2 on eating behaviors in different settings, the 
present findings suggest that IGFBP-2 levels did not contribute to the 
changes induced by energy restriction or L. rhamnosus HA-114 
supplementation. 

In summary, the present study confirmed previous reports that 
IGFBP-2 is modulated by energy restriction and its associated weight 
loss. The small extent of these changes was not sufficient after a 12-week 
program to be associated with cardiometabolic improvements, even 

with probiotic supplementation. Increases in IGFBP-2 levels after 
intervention was associated with a greater loss of weight, but not of 
cardiometabolic function or eating behaviors, suggesting that IGFPB-2 
did not mediate the beneficial effects of diet on these parameters 
within these experimental settings. However, the lack of data on other 
gut microbiota changes and the short duration of the study could have 
hindered a potential link with IGFBP-2 levels. Additional studies are 
needed to investigate relation between a long-term or different species 
change in gut microbiota and IGFBP-2. 

ClinicalTrials.gov Identifier 

NCT02962583 

Fig. 4. Changes in IGFBP-2 levels do not correlate with improvements in eating behaviors. Differences in eating behaviors, namely binge scale (BINGE, A-B), 
hunger (TFEQ_HUN, C-D), intention and planning to consume (FCT_INT, E), disinhibition (TFEQ_DIS, F), lack of control (FCT_CTR, G), thoughts or preoccupation 
(FCT_PEP, H) and food cues from biological or environmental signals (FCT_SENS, I) before and after 12-weeks diet were analyzed according to the IGFBP-2 responder 
status and intervention (placebo in black and probiotic supplementation in turquoise). Bars are mean ± SEM. 

Table 1 
Regression analysis between plasma IGFBP-2 levels and eating behaviors before and after intervention with or without probiotics supplementation.   

Placebo Probiotic  

Before After Before After  

Non-adjusted Adjusted* Non-adjusted Adjusted* Non-adjusted Adjusted* Non-adjusted Adjusted* 

IGFBP-2 vs r p p r p p r p p r p p 

BINGE  − 0.29  0.05 NS  − 0.27  0.07 NS  − 0.03  0.84 NS  0.11  0.44 NS 
FCQ-T_INT  − 0.09  0.53 NS  − 0.35  0.02 NS  − 0.07  0.60 NS  − 0.18  0.20 NS 
FCQ-T_ANM  − 0.18  0.24 NS  − 0.29  0.05 NS  0.23  0.10 NS  0.03  0.82 NS 
FCQ-T_CTR  − 0.15  0.31 NS  − 0.34  0.02 NS  − 0.03  0.81 NS  − 0.01  0.95 NS 
FCQ-T_PEP  − 0.19  0.20 NS  − 0.29  0.05 NS  0.00  0.99 NS  − 0.08  0.59 NS 
FCQ-T_EAN  − 0.21  0.15 NS  − 0.36  0.01 NS  0.27  0.05 NS  − 0.01  0.92 NS 
FCQ-T_SEN  − 0.15  0.33 NS  − 0.17  0.25 NS  − 0.02  0.88 NS  − 0.13  0.36 NS 
TFEQ_RES  − 0.01  0.96 NS  0.06  0.71 NS  0.10  0.49 NS  0.04  0.75 NS 
TFEQ_DIS  − 0.17  0.24 NS  − 0.27  0.07 NS  0.15  0.29 NS  0.06  0.65 NS 
TFEQ_HUN  − 0.24  0.10 NS  − 0.35  0.02 NS  − 0.03  0.81 NS  − 0.05  0.72 NS 

* Adjusted for age, sex and BMI. 
FCQ: Food Craving Questionnaire – Trait; TFEQ: Three Factor Eating Questionnaire. BINGE: binge eating; FCQ-T_INT: intention and planning to consume; FCQ- 
T_ANM: anticipation of relief from negative states; FCQ-T_CTR: lack of control; FCQ-T_PEP: thoughts or preoccupation; FCQ-T_EAN: emotion-related cravings; FCQ- 
T_SEN: food cues from biological or environmental signals; TFEQ_RES: restraint; TFEQ_DIS: disinhibition; TFEQ_HUN: hunger. 
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Conceptualization. Béatrice S.-Y. Choi: Writing – review & editing, 
Methodology, Investigation. Lucie Brunelle: Writing – review & edit
ing, Supervision, Methodology, Investigation, Conceptualization. André 
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