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Effects of daily probiotic supplementation with Lactobacillus acidophilus on calcium status, bone metabolism biomarkers, and bone mineral density in postmenopausal women: a controlled and randomized clinical study
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Background: Menopause poses significant health risks for women, particularly an increased vulnerability to fractures associated with osteoporosis. Dietary interventions have emerged as promising strategies, focusing on mitigating the risk of osteoporosis rather than solely addressing the established disease. This 12-week randomized controlled trial aimed to analyze the effects of consuming Lactobacillus acidophilus probiotics on calcium levels, biomarkers of bone metabolism, and bone mineral density (BMD) profiles in postmenopausal women.

Methods: Fifty-five participants were randomly assigned to receive either a placebo (n = 25) or the probiotic L. acidophilus UALa-01™ (n = 30) daily via oral intervention. Throughout the study, evaluations included body composition, blood biochemical parameters, serum calcium levels, and biomarkers of bone metabolism. Additionally, Dual-energy X-ray absorptiometry was used to measure BMD profiles.

Results: The findings delineated that the probiotic group experienced a decrease in serum calcium levels compared to their initial levels. However, hair calcium levels and biomarkers related to bone metabolism showed no notable changes within this group. Consumption of probiotic L. acidophilus also seemed to prevent fluctuations in bone turnover markers. Moreover, there were no significant alterations in BMD levels at the lumbar spine, left femur, and total body in the probiotic group. Additionally, probiotic intake led to favorable outcomes by significantly reducing both body fat and visceral fat during the intervention period. Conversely, an adverse effect of consuming probiotic L. acidophilus was observed with a significant increase in glucose concentration.

Conclusion: In conclusion, the consumption of L. acidophilus probiotics daily for 12 weeks among postmenopausal women does not affect the profile of BMD, but it may help in stabilizing bone turnover. It is important to note that most measured parameters were within the normal range for this population. However, it is worth noting that 3 months of probiotic supplementation could potentially disrupt calcium and glucose status in postmenopausal women.
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1 Introduction

Menopause, a natural biological transition, marks the end of a woman’s reproductive years and is typically characterized by hormonal changes, particularly a decline in estrogen levels. This phase, occurring between the ages of 40 and 60 years, signifies a crucial period in a woman’s life, carrying significant implications for her health and overall wellbeing. Women experiencing menopause face various health challenges due to hormonal fluctuations and metabolic changes, making them particularly vulnerable (1). Among these challenges, osteoporosis emerges as a major concern. Osteoporosis is a skeletal condition marked by reduced bone mineral density (BMD) and increased susceptibility to fractures, posing substantial health risks and complications for postmenopausal women (2, 3). According to WHO guidelines, the primary sites for measuring BMD are the proximal femur and the lumbar spine. Typically, BMD assessments are conducted on the L1–L4 section of the lumbar spine (4). Although both femurs can be assessed, the left femur is commonly chosen for diagnostic purposes as per standard practice (5).

Apart from osteoporosis, menopause is linked to a range of metabolic risks, including cardiovascular disease, obesity, and metabolic syndrome. These risks stem from changes in hormonal balance and metabolic function during menopause (6). Fragility fractures, particularly those affecting the spine and hip, contribute significantly to greater morbidity and mortality. The costs associated with fractures increased from €29.6 billion in 2010 to €37.5 billion in 2017, with fragility fractures causing 2.6 million disability-adjusted life years in European countries in 2016 (7). Moreover, menopause profoundly affects calcium status, a vital mineral crucial for bone health and overall metabolic function (8). Calcium is essential for bone formation, muscle contraction, nerve transmission, and blood clotting, playing a pivotal role in maintaining optimal health (9, 10). However, disruptions in calcium metabolism often occur during menopause, leading to imbalances in calcium levels and potentially increasing the risk of osteoporosis and other metabolic disorders (11). Understanding the interaction between menopause, calcium status, and metabolic health is crucial for developing effective strategies to mitigate the adverse health outcomes associated with menopause.

Treating menopausal symptoms presents significant challenges, particularly due to the limitations and adverse effects of hormone therapy. Although hormone therapy has traditionally been crucial for managing menopausal symptoms and reducing the risk of osteoporosis-related fractures, its use comes with notable adverse effects and safety concerns. One notable concern is the increased risk of cancer associated with prolonged hormone therapy, particularly breast cancer and endometrial cancer. These risks have led to hesitancy among healthcare providers and patients in considering hormone therapy as a long-term solution for menopausal osteoporosis (12). Moreover, existing pharmacological treatments for osteoporosis, such as bisphosphonates and SERMs (selective estrogen receptor modulators), have limitations that hinder their sustained use. While bisphosphonates effectively lower fracture risk, they are associated with gastrointestinal side effects such as esophageal irritation and ulceration, as well as rare but severe adverse events like osteonecrosis of the jaw and atypical femoral fractures (13). Similarly, although SERMs help maintain bone density and reduce fracture risk, they are associated with an increased risk of venous thromboembolism and hot flashes (14). Given the limitations and safety concerns associated with existing treatments, there is an urgent need to explore alternative therapeutic approaches that offer both effectiveness and long-term safety for menopausal women. Consequently, there is growing interest in identifying new preventive and treatment strategies that can ensure safe and effective long-term management of osteoporosis in menopausal women.

During menopause, alterations in the composition of gut microbiota, termed dysbiosis, have been observed, potentially impacting various physiological processes, including bone health (15). This phenomenon underscores the significance of the gut-bone axis, a two-way communication pathway between gut microbiota and the skeletal system (16).

Probiotics, recognized for their ability to modulate gut microbiota composition and function, have garnered attention for their potential role in regulating calcium homeostasis and bone metabolism. Specifically, probiotics have been shown to influence calcium absorption in the intestine, thereby affecting overall calcium status and bone mineralization (17). Moreover, probiotics have been implicated in regulating key biomarkers associated with bone turnover, such as C-terminal telopeptide of type I collagen (CTX) and tartrate-resistant acid phosphatase isoform-5b (TRAP-5b), which indicate bone resorption rates (18). In addition to bone resorption markers, probiotics have also been found to impact biomarkers indicative of bone formation, including bone-specific alkaline phosphatase (BSAP) and N-terminal propeptide of type I procollagen (PINP) (19). Probiotics offer a promising approach to enhance bone health, with emerging evidence suggesting their potential to reduce risks associated with osteoporosis (20). Numerous studies have demonstrated the beneficial effects of probiotics on bone health, ranging from cellular assays to animal models and clinical trials involving menopausal conditions (21–23). Among the various probiotic strains studied, Lactobacillus acidophilus emerges as a particularly promising candidate. This specific strain has garnered significant attention due to its proven effectiveness in promoting bone health and preventing the progression of osteoporosis (24). L. acidophilus may aid in the process of osteogenic differentiation during bone mineralization, as evidenced by studies conducted on human osteosarcoma Saos-2 cells (25). In our previous research, we extensively investigated the effects of L. acidophilus supplementation using in vitro digestion models and healthy female rats (26–30), shedding light on its potential implications for calcium status and bone health.

The decision to conduct a human trial with L. acidophilus supplementation was rooted in several considerations. While our previous studies involving healthy rats did not yield statistically significant effects on calcium transport and bone metabolism biomarkers (27), our study involving healthy rats revealed noteworthy trends, such as a significant increase in calcium content in the femur of female rats following L. acidophilus DSM079 supplementation (31). It revealed promising trends suggesting a potential impact of L. acidophilus on calcium metabolism and bone health. Additionally, our in vitro cell study provided valuable insights by demonstrating that L. acidophilus may enhance osteogenic differentiation in Saos-2 cells (25), indicating its potential mechanisms of action on bone health. These findings underscored the need for further exploration in a human study. Despite the absence of a preclinical study specifically on a model of postmenopausal osteoporosis, existing literature has documented significant effects of L. acidophilus on bones and calcium metabolism in other experimental contexts (20). Therefore, based on these collective findings of L. acidophilus intake, we deemed it pertinent to investigate its potential benefits in postmenopausal women.

However, despite promising findings from both preclinical and clinical studies, there are still gaps in our understanding of how probiotics precisely influence the gut-bone axis and bone health. While dual-energy X-ray absorptiometry (DXA) serves as the gold standard for evaluating BMD (32), there remains a notable research gap in understanding the potential impact of probiotic supplementation on bone health in postmenopausal women. Despite extensive research on the effectiveness of probiotics in various health conditions, including gastrointestinal disorders (32) and immune function (33), few studies have explored their effects on bone metabolism and BMD profiles in this population. This dearth of research hinders our ability to fully comprehend the therapeutic potential of probiotics as a novel intervention for managing osteoporosis in postmenopausal women. Therefore, the present study aimed to investigate the effects of 12 weeks of oral and daily consumption of probiotic L. acidophilus UALa-01™ on selected parameters of calcium status, bone metabolism biomarkers, and BMD profiles in postmenopausal women. It is crucial to emphasize that our hypothesis suggests a positive impact of probiotic supplementation with L. acidophilus on calcium status, bone metabolism biomarkers, and BMD profiles in postmenopausal women. This investigation seeks to address a notable research gap by shedding light on the potential benefits of probiotics in improving calcium status and bone health, as well as potentially mitigating the risk of osteoporotic fractures among this demographic. By exploring this area, we aim to provide novel insights that could have significant implications for public health strategies targeting postmenopausal women.



2 Materials and methods


2.1 Ethics of human clinical study

The clinical trial protocol for this study was approved by the Ethics Committee of Poznań University of Medical Sciences, Poland (approval no. 668/21 issued on 23 September 2021). Furthermore, the trial is registered with ClinicalTrials.gov under the identifier NCT05332626.1 This investigation rigorously adheres to a comprehensive set of ethical and regulatory standards, as outlined in various legislations and regulations. Additionally, it complies with the CONSORT guidelines, ensuring transparent reporting of the study methodology and results. The study also aligns with the Declaration of Helsinki of the World Medical Association, which incorporates ethical principles for medical research involving humans and adheres to the guidelines set forth by the International Conference on Harmonization of Good Clinical Practice. This meticulous adherence to ethical and regulatory frameworks ensures the protection of participants’ rights, safety, and wellbeing throughout the entirety of the clinical trial.



2.2 Study design: enrolment, allocation, and randomization

Initial assessments of postmenopausal patients were conducted at the Department of Treatment of Obesity, Metabolic Disorders, and Clinical Dietetics, Poznań University of Medical Sciences, Poland. To qualify for participation, individuals had to meet specific inclusion criteria, including providing written informed consent, being aged between 45 and 70 years, with a body mass index (BMI) between 27.0 and 34.9 kg/m2, and confirming postmenopausal status by experiencing spontaneous amenorrhea for 12 months or longer. Exclusion criteria included a diagnosis of diabetes, secondary obesity, gastrointestinal diseases, recent use of dietary supplements, or pharmacotherapy for lipid disorders or hypertension within the 3 months before enrollment, presence of active clinically significant inflammatory processes, recent antibiotic intake within the month before enrollment, participation in a body mass management study, or use of drugs known to affect body mass. Additionally, individuals who were current smokers or exhibited abuse of alcohol or drugs were also excluded from participation. Those meeting any exclusion criteria were not included in the study and were required to withdraw immediately if any exclusion criteria were identified during the course of the study. The study enrolled 64 subjects who met all inclusion criteria and provided written informed consent, undergoing the randomization procedure.

The study included 64 participants who were randomly assigned to two groups: the placebo group (n = 32) and the probiotic group (n = 32). Patient allocation was conducted in a blinded manner, ensuring both subjects and investigators remained unaware of the distribution. To uphold confidentiality, each participant received a unique identifier code from the study personnel. The randomization process was computer-generated, preventing any adjustments by the researcher directly involved with the patients. Despite stringent randomization procedures, baseline discrepancies were observed between the probiotic and placebo groups, particularly in body composition parameters and serum calcium levels. These differences may be attributed to the inherent challenges in achieving perfect homogeneity in participant characteristics, given the specific inclusion and exclusion criteria applied. While efforts were made to minimize these variations, such as rigorous screening protocols, it is acknowledged that residual confounding factors may have influenced the study outcomes. Out of the initial participants, 55 women completed the intervention and underwent subsequent statistical analysis, with 25 from the placebo group and 30 from the probiotic group. Figure 1 illustrates the study’s progression through a flowchart, showing the number of patients lost to follow-up and explaining the reasons for their exclusion. Moreover, the analyses involved daily records, body composition assessment using the InBody device, serum bone metabolism biomarkers using ELISA, hair and serum calcium analysis using AAS, and bone density profiles using the DXA scanner. The study intervention and measurements were conducted between January 2022 and December 2023.
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FIGURE 1
Flowchart of enrollment, allocation, and randomization of participants.


The probiotic groups were given a daily oral dose of 1 × 109 colony-forming units of L. acidophilus UALa-01™, with the excipient containing microcrystalline cellulose, silica, magnesium stearate, and a gelatin natural capsule. The probiotics were administered after meals in the morning time at 08:00 a.m (± 1 h). In contrast, the placebo group received only the excipient orally, designed to be indistinguishable in taste, smell, and appearance from the probiotic mixture. The placebo also consisted of microcrystalline cellulose, silica, magnesium stearate, and a gelatin natural capsule. The study intervention lasted for 12 weeks, during which participants were explicitly instructed not to modify their regular physical activity. Figure 2, a research flowchart, visually outlines the research process and provides an overview of the assessment of collected samples.
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FIGURE 2
Experimental design of intervention and assessment; ELISA, enzyme-linked immunosorbent assay; AAS, atomic absorption spectrometry; DXA, dual-energy X-ray absorptiometry.




2.3 Assessment of nutritional values of daily diet

The nutritional content of participants’ daily diets was assessed using a standardized methodology involving a 3-day food recall procedure. This dietary assessment method utilized the 6.0 Diet Program (National Food and Nutrition Institute, Warsaw, Poland), known for its precision and reliability in capturing dietary intake data. Participants were given a questionnaire to record their dietary intake for 3 days before the start of the intervention and for 3 days preceding its conclusion. The 3-day food recall method allowed for the collection of detailed information on participants’ dietary intake, including the types and quantities of foods consumed, meal timing, and cooking methods. Trained research personnel supervised the dietary recalls to ensure accuracy and consistency in data collection. Participants were guided through recalling their dietary intake for the specified periods, with a focus on recording all foods and beverages consumed, along with portion sizes and preparation methods. After completing the dietary recall questionnaires, the collected data were entered into the 6.0 Diet Program for analysis. This software facilitated the calculation of nutrient intakes based on reported food consumption, enabling the assessment of energy, macronutrient, and micronutrient intake levels. Specifically, nutrient compositions such as energy (Kcal), protein (gram), fat (gram), carbohydrates (gram), fiber (gram), calcium (gram), phosphorus (gram), calcium/phosphorus ratio, and vitamin D (gram) were analyzed. The analysis provided insights into the overall nutritional adequacy of participants’ diets and allowed for comparisons between baseline and intervention phases to evaluate the impact of the dietary intervention on dietary quality and nutrient intake patterns.



2.4 Body composition and anthropometric measurements

Baseline and posttrial assessments included anthropometric measurements and body composition analyses. In a dedicated metabolic laboratory, all anthropometric measurements were meticulously conducted with participants wearing light clothing and no shoes, following an overnight fast and a period of rest. Body mass (kg) was measured using electronic scales with precision to the nearest 0.1 kg. BMI was calculated by dividing the mass by the square of the height (kg/m2). Waist circumference (cm) was measured to the nearest 0.5 cm at the end of normal expiration between the iliac crest and the lower rib, providing additional anthropometric insights. Hip circumference (cm) was measured at the widest part of the buttocks, also to the nearest 0.5 cm. The waist-hip ratio was calculated by dividing the waist circumference by the hip circumference. Body composition assessment utilized the InBody 270 system (Cerritos, CA, USA), ensuring a comprehensive analysis of body composition parameters. The InBody 270 device employs a multifrequency 8-point tetrapolar touch electrode system to accurately measure body composition. By applying a range of frequencies to assess impedance across various body segments, the system allows for precise analysis of body adiposity index (BAI) (%), minerals (kg), and lean body mass (kg). Measurements were taken by placing electrodes on the hands and feet, with the device applying a low-level electrical current to measure impedance. Proprietary algorithms were used to analyze impedance data and generate body composition results within seconds. To ensure accuracy and reliability, participants stood barefoot on the device’s foot electrodes while holding onto the hand electrodes during measurements. The InBody 270 then generated a comprehensive body composition report, including values for skeletal muscle mass (kg), body fat percentage (%), and visceral fat level (point). Quality control measures were implemented to maintain consistency and precision throughout the study period. In addition, we acknowledge that certain factors related to participants’ routines or health conditions could potentially affect the accuracy of the results. These factors may include hydration status, meal timing, exercise regimen, and specific health conditions affecting body composition (34). The InBody 270 was equipped with user-friendly software for easy data management and interpretation. Participant data were securely stored within the device’s database, and results were automatically generated and printed for review by the research team. Before data collection, all study personnel underwent training on the proper use of the InBody 270 to minimize measurement error and ensure standardized procedures across all participants.



2.5 Serum and hair sample collection

Blood samples were obtained from a forearm vein after an overnight fast, both at baseline and upon completion of the trial. These samples were collected into serum-separating tubes for subsequent analysis of biochemical markers and minerals. Whole-blood morphological and biochemical parameters at baseline and endline were measured in a certified commercial laboratory (Alab Laboratories, Poznań, Poland) immediately after collection. The serum samples were promptly stored at −80°C to maintain their integrity until analysis. Concurrently, hair samples were gathered at the commencement and conclusion of the trial. Specifically, a hair sample was obtained from the occipital region, and when weighed as a whole, the average weight of the sample was found to be 0.5 grams. The samples were securely stored in individually labeled paper bags. Dyed and permed hair was not collected. Patients were explicitly instructed on the importance of adhering to this collection procedure for obtaining reliable results. Throughout the study, participants were instructed not to use hair spray or hair dye to ensure the purity of the collected samples. Additionally, the mass of each hair sample was meticulously measured. Hair samples were washed in acetone and deionized water, and then dried at 105°C.



2.6 Calcium content measurement

Calcium contents in serum and hair samples were analyzed using flame atomic absorption spectrometry (AAS-3, Carl Zeiss, Jena, Germany) following appropriate dilution with deionized water and the addition of 0.5% Lanthanum (III) chloride (Merck KGaA, Darmstadt, Germany). The quantification of calcium content was carried out at a specific wavelength of 422.7 nm. To assess the precision and reliability of this analytical method, certified reference materials, including human serum (Hum Asy Control 2, Sero, Billingstad, Norway) and human hair (NCS DC73347a LGC, Teddington, UK), were used. Results obtained from analyzing these reference materials demonstrated a notably high level of method accuracy, achieving a calculated accuracy rate of 91–93% for calcium quantification.



2.7 Bone biomarkers measurement

Commercial enzyme-linked immunosorbent assay (ELISA) kits procured from Qayee Bio-Technology Co., Ltd., Shanghai, China, were used along with absorption spectrophotometry (LEDetect96, Labexim, Lengau, Austria) to measure serum levels of markers associated with bone metabolism. Specifically, CTX and TRAP-5b, indicating bone resorption, were assessed, along with BSAP and PINP, biomarkers reflecting bone formation.



2.8 DXA bone mineral density assessment

All participants, both before and after the intervention, underwent a DXA scan at the Department of Human Nutrition and Dietetics, Poznań University of Life Sciences, Poland, administered by the same researcher using a GE Lunar Prodigy® machine (General Electric Healthcare, Madison, WI, USA). During the procedure, participants were asked to remove all metal components from their clothing and accessories to ensure accurate measurements. The BMD (g/cm2) of the L1–L4 lumbar spines, left femur, and total body was assessed using the DXA software (enCORE by General Electric Healthcare, Madison, WI, US). Daily rigorous calibration and quality control of the DXA equipment were carried out to maintain the stability and reliability of the system. This meticulous approach to DXA scanning enhances the precision and credibility of the BMD assessments in our study.



2.9 Statistical analysis

IBM® SPSS® Statistics version 22 for Windows (Chicago, IL, US) was used for statistical analysis and figure generation. Measurements were presented as mean and median values, accompanied by their corresponding standard deviations with interquartile range. This approach provides a comprehensive depiction of the data distribution and variability, ensuring a thorough understanding of the central tendency and spread within the dataset. In addition to the analysis conducted, the normality of the data distribution was assessed using the Shapiro–Wilk test to ensure adherence to statistical assumptions crucial for subsequent analyses. Statistical analysis was performed to ascertain the significance of observed differences. For comparisons within the same group before and after the intervention (dependent groups), the Wilcoxon matched pairs test was used. For comparisons between the placebo and probiotic groups (independent groups), the Mann-Whitney U test was employed. The predetermined significance threshold for all observed differences was set at a 5% probability level. To investigate the relationships among serum calcium levels, bone biomarkers, and BMD profiles, Spearman’s correlation analysis was employed. Furthermore, careful consideration was given to determining an appropriate sample size, with a minimum requirement of 25 subjects in each group established. This study followed the methodology outlined in the study by Soleimani et al. (35). A power calculation was performed considering a type I error (α) of 0.05 and a type II error (β) of 0.20, resulting in a power of 80%. Based on these parameters, it was determined that a minimum of 25 subjects in each group would be necessary to detect statistically significant differences. This calculation accounted for the primary outcome measures, including changes in serum and hair calcium levels, as well as BMD profiles. This meticulous approach to assessing data distribution and determining sample size contributes to the methodological rigor of the study, enhancing its ability to produce robust and reliable findings within the specified statistical framework.




3 Results


3.1 Result of nutritional values of food recall

Table 1 depicts the dietary patterns of the study participants at baseline and endline. Before the intervention, no significant differences were observed in dietary intake variables between the placebo and probiotic groups. However, after the 12-week intervention, the probiotic group displayed a noticeable increase in energy, protein, carbohydrates, calcium, and phosphorus intake compared to the placebo group. Moreover, the placebo group exhibited a significant decrease in energy intake from preintervention to postintervention. Conversely, the probiotic group demonstrated a significant increase in dietary calcium intake at endline across all observed variables compared to the baseline period.


TABLE 1 Characteristics of dietary pattern from participating subjects at baseline and endline.
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3.2 Result of body composition and anthropometric profiles

Table 2 displays the body composition and anthropometric profiles of study participants at baseline and endline. Before the intervention, significant differences were observed between the placebo and probiotic groups, including body mass, BMI, waist circumference, hip circumference, and BAI, with the probiotic group demonstrating lower values in these variables compared to the placebo group. Following the 12-week intervention, the probiotic group exhibited a noteworthy reduction in the percentage of body fat and visceral fat between preintervention and postintervention assessments. However, it is important to note that these changes were not significantly different when compared to the placebo group.


TABLE 2 Characteristics of body composition and anthropometric profiles from participating subjects at baseline and endline.
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3.3 Result of blood morphology and biochemical parameter profiles

Table 3 illustrates the blood morphology profiles of study participants before and after a 12-week intervention. Before the intervention, significant differences were observed between the placebo and probiotic groups in hemoglobin, hematocrit, and triglyceride levels, with the probiotic group exhibiting significantly lower levels of these variables than the placebo group. Following the intervention period, the placebo group demonstrated significant decreases in hemoglobin and hematocrit values compared to the preintervention period. It is noted that the probiotic group exhibited significantly lower levels of hemoglobin, hematocrit, and triglycerides compared to placebo group at the preintervention period. Conversely, the placebo group demonstrated a significant decrease in hemoglobin and hematocrit levels following the intervention period. However, it is important to note that despite these changes, all values remained within the normal physiological range for postmenopausal women, and there were no significant differences observed between the probiotic and placebo groups. In contrast, the probiotic group exhibited a significant increase in glucose concentration from the preintervention to the postintervention period. However, it is noteworthy that no significant difference in glucose concentration was observed between the probiotic group and placebo group at the postintervention period.


TABLE 3 Blood morphology and biochemical parameters in subjects at baseline and endline.
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3.4 Results of calcium concentration in serum, hair, and bone metabolism biomarkers

Table 4 presents the results of calcium concentration in serum, hair, and bone metabolism biomarkers of study participants before and after a 12-week intervention. Before the intervention, the placebo group exhibited significantly lower calcium concentration in serum compared to the probiotic group, although no significant differences were observed in calcium concentration in hair and bone metabolism biomarkers between the two groups at baseline.


TABLE 4 Calcium concentration in serum and hair and bone metabolism biomarkers from participating subjects at baseline and endline.
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At the endline period, no significant differences were found between the placebo and probiotic groups. Additionally, the placebo group exhibited a significant increase in serum calcium levels compared to the baseline period. Furthermore, after the 12-week intervention, the placebo group showed a significant decrease in CTX levels and a significant increase in TRAP-5b levels compared to the baseline period. In contrast, the probiotic group demonstrated a significant decrease in serum calcium levels compared to the baseline period. No significant differences were noted in hair calcium, bone resorption, and bone formation biomarkers within the probiotic group between the preintervention and postintervention periods.



3.5 Result of DXA assessment

Table 5 displays the BMD profiles of the lumbar spine, left femur, and total body before and after a 12-week intervention period. No significant changes in BMD levels were observed in either the placebo or probiotic groups from baseline to endline. However, it is worth noting that during the baseline period, the probiotic group exhibited a significantly lower BMD level at the left femur compared to the placebo group.


TABLE 5 Bone mineral density (BMD) profiles in dual-energy X-ray absorptiometry (DXA) assessment from participating subjects at baseline and endline.
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Table 6 presents a comparison of differences in BMD profiles assessed by DXA between the placebo and probiotic groups at baseline and endline. Although significant differences in the comparison between preintervention and postintervention periods were not observed in either the placebo or probiotic groups, it is noteworthy that the probiotic group, consumed by postmenopausal women for 12 weeks, demonstrated slightly larger differences in BMD across the spine, left femur, and total body, ranging from −0.01 to 0.00 g/cm2, compared to the placebo group, which showed no change.


TABLE 6 Comparison of differences in bone mineral density (BMD) profiles in DXA assessment between placebo and probiotic groups at baseline and endline.
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4 Discussion

Exploring dietary interventions may reveal new therapeutic targets for managing metabolic changes and bone health during menopause. It is important to note that although we hypothesized that probiotic supplementation with L. acidophilus would positively impact calcium status, bone metabolism biomarkers, and BMD profiles in postmenopausal women, our results did not fully support this hypothesis. Notably, we observed a concerning decrease in serum calcium levels in the probiotic group within this population. Our current study’s primary findings indicate that a 12-week daily probiotic L. acidophilus supplementation in postmenopausal women did not significantly influence the BMD profile. Additionally, our current findings highlighted that the observed values for various parameters, including hemoglobin, hematocrit, triglycerides, and glucose levels, remain within the normal physiological range for postmenopausal women. This suggests that while there may be some changes detected, major deviations from normal values are not to be expected.

Our main investigation extends to mineral status, with a particular focus on calcium and bone metabolism biomarkers. Menopause has been associated with changes in calcium balance and alterations in markers indicative of bone turnover (36). This study demonstrates a significant reduction in serum calcium concentrations among the probiotic group during the endline phase compared to the baseline phase, as depicted in Table 4. This result implies that consuming probiotic L. acidophilus may affect calcium balance in postmenopausal women. The observed decrease in serum calcium levels is consistent with findings from other studies, indicating the reliability of our results. Asemi and Esmaillzadeh (37), as well as Cheung et al. (38), have reported similar reductions in serum calcium and calcium absorption with probiotic interventions, suggesting a consistent trend in the impact of probiotics on calcium metabolism.

Moreover, in comparison to the placebo group, the probiotic group exhibited significantly increased energy, protein, and carbohydrate intake at the endline period, along with noticeable calcium intake before and after the intervention (Table 1). Surprisingly, despite significantly lower serum calcium levels in the probiotic group compared to the baseline period, this did not affect bone metabolism biomarkers (Table 3).

The mechanism underlying the decrease in serum calcium levels despite the high intake of carbohydrates, protein, phosphorus, and calcium involves several interconnected pathways. Firstly, phosphorus can form insoluble complexes with calcium in the intestines, thereby inhibiting calcium absorption. This reduced absorption contributes to lower circulating calcium levels. A reduced phosphorus intake triggers heightened synthesis of 1,25(OH)2D3, leading to enhanced phosphorus absorption in the intestines. Furthermore, the heightened levels of 1,25(OH)2D3 stimulate calcium absorption and raise serum calcium levels, subsequently reducing PTH levels and decreasing renal phosphorus excretion (39). Additionally, a high protein intake can elevate the excretion of calcium through the kidneys. This excessive calcium loss in urine diminishes the amount available in the bloodstream, further lowering serum calcium levels (40). Furthermore, increased protein intake can induce elevated acid production in the body, resulting in a state of metabolic acidosis (41, 42). These combined factors underscore the intricate balance among dietary composition, renal function, acid-base regulation, and bone metabolism in determining serum calcium levels.

In our previous study, we investigated the effects of probiotic L. acidophilus DSM079 supplementation in healthy female rats, which showed that this strain did not significantly impact serum calcium levels, calcium transport, and bone metabolism biomarker values (27). Although the exact mechanism behind the decrease in serum calcium levels due to probiotic supplementation was not directly addressed in the rat study, several factors could potentially contribute to this observation. One possible explanation could be the interaction between probiotics and gut microbiota composition, which might influence calcium absorption in the intestines. Probiotics have been demonstrated to alter nutrient absorption by influencing gut microbial ecology, and alterations in microbial populations could impact calcium uptake and metabolism. Additionally, probiotics might indirectly affect calcium homeostasis by influencing factors such as intestinal pH, nutrient transporters, or regulatory pathways involved in calcium absorption and utilization (43). Further investigation into these mechanisms is necessary to fully understand the relationship between probiotic supplementation and serum calcium levels in both animal models and human subjects.

In our current study, we observed significant fluctuations in bone resorption markers, particularly CTX and TRAP-5b, within the placebo group. These findings align with prior research, such as the study by Park et al. (44) which delineated the alterations of CTX levels across various menopausal stages. Their findings revealed an increase in CTX levels with progressing menopause duration, followed by a subsequent decrease in women experiencing menopause for over 10 years (44). Additionally, Gurban et al. (45) demonstrated a notable connection between menopausal duration and bone turnover markers, particularly TRAP-5b, in osteoporotic women (45). The intricate relationship between menopause and bone turnover markers involves hormonal shifts, notably the decline in estrogen levels, which diminishes the regulatory influence on osteoclast activity and bone resorption (46, 47). CTX, reflecting collagen degradation during bone resorption, and TRAP-5b, an enzyme released by osteoclasts, act as indicators of increased bone turnover and potential bone loss in postmenopausal women (48, 49). These studies highlight the significance of our findings and contribute to understanding the dynamics of bone metabolism in menopausal women.

This observation suggests that probiotic consumption might contribute to stabilizing the fluctuation of these bone turnover markers over the study duration, potentially offering benefits for maintaining bone health. Fluctuations in bone turnover markers, particularly significant increases in bone resorption markers or decreases in bone formation markers, often indicate adverse effects on bone density and integrity, increasing the risk of conditions such as osteoporosis (50). By observing these fluctuations, it is suggested that consuming probiotics like L. acidophilus for 3 months may help mitigate the negative impacts of menopause, as evidenced by the higher concentrations of bone resorption in the placebo group.

The underlying mechanisms responsible for the observed stabilization of bone turnover markers by probiotic L. acidophilus are still not fully understood. Previous studies have reported potential mechanisms through which L. acidophilus could impact markers of bone turnover. These mechanisms often involve the modulation of gut microbiota (51–54), enhancement of mineral absorption (55), and production of bioactive compounds (56, 57) that affect bone health. The specific mechanisms may vary depending on factors such as the composition of the gut microbiota (58), individual differences (59), and the duration of intervention (60). It is worth noting that the 12-week duration of our intervention may be relatively short. In addition, our study cohort consisted of postmenopausal women without diagnosed osteoporosis, which could have influenced the observed outcomes.

In another finding from our current investigation, the consumption of probiotic L. acidophilus for 12 weeks did not have a significant impact on BMD levels at the lumbar spine, left femur, and total body between the preintervention and postintervention periods (Table 5). Despite demonstrating significant calcium intake before and after the intervention (Table 1), these variations in nutrient intake did not seem to affect BMD in postmenopausal women. However, it is worth noting that significant changes were observed in body fat composition. Typically, the loss of body fat is linked to improved bone health (61). However, the relatively short duration of 12 weeks in our study may have limited our ability to confirm such an association.

Our current study revealed a significant reduction in the percentage of body fat and visceral fat in the probiotic group between preintervention and postintervention assessments, as shown in Table 2. Insights from Kang et al. (62) shed light on the potential impact of L. acidophilus on body weight and fat mass. In their study, mice fed a high-fat diet experienced a decrease in body weight and fat mass with L. acidophilus consumption. This effect coincided with the activation of brown adipose tissue, suggesting a role for L. acidophilus in modulating adiposity and potentially influencing metabolic processes. This reduction underscores the potential impact of probiotic L. acidophilus consumption on body composition and distribution of adipose tissue in postmenopausal women, suggesting avenues for future research.

Additionally, it is essential to consider the potential link between the observed changes in body composition and glucose levels. Typically, reductions in fat mass are associated with lower glucose levels (63). However, our current study revealed a significant increase in blood glucose concentration within the probiotic group from preintervention to postintervention, as demonstrated in Table 3. In addition, the probiotic group exhibited significantly higher energy, protein, and carbohydrate intakes compared to the placebo group (Table 1). Increased dietary energy and carbohydrate intake can raise blood glucose levels by stimulating insulin secretion and promoting glucose production through glycogenolysis and gluconeogenesis (64). Similarly, higher protein intake may contribute to elevated blood glucose through the gluconeogenic pathway, as amino acids can be converted into glucose in the liver (65). The findings of our current study align with previous research, indicating similar effects of probiotic consumption on glucose metabolism. For instance, the inclusion of probiotic yogurt containing L. acidophilus La5 and B. animalis subsp lactis Bb12 led to a significantly higher fasting glucose level in overweight men and women (66). These outcomes are consistent with a meta-analysis reviewing the effects of oral probiotic supplementation in postmenopausal women, which reported a nonsignificant reduction in glucose (67).

The observed increase in glucose levels in the probiotic group could potentially stem from several factors. Firstly, probiotics might affect glucose metabolism through interactions with the gut microbiota. Alterations in gut microbiota composition can influence carbohydrate fermentation and the production of short-chain fatty acids, which play a role in glucose homeostasis (68). Additionally, the decrease in serum calcium levels observed in the probiotic group may indirectly impact glucose metabolism. Calcium is involved in insulin secretion and sensitivity, and alterations in calcium levels can affect glucose uptake and utilization by pancreatic β-cells (69). Therefore, the decrease in serum calcium levels might have contributed to the observed increase in glucose concentration. Moreover, the slightly increased HOMA-IR index in the probiotic group suggests alterations in insulin resistance, which could further contribute to higher glucose levels. Overall, these findings suggest a complex interplay between probiotic supplementation, calcium metabolism, and glucose homeostasis, underscoring the need for further research to elucidate the underlying mechanisms. Variations in factors such as the type of probiotic administered (e.g., yogurt or capsules), the duration of the intervention, and the diversity of probiotic strains utilized could help clarify the disparities observed in research findings (67). Nevertheless, it is essential to acknowledge that participants in our study might have adjusted their dietary habits, a common occurrence during consultations with healthcare professionals. We did not monitor their dietary intake throughout the entire 12-week period. While the exact degree of importance attributed to these adjustments remains unclear, future research should aim to explore their potential impact on the outcomes of interest in similar studies. This acknowledgment underscores the need for further investigation into the relationship between dietary adjustments and study outcomes, providing valuable insights for the interpretation and generalization of study findings.


4.1 Study limitations and future perspectives

The strengths of our study are rooted in its rigorous methodology, which includes a controlled and randomized clinical design, meticulous measurement of key parameters, and comprehensive analysis of outcomes. Additionally, the use of advanced devices like the InBody for body composition assessment and DXA as the gold standard for assessing BMD enhances the reliability and precision of our findings. These robust methodological approaches bolster the reliability and validity of our findings, providing valuable insights into the potential clinical implications of probiotic supplementation in this demographic.

While our study represents a significant step forward, it is crucial to acknowledge certain limitations. These include the omission of measurements for inflammatory cytokine markers (70) and short-chain fatty acids (56), which are essential for a comprehensive understanding of the gut microbiota–bone interaction. Additionally, a detailed exploration of gut microbiota composition (51), intervention duration (59), and calcium transporter markers (71) was beyond the scope of our study, allowing for further investigation in subsequent research endeavors.

Furthermore, the short-term intervention period of 3 months in our study might not entirely capture the long-term benefits of probiotic consumption for menopausal women. Prior studies have indicated the beneficial effects of probiotics on bone health following longer intervention durations, spanning from 6 months (21, 70) to 12 months (72–74). Future studies with extended intervention periods could offer valuable insights into the sustained impact of probiotic supplementation on bone health outcomes in postmenopausal women.

Therefore, while our study provides valuable insights into the effects of probiotic supplementation on calcium status, bone metabolism biomarkers, and bone mineral density profiles in postmenopausal women, several limitations must be addressed. Firstly, we acknowledge that not screening for osteoporosis at baseline could impact the interpretation of our results, given that menopause is a known risk factor for osteoporosis. Secondly, although randomization was employed to minimize confounders, the lack of homogeneity in the study group remains a concern, potentially introducing variability among participants. Additionally, we recognize the importance of analyzing the composition of the gut microbiome at baseline and post-intervention to assess the effects of administering L. acidophilus, a consideration for future research. Furthermore, while our study was conducted over a 12-week period, future studies with longer durations at least a year are warranted to evaluate the sustained benefits of probiotic administration on overall bone health. Lastly, self-reported data may be prone to recall bias and might not accurately capture the intricacies of participants’ dietary habits. Moreover, relying solely on questionnaires lacks real-time or objective measures of dietary intake, potentially introducing inaccuracies into the analysis. Additionally, our study did not include continuous monitoring of dietary intake throughout the entire 12-week intervention period, representing another limitation. Continuous monitoring could offer valuable insights into changes in dietary patterns over time and their impact on study outcomes. By delving into these unexplored facets, researchers can contribute to the development of more effective nutritional interventions aimed at improving bone health in postmenopausal women.

Our study carries significant clinical implications for the bone health of postmenopausal women. The findings highlight the potential advantages of probiotic supplementation in managing bone health parameters. Understanding the effects of probiotics on calcium status, bone metabolism biomarkers, and BMD profiles offers valuable insights for healthcare providers. Integrating probiotic supplementation into tailored nutritional interventions for postmenopausal women could potentially reduce the risk of osteoporotic fractures and improve overall bone health. This study adds to the increasing body of evidence advocating for the incorporation of probiotics into clinical practice to optimize bone health outcomes in this population.




5 Conclusion

In conclusion, daily consumption of oral probiotic L. acidophilus UALa-01™ for 12 weeks in postmenopausal women does not affect the BMD profile, but it may prevent fluctuations in bone turnover. However, such supplementation can disturb calcium and glucose status in postmenopausal women.

Further research is necessary to explore the long-term implications of probiotic consumption on calcium metabolism for postmenopausal women, to fully understand the potential benefits of probiotic interventions in this population.
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Position Variable Placebo group Probiotic group

Median (IQR) Median (IQR)
Spine L1-L4 A BMD (g/cm?) 0.00 (—0.03 t0 0.01) 0.00 (—0.02 to 0.03) 0.33 NS
Left femur A BMD (g/cm?) 0.00 (—0.02 t0 0.01) 0.00 (—0.02 to 0.01) 0.67 NS
Total body A BMD (g/cm?) 0.00 (—0.03 t0 0.02) —0.01 (—0.04 t0 0.01) 0.76 NS

L1-L4: the first to the fourth vertebra of the lumbar spine. BMD, bone mineral density, the amount of minerals measured by DXA. A BMD, a difference value between before and after

intervention. SD, standard deviation; IQR, interquartile range. Statistical analysis was conducted using a Wilcoxon two-related samples test with a significance threshold set at p = 0.05. Sig.,
significance; NS, not significance.
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Variable Baseline Endline

Mean £ SD Median (IQR) Mean £ SD Median (IQR)

BMD Spine L1-14 Placebo 1.20 £0.20 1.14 (1.01-1.38) 1.18 £0.21 1.11 (1.03-1.38) 0.35 NS
(g/cm?)
Probiotic 1.14 +£0.17 1.10 (0.99-1.26) 1.14 £0.17 1.08 (1.01-1.30) 0.20 NS
P-value 0.22 0.30
Sig. NS NS
BMD Left Femur Placebo 1.05+0.13 1.03 (0.98-1.15) 1.05+0.14 1.04 (0.97-1.14) 0.97 NS
(g/cm?)
Probiotic 0.98 +£0.12 0.97 (0.89-1.06) 0.98 £0.12 0.97 (0.88-1.05) 0.86 NS
P-value 0.04 0.07
Sig. Sig. NS
BMD Total body Placebo 1.16 £0.12 1.14 (1.04-1.25) 1.15+0.11 1.17 (1.07-1.23) 0.67 NS
(g/cm?)
Probiotic 1.13+£0.12 1.12 (1.02-1.22) 1.12+0.12 1.12 (1.04-1.21) 0.24 NS
P-value 0.40 0.39
Sig. NS NS

L1-L4: the first to the fourth vertebra of the lumbar spine. BMD, bone mineral density, the amount of minerals measured by DXA. SD, standard deviation; IQR, interquartile range. Statistical
analysis was conducted using a Wilcoxon two-related samples test with a significance threshold set at p = 0.05. Sig., significance; NS, not significance.
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Variable Baseline Endline

Mean £ SD Median (IQR) Mean £ SD Median (IQR)

Calcium in serum Placebo 1.90 £0.23 1.93 (1.87-2.02) 2.04 +£0.09 2.03 (1.96-2.11) 0.00 Sig.

(mmol/L)
Probiotic 2.10+£0.33 2.17 (2.05-2.26) 1.88 +£0.44 1.98 (1.82-2.16) 0.03 Sig.
P-value 0.02 0.64
Sig. Sig. NS

Calcium in hairs Placebo 2.52+1.33 2.26 (1.32-3.70) 2.42 +1.50 2.44 (0.94-3.23) 0.43 NS

(mg/g dry mass)
Probiotic 242 +1.49 2.30 (1.27-3.42) 2.15+1.36 2.21(0.85-3.17) 0.19 NS
P-value 0.76 0.45
Sig. NS NS

BSAP (ng/ml) Placebo 1149 £2091 11.16 (9.04-13.64) 11.38 £ 1.96 11.90 (9.62-12.69) 0.77 NS
Probiotic 1224 +£2.92 12.19 (8.99-15.01) 10.90 + 1.56 11.26 (9.04-12.33) 0.24 NS
P-value 0.65 0.18
Sig. NS NS

PINP (ng/ml) Placebo 2.73 +£0.45 2.58 (2.37-3.29) 2.66 +0.52 2.36(2.26-3.18) 0.28 NS
Probiotic 242 +0.12 2.39 (2.32-2.58) 2.64 +£0.52 2.46 (2.39-2.59) 0.31 NS
P-value 0.72 0.47
Sig. NS NS

CTX (pg/ml) Placebo 6.24 +0.94 6.05 (5.61-7.22) 5.11 + 0,52 5.29 (4.70-5.49) 0.01 Sig.
Probiotic 5.66 £ 0.15 5.63 (5.55-5.79) 5.67 £ 0.55 5.39(5.31-5.87) 0.61 NS
P-value 0.14 0.14
Sig. NS NS

TRAP-5b (ng/ml) Placebo 18.00 + 6.93 17.36 (13.18-24.45) 21.13 +£6.33 18.87 (15.80-27.32) 0.04 Sig.
Probiotic 23.43 +£9.19 21.26 (15.71-31.06) 26.09 +9.31 21.69 (18.12-35.82) 0.37 NS
P-value 0.14 0.07
Sig. NS NS

BSAP, bone-specific alkaline phosphatase; PINP, N-terminal propeptide of type I procollagen; CTX, C-terminal telopeptide of type I collagen; TRAP-5b, Tartrate-resistant acid phosphatase
isoform-5b; SD, standard deviation; IQR, interquartile range. Statistical analysis was conducted using a Wilcoxon two-related samples test with a significance threshold set at p = 0.05. Sig.,
significance; NS, not significance.
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Variable Baseline Endline

Mean *+ SD Median (IQR) Mean *+ SD Median (IQR)

WBC Placebo 5.66 + 0.96 5.37 (4.80-6.30) 6.03 +0.89 5.80 (5.59-7.00) 0.06 NS
Probiotic 594+ 1.08 5.18 (5.60-6.88) 5.32+£0.90 5.30 (4.65-5.90) 0.05 NS
P-value 0.65 0.19
Sig. NS NS
RBC Placebo 4.59 £0.28 4.54 (4.35-4.82) 4.43 £0.35 4.49 (4.29-4.58) 0.09 NS
Probiotic 4.41+£0.36 4.41 (4.24-4.59) 4.35+£0.29 4.35 (4.17-4.59) 0.74 NS
P-value 0.08 0.68
Sig. NS NS
Hemoglobin (g/dL) Placebo 14.26 +0.87 14.30 (13.80-14.70) 13.55 +0.99 14.00 (12.90-14.20) 0.01 Sig.
Probiotic 13.58 +0.93 13.80 (13.05-14.30) 13.71+£0.83 13.65 (13.38-14.33) 0.82 NS
P-value 0.02 0.91
Sig. Sig. NS
Haematocrit (%) Placebo 41.72 £2.49 42.00 (40.20-43.00) 39.87 £2.72 41.00 (37.50-41.80) 0.01 Sig.
Probiotic 38.79 £6.25 40.20 (37.40-41.63) 39.00 +6.28 39.80 (38.60-41.63) 0.92 NS
P-value 0.02 0.81
Sig. Sig. NS
Platelet Placebo 259.42 £ 61.53 259.00 265.16 £ 63.17 273.00 (232.00-302.00) 0.75 NS
(225.00-304.00)
Probiotic 268.84 £ 49.33 263.00 251.56 £ 48.95 251.00 (215.50-277.00) 0.28 NS
(230.00-306.50)
P-value 0.72 0.62
Sig. NS NS
TC (mg/dl) Placebo 234.67 £ 44.53 231.00 21422 £42.72 208.00 (187.00-240.00) 0.06 NS
(206.00-270.00)
Probiotic 224.35 £ 49.42 226.00 227.58 £ 42.86 226.50 (187.75-261.00) 0.76 NS
(195.50-241.75)
P-value 0.32 0.36
Sig. NS NS
HDL (mmol/l) Placebo 1.59 £ 0.40 1.65 (1.28-1.75) 1.57 £0.39 1.53 (1.32-1.74) 0.18 NS
Probiotic 1.67 £0.28 1.68 (1.50-1.79) 1.74 £ 0.65 1.66 (1.48-1.95) 0.44 NS
P-value 0.38 0.38
Sig. NS NS
Triglycerides Placebo 1.31£0.41 1.32 (0.95-1.63) 1.24 £0.50 1.13 (0.86-1.45) 0.41 NS
(mmol/l)
Probiotic 1.09 £0.33 1.17 (0.80-1.32) 1.12 £0.38 1.06 (0.83-1.39) 0.79 NS
P-value 0.02 0.24
Sig. Sig. NS
LDL (mg/dl) Placebo 150.44 4 43.50 146.00 131.85 4+ 38.19 124.00 (104.00-163.00) 0.07 NS
(112.00-193.00)
Probiotic 139.81 +43.47 148.00 145.00 4= 41.27 148.00 (111.00-180.25) 0.70 NS
(108.75-158.50)
P-value 0.41 0.21
Sig. NS NS
Glucose (mg/dl) Placebo 90.93 & 10.31 89.00 (86.00-92.00) 89.04 +8.33 87.00 (83.00-95.00) 0.43 NS
Probiotic 87.50 £+ 8.76 86.00 (82.00-91.25) 96.42 £ 15.29 93.50 (89.00-97.25) 0.01 Sig.
P-value 0.15 0.08
Sig. NS NS
Insulin (nU/d]) Placebo 6.63 +3.44 5.20 (4.00-9.00) 6.30 +3.18 5.40 (3.30-8.80) 0.75 NS
Probiotic 6.07 +3.44 5.30 (3.23-8.40) 7.11 +£3.89 6.75 (3.95-10.08) 0.52 NS
P-value 0.71 0.47
Sig. NS NS
HOMA-IR Placebo 1.56 £ 1.07 1.14 (0.87-2.02) 1.42£0.79 1.16 (0.73-2.11) 0.85 NS
Probiotic 1.36 £ 0.86 1.02 (0.78-1.95) 1.81 £1.35 1.50 (0.91-2.48) 0.41 NS
P-value 0.84 0.31
Sig. NS NS
hs-CRP Placebo 0.254+0.20 0.18 (0.09-0.41) 0.58 + 1.39 0.17 (0.10-0.49) 0.54 NS
Probiotic 0.344+0.48 0.10 (0.07-0.29) 0.17 £ 0.16 0.13 (0.04-0.21) 0.45 NS
P-value 0.45 0.09
Sig. NS NS
WBC, white blood cells; RBC, red blood cells; TC, total cholesterol; HDL, high-density lipoproteins; LDL, low-density lipoproteins; HOMA-IR, Homeostatic Model Assessment for Insulin

Resistance; hs-CRP, high-sensitivity C-reactive Protein. SD, standard deviation; IQR, interquartile range. Statistical analysis was conducted using a Wilcoxon two-related samples test with a
significance threshold set at p = 0.05. Sig., significance; NS, not significance. Hemoglobin, hematocrit, and triglyceride levels are reported, and all values fall within the normal physiological
range for postmenopausal women.
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Variable

Baseline

Mean £ SD

Median (IQR)

Mean £ SD

Endline

Median (IQR)

Body mass (kg) Placebo 78.30 + 14.63 75.50 (66.50-88.80) 73.88 +13.45 68.90 (65.60-83.30) 0.14 NS
Probiotic 68.56 & 13.43 65.30 (58.80-71.70) 72.22 £15.21 69.10 (59.60-81.40) 0.40 NS
P-value 0.01 0.65
Sig. Sig. NS
Body mass index Placebo 28.58 +4.35 28.10 (24.70-30.90) 27.66 +4.41 27.60 (23.90-30.50) 0.35 NS
(kg/mz)
Probiotic 2529 £4.76 23.80 (21.90-28.60) 26.35 + 5.00 24.00 (22.30-29.50) 0.57 NS
P-value 0.01 0.46
Sig. Sig. NS
Waist circumference Placebo 96.47 +12.40 98.00 (86.50-105.00) 93.72 £ 12.04 93.00 (84.50-104.00) 0.39 NS
(cm)
Probiotic 86.24 +12.13 85.75 (76.50-90.00) 88.04 £+ 13.34 89.25 (77.25-96.00) 0.62 NS
P-value 0.01 0.28
Sig. Sig. NS
Hip circumference Placebo 110.78 £+ 8.76 110.00 107.57 £ 10.51 106.00 (100.75-111.50) 0.15 NS
(cm) (103.75-116.50)
Probiotic 102.48 £ 9.54 99.50 (95.00-107.75) 104.19 +10.71 103.00 (95.50-111.50) 0.57 NS
P-value 0.01 0.20
Sig. Sig. NS
Waist-Hip ratio Placebo 0.87 +£0.07 0.89 (0.84-0.91) 0.87 +£0.09 0.87 (0.82-0.90) 0.48 NS
Probiotic 0.84 +£0.07 0.82 (0.79-0.90) 0.84 +£0.07 0.84 (0.78-0.89) 0.99 NS
P-value 0.14 0.25
Sig. NS NS
Body adiposity index Placebo 3429 +£4.16 34.14 (31.50-37.34) 32.86 +5.79 33.07 (28.61-36.52) 0.14 NS
(%)
Probiotic 3091 +4.84 28.94 (27.12-35.89) 31.77 £5.96 30.48 (27.11-35.73) 0.60 NS
P-value 0.02 0.41
Sig. Sig. NS
Minerals (kg) Placebo 3.15 4+ 0.47 3.22(2.90-3.48) 3.11 +£0.45 3.03 (2.78-3.40) 0.82 NS
Probiotic 3.29 +£0.44 3.26 (3.01-3.53) 3.33+£0.42 3.25(3.01-3.56) 0.23 NS
P-value 0.28 0.06
Sig. NS NS
Lean body mass (kg) Placebo 44.58 £7.01 43.30 (41.80-48.30) 4529 +£5.61 44.10 (41.10-50.00) 0.44 NS
Probiotic 46.54 £+ 6.09 45.70 (42.10-52.50) 46.79 +£5.98 46.00 (42.20-52.00) 0.47 NS
P-value 0.47 0.48
Sig. NS NS
Skeletal muscle mass Placebo 26.21 £5.95 24.20 (23.00-28.40) 27.19 £7.61 24.60 (22.30-29.90) 0.34 NS
(kg)
Probiotic 25.55 £ 3.65 24.80 (22.90-29.20) 25.67 +3.63 25.30 (22.90-28.90) 0.54 NS
P-value 0.94 0.98
Sig. NS NS
Body fat (%) Placebo 36.96 +7.35 37.40 (32.50-42.30) 37.29 +£6.80 39.90 (31.60-42.10) 0.84 NS
Probiotic 34.49 +8.28 34.60 (27.60-40.80) 3391 +8.12 34.30 (28.30-39.90) 0.04 Sig.
P-value 0.44 0.25
Sig. NS NS
Visceral fat (point) Placebo 12.96 £ 4.63 11.00 (9.00-18.00) 13.20 + 4.45 12.00 (10.00-17.00) 0.45 NS
Probiotic 12.00 £ 5.02 11.00 (8.00-16.00) 11.33 £5.27 11.00 (7.00-15.00) 0.00 Sig.
P-value 0.48 0.29
Sig. NS NS

SD, standard deviation; IQR, Interquartile Range. Statistical analysis was conducted using a Wilcoxon two-related samples test with a significance threshold set at p = 0.05. Sig., significance;

NS, not significance.
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Variable Baseline Endline
Mean + SD Median (IQR) Mean £ SD Median (IQR)
Energy (Kcal) Placebo 1,792.96 + 502.88 1,776.50 1,576.95 + 373.62 1,573.20 0.01 Sig.
(1,545.60-2,135.45) (1,312.45-1,799.35)
Probiotic 1,827.56 + 577.35 1,883.70 1,922.93 + 650.91 1,831.80 0.47 NS
(1,442.55-2,262.55) (1,423.50-2,414.75)
P-value 0.97 0.00
Sig. NS Sig.
Protein (gram) Placebo 77.20 & 27.46 77.90 (66.00 -90.80) 73.62 +19.98 73.70 (61.60-82.15) 0.42 NS
Probiotic 77.86 +22.18 80.70 (60.40-92.40) 87.50 4 28.18 87.90 (62.45-107.55) 0.05 NS
P-value 0.83 0.01
Sig. NS Sig.
Fat (gram) Placebo 70.90 £ 29.80 64.80 (51.55-94.10) 58.08 4 22.86 54.40 (39.55-74.30) 0.05 NS
Probiotic 68.52 +29.79 65.70 (44.85-82.10) 73.34 +£32.78 72.70 (50.00-91.05) 0.73 NS
P-value 0.51 0.06
Sig. NS NS
Carbohydrates Placebo 195.16 + 63.36 196.60 177.04 + 48.98 169.50 (141.15-209.40) 0.12 NS
(gram) (152.40-238.60)
Probiotic 205.21 +74.61 204.20 210.04 £+ 80.63 190.30 (147.45-280.60) 0.56 NS
(148.30-259.10)
P-value 0.87 0.03
Sig. NS Sig.
Fiber (gram) Placebo 2412 4+7.91 25.10 (17.05-29.55) 24.34 +£8.77 24.50 (17.60-28.75) 0.87 NS
Probiotic 26.37 +10.53 26.10 (20.10-32.25) 27.09 +10.77 26.90 (18.75-33.60) 0.84 NS
P-value 0.70 0.22
Sig. NS NS
Calcium (gram) Placebo 927.06 £ 354.63 903.50 894.72 +381.84 795.70 0.53 NS
(659.20-1,177.30) (627.65-1,068.60)
Probiotic 895.82 +357.92 816.40 1,115.81 + 529.76 947.50 0.03 Sig.
(661.10-1,090.45) (716.30-1,426.00)
P-value 0.38 0.03
Sig. NS Sig.
Phosphorus (gram) Placebo 1,354.52 + 428.68 1,409.70 1,314.72 + 374.96 1,260.60 0.58 NS
(1,114.65-1,596.55) (1,050.20-1,472.35)
Probiotic 1,467.68 + 776.82 1,391.50 1,563.40 + 566.34 1,534.00 0.12 NS
(1,038.75-1,630.90) (1,179.30-1,963.45)
P-value 0.91 0.01
Sig. NS Sig.
Calcium/phosphorus Placebo 0.69 +£0.17 0.71 (0.54-0.81) 0.67 £0.17 0.70 (0.57-0.81) 0.37 NS
(gram)
Probiotic 0.64 +£0.18 0.66 (0.52-0.79) 0.72 +£0.23 0.67 (0.54-0.87) 0.18 NS
P-value 0.22 0.50
Sig. NS NS
Vitamin D (gram) Placebo 3.77 £9.31 1.70 (0.75-3.65) 5.17 +8.26 1.80 (1.05-4.90) 0.25 NS
Probiotic 2.41 +£3.10 2.00 (1.00-2.70) 2.80 £2.99 1.80 (0.90-3.15) 0.46 NS
P-value 0.51 0.25
Sig. NS NS

SD, standard deviation; IQR, interquartile range. Statistical analysis was conducted using a Wilcoxon two-related samples test with a significance threshold set at p = 0.05. Sig., Significance; NS,

not significance.
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