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Abstract

IMPORTANCE Daily supplementation with the probiotic Limosilactobacillus reuteri ATCC PTA 6475
(L reuteri) vs placebo has previously been demonstrated to reduce bone loss in an estrogen
deficiency mice model and older women, although the magnitude of the effect was small. We
hypothesized that long-term treatment with L reuteri could result in clinically relevant skeletal
benefits in postmenopausal osteoporosis.

OBJECTIVE To evaluate whether daily supplementation with L reuteri vs placebo could reduce early
postmenopausal bone loss and whether the effects remained or increased over time during 2 years
of treatment.

DESIGN, SETTING, AND PARTICIPANTS A double-blind, randomized, placebo-controlled clinical
trial was conducted between December 4, 2019, and October 6, 2022, at a single center in
Gothenburg, southwestern Sweden. Participants were recruited by online advertisements, and
letters were sent to 10 062 women aged 50 to 60 years. Responding women (n = 752) underwent
telephone screening, resulting in 292 women being invited to a screening visit. Of those who were
screened, 239 women met all inclusion criteria and had no exclusion criteria.

INTERVENTIONS Capsules with L reuteri in 2 doses, 5 × 108 (low dose) or 5 × 109 (high dose)
colony-forming units, taken twice daily or placebo were administered. All capsules also included
cholecalciferol, 200 IU.

MAIN OUTCOMES AND MEASURES The primary outcome was the relative change in tibia total
volumetric bone mineral density (vBMD) over 2 years. Secondary outcomes included relative change
in areal BMD of the lumbar spine and total hip, bone turnover markers C-terminal telopeptide cross-
links of collagen type I and type I procollagen intact N-terminal propeptide, as well as tibia trabecular
bone volume fraction and cortical vBMD. Both intention-to-treat and per-protocol analyses were
conducted.

RESULTS A total of 239 postmenopausal women (median age, 55 [IQR, 53-56] years) were included.
Tibia vBMD (primary outcome), hip and spine vBMD, and tibia cortical area and BMD decreased
significantly in all groups, with no group-to-group differences (percent change tibia vBMD high dose
vs placebo least-squares means, −0.08 [95 CI, −0.85 to 0.69] and low dose vs placebo least-
squares means, −0.22 [95% CI, −0.99 to 0.55]). There were no significant treatment effects on any
other predefined outcomes. A prespecified sensitivity analysis found a significant interaction
between body mass index (BMI) and treatment effect at 2 years. No significant adverse effects were
observed.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this randomized clinical trial of 239 early postmenopausal
women, supplementation with L reuteri had no effect on bone loss or bone turnover over 2 years. The
observed interaction between BMI and treatment effect warrants further investigation.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04169789

JAMA Network Open. 2024;7(6):e2415455. doi:10.1001/jamanetworkopen.2024.15455

Introduction

Osteoporosis, a disease characterized by low bone mineral density (BMD) and impaired bone
microstructure leading to increased risk of fracture, represents a major public health concern with
pronounced implications for morbidity and mortality.1,2 The total annual cost for osteoporotic
fractures has been estimated to $20 billion in the US and $30 billion in the European Union.3

Osteoporosis treatments used today are only indicated for patients with already established low
BMD, emphasizing the need for safe and effective novel treatments to prevent osteoporosis
development.4

The gut microbiome has several important physiologic functions, including regulation of the
immune system, protection against pathogen overgrowth, intestinal endocrine signaling,
biosynthesis of vitamins, and contribution to energy biogenesis.5 Dysbiosis of the gut microbiota has
been implicated in diseases such as obesity, diabetes, sarcopenia, osteoporosis, and autoimmune
diseases.5-8

Limosilactobacillus reuteri ATCC PTA 6475 (L reuteri) is one of the few indigenous Lactobacillus
species present in infants as well as adults.9,10 Clinical trials have extensively explored the probiotic
and health-promoting effects of L reuteri in both adults and children.11-13 Limosilactobacillus reuteri
protects against estrogen deficiency bone loss in mice through mechanisms that may involve
reduced intestinal permeability and inflammation due to estrogen deficiency.14-17

A placebo-controlled randomized clinical trial (RCT) found that L reuteri reduced bone loss over
12 months in women aged 76 years by approximately half,18 but the magnitude of effect was limited.
However, if the treatment effects increase over time, long-term treatment may result in clinically
relevant differences in BMD, which are then likely to affect the risk of fracture in this population.19 In
this RCT, we aimed to evaluate whether daily supplementation with L reuteri vs placebo could reduce
early postmenopausal bone loss and whether the effects remained or increased during the 2-
year study.

Methods

Study Design
The Early Postmenopausal Bone Loss with Lactobacillus reuteri II study is a double-blind,
randomized, placebo-controlled, single-center RCT performed in the greater Gothenburg area in
southwestern Sweden between December 4, 2019, and October 6, 2022. The exclusion criteria,
inclusion criteria, study procedures, and predefined outcomes are available in Supplement 1. The
study was approved by the Swedish Ethical Review Authority. The study is reported following the
Consolidated Standards of Reporting Trials (CONSORT) reporting guideline for RCTs (Figure 1).

Participants
Study participants were recruited by online advertisements and letters that were sent to 10 062
women aged 50 to 60 years. Women who contacted the clinic (n = 752) first underwent a telephone
screening process, resulting in 292 women who were invited to a screening visit. Of those who were
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screened, 239 women met all inclusion criteria, had no exclusion criteria, and gave informed consent
in writing and verbally to participate (Figure 1). Inclusion criteria were willingness to participate,
availability throughout the study period, no menstruation within the past 1 to 4 years, and serum
25-OH-vitamin D levels greater than 10 ng/mL (to convert to nanomoles per liter, multiply by 2.496).
Only randomized participants were reimbursed for travel and parking costs and received 900 Sk (US
$82.62) after study completion. Exclusion criteria included: a T score less than −2.5 SDs for BMD
combined with a 10-year probability of major osteoporotic fracture according to the fracture risk
assessment tool (FRAX)20 of 20% or higher; severe osteoporosis, defined as a T score less than −3.0
SDs in either total hip, femoral neck, or lumbar spine; vertebral fracture diagnosed using lateral spine
imaging with dual-energy x-ray absorptiometry (DXA); and previous (within the past 5 years) use of
antiresorptive treatment, including systemic hormone therapy (estrogen), bisphosphonates,
strontium ranelate, or denosumab. Further Study Protocol details are provided in Supplement 1.

Randomization and Blinding
After inclusion, women were randomized to 1 of 3 treatment groups, with 2 groups receving different
capsules with identical appearance of the active L reuteri treatment, high and low dose, and 1 group
receiving placebo. The randomization visit took place within 4 weeks of the screening visit. The
sponsor (BioGaia AB) carried out the randomization performed in blocks of 8 study participants
generated using the website Randomization.com.21 The investigators had no access to the

Figure 1. Participant Flowchart for Limosilactobacillus reuteri vs Placebo Groups

752 Women screened by telephone

292 Assessed for eligibility

80 Assigned to receive 
high-dose L reuteri 
6475 (ITT population)

80 Assigned to receive
low-dose L reuteri 
6475 (ITT population) 

79 Assigned to receive 
placebo (ITT population)

75 Completed the study 74 Completed the study 74 Completed the study

62 Per-protocol population 66 Per-protocol population 65 Per-protocol population

460 Excluded
409 Did not meet inclusion criteria
51 Declined to participate

53 Excluded
20 Did not meet inclusion criteria
16 Declined to participate
17 Other reasons

5 Early discontinuation
3 Lost to follow-up
2 Withdrew consent

6 Early discontinuation
1 Lost to follow-up
5 Withdrew consent

5 Early discontinuation
1 Lost to follow-up
2 Withdrew consent
2 Adverse event

13 Exclusion from the 
per-protocol population
1 Oral GC use
4 MHT use
8 Poor adherence

8 Exclusion from the 
per-protocol population
1 MHT use
7 Poor adherence

9 Exclusion from the 
per-protocol population
1 Oral GC use
3 MHT use
5 Poor adherence

239 Randomized

GC indicates glucocorticoid; ITT, intention-to-treat; and MHT, menopausal hormone therapy.
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randomization code and remained blinded until study end, completion of the statistical analysis plan
(Supplement 2), and database lock.

Procedures
The study product consisted of capsules with L reuteri 6475 (BioGaia AB) in 2 different doses, 5 × 108

(low does) or 5 × 109 (high dose) colony-forming units mixed with maltodextrin powder, taken twice
daily (1 in the morning: total dose, 1 × 109; 1 in the evening: total dose, 1 × 1010), or placebo that
contained maltodextrin powder only. All capsules also included cholecalciferol, 200 IU.

Questionnaires
Standardized questionnaires regarding lifestyle habits as well as medical and drug history, risk factors
for osteoporosis and fracture, Food Frequency Questionnaire,22 exercise habits (International
Physical Activity Questionnaire),23 and gastrointestinal symptoms (Gastrointestinal Symptom Rating
Scale [GSRS])24 were completed at baseline. Participants attended quarterly visits to report
adherence and possible adverse events, return any remaining study product and receive new study
product, and provide blood, serum, and feces samples.

Bone Measurements
Bone mineral density of the total hip and lumbar spine and body composition of the total body were
measured at baseline, 1 year, and 2 years using scan imaging (GE Lunar iDXA; GE Lunar). The
coefficients of variation for BMD measurements, assessed in 8 men and 24 women, were 0.48% for
the total hip, 0.77% for the femoral neck, and 0.73% for the lumbar spine. Lateral spine imaging was
used to diagnose and classify vertebral compression fractures.25

Volumetric BMD (vBMD) and bone microstructure parameters were measured at baseline, after
1 year, and after 2 years in the distal tibia using high-resolution peripheral quantitative computed
tomography (XtremeCT; Scanco Medical AG) using a protocol described previously.26,27 After
processing the images,28 the following variables were obtained: total vBMD (milligrams per cubic
centimeter), cortical thickness (millimeters), cortical vBMD, and trabecular bone volume fraction
(percent). The coefficients of variation at our unit, assessed in 30 women aged 75 to 80 years, were
0.2% (total vBMD), 0.5% cortical thickness, 0.3% (cortical vBMD), and 0.5% (trabecular bone
volume fraction).

Blood Biochemistry
Fasting morning blood samples were collected from all study participants. Aliquots of serum and
plasma were stored at –80 °C until analysis. Serum type I procollagen intact N-terminal propeptide
(PINP), C-terminal telopeptide cross-links of collagen type I (CTX), 25-OH-vitamin D and calcium, and
plasma short-chain fatty acids butyrate, acetate, and propionate were analyzed (eMethods in
Supplement 3).

Outcomes
The primary outcome was the relative change in tibia total vBMD after 2 years of treatment
compared with placebo. Effects of treatment vs placebo were also investigated after 1 year and 2
years for the following secondary outcomes: BMD at the total hip and lumbar spine; tibia trabecular
bone volum fraction; tibia cortical area; tibia cortical vBMD; tibia total vBMD (12 months); CTX and
PINP; and plasma butyrate, acetate, and propionate.

Statistical Analysis
The study had the power of more than 99% to detect differences between groups based on
Bonferroni-Holm correction, an anticipated dropout rate of 15% at 2 years, and a presumed mean
(SD) decrease in tibia total vBMD of −3.50% (1.6%) in the placebo group vs 1.75% (1.6%) in the high-
dose group or −2.10% (1.6%) in the low-dose group. A statistical analysis plan was developed, dated,
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and signed by the principal investigator (M.L.) and study statistician (A.P.) before unblinding
(Supplement 2). The primary and all secondary variables were analyzed both for the intention-to-
treat (ITT) population (all randomized participants) and per-protocol (PP) population (those who
completed the study and were not in violation of the exclusion criteria). The PP population excluded
women who during the study used osteoporosis medication, menopausal hormone therapy
(protocol amendment: December 1, 2022, as described) and described in the statistical analysis
plan), oral glucocorticoids for more than 2 weeks, or other probiotic supplements. All tests were
2-tailed. To account for type 1 error, a preplanned α level of .025 was used for the 2 active
comparisons against the placebo with respect to the primary end point. Bonferroni-Holm adjustment
was planned to be applied to the secondary end points.

Additional exploratory subgroup analyses that were not predefined and described in the
statistical analysis plan (Supplement 2) were performed using logistic regression, to investigate
which baseline variables were associated with a positive treatment response (defined as a percent
change in total vBMD at 2 years of more than −1.0). The relation between 2 continuous variables was
described and tested by the Pearson correlation coefficient in the case of normally distributed data
and otherwise by the Spearman correlation coefficient.

Results

A total of 239 early postmenopausal women (median age, 55 [IQR, 53-56] years) were randomly
assigned to receive high-dose L reuteri (n = 80), low-dose L reuteri (n = 80), or placebo (n = 79)
(Figure 1). The ITT analysis included 223 women; PP analysis, 193; and safety analysis, 239 (eTable 1
in Supplement 3). In total, 223 participants (93.3%) completed the study (Figure 1). At
randomization, the groups were in general well balanced in terms of anthropometrics, medical
history, gastrointestinal symptoms (according to the GSRS), dietary intake, physical activity, bone
characteristics (DXA-derived BMD at the spine and hip and high-resolution peripheral quantitative
computed tomography–derived vBMD, bone geometry, and bone microstructure at the tibia),
vitamin D levels, bone turnover markers CTX and PINP, and 10-year fracture probability according to
FRAX (Table 1; eTable 2 and eTable 3 in Supplement 3).

In the ITT population, tibia total vBMD, lumbar spine BMD, total hip BMD, tibia cortical area, and
tibia cortical vBMD decreased significantly in all 3 investigated groups at both 1 and 2 years. There
were no group-to-group differences in percent change in tibia vBMD high dose vs placebo (least-
squares mean, −0.08 [95% CI, −0.85 to 0.69]) and low dose vs placebo (least-square mean, −0.22
[95% CI, −0.99 to 0.55]). There were no significant treatment effects on any other predefined bone
outcomes (Table 2). A significantly higher percent change in PINP was observed at 1 year for the
high-dose group compared with placebo and at 2 years for both the high- and low-dose groups
compared with placebo. Following adjustment for multiple comparisons, these differences were not
significant. Multiple imputation was used to allow efficacy analysis and group-to-group comparison
between the change in tibia total vBMD in all randomized participants (n = 239). In this analysis, no
significant difference was found between either L reuteri dose and placebo (eTable 4 in
Supplement 3). Similarly, no group-to-group differences were found for any of the studied bone
characteristics (primary and secondary) at year 1 or at year 2 in the PP population following
adjustment for multiple comparisons (eTable 5 in Supplement 3). Overall, mean (SD) adherence to
the study product was high, ranging from 87.5% (24.6%) in the high-dose L reuteri group to 93.6%
(12.9%) in the placebo group (eTable 6 in Supplement 3).

During the study duration, there were no significant differences between the groups in any
adverse event, in any severe adverse event, or in an adverse event leading to discontinuation of the
study product. A higher proportion of participants reported any treatment-related adverse event in
the placebo group than in the low-dose L reuteri group. There were no group-to-group differences
in adverse events leading to discontinuation of the study product (Table 3). A detailed description of
the distribution of adverse events and serious adverse events per treatment group is presented in
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eTable 7 in Supplement 3. The change in gastrointestinal symptoms was also studied using the GSRS
scale. There were no significant differences between treatment groups in the change in any of the
GSRS subdomains (reflux, abdominal pain, indigestion, diarrhea, and constipation) or in the total
GSRS score (eTable 8 in Supplement 3).

Table 1. Demographic and Baseline Characteristics of the Intention-to-Treat Population

Characteristic

Limosilactobacillus reuteri

Placebo (n = 79)High dose (n = 80) Low dose (n = 80)
Age, median (IQR), y 55 (52 to 56) 55 (53 to 56) 55 (53 to 56)

Height, mean (SD), cm 166.9 (6.4) 166.0 (6.6) 168.0 (7.8)

Weight, median (IQR), kg 66.5 (61.9 to 77.5) 65.2 (60.3 to 76.5) 68.8 (59.3 to 79.8)

BMI, median (IQR) 23.9 (22.1 to 27.5) 24.5 (21.9 to 27.9) 23.7 (21.4 to 28.3)

Total body fat, median (IQR), % 37.5 (31.0 to 41.8) 36.0 (30.5 to 42.9) 35.5 (31.0 to 42.9)

Appendicular LMI, median (IQR), kg/m2 6.5 (6.0 to 7.0) 6.7 (6.1 to 7.1) 6.6 (6.3 to 7.0)

Current smoking, No. (%) 2 (2.5) 2 (2.5) 5 (6.3)

High alcohol consumption, No. (%)a 0 0 0

Parental hip fracture, No. (%) 8 (10.0) 12 (15.0) 11 (14.1)

Run-in period, median (IQR), d 14.0 (9.5 to 20.0) 14.0 (10.0 to 18.5) 13.0 (8.0 to 17.0)

Previous glucocorticoid use, No. (%) 0 3 (3.8) 2 (2.5)

Serum 25-OH-vitamin D, median (IQR), ng/mL 31.0 (23.0 to 36.9) 30.2 (24.6 to 34.5) 28.8 (24.4 to 35.7)

Plasma total calcium, mean (SD), mg/dL 9.44 (0.28) 9.36 (0.24) 9.48 (0.24)

PINP, median (IQR), μg/L 62.3 (47.4 to 86.7) 77.9 (58.2 to 100.9) 79.8 (61.7 to 105.6)

CTX, median (IQR), ng/mL 0.3 (0.2 to 0.5) 0.4 (0.3 to 0.4) 0.3 (0.3 to 0.5)

GSRS total score, median (IQR)b 1.3 (1.1 to 1.7) 1.3 (1.1 to 1.6) 1.3 (1.1 to 1.5)

Energy intake, median (IQR), kcal/d 1569 (1241 to 1948) 1831 (1563 to 2331) 1748 (1415 to 2201)

Protein intake, median (IQR), g/d 67 (54 to 86) 76 (59 to 91) 73 (61 to 98)

Fat intake, median (IQR), g/d 65 (52 to 86) 76 (58 to 100) 75 (55 to 96)

Carbohydrate intake, median (IQR), g/d 157 (120 to 196) 191 (138 to 254) 173 (124 to 216)

Fiber intake, median (IQR), g/d 21 (15 to 30) 26 (19 to 35) 24 (16 to 33)

Salt intake, median (IQR), g/d 5.2 (4.2 to 6.6) 5.7 (5.1 to 7.4) 5.6 (4.7 to 7.7)

Calcium intake, median (IQR), mg/d 992 (861 to 1341) 1177 (900 to 1537) 1182 (894 to 1483)

Physical activity, median (IQR), MET/wk 2522 (1378 to 4804) 2650 (1499 to 4515) 2991 (1725 to 5349)

Tibia cortical area, mean (SD), mm 117.6 (20.6) 115.4 (21.1) 110.8 (19.8)

Tibia total vBMD, median (IQR), mg/cm3 292.1 (47.0) 283.2 (44.5) 283.4 (48.3)

Tibia cortical vBMD, median (IQR), mg/cm3 854.3 (57.5) 843.8 (52.0) 842.1 (52.4)

Tibia trabecular BV/TV, median (IQR), % 0.13 (0.03) 0.13 (0.03) 0.13 (0.03)

BMD total hip, median (IQR), g/cm2 0.97 (0.12) 0.96 (0.10) 0.97 (0.12)

BMD femoral neck, median (IQR), g/cm2 0.93 (0.11) 0.92 (0.10) 0.93 (0.11)

BMD lumbar spine, median (IQR), g/cm2 1.15 (0.14) 1.13 (0.15) 1.15 (0.16)

T score total hip (SD) −0.31 (0.93) −0.36 (0.77) −0.30 (0.93)

T score lumbar spine (SD) −0.53 (−1.28 to 0.33) −0.57 (−1.60 to 0.25) −0.75 (−1.27 to 0.33)

FRAX MOF (with BMD) 5.20 (4.52 to 7.22) 6.17 (5.00 to 9.11) 5.30 (4.38 to 8.61)

FRAX MOF (without BMD) 5.44 (4.84 to 6.52) 6.03 (4.88 to 10.32) 5.61 (4.80 to 8.31)

FRAX hip fracture (with BMD) 0.40 (0.23 to 0.78) 0.55 (0.28 to 0.97) 0.50 (0.18 to 0.94)

FRAX hip fracture (without BMD) 0.75 (0.57 to 1.06) 0.99 (0.60 to 1.62) 0.79 (0.54 to 1.29)

Prevalent falls, No. (%) 15 (18.8) 14 (17.5) 17 (21.5)

Prevalent fracture, No. (%) 9 (11.3) 21 (26.3) 11 (13.9)

Years since menopause, median (IQR) 2.0 (1.0 to 3.0) 2.0 (1.0 to 3.0) 2.0 (2.0 to 3.0)

Calcium and vitamin D supplement use 3 mo before baseline, No. (%)c 6 (7.6) 4 (5.1) 3 (3.8)

Abbreviations: BMD, bone mineral density; BMI, body mass index (calculated as weight
in kilograms divided by height in meters squared); BV/TV, bone volume fraction; CTX,
C-terminal telopeptide cross-links of collagen type I; FRAX, fracture risk assessment tool;
GSRS, Gastrointestinal Symptom Rating Scale; LMI, lean mass index; MET, metabolic
equivalent of task; MOF, major osteoporotic fracture; PINP, procollagen intact N-terminal
propeptide; vBMD, volumetric BMD.

SI conversion factors: To convert calcium to milligrams per deciliter, multiply by 0.25;
25-OH-vitamin D to nanomoles per liter, multiply by 2.496.
a High alcohol consumption = 3 or more standard units/d.
b High dose, n = 79; low dose, n = 80; placebo, n = 78.
c High dose, n = 79; low dose, n = 79; placebo, n = 79.
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In an exploratory but predefined analysis, the group-to-group changes in serum levels of the
short-chain free fatty acids acetic acid, propionic acid, and butyric acid were investigated. Over 2
years of treatment, serum acetic acid levels decreased significantly more in the high-dose L reuteri
group than in the placebo group. No other group-to-group differences in the change in short-chain
fatty acids were observed (eTable 9 in Supplement 3).

A predefined subgroup analysis was conducted evaluating the relative change in tibia total
vBMD in the ITT population for subgroups defined by years since menopause (<median years,
�median years), body mass index (BMI) (<25, �25 [calculated as weight in kilograms divided by
height in meters squared]), and International Physical Activity Questionnaire (<median metabolic
equivalent of task [MET]/week,�median MET/week). There were no significant differences in
change in tibia total vBMD during the 2-year treatment between any of the L reuteri treatment
groups and placebo for any subgroup (Figure 2; eTable 10 in Supplement 3). However, a significant
interaction between BMI group and treatment group (P = .04) was observed for change at year 2 but
not at year 1 (P = .28). A significant correlation between BMI and relative percent change in tibia total
vBMD was observed both in the high-dose L reuteri (r = 0.38; P < .001) and in the low-dose L reuteri
(r = 0.29; P = .01) groups but not in the placebo group (r = 0.15; P = .22) at 2 years (eFigure in
Supplement 3).

Exploratory but not predefined analyses of treatment effect on percent change in tibia vBMD
according to subgroups of CTX, protein intake, calcium intake, and low total hip BMD T score were
also performed and did not reveal any interactions between these variables and treatment effect
(Figure 2; eTable 10 in Supplement 3). Another exploratory analysis to identify differences in baseline
traits between responders and nonresponders (defined as percent change in total tibia vBMD at 2
years of more than −1.0) was performed on all women in the high- and low-dose groups (eTable 11 in
Supplement 3). Higher weight, BMI, total body fat percent, and 10-year fracture probability (FRAX)
for major osteoporotic fracture (with and without BMD) were associated with a more positive
treatment response.

Discussion

In this RCT, supplementation with L reuteri for 24 months resulted in no significant differences in the
primary outcome, the change in tibia total vBMD, or in any of the secondary outcomes compared
with placebo. The lack of treatment effect on bone parameters was evident both in the ITT and PP
populations, demonstrating that protocol violations did not mask any treatment effect of the study
product. Similarly, multiple imputation was used to perform analyses of efficacy and group-to-group
comparisons with all participants in the ITT population, and this analysis showed no significant
differences in the primary outcome variable between either L reuteri dose vs the placebo group.

The 3 randomization groups were in general well matched across multiple parameters,
encompassing anthropometric measures, medical history, gastrointestinal symptoms, 10-year
fracture probabilities, physical activity, and bone characteristics, including BMD at the spine and hip
and the primary outcome variable, vBMD at the tibia. However, an imbalance in calcium and protein

Table 3. Summary of AEs of the Safety Populationa

Variable

Limosilactobacillus reuteri, No. (%)

Placebo (n = 79)High dose (n = 80) Low dose (n = 80)
Any AE 80 (100) 74 (92.5) 77 (97.5)

Any SAE 1 (1.3) 4 (5.0) 6 (7.6)

Any treatment-related AE 46 (57.5) 36 (45.0) 51 (64.6)

Any treatment-related SAE 0 0 0

Any AE leading to discontinuation of
study product

6 (7.5) 2 (2.5) 4 (5.1)

Any fracture 3 (3.8) 3 (3.8) 5 (6.3)

Abbreviations: AE, adverse event; SAE, severe
adverse event.
a For test between 2 groups with respect to

dichotomous variables, the Fisher exact test
was used.
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intake was observed between the high-dose group and placebo group, with the latter having greater
intakes of both of these nutrients. This may have affected the longitudinal changes in bone
parameters since it is well established that increased calcium intake as well as protein intake both
result in increased BMD.29,30 Arguing against this hypothesis, additional exploratory analysis of
treatment effect according to calcium and protein intake was performed and did not reveal any

Figure 2. Subgroup Analyses of the Primary Efficacy Variable in the Intention-to-Treat Population

–2 1 20
Difference in LS means (95% CI)

–1

P valueVariable
Years since menopause ≤2

Low dose vs placeboHigh dose vs placebo

Difference in least-squares means (95% CI)

.72Year 1 0.00 (–0.71 to 0.71)–0.12 (–0.82 to 0.58)

.46Year 2 –0.43 (–1.51 to 0.65)–0.37 (–1.43 to 0.70)
Years since menopause >2

Year 1 0.56 (–0.59 to 1.71)0.23 (–0.93 to 1.39)
Year 2 0.26 (–0.84 to 1.36)0.62 (–0.49 to 1.72)

BMI <25
.28Year 1 0.09 (–0.75 to 0.94)–0.44 (–1.29 to 0.41)
.04Year 2 –0.46 (–1.47 to 0.56)–0.90 (–1.93 to 0.13)

BMI ≥25
Year 1 0.26 (–0.61 to 1.13)0.46 (–0.40 to 1.32)
Year 2 0.09 (–1.00 to 1.17)0.85 (–0.22 to 1.91)

IPAQ <median MET/wk
.72Year 1 0.10 (–0.66 to 0.85)0.22 (–0.52 to 0.96)
.85Year 2 –0.22 (–1.32 to 0.87)–0.19 (–1.26 to 0.89)

IPAQ ≥median MET/wk
Year 1 0.09 (–0.88 to 1.06)–0.30 (–1.29 to 0.70)
Year 2 –0.38 (–1.48 to 0.73)0.01 (–1.12 to 1.13)

CTX <median
.77Year 1 0.02 (–0.52 to 0.57)–0.09 (–0.61 to 0.42)
.84Year 2 –0.17 (–0.97 to 0.62)–0.03 (–0.78 to 0.71)

CTX ≥median
Year 1 0.42 (–0.64 to 1.48)0.04 (–1.09 to 1.17)
Year 2 –0.09 (–1.34 to 1.16)–0.20 (–1.53 to 1.13)

Protein intake <median
.14Year 1 –0.26 (–1.20 to 0.68)–0.59 (–1.45 to 0.27)
.12Year 2 –0.30 (–1.50 to 0.91)–0.71 (–1.82 to 0.39)

Protein intake ≥median
Year 1 0.56 (–0.27 to 1.40)0.63 (–0.27 to 1.54)
Year 2 –0.11 (–1.12 to 0.90)0.72 (–0.37 to 1.81)

Calcium intake <median
.20Year 1 –0.31 (–1.19 to 0.57)–0.56 (–1.40 to 0.29)
.35Year 2 –0.55 (–1.73 to 0.62)–0.57 (–1.70 to 0.55)

Calcium intake ≥median
Year 1 0.64 (–0.22 to 1.51)0.38 (–0.54 to 1.29)
Year 2 0.14 (–0.89 to 1.16)0.33 (–0.76 to 1.41)

Total hip BMD T score < −1 (SD)
.71Year 1 0.14 (–1.25 to 1.54)–0.42 (–1.72 to 0.88)
.95Year 2 0.01 (–1.90 to 1.91)–0.14 (–1.91 to 1.63)

Total hip BMD T score ≥ −1 (SD)
Year 1 0.16 (–0.53 to 0.86)0.15 (–0.56 to 0.86)
Year 2 –0.30 (–1.14 to 0.53)–0.01 (–0.87 to 0.84)

High dose vs placebo
Low dose vs placebo

Percent change in tibia ultradistal (standard site) total volumetric BMD (primary efficacy
variable) is shown for subgroups of different baseline characteristics. Mixed models for
repeated measures are applied with percent difference as the outcome variable; visit,
treatment group, and interaction visit × treatment group as main fixed effects; and
baseline value as covariate. An unstructured covariance pattern is used for correlated

data repeated over time. BMD indicates bone mineral density; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared); CTX, C-terminal
telopeptide cross-links of collagen type I; IPAQ, International Physical Activity
Questionnaire; and MET, metabolic equivalent of task.
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association between these baseline parameters and treatment effect on percent change in tibia
vBMD over 2 years.

A predefined subgroup analysis examined the relative change in tibia total vBMD in the ITT
population, stratifying participants based on years since menopause, BMI, and physical activity
levels. The analysis revealed no substantial differences in changes in tibia total vBMD over the 2-year
treatment period between any of the L reuteri treatment groups and placebo, regardless of the
subgroup except the BMI subgroups. A significant interaction was observed between BMI groups
and treatment, with a more favorable treatment response in participants with high vs low BMI.
Furthermore, a statistically significant correlation between BMI and the relative change in tibia total
vBMD was observed in both the high- and low-dose L reuteri groups at year 2, but such a correlation
was not observed in the placebo group, indicating that L reuteri treatment may have a beneficial
effect on bone loss in those with high BMI. It is plausible that L reuteri has positive effects on bone
metabolism if dysbiosis is present, which is more common in obesity31 and with advanced age. Thus,
the previously observed reduction in bone loss with L reuteri in older women18 and the herein
observed difference in effect in favor of those with high BMI could be due to dysbiosis in both of
these populations.

Additional analyses that were not predefined using logistic regression to identify baseline
parameters associated with a positive treatment response, defined as a percent change greater than
−1 over 2 years, revealed that higher weight, BMI, total body fat, and 10-year fracture probability
(FRAX) for major osteoporotic fracture, both with and without including BMD, were associated with
more positive treatment response, which indicates that L reuteri supplementation may be more
effective in a population with higher fracture risk and higher prevalence of obesity.
Limosilactobacillus reuteri did not increase gastrointestinal symptoms or cause more adverse events
than the placebo treatment, further supporting the well-documented safety of this probiotic
supplementation.12,13

Several experimental studies support the notion that the gut microbiota and specific
Lactobacillus strains have a role in estrogen deficiency–induced bone loss.14,16,32 It was shown that
estrogen deficiency caused by ovariectomy does not result in bone loss in germ-free mice.16 Another
study investigating mice with present gut microbiota found that ovariectomy-induced estrogen
deficiency leads to increased intestinal permeability, upregulated osteoclastogenic cytokines such as
receptor activator of nuclear factor κ-β ligand and interleukin-17, resulting in trabecular bone loss that
could be prevented by supplementation with the probiotic Lactobacillus rhamnosus. Furthermore,
L reuteri protected against ovariectomy-induced bone loss through attenuating osteoclasts by
suppressing ovariectomy-induced bone marrow CD4+ T lymphocytes.14 Additional attributes of L
reuteri encompass robust resilience within acidic environments and the unique capability to
modulate inflammatory cascades in human macrophages, notably by suppressing tumor necrosis
factor–mediated inflammation.33 The probiotic L rhamnosus further unveiled its potential in
augmenting bone mass by increasing serum levels of butyrate, with downstream effects on
regulatory T cells and bone anabolic ligands, such as Wnt10b.34 Limosilactobacillus reuteri was able
to reduce the suppression of Wnt10b in type 1 diabetic murine models,35 suggesting potential roles in
modifying intestinal inflammation and influencing the production of bone anabolic ligands, but in
the present study, we did not observe any effect of L reuteri treatment on circulating levels of
butyric acid.

Few well-powered, high-quality RCTs have investigated the effect of different probiotics on
bone parameters in postmenopausal women.36 A meta-analysis suggested that supplementation
with some probiotic strains may have positive effects on bone health.37 For example, it was reported
that a mix of 3 Lactobacillus strains (L paracasei 8700:2 [DSM 13434], L plantarum Heal 9 [DSM
15312], and L plantarum Heal 19 [DSM 15313]) protects against lumbar spine bone loss in healthy early
postmenopausal women.36 In a previous RCT involving 90 older women, supplementation with L
reuteri for 12 months reduced loss of tibia total vBMD by half compared with the placebo group.18 The
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discrepancy from the present trial results could be attributable to the fact that the treatment is only
effective if BMD is low or the population is older, a condition associated with dysbiosis.38

Strengths and Limitations
This study possesses several notable strengths. First, it adopted an RCT design, which is considered
the standard in clinical research, ensuring a rigorous evaluation of the intervention’s effects. The
study maintained a large sample size with a low dropout rate (93.3% completed the study; thus,
6.7% dropped out vs 15% expected), which enhanced the statistical power and generalizability of the
findings. Adherence to the study product was high in all groups, with only minor variations between
the L reuteri dose groups and the placebo group. Furthermore, the comprehensive assessment of
bone health included a wide array of parameters, such as BMD, bone geometry and bone
microstructure, and bone turnover markers, providing a thorough examination of the intervention’s
effect on bone health. Moreover, the unprecedented study duration offers insights into short-term
effects and potential longer-term effects of L reuteri supplementation on bone health.

The study also has limitations. The study population consisted of early postmenopausal women,
limiting the generalizability of the findings to other demographic groups. Variations in dietary protein
intake and health parameters between treatment groups at baseline may introduce potential
confounding factors. Since the L reuteri treatment did not achieve the primary objective, the
hypothesis was rejected, and the testing sequence for significance adjustments using Bonferroni-
Holm failed to detect any confirmed significant effects of treatment on any investigated outcome,
primary or secondary. Thus, all reported significant results should be interpreted as exploratory and
not confirmatory. The lack of effect could be due to an insufficient dose or viability of L reuteri, but
a previous RCT18 found an effect on bone loss using the high dose used in the present study, and the
producer of L reuteri (BioGaia AB) performed frequent viability checks to ensure the viability of the
strain for the whole study duration. In addition, while the interaction between BMI and treatment
group at 2 years is intriguing, its significance requires further investigation to elucidate its underlying
mechanisms and clinical implications.

Conclusions

This large and well-powered RCT did not demonstrate any significant effect of high- or low-dose L re-
uteri on bone health in early postmenopausal women over 2 years. A prespecified sensitivity analysis
found an interaction between BMI and treatment effect, which warrants further investigation.

ARTICLE INFORMATION
Accepted for Publication: April 5, 2024.

Published: June 12, 2024. doi:10.1001/jamanetworkopen.2024.15455

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Gregori G
et al. JAMA Network Open.

Corresponding Author: Mattias Lorentzon, MD, PhD, Geriatric Medicine, Institute of Medicine, Sahlgrenska
Academy, Building K, Sixth Floor, Sahlgrenska University Hospital, 431 80 Mölndal, Sweden (mattias.lorentzon@
medic.gu.se).

Author Affiliations: Sahlgrenska Osteoporosis Centre, Department of Internal Medicine and Clinical Nutrition, Insti-
tute of Medicine, University of Gothenburg, Gothenburg, Sweden (Gregori, Johansson, Hjertonsson, Brättemark,
Lorentzon); APNC, Gothenburg, Sweden (Pivodic); Department of Ophthalmology, Sahlgrenska University Hospi-
tal, the Västra Götaland Region, Mölndal, Sweden (Pivodic); Department of Clinical Chemistry, and Department of
Biomedical and Clinical Sciences, Linköping University, Linköping, Sweden (Magnusson); The Västra Götaland Re-
gion, Department of Orthopedics, Sahlgrenska University Hospital, Mölndal, Sweden (Johansson); Geriatric Medi-
cine, Sahlgrenska University Hospital, the Västra Götaland Region, Mölndal, Sweden (Lorentzon); Mary McKillop
Institute for Health Research, Australian Catholic University, Melbourne, Australia (Lorentzon).

JAMA Network Open | Diabetes and Endocrinology L reuteri 6475 and Prevention of Early Postmenopausal Bone Loss

JAMA Network Open. 2024;7(6):e2415455. doi:10.1001/jamanetworkopen.2024.15455 (Reprinted) June 12, 2024 11/14

Downloaded from jamanetwork.com by Australian Catholic University user on 05/30/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.15455&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.15455
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.15455
mailto:mattias.lorentzon@medic.gu.se
mailto:mattias.lorentzon@medic.gu.se


Author Contributions: Drs Pivodic and Lorentzon had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Magnusson, Johansson, Lorentzon.

Acquisition, analysis, or interpretation of data: Gregori, Pivodic, Magnusson, Hjertonsson, Brättemark, Lorentzon.

Drafting of the manuscript: Gregori, Lorentzon.

Critical review of the manuscript for important intellectual content: All authors.

Statistical analysis: Pivodic.

Obtained funding: Lorentzon.

Administrative, technical, or material support: Gregori, Magnusson, Hjertonsson, Brättemark, Lorentzon.

Supervision: Johansson, Lorentzon.

Conflict of Interest Disclosures: Dr Pivodic reported receiving statistical consultancy fees from APNC Sweden
during the conduct of the study. Dr Lorentzon reported receiving lecture and consultancy fees from UCB Pharma
and Amgen, consultancy fees from Parexel International, and lecture fees from Astellas outside the submitted
work. No other disclosures were reported.

Funding/Support: The study was supported by BioGaia AB, the Swedish Research Council and the Sahlgrenska
University Hospital, and the ALF/LUA grant from the Sahlgrenska University Hospital.

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 4.

Additional Contributions: Chalmers Mass Spectrometry Infrastructure and the SciLifeLab Metabolomics platform
provided support with metabolite and lipid analyses. Diana Atanasova, MSc (Linköping University, Linköping,
Sweden), provided excellent technical assistance with the measurement of bone turnover markers. No financial
compensation outside of salary was provided.

REFERENCES
1. Lorentzon M, Johansson H, Harvey NC, et al. Osteoporosis and fractures in women: the burden of disease.
Climacteric. 2022;25(1):4-10. doi:10.1080/13697137.2021.1951206

2. Lorentzon M, Cummings SR. Osteoporosis: the evolution of a diagnosis. J Intern Med. 2015;277(6):650-661.
doi:10.1111/joim.12369

3. Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic fractures. Lancet. 2002;359(9319):
1761-1767. doi:10.1016/S0140-6736(02)08657-9

4. Lorentzon M. Treating osteoporosis to prevent fractures: current concepts and future developments. J Intern
Med. 2019;285(4):381-394. doi:10.1111/joim.12873

5. Bäckhed F, Fraser CM, Ringel Y, et al. Defining a healthy human gut microbiome: current concepts, future
directions, and clinical applications. Cell Host Microbe. 2012;12(5):611-622. doi:10.1016/j.chom.2012.10.012

6. Van Hul M, Cani PD. The gut microbiota in obesity and weight management: microbes as friends or foe? Nat Rev
Endocrinol. 2023;19(5):258-271. doi:10.1038/s41574-022-00794-0

7. Grahnemo L, Nethander M, Coward E, et al. Identification of three bacterial species associated with increased
appendicular lean mass: the HUNT study. Nat Commun. 2023;14(1):2250. doi:10.1038/s41467-023-37978-9

8. Ohlsson C, Sjögren K. Effects of the gut microbiota on bone mass. Trends Endocrinol Metab. 2015;26(2):69-74.
doi:10.1016/j.tem.2014.11.004

9. Reuter G. The Lactobacillus and Bifidobacterium microflora of the human intestine: composition and
succession. Curr Issues Intest Microbiol. 2001;2(2):43-53.

10. Walter J, Britton RA, Roos S. Host-microbial symbiosis in the vertebrate gastrointestinal tract and the
Lactobacillus reuteri paradigm. Proc Natl Acad Sci U S A. 2011;108(suppl 1):4645-4652. doi:10.1073/pnas.
1000099107

11. Valeur N, Engel P, Carbajal N, Connolly E, Ladefoged K. Colonization and immunomodulation by Lactobacillus
reuteri ATCC 55730 in the human gastrointestinal tract. Appl Environ Microbiol. 2004;70(2):1176-1181. doi:10.1128/
AEM.70.2.1176-1181.2004

12. Connolly E. State of the art on research of Lactobacillus reuteri. Minerva Pediatr. 2009;61(6):634-636.

13. Peng Y, Ma Y, Luo Z, Jiang Y, Xu Z, Yu R. Lactobacillus reuteri in digestive system diseases: focus on clinical trials
and mechanisms. Front Cell Infect Microbiol. 2023;13:1254198. doi:10.3389/fcimb.2023.1254198

JAMA Network Open | Diabetes and Endocrinology L reuteri 6475 and Prevention of Early Postmenopausal Bone Loss

JAMA Network Open. 2024;7(6):e2415455. doi:10.1001/jamanetworkopen.2024.15455 (Reprinted) June 12, 2024 12/14

Downloaded from jamanetwork.com by Australian Catholic University user on 05/30/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.15455&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.15455
https://dx.doi.org/10.1080/13697137.2021.1951206
https://dx.doi.org/10.1111/joim.12369
https://dx.doi.org/10.1016/S0140-6736(02)08657-9
https://dx.doi.org/10.1111/joim.12873
https://dx.doi.org/10.1016/j.chom.2012.10.012
https://dx.doi.org/10.1038/s41574-022-00794-0
https://dx.doi.org/10.1038/s41467-023-37978-9
https://dx.doi.org/10.1016/j.tem.2014.11.004
https://www.ncbi.nlm.nih.gov/pubmed/11721280
https://dx.doi.org/10.1073/pnas.1000099107
https://dx.doi.org/10.1073/pnas.1000099107
https://dx.doi.org/10.1128/AEM.70.2.1176-1181.2004
https://dx.doi.org/10.1128/AEM.70.2.1176-1181.2004
https://www.ncbi.nlm.nih.gov/pubmed/19935515
https://dx.doi.org/10.3389/fcimb.2023.1254198


14. Britton RA, Irwin R, Quach D, et al. Probiotic L reuteri treatment prevents bone loss in a menopausal
ovariectomized mouse model. J Cell Physiol. 2014;229(11):1822-1830. doi:10.1002/jcp.24636

15. Schepper JD, Collins F, Rios-Arce ND, et al. Involvement of the gut microbiota and barrier function in
glucocorticoid-induced osteoporosis. J Bone Miner Res. 2020;35(4):801-820. doi:10.1002/jbmr.3947

16. Li JY, Chassaing B, Tyagi AM, et al. Sex steroid deficiency–associated bone loss is microbiota dependent and
prevented by probiotics. J Clin Invest. 2016;126(6):2049-2063. doi:10.1172/JCI86062

17. Mu Q, Tavella VJ, Luo XM. Role of Lactobacillus reuteri in human health and diseases. Front Microbiol.
2018;9:757. doi:10.3389/fmicb.2018.00757

18. Nilsson AG, Sundh D, Bäckhed F, Lorentzon M. Lactobacillus reuteri reduces bone loss in older women with low
bone mineral density: a randomized, placebo-controlled, double-blind, clinical trial. J Intern Med. 2018;284(3):
307-317. doi:10.1111/joim.12805

19. Black DM, Bauer DC, Vittinghoff E, et al; Foundation for the National Institutes of Health Bone Quality Project.
Treatment-related changes in bone mineral density as a surrogate biomarker for fracture risk reduction: meta-
regression analyses of individual patient data from multiple randomised controlled trials. Lancet Diabetes
Endocrinol. 2020;8(8):672-682. doi:10.1016/S2213-8587(20)30159-5

20. McCloskey EV, Harvey NC, Johansson H, et al. Fracture risk assessment by the FRAX model. Climacteric.
2022;25(1):22-28. doi:10.1080/13697137.2021.1945027

21. Home page. Randomization.com. Accessed April 24, 2024. http://www.randomization.com

22. Christensen SE, Möller E, Bonn SE, et al. Relative validity of micronutrient and fiber intake assessed with two
new interactive meal- and Web-based food frequency questionnaires. J Med Internet Res. 2014;16(2):e59. doi:10.
2196/jmir.2965

23. Craig CL, Marshall AL, Sjöström M, et al. International Physical Activity Questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381-1395. doi:10.1249/01.MSS.0000078924.61453.FB

24. Svedlund J, Sjödin I, Dotevall G. GSRS—a clinical rating scale for gastrointestinal symptoms in patients with
irritable bowel syndrome and peptic ulcer disease. Dig Dis Sci. 1988;33(2):129-134. doi:10.1007/BF01535722

25. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment using a semiquantitative technique.
J Bone Miner Res. 1993;8(9):1137-1148. doi:10.1002/jbmr.5650080915

26. MacNeil JA, Boyd SK. Improved reproducibility of high-resolution peripheral quantitative computed
tomography for measurement of bone quality. Med Eng Phys. 2008;30(6):792-799. doi:10.1016/j.medengphy.
2007.11.003

27. Sundh D, Nilsson AG, Nilsson M, Johansson L, Mellström D, Lorentzon M. Increased cortical porosity in women
with hip fracture. J Intern Med. 2017;281(5):496-506. doi:10.1111/joim.12587

28. Laib A, Häuselmann HJ, Rüegsegger P. In vivo high resolution 3D-QCT of the human forearm. Technol Health
Care. 1998;6(5-6):329-337. doi:10.3233/THC-1998-65-606

29. Tai V, Leung W, Grey A, Reid IR, Bolland MJ. Calcium intake and bone mineral density: systematic review and
meta-analysis. BMJ. 2015;351:h4183. doi:10.1136/bmj.h4183

30. Mangano KM, Sahni S, Kerstetter JE. Dietary protein is beneficial to bone health under conditions of adequate
calcium intake: an update on clinical research. Curr Opin Clin Nutr Metab Care. 2014;17(1):69-74. doi:10.1097/MCO.
0000000000000013

31. Breton J, Galmiche M, Déchelotte P. Dysbiotic gut bacteria in obesity: an overview of the metabolic
mechanisms and therapeutic perspectives of next-generation probiotics. Microorganisms. 2022;10(2):452. doi:10.
3390/microorganisms10020452

32. Ohlsson C, Engdahl C, Fåk F, et al. Probiotics protect mice from ovariectomy-induced cortical bone loss. PLoS
One. 2014;9(3):e92368. doi:10.1371/journal.pone.0092368

33. McCabe LR, Irwin R, Schaefer L, Britton RA. Probiotic use decreases intestinal inflammation and increases
bone density in healthy male but not female mice. J Cell Physiol. 2013;228(8):1793-1798. doi:10.1002/jcp.24340

34. Tyagi AM, Yu M, Darby TM, et al. The microbial metabolite butyrate stimulates bone formation via T regulatory
cell-mediated regulation of WNT10B expression. Immunity. 2018;49(6):1116-1131.e7. doi:10.1016/j.immuni.2018.
10.013

35. Zhang J, Motyl KJ, Irwin R, MacDougald OA, Britton RA, McCabe LR. Loss of bone and Wnt10b expression in
male type 1 diabetic mice is blocked by the probiotic Lactobacillus reuteri. Endocrinology. 2015;156(9):3169-3182.
doi:10.1210/EN.2015-1308

JAMA Network Open | Diabetes and Endocrinology L reuteri 6475 and Prevention of Early Postmenopausal Bone Loss

JAMA Network Open. 2024;7(6):e2415455. doi:10.1001/jamanetworkopen.2024.15455 (Reprinted) June 12, 2024 13/14

Downloaded from jamanetwork.com by Australian Catholic University user on 05/30/2025

https://dx.doi.org/10.1002/jcp.24636
https://dx.doi.org/10.1002/jbmr.3947
https://dx.doi.org/10.1172/JCI86062
https://dx.doi.org/10.3389/fmicb.2018.00757
https://dx.doi.org/10.1111/joim.12805
https://dx.doi.org/10.1016/S2213-8587(20)30159-5
https://dx.doi.org/10.1080/13697137.2021.1945027
http://www.randomization.com
https://dx.doi.org/10.2196/jmir.2965
https://dx.doi.org/10.2196/jmir.2965
https://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
https://dx.doi.org/10.1007/BF01535722
https://dx.doi.org/10.1002/jbmr.5650080915
https://dx.doi.org/10.1016/j.medengphy.2007.11.003
https://dx.doi.org/10.1016/j.medengphy.2007.11.003
https://dx.doi.org/10.1111/joim.12587
https://dx.doi.org/10.3233/THC-1998-65-606
https://dx.doi.org/10.1136/bmj.h4183
https://dx.doi.org/10.1097/MCO.0000000000000013
https://dx.doi.org/10.1097/MCO.0000000000000013
https://dx.doi.org/10.3390/microorganisms10020452
https://dx.doi.org/10.3390/microorganisms10020452
https://dx.doi.org/10.1371/journal.pone.0092368
https://dx.doi.org/10.1002/jcp.24340
https://dx.doi.org/10.1016/j.immuni.2018.10.013
https://dx.doi.org/10.1016/j.immuni.2018.10.013
https://dx.doi.org/10.1210/EN.2015-1308


36. Jansson PA, Curiac D, Lazou Ahrén I, et al. Probiotic treatment using a mix of three Lactobacillus strains for
lumbar spine bone loss in postmenopausal women: a randomised, double-blind, placebo-controlled, multicentre
trial. Lancet Rheumatol. 2019;1(3):e154-e162. doi:10.1016/S2665-9913(19)30068-2

37. Malmir H, Ejtahed HS, Soroush AR, et al. Probiotics as a new regulator for bone health: a systematic review and
meta-analysis. Evid Based Complement Alternat Med. 2021;2021:3582989. doi:10.1155/2021/3582989

38. Kim S, Jazwinski SM. The gut microbiota and healthy aging: a mini-review. Gerontology. 2018;64(6):513-520.
doi:10.1159/000490615

SUPPLEMENT 1.
Trial Protocol and Amendment

SUPPLEMENT 2.
Statistical Analysis Plan

SUPPLEMENT 3.
eMethods. Extended Methods - Blood Biochemistry Analysis and Statistical Methods
eReference
eTable 1. Patient Disposition and Data Sets Analyzed (ITT Population)
eTable 2. Medical History (ITT Population)
eTable 3. Prior Medications (ITT Population)
eTable 4. Change in the Tibia Total Volumetric BMD According to Treatment Using Multiple Imputation in the ITT
Population
eTable 5. Main and Sensitivity Analyses of the Percent Change in Bone Characteristics and Bone Turnover Markers
in the PP Population
eTable 6. Compliance (Safety Population)
eTable 7. Adverse Events by System Organ Class and per Treatment in the Safety Population
eTable 8. Analyses of the GSRS in the Safety Population
eTable 9. Exploratory Analyses of the Change in Serum Short-Chain Fatty Acids in the ITT Population
eTable 10. Subgroup Analyses of the Primary Efficacy Variable (ITT Population)
eTable 11. Logistic Regression for Responders Based on the Responders Defined as Percent Change in Total Tibia
vBMD at Two Years>-1.0 (All High- and Low-Dose Participants Included)
eFigure. Pearson Correlation Between BMI and % Change in Tibia Total vBMD by Treatment Group Over Time (ITT
Population)

SUPPLEMENT 4.
Data Sharing Statement

JAMA Network Open | Diabetes and Endocrinology L reuteri 6475 and Prevention of Early Postmenopausal Bone Loss

JAMA Network Open. 2024;7(6):e2415455. doi:10.1001/jamanetworkopen.2024.15455 (Reprinted) June 12, 2024 14/14

Downloaded from jamanetwork.com by Australian Catholic University user on 05/30/2025

https://dx.doi.org/10.1016/S2665-9913(19)30068-2
https://dx.doi.org/10.1155/2021/3582989
https://dx.doi.org/10.1159/000490615

