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Table 1. Clinical trials on the effects of Minerals on bone loss. Abbreviations: ALP: alkaline phosphatase; BAP: bone alkaline phosphatase; BMC: bone mass content; CTX= carboxy-terminal telopeptide of type I collagen; DEXA: Dual Energy X-ray Absorptiometry; HR-pQCT: high-resolution peripheral; ICP-MS: inductively coupled plasma mass spectrometry; mEq: milliequivalent; NI: Not Indicated; OC: osteocalcin; OPG: osteoprotegerin; PINP: procollagen type 1 N terminal propeptide; Pyd: pyridinoline; QCT: quantitative computed tomography; TEAC: total antioxidant capacity; TRAP5b: tartrate-resistant acid phosphatase isoform 5b; uNTx: type I collagen cross-linked N-telopeptide
	Nutraceutical form
	Dose
	Treatment length 
	Population
	Population: age (years)
	Status
	Type of trial
	Control group
	Evaluations performed
	Results
	Ref.

	K citrate
	30 mEq daily
	1 year
	161 postmenopausal women
	58.6 ± 4.8
	osteopenia
	Randomized, prospective, controlled, double-blind
	30 mEq K chloride (KCl)
	BMD evaluation
	increased BMD in the treatment group
	(1)
	K-citrate
	40 mEq + 630 mg Ca citrate and 400 IU vitamin D3 daily
	2 years
	83 postmenopausal women
	NI
	osteopenia
	RCT, double-blind
	placebo
	bone turnover and bone formation markers, changes in BMD
	significant decrease in turnover markers; absence of consistent effect on bone formation markers; no effects on BMD
	(2)
	K citrate, 2 tablet
	30 mEq + Ca carbonate (500 mg) and vitamin D (400 IU) daily
	6 months
	40 >5 years postmenopausal women
	NI
	osteopenic women with K and citrate deficit and low-grade acidosis
	RCT, double-blind
	placebo
	BMD evaluation, measures of TRACP5b, (CTX), BAP, PINP, and urine pH, electrolytes, and citrate                             
	K supplementation improved the beneficial effects of Ca and vitamin D
	(3)
	Mg citrate
	1,830 mg daily
	30 months
	20 postmenopausal women
	52.7±5.8 Mg group, 4±5.1 control group
	osteoporosis
	RCT, double-blind
	0 mg
	Mg, Ca, P, iPTH, and OC in blood samples. Deoxypyridinoline levels adjusted for creatinine measured in urine samples.
	increase serum iPTH and OC levels; decrease deoxypyridinoline levels in urine; suppression of bone turnover
	(4)
	Ca tablets, 3
	1800 mg Ca/d as triCa phosphate (plus 20 µg teriparatide/d and 1000 IU vitamin D3/d) daily
	1 year
	211 postmenopausal women
	60-85 
	osteoporosis
	randomized, positive-comparator, 2-arm, single-blind
	second arm:                                         1800 mg Ca/d as Ca carbonate (plus 20 µg teriparatide/d and 1000 IU vitamin D3/d)
	variations in lumbar spine and hip BMD; changes in bone resorption markers and serum and urine Ca and P concentrations
	no signiﬁcant difference between-group in serum Ca and P concentrations or urine Ca concentrations; bone resorption markers increased in both groups, as expected with teriparatide, but not significatively
	(5)
	Ca, not indicated
	1 g Ca citrate daily
	5 years 
	1471 postmenopausal women >5 years 
	>55
	a normal lumbar spine
	RCT, double-blind
	placebo
	BMD measurements at 10 years
	no effect on BMD, total fracture, or hip fracture incidence but significant reductions in forearm and vertebral fractures
	(6)
	Ca pills
	5g hydrolyzed collagen Ca chelate (contains 500 mg of elemental Ca and 200 IU of vitamin D) daily
	1 year
	112 postmenopausal women > 1-10 years 
	55.7 ± 3.3
	osteopenia
	RCT, double-blind
	placebo
	whole body BMD; levels of sclerostin and TRAP5b and bone-specific alkaline phosphatase/TRAP5b ratio
	attenuation of bone loss; reduced levels of sclerostin and TRAP5b, higher levels of BAP/TRAP5b ratio compared to the control
	(7)
	Ca capsule
	500 mg of ossein-hydroxyapatite (OHC) vs 500 mg of triCa phosphate (TCP) daily
	6 months 
	153 postmenopausal women
	≥60
	osteopenia with low Ca intake
	RCT double-blind
	placebo
	OC, PINP, BMD
	ossein-hydroxyapatite increased bone density by 0.8% at the spine at 12 months
	(8)
	Ca tablet 
	0.25 µg calcitriol twice daily or 500 mg Ca twice daily
	2 years
	41 males
	27-67
	primary osteoporosis
	RCT, double masked
	double placebo
	bone turnover markers, BMD
	efficacy of calcitriol alone remains unproven for the treatment of osteoporosis in men
	(9)
	Ca tablet 
	600 mg twice daily
	5 years 
	1460 women
	≥70, mean 75
	relatively healthy, vitamin D–sufficient
	RCT, double blind
	placebo
	incidence of osteoporotic fractures, vertebral deformity, and adverse events, the bone structure measured by DEXA, quantitative ultrasonography of the heel, and peripheral quantitative computed tomography of the distal radius
	supplementation with Ca carbonate tablets is ineffective in preventing clinical fractures
	(10)
	Ca tablet 
	830 mg ossein-hydroxyapatite complex (OHC)(712 mg elemental Ca) twice daily 
	3 years
	120 women
	≥65
	senile osteoporosis
	randomized, open-label, parallel-group, controlled, prospective study
	 open-label Ca carbonate (500 mg of elemental Ca) twice
	BMD, bone remodeling markers
	OHC had a greater anabolic effect on bone than Ca carbonate
	(11)
	Zn supplement
	600 mg Ca + 2 mg Cu + 12mg Zn daily
	2 years
	224; postmenopausal women
	51-80
	healthy
	RCT, double-blind
	placebo (600mg Ca plus maize starch)
	BMD, mineral content, T-score
	Zn, but no Cu, influenced whole-body BMD, mineral content, and T score
	(12)
	Zn sulphate capsule
	220 mg (containing 50 mg zinc) daily
	1 month
	60; postmenopausal women
	48-89
	osteoporosis
	RCT, double-blind
	placebo
	Serum Zn and Ca levels            
	the intervention group showed a significantly higher serum zinc concentration than at baseline but no significant difference in serum Ca concentration. No significant differences were found in Ca and zinc concentrations in the placebo group before and after the intervention.
	(13)





Table 2. Clinical trials on the effects of Herbs and Phytochemicals on bone loss. 

	Nutraceutical form
	Dose
	Treatment length 
	Population
	Population: age (years)
	Status
	Type of trial
	Control group 
	[bookmark: RANGE!I1]Evaluations performed
	Results
	Ref

	dried plums
	100 g daily
	1 year 
	55 women for dried plums and 45women for dried apples
	 57,72 ± 4.08            (dried plums)                             55,43 ±  5,18              (dried apples)
	osteopenic
	RCT
	75 g dried apple
	measurement of serum levels of RANKL, OPG and sclerostin 
	dried plums positively affect bone, suppress RANKL, promote OPG, and inhibit sclerostin
	(14)
	dried plums
	50 g vs 100 g daily
	6 months 
	48 postmenopausal women
	 65-79
	osteopenic
	RCT
	no treatments
	bone mass, bone-specific alkaline phosphatase (BAP), tartrate-resistant acid phosphatase (TRAP-5b), high-sensitivity C-reactive protein (hs-CRP), insulin-like growth factor-1 (IGF-1), and sclerostin, OPG (OPG), receptor activator of nuclear factor kappa-B ligand (RANKL), Ca, phosphorous, and vitamin D were measured
	potential prevention of bone loss
	(15)
	garlic, 2 tablets
	400 mg raw garlic powder (more than 1200 micrograms allicin)
	1 year 
	44 postmenopausal women
	45-65
	osteoporotic
	RCT, double-blind 
	placebo
	serum IL-1, IL-6, and TNF-α were measured with ELISA assay before and after the intervention.
	no significant difference in IL -1 and -6; TNF-α showed no significative difference between the two groups but was significantly reduced by about 47% in the GG group
	(16)
	resveratrol capsules
	75 mg twice daily
	2 years 
	62 women in the placebo group and 62 in the resveratrol group 
	45-85
	healthy
	RCT, double-blind, two-period crossover intervention
	placebo group with placebo capsules 
	effects of resveratrol supplementation on cognitive performance, cerebrovascular function, bone health, cardiometabolic markers, and well-being in postmenopausal women
	positive effects in women with poor bone health biomarker status on bone density (increased BMD) with reduced CTX level compared with placebo. Thus, the 10-year probability of hip fracture risk has decreased. The benefit of resveratrol was more remarkable in participants supplemented with vitamin D plus Ca 
	(17)
	resveratrol tablet
	200 mg of fermented soy (including 80 mg of isoflavone aglycones and 10 mg of equol) and 25 mg of resveratrol from Vitis vinifera daily
	1 year 
	60 menopausal women
	50-55
	healthy
	RCT, double-blind, 
	placebo-controlled dietary intervention 
	whole-body BMD and bone turnover biomarkers, such as deoxypyridinoline (DPD), tartrate-resistant acid phosphatase 5b (TRACP-5b), OC, and bone-specific alkaline phosphatase (BAP), were measured. 
	DPD, OC, and BAP significantly improved in the active group, while TRACP-5b levels were unaffected. Overall, the intervention significantly increased BMD measured in the whole body compared with the placebo. 
	(18)
	blueberry, freeze-dried powder 
	17.5 g vs 35 g vs 70 g daily
	47 months 
	14 postmenopausal women
	45-70
	healthy
	randomized crossover
	no treatment 
	 41Ca methodology, bone resorption serum biomarkers and urinary polyphenols were measured 
	net bone Ca retention increased by 6% and 4% with the low and medium doses, respectively
	(19)
	blackcurrant capsules
	392 mg (one capsule) vs784 mg (two capsules), daily
	6 months 
	40 peri- and early postmenopausal women 
	45-60
	healthy
	 RCT, pilot double-blind
	placebo
	BMD and bone formation markers 
	blackcurrant supplementation decreased BMD and increased serum P1NP in comparison with the control group 
	(20)
	onion juice 
	100 mL of onion juice daily
	11 weeks
	24 postmenopausal women
	40-80
	health
	 RCT
	placebo
	anthropometric measurements and blood samples were collected
	the BMD of three postmenopausal women was mildly improved. Significant changes in ALP levels, free radicals, TEAC, and various antioxidants.
	(21)
	citrus fruit biscuits
	500 g hesperidin ± 500 mg Ca supplement daily 
	3 administrations of 50 days and 3 washout phases of 50 days
	12 postmenopausal women
	 mean 66.3
	healthy
	double-blind, placebo-controlled, randomized order crossover design
	placebo
	measure the effect of hesperidin with or without Ca supplementation on bone Ca retention in postmenopausal women.
	Ca plus hesperidin, but not hesperidin alone, improved bone Ca retention
	(22)
	curcumin capsules
	80 mg curcumin (CUR) and placebo of Nigella sativa oil (NS), 1,000 mg NS and placebo of CUR, 80 mg CUR and 1,000 mg NS, and both placebos (containing microcrystalline cellulose).
	6 months 
	120 postmenopausal women
	50-65
	low BMD                                 (T-score ≤ 1) 
	RCT, triple-blind
	placebo (containing microcrystalline cellulose)
	test circulating miRNAs in the blood for miRNA-21, miRNA-422a, and miRNA-503
	the expression level of miRNA-21 increased significantly between the four groups and between the NS and placebo groups
	(23)
	red clover pills
	60 mg isoflavone aglycones/ and probiotics + 1200 mg Ca, 550 mg magnesium + 25 mg calcitriol; daily
	1 year 
	78 postmenopausal women
	60-85
	osteopenic
	RCT, double-blind, parallel design 
	placebo
	measurement of plasma lipids, BMD by DEXA, and bone turnover markers.
	improvement of bone status and estrogen metabolism
	(24)
	red clover tablets
	54 mg genistein + Ca and Vitamin D3 supplementation; daily
	2 years
	200 postmenopausal women
	case group 60.0 (57.0–66.0)                             placebo group 62.0 (58.0–67.8)
	glucocorticoid-induced osteoporosis
	RCT, double-blind
	alendronate (70 mg once a week)
	measurement of BMD and bone markers (c-terminal telopeptide, OC, bone-ALP, and sclerostin)
	BMD at the anteroposterior lumbar spine increased at 12 and 24 months, but no difference was observed between alendronate and genistein groups in BMD. CTX decreased in both groups, while OC, bone-ALP, and sclerostin showed more significant changes in genistein-treated patients. 
	(25)
	red clover tablets
	82 mg total isoflavones or 57.2 mg total isoflavones 
	12 weeks
	252 symptomatic menopause women
	45-60
	healthy
	RCT, double-blind
	placebo
	measurement of serum OC and urinary cross-linked N-Tx
	bone turnover markers showed no significative differences among groups
	(26)
	red clover pills
	soy cotyledon, soy germ, kudzu, and red clover
	50 days
	11 postmenopausal women
	59.8 ± 4.7 (mean 52, 65)
	healthy
	randomized-order, crossover, blinded trial 
	positive control of oral 1 mg estradiol combined with 2.5 mg medroxyprogesterone or 5 mg/d oral risedronate
	41Ca methodology
	genistein-like isoflavones demonstrated a significant but modest ability to suppress net bone resorption 
	(27)



Table 3 Clinical trials on the effects of Dairy products on bone loss. 

	Nutraceutical form
	Dose
	Treatment length
	Population: N
	Population: age (years)
	Status
	Type of trial
	Control group
	Evaluation performed
	Results
	Ref

	milk solution
	250 ml of partly skimmed milk, milk proteins, Ca salts and stabilizers, vitamins D and K2 with different compositions among the experimental groups; daily
	18 months 
	210 postmenopausal women
	39.2 ± 4.6
	healthy
	parallel, randomized, double-blind, and single-center
	not indicated 
	BMC, BMD, T-score, and Z-score, biochemical markers
	improvement of bone mass in the lumbar spine, less enhanced bone resorption without any differences among the three different compositions
	(28)
	cheese, servings of skimmed milk, soft plain cheese
	 2 x 100 g, daily
	6 weeks
	71
	56.6 ± 3.9 
	moderate risk of osteoporosis fracture
	prospective control study
	control 
	measurement of serum TRAP 5b and IGF-I
	decrease TRAP 5b and increased IGF-I in the treated group
	(29)





Table 4. Clinical trials on the effects of Prebiotics and Probiotics 

	Nutraceutical form
	Dose
	Treatment length
	Population: N
	Population: age (years)
	Status
	Type of trial
	Control group
	Evaluations performed
	Results
	Ref

	Bifidobacterium lactis powder
	Bifidobacterium animalis subsp. lactisProbio-M8 [Probio-M8] mix with maltodextrin, 1.5 × 10^10 CFU/day + Ca + calcitriol daily
	3 months 
	40 postmenopausal women
	62.77 ± 6.00
	osteoporotic
	RCT
	placebo
	BMD and gut microbiota analysis
	No significant change in BMD. Improvement of bone metabolism by modulating the gut microbiota. Co-administering Probio-M8 improved bone metabolism, reflected by an increased vitamin D3 level and decreased PTH and procalcitonin levels in serum, increased genes encoding some carbohydrate metabolism pathways
	(30)
	multispecies probiotic supplement + Ca (+ Vitamin D) capsules
	Lactobacillus casei 1.3 x 10^10 colony-forming units [CFU], Bifidobacterium longum 5 x 10^10 CFU, Lactobacillus acidophilus 1.5 x 10^10 CFU, Lactobacillus rhamnosus 3.5 x 10^9 CFU, Lactobacillus bulgaricus 2.5 x 10^8 CFU, Bifidobacterium breve 1 x 10^10 CFU, and Streptococcus thermophilus 1.5 x 10^8 CFU per 500 mg; daily
	6 months 
	50 postmenopausal women
	50-72
	osteopenic
	RCT, double-blind
	placebo + 500 mg Ca plus 200 IU vitamin D daily.
	BMD, BAP, OC, CTX, deoxypyridinoline, PTH, 25-OH vitamin D, and serum pro-inflammatory TNF-α and IL-1
	Significantly decreased BAP and CTX, serum PTH, and TNF-α
	(31)

	Lactobacillus plantarum 3547 as a homogeneous, creamy, yogurt-like textured food enriched with Ca, vitamin D, vitamin K, vitamin C, zinc, magnesium, L-leucine, and Lactobacillus plantarum 3547 
	1X1010/150 g daily
	24 weeks
	78 menopausal women 
	50-60
	at risk of osteoporosis or untreated osteopenia
	parallel, double-blind RCT with two intervention groups
	no enrichment
	serum P1NP and BMD increased significantly in the EG group, with a significant decrease in CTX compared to the CG group
	Arrest of bone loss
	(32)
	Lactobacillus reuteri suspension
	5x109 colony-forming units (CFU) mixed with maltodextrin, yielding a total daily dose of 1x10^10 CFU of L. reuteri 6475; daily twice
	12 months
	70 postmenopausal women
	75-80
	osteopenic
	RCT, double-blind
	placebo
	evaluation of BMD by DEXA
	L. reuteri 6475 reduced loss of total vBMD
	(33)
	Lactulose suspension
	100 ml of water containing 5 or 10 g of lactulose daily
	9 days
	12 >5 postmenopausal women
	 mean 60.5                                       (range 56-64)
	healthy 
	randomized, double-blind, crossover design, separated by two 19-day wash-out periods
	placebo
	fractional Ca absorption in urine by ICP-MS
	a significant difference in Ca absorption between the highest dose of lactulose and placebo
	(34)
	FOS and a miscellaneous milk
	fortified milk (1000 mg Ca for pre-M women and 1200 mg Ca for PM women, 96 mg magnesium, 2.4 mg zinc, 15 μg vitamin D, 4 g FOS-inulin per day); two glasses daily
	12 weeks
	premenopausal women, N = 136                                     postmenopausal women, N = 121
	premenopausal women, mean 41±5;                                    postmenopausal women, mean 59 ±4 
	healthy young and older women
	RCT
	regular milk                                           (500 mg Ca per day)
	serum minerals, bone biochemical markers, and BMD
	both treatments reduced bone resorption in young and older women; fortified milk more effectively
	(35)
	Transgalactooligosaccharides (TOS) yogurt drink
	 200 mL yogurt drink containing TOS (20 g/d); twice daily
	 two 9-d treatment periods separated by a 19-d washout period
	12 postmenopausal women
	55- 65, mean
62
	NI, presumably healthy
	double-blind, randomized crossover study
	200 mL yogurt drink containing the reference substance, sucrose
	greater Ca absorption
	Transgalactooligosaccharides stimulated Ca absorption
	(36)
	Bacillus subtilis C-3102 tablets
	3.4 × 109/tablet, daily 
	24 weeks
	76 postmenopausal women
	50-69
	healthy
	RCT, double-blind
	placebo
	BMD, uNTx, TRACP-5b
	Significantly increased BMD; significantly lower uNTX; modulation of the gut microbiota
	(37)



Table 5. Clinical trials on the effects of Lipids on bone loss. 

	Dose
	Treatment length
	Population
	Population: age (years)
	status
	Type of trial
	Control group
	Evaluations performed
	Results
	Reference

	400 mg DHA +1200 mg Ca carbonate with vitamin D 3 1000 IU
daily
	1 year
	36 females, 4 males
	mean 59.2 
	osteopenic
	pilot RCT
	placebo + A +1200 mg Ca carbonate with vitamin D 3 1000 IU daily.
	serum CTX, questionnaire for tolerability and acceptability 
	no effects
	(38)
	900 mg n-3 daily
	6 months
	2 postmenopausal women 
	treatment 60±5.6 control 63±8.92
	osteoporotic
	RCT
	placebo
	serum levels of OC, bone alkaline phosphatase (BAP), Ca, vitamin D, and parathormone, and urine concentration of Pyd
	n-3 fatty acids decreased bone resorption but not significantly affect bone formation 
	(39)
	1) EVOO 50 g or more; daily                                      2) mixed nuts 30 g; daily
	5.2 years
	870 (female + male)
	men 55-80                          women 60-80
	cardiovascular risk
	observational cohort study nested in the PREDIMED trial
	low-fat diet
	annual review of patients' medical records
	reduced risk of osteoporotic fractures
	(40) 




Table 6. Clinical trials on the effects of Melatonin on bone loss. 
	Nutraceutical form
	Dose
	Treatment length 
	Population
	Population: age (years)
	Status
	Type of trial
	Control group
	Evaluations performed
	Results
	Reference

	melatonin tablet 
	1 mg (N = 20) and 3 mg (N = 20), nightly
	1 year
	81 postmenopausal women
	mean 63 range 56-73
	osteopenic
	RCT, double-blind
	placebo (N = 41)
	DEXA, QCT, HR-pQCT
	dose-dependent manner increased BMD at the femoral neck; high-dose melatonin increased vBMD in the spine
	(41) 

	melatonin
	3 mg (N = 13), nightly
	6 months
	18 postmenopausal women
	45-54
	osteopenic
	RCT, double-blind
	placebo (N = 5)
	BMD by ultrasound; bone turnover marker (OC and NTX) levels in serum
	no significant changes in BMD, NTX, or OC between groups
	(42)
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