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	Confounding variables
	Literature

	
	

	Bisphosphonate
	Caso et al. 2012. Bisphosphonate related osteonecrosis of the jaw and infection with Actinomyces. Smruti et al. 2014. Oral microbiota and host innate immune response in bisphosphonate-related osteonecrosis of the jaw

	Body Mass Index (BMI)
	Yun et al. 2017. Comparative analysis of gut microbiota associated with body mass index in a large Korean cohort. 

	Calcium supplements
	Chaplin eta al. 2015. Calcium supplementation modulates gut microbiota in a prebiotic manner in dietary obese mice

	Charlson co morbidity
	Claesson et. al. 2012. Gut microbiota composition correlates with diet and health in the elderly

	Diet (HFD and MNA)
	Claesson et. al. 2012. Gut microbiota composition correlates with diet and health in the elderly

	Frailty (Barthel Score)
	Jackson et. al. 2016. Signatures of early frailty in the gut microbiota. Claesson et. al. 2012. Gut microbiota composition correlates with diet and health in the elderly

	Godin Score
	Mach and Fuster-Botella 2017. Endurance exercise and gut microbiota: A review

	Mini mental score exam (MMSE)
	Jeffery et. al. 2015. Composition and temporal stability of the gut microbiota in older persons

	vitamin-D
	Barbáchano et. al. 2017. The endocrine vitamin D system in the gut. Luthold et al. 2017. Gut microbiota interactions with the immunomodulatory role of vitamin D in normal individuals

	Weight
	Ley et al. 2006. Microbial ecology: Human gut microbes associated with obesity. Seganfredo et al. 2017. Weight-loss interventions and gut microbiota changes in overwe ight and obese patients: a systematic review
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[bookmark: _GoBack]Supplementary table S2: Meta-data analysed in the final dataset. P-value adjustment is based on Benjamini-Hochberg method
Significance: P-adjusted ≤ 0.05
Values mentioned within brackets for the circumference and hand grip measures represents a different sample size from the original
	 
	 

	
	 
	 

	
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Meta-data
	Normal BMD
	Osteopenia
	Osteoporosis
	P-value
	P-adjusted
	Normal BMD - Osteopenia
	Normal BMD - Osteoporosis
	Osteopenia - Osteoporosis

	 
	
	
	
	
	
	
	
	
	

	 
	Gender (Male/Female)
	13/47
	7/54
	11/49
	3.2E-01
	5.7E-01
	 
	 
	 

	 
	Age (Years)
	63.57±5.73
	64.84±5.28
	65.07±5.58
	2.1E-01
	4.5E-01
	 
	 
	 

	 
	Weight (kg)
	78.86±13.60
	70.96±14.44
	61.65±9.44
	4.4E-11
	6.1E-10
	6.4E-04
	7.8E-12
	1.6E-04

	 
	Height (cm)
	164.68±8.66
	161.25±7.75
	160.40±7.56
	1.3E-02
	5.4E-02
	 
	 
	 

	 
	AP spine T-score
	0.28±1.02
	-1.16±0.87
	-2.86±0.74
	1.8E-30
	1.3E-28
	1.1E-07
	2.5E-31
	4.4E-11

	 
	AP spine BMD (g/cm2)
	1.22±0.13
	1.04±0.11
	0.84±0.09
	8.7E-30
	3.0E-28
	8.7E-08
	1.1E-30
	1.4E-10

	 
	Neck of femur T-score
	-0.54±0.35
	-1.27±0.53
	-1.95±0.80
	1.7E-21
	2.9E-20
	1.2E-09
	5.2E-22
	1.1E-04

	 
	Neck of femur BMD (g/cm2)
	0.98±0.09
	0.84±0.07
	0.84±0.68
	5.8E-23
	1.3E-21
	4.7E-11
	3.3E-23
	2.6E-04

	 
	Waist circumference (cm)
	95.71±11.95 (13/46)
	89.81±12.40 (6/54)
	81.81±9.36
	2.7E-09
	2.7E-08
	5.9E-03
	6.6E-10
	1.4E-04

	 
	Hip circumference (cm)
	106.71±9.83 (13/46)
	103.63±10.45 (6/53)
	96.66±7.26
	3.7E-08
	2.8E-07
	4.3E-02
	1.8E-08
	5.3E-05

	 
	Waist-Hip circumference ratio
	0.90±0.08 (13/46)
	0.87±0.06 (6/53)
	0.85±0.07
	2.0E-03
	9.1E-03
	5.0E-02
	6.3E-04
	4.6E-02

	 
	Mid arm circumference (cm)
	30.98±3.62 (12/47)
	28.85±3.97
	26.80±2.91
	1.8E-08
	1.5E-07
	1.1E-03
	3.5E-09
	2.4E-03

	 
	Calf circumference  (cm)
	37.69±3.73 (11/47)
	35.76±4.28
	33.93±2.76
	7.7E-08
	5.3E-07
	1.6E-03
	1.6E-08
	3.5E-03

	 
	Hand Grip
	27.22±9.03
	24.37±8.37 (7/53)
	25.88±8.41 (10/48)
	1.5E-01
	3.7E-01
	 
	 
	 

	 
	25(OH)D2 (nmol/L)
	3.19±2.54
	2.42±1.63
	3.22±3.59
	5.4E-01
	7.6E-01
	 
	 
	 

	 
	3-epi-25(OH)D3 (nmol/L)
	2.97±1.58
	3.45±1.97
	3.52±2.06
	3.0E-01
	5.7E-01
	 
	 
	 

	 
	25(OH)D3 (nmol/L)
	60.49±20.84
	69.98±25.27
	75.96±26.43
	1.7E-03
	8.4E-03
	2.7E-02
	5.8E-04
	7.1E-02

	 
	25(OH)D (nmol/L)
	63.68±20.57
	72.40±25.36
	79.18±26.07
	1.2E-03
	7.0E-03
	3.2E-02
	3.8E-04
	5.0E-02

	 
	BMI
	29.09±4.57
	27.20±4.80
	23.96±3.31
	6.2E-10
	7.1E-09
	6.9E-03
	1.7E-10
	4.5E-05

	 
	BMI Categories (number of people)
	 
	 
	 
	 
	
	 
	 
	 

	 
	Underweight (BMI < 18.5)
	1
	0
	1
	 
	
	 
	 
	 

	 
	Normal (BMI 18.5 - 24.9)
	10
	23
	41
	
	
	
	
	

	 
	Overweight (BMI 25 - 29.9)
	27
	24
	15
	
	
	
	
	

	 
	Obese (BMI ≥ 30)
	22
	14
	3
	
	
	
	
	

	 
	HFD
	0.38±0.10
	0.42±0.13
	0.41±0.12
	1.6E-01
	3.8E-01
	 
	 
	 

	 
	MNA(/30)
	26.89±2.13
	26.86±2.10
	26.43±2.47
	6.1E-01
	8.3E-01
	 
	 
	 

	 
	Systolic BP
	137.77±18.05
	142.51±18.43
	134.37±17.71
	5.7E-02
	1.9E-01
	 
	 
	 

	 
	Diastolic BP
	80.08±9.73
	79.87±10.08
	76.65±10.30
	7.7E-02
	2.4E-01
	 
	 
	 

	 
	Pulse
	70.58±9.34 (13/46)
	71.72±11.36
	71.00±10.90
	1.0E+00
	1.0E+00
	 
	 
	 

	 
	Barthel score
	19.68±0.50
	19.48±0.87
	19.58±0.79
	4.2E-01
	6.6E-01
	 
	 
	 

	 
	Mini mental score exam
	28.48±2.08
	28.98±1.57
	28.40±2.01
	3.1E-01
	5.7E-01
	 
	 
	 

	 
	Mini mental score exam ≤ 24 (number of people)
	2
	1
	5
	 
	
	 
	 
	 

	 
	Godin Leisure time activity score
	23.65±22.58
	25.56±23.37
	24.12±17.71
	7.5E-01
	
	 
	 
	 

	 
	insufficiently active (number of people)≤13
	20
	20
	16
	 
	
	 
	 
	 

	 
	moderately active (number of people)14-23
	15
	13
	15
	
	9.0E-01
	 
	 
	 

	 
	active (number of people)≥24
	25
	28
	29
	
	
	 
	 
	 

	 
	Exercises (Number of people)
	 
	 
	 
	 
	
	 
	 
	 

	 
	none
	8
	7
	6
	9.3E-01
	1.0E+00
	 
	 
	 

	 
	Mild
	16
	16
	15
	
	
	 
	 
	 

	 
	Moderate
	20
	18
	21
	
	
	 
	 
	 

	 
	Mild+Moderate
	12
	11
	13
	
	
	 
	 
	 

	 
	Strenuous
	0
	1
	2
	
	
	 
	 
	 

	 
	Moderate+Strenuous
	2
	3
	1
	
	
	 
	 
	 

	 
	Mild+Moderate+Strenuous
	2
	5
	2
	
	
	 
	 
	 

	 
	Charlson co morbidity (number of people)
	 
	 
	 
	 
	
	 
	 
	 

	 
	0
	37
	36
	35
	6.7E-01
	8.7E-01
	 
	 
	 

	 
	1
	13
	10
	9
	
	
	 
	 
	 

	 
	2
	8
	13
	11
	
	
	 
	 
	 

	 
	≥3
	2
	2
	5
	
	
	 
	 
	 

	 
	Smoking Status (number of people)
	 
	 
	 
	 
	
	 
	 
	 

	 
	Never
	25
	28
	25
	9.4E-01
	1.0E+00
	 
	 
	 

	 
	Former smoker
	25
	25
	26
	
	
	 
	 
	 

	 
	Current smoker
	10
	7
	9
	
	
	 
	 
	 

	 
	Drinking Status (number of people)
	 
	 
	 
	 
	
	 
	 
	 

	 
	Never
	8
	5
	10
	2.6E-01
	5.2E-01
	 
	 
	 

	 
	Former drinker
	5
	1
	3
	
	
	 
	 
	 

	 
	Current drinker
	47
	55
	46
	
	
	 
	 
	 

	medications
	Number of medications
	4±2.3
	4.4±2.6
	4.6±2.6
	4.7E-01
	6.9E-01
	
	
	

	medications
	Calcium supplements (Yes/No)
	10/50
	31/30
	35/25
	5.2E-06
	3.3E-05
	2.40E-04
	1.80E-05
	5.17E-01

	medications
	Bisphosphonate (Yes/No)
	4/56
	6/55
	17/43
	1.5E-03
	8.1E-03
	7.62E-01
	1.20E-02
	2.70E-02

	medications
	Analgesia Non-opiod (Yes/No)
	8/52
	8/53
	8/52
	1.0E+00
	1.0E+00
	 
	 
	 

	medications
	Analgesia Opiod (Yes/No)
	8/52
	7/54
	6/54
	8.5E-01
	9.8E-01
	 
	 
	 

	medications
	Anticoagulants (Yes/No)
	1/59
	6/55
	1/59
	4.1E-02
	1.5E-01
	 
	 
	 

	medications
	Antihistamines (Yes/No)
	3/57
	2/59
	4/56
	6.9E-01
	8.8E-01
	 
	 
	 

	medications
	Antiplatelets (Yes/No)
	11/49
	11/50
	9/51
	8.7E-01
	9.8E-01
	 
	 
	 

	medications
	ARBs ACEi (Yes/No)
	19/41
	11/50
	11/49
	1.2E-01
	3.5E-01
	 
	 
	 

	medications
	Cardiovascular Medications (Yes/No)
	13/47
	7/54
	6/54
	1.4E-01
	3.6E-01
	 
	 
	 

	medications
	Cholesterol medications (Yes/No)
	28/32
	30/31
	17/43
	4.0E-02
	1.5E-01
	 
	 
	 

	medications
	Denosumab (Yes/No)
	1/59
	3/58
	9/51
	1.3E-02
	5.4E-02
	 
	 
	 

	medications
	Diuretics (Yes/No)
	8/52
	4/57
	4/56
	3.2E-01
	5.8E-01
	 
	 
	 

	medications
	Epilepsy medications (Yes/No)
	6/54
	3/58
	7/53
	3.9E-01
	6.4E-01
	 
	 
	 

	medications
	Immunosuppressants (Yes/No)
	3/57
	3/58
	2/58
	8.8E-01
	9.8E-01
	 
	 
	 

	medications
	Inhalers (Yes/No)
	7/53
	9/52
	12/48
	4.4E-01
	6.6E-01
	 
	 
	 

	medications
	Iron supplementation (Yes/No)
	1/59
	3/58
	4/56
	4.0E-01
	6.4E-01
	 
	 
	 

	medications
	Laxatives (Yes/No)
	2/58
	1/60
	4/56
	3.5E-01
	6.0E-01
	 
	 
	 

	medications
	Minerals (Yes/No)
	2/58
	4/57
	1/59
	3.7E-01
	6.1E-01
	 
	 
	 

	medications
	Mood Disorders (Yes/No)
	8/52
	7/54
	10/50
	7.0E-01
	8.8E-01
	 
	 
	 

	medications
	NSAIDs (Yes/No)
	3/57
	3/58
	6/54
	4.4E-01
	6.6E-01
	 
	 
	 

	medications
	Nutritional Supplements (Yes/No)
	5/55
	7/54
	7/53
	8.0E-01
	9.5E-01
	 
	 
	 

	medications
	Omega supplementation (Yes/No)
	6/54
	2/59
	1/59
	8.3E-02
	2.5E-01
	 
	 
	 

	medications
	Other GIT (Yes/No)
	6/54
	7/54
	7/53
	9.5E-01
	1.0E+00
	 
	 
	 

	medications
	PPIs (Yes/No)
	14/46
	14/47
	21/39
	2.4E-01
	5.0E-01
	 
	 
	 

	medications
	Sedatives (Yes/No)
	2/58
	4/57
	4/56
	6.6E-01
	8.7E-01
	 
	 
	 

	medications
	Steroids (Yes/No)
	4/56
	6/55
	3/57
	5.8E-01
	8.0E-01
	 
	 
	 

	medications
	Thyroid Hormones (Yes/No)
	11/49
	14/47
	12/48
	8.2E-01
	9.5E-01
	 
	 
	 

	medications
	Vitamins (Yes/No)
	8/52
	10/51
	7/53
	7.5E-01
	9.0E-01
	 
	 
	 

	medications
	β-blockers (Yes/No)
	9/51
	10/51
	2/58
	4.9E-02
	1.7E-01
	 
	 
	 

	Chronic diseases
	Appendicectomy (Yes/No)
	13/47
	13/48
	12/48
	9.7E-01
	1.0E+00
	 
	 
	 

	Chronic diseases
	Bout of depression (Yes/No)
	8/52
	3/58
	3/57
	1.4E-01
	1.0E+00
	 
	 
	 

	Chronic diseases
	cholecystectomy (Yes/No)
	6/54
	5/56
	12/48
	1.1E-01
	3.6E-01
	 
	 
	 

	Chronic diseases
	Coeliac (Yes/No)
	9/51
	5/56
	7/53
	5.1E-01
	3.2E-01
	 
	 
	 

	Chronic diseases
	Diverticulitis (Yes/No)
	5/55
	1/60
	2/58
	1.8E-01
	7.3E-01
	 
	 
	 

	Chronic diseases
	Inflammatory arthritis (Yes/No)
	3/57
	3/58
	3/57
	1.0E+00
	3.9E-01
	 
	 
	 

	Chronic diseases
	Reflux (Yes/No)
	3/57
	3/58
	7/53
	2.6E-01
	5.2E-01
	 
	 
	 

	
	Inflammatory Bowel Disease (Yes/No)
	2/60
	2/59
	2/58
	
	
	
	
	

	
	Multiple Sclerosis (Yes/No)
	1/59
	1/60
	1/59
	
	
	
	
	

	
	Diabetes Type I (Yes/No)
	1/59
	0/61
	0/60
	
	
	
	
	

	
	Diabetes Type II (Yes/No)
	1/59
	4/57
	1/59
	
	
	
	
	




    Supplementary table S3: Projected inertia in the first two axis based on PCoA analysis
	Β-diversity measure
	Axis 1
	Axis 2

	Bray-Curtis
	11.77 %
	08.33 %

	Unweighted UniFrac
	14.62 %
	04.55 %

	Weighted UniFrac
	17.45 %
	12.67 %


	


Supplementary table S4: PERMANOVA analysis of various meta-data for its influence on global microbiota profile

	[bookmark: RANGE!A1:N70] 
	 
	Unweighted 
	Weighted
	Bray-Curtis
	 

	 
	
	R2
	P-value
	 
	R2
	P-value
	 
	R2
	P-value
	 

	 
	25(OH)D (nmol/L)
	0.005
	4.7E-01
	 
	0.006
	3.4E-01
	 
	0.006
	3.1E-01
	 

	 
	25(OH)D3 (nmol/L)
	0.005
	4.3E-01
	 
	0.007
	2.6E-01
	 
	0.006
	2.4E-01
	 

	 
	Age
	0.007
	1.1E-01
	 
	0.007
	2.4E-01
	 
	0.006
	3.5E-01
	 

	 
	AP spine BMD (g/cm2)
	0.006
	3.8E-01
	 
	0.010
	4.0E-02
	 
	0.009
	2.1E-02
	 

	 
	AP spine T.score
	0.006
	3.5E-01
	 
	0.010
	5.0E-02
	 
	0.009
	2.5E-02
	 

	 
	Barthel Score
	0.008
	6.2E-02
	 
	0.010
	5.5E-02
	 
	0.007
	1.5E-01
	 

	 
	BMI category
	0.018
	1.9E-01
	 
	0.026
	3.0E-02
	 
	0.020
	8.5E-02
	 

	 
	Calf circumference (cm)
	0.005
	6.5E-01
	 
	0.004
	7.3E-01
	 
	0.005
	5.8E-01
	 

	 
	Carlson Co-morbidity
	0.006
	3.1E-01
	 
	0.010
	5.4E-02
	 
	0.007
	2.2E-01
	 

	 
	Gender
	0.005
	5.1E-01
	 
	0.010
	4.2E-02
	 
	0.009
	3.0E-02
	 

	 
	Godin Leisure time activity score
	0.007
	8.9E-02
	 
	0.007
	2.2E-01
	 
	0.006
	2.8E-01
	 

	 
	Groups
	0.010
	7.9E-01
	 
	0.015
	1.0E-01
	 
	0.012
	3.5E-01
	 

	 
	Hand Grip
	0.006
	2.5E-01
	 
	0.008
	1.3E-01
	 
	0.008
	5.3E-02
	 

	 
	Height (cm)
	0.007
	1.4E-01
	 
	0.006
	3.4E-01
	 
	0.006
	2.3E-01
	 

	 
	HFD
	0.008
	4.7E-02
	 
	0.008
	1.4E-01
	 
	0.009
	3.0E-02
	 

	 
	Hip circumference (cm)
	0.006
	3.1E-01
	 
	0.007
	2.7E-01
	 
	0.009
	5.1E-02
	 

	 
	Lowest Neck of femur BMD (g/cm2)
	0.006
	3.8E-01
	 
	0.011
	2.8E-02
	 
	0.007
	1.5E-01
	 

	 
	Lowest Neck of femur T.score
	0.006
	1.9E-01
	 
	0.007
	1.8E-01
	 
	0.006
	3.0E-01
	 

	 
	Mid-arm circumference (cm)
	0.005
	5.7E-01
	 
	0.005
	5.0E-01
	 
	0.007
	1.5E-01
	 

	 
	MMSE
	0.007
	9.1E-02
	 
	0.011
	3.8E-02
	 
	0.008
	4.4E-02
	 

	 
	MNA
	0.011
	8.0E-03
	 
	0.009
	8.6E-02
	 
	0.009
	2.5E-02
	 

	 
	Waist circumference (cm)
	0.009
	2.6E-02
	 
	0.011
	3.4E-02
	 
	0.011
	7.0E-03
	 

	 
	Waist-Hip ratio
	0.010
	1.6E-02
	 
	0.012
	1.7E-02
	 
	0.010
	1.5E-02
	 

	 
	Weight (kg)
	0.006
	3.7E-01
	 
	0.005
	4.8E-01
	 
	0.007
	1.1E-01
	 

	Chronic disease
	Appendicectomy (38)
	0.008
	3.9E-02
	 
	0.007
	2.1E-01
	 
	0.006
	2.1E-01
	 

	Chronic disease
	cholecystectomy (23)
	0.008
	5.1E-02
	 
	0.011
	3.9E-02
	 
	0.009
	3.7E-02
	 

	Chronic disease
	Coeliac (21)
	0.008
	7.4E-02
	 
	0.013
	2.3E-02
	 
	0.011
	6.0E-03
	 

	Chronic disease
	Depression (14)
	0.006
	3.4E-01
	 
	0.006
	3.6E-01
	 
	0.007
	1.6E-01
	 

	Chronic disease
	Diverticulitis (8)
	0.006
	2.4E-01
	 
	0.006
	3.5E-01
	 
	0.006
	3.5E-01
	 

	Chronic disease
	Inflammatory arthritis (9)
	0.008
	6.2E-02
	 
	0.005
	5.0E-01
	 
	0.007
	1.3E-01
	 

	Chronic disease
	Reflux (13)
	0.007
	1.7E-01
	 
	0.011
	3.0E-02
	 
	0.008
	6.2E-02
	 

	medications
	Analgesia Non-opiod (24)
	0.006
	1.9E-01
	 
	0.007
	2.3E-01
	 
	0.007
	1.2E-01
	 

	medications
	Analgesia Opiod (21)
	0.009
	1.6E-02
	 
	0.007
	2.4E-01
	 
	0.008
	6.9E-02
	 

	medications
	Anticoagulants (8)
	0.013
	2.0E-03
	 
	0.014
	1.4E-02
	 
	0.011
	1.0E-02
	 

	medications
	Antihistamines (9)
	0.006
	1.8E-01
	 
	0.005
	4.9E-01
	 
	0.005
	6.4E-01
	 

	medications
	Antiplatelets (31)
	0.005
	7.5E-01
	 
	0.006
	2.9E-01
	 
	0.007
	1.9E-01
	 

	medications
	ARBs/ACEi (41)
	0.005
	5.1E-01
	 
	0.010
	6.7E-02
	 
	0.007
	1.0E-01
	 

	medications
	β-blockers (21)
	0.005
	5.4E-01
	 
	0.004
	6.9E-01
	 
	0.005
	5.0E-01
	 

	medications
	Bisphosphonate (27)
	0.005
	4.1E-01
	 
	0.004
	6.0E-01
	 
	0.005
	4.5E-01
	 

	medications
	Calcium supplements (76)
	0.005
	6.0E-01
	 
	0.010
	5.4E-02
	 
	0.007
	1.9E-01
	 

	medications
	Cardiovascular Medications (26)
	0.005
	7.3E-01
	 
	0.002
	9.7E-01
	 
	0.004
	8.8E-01
	 

	medications
	Cholesterol medications (75)
	0.005
	8.3E-01
	 
	0.004
	7.1E-01
	 
	0.004
	8.2E-01
	 

	medications
	Denosumab (13)
	0.005
	4.2E-01
	 
	0.003
	8.4E-01
	 
	0.004
	8.5E-01
	 

	medications
	Diuretics (16)
	0.005
	4.6E-01
	 
	0.005
	5.3E-01
	 
	0.004
	9.1E-01
	 

	medications
	Epilepsy medications (16)
	0.007
	1.7E-01
	 
	0.011
	3.6E-02
	 
	0.008
	7.6E-02
	 

	medications
	Immunosuppressants (8)
	0.005
	4.6E-01
	 
	0.009
	9.4E-02
	 
	0.009
	3.3E-02
	 

	medications
	Inhalers (28)
	0.009
	1.9E-02
	 
	0.004
	7.7E-01
	 
	0.004
	7.9E-01
	 

	medications
	Iron supplement (8)
	0.006
	2.8E-01
	 
	0.007
	2.6E-01
	 
	0.007
	2.1E-01
	 

	medications
	Laxatives (7)
	0.007
	1.5E-01
	 
	0.004
	6.7E-01
	 
	0.006
	2.7E-01
	 

	medications
	Minerals (7)
	0.004
	9.2E-01
	 
	0.003
	8.3E-01
	 
	0.004
	9.3E-01
	 

	medications
	Mood Disorders (25)
	0.005
	4.9E-01
	 
	0.006
	3.4E-01
	 
	0.007
	2.1E-01
	 

	medications
	NSAIDs (12)
	0.007
	8.5E-02
	 
	0.006
	3.1E-01
	 
	0.005
	5.6E-01
	 

	medications
	Number of medications
	0.011
	1.0E-02
	 
	0.011
	2.8E-02
	 
	0.010
	1.5E-02
	 

	medications
	Nutritional Supplements (19)
	0.005
	7.3E-01
	 
	0.004
	7.0E-01
	 
	0.005
	5.9E-01
	 

	medications
	Omega supplement (9)
	0.005
	6.3E-01
	 
	0.002
	9.5E-01
	 
	0.003
	9.9E-01
	 

	medications
	Other GIT (20)
	0.006
	3.5E-01
	 
	0.005
	6.0E-01
	 
	0.006
	2.4E-01
	 

	medications
	PPIs (49)
	0.009
	2.1E-02
	 
	0.008
	1.6E-01
	 
	0.008
	5.6E-02
	 

	medications
	Sedatives (10)
	0.006
	3.5E-01
	 
	0.003
	9.0E-01
	 
	0.003
	9.8E-01
	 

	medications
	Steroids (13)
	0.005
	5.1E-01
	 
	0.005
	5.1E-01
	 
	0.006
	3.2E-01
	 

	medications
	Thyroid Hormones (37)
	0.006
	3.7E-01
	 
	0.002
	9.6E-01
	 
	0.003
	9.8E-01
	 

	medications
	Vitamins (25)
	0.005
	4.5E-01
	 
	0.005
	4.6E-01
	 
	0.004
	8.1E-01
	 


Significant nominal p-values are highlighted in red and bold
Supplementary table S5: DESeq2 analysis on the OTU dataset and the genus level dataset. The genus level dataset is adjusted for BMI and/or Gender 
	DESeq2 OTU level
	 
	
	 
	 
	 
	 
	
	
	
	
	
	

	 
	 
	
	 
	 
	 
	 
	
	Relative abundance
	

	Osteopenia vs Normal BMD
	 
	
	 
	 
	 
	 
	Normal BMD
	
	Osteopenia
	

	 
	log2FoldChange
	lfcSE
	pvalue
	padj
	Family
	Genus
	Mean
	SD
	SE
	Mean
	SD
	SE

	OTU_1226
	2.778
	0.581
	1.7E-06
	1.0E-03
	Lachnospiraceae
	Blautia
	0.023
	0.072
	0.009
	0.482
	2.729
	0.349

	OTU_945
	2.019
	0.465
	1.4E-05
	4.1E-03
	Lachnospiraceae
	unclassified
	0.140
	0.782
	0.101
	0.140
	1.382
	0.177

	 
	 
	
	 
	 
	 
	 
	Normal BMD
	
	Osteoporosis
	

	Osteoporosis vs Normal BMD
	 
	
	 
	 
	 
	 
	Mean
	SD
	SE
	Mean
	SD
	SE

	OTU_115
	-3.314
	0.976
	6.9E-04
	2.2E-02
	Bacteroidaceae
	Bacteroides
	0.009
	0.025
	0.003
	0.144
	1.103
	0.142

	OTU_1866
	-1.248
	0.322
	1.0E-04
	1.3E-02
	Lachnospiraceae
	unclassified
	0.099
	0.148
	0.019
	0.078
	0.095
	0.012

	OTU_205
	1.075
	0.295
	2.7E-04
	1.6E-02
	Lachnospiraceae
	unclassified
	0.037
	0.038
	0.005
	0.076
	0.107
	0.014

	OTU_208
	1.984
	0.550
	3.1E-04
	1.6E-02
	Ruminococcaceae
	Clostridium_IV
	0.018
	0.029
	0.004
	0.046
	0.144
	0.019

	OTU_214
	-3.029
	0.846
	3.4E-04
	1.6E-02
	Coriobacteriaceae
	unclassified
	0.017
	0.042
	0.005
	0.004
	0.016
	0.002

	OTU_220
	2.532
	0.607
	3.0E-05
	5.8E-03
	Coriobacteriaceae
	Eggerthella
	0.010
	0.015
	0.002
	0.034
	0.077
	0.010

	OTU_253
	1.606
	0.435
	2.2E-04
	1.6E-02
	unclassified
	unclassified
	0.009
	0.010
	0.001
	0.020
	0.027
	0.004

	OTU_54
	1.344
	0.410
	1.1E-03
	3.1E-02
	Ruminococcaceae
	unclassified
	0.148
	0.138
	0.018
	0.251
	0.437
	0.056

	OTU_570
	1.834
	0.527
	5.0E-04
	1.8E-02
	Lachnospiraceae
	unclassified
	0.046
	0.069
	0.009
	0.135
	0.313
	0.040

	OTU_650
	2.709
	0.643
	2.5E-05
	5.8E-03
	Lachnospiraceae
	Blautia
	0.003
	0.006
	0.001
	0.021
	0.055
	0.007

	OTU_700
	-2.407
	0.683
	4.2E-04
	1.8E-02
	Lachnospiraceae
	unclassified
	0.009
	0.031
	0.004
	0.013
	0.038
	0.005

	OTU_732
	-3.322
	0.959
	5.3E-04
	1.8E-02
	Bacteroidaceae
	Bacteroides
	0.039
	0.154
	0.020
	0.005
	0.020
	0.003

	OTU_8
	-2.293
	0.623
	2.4E-04
	1.6E-02
	Enterobacteriaceae
	Escherichia/Shigella
	0.840
	3.432
	0.443
	0.138
	0.370
	0.048

	 
	 
	
	 
	 
	 
	 
	Osteopenia
	
	Osteoporosis
	

	Osteoporosis vs Osteopenia
	 
	
	 
	 
	 
	 
	Mean
	SD
	SE
	Mean
	SD
	SE

	OTU_1226
	-2.626
	0.580
	6.0E-06
	3.5E-03
	Lachnospiraceae
	Blautia
	0.482
	2.729
	0.349
	0.084
	0.365
	0.047

	OTU_8
	-2.543
	0.621
	4.2E-05
	1.2E-02
	Enterobacteriaceae
	Escherichia/Shigella
	1.563
	4.785
	0.613
	0.138
	0.370
	0.048

	 
	 
	
	 
	 
	 
	 
	
	
	
	
	
	

	DESeq2 Gender BMI Genus  level
	 
	
	 
	 
	 
	 
	
	
	
	
	
	

	 
	 
	
	 
	 
	 
	 
	Normal BMD
	
	Osteopenia
	

	Osteopenia vs Normal BMD
	log2FoldChange
	lfcSE
	pvalue
	padj
	 
	 
	Mean
	SD
	SE
	Mean
	SD
	SE

	 No significant taxa
	 
	
	 
	 
	 
	 
	
	
	
	
	
	

	 
	 
	
	 
	 
	 
	 
	Normal BMD
	
	Osteoporosis
	

	Osteoporosis vs Normal BMD
	 
	
	 
	 
	 
	 
	Mean
	SD
	SE
	Mean
	SD
	SE

	Actinomyces
	1.329
	0.396
	7.9E-04
	1.8E-02
	 
	 
	0.010
	0.011
	0.001
	0.026
	0.041
	0.005

	Clostridium_XlVa
	0.687
	0.221
	1.9E-03
	2.6E-02
	 
	 
	0.445
	0.392
	0.051
	0.580
	0.525
	0.068

	Eggerthella
	2.282
	0.614
	2.0E-04
	6.9E-03
	 
	 
	0.010
	0.015
	0.002
	0.034
	0.077
	0.010

	Lactobacillus
	3.355
	0.872
	1.2E-04
	6.9E-03
	 
	 
	0.076
	0.344
	0.044
	0.238
	0.800
	0.103

	Veillonella
	-1.867
	0.592
	1.6E-03
	2.6E-02
	 
	 
	0.057
	0.189
	0.024
	0.039
	0.133
	0.017

	 
	 
	 
	 
	 
	 
	 
	Osteopenia
	
	Osteoporosis
	

	Osteoporosis vs Osteopenia
	 
	 
	 
	 
	 
	 
	Mean
	SD
	SE
	Mean
	SD
	SE

	Escherichia/Shigella
	-2.963
	0.611
	1.2E-06
	4.2E-05
	 
	 
	1.563
	4.786
	0.613
	0.138
	0.370
	0.048

	Veillonella
	-2.849
	0.551
	2.3E-07
	1.6E-05
	 
	 
	0.120
	0.430
	0.024
	0.039
	0.133
	0.017


lfcSE: logfoldchange Standard error; SD: Standard deviation; SE: Standard error





Supplementary table S6: Univariate analysis of the confounding variables against the significant genera

	Taxa
	 
	 
	AIC
	BIC
	logLik
	estimate
	p-value
	Number of samples

	Actinomyces
	Groups
	Osteopenia
	1024.3
	1040.3
	-507.2
	0.352
	1.3E-01
	181

	
	
	Osteoporosis
	
	
	
	0.843
	2.3E-04
	

	
	 
	AP spine BMD (g/cm2)
	1023.5
	1036.3
	-507.7
	-1.653
	3.5E-04
	181

	
	 
	AP spine T.score
	1023.7
	1036.5
	-507.8
	-0.200
	3.9E-04
	181

	
	 
	Neck of femur T-score
	1019.1
	1031.9
	-505.5
	-0.490
	7.0E-05
	181

	
	 
	Neck of femur BMD (g/cm2)
	1019.8
	1032.6
	-505.9
	-2.699
	2.0E-04
	181

	
	BMI category
	Obese
	1038.9
	1058.1
	-513.5
	0.043
	8.7E-01
	181

	
	
	Overweight
	
	
	
	0.075
	7.3E-01
	

	
	
	Underweight
	
	
	
	-0.799
	4.2E-01
	

	
	 
	Calf circumference  (cm)
	1026.1
	1038.8
	-509.0
	-0.034
	1.9E-01
	179

	
	 
	Hip circumference (cm)
	1023.4
	1036.1
	-507.7
	-0.003
	8.0E-01
	178

	
	 
	Mid arm circumference (cm)
	1032.0
	1044.8
	-512.0
	-0.016
	5.5E-01
	180

	
	 
	Waist-Hip circumference ratio
	1021.8
	1034.6
	-506.9
	1.648
	2.1E-01
	178

	
	 
	Waist circumference (cm)
	1026.9
	1039.7
	-509.5
	0.005
	5.2E-01
	179

	
	 
	Weight (kg)
	1035.3
	1048.1
	-513.6
	-0.004
	5.4E-01
	181

	
	 
	Gender Male
	1035.6
	1048.4
	-513.8
	-0.058
	8.2E-01
	181

	
	 
	25(OH)D (nmol/L)
	1027.1
	1039.9
	-509.5
	0.011
	3.9E-03
	181

	
	 
	25(OH)D3 (nmol/L)
	1027.9
	1040.7
	-510.0
	0.010
	5.7E-03
	181

	
	 
	Calcium supplements
	1035.4
	1048.2
	-513.7
	0.108
	5.8E-01
	181

	
	 
	Bisphosphonate supplements
	1027.0
	1039.8
	-509.5
	0.756
	4.8E-03
	181

	
	 
	Anticoagulants
	1035.0
	1047.8
	-513.5
	-0.426
	3.9E-01
	181

	
	 
	Number of medications
	1033.9
	1046.7
	-512.9
	0.052
	1.8E-01
	181

	
	 
	Epilepsy medications
	1034.5
	1047.3
	-513.3
	-0.384
	2.7E-01
	181

	
	 
	PPIs
	1032.3
	1045.1
	-512.1
	0.397
	6.9E-02
	181

	
	 
	Analgesia (Opiod)
	1034.7
	1047.5
	-513.4
	-0.301
	3.2E-01
	181

	
	 
	Coeliac
	1030.2
	1043.0
	-511.1
	-0.818
	1.4E-02
	181

	
	 
	Cholecystectomy
	1022.8
	1035.6
	-507.4
	0.922
	7.8E-04
	181

	
	 
	Reflux
	1033.4
	1046.2
	-512.7
	0.510
	1.6E-01
	181

	
	 
	Appendicectomy
	1035.5
	1048.3
	-513.8
	-0.092
	7.0E-01
	181

	
	 
	Inhalers
	1034.8
	1047.6
	-513.4
	0.245
	3.7E-01
	181

	
	 
	Barthel score
	1035.1
	1047.8
	-513.5
	0.106
	4.2E-01
	181

	
	 
	Co morbidity
	1035.3
	1048.1
	-513.6
	0.066
	5.3E-01
	181

	
	 
	Godin
	1035.6
	1048.4
	-513.8
	-0.001
	8.3E-01
	181

	
	 
	MMSE
	1035.6
	1048.4
	-513.8
	-0.008
	8.8E-01
	181

	
	 
	MNA
	1033.4
	1046.2
	-512.7
	-0.066
	1.3E-01
	181

	
	 
	HFD
	1034.8
	1047.6
	-513.4
	0.781
	3.5E-01
	181

	Clostridium_XlVa
	Groups
	Osteopenia
	2213.8
	2229.8
	-1101.9
	0.343
	6.3E-03
	181

	
	
	Osteoporosis
	
	
	
	0.297
	1.8E-02
	

	
	 
	AP spine BMD (g/cm2)
	2219.9
	2232.7
	-1105.9
	-0.140
	6.2E-01
	181

	
	 
	AP spine T.score
	2220.0
	2232.8
	-1106.0
	-0.010
	7.8E-01
	181

	
	 
	Neck of femur BMD (g/cm2)
	2216.7
	2229.5
	-1104.4
	0.163
	1.0E-01
	181

	
	 
	Neck of femur T-score
	2214.9
	2227.7
	-1103.4
	-0.144
	2.3E-02
	181

	
	BMI category
	Obese
	2218.7
	2237.9
	-1103.4
	0.264
	5.5E-02
	181

	
	
	Overweight
	
	
	
	-0.034
	7.7E-01
	

	
	
	Underweight
	
	
	
	-0.257
	6.1E-01
	

	
	 
	Calf circumference (cm)
	2197.4
	2210.1
	-1094.7
	-0.004
	7.3E-01
	179

	
	 
	Hip circumference (cm)
	2184.5
	2197.3
	-1088.3
	0.007
	1.3E-01
	178

	
	 
	Mid arm circumference (cm)
	2208.3
	2221.0
	-1100.1
	0.006
	6.3E-01
	180

	
	 
	Waist-Hip circumference ratio
	2185.8
	2198.6
	-1088.9
	0.769
	3.1E-01
	178

	
	 
	Waist circumference (cm)
	2195.1
	2207.9
	-1093.6
	0.007
	8.3E-02
	179

	
	 
	Weight (kg)
	2220.1
	2232.9
	-1106.0
	0.001
	8.3E-01
	181

	
	 
	Gender Male
	2215.7
	2228.5
	-1103.9
	-0.304
	2.9E-02
	181

	
	 
	25(OH)D (nmol/L)
	2219.9
	2232.7
	-1106.0
	0.001
	6.6E-01
	181

	
	 
	25(OH)D3 (nmol/L)
	2220.1
	2232.9
	-1106.1
	0.000
	8.5E-01
	181

	
	 
	Calcium supplements
	2220.1
	2232.9
	-1106.0
	0.028
	8.0E-01
	181

	
	 
	Bisphosphonate supplements
	2213.5
	2226.3
	-1102.7
	0.368
	1.2E-02
	181

	
	 
	Anticoagulants
	2210.9
	2223.7
	-1101.4
	0.694
	5.4E-03
	181

	
	 
	Number of medications
	2216.6
	2229.4
	-1104.3
	0.039
	6.2E-02
	181

	
	 
	Epilepsy medications
	2220.0
	2232.8
	-1106.0
	-0.056
	7.7E-01
	181

	
	 
	PPIs
	2218.1
	2230.9
	-1105.1
	0.165
	1.6E-01
	181

	
	 
	Analgesia (Opiod)
	2219.9
	2232.7
	-1105.9
	0.084
	6.1E-01
	181

	
	 
	Coeliac
	2217.3
	2230.1
	-1104.6
	-0.289
	8.0E-02
	181

	
	 
	Cholecystectomy
	2220.1
	2232.9
	-1106.1
	0.014
	9.3E-01
	181

	
	 
	Reflux
	2220.1
	2232.9
	-1106.1
	-0.037
	8.5E-01
	181

	
	 
	Appendicectomy
	2219.4
	2232.2
	-1105.7
	-0.113
	3.8E-01
	181

	
	 
	Inhalers
	2219.8
	2232.6
	-1105.9
	0.085
	5.6E-01
	181

	
	 
	Barthel score
	2220.0
	2232.8
	-1106.0
	0.029
	6.8E-01
	181

	
	 
	Co morbidity
	2219.6
	2232.4
	-1105.8
	-0.041
	4.7E-01
	181

	
	 
	Godin
	2215.7
	2228.5
	-1103.9
	-0.005
	2.9E-02
	181

	
	 
	MMSE
	2219.9
	2232.7
	-1105.9
	-0.014
	6.1E-01
	181

	
	 
	MNA
	2216.2
	2229.0
	-1104.1
	-0.047
	4.8E-02
	181

	
	 
	HFD
	2211.4
	2224.2
	-1101.7
	1.228
	3.4E-03
	181

	Eggerthella
	Groups
	Osteopenia
	970.2
	986.2
	-480.1
	0.964
	8.8E-03
	181

	
	
	Osteoporosis
	
	
	
	1.179
	1.4E-03
	

	
	 
	AP spine BMD (g/cm2)
	972.1
	984.9
	-482.1
	-2.245
	1.4E-02
	181

	
	 
	AP spine T.score
	973.6
	986.4
	-482.8
	-0.231
	3.5E-02
	181

	
	 
	Neck of femur BMD (g/cm2)
	977.1
	989.9
	-484.5
	0.205
	4.0E-01
	181

	
	 
	Neck of femur T-score
	974.2
	987.0
	-483.1
	-0.403
	6.1E-02
	181

	
	BMI category
	Obese
	978.1
	997.3
	-483.0
	-0.104
	8.0E-01
	181

	
	
	Overweight
	
	
	
	0.187
	5.9E-01
	

	
	
	Underweight
	
	
	
	-72.936
	1.0E+00
	

	
	 
	Calf circumference  (cm)
	968.1
	980.8
	-480.0
	-0.039
	2.7E-01
	179

	
	 
	Hip circumference (cm)
	961.7
	974.4
	-476.9
	-0.001
	9.7E-01
	178

	
	 
	Mid arm circumference (cm)
	975.1
	987.8
	-483.5
	-0.049
	2.5E-01
	180

	
	 
	Waist-Hip circumference ratio
	960.5
	973.2
	-476.2
	2.652
	2.7E-01
	178

	
	 
	Waist circumference (cm)
	968.9
	981.7
	-480.5
	0.007
	6.0E-01
	179

	
	 
	Weight (kg)
	976.1
	988.9
	-484.1
	-0.016
	1.4E-01
	181

	
	 
	Gender Male
	974.0
	986.8
	-483.0
	-0.912
	2.6E-02
	181

	
	 
	25(OH)D (nmol/L)
	973.9
	986.7
	-482.9
	0.014
	4.7E-02
	181

	
	 
	25(OH)D3 (nmol/L)
	973.3
	986.1
	-482.6
	0.015
	3.4E-02
	181

	
	 
	Calcium supplements
	976.2
	989.0
	-484.1
	0.419
	1.8E-01
	181

	
	 
	Bisphosphonate supplements
	977.9
	990.7
	-484.9
	-0.192
	6.6E-01
	181

	
	 
	Anticoagulants
	977.8
	990.6
	-484.9
	0.343
	6.5E-01
	181

	
	 
	Number of medications
	976.3
	989.1
	-484.1
	0.073
	1.9E-01
	181

	
	 
	Epilepsy medications
	977.5
	990.3
	-484.7
	0.388
	4.7E-01
	181

	
	 
	PPIs
	978.0
	990.8
	-485.0
	-0.075
	8.3E-01
	181

	
	 
	Analgesia (Opiod)
	972.4
	985.2
	-482.2
	0.997
	3.4E-02
	181

	
	 
	Coeliac
	977.4
	990.2
	-484.7
	-0.421
	3.8E-01
	181

	
	 
	Cholecystectomy
	968.5
	981.3
	-480.2
	1.220
	6.0E-03
	181

	
	 
	Reflux
	977.8
	990.6
	-484.9
	-0.308
	6.1E-01
	181

	
	 
	Appendicectomy
	978.1
	990.9
	-485.0
	0.035
	9.3E-01
	181

	
	 
	Inhalers
	975.4
	988.1
	-483.7
	0.650
	1.2E-01
	181

	
	 
	Barthel score
	977.2
	990.0
	-484.6
	-0.188
	3.7E-01
	181

	
	 
	Co morbidity
	976.4
	989.2
	-484.2
	-0.225
	1.9E-01
	181

	
	 
	Godin
	977.3
	990.1
	-484.6
	-0.008
	3.5E-01
	181

	
	 
	MMSE
	974.7
	987.5
	-483.3
	-0.160
	8.1E-02
	181

	
	 
	MNA
	976.0
	988.8
	-484.0
	-0.106
	1.6E-01
	181

	
	 
	HFD
	976.7
	989.5
	-484.4
	1.519
	2.5E-01
	181

	Escherichia/Shigella
	Groups
	Osteopenia
	1675.1
	1691.1
	-832.6
	1.765
	2.7E-03
	181

	
	
	Osteoporosis
	
	
	
	-1.090
	4.0E-02
	

	
	 
	AP spine BMD (g/cm2)
	1698.7
	1711.5
	-845.3
	2.268
	3.8E-02
	181

	
	 
	AP spine T.score
	1698.4
	1711.2
	-845.2
	0.289
	3.5E-02
	181

	
	 
	Neck of femur BMD (g/cm2)
	1702.4
	1715.2
	-847.2
	-0.216
	7.9E-01
	181

	
	 
	Neck of femur T-score
	1697.8
	1710.6
	-844.9
	0.737
	1.5E-02
	181

	
	BMI category
	Obese
	NULL
	NULL
	NULL
	NULL
	NULL
	181

	
	
	Overweight
	
	
	
	
	
	

	
	
	Underweight
	
	
	
	
	
	

	
	 
	Calf circumference  (cm)
	1678.5
	1691.3
	-835.3
	0.076
	2.4E-01
	179

	
	 
	Hip circumference (cm)
	1674.6
	1687.3
	-833.3
	0.051
	3.2E-02
	178

	
	 
	Mid arm circumference (cm)
	1685.6
	1698.4
	-838.8
	0.085
	1.3E-01
	180

	
	 
	Waist-Hip circumference ratio
	1676.9
	1689.6
	-834.5
	-5.494
	1.7E-01
	178

	
	 
	Waist circumference (cm)
	1684.1
	1696.8
	-838.0
	0.022
	3.8E-01
	179

	
	 
	Weight (kg)
	1702.1
	1714.9
	-847.1
	0.014
	5.3E-01
	181

	
	 
	Gender Male
	1701.5
	1714.3
	-846.7
	-0.627
	2.9E-01
	181

	
	 
	25(OH)D (nmol/L)
	1691.8
	1704.6
	-841.9
	-0.025
	2.1E-04
	181

	
	 
	25(OH)D3 (nmol/L)
	1693.0
	1705.8
	-842.5
	-0.024
	5.9E-04
	181

	
	 
	Calcium supplements
	1702.5
	1715.3
	-847.2
	0.031
	9.4E-01
	181

	
	 
	Bisphosphonate supplements
	1702.0
	1714.8
	-847.0
	-0.469
	4.6E-01
	181

	
	 
	Anticoagulants
	1702.5
	1715.3
	-847.2
	0.079
	9.4E-01
	181

	
	 
	Number of medications
	1702.2
	1715.0
	-847.1
	-0.037
	5.7E-01
	181

	
	 
	Epilepsy medications
	1699.5
	1712.3
	-845.8
	-1.408
	4.1E-02
	181

	
	 
	PPIs
	1701.9
	1714.7
	-847.0
	0.364
	4.8E-01
	181

	
	 
	Analgesia (Opiod)
	1702.5
	1715.3
	-847.2
	0.044
	9.5E-01
	181

	
	 
	Coeliac
	1698.5
	1711.3
	-845.3
	-1.454
	2.0E-02
	181

	
	 
	Cholecystectomy
	1701.6
	1714.4
	-846.8
	0.647
	3.7E-01
	181

	
	 
	Reflux
	1692.6
	1705.4
	-842.3
	-3.497
	2.6E-06
	181

	
	 
	Appendicectomy
	1695.4
	1708.2
	-843.7
	1.474
	2.8E-02
	181

	
	 
	Inhalers
	1698.4
	1711.2
	-845.2
	-1.297
	2.0E-02
	181

	
	 
	Barthel score
	1701.8
	1714.6
	-846.9
	-0.275
	4.2E-01
	181

	
	 
	Co morbidity
	1702.3
	1715.1
	-847.2
	0.089
	7.1E-01
	181

	
	 
	Godin
	1698.1
	1710.9
	-845.0
	0.017
	5.1E-02
	181

	
	 
	MMSE
	1702.4
	1715.2
	-847.2
	0.029
	7.5E-01
	181

	
	 
	MNA
	1700.1
	1712.9
	-846.0
	-0.151
	1.4E-01
	181

	
	 
	HFD
	1697.8
	1710.6
	-844.9
	3.714
	3.7E-02
	181

	Lactobacillus
	Groups
	Osteopenia
	1183.3
	1199.3
	-586.6
	0.836
	1.9E-01
	181

	
	
	Osteoporosis
	
	
	
	0.319
	6.1E-01
	

	
	 
	AP spine BMD (g/cm2)
	1182.3
	1195.1
	-587.1
	-1.319
	3.4E-01
	181

	
	 
	AP spine T.score
	1182.3
	1195.1
	-587.2
	-0.157
	3.5E-01
	181

	
	 
	Neck of femur BMD (g/cm2)
	1182.3
	1195.1
	-587.2
	-0.643
	1.8E-01
	181

	
	 
	Neck of femur T-score
	1183.2
	1196.0
	-587.6
	0.008
	9.7E-01
	181

	
	BMI category
	Obese
	1180.0
	1199.2
	-584.0
	1.347
	3.1E-02
	181

	
	
	Overweight
	
	
	
	0.654
	1.8E-01
	

	
	
	Underweight
	
	
	
	-15.388
	9.8E-01
	

	
	 
	Calf circumference  (cm)
	1164.1
	1176.8
	-578.0
	0.039
	6.6E-01
	179

	
	 
	Hip circumference (cm)
	1147.5
	1160.3
	-569.8
	0.039
	7.1E-02
	178

	
	 
	Mid arm circumference (cm)
	1169.2
	1182.0
	-580.6
	-0.040
	6.0E-01
	180

	
	 
	Waist-Hip circumference ratio
	1149.4
	1162.1
	-570.7
	3.883
	2.8E-01
	178

	
	 
	Waist circumference (cm)
	1164.8
	1177.6
	-578.4
	0.040
	4.6E-02
	179

	
	 
	Weight (kg)
	1182.9
	1195.7
	-587.4
	-0.011
	5.7E-01
	181

	
	 
	Gender Male
	1183.0
	1195.8
	-587.5
	-0.300
	6.0E-01
	181

	
	 
	25(OH)D (nmol/L)
	1182.9
	1195.7
	-587.4
	0.007
	5.6E-01
	181

	
	 
	25(OH)D3 (nmol/L)
	1182.7
	1195.5
	-587.4
	0.008
	4.8E-01
	181

	
	 
	Calcium supplements
	1180.8
	1193.6
	-586.4
	0.751
	1.2E-01
	181

	
	 
	Bisphosphonate supplements
	1172.4
	1185.2
	-582.2
	1.748
	3.4E-03
	181

	
	 
	Anticoagulants
	1183.0
	1195.8
	-587.5
	-0.539
	6.2E-01
	181

	
	 
	Number of medications
	1169.0
	1181.8
	-580.5
	0.296
	1.2E-04
	181

	
	 
	Epilepsy medications
	1182.6
	1195.4
	-587.3
	-0.608
	4.1E-01
	181

	
	 
	PPIs
	1183.1
	1195.9
	-587.6
	-0.128
	7.9E-01
	181

	
	 
	Analgesia (Opiod)
	1182.4
	1195.2
	-587.2
	-0.661
	3.2E-01
	181

	
	 
	Coeliac
	1182.9
	1195.7
	-587.5
	0.381
	5.9E-01
	181

	
	 
	Cholecystectomy
	1182.6
	1195.4
	-587.3
	0.479
	4.5E-01
	181

	
	 
	Reflux
	1182.6
	1195.4
	-587.3
	-0.694
	4.1E-01
	181

	
	 
	Appendicectomy
	1179.0
	1191.8
	-585.5
	1.116
	5.0E-02
	181

	
	 
	Inhalers
	1177.5
	1190.3
	-584.8
	1.435
	2.5E-02
	181

	
	 
	Barthel score
	1168.8
	1181.6
	-580.4
	-0.640
	1.9E-03
	181

	
	 
	Co morbidity
	1175.1
	1187.9
	-583.6
	0.574
	5.2E-03
	181

	
	 
	Godin
	1183.0
	1195.8
	-587.5
	0.004
	6.4E-01
	181

	
	 
	MMSE
	1182.9
	1195.7
	-587.5
	-0.061
	6.1E-01
	181

	
	 
	MNA
	1183.2
	1196.0
	-587.6
	-0.009
	9.2E-01
	181

	
	 
	HFD
	1177.8
	1190.6
	-584.9
	-5.372
	2.0E-02
	181

	Veillonella
	Groups
	Osteopenia
	1249.8
	1265.8
	-619.9
	1.126
	2.0E-03
	181

	
	
	Osteoporosis
	
	
	
	-0.196
	5.9E-01
	

	
	 
	AP spine BMD (g/cm2)
	1262.4
	1275.2
	-627.2
	1.113
	3.0E-01
	181

	
	 
	AP spine T.score
	1262.8
	1275.6
	-627.4
	0.106
	4.2E-01
	181

	
	 
	Neck of femur BMD (g/cm2)
	1251.0
	1263.8
	-621.5
	-3.804
	7.2E-04
	181

	
	 
	Neck of femur T-score
	1244.8
	1257.6
	-618.4
	-0.858
	5.3E-05
	181

	
	BMI category
	Obese
	1256.3
	1275.5
	-622.1
	-1.447
	3.3E-04
	181

	
	
	Overweight
	
	
	
	-0.486
	1.6E-01
	

	
	
	Underweight
	
	
	
	-1.838
	2.1E-01
	

	
	 
	Calf circumference  (cm)
	1246.3
	1259.1
	-619.2
	-0.096
	3.0E-03
	179

	
	 
	Hip circumference (cm)
	1224.6
	1237.3
	-608.3
	-0.047
	7.4E-03
	178

	
	 
	Mid arm circumference (cm)
	1252.1
	1264.9
	-622.0
	-0.107
	2.1E-03
	180

	
	 
	Waist-Hip circumference ratio
	1230.6
	1243.3
	-611.3
	1.150
	6.8E-01
	178

	
	 
	Waist circumference (cm)
	1243.2
	1255.9
	-617.6
	-0.026
	7.2E-02
	179

	
	 
	Weight (kg)
	1260.8
	1273.5
	-626.4
	-0.018
	8.4E-02
	181

	
	 
	Gender Male
	1259.6
	1272.4
	-625.8
	0.902
	5.0E-02
	181

	
	 
	25(OH)D (nmol/L)
	1263.4
	1276.2
	-627.7
	0.002
	8.1E-01
	181

	
	 
	25(OH)D3 (nmol/L)
	1263.4
	1276.2
	-627.7
	0.002
	7.4E-01
	181

	
	 
	Calcium supplements
	1257.1
	1269.9
	-624.6
	-0.818
	8.2E-03
	181

	
	 
	Bisphosphonate supplements
	1257.5
	1270.3
	-624.7
	-1.231
	4.4E-03
	181

	
	 
	Anticoagulants
	1262.7
	1275.5
	-627.4
	0.615
	4.2E-01
	181

	
	 
	Number of medications
	1263.5
	1276.3
	-627.7
	0.009
	8.9E-01
	181

	
	 
	Epilepsy medications
	1254.3
	1267.1
	-623.1
	-2.164
	8.1E-05
	181

	
	 
	PPIs
	1245.4
	1258.2
	-618.7
	1.352
	4.8E-05
	181

	
	 
	Analgesia (Opiod)
	1259.9
	1272.6
	-625.9
	-1.058
	2.9E-02
	181

	
	 
	Coeliac
	1259.5
	1272.3
	-625.8
	0.954
	6.5E-02
	181

	
	 
	Cholecystectomy
	1262.2
	1275.0
	-627.1
	-0.575
	2.2E-01
	181

	
	 
	Reflux
	1240.9
	1253.7
	-616.5
	2.073
	2.4E-04
	181

	
	 
	Appendicectomy
	1243.3
	1256.1
	-617.7
	1.520
	1.1E-04
	181

	
	 
	Inhalers
	1259.2
	1272.0
	-625.6
	-0.997
	1.9E-02
	181

	
	 
	Barthel score
	1259.8
	1272.6
	-625.9
	-0.548
	6.6E-02
	181

	
	 
	Co morbidity
	1262.0
	1274.8
	-627.0
	0.249
	2.2E-01
	181

	
	 
	Godin
	1263.1
	1275.9
	-627.5
	-0.004
	4.8E-01
	181

	
	 
	MMSE
	1257.3
	1270.1
	-624.6
	0.246
	6.4E-03
	181

	
	 
	MNA
	1249.7
	1262.5
	-620.8
	-0.194
	4.4E-04
	181

	
	 
	HFD
	1261.7
	1274.5
	-626.9
	-1.571
	1.8E-01
	181



The intercept represents normal BMI, normal BMD, females and No. Significant nominal p-values are highlighted in red and bold. AIC: Akaike Information; criterion; BIC, Bayesian information criterion

Supplementary table S7: Bivariate analysis of the groups controlling for significant confounders against the significant genera
	Taxa
	 
	 
	AIC
	BIC
	logLik
	estimate
	p-value
	Number of samples

	Actinomyces
	 
	Bisphosphonate supplements
	1022.5
	1041.7
	-505.2
	0.522
	5.7E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.336
	1.4E-01
	

	
	
	Osteoporosis
	
	
	
	0.700
	3.1E-03
	

	
	 
	Coeliac
	1022.7
	1041.9
	-505.4
	-0.656
	4.9E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.293
	2.1E-01
	

	
	
	Osteoporosis
	
	
	
	0.777
	7.5E-04
	

	
	 
	Cholecystectomy
	1019.6
	1038.8
	-503.8
	0.708
	1.2E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.335
	1.4E-01
	

	
	
	Osteoporosis
	
	
	
	0.639
	6.6E-03
	

	
	 
	25(OH)D (nmol/L)
	1022.1
	1041.2
	-505.0
	0.008
	4.1E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.262
	2.6E-01
	

	
	
	Osteoporosis
	
	
	
	0.698
	3.0E-03
	

	
	 
	25(OH)D3 (nmol/L)
	1022.6
	1041.8
	-505.3
	0.007
	5.5E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.260
	2.6E-01
	

	
	
	Osteoporosis
	
	
	
	0.707
	2.7E-03
	

	
	 
	 
	 
	 
	 
	 
	 
	 

	Clostridium XlVa
	 
	Bisphosphonate supplements
	2211.3
	2230.5
	-1099.6
	0.312
	3.7E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.310
	1.3E-02
	

	
	
	Osteoporosis
	
	
	
	0.222
	8.3E-02
	

	
	 
	Anticoagulants
	2208.4
	2227.6
	-1098.2
	0.648
	1.1E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.250
	4.9E-02
	

	
	
	Osteoporosis
	
	
	
	0.301
	1.4E-02
	

	
	 
	Gender
	2212.3
	2231.5
	-1100.2
	-0.265
	5.4E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.315
	1.2E-02
	

	
	
	Osteoporosis
	
	
	
	0.289
	2.0E-02
	

	
	 
	Godin
	2211.2
	2230.4
	-1099.6
	-0.005
	2.6E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.345
	5.6E-03
	

	
	
	Osteoporosis
	
	
	
	0.294
	1.7E-02
	

	
	 
	HFD
	2210.1
	2229.3
	-1099.1
	1.031
	1.8E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.248
	5.7E-02
	

	
	
	Osteoporosis
	
	
	
	0.264
	3.3E-02
	

	
	 
	MNA
	2213.0
	2232.2
	-1100.5
	-0.039
	9.2E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.322
	1.0E-02
	

	
	
	Osteoporosis
	
	
	
	0.272
	3.0E-02
	

	Eggerthella
	 
	Gender
	966.8
	986.0
	-477.4
	-1.042
	1.0E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.934
	1.0E-02
	

	
	
	Osteoporosis
	
	
	
	1.270
	5.4E-04
	

	
	 
	Analgesia (Opiod)
	967.9
	987.1
	-478.0
	0.874
	5.8E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.800
	3.0E-02
	

	
	
	Osteoporosis
	
	
	
	1.096
	2.7E-03
	

	
	 
	Cholecystectomy
	965.7
	984.9
	-476.8
	1.102
	1.8E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.939
	9.1E-03
	

	
	
	Osteoporosis
	
	
	
	0.783
	4.0E-02
	

	
	 
	25(OH)D (nmol/L)
	971.2
	990.4
	-479.6
	0.007
	3.3E-01
	181

	
	Groups
	Osteopenia
	
	
	
	0.843
	2.8E-02
	

	
	
	Osteoporosis
	
	
	
	1.029
	1.0E-02
	

	
	 
	25(OH)D3 (nmol/L)
	971.1
	990.3
	-479.6
	0.007
	3.1E-01
	181

	
	Groups
	Osteopenia
	
	
	
	0.823
	3.4E-02
	

	
	
	Osteoporosis
	
	
	
	1.004
	1.3E-02
	

	Escherichia/Shigella
	 
	HFD
	1677.0
	1696.2
	-832.5
	0.469
	8.0E-01
	181

	
	Groups
	Osteopenia
	
	
	
	1.719
	5.5E-03
	

	
	
	Osteoporosis
	
	
	
	-1.080
	4.2E-02
	

	
	 
	Epilepsy medications
	1676.5
	1695.7
	-832.2
	0.548
	4.5E-01
	181

	
	Groups
	Osteopenia
	
	
	
	1.851
	1.5E-03
	

	
	
	Osteoporosis
	
	
	
	-1.156
	2.8E-02
	

	
	 
	Coeliac
	1676.0
	1695.2
	-832.0
	-0.724
	2.6E-01
	181

	
	Groups
	Osteopenia
	
	
	
	1.510
	1.8E-02
	

	
	
	Osteoporosis
	
	
	
	-1.257
	2.1E-02
	

	
	 
	Reflux
	1674.2
	1693.4
	-831.1
	-1.506
	5.3E-02
	181

	
	Groups
	Osteopenia
	
	
	
	1.662
	6.1E-03
	

	
	
	Osteoporosis
	
	
	
	-0.971
	8.0E-02
	

	
	 
	Appendicectomy
	1672.0
	1691.2
	-830.0
	1.049
	3.1E-02
	181

	
	Groups
	Osteopenia
	
	
	
	1.898
	8.1E-04
	

	
	
	Osteoporosis
	
	
	
	-0.672
	2.1E-01
	

	
	 
	Inhalers
	1674.8
	1694.0
	-831.4
	-0.886
	1.0E-01
	181

	
	Groups
	Osteopenia
	
	
	
	1.576
	6.8E-03
	

	
	
	Osteoporosis
	
	
	
	-1.213
	1.8E-02
	

	
	 
	Hip circumference (cm)
	1648.8
	1667.9
	-818.4
	0.049
	3.5E-02
	181

	
	Groups
	Osteopenia
	
	
	
	2.023
	6.0E-04
	

	
	
	Osteoporosis
	
	
	
	-0.784
	1.4E-01
	

	
	 
	25(OH)D (nmol/L)
	1669.7
	1688.8
	-828.8
	-0.022
	2.2E-03
	181

	
	Groups
	Osteopenia
	
	
	
	1.795
	7.6E-04
	

	
	
	Osteoporosis
	
	
	
	-0.585
	2.9E-01
	

	
	 
	25(OH)D3 (nmol/L)
	1670.3
	1689.5
	-829.1
	-0.021
	4.0E-03
	181

	
	Groups
	Osteopenia
	
	
	
	1.781
	1.0E-03
	

	
	
	Osteoporosis
	
	
	
	-0.646
	2.5E-01
	

	Lactobacillus
	 
	Barthel score
	1172.5
	1191.7
	-580.2
	-0.666
	1.8E-03
	181

	
	Groups
	Osteopenia
	
	
	
	-0.058
	9.2E-01
	

	
	
	Osteoporosis
	
	
	
	0.205
	7.2E-01
	

	
	 
	Bisphosphonate supplements
	1176.4
	1195.5
	-582.2
	1.715
	6.3E-03
	181

	
	Groups
	Osteopenia
	
	
	
	0.042
	9.4E-01
	

	
	
	Osteoporosis
	
	
	
	-0.073
	9.1E-01
	

	
	BMI category 
	Obese
	1179.2
	1204.8
	-581.6
	1.913
	7.8E-03
	181

	
	
	Overweight
	
	
	
	1.561
	1.9E-02
	

	
	
	Underweight
	
	
	
	-15.371
	9.8E-01
	

	
	Groups
	Osteopenia
	
	
	
	1.226
	6.3E-02
	

	
	
	Osteoporosis
	
	
	
	1.753
	2.9E-02
	

	
	 
	Number of medications
	1171.2
	1190.4
	-579.6
	0.302
	9.4E-05
	181

	
	Groups
	Osteopenia
	
	
	
	0.727
	1.8E-01
	

	
	
	Osteoporosis
	
	
	
	0.635
	2.8E-01
	

	
	 
	Co morbidity
	1178.3
	1197.4
	-583.1
	0.565
	9.3E-03
	181

	
	Groups
	Osteopenia
	
	
	
	0.507
	3.9E-01
	

	
	
	Osteoporosis
	
	
	
	0.521
	3.9E-01
	

	
	 
	HFD
	1178.3
	1197.5
	-583.2
	-6.173
	6.3E-03
	181

	
	Groups
	Osteopenia
	
	
	
	1.095
	5.6E-02
	

	
	
	Osteoporosis
	
	
	
	0.743
	2.5E-01
	

	
	 
	Waist circumference (cm)
	1167.7
	1186.8
	-577.9
	0.045
	6.0E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.551
	3.9E-01
	

	
	
	Osteoporosis
	
	
	
	0.666
	3.2E-01
	

	Veillonella
	 
	Bisphosphonate supplements
	1250.0
	1269.2
	-619.0
	-0.662
	1.7E-01
	181

	
	Groups
	Osteopenia
	
	
	
	1.101
	2.4E-03
	

	
	
	Osteoporosis
	
	
	
	-0.015
	9.7E-01
	

	
	BMI category 
	Obese
	1247.2
	1272.8
	-615.6
	-1.297
	2.6E-03
	181

	
	
	Overweight
	
	
	
	-0.246
	5.4E-01
	

	
	
	Underweight
	
	
	
	-1.069
	4.6E-01
	

	
	Groups
	Osteopenia
	
	
	
	0.844
	4.5E-02
	

	
	
	Osteoporosis
	
	
	
	-0.474
	2.6E-01
	

	
	 
	Calcium supplements
	1249.3
	1268.5
	-618.6
	-0.608
	1.1E-01
	181

	
	Groups
	Osteopenia
	
	
	
	1.171
	1.3E-03
	

	
	
	Osteoporosis
	
	
	
	0.210
	6.4E-01
	

	
	 
	Epilepsy medications
	1243.7
	1262.9
	-615.8
	-1.907
	4.0E-04
	181

	
	Groups
	Osteopenia
	
	
	
	1.101
	2.1E-03
	

	
	
	Osteoporosis
	
	
	
	-0.134
	7.1E-01
	

	
	 
	PPIs
	1234.8
	1254.0
	-611.4
	1.371
	5.6E-05
	181

	
	Groups
	Osteopenia
	
	
	
	0.601
	9.6E-02
	

	
	
	Osteoporosis
	
	
	
	-0.805
	3.0E-02
	

	
	 
	Analgesia (Opiods)
	1247.7
	1266.9
	-617.9
	-1.074
	2.3E-02
	181

	
	Groups
	Osteopenia
	
	
	
	1.078
	2.9E-03
	

	
	
	Osteoporosis
	
	
	
	-0.283
	4.4E-01
	

	
	 
	Reflux
	1237.5
	1256.7
	-612.8
	1.761
	1.9E-03
	181

	
	Groups
	Osteopenia
	
	
	
	0.737
	3.9E-02
	

	
	
	Osteoporosis
	
	
	
	-0.164
	6.4E-01
	

	
	 
	Appendicectomy
	1229.4
	1248.6
	-608.7
	1.512
	1.2E-05
	181

	
	Groups
	Osteopenia
	
	
	
	1.243
	3.1E-04
	

	
	
	Osteoporosis
	
	
	
	-0.003
	9.9E-01
	

	
	 
	Inhalers
	1247.9
	1267.1
	-618.0
	-0.901
	3.0E-02
	181

	
	Groups
	Osteopenia
	
	
	
	1.140
	1.6E-03
	

	
	
	Osteoporosis
	
	
	
	-0.117
	7.5E-01
	

	
	 
	Calf circumference  (cm)
	1236.3
	1255.4
	-612.2
	-0.102
	6.5E-03
	181

	
	Groups
	Osteopenia
	
	
	
	0.760
	4.1E-02
	

	
	
	Osteoporosis
	
	
	
	-0.615
	1.2E-01
	

	
	 
	Hip circumference (cm)
	1215.9
	1235.0
	-601.9
	-0.048
	1.4E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.703
	6.9E-02
	

	
	
	Osteoporosis
	
	
	
	-0.625
	1.2E-01
	

	
	 
	Mid arm circumference (cm)
	1245.5
	1264.7
	-616.8
	-0.089
	3.9E-02
	181

	
	Groups
	Osteopenia
	
	
	
	0.646
	1.2E-01
	

	
	
	Osteoporosis
	
	
	
	-0.565
	1.6E-01
	

	
	 
	MMSE
	1251.5
	1270.6
	-619.7
	0.065
	5.7E-01
	181

	
	Groups
	Osteopenia
	
	
	
	1.049
	7.1E-03
	

	
	
	Osteoporosis
	
	
	
	-0.152
	6.9E-01
	

	
	 
	MNA
	1242.2
	1261.4
	-615.1
	-0.176
	2.1E-03
	181

	
	Groups
	Osteopenia
	
	
	
	0.572
	1.4E-01
	

	
	
	Osteoporosis
	
	
	
	-0.687
	7.3E-02
	



The intercept represents normal BMI, normal BMD, females and No. Significant nominal p-values are highlighted in red and bold
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Supplementary table S8 BMI medications and vitamin D adjustment on AP spine BMD and association with significant genera


a) Identifying association between BMD and BMI (AP spine BMD ~ BMI)
	 
	Estimate
	Std. Error
	P-values
	R2

	BMI
	0.018
	0.003
	1.9E-10
	0.20



b) Investigating the effect of BMI, medications and vitamin D levels on BMD measures
	AP spine BMD ~ BMI + Groups + Calcium supplements + Bisphosphonate + Denosumab + vitamin D total + Calcium supplements * Denosumab * vitamin D total

	 
	Estimate
	Std. Error

	(Intercept)
	0.994
	0.074

	BMI
	0.005
	0.002

	Osteopenia
	-0.158
	0.021

	Osteoporosis
	-0.353
	0.024

	Calcium supplementsYes
	0.037
	0.062

	BisphosphonateYes
	0.014
	0.024

	DenosumabYes
	0.099
	0.423

	Vitamin D Total
	0.001
	0.001


The intercept represents normal BMD and No

c) Association of AP spine BMD on Groups (AP spine BMD ~ Groups)
	 
	Estimate
	Std. Error
	P-values
	R2

	Osteopenia
	-0.17
	0.02
	2.6E-15
	0.66

	Osteoporosis
	-0.38
	0.02
	< 2E-16
	


The values of estimate, standard error, p-values and R2(variance explained) in linear regression of Groups variable on AP spine BMD

d) Validating the association of residuals from b) on Groups and BMD measure
d.1) Residual obtained from b) and restoring only AP spine variations ~ Groups
	
	Estimate
	Std. Error
	P-values
	R2

	Osteopenia
	-0.17
	0.02
	2.5E-16
	0.68

	Osteoporosis
	-0.38
	0.02
	< 2E-16
	


The values of estimate, standard error, p-values and R2(variance explained) in linear regression of restored residuals from model 2 on Groups


d.2) Residual obtained from b) and restoring only AP spine BMD ~ actual AP spine BMD
	
	Estimate
	Std. Error
	P-values
	R2

	AP spine BMD
	0.97
	0.01
	<2E-16
	0.97


The values of estimate, standard error, p-values and R2(variance explained) in linear regression of restored residuals from model 2 on AP spine BMD

e) Residual obtained from b) and restoring only BMD variations ~ medications and BMI
	
	Estimate
	Std. Error
	P-values
	R2

	BMI
	1.2E-17
	1.9E-03
	1.0E+00
	0.68

	Osteopenia
	-1.7E-01
	2.0E-02
	7.4E-16
	

	Osteoporosis
	-3.8E-01
	2.2E-02
	2.9E-40
	

	Osteopenia
	-1.7E-01
	2.0E-02
	3.3E-15
	0.68

	Osteoporosis
	-3.8E-01
	2.1E-02
	1.8E-42
	

	Calcium supplementsYes
	1.7E-17
	1.7E-02
	1.0E+00
	

	Osteopenia
	-1.7E-01
	2.0E-02
	5.5E-16
	0.68

	Osteoporosis
	-3.8E-01
	2.0E-02
	5.1E-44
	

	Vitamin D Total
	-1.4E-18
	3.3E-04
	1.0E+00
	

	Osteopenia
	-1.7E-01
	1.9E-02
	3.2E-16
	0.68

	Osteoporosis
	-3.8E-01
	2.0E-02
	1.4E-44
	

	DenosumabYes
	1.1E-16
	3.1E-02
	1.0E+00
	

	Osteopenia
	-1.7E-01
	1.9E-02
	3.1E-16
	0.68

	Osteoporosis
	-3.8E-01
	2.0E-02
	4.2E-44
	

	BisphosphonateYes
	9.0E-18
	2.3E-02
	1.0E+00
	


The results of linear regression obtained from modelling the restored residuals of model 2 against BMI, medications and vitamin D levels 

f) GLMM with residuals obtained from b) and restoring only AP spine BMD variations to taxa
	GLMMs
	Estimate
	Std. Error
	P-values
	pseudo-R2

	Actinomyces
	-1.88
	0.46
	5.1E-05
	0.09

	Clostridium_XlVa
	-0.34
	0.29
	2.4E-01
	0.05

	Eggerthella
	-2.51
	0.92
	6.4E-03
	0.03

	Escherichia/Shigella
	2.96
	1.20
	1.3E-02
	0.02

	Lactobacillus
	-2.22
	1.44
	1.2E-01
	0.08

	Veillonella
	0.95
	1.12
	4.0E-01
	0.001


Significant nominal p-values are highlighted in red and bold 

Supplementary table 9: BMI, medications and vitamin D adjustment on lowest neck-femur BMD and association with significant genera

a) Identifying association between BMD and BMI (Lowest neck femur BMD ~ BMI)
	 
	Estimate
	Std. Error
	P-values
	R2

	BMI
	-0.001
	0.006
	8.2E-01
	0.0003



b) Investigating the effect of BMI, medications and vitamin D levels on BMD measures
	Lowest neck femur BMD ~ Groups + Calcium supplements + Bisphosphonate + Denosumab + vitamin D total + Calcium supplements * Denosumab * vitamin D total

	 
	Estimate
	Std. Error
	 

	(Intercept)
	1.008
	0.129
	 

	BMI
	-0.164
	0.078
	 

	Osteopenia
	-0.185
	0.083
	 

	Osteoporosis
	0.011
	0.228
	 

	Calcium supplementsYes
	0.163
	0.090
	 

	BisphosphonateYes
	0.329
	1.563
	 

	DenosumabYes
	-0.001
	0.002
	 

	Vitamin D Total
	1.008
	0.129
	 


The intercept represents normal BMD and No

c) Association of lowest neck-femur BMD on Groups (Lowest neck-femur BMD ~ Groups)
	 
	Estimate
	Std. Error
	P-values
	R2

	Osteopenia
	-0.137
	0.072
	6.0E-02
	0.03

	Osteoporosis
	-0.136
	0.073
	6.3E-02
	


The values of estimate, standard error, p-values and R2(variance explained) in linear regression of Groups variable on lowest neck femur BMD

d) Validating the association of residuals from b) on Groups and BMD measure
d.1) Residual obtained from b) and restoring only Lowest neck-femur variations ~ Groups
	
	Estimate
	Std. Error
	P-values
	R2

	Osteopenia
	-0.137
	0.071
	5.7E-02
	0.03

	Osteoporosis
	-0.136
	0.072
	5.9E-02
	


The values of estimate, standard error, p-values and R2(variance explained) in linear regression of restored residuals from model 2 on Group



d.2) Residual obtained from b) and restoring only lowest neck-femur BMD ~ actual lowest neck-femur BMD 
	
	Estimate
	Std. Error
	P-values
	R2

	Lowest neck femur BMD
	0.971
	0.013
	<2E-16
	0.97


The values of estimate, standard error, p-values and R2(variance explained) in linear regression of restored residuals from model 2 on lowest neck-femur BMD

e) Residual obtained from b) and restoring only lowest neck-femur BMD variations ~ medications and BMI
	
	Estimate
	Std. Error
	P-values
	R2

	Osteopenia
	-0.137
	0.075
	6.9E-02
	0.03

	Osteoporosis
	-0.136
	0.077
	7.7E-02
	

	Calcium supplementsYes
	0.000
	0.064
	1.0E+00
	

	Osteopenia
	-0.137
	0.072
	6.0E-02
	0.03

	Osteoporosis
	-0.136
	0.074
	6.8E-02
	

	Vitamin D Total
	0.000
	0.001
	1.0E+00
	

	Osteopenia
	-0.137
	0.072
	5.8E-02
	0.03

	Osteoporosis
	-0.136
	0.074
	6.5E-02
	

	DenosumabYes
	0.000
	0.116
	1.0E+00
	

	Osteopenia
	-0.137
	0.072
	5.7E-02
	0.03

	Osteoporosis
	-0.136
	0.074
	6.8E-02
	

	BisphosphonateYes
	0.000
	0.085
	1.0E+00
	


The results of linear regression obtained from modelling the restored residuals of model 2 against BMI, medications and vitamin D levels 

f) GLMM with residuals obtained from b) and restoring only lowest neck-femur BMD variations to taxa
	GLMMs
	Estimate
	Std. Error
	P-values
	pseudo-R2

	Actinomyces
	-2.552
	0.638
	6.4E-05
	0.08

	Clostridium_XlVa
	0.154
	0.099
	1.2E-01
	0.08

	Eggerthella
	0.246
	0.270
	3.6E-01
	0.04

	Escherichia/Shigella
	-0.374
	0.598
	5.3E-01
	0.02

	Lactobacillus
	-0.851
	0.360
	1.8E-02
	0.06

	Veillonella
	-2.030
	1.314
	1.2E-01
	0.001


Significant nominal p-values are highlighted in red and bold, trends of associations are highlighted in green and
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