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Characteristics

BMI (kg/m?) 25.17 £ 3.51 2335+282 | NS
Age (years) 65.21 + 7.55 63.76 + 6.63 NS
LS BMD (g/cm?) 1.24 £ 0.18 0.99 = 0.11 <0.001
LS T-score 1.24 + 1.54 -1.02 + 0.94 <0.001
LS Z-score 2.02 £ 157 0.46 + 1.01 <0.001
Neck BMD (mg/cm2) 955.16 + 172.41 778.04 <0.001
+165.85
Neck T-score 0.67 + 145 -0.72 £ 1.37 <0.001
Neck Z-score 1.67 + 1.70 0.56 + 1.38 <0.01
Hip BMD (mg/cm2) 1015.63 £ 116.46 806.44 <0.001
+ 156.85
Hip T-score 0.65 + 0.92 -0.94 £ 121 <0.001
Hip Z-score 116 + 1.14 -0.08 £ 1.67 <0.001
ALP (U/L) 74.10 + 21.13 9343 + 2591 <0.01
VD (ng/mL) 27.74 + 9.58 21.78 + 6.18 <0.01
PTH (pg/mL) 3320 + 11.67 3228 +1073 | NS
T-PINP (ng/mL) 46.22 + 16.85 71.52 + 29.51 <0.001
B-CTX (pg/mL) 504.07 + 192.87 739.78 <0.001
+263.93
N-MID (ng/mL) 1498 + 5.21 23.38 + 10.74 <0.001
E2(pmol/L) 52:11  16.59 42.89 +10.37 <0.05

Values are mean + SD for continuous variables and the P value is based on the Wilcoxon rank-

sum test.
NS, nonsignificance.
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Characteristics

OS (n=61)

P-value

BMI (kg/m?) 25.52 % 342 23.82 % 3.15 NS
Age (years) 64.25 + 7.25 67.41 £ 7.94 NS
LS BMD (g/cm?) 1.24 £ 0.15 0.96 £ 0.12 <0.001
LS T-score 1.18 £ 1.33 -1.27 £0.98 <0.001
LS Z-score 2.07 £ 142 0.51 + 1.04 <0.001
Neck BMD (mg/em®) | 949.30 + 159.88 714.18 <0.001
+ 143.89
Neck T-score 0.67 + 1.34 -125+1.21 <0.001
Neck Z-score 1.68 + 1.57 0.23 + 121 <0.001
Hip BMD (mg/cmz) 1007.59 + 120.66 755.21 <0.001
+135.88
Hip T-score 0.60 £ 0.95 -1.33 + 1.05 <0.001
Hip Z-score 1.17 £ 1.08 -0.24 £ 1.01 <0.001
ALP (U/L) 73.51 + 23.86 91.32 + 23.68 <0.001
VD (ng/mL) 20.17 + 10.68 20.23 + 8.30 <0.01
PTH (pg/mL) 31.93 + 1245 3472 £ 1212 NS
T-PINP (ng/mL) 49.98 £ 27.34 70.75 + 30.21 <0.001
B-CTX (pg/mL) 507.54 + 19338 725.53 <0.001
+ 300.86
N-MID (ng/mL) 15.62 £ 5.07 22.28 £ 9.51 <0.001
E2(pmol/L) 56.08 + 19.40 45.61 + 15.09 <0.01

Values are mean + SD for continuous variables and the P value is based on the Wilcoxon rank-

sum test.
NS, nonsignificance.






OPS/images/fcimb.2024.1367325/fcimb-14-1367325-g003.jpg
Correlation
+

= k] @ m
g ;
foisfig, 0t
EEREEEEERE
238888863+ m
esoagfsegggg s
e 8258885 EETE
E2888c838adiEz4a?2
Zoooooeocoeoccone
*
*
«© © Bl N =]
o o o o o

W oaibap uoneuen abelany

0.012
0.009
0.006
0.003

w Awigessuinp





OPS/images/fcimb.2024.1367325/fcimb-14-1367325-g004.jpg
Plasma PIM  Scores (OPLS-DA)

1(1.81%)

R2X:0.06 R2Y:0.73 Q2:0.183 RMSEE:0.26

Plasma NIM  Scores (OPLS-DA)

@Normal
Q0s

to1

11(2.38%)
R2X:0.09 R2Y:0.66 Q2:0.15 RMSEE:0.29

D VIP of NIM

4-Methyl-2-Oxopentanoic Acid -
2-Hydroxycaproic acid -
Isovaleric acid

Cc VIP of PIM
Epitestosterone  ——————————————@
Etiocholanolong  ————————@
Cotining { —————@
Indole-3-lactic acid + ————————@
p-Mentha-1,3 8-triene { ———————@
Dihydrothymine 4 —————@
Proline-hydroxyproline 4 —————@
Stiripentol { —————@
Creatine { —— ——@
ACar 240 { ———@
T T T T T T
0 1 2 3 4 5
VIP
E PIM
n(down) =24 n(up) =16
L]
_6
) °
2 e
[ 2
& °
3 3
[
2
0
0
Log2(FC)
G Metabolites class

Fatty Acids and Conjugates q
Tryptamines 4

Indolyl carboxylic acids 4
Amino acids and peptides 4
Purines q

Alkaloids

Organic dicarboxylic acids q
Steroids

Steroid conjugates q

Keto acids

Quinolines q

Phenylacetic acids q

Indoles 4

o

10
—log10P.value

15

5..-Dinhydrotestosterone glucuronide -

DL-4-Hydroxyphenyllactic acid -

—Iog1OP.vaIue

Testosterone sulfate -

2-Hydroxyvaleric acid
3-Phenyllactic acid -{
Uric acid

0-Toluic Acid

VIP

NIM
n(down) =25

6 Testosterone glfate

Indole-3—pyruvic acid
LJ
Adipic acid
.
L]

n(up) =23

IS

Isovaleric acid |g

-Lg(p.value)

N

0
Log2(FC)

Metabolite pathway

Tryptophan metabolism .

1.54 [ Biosynthesis of unsaturated fatty acids |

Steroid hormone blosymhesls

Fatty acid degradation | /

Valme leucine and isoleucine biosynthesis |

. . (Phosphatidyiinositol signaling syster)
' Inositol phosphate metabolism

0.05 0.10 0.15
Pathway Impact

0.54

0.20





OPS/images/fcimb.2024.1367325/fcimb-14-1367325-g005.jpg
A Number of metabolites from different sources

60-

N
S

%

3

n
1=}

-‘D

Number of metabolites

o

-w
R

58

10

Host Host Microbiota
Microbiota

Drug related
| | Food related

Environment
|| unknown

201

o
1

-log10P.value
o
T

. Host . Microbiota - Co-Metabolism

= @

N I
0.01
I I T T T I 1 1 1 I I 1 ) U I I 1 1 I I 1 1 T I I 1 1
T Q9 D - 0 Q ©Q O © Q - A Q o - &N 9 o4 N O T M O i=3
b A - o o O o O ¥ ™ o o 0 © L © 1w © © v = @
E S NN O N OO ®© v O o o 8 0w 9O N v © 9 «©
8 - o 2 9 9 9 9 9 9 9 Qo 9 Q 9 9 9 o i=3
(=3 o © O o O 9O 9O 9O O [=I =] § o 9 O o o =3
D g <) 2 ¢ 2 @ ¢ @ ¢ ¢ ¢ 2 ® O 2 ¢ & ¢ ¢ ¢ o
2 2 £ 2 2222 2 228 2 2 2 2 22 8 2
B R S S S R R R R R S R R R S SR R S R it S Y B MR B R SR ~
7 i i 3 3 \
Etiocholanolone  Etiocholanedione  Androstenedione Testosterone sulfate

17a,21

@ Hydrocortisone

Cortodoxone

-Dihydroxypregnenolone

@ — © @

Epitestostero

1
1
1
1
1
1
1
|

@ Down in 0S

Not change or
not dected metabolites

Palmitic acid Palmitoyl-CoA Palmitoylcarnitine

@) > @ > @ >

17a-Hydroxypregnenolone DHA

\
I
I
|
I
I
I
1

D Key enzymes from host
() Key enzymes from microbiota

Androstenediol Androstenedione

Sa-Dihydro 5a-Dihydrotestosterone

-« >
© Y

1
1
1
1
1
1
@ 5B-Androstane-3,17-dione :
1
1
1
1
1
I

Testosterone testosterone glucuronide ’
5-Hydroxy- " . .
tryptophan Serotonin N-Acetylserotonin Melatonin

O > @ > @ > @
(ooc) (aAnaT) (asm7)

@ <

Indole Tryptophan Indole-3-pyruvic acid Indole-3-lactic acid

1
I
1
I
1
I
1
1
1
|
I
1
I
1

\
|
|
|
|
|
|
|
|
|
|
|
|
1

ko003 tophan metabolism
\ ’





OPS/images/fcimb.2024.1367325/fcimb-14-1367325-g006.jpg
A B (o]
tnaA
&560 * Genus ~ tnaA
Microbiom Metabolite . [Eubacterium]_siraeum_gioup
8 :
4000- Parabacteroid
g
2
2 2000 -log10(Pvalue)
H 3
(Provtts ) - 2
A o)
0 T T T T T
Normal OS -0.25 0.00 0.25
Correlation with tnaA
D E  Species ~ tnaA
4+
x EX3 e == Normal
N mos
g = - -
g,/ =N H =
L2 m = =N ==
> -log10(p-value)
2 14
o1 20
|:-g
0 T T T T T T 05
; : :
-0.2 0.0 0.2
Correlation with tnaA
F Bacteroides iy «

Agathobacter =2 iy +

Mantel's r

04
Blauta - - iy - [o-MD . 02
Ruminococcus « )
Fusicatenibacter - - iy ¢ iy » . Neck BMD 0.0
Lactobacillus = | « SR * / N 02
Anaerostipes = iRy K . :
CAG-352/ ¢y |z o |o|c |8 |5 « Hip_BMD -0.4
[Eubacterium]_halli_group - = iy v iy = v - Mantel's p
[Eubacterium]_siraeum_group ¢ =1 ¢ & v o fr &7 {@;i - — <001
Testosterone sulfate < o o (el * . — 0.01-005
Epitestosterone 7 = 3 o |- & ﬁ?'
Hydrocortisone = ¢y o & o | 5|0 |8|a|o ‘ o b GTX
Etiocholanolone ¢ = .
5a-Dihydrotestosterone glucuronide « =
Indole-3-lactic acid N_MID
Indole -
Tryptophan «
Serotonin
Melatonin = | - Pearson's r
Palmitic acid = 10
Palmitoylcarnitine 2 l 05
A
@c‘fga‘i\o§
Fg &

0.0
iﬁS
-10





OPS/images/fcimb.2024.1367325/crossmark.jpg
©

2

i

|





OPS/images/fcimb.2024.1367325/fcimb-14-1367325-g001.jpg
= = Chaot &
ao
ACE PCoA1
5 Oroma | EMANOVA. p=0011 *
900 ormal
008 (©)} —
< Y RN
g - Be.
600 600 o / @ ~ \
Tl ©g o
Rl’ / ‘ © # i
o . | . \/
! \ A
300 300 < .’ c\ %
\ .
s e &
@ ~----="___-

Normal 0os

D E
2100
3 8
(= c
< 75 £
B c
3 3 50
5 50 8
2 25 225
kS =
o) [}
s o0 e o
5 [ Firmicutes M Desulfobacterota o [ Bacteroides M Parabacteroides
= [¥ Bacteroidota M Actinobacteriota 2 HPrevotella _ Agathobacter
= M Proteobacteria ~ Others @ I Faecalibacterium M Lachnospiraceae
O M Escherichia—Shigella Others
F G H I J K L
Bacteroides Blautia Fusicatenibacter Ruminococcus Anaerostipes Agathobacter Lactobacillus
—* — 3| = :—"—' — 5] [
_60 6 _ _ A _ s
& g . 2 215 °\° 2 g
c s+, g2 c 15 £ 10 £y
g0 24 gl 210 : : 2
g g -8 8 810 g 8 .
o I3 * 81 3 ] S 5 P
a 20 a2 [N + a 05 Q.5 ﬁ o [N
0 ‘ * o —— *
%, % % %
% O <, fe) 2, o} %, Q. 2, O,
2y O %, ) "2, % 7, % %/ ¥ )





OPS/images/fcimb.2024.1367325/fcimb-14-1367325-g002.jpg
ENormal [0S

Bacteroides

Blautia

CAG-352

Ruminococcus

Fusicatenibacter
Christensenellaceae_R-7_group
[Eubacterium] siraeum group
[Eubacterium]_ruminantium_group
Anaerostipes
[Eubacterium]_hallii_group
‘Sphingomonas
Lachnospiraceae_UCG-010
Lachnospiraceae_UCG-003
CAG-56

Colidextribacter

U29-B03

Weissella

Incertae_Sedis_f
Staphylococcus
Lachnospiraceae_UCG-006
[Clostridium]_methylpentosum_group
Oxobacter

Methyloversatilis

Chioroplast

Syntrophotalea

Prevotellaceae UCG-001
Acetobacter

Oscillibacter

Lactobacillus

Agathobacter

Genus

Cafteine metabolism

Novobiocin biosynihesis
Phenylpropanoid biosynthesis
Staurosporine biosynthesis

Gitrate cycle (TCA cycle)

‘Oxidallve phosphorylation
Photosynthesis - antenna proteins
2-Oxocarboxylic acid metabolism
Biosynthesis of amino acids.

Garolenold blosyniesis
Polyketide sugar unit biosynihesis
1] steroid degradation

KEGG Level2
Amino acid motabolism

|| carbohydrate metabolism

Chemical structure transformation maps
Energy metabolism

Global and overview maps

Glycan biosynthesis and metabolism
Lipid metabolism

Metabolism of cofactors and vitamins
Metabolism of olher amino acids

| Metabolism of terpenoids and polyketides

Alanine, aspartale and glutamate metabolsm

Amino sugar and nuceotide sugar metabolism

|| Biosynthesis of other secondary metabolites

Acarbose and validamycin biosynthesis

LST Correlation
LS BMD 04
Lsz

Neck T

Neck BMD = 2

Neck Z
Hip T
H|p BMD

(T) QuvonN ®»a
= 33 -0 o3
o 0 Qom™mMmT O
© O o5 Q.1 .10 5
4 3 80057
£0 B o0 <SG E
25 00 25 50 TS o g 5083
LDA value 29 1 Eo @F
= g 3 @
= g8 2
High s £ §
53 ow by
g 2 2
15)
Low 2 £ 54
G 2 3 3
roup @ -~ [im)
Normal E
os o
—l—l
==
1
|2 bl - Osclllibacter
" o Agathobacter
HHEHEE Lactobacillus
g OEEE x Bacteroides
- - E Ruminococcus
i T i [ (Eubacterium]_ruminantium_group
g v T Christensenellaceae_R-7_group
S T Lachnospiraceae_UCG-010
L N O U g = Fusicatenibacter
== = iniE || (Eubacterium]_halli_group
T v Blautia
[ ® | * Anaerostipes
v T I "] 7 I© | [" == (Eubacterium] siraeum_group
I_]- " X CAG-352
B OEE CAG-56
S0orZ0 EQd TTOrEOBZ000EETE 5050
§gerig s ifeagoreeoggEEeoaoesy
82308 F 2 fiigogszicEgaiinogogidy
g.;.§§hssqg;gi%gga;gmg;ﬁz? S 28t Corelation
g88°235822 5828855283268 g5 3
SBBca30928.55759288853822¢68 gs8sg 0.8
3%%g%‘gggségﬁzgnaéwggg%g gESzg
8§:8229099-233983935553835 3884
H Eggéﬁgéagggimog‘ﬂéﬁ_ﬁﬁggz §288% 04
° fgg-c2 I38F Bieco®figfsBifzect
4GS FE B3O 8ZF 5 To3ig 2228
g3 53 3 85§3 L
313 &3 vE ¢ g¢fg & 0
aa ] S a3 2
gz 3 g3 R
84 83 3 g3 ¢ H
s 8 9% = g -0.2
2§ ¢ Hf
g3 EH s -0.4
8 &
8
8

Xenobiotics biodegradation and metabolism





OPS/images/fcimb.2024.1374775/fcimb-14-1374775-g002.jpg
Levels Gut.microbiota nsnp pval OR(95%Cl) Heterogenicity

Genus  Ruminococcaceae UCG002 20 0.043 "—O—D 1.43(1.01 - 2.01) 0.96
Genus  Coprobacter 11 0.045 p——— 1.41(1.01 - 1.96) 0.41
Genus  Alistipes 12 0.043 '—0—{ 0.57(0.33-0.98) 0.85
Genus  Turicibacter 9 0.034 —s—i 0.60(0.38 - 0.96) 0.24
P<0.05 was considered statistically significant (') 0?5 I 1_' 5 é

< e

protective factor risk factor
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Levels  Gut.microbiota nsnp pval OR(95%ClI) Heterogenicity

Order Bacillales 8 0.038 Ii-o—i 1.33(1.02-1.73) 0.36
Family  Bacteroidales S24 7group 8 0.036 —— 1.50(1.03 -2.20) 0.67
Family  Family XIIl 7 0.041 D 1.99(1.03-3.83) 0.38
Family ~ Peptostreptococcaceae 13 0.019 n—t: 0.63(0.43-0.93) 0.68
Genus  Eubacterium ventriosum group 15 0.040 Ib—o—c 1.53(1.02-229) 0.95
Genus  Ruminiclostridium9 8 0.049 —— 1.83(1.00-3.32) 0.95
Genus  Haemophilus 9 0.043 0-0-1' 0.70(0.49 - 0.99) 0.95
Genus  Ruminococcaceae NK4A214 group 13 0.026 '-0—': 0.55(0.32-0.93) 0.10
P<0.05 was considered statistically significant i 1 5 5 4

<
protective factor risk factor
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Levels Gut.microbiota nsnp pval OR(95%Cl) Heterogenicity

Family  Bifidobacteriaceae 11 0.025 —— 185(1.08-3.16) 0.26
Family ~ Desulfovibrionaceae 9 0.045 -0—{ 0.53(0.29 - 0.99) 0.99
Family  Lactobacillaceae 8 0.035 -0—" 0.65(0.44 -0.97) 093
Genus  Eubacterium ventriosum group 15 0.049 e 1.68(1.00 -2.80) 0.29
Genus  Candidatus Soleaferrea 9 0.007 o : 0.58(0.40 - 0.86) 0.76
Genus  Coprobacter 11 0.031 H—i: 0.64(0.42-0.96) 0.28
P<0.05 was considered statistically significant (') 0!5 1' 1 ‘ 5 2' 2!5 5'3 3!5

>

<
protective factor risk factor
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Diffuse large B-cell lymphoma

Microbiota

Genus

MR-
PRESSO

p_value

MR-Egger

Intercept

p_value

R UOG002 0.941 0.970 -0.012 0.731
Genus Coprobacter 0413 0.450 -0.031 0.686
Genus Alistipes 0.854 0.870 -0.110 0.197
Genus Turicibacter 0.241 0.299 -0.016 0.889
Follicular lymphoma Order Bacillales 0.362 0.398 0.047 0.612
Family Bacteroidales S24 7group 0.673 0.696 -0.016 0.847
Family XIII 0.382 0415 0.014 0.885
Family Peptostreptococcaceae 0.678 0.689 0.036 0.334
Genus Eubacterium
R — 0.946 0.946 0.029 0.677
Genus Ruminiclostridium9 0.703 0.727 0.068 0.495
Genus Haemophilus 0472 0.467 -0.011 0.823
Gen::;:‘x;i‘r:::::ceae 0.105 0.131 -0.030 0.659
Mature T/NK-cell lymphomas Family Verrucomicrobiaceae 0310 0312 0.108 0334
Family Methanobacteriaceae 0.943 0.955 -0.011 0.945
Family Lactobacillaceae 0.832 0.806 0.010 0922
Genus Bifidobacterium 0.818 0.828 -0.069 0.320
Genus Lactobacillus 0.903 0.891 0.009 0.923
Genus Methanobrevibacter 0.773 0.796 0.079 0.455
Genus Akkermansia 0.309 0.322 0.107 0.340
0?:::;:3::::::2; 0606 0651 -0.187 0304
Genus
Ruminococcaceae UCGO14 0280 0372 0063 0489
Genus Lachnospiraceae UCG001 0.477 0.521 -0.050 0.696
Genus 0.824 0.834 0.080 0632
Ruminococcaceae UCG004
Other and unspecified types of non- Phylum Lentisphaerae 0.330 0.378 -0.065 0.492
Hodgkin lymphoma
Family Defluviitaleaceae 0.844 0.691 0.073 0.282
Order Bacillales 0.478 0538 -0.011 0.899
Order Clostridiales 0.366 0.419 0.045 0.348
Genus Flavonifractor 0.927 0.933 -0.056 0.606
Genus Phascolarctobacterium 0.924 0.934 0.101 0373
Genus Slackia 0.624 0.704 -0.189 0.251
Hodgkin lymphoma Family Bifidobacteriaceae 0.262 0322 0.065 0.337
Family Desulfovibrionaceae 0.994 0.995 0.004 0.963
Family Lactobacillaceae 0.928 0.928 0.002 0.973
G\Z’;‘:;i‘::‘;::;" 0288 0285 0.060 0511
Genus Candidatus Soleaferrea 0.759 0772 0.008 0.966
Genus Coprobacter 0.282 0.311 0.020 0.833
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Levels  Gut.microbiota nsnp pval OR(95%Cl) Heterogenicity

Family ~ Verrucomicrobiaceae 9 0.007 re—! 0.52(0.32-0.84) 0.31
Family ~ Methanobacteriaceae 9 0.007 ro— : 0.52(0.32-0.84) 094
Family  Lactobacillaceae 8 0.031 0-0—0: 0.51(0.28 -0.94) 0.83
Genus  Bifidobacterium 12 0.048 H—JI 0.51(0.26 -0.99) 0.82
Genus  Lactobacillus 8 0.023 +e—u 0.51(0.28 -0.91) 0.90
Genus  Methanobrevibacter 6 0.026 l-o—|: 0.50(0.27-0.92) 0.77
Genus  Akkermansia 11 0044 +o— 0.45(0.20 -098) 0.31
Genus  Eubacterium oxidoreducens group 5 0.030 H—I: 0.44(0.21-0.92) 0.61
Genus  Ruminococcaceae UCGO014 10 0.040 ro— 0.41(0.18 -0.96) 0.28
Genus  Lachnospiraceae UCGO001 13 0.002 e~ : 0.38(0.21 -0.69) 0.48
Genus  Ruminococcaceae UCG004 11 0.035 :0—0—v 2.06(1.05-4.04) 0.82
P<0.05 was considered statistically significant (') 1' 2' é L';
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protective factor risk factor
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Levels Gut.microbiota nsnp pval OR(95%Cl) Heterogenicity

Phylum  Lentisphaerae 9 0.038 o 0.72(0.53-0.98) 0.33
Family Defluviitaleaceae 11 0.034 :o—o—c 1.47(1.03-2.11) 0.68
Order Bacillales 8 0.027 ! 0.75(0.58 - 0.97) 0.48
Order Clostridiales 12 0.026 :l—0—0 1.71(1.07 - 2.76) 0.37
Genus  Flavonifractor 5 0.042 1 1.82(1.02 - 3.25) 0.93
Genus  Phascolarctobacterium 7 0.048 ;—0—! 1.64(1.00 -2.69) 0.92
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