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Supplementary Figure 1: Confounder analysis and microbiome composition. (A) Variance explained by 
disease status (case versus control) is plotted against variance explained by potential confounding factor (age, BMI 
and sex) for individual microbial species. Each genus is represented by a dot proportional in size to its normalized 
abundance. (B) Stacked bar plots depicting phylum-level differences in gut microbiome composition between the 
NAFLD stages and healthy controls. HC, healthy controls; NAFL, nonalcoholic fatty liver; NASH, nonalcoholic 
steatohepatitis.



FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05FDR<0.05
0.0

2.5

5.0

7.5

10.0

Gut microbial species
−

lo
g1

0(
q)

Species associations in individual disease

0.0

0.5

1.0

A
U

R
O

C

S
tr

ep
to

co
cc

us
_a

ng
in

os
us

La
ct

ob
ac

ill
us

_s
al

iv
ar

iu
s

S
tr

ep
to

co
cc

us
_s

p_
I_

G
2

C
or

io
ba

ct
er

ia
ce

ae
_b

ac
te

ri
um

_p
hI

C
lo

st
ri

di
um

_s
pi

ro
fo

rm
e

S
tr

ep
to

co
cc

us
_s

an
gu

in
is

V
ei

llo
ne

lla
_s

p_
3_

1_
44

M
eg

as
ph

ae
ra

_u
nc

la
ss

ifi
ed

M
eg

am
on

as
_f

un
ifo

rm
is

B
ifi

do
ba

ct
er

iu
m

_d
en

tiu
m

K
le

bs
ie

lla
_o

xy
to

ca
V

ei
llo

ne
lla

_d
is

pa
r

La
ch

no
sp

ir
ac

ea
e_

ba
ct

er
iu

m
_1

_4
_5

6F
A

A
E

nt
er

oc
oc

cu
s_

fa
ec

al
is

A
ct

in
om

yc
es

_s
p_

IC
M

47
E

ub
ac

te
ri

um
_d

ol
ic

hu
m

R
ot

hi
a_

de
nt

oc
ar

io
sa

S
tr

ep
to

co
cc

us
_s

p_
2_

1_
36

F
A

A
S

tr
ep

to
co

cc
us

_i
nt

er
m

ed
iu

s
T

ur
ic

ib
ac

te
r_

sp
_H

G
F

1
P

ep
to

st
re

pt
oc

oc
ca

ce
ae

_n
on

am
e_

un
cl

as
si

fie
d

C
lo

st
ri

di
um

_a
sp

ar
ag

ifo
rm

e
C

ol
lin

se
lla

_u
nc

la
ss

ifi
ed

P
ar

ab
ac

te
ro

id
es

_u
nc

la
ss

ifi
ed

B
ilo

ph
ila

_w
ad

sw
or

th
ia

V
ei

llo
ne

lla
_s

p_
or

al
_t

ax
on

_1
58

A
ci

da
m

in
oc

oc
cu

s_
sp

_H
P

A
05

09
T

ur
ic

ib
ac

te
r_

un
cl

as
si

fie
d

O
xa

lo
ba

ct
er

_f
or

m
ig

en
es

La
ct

ob
ac

ill
us

_f
er

m
en

tu
m

B
ac

te
ro

id
es

_t
he

ta
io

ta
om

ic
ro

n
M

eg
am

on
as

_r
up

el
le

ns
is

C
ol

lin
se

lla
_t

an
ak

ae
i

C
lo

st
ri

di
um

_s
p_

S
S

2_
1

C
itr

ob
ac

te
r_

fr
eu

nd
ii

D
or

ea
_u

nc
la

ss
ifi

ed
M

eg
as

ph
ae

ra
_s

p_
N

M
10

M
eg

as
ph

ae
ra

_s
p_

B
L7

La
ch

no
sp

ira
ce

ae
_b

ac
te

ri
um

_2
_1

_5
8F

A
A

F
us

ob
ac

te
ri

um
_m

or
tif

er
um

M
eg

am
on

as
_h

yp
er

m
eg

al
e

B
ac

te
ro

id
es

_s
p_

D
22

R
um

in
oc

oc
cu

s_
gn

av
us

B
ac

te
ro

id
es

_s
p_

2_
1_

16
V

ei
llo

ne
lla

_p
ar

vu
la

R
um

in
oc

oc
cu

s_
sp

_J
C

30
4

V
ei

llo
ne

lla
_a

ty
pi

ca
La

ch
no

sp
ir

ac
ea

e_
ba

ct
er

iu
m

_7
_1

_5
8F

A
A

R
os

eb
ur

ia
_i

nu
lin

iv
or

an
s

C
lo

st
ri

di
um

_n
ex

ile
A

ct
in

om
yc

es
_g

ra
ev

en
itz

ii
C

op
ro

ba
ci

llu
s_

sp
_3

_3
_5

6F
A

A
H

ol
de

m
an

ia
_s

p_
A

P
2

T
ur

ic
ib

ac
te

r_
sa

ng
ui

ni
s

La
ct

ob
ac

ill
us

_j
oh

ns
on

ii
M

eg
am

on
as

_u
nc

la
ss

ifi
ed

B
ac

te
ro

id
es

_s
p_

1_
1_

6
P

ar
ab

ac
te

ro
id

es
_s

p_
D

25
B

ac
te

ro
id

es
_o

va
tu

s
C

lo
st

ri
di

ac
ea

e_
no

na
m

e_
un

cl
as

si
fie

d
C

lo
st

ri
di

um
_s

p_
A

T
C

C
_B

A
A

_4
42

La
ct

ob
ac

ill
us

_g
as

se
ri

O
sc

ill
ib

ac
te

r_
sp

_K
LE

_1
74

5
E

nt
er

ob
ac

te
r_

cl
oa

ca
e

B
la

ut
ia

_h
yd

ro
ge

no
tr

op
hi

ca
F

la
vo

ni
fr

ac
to

r_
un

cl
as

si
fie

d
B

ac
te

ro
id

es
_s

p_
1_

1_
14

D
es

ul
fo

vi
br

io
_d

es
ul

fu
ri

ca
ns

R
um

in
oc

oc
ca

ce
ae

_b
ac

te
ri

um
_D

16
R

os
eb

ur
ia

_i
nt

es
tin

al
is

A
to

po
bi

um
_s

p_
IC

M
58

R
um

in
oc

oc
cu

s_
la

ct
ar

is
La

ch
no

sp
ir

ac
ea

e_
ba

ct
er

iu
m

_6
_1

_6
3F

A
A

S
ut

te
re

lla
_w

ad
sw

or
th

en
si

s
R

um
in

oc
oc

cu
s_

sp
_5

_1
_3

9B
F

A
A

P
ar

vi
m

on
as

_u
nc

la
ss

ifi
ed

A
lis

tip
es

_f
in

eg
ol

di
i

B
ac

te
ro

id
es

_c
op

ro
ph

ilu
s

La
ch

no
sp

ir
ac

ea
e_

ba
ct

er
iu

m
_8

_1
_5

7F
A

A
H

ae
m

op
hi

lu
s_

pa
ra

in
flu

en
za

e
H

ol
de

m
an

ia
_f

ili
fo

rm
is

S
ub

do
lig

ra
nu

lu
m

_s
p_

4_
3_

54
A

2F
A

A
B

ac
te

ro
id

es
_s

p_
3_

2_
5

B
ac

te
ro

id
es

_s
p_

1_
1_

30
C

lo
st

ri
di

um
_p

er
fr

in
ge

ns
C

lo
st

ri
di

um
_b

ar
tle

tt
ii

V
ei

llo
ne

lla
_s

p_
H

P
A

00
37

E
gg

er
th

el
la

_u
nc

la
ss

ifi
ed

A
na

er
ot

ru
nc

us
_c

ol
ih

om
in

is
S

tr
ep

to
co

cc
us

_t
he

rm
op

hi
lu

s
A

na
er

os
tip

es
_u

nc
la

ss
ifi

ed
A

kk
er

m
an

si
a_

un
cl

as
s 

ifi
ed

B
ac

te
ro

id
es

_s
p_

D
20

B
ifi

do
ba

ct
er

iu
m

_l
on

gu
m

C
op

ro
ba

ci
llu

s_
sp

_D
7

S
tr

ep
to

co
cc

us
_s

al
iv

ar
iu

s
B

ac
te

ro
id

es
_p

le
be

iu
s

C
lo

st
ri

di
um

_s
p_

7_
3_

54
F

A
A

C
lo

st
ri

di
um

_r
am

os
um

G
ra

nu
lic

at
el

la
_u

nc
la

ss
ifi

ed
B

ur
kh

ol
de

ri
al

es
_b

ac
te

ri
um

_1
_1

_4
7

B
ac

te
ro

id
es

_i
nt

es
tin

al
is

E
sc

he
ri

ch
ia

_u
nc

la
ss

ifi
ed

B
ac

te
ro

id
es

_n
or

di
i

S
tr

ep
to

co
cc

us
_m

iti
s_

or
al

is
_p

ne
um

on
ia

e
C

lo
st

ri
di

um
_c

lo
st

ri
di

of
or

m
e

B
ifi

do
ba

ct
er

iu
m

_b
ifi

du
m

P
re

vo
te

lla
_c

op
ri

S
tr

ep
to

co
cc

us
_g

or
do

ni
i

D
ia

lis
te

r_
in

vi
su

s
F

ae
ca

lib
ac

te
ri

um
_p

ra
us

ni
tz

ii
B

ac
te

ro
id

es
_c

op
ro

co
la

P
re

vo
te

lla
_s

te
rc

or
ea

A
ci

da
m

in
oc

oc
cu

s_
sp

_D
21

B
ar

ne
si

el
la

_u
nc

la
ss

ifi
ed

C
lo

st
ri

di
um

_s
ym

bi
os

um
S

tr
ep

to
co

cc
us

_p
ar

as
an

gu
in

is
R

um
in

oc
oc

cu
s_

br
om

ii
E

ub
ac

te
ri

um
_r

ec
ta

le
B

ifi
do

ba
ct

er
iu

m
_p

se
ud

oc
at

en
ul

at
um

B
ac

te
ro

id
es

_s
p_

3_
1_

33
F

A
A

C
ol

lin
se

lla
_a

er
of

ac
ie

ns
E

sc
he

ri
ch

ia
_c

ol
i

A
ci

da
m

in
oc

oc
cu

s_
un

cl
as

si
fie

d
C

op
ro

ba
ci

llu
s_

un
cl

as
si

fie
d

B
ac

te
ro

id
es

_c
la

ru
s

C
lo

st
ri

di
um

_s
p_

L2
_5

0
A

lis
tip

es
_s

p_
H

G
B

5
A

lis
tip

es
_i

nd
is

tin
ct

us
B

ac
te

ro
id

es
_s

p_
3_

1_
23

P
ar

ab
ac

te
ro

id
es

_s
p_

D
13

T
an

ne
re

lla
_s

p_
6_

1_
58

F
A

A
_C

T
1

P
ar

ab
ac

te
ro

id
es

_d
is

ta
so

ni
s

R
um

in
oc

oc
cu

s_
ob

eu
m

C
op

ro
ba

ct
er

_u
nc

la
ss

ifi
ed

O
do

ri
ba

ct
er

_s
pl

an
ch

ni
cu

s
A

lis
tip

es
_o

nd
er

do
nk

ii
B

ac
te

ro
id

es
_c

el
lu

lo
si

ly
tic

us
E

ub
ac

te
ri

um
_h

al
lii

A
lis

tip
es

_s
p_

A
P

11
B

ac
te

ro
id

es
_s

te
rc

or
is

B
ac

te
ro

id
es

_x
yl

an
is

ol
ve

ns
E

gg
er

th
el

la
_s

p_
1_

3_
56

F
A

A
D

or
ea

_l
on

gi
ca

te
na

B
ifi

do
ba

ct
er

iu
m

_a
do

le
sc

en
tis

G
or

do
ni

ba
ct

er
_u

nc
la

ss
ifi

ed
P

ar
as

ut
te

re
lla

_u
nc

la
ss

ifi
ed

F
ae

ca
lib

ac
te

ri
um

_u
nc

la
ss

ifi
ed

P
ar

ab
ac

te
ro

id
es

_j
oh

ns
on

ii
La

ch
no

sp
ir

ac
ea

e_
ba

ct
er

iu
m

_1
_1

_5
7F

A
A

B
ilo

ph
ila

_s
p_

4_
1_

30
C

lo
st

ri
di

um
_l

ep
tu

m
B

ac
te

ro
id

es
_c

ac
ca

e
O

sc
ill

ib
ac

te
r_

sp
_K

LE
_1

72
8

R
um

in
oc

oc
cu

s_
to

rq
ue

s
B

ac
te

ro
id

es
_u

ni
fo

rm
is

La
ch

no
sp

ir
ac

ea
e_

ba
ct

er
iu

m
_5

_1
_6

3F
A

A
B

ac
te

ro
id

al
es

_n
on

am
e_

un
cl

as
si

fie
d

B
ac

te
ro

id
es

_v
ul

ga
tu

s
P

ar
ab

ac
te

ro
id

es
_m

er
da

e
D

or
ea

_f
or

m
ic

ig
en

er
an

s
B

ilo
ph

ila
_u

nc
la

ss
ifi

ed
C

lo
st

ri
di

um
_b

ol
te

ae
A

lis
tip

es
_p

ut
re

di
ni

s
B

ac
te

ro
id

es
_s

p_
4_

1_
36

F
us

ob
ac

te
ri

um
_u

lc
er

an
s

E
ub

ac
te

ri
um

_c
yl

in
dr

oi
de

s
P

ar
ap

re
vo

te
lla

_x
yl

an
ip

hi
la

B
ac

te
ro

id
es

_s
p_

3_
1_

19
P

ar
ab

ac
te

ro
id

es
_g

ol
ds

te
in

ii
C

lo
st

ri
di

um
_h

at
he

w
ay

i
B

ac
te

ro
id

es
_f

in
eg

ol
di

i
S

ca
rd

ov
ia

_w
ig

gs
ia

e
R

um
in

oc
oc

cu
s_

sp
E

ub
ac

te
ri

um
_r

am
ul

us
E

ub
ac

te
ri

um
_s

p_
3_

1_
31

B
ac

te
ro

id
es

_s
p_

3_
1_

40
A

E
ub

ac
te

ri
um

_v
en

tr
io

su
m

G
ra

nu
lic

at
el

la
_a

di
ac

en
s

R
os

eb
ur

ia
_h

om
in

is
B

ac
te

ro
id

es
_e

gg
er

th
ii

S
la

ck
ia

_p
ir

ifo
rm

is
S

tr
ep

to
co

cc
us

_t
ig

ur
in

us
A

lis
tip

es
_s

ha
hi

i
A

dl
er

cr
eu

tz
ia

_u
nc

la
ss

ifi
ed

S
ub

do
lig

ra
nu

lu
m

_u
nc

la
ss

ifi
ed

R
um

in
oc

oc
cu

s_
ca

lli
du

s
Le

uc
on

os
to

c_
la

ct
is

La
ch

no
sp

ir
ac

ea
e_

ba
ct

er
iu

m
_3

_1
_4

6F
A

A
C

op
ro

co
cc

us
_s

p_
H

P
P

00
74

K
le

bs
ie

lla
_p

ne
um

on
ia

e
R

os
eb

ur
ia

_u
nc

la
ss

ifi
ed

B
ac

te
ro

id
es

_s
p_

4_
3_

47
F

A
A

C
op

ro
co

cc
us

_c
om

es
C

op
ro

ba
ci

llu
s_

sp
_2

9_
1

B
ac

te
ro

id
es

_s
al

ye
rs

ia
e

E
gg

er
th

el
la

_s
p_

H
G

A
1

C
itr

ob
ac

te
r_

un
cl

as
si

fie
d

C
lo

st
ri

di
um

_c
itr

on
ia

e
C

lo
st

ri
di

um
_i

nn
oc

uu
m

E
ry

si
pe

lo
tr

ic
ha

ce
ae

_b
ac

te
ri

um
_2

_2
_4

4A
A

na
er

os
tip

es
_h

ad
ru

s
B

ac
te

ro
id

es
_s

p_
2_

2_
4

La
ch

no
sp

ir
ac

ea
e_

ba
ct

er
iu

m
_5

_1
_5

7F
A

A
C

lo
st

ri
di

um
_s

p_
H

G
F

2
C

lo
st

ri
di

um
_s

p_
K

LE
_1

75
5

B
la

ut
ia

_s
p_

K
LE

_1
73

2
La

ch
no

sp
ir

ac
ea

e_
ba

ct
er

iu
m

_3
_1

_5
7F

A
A

_C
T

1
La

ct
ob

ac
ill

us
_o

ri
s

P
ar

ab
ac

te
ro

id
es

_s
p_

20
_3

C
op

ro
co

cc
us

_c
at

us
E

gg
er

th
el

la
_l

en
ta

B
ac

te
ro

id
es

_d
or

ei
A

ct
in

om
yc

es
_s

p_
H

P
A

02
47

P
ar

ap
re

vo
te

lla
_u

nc
la

ss
ifi

ed
S

tr
ep

to
co

cc
us

_v
es

tib
ul

ar
is

C
lo

st
ri

di
um

_s
p_

M
62

_1
S

tr
ep

to
co

cc
us

_i
nf

an
tis

B
ac

te
ro

id
es

_f
ae

ci
s

P
ar

ap
re

vo
te

lla
_c

la
ra

La
ct

ob
ac

ill
us

_c
as

ei
_p

ar
ac

as
ei

V
ei

llo
ne

lla
_u

nc
la

ss
ifi

ed
S

tr
ep

to
co

cc
us

_a
us

tr
al

is
E

ub
ac

te
ri

um
_e

lig
en

s
P

ha
sc

ol
ar

ct
ob

ac
te

ri
um

_u
nc

la
ss

ifi
ed

E
ub

ac
te

ri
um

_b
ifo

rm
e

A
na

er
os

tip
es

_s
p_

3_
2_

56
F

A
A

C
op

ro
ba

ci
llu

s_
sp

_D
6

S
tr

ep
to

co
cc

us
_s

p_
F

04
42

R
ot

hi
a_

m
uc

ila
gi

no
sa

C
lo

st
ri

di
al

es
_b

ac
te

ri
um

_1
_7

_4
7F

A
A

S
tr

ep
to

co
cc

us
_m

ut
an

s
B

ac
te

ro
id

es
_m

as
si

lie
ns

is
B

ac
te

ro
id

es
_s

p_
2_

1_
22

B
ac

te
ro

id
es

_s
p_

9_
1_

42
F

A
A

H
ae

m
op

hi
lu

s_
sp

ut
or

um
La

ct
ob

ac
ill

us
_r

ha
m

no
su

s
E

ub
ac

te
ri

um
_s

ir
ae

um
E

ry
si

pe
lo

tr
ic

ha
ce

ae
_b

ac
te

ri
um

_2
1_

3
C

at
en

ib
ac

te
ri

um
_u

nc
la

ss
ifi

ed
E

nt
er

oc
oc

cu
s_

fa
ec

iu
m

La
ch

no
sp

ira
ce

ae
_b

ac
te

ri
um

_9
_1

_4
3B

F
A

A
E

ry
si

pe
lo

tr
ic

ha
ce

ae
_b

ac
te

ri
um

_3
_1

_5
3

C
ol

lin
se

lla
_i

nt
es

tin
al

is
B

ifi
do

ba
ct

er
iu

m
_s

p_
12

_1
_4

7B
F

A
A

A
ct

in
om

yc
es

_o
do

nt
ol

yt
ic

us
C

op
ro

co
cc

us
_s

p_
A

R
T

55
_1

La
ct

ob
ac

ill
us

_v
ag

in
al

is
C

op
ro

ba
ci

llu
s_

sp
_8

_2
_5

4B
F

A
A

A
lis

tip
es

_s
en

eg
al

en
si

s
P

ar
ab

ac
te

ro
id

es
_s

p_
A

S
F

51
9

S
ac

ch
ar

om
yc

es
_u

nc
la

ss
ifi

ed
S

tr
ep

to
co

cc
us

_i
nf

an
ta

ri
us

A
lis

tip
es

_s
p_

JC
13

6
C

op
ro

co
cc

us
_s

p_
H

P
P

00
48

K
le

bs
ie

lla
_u

nc
la

ss
ifi

ed
D

ia
lis

te
r_

su
cc

in
at

ip
hi

lu
s

S
tr

ep
to

co
cc

us
_s

p_
G

M
D

4S
La

ct
ob

ac
ill

us
_c

ri
sp

at
us

H
ol

de
m

an
ia

_u
nc

la
ss

ifi
ed

W
ei

ss
el

la
_c

ib
ar

ia

NAFL

NASH

Fibrosis

Cirrhosis

Disease
NAFL
NASH
Fibrosis
Cirrhosis−1 0 1

Generalized 
fold change

Per study 
significance

10-6 10-4 10-2 1

A

B

C

Supplementary Figure 2: Consistent alteration patterns across stages of species detected in all studies. (A) 
Meta-analysis significance of gut microbial species derived from blocked Wilcoxon tests is given by the bar height. 
Bars of a core of highly significant species (meta-analysis FDR = 0.05) were colored as dark gray. (B) Species-level 
significance, as calculated with a blocked two-sided Wilcoxon test (FDR P value), and the generalized fold change 
within individual stages are displayed as heatmaps in gray and in color, respectively. Species are ordered by meta-
analysis significance and direction of change. (C) Association strength is quantified by the AUROC across individual 
stages (color-coded diamonds), and the 95% confidence intervals are indicated by the gray lines. Order-level 
taxonomic information is color-coded above the species names. HC, healthy controls; NAFL, nonalcoholic fatty liver; 
NASH, nonalcoholic steatohepatitis.
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Supplementary Figure 3: Normalization and association of microbiome taxonomic profiles with NAFLD at genera 
level. (A) Principal components analysis (PCA) of log-cpm normalized data, with NAFLD microbiome samples colored by 
studies. (B) PCA of log-cpm -SNM data. (C) Meta-analysis significance of gut microbial genera derived from blocked 
Wilcoxon tests is given by the bar height (FDR = 0.05). Underneath, genera-level significance, as calculated with a blocked 
two-sided Wilcoxon test (FDR P value), and the generalized fold change within individual stages are displayed as heatmaps 
in gray and in color, respectively. Genera are ordered by meta-analysis significance and direction of change. Association 
strength is quantified by the AUROC across individual stages (color-coded diamonds), and the 95% confidence intervals are 
indicated by the gray lines. (D) Boxplots showing that genera was significantly correlated with NAFLD stages using partial 
Spearman’s rank-based correlation (pSRC), adjusted for BMI (two-sided, FDR <​ 0.05;). (E) Boxplots showing that genera 
was significantly anti-correlated with NAFLD stages (pSRC, two-sided, FDR <​ 0.05). HC, healthy controls; NAFL, 
nonalcoholic fatty liver; NASH, nonalcoholic steatohepatitis.
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Supplementary Figure 4: Performances of machine learning models to discriminate within and between NAFLD 
stages. (A)-(D), Performances of models that distinguish a certain stage from healthy controls. (A) NAFL; (B) NASH; 
(C) fibrosis; (D) cirrhosis. (E)-(H), Performances of models that distinguish a certain stage from other stages. (E) NAFL; 
(F) NASH; (G) fibrosis; (H) cirrhosis. AUROC, area under the receiver operating characteristic curve; AUPR, area under 
the precision-recall curve; NAFL, nonalcoholic fatty liver; NASH, nonalcoholic steatohepatitis.
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Supplementary Figure 5. Taxonomic classification models generalize across stages by 
random forest. (A) Classification accuracy resulting from validation within each stage (along the 
diagonal) and stage-to-stage model transfer (external validations off-diagonal) as measured by 
AUROC. (B) Classification accuracy resulting from the models designed to distinguish patients with 
one stage of NAFLD from other stages. AUROC, area under the receiver operating characteristic 
curve; AUPR, area under the precision-recall curve; NAFL, nonalcoholic fatty liver; NASH, 
nonalcoholic steatohepatitis.
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Supplementary Figure 6: Internal validation of ML model pipeline. Two 
independent halves of raw microbial count data were normalized and used for 
model training to predict one stage versus healthy controls (A) or all other stages 
(B); each model was then applied to the other half’s normalized data. This 
heatmap compares the performances of these models compared to training and 
testing on 50–50% splits of the full data set.


