


























Supplementary Table 1: Plasma bile acids profile 
Bile acid levels were determined using untargeted LC-MS in plasma. n = 6-8 
CD- Control diet, HFD- High-fat diet, NR- Nicotinamide riboside, VE- Vehicle. 
 

Metabolite 
Diet 
group 

Fold 
change 

p-
value 

Taurodeoxycholic acid (TDCA) CD 2.3 0.016 

 HFD 2.1 0.038 
Glycocholic acid (GCA) CD 2.5 0.049 

 HFD - NS 
 



Supplementary Table 2 

 

Fecal Metagenomics: Bray Curtis 

 Permanova 

Diet 
Group 1 Group 2 Sample size Permutations pseudo-F p-

value 
q-

value 
CD HFD 101 999 13,61487724 0,001 0,001 

        

Treatment 
Group 1 Group 2 Sample size Permutations pseudo-F p-

value 
q-

value 
NR VE 101 999 6,503521992 0,001 0,001 

        

  Group 1 Group 2 Sample size Permutations pseudo-F p-
value 

q-
value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 3,003112338 0,001 0,001 
CD+NR HFD+NR 49 999 8,064302926 0,001 0,001 
CD+NR HFD+VE 51 999 9,230415934 0,001 0,001 
CD+VE HFD+NR 50 999 12,34245015 0,001 0,001 
CD+VE HFD+VE 52 999 8,604928492 0,001 0,001 

HFD+NR HFD+VE 58 999 6,44571728 0,001 0,001 
        

        

  Permdisp 

Diet 
Group 1 Group 2 Sample size Permutations F-value p-

value 
q-

value 
CD HFD 101 1999 3,955424688 0,0495 0,0495 

        

Treatment 
Group 1 Group 2 Sample size Permutations F-value p-

value 
q-

value 
NR VE 101 999 10,01541859 0,001 0,001 

        

  Group 1 Group 2 Sample size Permutations F-value p-
value 

q-
value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 2,579007767 0,091 0,182 
CD+NR HFD+NR 49 999 1,271713104 0,235 0,3312 
CD+NR HFD+VE 51 999 4,783262611 0,032 0,182 
CD+VE HFD+NR 50 999 1,026944028 0,276 0,3312 
CD+VE HFD+VE 52 999 0,265598209 0,618 0,618 

HFD+NR HFD+VE 58 999 2,579169763 0,088 0,182 
 

Fecal Metagenomics: Unweighted UniFrac 

  Permanova 

Diet 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

CD HFD 101 999 8,501964869 0,001 0,001 
        



Treatment 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

NR VE 101 999 3,319111471 0,001 0,001 
        

  Group 1 Group 2 Sample 
size Permutations pseudo-F p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 2,213025801 0,002 0,002 
CD+NR HFD+NR 49 999 4,534235314 0,001 0,0012 
CD+NR HFD+VE 51 999 6,047002137 0,001 0,0012 
CD+VE HFD+NR 50 999 6,194012881 0,001 0,0012 
CD+VE HFD+VE 52 999 6,73924135 0,001 0,0012 

HFD+NR HFD+VE 58 999 3,977640063 0,001 0,0012 
        

        

  Permdisp 

Diet 
Group 1 Group 2 Sample 

size Permutations F-value p-
value 

q-
value 

CD HFD 101 999 12,46659969 0,001 0,001 
        

Treatment 
Group 1 Group 2 Sample 

size Permutations F-value p-
value 

q-
value 

NR VE 101 999 3,001671419 0,094 0,094 
        

  Group 1 Group 2 Sample 
size Permutations F-value p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 2,593415292 0,093 0,186 
CD+NR HFD+NR 49 999 1,891178624 0,184 0,2208 
CD+NR HFD+VE 51 999 2,24215626 0,145 0,2175 
CD+VE HFD+NR 50 999 9,334425238 0,005 0,015 
CD+VE HFD+VE 52 999 14,34993241 0,003 0,015 

HFD+NR HFD+VE 58 999 0,008536495 0,925 0,925 
 

Fecal Metagenomics: Weighted UniFrac 

  Permanova 

Diet 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

CD HFD 101 999 23,85188549 0,001 0,001 
        

Treatment 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

NR VE 101 999 7,192995458 0,001 0,001 
        

  Group 1 Group 2 Sample 
size Permutations pseudo-F p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 2,483644898 0,033 0,033 
CD+NR HFD+NR 49 999 18,28265203 0,001 0,0012 
CD+NR HFD+VE 51 999 13,30262318 0,001 0,0012 



CD+VE HFD+NR 50 999 20,76254155 0,001 0,0012 
CD+VE HFD+VE 52 999 10,3512035 0,001 0,0012 

HFD+NR HFD+VE 58 999 9,220130543 0,001 0,0012 
        
        

  Permdisp 

Diet 
Group 1 Group 2 Sample 

size Permutations F-value p-
value 

q-
value 

CD HFD 101 999 1,000921912 0,312 0,312 
        

Treatment 
Group 1 Group 2 Sample 

size Permutations F-value p-
value 

q-
value 

NR VE 101 999 0,265298406 0,596 0,596 
        

  Group 1 Group 2 Sample 
size Permutations F-value p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 1,559943765 0,216 0,432 
CD+NR HFD+NR 49 999 0,01180825 0,917 0,917 
CD+NR HFD+VE 51 999 0,18496158 0,639 0,8184 
CD+VE HFD+NR 50 999 2,521063846 0,112 0,336 
CD+VE HFD+VE 52 999 3,152899758 0,079 0,336 

HFD+NR HFD+VE 58 999 0,166470981 0,682 0,8184 
 

Fecal Metagenomics: Jaccard 

  Permanova 

Diet 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

CD HFD 101 999 7,331999569 0,001 0,001 
        

Treatment 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

NR VE 101 999 3,653344993 0,001 0,001 
        

  Group 1 Group 2 Sample 
size Permutations pseudo-F p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 2,135175081 0,002 0,002 
CD+NR HFD+NR 49 999 4,825112553 0,001 0,0012 
CD+NR HFD+VE 51 999 5,251084241 0,001 0,0012 
CD+VE HFD+NR 50 999 6,047017562 0,001 0,0012 
CD+VE HFD+VE 52 999 5,434329319 0,001 0,0012 

HFD+NR HFD+VE 58 999 4,48309805 0,001 0,0012 
        
        

  Permdisp 

Diet 
Group 1 Group 2 Sample 

size Permutations F-value p-
value 

q-
value 

CD HFD 101 999 2,736519124 0,103 0,103 



        

Treatment 
Group 1 Group 2 Sample 

size Permutations F-value p-
value 

q-
value 

NR VE 101 999 5,700790248 0,016 0,016 
        

  Group 1 Group 2 Sample 
size Permutations F-value p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 43 999 2,423953823 0,102 0,204 
CD+NR HFD+NR 49 999 1,01890818 0,314 0,3768 
CD+NR HFD+VE 51 999 0,000505219 0,983 0,983 
CD+VE HFD+NR 50 999 7,487234041 0,005 0,03 
CD+VE HFD+VE 52 999 5,390646302 0,025 0,075 

HFD+NR HFD+VE 58 999 1,805928447 0,157 0,2355 
 

Jejunum Metagenomics: 

  Permanova 

Diet Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 
CD HFD 23 999 2,043871078 0,096 0,096 

        

Treatment 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

NR VE 23 999 1,582748657 0,178 0,178 

        

  Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 10 999 1,347400671 0,344 0,672 
CD+NR HFD+NR 9 999 0,371857692 0,884 0,884 
CD+NR HFD+VE 10 999 0,928217215 0,451 0,672 
CD+VE HFD+NR 13 999 2,245808559 0,103 0,309 
CD+VE HFD+VE 14 999 2,200975559 0,092 0,309 

HFD+NR HFD+VE 13 999 0,74021492 0,56 0,672 
 

Ileum Metagenomics: 

  Permanova 

Diet Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 
CD HFD 30 999 3,012305499 0,034 0,034 

        

Treatment Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 
NR VE 30 999 1,509700058 0,178 0,178 

        

  Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 
Diet + 

Treatment 
CD+NR CD+VE 14 999 1,048884198 0,316 0,367 
CD+NR HFD+NR 14 999 1,763739283 0,135 0,29 



CD+NR HFD+VE 14 999 3,635989226 0,049 0,29 
CD+VE HFD+NR 16 999 1,357094093 0,261 0,367 
CD+VE HFD+VE 16 999 1,78282197 0,145 0,29 

HFD+NR HFD+VE 16 999 1,087798749 0,367 0,367 

        
        
  Permdisp 

Diet Group 1 Group 2 
Sample 

size Permutations F-value 
p-

value 
q-

value 
CD HFD 30 999 0,79345641 0,375 0,375 

 

Cecum Metagenomics: 

  Permanova 

Diet Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 
CD HFD 30 999 5,004255204 0,001 0,001 

        

Treatment Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 
NR VE 30 999 1,65236786 0,095 0,095 

        

  Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 14 999 0,916236171 0,469 0,469 
CD+NR HFD+NR 14 999 2,608841626 0,017 0,034 
CD+NR HFD+VE 14 999 2,175898033 0,048 0,072 
CD+VE HFD+NR 16 999 4,613138235 0,001 0,006 
CD+VE HFD+VE 16 999 3,837870323 0,002 0,006 

HFD+NR HFD+VE 16 999 2,242230199 0,061 0,0732 

        
        
  Permdisp 

Diet Group 1 Group 2 
Sample 

size Permutations F-value 
p-

value 
q-

value 
CD HFD 30 999 0,164947435 0,568 0,568 

        

Treatment        
       

        

  Group 1 Group 2 
Sample 

size Permutations F-value 
p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 14 999 0,033201853 0,789 0,933 
CD+NR HFD+NR 14 999 0,004506866 0,917 0,933 
CD+NR HFD+VE 14 999 0,295124091 0,482 0,933 
CD+VE HFD+NR 16 999 0,003468484 0,933 0,933 
CD+VE HFD+VE 16 999 0,199933245 0,493 0,933 

HFD+NR HFD+VE 16 999 0,153441345 0,52 0,933 



Proximal Colon Metagenomics: 

  Permanova 

Diet 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

CD HFD 29 999 5,172665502 0,001 0,001 

        

Treatment 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

NR VE 29 999 1,404331283 0,182 0,182 

        

  Group 1 Group 2 Sample 
size Permutations pseudo-F p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 14 999 0,854929247 0,54 0,54 
CD+NR HFD+NR 13 999 2,05670535 0,033 0,0495 
CD+NR HFD+VE 14 999 2,871625002 0,002 0,004 
CD+VE HFD+NR 15 999 3,723244794 0,002 0,004 
CD+VE HFD+VE 16 999 4,084175362 0,001 0,004 

HFD+NR HFD+VE 15 999 1,480863047 0,143 0,1716 

        
        
  Permdisp 

Diet Group 1 Group 2 
Sample 

size Permutations F-value 
p-

value 
q-

value 
CD HFD 29 999 1,778440435 0,11 0,11 

        

Treatment        
       

        

  Group 1 Group 2 Sample 
size Permutations F-value p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 14 999 0,007235718 0,929 0,929 
CD+NR HFD+NR 13 999 3,386553815 0,002 0,006 
CD+NR HFD+VE 14 999 0,231605541 0,543 0,6516 
CD+VE HFD+NR 15 999 4,947345009 0,002 0,006 
CD+VE HFD+VE 16 999 0,228745369 0,441 0,6516 

HFD+NR HFD+VE 15 999 7,78614991 0,006 0,012 
 

Distal Colon Metagenomics: 

 Permanova 

Diet 
Group 1 Group 2 Sample 

size Permutations pseudo-F p-
value 

q-
value 

CD HFD 30 999 5,510595476 0,001 0,001 

        

Treatment Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 
NR VE 30 999 2,066682807 0,027 0,027 

        



  Group 1 Group 2 
Sample 

size Permutations pseudo-F 
p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 14 999 1,298183246 0,225 0,225 
CD+NR HFD+NR 14 999 3,508597039 0,003 0,006 
CD+NR HFD+VE 14 999 2,96717337 0,008 0,012 
CD+VE HFD+NR 16 999 5,152408125 0,001 0,003 
CD+VE HFD+VE 16 999 3,980481077 0,001 0,003 

HFD+NR HFD+VE 16 999 2,740210546 0,012 0,0144 

        
        
  Permdisp 

Diet 
Group 1 Group 2 Sample 

size Permutations F-value p-
value 

q-
value 

CD HFD 30 999 2,813168814 0,034 0,034 

        

Treatment Group 1 Group 2 
Sample 

size Permutations F-value 
p-

value 
q-

value 
NR VE 30 999 0,059897686 0,741 0,741 

        

  Group 1 Group 2 Sample 
size Permutations F-value p-

value 
q-

value 

Diet + 
Treatment 

CD+NR CD+VE 14 999 0,012278275 0,893 0,941 
CD+NR HFD+NR 14 999 0,257011552 0,43 0,941 
CD+NR HFD+VE 14 999 0,215752467 0,516 0,941 
CD+VE HFD+NR 16 999 0,101039646 0,618 0,941 
CD+VE HFD+VE 16 999 0,015756547 0,819 0,941 

HFD+NR HFD+VE 16 999 0,0011406 0,941 0,941 
 



Supplementary Table 3: Multiple reaction monitoring transitions of the analytes used for LC-

MS of the NAD+ metabolome. 

 

Name MRM transitions Cone voltage (CV) Collision energy(CE) 

Nam 123 > 80 2 17 

NA 124 > 80 2 17 

MeNam 137 > 80 25 20 

Me2PY/Me4PY 153 > 110 20 17 

NR 255 > 123 25 13 

NAR 256 > 124 24 11 

NMN 335 > 123 25 14 

NAMN 336 > 124 24 12 

ADPR 560 > 136 30 30 

NADH 667 > 136 25 40 

NAD 665 > 136 25 45 

NAAD 666 > 136 25 45 

NADPH 747 > 136 25 45 

NADP+ 745 > 136 25 50 

NAADP 746 > 136 25 45 

Nam d4 127 > 84 2 18 

NA d4 128 > 84 2 18 

MeNam d4 141 > 80 25 20 

NADH d4 670 > 136 25 43 

NAD d4 668 > 136 25 43 

TRP d5 210 > 192 10 9 

 
 



Supplementary Table 4 

16S rRNA Amplicon primers 

Name Sequence 5’-3 
FW.A501  AATGATACGGCGACCACCGAGATCTACACATCGTACGTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.A502  AATGATACGGCGACCACCGAGATCTACACACTATCTGTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.A503  AATGATACGGCGACCACCGAGATCTACACTAGCGAGTTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.A504  AATGATACGGCGACCACCGAGATCTACACCTGCGTGTTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.A505  AATGATACGGCGACCACCGAGATCTACACTCATCGAGTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.A506  AATGATACGGCGACCACCGAGATCTACACCGTGAGTGTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.A507  AATGATACGGCGACCACCGAGATCTACACGGATATCTTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.A508  AATGATACGGCGACCACCGAGATCTACACGACACCGTTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B501  AATGATACGGCGACCACCGAGATCTACACCTACTATATATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B502  AATGATACGGCGACCACCGAGATCTACACCGTTACTATATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B503  AATGATACGGCGACCACCGAGATCTACACAGAGTCACTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B504  AATGATACGGCGACCACCGAGATCTACACTACGAGACTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B505  AATGATACGGCGACCACCGAGATCTACACACGTCTCGTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B506  AATGATACGGCGACCACCGAGATCTACACTCGACGAGTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B507  AATGATACGGCGACCACCGAGATCTACACGATCGTGTTATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

FW.B508  AATGATACGGCGACCACCGAGATCTACACGTCAGATATATGGTAATTGTGTGCCAGCMGCCGCGGTAA 

RE.A701  CAAGCAGAAGACGGCATACGAGATAACTCTCGAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A702  CAAGCAGAAGACGGCATACGAGATACTATGTCAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A703  CAAGCAGAAGACGGCATACGAGATAGTAGCGTAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A704  CAAGCAGAAGACGGCATACGAGATCAGTGAGTAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A705  CAAGCAGAAGACGGCATACGAGATCGTACTCAAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A706  CAAGCAGAAGACGGCATACGAGATCTACGCAGAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A707  CAAGCAGAAGACGGCATACGAGATGGAGACTAAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A708  CAAGCAGAAGACGGCATACGAGATGTCGCTCGAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A709  CAAGCAGAAGACGGCATACGAGATGTCGTAGTAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A710  CAAGCAGAAGACGGCATACGAGATTAGCAGACAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A711  CAAGCAGAAGACGGCATACGAGATTCATAGACAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.A712  CAAGCAGAAGACGGCATACGAGATTCGCTATAAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B701  CAAGCAGAAGACGGCATACGAGATAAGTCGAGAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B702  CAAGCAGAAGACGGCATACGAGATATACTTCGAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B703  CAAGCAGAAGACGGCATACGAGATAGCTGCTAAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B704  CAAGCAGAAGACGGCATACGAGATCATAGAGAAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B705  CAAGCAGAAGACGGCATACGAGATCGTAGATCAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B706  CAAGCAGAAGACGGCATACGAGATCTCGTTACAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B707  CAAGCAGAAGACGGCATACGAGATGCGCACGTAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B708  CAAGCAGAAGACGGCATACGAGATGGTACTATAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B709  CAAGCAGAAGACGGCATACGAGATGTATACGCAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B710  CAAGCAGAAGACGGCATACGAGATTACGAGCAAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B711  CAAGCAGAAGACGGCATACGAGATTCAGCGTTAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

RE.B712  CAAGCAGAAGACGGCATACGAGATTCGCTACGAGTCAGTCAGCCGGACTACHVGGGTWTCTAAT 

Index primer  ATTAGAWACCCBDGTAGTCCGGCTGACTGACT 

Read 1 Seq  ATTGTGTGCCAGCMGCCGCGGTAA 

Read 2 Seq  CAGCCGGACTACHVGGGTWTCTAAT 
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