OPS/images/fnut-11-1334935/fnut-11-1334935-t003.jpg
OR 95% Cl p-value

Model 1I* 0745 0.745 (0.664,0.836) <0.0001

Model 2° 0.82 0.82(0.72,093) 0.003

Model 3 0.85 0.85 (0.73,0.99) 0.04
OR, odds ratio; CI, confidence interval.

‘Model 1 did not adjust for any confounding factors.
"Model 2 adjusted for age, race, education, poverty income ratio, physical activitylevel.
‘Model 3 adjusted for age, gender, race, poverty income ratio, education, smoking status,
physical activity level, DM, hypertension, hyperlipidemia, ALT, AST, glycohemoglobin, TC,
TG, HDL-, SBP, DBP.
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OR 95% Cl p-value
Probioti 0792 0.792(0.584,1.074) 0.130
Prebiotic 0.961 0,961 (0.676,1.366) 0820

Yogurt 0675 0675 (0.526,0.866) 0003
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Method SNP OR SE p-value
MR Egger 9 -5.282 2102 004025
Weighted median 9 -1.043 09103 02521
Inverse variance weighted 9 -1.023 07909 0.1959
Simple mode 9 —1.381 1423 036
Weighted mode 9 -1133 1178 03644

SE, standard error.
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Hepatic

Outcomes 'ang?glg' Steatosis p-value
: (n=4,322)

Age 4915066 51004047 001

Gender 047

Female 5418(52.19,56.16) | 55.19 (53.38,56.99)

Male 45.82(43.84,47.81) | 44.81(43.01,46.62)

PIR 3344007 308006 <0.0001

Race <0.0001

Mexican American 441(330,552) | 834(6.12,1056)

Non-Hispanic Black | 5.92(467,7.17) | 10.04 (7.87,1221)
Non-Hispanic White 7531 (72.11,78.50) | 6892 (64.61,73.23)

Other Hispanic 382(261503) | 5.80(4.257.34)

Other Race 1055 (8.58,1251) | 690 (5.75,8.05)

Education <0.0001
High 7482(72.06,77.58) | 6681 (63.32,70.30)

Medium 16,87 (14.97,1876) | 20.88 (18.70,23.05)

Low 832(684,979) | 1232(1007.14.56)

Smoke <0.0001
Former 23.26(21.03,25.49) | 31.21(29.10,3331)

Never 6015 (57.73,62.56) | 5452 (52.23,56.82)

Now 1659 (1438,1881) | 1427 (12:80,15.73)

Physical activity level <0.0001
High 29.94(27.23,32.65) | 24.23(22.12,2633)
Intermediate 31.05(28.54,33.57) | 25.28(23.35,27.21)

Low 24.55(22.05,27.05) | 2683 (24.80,28.86)

Unknown 14.45(1283,16.08) 23,66 (21.422591)

Diabetes Mellitus <0.0001
Yes 544 (445,643) | 22.56(20.44,24.68)

No 94,56 (93.57,95.55) | 77.44(75.32,79.56)
Hypertension <0.0001
Yes 2992(27.37,3247) | 49.83 (47.49,52.18)

No 70.08(67.53,72.63) | 50.17 (47.82,52.51)
Hyperlipidemia <0.0001
Yes 60.89(57.70,64.08) | 8117 (79.43,8291)

39.11(35.924230) | 18.83(17.09,20.57)

<0.0001
40.24 (37.76,42.73) | 33.41(30.90,35.93)
No 59.76 (57.27,62.24) | 66.59 (64.07,69.10)
BMI 23.9+0.07 33.38+0.16 <0.0001
ALT (U/L) 20.58+0.30 28.50+0.36 <0.0001
AST (U/L) 25.49+0.41 25.9940.33 0.37
Glycohemoglobin (%) 5402001 5812003 <0001
TC (mmol/L) 4.9410.03 5.06+0.03 0.002
TG (mmol/L) 1.39£0.02 2.07£0.04 <0.0001
HDL-c (mmol/L) 1.56+0.01 1.29+0.01 <0.0001
SBP (mmHg) 19462045 124852038 <0001
DBP (mmHg) 69.11£0.33 71441036 <0.0001

Mean:+SD was for continuous variables. The percentage (95% confidence interval) was for
categorical variables. NHANES, National Health and Nutrition Examination Survey; PIR,
poverty income ratio; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TC, total cholesterols TG, triglycerides; HDL<, high density lipoprotein-
cholesterol; SBR, systolic blood pressure; DBR, diastolic blood pressure.
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HS without consumption HS with consumption to

e to Probiotics (n=2,958) Probiotics (n=1,364)
Age 51354044 50304074 [
Gender 0.001
Female 51.88 (49.27,54.49) 6177 (57.58,65.96)
Male 4812 (45.51,50.73) 3823 (34.04,42.42)
PIR 297006 330£0.09 <0.001
Race 001
Mexican American 860 (6.12,11.08) 7.82(547,10.18)
Non-Hispanic Black 1119 (8.63,13.74) 7.76 (5.87,9.66)
Non-Hispanic White 68.65 (63.76,73.54) 69.47 (64.89,74.04)
Other Hispanic 571(423,7.20) 596 (3.788.14)
Other Race 5.85(457,7.14) 899 (6.74,11.24)
Education <0.0001
High 6279 (58.95,66.62) 7482 (70.4679.19)
Medium 23,08 (2051,25.66) 16.48 (13.45,19.50)
Low 1413 (11.59,16.67) 870 (6.55,10.85)
Smoking status <0001
Former 31.85 (29.34,34.36) 2992 (25.65,34.19)
Never 5159 (49.11,54.07) 6037 (56.12,64.62)
Now 16,56 (14.54,18.57) 970 (7.33,12.08)
Physical activity level 047
High 2484 (22.0927.59) 2301 (19.4026.62)
Intermediate 2432(2227,26.36) 27.20(2331,31.09)
Low 2673 (24.23,29.24) 27.02(24.0529.99)
Unknown 2411 (21.84,26.38) 2277 (19322622)
Diabetes Mellitus 004
Yes 2383 (21.55,26.12) 2003 (16.75,23.31)
No 7617 (73.88,78.45) 79.97 (76.69,83.25)
Hypertension <0001
Yes 53.49 (50.99,55.98) 4255 (37.81,47.29)
No 4651 (44.02,49.01) 57.45 (5271,62.19)
063

8145 (79.38,83.53) 8061 (77.73,83.49)
No 18.55 (16.47,20.62) 19.39 (1651,22.27)
HSI 4363020 43144029 013
BMI 33574017 32994026 003
ALT (/L) 28394044 28734077 072
AST (UIL) 25.8540.37 26264068 061
Glycohemoglobin (%) 5842003 575£004 004
TC (mmol/L) 5042003 511£005 031
TG (mmol/L) 215005 190004 0.001
HDL-c (mmol/L) 1272001 1342002 <0.001
SBP (mmHg) 125312040 12394080 013
DBP (mmHg) 71484041 71374049 084

Mean +SD was for continuous variables. The percentage (95% confidence interval) was for categorical variables. NHANES, National Health and Nutrition Examination Survey: PIR, poverty
income ratio; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterols TG, triglycerides; HDL-c, high density lipoprotein-cholesterols SBE,
systolic blood pressure; DBR, diastolic blood pressure.
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probiotic exposure
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Excluded pregnant participants
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Characteristics N (%) R (95% CI) P value P for interaction
Age \ 0.03
<60 4925(62.4) 0.67(0.58,0.78) *o+ <0.0001
260 2966(37.6) 0.95(0.77,1.18)  +—ab—t 0.64

Gender : 057
male 3436(43.5) 0.78(0.61,0.99) —o— 0.04
female 4455(56.5) 0.71(0.62,0.82) +o+ : <0.0001
Diabetes | 0.25
no 6361(81) 0.76(0.66,0.87) *o= 1 <0.001
yes 1530(19) 1.08(0.61,1.89) ——Lle—— 0.79
Hyperlipidemia I 0.85
no 2217(28.1) 0.74(0.56,0.97) =—o—i 0.03
yes 5674(71.9) 0.76(0.67,0.86) +e+ | <0.0001
Hypertension 1 0.51
no 4319(54.7) 0.79(0.67,0.93) +o-! 0.01
yes 3572(45.3) 0.87(0.71,1.07) _ +=om 0.17
t

05 1.0
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Outcome Low dietary live

microbe group
OR (95% CI)

Medium dietary live
microbe group
OR (95% CI)

High dietary live
microbe group
OR (95%Cl)

P for trend

HCVHR Crude 1.00 (reference)
‘ Model 1 1.00 (reference)

‘ Model 2 1.00 (reference)

Model 3 1.00 (reference)

0.58 (0.49, 0.69)****
0.59 (0.49, 0.71)****
0.64 (0.53, 0.77)****

0.73 (0.61, 0.89)**

0.43 (0.34, 0.55)****
0.52(0.40, 0.67)****
0.58 (0.45, 0.75)****

0.65 (0.50, 0.84)**

<0.0001
<0.0001
<0.0001

<0.0001

Model 1: Adjusted for age (as a continuous variable), gender, race/ethnicity, and education level.

Model 2: Further adjusted for PIR, health insurance, marital status, and alcohol consumption.
Model 3: Further adjusted for energy intake, protein intake, carbohydrate intake, fat intake, and fiber intake.

**P value < 0.01.
*#45D value < 0.0001.
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Excluded Sample size Low dietary live Medium dietary High dietary live

history (@] microbe group live microbe microbe group
B (95% Cl) up B (95% Cl) B (95% CI)
LES cvD 9,368 1.00 (reference) 2.64 (1.84, 3.45)** 3.88 (2.90, 4.86)**** <0.0001
‘ DM 8,551 1.00 (reference) 273 (2.03, 3.43)"** 3.66 (2.78, 4.53)**** <0.0001
‘ HLD 2,948 1.00 (reference) 1.10(-0.07, 2.27) 2.50 (1.06, 3.95)*** <0.0001
‘ HTN 6,059 1.00 (reference) 285 (1.98, 3.73)"*** 3.81 (275, 4.86)""™* <0.0001
All the above 2,050 1.00 (reference) 2.04 (0.85, 3.22)*** 3.06 (1.58, 4.54)"*** <0.0001
conditions

CVD, cardiovascular disease; DM, diabetes mellitus; HLD, hyperlipidemia; HTN, hypertension.

Adjusted for age, gender, race/ethnicity, education level, PIR, health insurance, marital status, alcohol consumption, energy intake, protein intake, carbohydrate intake, fat intake, and fiber intake.
*#**P value < 0.001.

*4%P value < 0.0001.
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Characteristic Total Low dietary Medium High dietary

(n=10,531) live microbe dietary live live microbe
group microbe group
(n=3,719) group (n = 2,473)
(n = 4,339)
Age (years) 47.59 £ 0.30 45.52 £ 0.40 49.22 £ 0.40 47.63 £0.46 <0.0001
Age group (%) <0.0001
20-40 3,379 (35.49) 1,294 (40.14) 1,258 (31.97) 827 (35.17)
40-60 3,567 (38.36) 1,256 (37.88) 1,457 (38.79) 854 (38.29)
=60 3,585 (26.15) 1,169 (21.97) 1,624 (29.25) 792 (26.54)
Gender (%) <0.0001
Female 5,413 (51.80) 1,803 (47.40) 2,227 (52.07) 1,383 (56.30)
Male 5,118 (48.20) 1,916 (52.60) 2,112 (47.93) 1,090 (43.70)
Race/ethnicity (%) <0.0001
Non-Hispanic White 4,971 (71.16) 1,545 (65.03) 2,019 (70.03) 1,407 (79.50)
Non-Hispanic Black 2,052 (10.28) 1,025 (15.98) 744 (9.24) 283 (5.38)
Mexican American 1,547 (7.36) 468 (7.01) 778 (9.27) 301 (5.15)
Other Hispanic 959 (4.78) 326 (5.10) 401 (4.82) 232 (4.36)
Other race 1,002 (6.42) 355 (6.88) 397 (6.65) 250 (5.61)
Education level (%) <0.0001
Less than high school 2,255 (13.97) 943 (18.80) 970 (14.18) 342 (8.32)
High School Graduate/GED or Equivalent 2,401 (22.80) 967 (26.89) 973 (22.28) 461 (18.98)
College Graduate or above 5,875 (63.23) 1,809 (54.31) 2,396 (63.54) 1,670 (72.70)
PIR (%) <0.0001
<1.30 3,031 (19.21) 1,306 (26.49) 1,190 (17.20) 535 (13.90)
1.3-3.49 4,067 (36.48) 1,528 (40.10) 1,677 (36.84) 862 (31.99)
>3.50 3,433 (4431) 885 (33.41) 1,472 (45.97) 1,076 (54.10)
Health insurance (%) <0.0001
Yes 8,447 (84.00) 2,856 (78.73) 3,496 (84.74) 2,095 (88.81)
No 2,084 (16.00) 863 (2127) 843 (15.26) 378 (11.19)
Marital status (%) <0.0001
Married/living with partner 6,444 (64.98) 2,077 (59.00) 2,778 (67.32) 1,589 (68.41)
Never married 1,828 (17.38) 736 (20.43) 671 (15.61) 421 (16.43)
Widowed/divorced/separated 2,259 (17.64) 906 (20.58) 890 (17.08) 463 (15.16)
Alcohol consumption (%) <0.0001
Never 1,341 (10.20) 497 (11.04) 571 (10.80) 273 (8.45)
Former 1,751 (13.39) 710 (15.11) 715 (13.59) 326 (11.24)
Mild 3,796 (38.76) 1,177 (34.20) 1,617 (40.09) 1,002 (41.96)
Moderate 1,636 (17.84) 562 (16.91) 642 (16.69) 432 (20.46)
Heavy 2,007 (19.80) 773 (22.73) 794 (18.83) 440 (17.90)
LES 69.03 % 0.29 65.1140.38 69.88 £ 0.34 72.19 £ 0.42 <0.0001
Energy intake (kcal/day) 2,101.73 £ 10.14 2,034.48 +21.25 2,103.79 % 15.57 2,173.35 £ 20.16 <0.0001
Protein intake (g/day) 82.77 £ 0.44 77.80 £ 0.80 83.19£0.75 87.70 £0.83 <0.0001
Carbohydrate intake (g/day) 250.22 +1.37 246.98 % 2.86 251.61 £ 1.96 251.91 % 2.80 035
Fiber intake (g/day) 17.04+0.16 14.51 4020 18.14£022 18.35+0.25 <0.0001
Fat intake (g/day) 8133 £ 047 77.50 £ 0.92 81.06 £ 0.74 85.9440.94 <0.0001
BMI (kg/m?) 28.96 £ 0.1 29.67 021 28.86 £ 0.14 2831£0.15 <0.0001
Obesity (%) <0.0001
Normal weight 3,058 (30.41) 1,015 (27.93) 1,261 (30.79) 782 (32.63)
Over weight 3,487 (33.05) 1,165 (31.14) 1473 (32.93) 849 (35.34)
Obesity 3,986 (36.54) 1,539 (40.93) 1,605 (36.28) 842 (32.03)
CVD (%) 0.004
Yes 1,163 (8.81) 457 (9.79) 487 (9.13) 219(7.28)
No 9,368 (91.19) 3,262 (9021) 3,852 (90.87) 2,254 (92.72)
DM (%) <0.001
Yes 1,980 (13.87) 706 (14.15) 897 (15.70) 377 (11.05)
No 8,551 (86.13) 3,013 (85.85) 3,442 (84.30) 2,096 (88.95)
Hypertension (%) 0.05
Yes 4,472 (37.44) 1,637 (38.98) 1,889 (38.05) 946 (34.91)
No 6,059 (62.56) 2,082 (61.02) 2,450 (61.95) 1,527 (65.09)
Hyperlipidemia (%) 0.07
Yes 7,583 (70.53) 2,692 (71.33) 3,173 (7147) 1,718 (68.35)
No 2,948 (29.47) 1,027 (28.67) 1,166 (28.53) 755 (31.65)
CVHT (%) <0.0001
Low 1,245 (9.41) 593 (13.52) 456 (8.32) 196 (6.35)
Moderate 7,080 (66.34) 2,614 (71.22) 2,926 (66.37) 1,540 (60.90)
High 2,206 (24.25) 512 (15.26) 957 (25.31) 737 (32.75)
HCVHRE (%) <0.0001
Yes 1,245 (9.41) 593 (13.52) 456 (8.32) 196 (6.35)
No 9,286 (90.59) 3,126 (86.48) 3,883 (91.68) 2,277 (93.65)
Year cycle (%) <0.0001
2005-2010 4,722 (42.75) 1,553 (40.38) 2,193 (49.70) 976 (35.84)
2010-2018 5,809 (57.25) 2,166 (59.62) 2,146 (50.30) 1,497 (64.16)

LES, Life’s Essential 8 BMI, body mass index; HEL healthy eating index; SB, systolic blood pressure; DBP, diastolic blood pressure; PIR, ratio of family income to poverty; CVD, cardiovascular
disease; DM, diabetes mellitus; CVH, cardiovascular health; HOVHR, high cardiovascular health risk.

TLow CVH was defined as a LES score of 0-49, moderate CVH of 50-79, and high CVH of 80-100.

THCVHR was defined as participants with LES scores <50.
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Low dietary live Medium dietary live High dietary live P for trend

microbe group microbe group microbe group
B (95% ClI) B (95% CI) B (95% Cl)
LE8 Crude 1.00 (reference) 477 (3.89,5.65)** 7.08 (6.05, 8.11)*** <0.0001
Model 1 1.00 (reference) 454 (3.76,5.31)** 5.66 (1.65, 6.67)** <0.0001
Model 2 1.00 (reference) 3.98 (3.23, 4.74)"** 4.94 (3.95,5.92)** <0.0001

Model 3 1.00 (reference) 275 (2,01, 3.50)*** 3.89 (2,97, 4.81)** <0.0001

Model 1: Adjusted for age (as a continuous variable), gender, race/ethnicity, and education level.

Model 2: Further adjusted for PIR, health insurance, marital status, and alcohol consumption.

Model 3: Further adjusted for energy intake, protein intake, carbohydrate intake, fat intake, and fiber intake.
#5%P value < 0.0001.
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ological replicates
Body weight (g)
Initial
Before AA
After AA
Feed intake (g/mouse/day)
Before AA
After AA
Relative organ weight (%)
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Left-kidney
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316007
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Undetectable
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Data are means:+ SEM. Different letters indicate significant difference (p<0.05) as analyzed by two-way ANOVA with Tukey’s B test

LcS+AA
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Hg Rats (63)
Streptococcaceae, intestinal immune system.  + Damages the intestinal
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neurological responses.
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Caused histopathological
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1 Parabacteroides,
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P Mice metabolism, the TCA cycle,  TCH levels (©6)
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microbiota. gutmicrobiota and

metabolic disorder
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and Bacteroidetes polyketides,
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Organoheterocyclic
liver weight

compounds, Orga
» Budgerigars + Decreased body weight &)
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compounds were dominant
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+ Prevents E. coli O157:H7 infection ©)
Acetate
+ Involved in the synthesis of cholesterol ©2)
+ Provides the main source of energy for intestinal epithelial cells ©3)
+ Mucin production and increases MUC2 gene expression ©49)
+ Immune surveillance and immune regulation on tumor cells 95)
Butyrate
« Suppresses the genotoxic activity of hydrogen peroxide and nitrosamines (96)
+ Has immunoregulatory effect ©7)
« Preventsand treats diseases, such as Crohn's disease, distal ulcerative colitis Crohns disease and cancer 98)
« Associated with the production of methanogenesis, the concentration of which may be elevated during
Formate ©9)
inflammation
+ Reduces cholesterol synthesis in the liver (100)
Propionate
+ Has anti-inflammatory and antibacterial properties oy

Promotes the growth of intestinal epithelial cells and has a beneficial effect on the pathogenesis of diseases,
Valerate 1)
such as cancer, colitis and cardio-metabolic diseases
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Maintain gut microbial diversity and immune system function to prevent diet-

diseases (69)

induced obesity and related metaboli

Maintain the diversity and functionality of intestinal flora, reduce the host’s insulin
sensitivity, blood sugar, and blood pressure levels, and prevent related metabolic

diseases (70)

It can effectively control seizures, reduce diet-induced weight gain and prolong the

span of experimental animals (71)

Activates the browning of white fat and improves metabolic homeostasis in mice (72)

Reduces inflammation,  Improves fat metabolism, balances
NAFLD patients (73)
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