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Figure S1. Sample flow chart 
 
 
  2015 China Health and Nutrition Survey  

Adult participants aged 30-68 years with 
plasma metabolomics, anthropometric, and 
diet data (n=500) 

Analysis sample (total n=490) 

Body mass index (BMI): n=490 
Waist-to-height ratio (WHtR): n=488 

Exclude adults missing any of the following 
covariates (n=9): 

per capita household income, physical activity, 
and alcohol consumption. 

Exclude women who were pregnant during survey 
period (n=1)  

Sub-sample with metagenome data 
(total n=209) 

BMI: n=209 
WHtR: n=208 

Exclude adults who did not have gut metagenome 
data (n=281)  



Figure S2. Sensitivity analysis of the associations between dietary precursors of short-
chain fatty acids (SCFAs) and plasma SCFAs by overweight  

 
Overweight: BMI ≥24 kg/m2. Vertical axes represent model predicted (marginal means) SCFAs 
abundance. Dietary intakes of insoluble fiber, total carbohydrates, and high-fiber foods were 
categorized by tertiles to represent low, middle, and high intakes. Linear model was adjusted for 
age, sex, batch run, province, urbanization, income, education, physical activity, total energy 
intake, alcohol, and ever smoking. For analysis of total carbohydrates and high-fiber foods, 
insoluble fiber intake was additionally adjusted in model. P-value for the interaction between 
each dietary precursor of SCFAs and overweight was derived using a Wald test. P-value>0.05 
for all comparisons of plasma SCFA abundance at a given level of a dietary precursor by 
overweight.     



Figure S3. Sensitivity analysis of the associations between dietary precursors of short-
chain fatty acids (SCFAs) with plasma SCFAs by abdominal obesity  

 

Abdominal obesity: waist-to-height ratio≥0.5. Vertical axes represent model predicted (marginal 
means) SCFAs abundance. Dietary intakes of insoluble fiber, total and carbohydrate, and high-
fiber foods were categorized by tertiles to represent low, middle, and high intakes. Linear model 
was adjusted for age, sex, batch run, province, urbanization, income, education, physical 
activity, total energy intake, alcohol, and ever smoking. For analysis of total carbohydrate and 
high-fiber foods, insoluble fiber intake was additionally adjusted in model. P-value for the 
interaction between each dietary precursor of SCFAs and AOB was derived using a Wald test. 
*, p-value<0.5; **, p-value <0.01 for comparisons of plasma SCFAs abundance at a given level 
of dietary precursor by abdominal obesity.    



Table S1. Foods included in the high-fiber food group  
Food types Sample foods 
Whole grains Buckwheat flour, foxtail millet, pea starch noodle, tartarian buckwheat flour, yellow corn (grain, grits, flour) 

 
Legumes Broad bean, soybean curd (soft, semisoft, slab), red bean 

 
Starchy roots Lotus root, sweet potato, taro, whit potato, winged yam, yam, yam bean 

 
Vegetables Amaranth, asparagus, bamboo shoot, bitter melon, bok choy, broccoli, cabbage, carrot, cauliflower, celery, 

chives, corn (fresh), cucumber, eggplant, garlic stalk, hispid yam leaf, hyacinth bean (green), hot pepper, 
kidney bean (green), lettuce, lily, mung bean sprounts, mustard root, pumpkin, pumpkin sprouts, radish, 
radish leaf, snap pea, soybean sprouts, spinach, sweet pepper, tomato, turnip, water spinach, winter 
melon, yardlong cowpea  
 

Mushrooms/seaweed Button mushroom, “gold needle” mushroom, kelp, laver, oyster mushroom, shitake mushroom, silver ear 
fungus, wood ear fungus 
 

Fruits  Apple, banana, casaba, date, dragon fruit, durian, gooseberry, grape, jujube, kiwi fruit, longan, orange, 
pear, persimmon, pitaya, pomegranate, pomelo, tangerine, watermelon 
 

Nuts/seeds Chestnut, lotus seed, peanut, pumpkin seed, sesame (black, white), sunflower seed, walnut, watermelon 
seed 

  



Table S2. Gut microbiota that are found to have abilities to produce short-chain fatty acids (SCFAs) in previous studies 
and identified in the metagenome analysis sample 
Phylum Family Species Acetate1 Butyrate1 Propionate1 References 

Present in at least 25% of the sample 

Actinobacteria Bifidobacteriaceae Bifidobacterium longum  Y Y Y [1,2] 

Bacteroidetes Bacteroidaceae Bacteroides uniformis   Y [3] 

  Bacteroides vulgatus   Y [3,4] 

 Prevotellaceae Prevotella copri   Y [3] 

 Rikenellaceae Alistipes putredinis  Y Y [3,5] 

Firmicutes Erysipelotrichaceae Clostridium innocuum  Y  [6] 

  Eubacterium biforme  Y  [3,5,6] 

 Eubacteriaceae Eubacterium hallii  Y Y [3-10] 

  Eubacterium ramulus  Y  [6] 

  Eubacterium rectale  Y  [1,3-5,7,9] 

  Eubacterium ventriosum  Y  [1,6] 

 Lachnospiraceae Anaerostipes hadrus  Y  [3,4] 

  Coprococcus catus  Y Y [3-6] 

  Coprococcus comes  Y  [4,5] 

  Lachnospiraceae bacterium 
5_1_63FAA 

 Y  [5] 

  Roseburia hominis Y Y  [11] 

  Roseburia intestinalis  Y Y [3-6,9,12] 

  Roseburia inulinivorans  Y  [3-5,7] 



  Ruminococcus gnavus   Y [4,13] 

  Ruminococcus obeum   Y [4] 

  Ruminococcus torques   Y [4] 

 Lactobacillaceae Lactobacillus gasseri   Y [2] 

 Ruminococcaceae Faecalibacterium prausnitzii  Y  [1,3,4,6,7,9,1
2,14] 

  Ruminococcus bromii Y   [15] 

 Veillonellaceae Dialister invisus   Y [3] 

  Megamonas funiformis Y  Y [16] 

  Veillonella parvula   Y [4] 

Present in less than 25% of the sample 

Actinobacteria Bifidobacteriaceae Bifidobacterium adolescentis Y   [10] 

  Bifidobacterium bifidum Y  Y [2] 

Bacteroidetes Bacteroidaceae Bacteroides thetaiotaomicron Y  Y [4,14] 

 Porphyromonoadaceae Odoribacter splanchnicus  Y  [5] 

  Porphyromonas gingivalis  Y  [5] 

Firmicutes Clostridiaceae Clostridium beijerinckii  Y  [6] 

  Clostridium butyricum  Y  [6] 

  Clostridium sp. L2-50  Y  [4] 

  Clostridium symbiosum  Y  [5,6] 

 Eubacteriaceae Anaerofustis stercorihominis  Y  [5] 

  Eubacterium limosum Y Y  [6,17,18] 



 Erysipelotrichaceae Eubacterium cylindroides  Y  [6] 

  Eubacterium dolichum  Y  [6] 

 Lachnospiraceae Anaerostipes caccae  Y  [5-7,9,10,19] 

  Blautia hydrogenotrophica Y   [15] 

  Butyrivibrio crossotus  Y  [5,6] 

  Coprococcus eutactus  Y  [4-6] 

 Lactobacillaceae Lactobacillus acidophilus Y Y Y [20] 

  Lactobacillus rhamnosus   Y [2] 

 Peptostreptococcaceae Clostridium difficile  Y  [5,6] 

 Ruminococcaceae Anaerotruncus colihominis  Y  [5] 

  Ruminococcaceae bacterium 
D16 

 Y  [5] 

  Subdoligranulum variabile  Y  [3,5] 

 Veillonellacea Megasphaera elsdenii   Y [4] 

Fusobacteria Fusobacteriaceae Fusobacterium mortiferum  Y  [5] 

  Fusobacterium nucleatum  Y  [5] 

  Fusobacterium ulcerans  Y  [5] 

  Fusobacterium varium  Y  [5] 

Verrucomicrobia Verrucomicrobiaceae Akkermansia muciniphila Y  Y [3,21] 
1 “Y” indicates that the microbiota produces the given SCFA and empty cell indicates that there is no evidence showing that the 
microbiota produces the given SCFA.   



Table S3. The interaction between dietary precursors of short-chain fatty acids (SCFAs) and overweight in models of SCFAs 
[% change (95% CI)], corresponding to Figure 11 
n=490 Butyrate/isobutyrate Valerate Isovalerate Total SCFAs 

Insoluble fiber (ref. = low)2 

Middle  -15.45 (-28.4, -0.15)* -4.23 (-35.24, 41.63) -18.02 (-33.48, 1.05) -17.64 (-32.17, 0.7) 
High  1.47 (-14.54, 20.47) 0.87 (-32.66, 51.09) 1.47 (-18.24, 25.92) 1.4 (-17.07, 24.83) 
Middle X Overweight 25.71 (0.29, 57.55)* 7.83 (-36.62, 83.46) 31.45 (-1.05, 74.62) 30.13 (-0.69, 70.53) 
High X Overweight 2.87 (-17.84, 28.79) 19.41 (-29.64, 102.64) 6.38 (-19.81, 41.12) 5.7 (-18.77, 38.51) 
Interaction p-value3 0.095 0.803 0.140 0.131 

Carbohydrate (ref. = low)2 

Middle  4.89 (-11.35, 24.1) 22.43 (-17.39, 81.44) 4.17 (-15.66, 28.66) 4.25 (-14.74, 27.46) 
High  -4.37 (-20.71, 15.34) -8.9 (-41.23, 41.21) -10.78 (-29.48, 12.89) -9.87 (-27.8, 13.29) 
Middle X Overweight 0.08 (-20.31, 25.7) -30.31 (-59.11, 18.77) 0.91 (-24.2, 34.34) 0.7 (-23.16, 31.95) 
High X Overweight 12.38 (-10.4, 40.95) 12.18 (-33.96, 90.54) 19.29 (-10.24, 58.52) 18.92 (-9.25, 54.76) 
Interaction p-value3 0.508 0.188 0.391 0.372 

High-fiber foods (ref. = low)2 

Middle  -7.4 (-21.45, 9.17) 4.64 (-28.92, 54.04) -8.02 (-25.17, 13.06) -7.98 (-24.21, 11.73) 
High  -5.04 (-20.02, 12.74) 21.03 (-19.14, 81.13) -4.25 (-22.79, 18.73) -4.74 (-22.08, 17.28) 
Middle X Overweight -7.72 (-26.31, 15.55) -10.56 (-47.27, 51.7) -14.76 (-35.7, 13) -12.94 (-33.57, 13.29) 
High X Overweight -1.63 (-21.47, 23.22) -27.02 (-57.01, 23.88) -1.46 (-25.7, 30.69) -1.38 (-24.74, 28.34) 
Interaction p-value3 0.761 0.497 0.472 0.527 

1 BMI ≥24 kg/m2. The abundance of each plasma SCFAs and the sum of the all three SCFAs were log2 transformed. The % change 
relative to the reference level was calculated using the following formula: (2^(β)-1)*100%, where β was the linear model coefficient. 



Model was adjusted for age, sex, batch, province, urbanization, income, education, total energy, insoluble fiber intake, physical 
activity, smoking, and alcohol intake. *, % change p-value<0.05, **, % change p-value<0.01 
2 Dietary intakes were measured by 3-consecutive 24h dietary recalls and household food inventories. High-fiber foods was 
calculated as the sum of whole grains, legumes, starchy roots, vegetables, mushrooms/seaweeds, fruits, nuts/seeds. Insoluble fiber, 
carbohydrate, and high-fiber food score were categorized by tertiles to represent low, middle, and high intakes. 
3 The statistical significance of the interaction term between dietary factors and overweight was estimated using a Wald test that 
compared models with and without the interaction term.  

 

  



Table S4. The interaction between dietary precursors of short-chain fatty acids (SCFAs) and abdominal obesity in models of 
SCFAs [% change (95% CI)], corresponding to Figure 21 
n=488 Butyrate/isobutyrate Valerate Isovalerate Total SCFAs 

Insoluble fiber (ref. = low)2 

Middle  -18.42 (-33.00, -0.66)* -9.96 (-43.57, 43.66) -19.07 (-36.9, 3.8) -18.77 (-35.83, 2.81) 
High  6.31 (-12.88, 29.73) 1.72 (-36.57, 63.13) 9.63 (-14.76, 41) 9.43 (-14.14, 38.51) 
Middle X Abdominal obesity 23.88 (-2.03, 56.63) 14.72 (-34.24, 100.13) 23.52 (-8.17, 66.14) 23.11 (-6.7, 63.58) 
High X Abdominal obesity -5.15 (-24.96, 19.9) 8.45 (-37.8, 89.1) -7.08 (-30.9, 24.95) -6.7 (-38.87, 23.97) 
Interaction p-value3 0.063 0.888 0.150 0.132 

Carbohydrate (ref. = low)2 

Middle  3.24 (-15.5, 26.14) -17.26 (-48.32, 32.47) -0.02 (-22.34, 28.71) 0.14 (-21.00, 27.46) 
High  9.64 (-11.83, 36.35) -41.01 (-64.65, -1.56)* 5.98 (-19.49, 39.51) 5.7 (-18.21, 37.55) 
Middle X Abdominal obesity 2.91 (-18.84, 30.49) 36.07 (-22.1, 137.67) 7.41 (-20.38, 44.9) 7.18 (-19.34, 42.41) 
High X Abdominal obesity -11.21 (-30.08, 12.75) 100.19 (14.22, 250.87)* -12.13 (-34.99, 18.75) -11.12 (-33.1, 18.92) 
Interaction p-value3 0.428 0.052 0.404 0.428 

High-fiber foods (ref. = low)2 

Middle  -14.88 (-29.94, 3.41) 10.78 (-30.14, 75.66) -17.55 (-35.48, 5.37) -17.07 (-34.02, 4.97) 
High  -3.71 (-21.12, 17.54) 8.02 (-32.65, 73.24) -0.95 (-22.97, 27.34) -1.38 (-22.62, 24.83) 
Middle X Abdominal obesity 6.66 (-15.49, 34.62) -14.69 (-50.85, 48.09) 4.3 (-22.22, 39.86) 4.25 (-21, 37.55) 
High X Abdominal obesity -4.84 (-24.57, 20.03) -2.69 (-43.87, 68.69) -7.95 (-31.31, 23.35) -7.34 (-29.78, 22.26) 
Interaction p-value3 0.634 0.835 0.702 0.695 

1 Waist-to-height ratio ≥0.5. The abundance of each SCFAs and the sum of the all three SCFAs were log2 transformed. The % 
change relative to the reference level was calculated using the following formula: (2^(β)-1)*100%, where β was the linear model 



coefficient. Model was adjusted for age, sex, batch, province, urbanization, income, education, total energy, insoluble fiber, physical 
activity, smoking, and alcohol intake. *, % change p-value<0.05, **, % change p-value<0.01. 
2 Dietary intakes were measured by 3-consecutive 24h dietary recalls and household food inventories. High-fiber foods was 
calculated as the sum of whole grains, legumes, starchy roots, vegetables, mushrooms/seaweeds, fruits, nuts/seeds. Insoluble fiber, 
carbohydrate, and high-fiber food score were categorized by tertiles to represent low, middle, and high intakes. 
3 The statistical significance of the interaction term between dietary factors and abdominal obesity was estimated using a Wald test 
that compared models with and without the interaction term.  

  



Table S5. The associations between individual foods and short-chain fatty acids (SCFAs) by overweight (n=490)1 

 Butyrate/isobutyrate Valerate Isovalerate Total SCFAs 

 Inter-
action 
p-
value2 

Inter-
action 
q-
value2 

% 
change  
(95% CI) 

Inter-
action 
p-
value2 

Inter-
action 
q-
value2 

% 
change  
(95% CI) 

Inter-
action 
p-
value2 

Inter-
action 
q-
value2 

% change  
(95% CI) 

Inter-
action 
p-
value2 

Inter-
action 
q-
value2 

% change  
(95% CI) 

Wholegrains (ref. = non-consumer)3 

Non-
overweight 

0.64 0.96 -9.24  
(-30.92, 
19.26) 

0.36 0.92 25.87  
(-33.52, 
138.32) 

0.79 0.96 -11.06  
(-36.91, 
25.39) 

0.67 0.96 -10.73  
(-35.56, 
23.66) 

Overweight   -17.71  
(-39.27, 
11.51) 

  -18.75  
(-60.07, 
65.35) 

  -16.92  
(-43.31, 
21.76) 

  -19.65 
(-44.05, 
15.4) 

Legumes (ref. = below median)3 

Non-
overweight 

0.56 0.96 7.66  
(-5.8, 
23.04) 

0.06 0.56 21.84  
(-10.74, 
66.31) 

0.42 0.92 9.61  
(-7.34, 
29.65) 

0.51 0.95 7.33  
(-8.51, 
25.93) 

Overweight   1.82  
(-11.17, 
16.73) 

  -19.54  
(-41.47, 
10.59) 

  -0.45  
(-16.15, 
18.2) 

  -0.35  
(-15.41, 
17.39) 

Starchy roots (ref. = below median)3 

Non-
overweight 

0.89 0.96 -5.47  
(-17.1, 
7.79) 

0.8 0.96 -5.75  
(-30.65, 
28.11) 

0.74 0.96 -3.33  
(-18.05, 
14.02) 

0.7 0.96 -4.06  
(-18.02, 
12.28) 

Overweight   -6.67  
(-18.45, 
6.81) 

  -10.88  
(-34.98, 
22.17) 

  -7  
(-21.52, 
10.21) 

  -8.1  
(-21.77, 
7.96) 

Vegetables (ref. = below median)3 

Non-
overweight 

0.44 0.92 -3.44  
(-15.31, 
10.1) 

0.51 0.95 7.73  
(-20.7, 
46.35) 

0.32 0.92 -4.62  
(-19.12, 
12.47) 

0.34 0.92 -4.58  
(-18.58, 
11.82) 



Overweight   3.95  
(-9.21, 
19) 

  -6.94  
(-32.15, 
27.65) 

  7.46  
(-9.34, 
27.38) 

  6.34  
(-9.66, 
25.19) 

Mushrooms/seaweeds (ref. = non-consumer)3 

Non-
overweight 

0.32 0.92 3.86  
(-9.6, 
19.31) 

0.32 0.92 -16.28  
(-39.44, 
15.74) 

0.47 0.93 7.97  
(-9.31, 
28.54) 

0.4 0.92 5.53  
(-10.63, 
24.61) 

Overweight   -6.01  
(-18.84, 
8.86) 

  5.94  
(-24.8, 
49.26) 

  -1.53  
(-18.13, 
18.43) 

  -4.55  
(-20.02, 
13.91) 

Fruits (ref. = non-consumer)3 

Non-
overweight 

0.89 0.96 -6.54  
(-18.43, 
7.08) 

0.04 0.45 4.8  
(-23.61, 
43.79) 

0.9 0.96 -5.36  
(-20.25, 
12.31) 

0.9 0.96 -7.12  
(-21.21, 
9.49) 

Overweight   -7.76  
(-19.58, 
5.79) 

  -32.81  
(-51.15, -
7.58)* 

  -6.76  
(-21.54, 
10.8) 

  -8.47  
(-22.41, 
7.98) 

Nuts/seeds (ref. = non-consumer)3 

Non-
overweight 

0.69 0.96 11.37  
(-5.64, 
31.45) 

0.78 0.96 -1.14  
(-32.92, 
45.71) 

0.61 0.96 17.98  
(-4.19, 
45.27) 

0.64 0.96 16.7  
(-4.22, 
42.2) 

Overweight   6.19  
(-10.59, 
26.11) 

  6.78  
(-28.6, 
59.67) 

  9.33  
(-11.9, 
35.69) 

  9.19  
(-11.07, 
34.06) 

1 BMI ≥24 kg/m2. The abundance of each SCFAs and the sum of the all three SCFAs were log2 transformed. The % change relative 
to the reference level was calculated using the following formula: (2^(β)-1)*100%, where β was the linear model coefficient. Model 
was adjusted for age, sex, batch, province, urbanization, income, education, total energy, insoluble fiber, physical activity, smoking, 
and alcohol intake. *, % change p-value<0.05. 
2 The statistical significance of the interaction term between dietary factors and overweight was estimated using a Wald test that 
compared models with and without the interaction term. Q-value was false-discovery rate adjusted p-value.  
3 Dietary intakes were measured by 3-consecutive 24h dietary recalls and household food inventories. Foods consumed by more 
than and less than 50% of the analysis sample were categorized by median and yes/no consumers, respectively.   



Table S6. The associations between individual foods and short-chain fatty acids (SCFAs) by abdominal obesity (n=488)1 
 Butyrate/isobutyrate Valerate Isovalerate Total SCFAs 
 Inter-

action 
p-
value2 

Inter-
action 
q-
value2 

% change  
(95% CI) 

Inter-
action 
p-
value2 

Inter-
action 
q-
value2 

% change  
(95% CI) 

Inter-
action 
p-
value2 

Inter-
action 
q-
value2 

% change  
(95% CI) 

Inter-
action 
p-
value2 

Inter-
action 
q-
value2 

% change  
(95% CI) 

Wholegrains (ref. = non-consumer)3 
Non-abdominal 
obesity 

0.10 0.63 9.32  
(-22.51, 
54.23) 

0.01 0.13 164.02  
(17.88, 
491.34)* 

0.16 0.88 10.65  
(-28.38, 
70.95) 

0.10 0.63 11.82  
(-25.89, 
68.71) 

Abdominal 
obesity 

  -23.35  
(-40.14, -
1.85)* 

  -36.26  
(-64.28, 
13.74) 

  -24.58  
(-44.82, 
3.07) 

  -26.45  
(-45.27, -
1.17)* 

Legumes (ref. = below median)3 
Non-abdominal 
obesity 

0.45 0.92 9.81  
(-6.22, 
28.57) 

0.98 0.98 -0.07  
(-31.07, 
44.89) 

0.42 0.92 11.39  
(-8.72, 
35.94) 

0.53 0.96 8.33  
(-10.35, 
30.9) 

Abdominal 
obesity 

  1.97  
(-9.38, 
14.73) 

  -0.53  
(-24.65, 
31.33) 

  0.83  
(-13.13, 
17.02) 

  0.73  
(-12.61, 
16.12) 

Starchy roots (ref. = below median)3 
Non-abdominal 
obesity 

0.95 0.97 -5.83  
(-19.74, 
10.48) 

0.42 0.92 5.93  
(-27.27, 
54.28) 

0.87 0.96 -3.99  
(-21.54, 
17.48) 

0.82 0.96 -4.49  
(-21.16, 
15.71) 

Abdominal 
obesity 

  -6.44  
(-16.56, 
4.91) 

  -12.1  
(-32.86, 
15.09) 

  -5.98  
(-18.64, 
8.66) 

  -7.07  
(-18.98, 
6.59) 

Vegetables (ref. = below median)3 
Non-abdominal 
obesity 

0.95 0.97 -0.16  
(-14.69, 
16.84) 

0.83 0.96 -4.23  
(-33.82, 
38.6) 

0.82 0.96 3.13  
(-15.43, 
25.76) 

0.89 0.96 1.99  
(-15.57, 
23.2) 

Abdominal 
obesity 

  0.44  
(-10.51, 
12.74) 

  0.67  
(-23.26, 
32.06) 

  0.33  
(-13.27, 
16.07) 

  0.35  
(-12.88, 
15.6) 

Mushrooms/seaweeds (ref. = non-consumer)3 



Non-abdominal 
obesity 

0.36 0.92 5.21  
(-11.27, 
24.76) 

0.88 0.96 -8.7  
(-38.85, 
36.31) 

0.34 0.92 12.2  
(-9.5, 
39.1) 

0.20 0.92 11.7  
(-8.99, 
37.08) 

Abdominal 
obesity 

  -4.52  
(-15.72, 
8.17) 

  -5.13  
(-29.26, 
27.23) 

  -1.31  
(-15.68, 
15.52) 

  -5  
(-18.3, 
10.47) 

Fruits (ref. = non-consumer)3 
Non-abdominal 
obesity 

0.28 0.92 -0.48  
(-15.42, 
17.11) 

0.00 0.07 39.98  
(-4.17, 
104.47) 

0.36 0.92 1.05  
(-17.74, 
24.13) 

0.33 0.92 -0.78  
(-18.4, 
20.66) 

Abdominal 
obesity 

  -10.49  
(-20.55, 
0.84) 

  -33.35  
(-49.51, -
12.03)** 

  -9.66  
(-22.3, 
5.04) 

  -11.35  
(-23.34, 
2.52) 

Nuts/seeds (ref. = non-consumer)3 
Non-abdominal 
obesity 

0.09 0.63 24.46  
(1.69, 
52.34) 

0.91 0.96 6.65  
(-33.84, 
71.91) 

0.02 0.38 43.57  
(11.35, 
85.13) 

0.03 0.44 38.63  
(8.84, 
76.58)** 

Abdominal 
obesity 

  0.39  
(-13.32, 
16.26) 

  2.98  
(-27.2, 
45.65) 

  -0.61  
(-17.36, 
19.54) 

  0.37  
(-15.75, 
19.58) 

1 Waist-to-height ratio ≥0.5. The abundance of each SCFAs and the sum of the all three SCFAs were log2 transformed. The % 
change relative to the reference level was calculated using the following formula: (2^(β)-1)*100%, where β was the linear model 
coefficient. Model was adjusted for age, sex, batch, province, urbanization, income, education, total energy, insoluble fiber, physical 
activity, smoking, and alcohol intake. *, % change p-value<0.05; **, % change p-value<0.01. 
2 The statistical significance of the interaction term between dietary factors and abdominal obesity was estimated using a Wald test 
that compared models with and without the interaction term. Q-value was false-discovery rate adjusted p-value. 
3 Dietary intakes were measured by 3-consecutive 24h dietary recalls and household food inventories. Foods consumed by more 
than and less than 50% of the analysis sample were categorized by median and yes/no consumers, respectively. 

  



Table S7. The associations between each 56 microbial short-chain fatty acid (SCFA) producers 
with body mass index (BMI) and waist-to-height ratio (WHtR)1 
 BMI (n=209) WHtR (n=208)  
Species β (95% 

confidence 
interval) 

p-
value 

q-
value2 

β (95% 
confidence 
interval) 

p-
value 

q-
value
2 

Rare3 

Bifidobacterium longum -0.03 (-0.24, 0.18) 0.78 1.00 3.E-06 (-4.E-
03, 4.E-03) 

1.00 1.00 N 

Bacteroides 
thetaiotaomicron 

-0.32 (-0.66, 0.01) 0.06 0.48 -7.E-03 (-
0.01, -1.E-03) 

0.02 0.24 N 

Bacteroides uniformis -0.07 (-0.4, 0.25) 0.66 1.00 -3.E-03 (-
0.01, 3.E-03) 

0.38 0.84 N 

Bacteroides vulgatus 0.05 (-0.33, 0.42) 0.80 1.00 -3.E-04 (-
0.01, 0.01) 

0.92 1.00 N 

Prevotella copri 0.08 (-0.16, 0.32) 0.51 0.88 3.E-03 (-2.E-
03, 0.01) 

0.25 0.84 N 

Alistipes putredinis 0.15 (-0.14, 0.43) 0.31 0.84 3.E-04 (-5.E-
03, 0.01) 

0.92 1.00 N 

Lactobacillus gasseri -0.07 (-0.44, 0.31) 0.73 1.00 -1.E-04 (-
0.01, 0.01) 

0.97 1.00 N 

Eubacterium hallii 0.54 (0.22, 0.87) 1.E-
03 

0.07 9.E-03 (3.E-
03, 0.01) 

0.01 0.09 N 

Eubacterium ramulus 0.21 (-0.09, 0.51) 0.17 0.84 3.E-03 (-3.E-
03, 0.01) 

0.30 0.84 N 

Eubacterium rectale 0.31 (0.08, 0.54) 0.01 0.14 6.E-03 (2.E-
03, 0.01) 

0.01 0.09 N 

Eubacterium 
ventriosum 

0.01 (-0.29, 0.31) 0.95 1.00 1.E-04 (-0.01, 
0.01) 

0.97 1.00 N 

Anaerostipes hadrus 0.22 (-0.17, 0.61) 0.27 0.84 1.E-03 (-0.01, 
0.01) 

0.78 1.00 N 

Ruminococcus gnavus -0.04 (-0.29, 0.22) 0.78 1.00 3.E-05 (-5.E-
03, 5.E-03) 

0.99 1.00 N 

Ruminococcus obeum 0.53 (-0.04, 1.11) 0.07 0.52 6.E-03 (-5.E-
03, 0.02) 

0.28 0.84 N 

Ruminococcus torques 0.61 (-0.09, 1.31) 0.09 0.62 9.E-03 (-4.E-
03, 0.02) 

0.18 0.84 N 

Coprococcus catus 0.03 (-0.25, 0.31) 0.83 1.00 2.E-03 (-3.E-
03, 0.01) 

0.44 0.84 N 

Coprococcus comes 0.01 (-0.24, 0.27) 0.92 1.00 -2.E-05 (-5.E-
03, 5.E-03) 

0.99 1.00 N 

Lachnospiraceae 
bacterium 5 1 63FAA 

0.2 (-0.18, 0.58) 0.29 0.84 7.E-04 (-0.01, 
0.01) 

0.85 1.00 N 

Roseburia hominis 0.17 (-0.13, 0.46) 0.27 0.84 2.E-04 (-0.01, 
0.01) 

0.95 1.00 N 

Roseburia intestinalis 0.23 (-0.06, 0.51) 0.12 0.73 3.E-04 (-5.E-
03, 0.01) 

0.90 1.00 N 

Roseburia inulinivorans 0.11 (-0.19, 0.41) 0.46 0.84 1.E-03 (-5.E-
03, 0.01) 

0.72 1.00 N 

Faecalibacterium 
prausnitzii 

0.17 (-0.23, 0.57) 0.40 0.84 4.E-03 (-4.E-
03, 0.01) 

0.34 0.84 N 



Ruminococcus bromii -0.13 (-0.34, 0.08) 0.23 0.84 -2.E-03 (-
0.01, 2.E-03) 

0.39 0.84 N 

Clostridium innocuum -0.05 (-0.57, 0.47) 0.85 1.00 2.E-04 (-0.01, 
0.01) 

0.97 1.00 N 

Eubacterium biforme 0.08 (-0.14, 0.31) 0.47 0.86 3.E-03 (-1.E-
03, 0.01) 

0.15 0.80 N 

Dialister invisus -0.16 (-0.48, 0.17) 0.34 0.84 -3.E-03 (-
0.01, 3.E-03) 

0.37 0.84 N 

Megamonas funiformis 0.45 (0.14, 0.76) 0.01 0.09 6.E-03 (-
8.40E-05, 
0.01) 

0.05 0.46 N 

Veillonella parvula -0.16 (-0.55, 0.23) 0.42 0.84 -2.E-03 (-
0.01, 5.E-03) 

0.53 0.88 N 

Akkermansia 
muciniphila 

0.06 (-0.19, 0.31) 0.66 1.00 1.E-03 (-4.E-
03, 0.01) 

0.69 1.00 N 

Bifidobacterium 
adolescentis 

-0.09 (-1.33, 1.15) 0.88 1.00 7.E-03 (-0.02, 
0.03) 

0.56 0.91 Y 

Bifidobacterium bifidum -0.89 (-2.46, 0.68) 0.26 0.84 -1.E-02 (-
0.04, 0.02) 

0.45 0.84 Y 

Odoribacter 
splanchnicus 

-0.26 (-1.49, 0.98) 0.68 1.00 3.E-03 (-0.02, 
0.03) 

0.83 1.00 Y 

Porphyromonas 
gingivalis 

-1.5 (-4.44, 1.45) 0.32 0.84 2.E-02 (-0.03, 
0.08) 

0.43 0.84 Y 

Lactobacillus 
acidophilus 

0.46 (-4.14, 5.06) 0.84 1.00 2.E-02 (-0.07, 
0.1) 

0.68 1.00 Y 

Lactobacillus 
rhamnosus 

0.01 (-1.37, 1.4) 0.98 1.00 -8.E-03 (-
0.03, 0.02) 

0.54 0.88 Y 

Clostridium beijerinckii 0.22 (-6.5, 6.94) 0.95 1.00 -7.E-02 (-
0.19, 0.06) 

0.29 0.84 Y 

Clostridium butyricum -1.14 (-3.86, 1.57) 0.41 0.84 -4.E-02 (-
0.09, 0.01) 

0.15 0.80 Y 

Clostridium sp. L2 50 0.39 (-1.85, 2.62) 0.73 1.00 2.E-02 (-0.02, 
0.06) 

0.37 0.84 Y 

Clostridium symbiosum -2.08 (-3.22, -
0.94) 

4.E-
04 

0.04 -2.E-02 (-
0.05, -4.E-03) 

0.02 0.27 Y 

Anaerofustis 
stercorihominis 

0.9 (-0.67, 2.48) 0.26 0.84 1.E-02 (-0.02, 
0.04) 

0.41 0.84 Y 

Eubacterium limosum -0.01 (-1.25, 1.23) 0.99 1.00 -9.E-03 (-
0.03, 0.01) 

0.41 0.84 Y 

Anaerostipes caccae -0.94 (-3.02, 1.15) 0.38 0.84 -1.E-02 (-
0.05, 0.03) 

0.54 0.88 Y 

Blautia 
hydrogenotrophica 

-1.61 (-3.62, 0.4) 0.12 0.73 -4.E-02 (-
0.07, -2.E-04) 

0.05 0.45 Y 

Butyrivibrio crossotus -0.94 (-2.82, 0.95) 0.33 0.84 -7.E-03 (-
0.04, 0.03) 

0.68 1.00 Y 

Coprococcus eutactus 0.5 (-0.99, 1.98) 0.51 0.88 1.E-02 (-0.02, 
0.04) 

0.44 0.84 Y 

Clostridium difficile 0.07 (-1.62, 1.77) 0.93 1.00 6.E-03 (-0.02, 
0.04) 

0.70 1.00 Y 

Anaerotruncus 
colihominis 

-0.93 (-2.63, 0.77) 0.28 0.84 -2.E-02 (-
0.05, 0.01) 

0.19 0.84 Y 



Ruminococcaceae 
bacterium D16 

-3.36 (-6.61, -
0.11) 

0.04 0.44 -5.E-02 (-
0.11, 0.01) 

0.14 0.80 Y 

Subdoligranulum 
variabile 

-0.88 (-2.69, 0.92) 0.34 0.84 -2.E-02 (-
0.05, 0.02) 

0.37 0.84 Y 

Eubacterium 
cylindroides 

-0.77 (-2.81, 1.28) 0.46 0.84 -4.E-03 (-
0.04, 0.03) 

0.83 1.00 Y 

Eubacterium dolichum 0.71 (-0.65, 2.07) 0.31 0.84 3.E-03 (-0.02, 
0.03) 

0.79 1.00 Y 

Megasphaera elsdenii -0.41 (-4.95, 4.14) 0.86 1.00 4.E-02 (-0.04, 
0.12) 

0.36 0.84 Y 

Fusobacterium 
mortiferum 

-0.06 (-1.21, 1.09) 0.92 1.00 5.E-04 (-0.02, 
0.02) 

0.96 1.00 Y 

Fusobacterium 
nucleatum 

-0.55 (-2.1, 0.99) 0.48 0.86 2.E-02 (-0.01, 
0.04) 

0.27 0.84 Y 

Fusobacterium 
ulcerans 

-0.62 (-3.59, 2.35) 0.68 1.00 -9.E-03 (-
0.06, 0.05) 

0.75 1.00 Y 

Fusobacterium varium -4.78 (-7.92, -
1.64) 

3.E-
03 

0.09 -6.E-02 (-
0.12, -4.E-03) 

0.04 0.41 Y 

 

1 The 56 microbial SCFA producers were selected from literature and the full list with references 
is in Table S2. The raw counts of each species was normalized and log10 transformed [22]. 
Model was adjusted for age, sex, batch, province, urbanization, income, education, total energy, 
insoluble fiber, physical activity, smoking, and alcohol intake. β coefficients are interpreted as 
units of BMI or WHtR associated with per 1 unit increase in log10 of the relative abundance of 
microbiota.  
2 Q-value was false-discovery rate adjusted p-value. 
3 Microbiota presented in at least 25% of the sample were denoted as non-rare microbiota and 
kept as continuous variables in linear regression. Microbiota present in less than 25% of the 
sample were denoted as rare microbiota and included as binary variables (yes/no present in the 
sample) in linear regression.



Table S8. The associations between the overall and the total relative abundance of 56 
microbial short-chain fatty acid (SCFA) producers with plasma SCFAs (n=209).  
 Overall1 Total2 

 R2 P-value β (95% CI) P-value 
Butyrate/isobutyrate 2E-03 0.95 -0.01 (-0.39, 0.37) 0.97 
Valerate  4E-03 0.58 0.54 (-0.37, 1.46) 0.24 
Isovalerate 3E-03 0.79 0.00 (-0.49, 0.48) 0.99 
Total SCFAs 0.01 0.03 -0.04 (-0.49, 0.41) 0.96 

The 56 microbial SCFA producers were selected from literature and the full list with references 
is in Table S2. The abundance of each SCFAs and the sum of the all three SCFAs were log2 
transformed. The raw counts of each species and the total counts of the 56 species were 
normalized and log10 transformed [22]. Model was adjusted for age, sex, batch, province, 
urbanization, income, education, total energy, insoluble fiber, physical activity, smoking, and 
alcohol intake. 
1 R2 and p-value were calculated using permutational multivariate analysis of variance 
(PERMANOVA) of all 56 species. 
2 Linear regression was performed on the total relative abundance of the 56 species.



Table S9. The associations between each 56 microbial short-chain fatty acid (SCFA) producers with plasma SCFAs (n=209)1  
 Butyrate/isovalerate Valerate Isovalerate Total SCFAs  
Species β (95% 

confidence 
interval) 

p-
valu
e 

β (95% 
confidence 
interval) 

p-
valu
e 

β (95% 
confidence 
interval) 

p-
valu
e 

β (95% 
confidence 
interval) 

p-
valu
e 

Rare2 

Bifidobacterium 
longum 

0 (-0.05, 0.04) 0.84 -0.04 (-0.16, 0.07) 0.46 -0.02 (-0.08, 0.04) 0.54 -0.01 (-0.07, 0.05) 0.77 N 

Bacteroides 
thetaiotaomicron 

-0.04 (-0.12, 0.04) 0.29 0.02 (-0.16, 0.21) 0.81 -0.04 (-0.14, 0.05) 0.38 -0.05 (-0.14, 0.04) 0.27 N 

Bacteroides uniformis 0 (-0.07, 0.08) 0.92 -0.13 (-0.3, 0.05) 0.17 0 (-0.09, 0.1) 0.92 0 (-0.09, 0.08) 0.92 N 
Bacteroides vulgatus -0.03 (-0.12, 0.05) 0.47 -0.08 (-0.28, 0.13) 0.46 -0.04 (-0.14, 0.07) 0.52 -0.02 (-0.12, 0.08) 0.65 N 
Prevotella copri -0.03 (-0.08, 0.03) 0.31 0 (-0.13, 0.13) 0.99 -0.03 (-0.1, 0.04) 0.42 -0.02 (-0.08, 0.05) 0.60 N 
Alistipes putredinis -0.02 (-0.08, 0.04) 0.54 0.04 (-0.11, 0.2) 0.59 -0.03 (-0.11, 0.05) 0.48 -0.03 (-0.11, 0.05) 0.45 N 
Lactobacillus gasseri -0.08 (-0.16, 0.01) 0.07 -0.03 (-0.24, 0.18) 0.78 -0.09 (-0.19, 0.02) 0.12 -0.09 (-0.2, 0.01) 0.06 N 
Eubacterium hallii 0 (-0.08, 0.07) 0.93 0 (-0.18, 0.18) 0.99 -0.02 (-0.12, 0.07) 0.65 -0.02 (-0.11, 0.07) 0.72 N 
Eubacterium ramulus -0.05 (-0.11, 0.02) 0.19 0.03 (-0.14, 0.2) 0.73 -0.06 (-0.15, 0.02) 0.16 -0.05 (-0.13, 0.03) 0.21 N 
Eubacterium rectale 0 (-0.05, 0.05) 0.99 0.09 (-0.04, 0.22) 0.16 0 (-0.07, 0.06) 0.93 0 (-0.06, 0.07) 0.96 N 
Eubacterium 
ventriosum 

-0.05 (-0.12, 0.02) 0.18 0.01 (-0.16, 0.18) 0.91 -0.06 (-0.15, 0.03) 0.16 -0.05 (-0.13, 0.03) 0.26 N 

Anaerostipes hadrus 0 (-0.09, 0.09) 0.97 0.08 (-0.14, 0.3) 0.46 -0.01 (-0.12, 0.11) 0.89 -0.01 (-0.12, 0.1) 0.87 N 
Ruminococcus 
gnavus 

0.05 (0, 0.11) 0.07 0.05 (-0.09, 0.18) 0.52 0.07 (0, 0.14) 0.05 0.07 (0, 0.13) 0.06 N 

Ruminococcus 
obeum 

-0.11 (-0.25, 0.02) 0.10 0.15 (-0.17, 0.48) 0.35 -0.16 (-0.33, 0.01) 0.06 -0.15 (-0.31, 0.01) 0.06 N 

Ruminococcus 
torques 

0.03 (-0.13, 0.19) 0.74 0.27 (-0.12, 0.65) 0.17 0.05 (-0.16, 0.25) 0.66 0.04 (-0.15, 0.23) 0.66 N 

Coprococcus catus -0.03 (-0.09, 0.04) 0.39 -0.04 (-0.2, 0.11) 0.58 -0.04 (-0.12, 0.04) 0.28 -0.04 (-0.11, 0.04) 0.35 N 
Coprococcus comes 0.02 (-0.04, 0.08) 0.55 -0.01 (-0.15, 0.13) 0.93 0.02 (-0.05, 0.09) 0.60 0.02 (-0.04, 0.09) 0.48 N 
Lachnospiraceae 
bacterium 5 1 63FAA 

0.06 (-0.03, 0.15) 0.18 0.1 (-0.11, 0.31) 0.36 0.08 (-0.03, 0.19) 0.16 0.07 (-0.03, 0.18) 0.16 N 

Roseburia hominis -0.05 (-0.11, 0.02) 0.17 0.07 (-0.1, 0.23) 0.42 -0.06 (-0.15, 0.02) 0.15 -0.05 (-0.13, 0.03) 0.20 N 
Roseburia intestinalis -0.02 (-0.08, 0.05) 0.62 -0.19 (-0.35, -

0.04) 
0.01 -0.02 (-0.1, 0.06) 0.59 -0.02 (-0.1, 0.06) 0.60 N 



Roseburia 
inulinivorans 

0.01 (-0.06, 0.08) 0.78 -0.11 (-0.27, 0.06) 0.21 0.01 (-0.08, 0.1) 0.83 0.01 (-0.07, 0.09) 0.76 N 

Faecalibacterium 
prausnitzii 

-0.09 (-0.18, 0) 0.06 -0.06 (-0.28, 0.16) 0.61 -0.14 (-0.25, -
0.02) 

0.02 -0.13 (-0.24, -
0.02) 

0.02 N 

Ruminococcus bromii -0.03 (-0.07, 0.02) 0.30 -0.02 (-0.14, 0.1) 0.75 -0.04 (-0.1, 0.02) 0.20 -0.04 (-0.1, 0.01) 0.12 N 
Clostridium innocuum 0.02 (-0.1, 0.14) 0.70 0.25 (-0.03, 0.54) 0.08 0.04 (-0.11, 0.19) 0.64 0.04 (-0.11, 0.18) 0.62 N 
Eubacterium biforme 0 (-0.05, 0.06) 0.88 0.09 (-0.03, 0.22) 0.16 0 (-0.06, 0.07) 0.89 0.01 (-0.05, 0.07) 0.78 N 
Dialister invisus -0.04 (-0.12, 0.03) 0.25 0.11 (-0.07, 0.28) 0.25 -0.06 (-0.16, 0.03) 0.19 -0.07 (-0.15, 0.02) 0.14 N 
Megamonas 
funiformis 

-0.03 (-0.1, 0.04) 0.39 0.01 (-0.16, 0.19) 0.89 -0.02 (-0.11, 0.07) 0.63 -0.02 (-0.11, 0.07) 0.63 N 

Veillonella parvula 0.06 (-0.03, 0.15) 0.19 -0.03 (-0.25, 0.19) 0.80 0.1 (-0.02, 0.21) 0.09 0.08 (-0.02, 0.19) 0.13 N 
Akkermansia 
muciniphila 

-0.03 (-0.09, 0.02) 0.23 0.07 (-0.06, 0.21) 0.29 -0.05 (-0.12, 0.02) 0.19 -0.05 (-0.11, 0.02) 0.18 N 

Bifidobacterium 
adolescentis 

0.11 (-0.18, 0.39) 0.46 -0.12 (-0.82, 0.57) 0.73 0.14 (-0.22, 0.51) 0.45 0.19 (-0.15, 0.52) 0.27 Y 

Bifidobacterium 
bifidum 

0.01 (-0.35, 0.37) 0.96 -0.54 (-1.4, 0.33) 0.22 0.04 (-0.41, 0.5) 0.85 0.07 (-0.36, 0.5) 0.74 Y 

Odoribacter 
splanchnicus 

-0.12 (-0.4, 0.16) 0.39 -0.05 (-0.73, 0.63) 0.89 -0.17 (-0.53, 0.19) 0.34 -0.16 (-0.49, 0.18) 0.36 Y 

Porphyromonas 
gingivalis 

0.36 (-0.32, 1.03) 0.30 0.57 (-1.07, 2.21) 0.49 0.43 (-0.43, 1.29) 0.33 0.44 (-0.36, 1.24) 0.28 Y 

Lactobacillus 
acidophilus 

0.5 (-0.56, 1.55) 0.35 2.08 (-0.46, 4.62) 0.11 0.49 (-0.85, 1.83) 0.47 0.63 (-0.61, 1.88) 0.32 Y 

Lactobacillus 
rhamnosus 

-0.17 (-0.48, 0.15) 0.29 0.34 (-0.43, 1.1) 0.39 -0.25 (-0.65, 0.15) 0.22 -0.2 (-0.58, 0.17) 0.29 Y 

Clostridium 
beijerinckii 

-0.32 (-1.85, 1.2) 0.68 1.94 (-1.75, 5.62) 0.30 -0.15 (-2.09, 1.79) 0.88 -0.26 (-2.09, 1.56) 0.78 Y 

Clostridium butyricum 0.36 (-0.26, 0.97) 0.26 -0.82 (-2.31, 0.68) 0.28 0.53 (-0.25, 1.31) 0.18 0.43 (-0.31, 1.17) 0.25 Y 
Clostridium sp. L2 50 0.34 (-0.18, 0.86) 0.20 1.04 (-0.21, 2.3) 0.10 0.41 (-0.25, 1.07) 0.23 0.47 (-0.13, 1.08) 0.12 Y 
Clostridium 
symbiosum 

-0.12 (-0.39, 0.15) 0.37 0.58 (-0.07, 1.22) 0.08 -0.07 (-0.41, 0.27) 0.69 -0.05 (-0.37, 0.27) 0.76 Y 

Anaerofustis 
stercorihominis 

0.08 (-0.27, 0.44) 0.64 -0.72 (-1.58, 0.14) 0.10 0.02 (-0.44, 0.47) 0.95 0.04 (-0.39, 0.47) 0.84 Y 

Eubacterium limosum 0.04 (-0.25, 0.32) 0.80 -0.24 (-0.92, 0.44) 0.49 0.13 (-0.23, 0.48) 0.48 0.08 (-0.25, 0.42) 0.63 Y 
Anaerostipes caccae -0.14 (-0.61, 0.33) 0.56 -0.13 (-1.27, 1.02) 0.83 -0.2 (-0.8, 0.4) 0.51 -0.24 (-0.81, 0.33) 0.40 Y 



Blautia 
hydrogenotrophica 

-0.06 (-0.52, 0.4) 0.80 -0.29 (-1.4, 0.81) 0.60 -0.09 (-0.67, 0.49) 0.75 -0.1 (-0.65, 0.45) 0.71 Y 

Butyrivibrio crossotus -0.25 (-0.68, 0.17) 0.24 0.67 (-0.36, 1.7) 0.20 -0.41 (-0.95, 0.13) 0.13 -0.4 (-0.91, 0.11) 0.13 Y 
Coprococcus 
eutactus 

0.2 (-0.13, 0.54) 0.23 0.38 (-0.44, 1.2) 0.36 0.26 (-0.17, 0.69) 0.24 0.25 (-0.15, 0.65) 0.22 Y 

Clostridium difficile 0.17 (-0.22, 0.56) 0.39 0.15 (-0.79, 1.09) 0.75 0.32 (-0.17, 0.81) 0.20 0.26 (-0.2, 0.72) 0.26 Y 
Anaerotruncus 
colihominis 

-0.31 (-0.7, 0.07) 0.11 -0.58 (-1.51, 0.35) 0.22 -0.31 (-0.79, 0.18) 0.22 -0.33 (-0.8, 0.13) 0.15 Y 

Ruminococcaceae 
bacterium D16 

0.24 (-0.51, 0.99) 0.53 1.46 (-0.35, 3.27) 0.11 0.29 (-0.67, 1.24) 0.55 0.33 (-0.56, 1.22) 0.46 Y 

Subdoligranulum 
variabile 

0 (-0.41, 0.41) 1.00 1.18 (0.19, 2.17) 0.02 -0.09 (-0.62, 0.43) 0.72 0.01 (-0.48, 0.5) 0.98 Y 

Eubacterium 
cylindroides 

-0.13 (-0.6, 0.34) 0.58 0.45 (-0.69, 1.59) 0.44 -0.26 (-0.85, 0.34) 0.40 -0.11 (-0.67, 0.44) 0.69 Y 

Eubacterium 
dolichum 

0.32 (0, 0.64) 0.05 -0.33 (-1.1, 0.45) 0.41 0.43 (0.02, 0.83) 0.04 0.31 (-0.06, 0.68) 0.10 Y 

Megasphaera elsdenii 0.43 (-0.59, 1.46) 0.41 1.98 (-0.49, 4.45) 0.12 0.51 (-0.79, 1.81) 0.44 0.52 (-0.71, 1.75) 0.41 Y 
Fusobacterium 
mortiferum 

0.18 (-0.08, 0.43) 0.18 0.05 (-0.58, 0.68) 0.87 0.28 (-0.05, 0.61) 0.10 0.28 (-0.03, 0.59) 0.08 Y 

Fusobacterium 
nucleatum 

0.02 (-0.33, 0.37) 0.93 0.26 (-0.58, 1.11) 0.54 -0.04 (-0.48, 0.4) 0.86 -0.03 (-0.45, 0.39) 0.89 Y 

Fusobacterium 
ulcerans 

0.59 (-0.07, 1.26) 0.08 1.08 (-0.53, 2.7) 0.19 0.8 (-0.05, 1.64) 0.07 0.77 (-0.03, 1.57) 0.06 Y 

Fusobacterium 
varium 

0.28 (-0.46, 1.01) 0.46 1.02 (-0.76, 2.8) 0.26 0.5 (-0.44, 1.43) 0.30 0.45 (-0.42, 1.32) 0.31 Y 

 

1 The 56 microbial SCFA producers were selected from literature and the full list with references is in Table S2. The relative 
abundance of each SCFAs and the sum of the all three SCFAs were log2 transformed. The raw counts of each species and the total 
counts of the 56 species were normalized and log10 transformed [22]. Model was adjusted for age, sex, batch, province, urbanization, 
income, education, total energy, insoluble fiber, physical activity, smoking, and alcohol intake. β coefficients can be used in the 
following formula: (2^(β)-1)*100% to estimate the percent change in butyrate associated with per 1 unit increase in log10 of the total 
relative abundance of SCFAs-producing gut microbiota. None of the false-discovery rate adjusted p-value <0.05. 
2 Microbiota presented in at least 25% of the sample were denoted as non-rare microbiota and kept as continuous variables in linear 
regression. Microbiota present in less than 25% of the sample were denoted as rare microbiota and included as binary variables 
(yes/no present in the sample) in linear regression.   



Table S10. Sensitivity analysis of the associations between plasma short-chain fatty acids 
(SCFAs) with body mass index (BMI) and waist-to-height ratio (WHtR) 
  BMI (n=462) WHtR (n=460) 
 Mean (SD) β (95% 

confidence 
interval) 

p-
value 

β (95% confidence 
interval) 

p-
value 

Butyrate/isobutyrate -0.03 (0.76) 0.36 (-0.02, 0.75) 0.07 0.01 (3E-03, 0.02) 0.01 
Valerate -0.11 (1.74) 0.01 (-0.16, 0.18) 0.91 2E-03 (-2E-03, 4E-03) 0.36 
Isovalerate 0.08 (0.94) 0.18 (-0.13, 0.50) 0.24 0.01 (-4E-04, 0.01) 0.07 
Total SCFAs 0.06 (0.89) 0.21 (-0.12, 0.54) 0.20 0.01 (2E-04, 0.01) 0.04 

 

Participants who took antibiotics, pre/probiotics, or had diarrhea, irritable bowel syndrome, or 
inflammatory bowel disease were additionally excluded from the analysis. The mean (SD) for 
BMI (kg/m2) and WHtR was 24.01 (3.15) and 0.52 (0.06), respectively. Because the SCFAs 
abundance were log2 transformed, the linear model coefficients are interpreted as units of BMI 
and WHtR associated with a fold increase in SCFAs. Model was adjusted for age, sex, batch, 
province, urbanization, income, education, total energy, insoluble fiber, physical activity, 
smoking, and alcohol intake. 



Table S11. Sensitivity analysis of the interaction between dietary precursors of short-chain fatty acids (SCFAs) and 
overweight in models of SCFAs [% change (95% CI)], corresponding to Figure S21 
n=462 Butyrate/isobutyrate Valerate Isovalerate Total SCFAs 

Insoluble fiber (ref. = low)2 

Middle  -14.03 (-27.72, 2.25) -12.85 (-41.67, 30.19) -15.74 (-32.15, 4.63) -15.33 (-31.22, 4.25) 

High  0.26 (-16.23, 20) -13.04 (-42.62, 31.79) -0.24 (-20.29, 24.85) 0.01 (-19.34, 23.97) 

Middle X Overweight 23.97 (-1.94, 56.71) 15.05 (-33.12, 97.89) 28.73 (-3.93, 72.5) 27.46 (-3.41, 68.18) 

High X Overweight 1.45 (-19.72, 28.19) 38.81 (-19.22, 138.53) 4.52 (-21.96, 39.98) 4.25 (-21, 37.55) 

Interaction p-value3 0.133 0.491 0.196 0.185 

Carbohydrate (ref. = low)2 

Middle  5.21 (-11.46, 25.01) 15.22 (-22.55, 71.4) 5.34 (-15.05, 30.61) 5.7 (-14.14, 29.24) 

High  0.26 (-17.8, 22.28) -11.79 (-44.16, 39.36) -5.32 (-26.09, 21.28) -4.07 (-24.21, 20.58) 

Middle X Overweight -1.03 (-21.74, 25.17) -26.29 (-57.08, 26.59) -1.48 (-26.49, 32.04) -1.38 (-25.26, 30.13) 

High X Overweight 9.74 (-13.39, 39.05) 17.45 (-31.91, 102.59) 15 (-14.39, 54.5) 14.87 (-13.55, 51.57) 

Interaction p-value3 0.645 0.238 0.530 0.507 

Fiber foods (ref. = low)2 

Middle  -4.88 (-19.87, 12.91) -6 (-36.74, 39.65) -5.74 (-23.85, 16.68) -6.05 (-23.16, 14.87) 

High  -3.21 (-18.95, 15.58) 20.39 (-20.08, 81.36) -0.83 (-20.48, 23.68) -1.38 (-19.89, 21.42) 

Middle X Overweight -9.08 (-27.98, 14.79) -6.31 (-45.3, 60.49) -15.5 (-36.78, 12.94) -14.14 (-34.48, 13.29) 

High X Overweight -5.21 (-25.03, 19.83) -22.43 (-54.86, 33.31) -6.27 (-30, 25.49) -6.05 (-28.8, 23.97) 

Interaction p-value3 0.724 0.635 0.517 0.660 



1 Participants who took antibiotics, pre/probiotics, or had diarrhea, irritable bowel syndrome, or inflammatory bowel disease were 
additionally excluded from the analysis. BMI ≥24 kg/m2. The abundance of each SCFAs and the sum of the all three SCFAs were 
log2 transformed. The % change relative to the reference level was calculated using the following formula: (2^(β)-1)*100%, where β 
was the linear model coefficient. Model was adjusted for age, sex, batch, province, urbanization, income, education, total energy, 
insoluble fiber, physical activity, smoking, and alcohol intake. *, % change p-value<0.05, **, % change p-value<0.01. 
2 Dietary intakes were measured by 3-consecutive 24h dietary recalls and household food inventories. High-fiber foods was 
calculated as the sum of whole grains, legumes, starchy roots, vegetables, mushrooms/seaweeds, fruits, nuts/seeds. Insoluble fiber, 
carbohydrate, and high-fiber food score were categorized by tertiles to represent low, middle, and high intakes. 
3 The statistical significance of the interaction term between dietary factors and overweight was estimated using a Wald test that 
compared models with and without the interaction term.  

 

  



Table S12. Sensitivity analysis of the interaction between dietary precursors of short-chain fatty acids (SCFAs) and abdominal 
obesity in models of SCFAs [% change (95% CI)], corresponding to Figure S31 
n=460 Butyrate/isobutyrate Valerate Isovalerate Total SCFAs 

Insoluble fiber (ref. = low)2 

Middle  -18.6 (-33.56, -0.27) -16.01 (-47.74, 34.99) -19.59 (-37.68, 3.76) -19.34 (-36.71, 2.81) 

High  0.7 (-18.25, 24.06) -13.12 (-46.63, 41.44) 1.15 (-22.15, 31.42) 1.4 (-21, 29.24) 

Middle X Abdominal obesity 26.33 (-0.89, 61.04) 16.67 (-33.83, 105.71) 28.24 (-5.44, 73.92) 27.46 (-4.07, 70.53) 

High X Abdominal obesity 0.32 (-21.43, 28.09) 22.74 (-30.65, 117.24) 1.3 (-25.45, 37.67) 1.4 (-24.21, 35.66) 

Interaction p-value3 0.099 0.762 0.201 0.132 

Carbohydrate (ref. = low)2 

Middle  2.77 (-16.34, 26.24) -19.57 (-50.03, 29.46) 0.54 (-22.3, 30.11) 0.7 (-21, 28.34) 

High  13.75 (-9.6, 43.14) -42.92 (-66.46, -2.87)* 12.45 (-15.68, 49.97) 11.73 (-14.74, 47.43) 

Middle X Abdominal obesity 3.5 (-18.9, 32.08) 36.39 (-22.42, 139.77) 6.67 (-21.41, 44.79) 6.44 (-19.89, 42.41) 

High X Abdominal obesity -10.79 (-30.57, 14.63) 110.58 (17.9, 276.14)* -13.63 (-36.92, 18.25) -11.73 (-34.48, 
18.92) 

Interaction p-value3 0.473 0.042 0.396 0.530 

High-fiber foods (ref. = low)2 

Middle  -13.95 (-29.69, 5.31) -1.38 (-38.39, 57.87) -18.65 (-36.82, 4.75) -17.64 (-35.38, 4.25) 

High  -5.29 (-23.05, 16.58) 7.9 (-33.49, 75.06) -2.38 (-24.73, 26.6) -2.73 (-24.21, 23.97) 

Middle X Abdominal obesity 7.96 (-15.22, 37.47) -10.78 (-49.19, 56.66) 9.64 (-18.98, 48.36) 9.43 (-17.64, 45.4) 

High X Abdominal obesity -2.45 (-23.42, 24.28) 1.1 (-42.48, 77.7) -4.53 (-29.49, 29.26) -4.07 (-27.8, 27.46) 

Interaction p-value3 0.701 0.893 0.669 0.840 



1 Participants who took antibiotics, pre/probiotics, or had diarrhea, irritable bowel syndrome, or inflammatory bowel disease were 
additionally excluded from the analysis. Waist-to-height ratio ≥0.5. The abundance of each SCFAs and the sum of the all three 
SCFAs were log2 transformed. The % change relative to the reference level was calculated using the following formula: (2^(β)-
1)*100%, where β was the linear model coefficient. Model was adjusted for age, sex, batch, province, urbanization, income, 
education, total energy, insoluble fiber, physical activity, smoking, and alcohol intake. *, % change p-value<0.05, **, % change p-
value<0.01. 
2 Dietary intakes were measured by 3-consecutive 24h dietary recalls and household food inventories. High-fiber foods was 
calculated as the sum of whole grains, legumes, starchy roots, vegetables, mushrooms/seaweeds, fruits, nuts/seeds. Insoluble fiber, 
carbohydrate, and high-fiber food score were categorized by tertiles to represent low, middle, and high intakes. 
3 The statistical significance of the interaction term between dietary factors and abdominal obesity was estimated using a Wald test 
that compared models with and without the interaction term.  

 

 

  



Table S13. Sensitivity analysis of the association between the overall and the total 
relative abundance of 56 microbial short-chain fatty acid (SCFA) producers with body 
mass index (BMI) and waist-to-height-ratio (WHtR) 
   Overall1 Total2 

 n Mean (SD) R2 P-value β (95% CI) P-value 

BMI 192 24.38 (3.12) 0.008 0.13 -0.95 (-2.82, 
0.93) 

0.32 

WHtR 191 0.53 (0.06) 0.007 0.20 -0.03 (-0.06, 
0.01) 

0.14 

Participants who took antibiotics, pre/probiotics, or had diarrhea, irritable bowel syndrome, or 
inflammatory bowel disease were additionally excluded from the analysis. The raw counts of 
each species and the total counts of the 56 species were normalized and log10 transformed [22]. 
Model was adjusted for age, sex, batch, province, urbanization, income, education, total energy, 
insoluble fiber, physical activity, smoking, and alcohol intake. 

1 R2 and p-value were calculated using permutational multivariate analysis of variance 
(PERMANOVA) of all 56 species.  

2 Linear regression was performed on the total relative abundance of the 56 species.  
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