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Supplementary Methods
Supplementary Method 1. Selection of participants and corresponding covariates.
The study was based on the four public cohorts and two independent cohorts, with UKB (n=227,644, 2006-2010 baseline) conducted in UK, NHANES (n=19,556, 2003-2018) in U.S.A, as well as CHNS (n = 11,570, 1993-2015), CHARLS (n = 6,420, 2011 wave), WELL-China cohort (n=3,942) and Lanxi cohort (n=1,690) in China. We used data from the above-mentioned six cohorts to investigate the association between smoking and BMI, excluding individuals without smoking information. The analysis included age, alcohol intake, physical activity, education level, income, and marital status as covariates. Additionally, the UKB adjusted for ethnicity, assessment center, and Townsend deprivation index, while the NHANES also accounted for ethnicity, dietary energy, and nutritional supplement use.

Supplementary Method 2. Fecal sample collection and 16S rRNA gene sequencing
[bookmark: _Hlk146198497]Fecal samples were collected by participants themselves under the guidance of the cohort staff and were stored in the preservation solution. Stool samples were obtained from the participants and transported in dry ice within 4 hours and eventually transferred to a long-term storage at -80 °C. Microbial DNA was extracted from each sample using the DNeasy PowerSoil Kit (Qiagen, Hilden, Germany) following the manufacturer's instruction. DNA concentrations were determined using the NanoDrop One spectrophotometer (NanoDrop Technologies, Wilmington, DE) and Qubit 3.0 Fluorometer (Life Technologies, Carlsbad, CA, USA).
The V3-V4 hypervariable region of the 16S rRNA gene was amplified from genomic DNA using primers 341F (5'-CCTACGGGNGGCWGCAG-3’) and 805R (5'-GACTACHVGGGTATCTAATCC-3’). PCR reaction was performed with a 50 μL mixture consisting of 1X VAHTS HiFi Universal Amplification Mix (Vazyme, China), 0.4μM primer 341F, 0.4 μM primer 805R, and 10-200 ng template DNA. Reactions were run according to the following cycling program: 45 seconds of denaturation at 98 °C, followed by 25 cycles of 15 seconds at 98 °C (denaturing), 30 seconds at 60 °C (annealing), and 50 seconds at 72 °C (elongation), with a final extension at 72 °C for 10 minutes. Subsequently, the amplified products were purified with DynaMag-2 Magnet (Thermo Fisher Scientific, MA, USA) and checked by agarose gel electrophoresis. Amplicons were quantified using Qubit 3.0 Fluorometer (Life Technologies, Carlsbad, CA, USA) following the manufacturers' instructions and were pooled together according to the reads. Next, 1.0 μg pooled PCR products were taken to perform the end repair with a 60 μL mixture consisting of X μL DNA, 15 μL End Prep Mix 4 and ddH2O. The components were incubated at 20 °C for 15 minutes, 65 °C for 15 minutes and then stored at 4 °C. Sequencing primers and adaptors were added to the amplicon products in the second step as follows: the 5 μL DNA adapter X were mixed with a reaction solution consisting of 65 μL End Preparation products, 25μL Rapid Ligation buffer 2, 5 μL Rapid DNA ligase (total volume 100 μL). The components were kept in EP tube and incubated at 20 °C for 15 minutes. The amplification products were purified with beads and eluted and quantified as described above. Libraries were constructed using VAHTS Universal DNA Library Prep Kit and VAHTS DNA Adapters set3-set6. The concentration of the pooled libraries was determined by the Qubit quantification system.
[bookmark: _Hlk146198517]Amplicon sequencing was performed on the Illumina NovaSeq6000 (Illumina, CA, USA). Fastq-files were demultiplexed, merge-paired, quality filtered by 64-bit USEARCH software (version 7.0.1234)[1]. To obtain effective reads, marker gene Illumina sequence data, chimeric sequences and low-quality regions of the sequences were detected and filtered. Filtered sequences were clustered into amplicon sequence variants (ASVs) with 97% similarity. Taxonomy of the ASVs was assigned using the SILVA database (version 123)[2].

Supplementary Method 3. International Classification of Diseases (ICD) codes used for obesity-related diseases considered
Obesity-related diseases included incident diabetes (E11-E14), major adverse cardiovascular events (MACE) (death, myocardial infarction (I21–I25) or stroke (I60–I64)) [3, 4]and obesity-related cancers. The category of obesity-related cancers in male encompasses esophageal cancer (C15), gastric cancer (C16), colorectal cancer (C18-C20), liver cancer (C22), gallbladder cancer (C23-C24), pancreatic cancer (C25), prostate cancer (C61), and kidney cancer (C64-C65).[5, 6]
Supplementary Table 1. Baseline characteristics of the male participants according to smoking status in the WELL-China cohort (N=2,709), the Lanxi cohort (N=1,291) and the Lanxi sibling subcohort (N=220). a
	
	All participants
	Never smokers
	Former smokers
	Current smokers

	WELL-China cohort
	
	
	
	

	Number of participants
	2709 (100)
	1126 (41.6)
	440 (16.2)
	1143 (42.2)

	Age (years) f g
	56.6 (13.0)
	56.1 (14.6)
	61.8 (10.1)
	55.0 (11.7)

	Marital status f g
	
	
	
	

	Married
	2472 (91.3)
	1014 (90.1)
	421 (95.7)
	1037 (90.7)

	Others
	237 (8.7)
	112 (9.9)
	19 (4.3)
	106 (9.3)

	Education level e f
	
	
	
	

	≤6 years
	458 (16.9)
	157 (13.9)
	98 (22.3)
	203 (17.8)

	6-12 years
	1625 (60.0)
	616 (54.7)
	266 (60.5)
	743 (65.0)

	≥12 years
	626 (23.1)
	353 (31.3)
	76 (17.3)
	197 (17.2)

	Income level (Chinese yuan/year/person) e f
	
	
	
	

	≤50000 
	1344 (49.6)
	504 (44.8)
	235 (53.4)
	605 (52.9)

	50001-109999
	1079 (39.8)
	481 (42.7)
	176 (40.0)
	422 (36.9)

	≥110000 
	286 (10.6)
	141 (12.5)
	29 (6.6)
	116 (10.1)

	Alcohol intake e f g
	
	
	
	

	Non-drinker
	874 (32.3)
	484 (43.0)
	114 (25.9)
	276 (24.1)

	Occasional
	723 (26.7)
	323 (28.7)
	102 (23.2)
	298 (26.1)

	Regular
	1028 (38.0)
	296 (26.3)
	181 (41.1)
	551 (48.2)

	Former drinker
	83 (3.1)
	22 (2.0)
	43 (9.8)
	18 (1.6)

	Physical activity level b f g
	
	
	
	

	Low activity
	438 (16.2)
	188 (16.7)
	42 (9.5)
	208 (18.2)

	Moderate activity
	1276 (47.1)
	538 (47.8)
	224 (50.9)
	514 (45.0)

	
	All participants
	Never smokers
	Former smokers
	Current smokers

	High activity
	993 (36.7)
	399 (35.5)
	174 (39.5)
	420 (36.8)

	Diet energy intakes (Kcal) c e
	1556.0 (667.2)
	1508.6 (659.2)
	1588.9 (656.4)
	1590.4 (675.5)

	Nutritional supplements e f g
	
	
	
	

	Yes
	832 (30.8)
	366 (32.6)
	176 (40.2)
	290 (25.4)

	No
	1869 (69.2)
	757 (67.4)
	262 (59.8)
	850 (74.6)

	District of residence
	
	
	
	

	Xihu District
	585 (21.6)
	225 (20.0)
	97 (22.0)
	263 (23.0)

	Shangcheng District
	843 (31.1)
	353 (31.3)
	157 (35.7)
	333 (29.1)

	Gongshu District
	1281 (47.3)
	548 (48.7)
	186 (42.3)
	547 (47.9)

	BMI (kg/m2)
	24.5 (3.0)
	24.6 (2.9)
	24.4 (2.9)
	24.5 (3.1)

	Body fat percentage (%) e
	23.4 (5.8)
	24.0 (5.7)
	23.5 (5.4)
	22.8 (6.1)

	Waist circumference (cm)
	88.5 (9.0)
	88.1 (8.8)
	88.5 (8.9)
	88.8 (9.2)

	Waist-hip ratio e
	0.9 (0.1)
	0.9 (0.1)
	1.0 (0.1)
	1.0 (0.1)

	Android fat percentage (%) e f
	12.3 (1.3)
	12.1 (1.3)
	12.4 (1.3)
	12.4 (1.3)

	Gynoid fat percentage (%) g
	15.4 (2.7)
	15.4 (2.7)
	15.1 (2.5)
	15.4 (2.7)

	Android-gynoid fat ratio f
	0.8 (0.2)
	0.8 (0.2)
	0.9 (0.2)
	0.8 (0.2)

	16S rRNA sequencing batch
	
	
	
	

	First
	411 (15.2)
	156 (13.9)
	80 (18.2)
	175 (15.3)

	Second
	1836 (67.8)
	769 (68.3)
	284 (64.5)
	783 (68.5)

	Third
	265 (9.8)
	191 (17.0)
	74 (16.8)
	173 (15.1)

	Fourth
	24 (0.9)
	10 (0.9)
	2 (0.4)
	12 (1.0)

	16S rRNA sequencing depth
	151085.7 (58456.4)
	152408.3 (59759.3)
	150567.2 (61314.2)
	149982.4 (56006.9)

	Lanxi cohort
	
	
	
	

	Number of participants
	1291 (100)
	646 (50.0)
	174 (13.5)
	471 (36.5)

	
	All participants
	Never smokers
	Former smokers
	Current smokers

	Age (years) f g
	56.7 (11.8)
	56.4 (12.3)
	60.6 (11.0)
	55.7 (11.0)

	Marital status
	
	
	
	

	Married
	1229 (95.2)
	609 (94.3)
	165 (94.8)
	455 (96.6)

	Others
	62 (4.8)
	37 (5.7)
	9 (5.2)
	16 (3.4)

	Education level e f g
	
	
	
	

	≤6 years
	418 (32.4)
	196 (30.3)
	72 (41.4)
	150 (31.8)

	6-12 years
	690 (53.4)
	331 (51.2)
	90 (51.7)
	269 (57.1)

	≥12 years
	183 (14.2)
	119 (18.4)
	12 (6.9)
	52 (11.0)

	Income level (Chinese yuan/year/family)
	
	
	
	

	≤50000
	465 (36.0)
	214 (33.1)
	72 (41.4)
	179 (38.0)

	50001-109999
	411 (31.8)
	209 (32.4)
	57 (32.8)
	145 (30.8)

	≥110000
	415 (32.1)
	223 (34.5)
	45 (25.9)
	147 (31.2)

	Alcohol intake e f g
	
	
	
	

	Non-drinker
	516 (40.0)
	280 (43.3)
	71 (40.8)
	165 (35.0)

	Occasional
	328 (25.4)
	177 (27.4)
	39 (22.4)
	112 (23.8)

	Regular
	404 (31.3)
	172 (26.6)
	49 (28.2)
	183 (38.9)

	Former drinker
	43 (3.3)
	17 (2.6)
	15 (8.6)
	11 (2.3)

	Physical activity level b
	
	
	
	

	Low activity
	359 (27.8)
	178 (27.6)
	46 (26.4)
	135 (28.7)

	Moderate activity
	494 (38.3)
	249 (38.5)
	77 (44.3)
	168 (35.7)

	High activity
	438 (33.9)
	219 (33.9)
	51 (29.3)
	168 (35.7)

	Diet energy intakes (Kcal) c
	2456.0 (618.9)
	2447.1 (647.6)
	2465 (570.7)
	2449.6 (581.3)

	Nutritional supplements
	
	
	
	

	Yes
	182 (14.1)
	91 (14.1)
	33 (19.0)
	58 (12.3)

	
	All participants
	Never smokers
	Former smokers
	Current smokers

	No
	1109 (85.9)
	555 (85.9)
	141 (81.0)
	413 (87.7)

	District of residence
	
	
	
	

	Rural
	579 (44.8)
	284 (44.0)
	67 (38.5)
	228 (48.4)

	Urban
	712 (55.2)
	362 (56.0)
	107 (61.5)
	243 (51.6)

	BMI (kg/m2)
	24.3 (3.1)
	24.3 (3.2)
	24.1 (2.4)
	24.3 (3.1)

	Body fat percentage (%)
	23.4 (6.0)
	23.6 (6.0)
	23.7 (5.7)
	22.9 (6.0)

	Waist circumference (cm)
	87.5 (8.8)
	87.1 (9.1)
	88.1 (7.8)
	87.9 (8.8)

	Waist-hip ratio e f
	0.9 (0.1)
	0.9 (0.1)
	1.0 (0.1)
	1.0 (0.1)

	Android fat percentage (%) e
	12.0 (1.3)
	11.9 (1.3)
	11.9 (1.3)
	12.1 (1.2)

	Gynoid fat percentage (%)
	15.2 (2.6)
	15.4 (2.7)
	15.0 (2.5)
	15.1 (2.5)

	Android-gynoid fat ratio e
	0.8 (0.2)
	0.8 (0.2)
	0.8 (0.2)
	0.8 (0.2)

	16S rRNA sequencing batch
	
	
	
	

	First
	712 (55.2)
	362 (56.0)
	107 (61.5)
	243 (51.6)

	Second
	42 (3.3)
	20 (3.1)
	9 (5.2)
	13 (2.8)

	Third
	526 (40.7)
	260 (40.2)
	57 (32.8)
	209 (44.4)

	Fourth
	11 (0.9)
	4 (0.6)
	1 (0.6)
	6 (1.2)

	16S rRNA sequencing depth
	199617.2 (56712.6)
	199184.6 (57636.6)
	197411.2 (55739.2)
	201025.6 (55868.2)

	
	
	
	
	

	Lanxi sibling subcohort
	
	
	
	

	Number of participants
	220 (100.0)
	106 (48.2)
	26 (11.8)
	88 (40.0)

	Age (years) e f g
	56.9 (9.2)
	57.2 (9.5)
	58.8 (8.8)
	56.0 (8.9)

	Marital status
	
	
	
	

	Married
	213 (96.8)
	101 (95.3)
	25 (96.2)
	87 (98.9)

	Others
	7 (3.2)
	5 (4.7)
	1 (3.8)
	1 (1.1)

	
	All participants
	Never smokers
	Former smokers
	Current smokers

	Education level e f g
	
	
	
	

	≤6 years
	110 (50)
	51 (48.1)
	15 (57.7)
	44 (50.0)

	6-12 years
	105 (47.7)
	52 (49.1)
	10 (38.5)
	43 (48.9)

	≥ 12 years
	5 (2.3)
	3 (2.8)
	1 (3.8)
	1 (1.1)

	Income level (Chinese yuan/year/person)
	
	
	
	

	<50000 
	115 (52.3)
	52 (49.1)
	16 (61.5)
	47 (53.4)

	50001-109999
	62 (28.2)
	33 (31.1)
	5 (19.2)
	24 (27.3)

	≥110000 
	43 (19.5)
	21 (19.8)
	5 (19.2)
	17 (19.3)

	Alcohol intake e f g
	
	
	
	

	Non-drinker
	98 (44.5)
	50 (47.2)
	8 (30.8)
	40 (45.5)

	Occasional
	44 (20.0)
	21 (19.8)
	6 (23.1)
	17 (19.3)

	Regular
	71 (32.3)
	31 (29.2)
	11 (42.3)
	29 (33.0)

	Former drinker
	7 (3.2)
	4 (3.8)
	1 (3.8)
	2 (2.3)

	Physical activity b f g
	
	
	
	

	Low activity
	60 (27.3)
	30 (28.3)
	8 (30.8)
	22 (25.0)

	Moderate activity
	58 (26.4)
	30 (28.3)
	6 (23.1)
	22 (25.0)

	High activity
	102 (46.4)
	46 (43.4)
	12 (46.2)
	44 (50.0)

	Diet energy intakes (Kcal) c
	2577.4 (389.9)
	2590.7 (347.8)
	2524.8 (422.8)
	2576.9 (429.1)

	Nutritional supplements
	
	
	
	

	Yes
	27 (12.3)
	13 (12.3)
	3 (11.5)
	11 (12.5)

	No
	193 (87.7)
	93 (87.7)
	23 (88.5)
	77 (87.5)

	District of residence e g
	
	
	
	

	Rural
	170 (77.3)
	85 (80.2)
	16 (61.5)
	69 (78.4)

	Urban
	50 (22.7)
	21 (19.8)
	10 (38.5)
	19 (21.6)

	
	All participants
	Never smokers
	Former smokers
	Current smokers

	BMI (kg/m2)
	24.1 (2.8)
	24.5 (2.9)
	23.9 (2.3)
	23.8 (2.8)

	Body fat percentage (%)
	22.4 (6.3)
	23.0 (5.8)
	22.8 (6.4)
	21.4 (6.6)

	Waist circumference (cm)
	86.8 (8.5)
	87.2 (8.8)
	87.0 (8.1)
	86.3 (8.3)

	Waist-hip ratio
	0.9 (0.1)
	0.9 (0.1)
	0.9 (0.1)
	1.0 (0.1)

	Android fat percentage (%) g
	12.2 (1.4)
	12.1 (1.3)
	11.7 (1.3)
	12.4 (1.4)

	Gynoid fat percentage (%)
	15.2 (2.6)
	15.1 (2.6)
	16.2 (2.7)
	15 (2.5)

	Android-gynoid fat ratio g
	0.8 (0.2)
	0.8 (0.2)
	0.7 (0.2)
	0.9 (0.2)

	16S rRNA sequencing batch
	
	
	
	

	First
	50 (22.7)
	21 (19.8)
	10 (38.5)
	19 (21.6)

	Second
	14 (6.4)
	7 (6.6)
	2 (7.7)
	5 (5.7)

	Third
	152 (69.1)
	76 (71.7)
	14 (53.8)
	62 (70.5)

	Fourth
	4 (1.8)
	2 (1.9)
	/
	2 (2.3)

	16S rRNA sequencing depth
	204014.9 (58321.6)
	202342.8 (56644.4)
	204046.9 (39542)
	206019.5 (65061.1)


a Data were presented as means (SDs) for continuous variables and numbers (%) for categorical variables. The missing data (normally <5) were not presented in the table.
b Physical activity was classified into three groups according to the international physical activity questionnaire (IPAQ).
c Diet energy intakes in the WELL-China cohort were measured via a 26-item validated Food Frequency Questionnaire (FFQ). The 46-item validated FFQ was used in the Lanxi cohort. Missing values were filled with the mean.
e Distinguish between never smokers and current smokers.
f Distinguish difference between never smokers and former smokers.
g Distinguish difference between former smokers and current smokers.

Supplementary Table 2. Smoking-related microbial genera identified in male participants of the WELL-China cohort and the Lanxi cohort. a
	Feature
	Coefficient
	Stderr
	P value
	Q value

	WELL-China cohort
	
	
	
	

	Bacteria.Actinobacteria.Coriobacteriia.Coriobacteriales.Coriobacteriaceae.Atopobium
	1.571869
	0.119435
	2.22E-38
	1.35E-35

	Bacteria.Actinobacteria.Actinobacteria.Actinomycetales.Actinomycetaceae.Actinomyces
	1.075467
	0.113381
	5.13E-21
	1.04E-18

	Bacteria.Saccharibacteria.Unassigned.Unassigned.Unassigned.Unassigned
	0.744479
	0.118821
	4.31E-10
	2.91E-08

	Bacteria.Firmicutes.Erysipelotrichia.Erysipelotrichales.Erysipelotrichaceae.Solobacterium
	0.614373
	0.110763
	3.19E-08
	1.39E-06

	Bacteria.Fusobacteria.Fusobacteriia.Fusobacteriales.CFT112H7.Unassigned
	0.536964
	0.162626
	0.000973
	0.01002

	Bacteria.Proteobacteria.Deltaproteobacteria.Desulfovibrionales.Desulfovibrionaceae.Bilophila
	0.517066
	0.118003
	1.22E-05
	0.000264

	Bacteria.Firmicutes.Negativicutes.Selenomonadales.Veillonellaceae.Allisonella
	0.471709
	0.146094
	0.001258
	0.012404

	Bacteria.Firmicutes.Negativicutes.Selenomonadales.Acidaminococcaceae.Acidaminococcus
	0.443622
	0.145358
	0.002296
	0.020191

	Bacteria.Firmicutes.Bacilli.Lactobacillales.Lactobacillaceae.Lactobacillus
	0.422227
	0.143983
	0.003391
	0.02713

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Tyzzerella_4
	0.419634
	0.10745
	9.64E-05
	0.001441

	Bacteria.Firmicutes.Negativicutes.Selenomonadales.Veillonellaceae.Megasphaera
	0.404386
	0.165893
	0.014848
	0.085437

	Bacteria.Proteobacteria.Betaproteobacteria.Burkholderiales.Alcaligenaceae.Sutterella
	0.388615
	0.134713
	0.003948
	0.030197

	Bacteria.Firmicutes.Erysipelotrichia.Erysipelotrichales.Erysipelotrichaceae.Coprobacillus
	0.340824
	0.118258
	0.003983
	0.03033

	Bacteria.Firmicutes.Erysipelotrichia.Erysipelotrichales.Erysipelotrichaceae.Incertae_Sedis
	0.335731
	0.125914
	0.007714
	0.051903

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Hungatella
	0.334912
	0.122328
	0.006226
	0.043675

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Ruminococcaceae_UCG.004
	0.333981
	0.150207
	0.026267
	0.133384

	Bacteria.Actinobacteria.Coriobacteriia.Coriobacteriales.Coriobacteriaceae.Unassigned
	0.308019
	0.146341
	0.035401
	0.163494

	Bacteria.Firmicutes.Erysipelotrichia.Erysipelotrichales.Erysipelotrichaceae.Faecalitalea
	0.295699
	0.142461
	0.038021
	0.171024

	Bacteria.Actinobacteria.Coriobacteriia.Coriobacteriales.Coriobacteriaceae.Slackia
	0.277379
	0.136193
	0.041782
	0.182313

	Bacteria.Fusobacteria.Fusobacteriia.Fusobacteriales.Fusobacteriaceae.Fusobacterium
	0.268006
	0.142573
	0.060246
	0.233308

	Bacteria.Proteobacteria.Betaproteobacteria.Burkholderiales.Alcaligenaceae.Achromobacter
	0.265867
	0.111451
	0.017125
	0.095985

	Bacteria.Proteobacteria.Gammaproteobacteria.Enterobacteriales.Enterobacteriaceae.Escherichia.Shigella
	0.264228
	0.107478
	0.014017
	0.082069

	Feature
	Coefficient
	Stderr
	P value
	Q value

	Bacteria.Firmicutes.Clostridia.Clostridiales.Family_XIII..Eubacterium._nodatum_group
	0.262315
	0.118858
	0.027401
	0.136932

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Lachnoclostridium
	0.235776
	0.0662
	0.000375
	0.004623

	Bacteria.Proteobacteria.Betaproteobacteria.Burkholderiales.Oxalobacteraceae.Oxalobacter
	0.23119
	0.114488
	0.043551
	0.187129

	Bacteria.Bacteroidetes.Bacteroidia.Bacteroidales.Porphyromonadaceae.Parabacteroides
	0.230342
	0.083193
	0.005666
	0.040767

	Bacteria.Actinobacteria.Coriobacteriia.Coriobacteriales.Coriobacteriaceae.Collinsella
	0.213194
	0.099194
	0.031702
	0.151565

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Anaerosporobacter
	0.176235
	0.08383
	0.035621
	0.16405

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Lachnospira
	-0.17468
	0.094797
	0.06549
	0.246131

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae..Eubacterium._ventriosum_group
	-0.19733
	0.096361
	0.04067
	0.178757

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Subdoligranulum
	-0.21502
	0.091901
	0.019371
	0.10514

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Ruminococcaceae_UCG.013
	-0.21891
	0.093062
	0.018732
	0.102296

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae..Eubacterium._ruminantium_group
	-0.25712
	0.125401
	0.040425
	0.178322

	Bacteria.Firmicutes.Clostridia.Clostridiales.Christensenellaceae.Christensenellaceae_R.7_group
	-0.26018
	0.117979
	0.02752
	0.137195

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Coprococcus_2
	-0.26107
	0.125395
	0.037438
	0.168611

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Ruminococcaceae_UCG.014
	-0.26536
	0.131787
	0.044155
	0.189503

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Lachnospiraceae_UCG.001
	-0.27614
	0.097546
	0.004677
	0.034962

	Bacteria.Firmicutes.Bacilli.Lactobacillales.Leuconostocaceae.Weissella
	-0.28213
	0.114774
	0.01403
	0.082069

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Ruminococcaceae_UCG.003
	-0.28538
	0.11876
	0.016328
	0.092634

	Bacteria.Unassigned.Unassigned.Unassigned.Unassigned.Unassigned
	-0.2856
	0.09696
	0.003251
	0.02624

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Lachnospiraceae_ND3007_group
	-0.28765
	0.099504
	0.003872
	0.029803

	Bacteria.Proteobacteria.Betaproteobacteria.Burkholderiales.Alcaligenaceae.Parasutterella
	-0.31866
	0.129888
	0.014217
	0.08285

	Bacteria.Firmicutes.Bacilli.Bacillales.Family_XI.Gemella
	-0.33155
	0.110026
	0.002608
	0.0222

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Incertae_Sedis
	-0.35564
	0.095098
	0.000188
	0.002523

	Bacteria.Tenericutes.Mollicutes.Mollicutes_RF9.Unassigned.Unassigned
	-0.38776
	0.143164
	0.006802
	0.046995

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae..Ruminococcus._gauvreauii_group
	-0.40445
	0.131954
	0.002198
	0.019553

	Feature
	Coefficient
	Stderr
	P value
	Q value

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Lachnospiraceae_NK4A136_group
	-0.43333
	0.088937
	1.17E-06
	3.33E-05

	Bacteria.Proteobacteria.Gammaproteobacteria.Pasteurellales.Pasteurellaceae.Unassigned
	-0.46049
	0.108669
	2.34E-05
	0.000442

	Bacteria.Proteobacteria.Gammaproteobacteria.Enterobacteriales.Enterobacteriaceae.Kluyvera
	-0.46924
	0.146358
	0.001361
	0.012999

	Bacteria.Proteobacteria.Gammaproteobacteria.Pasteurellales.Pasteurellaceae.Haemophilus
	-0.60116
	0.123932
	1.30E-06
	3.65E-05

	Lanxi cohort
	
	
	
	

	Bacteria.Actinobacteria.Coriobacteriia.Coriobacteriales.Coriobacteriaceae.Atopobium
	1.126568
	0.158783
	2.14E-12
	1.37E-10

	Bacteria.Actinobacteria.Actinobacteria.Actinomycetales.Actinomycetaceae.Actinomyces
	0.889339
	0.141112
	4.03E-10
	1.95E-08

	Bacteria.Firmicutes.Erysipelotrichia.Erysipelotrichales.Erysipelotrichaceae.Turicibacter
	0.467263
	0.187301
	0.012732
	0.096343

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Tyzzerella_4
	0.423078
	0.177691
	0.017413
	0.123499

	Bacteria.Fusobacteria.Fusobacteriia.Fusobacteriales.Fusobacteriaceae.Cetobacterium
	0.363269
	0.175452
	0.038609
	0.212139

	Bacteria.Firmicutes.Erysipelotrichia.Erysipelotrichales.Erysipelotrichaceae.Solobacterium
	0.328821
	0.145203
	0.023707
	0.152295

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Lachnospiraceae_NK4A136_group
	-0.25726
	0.128198
	0.044992
	0.237886

	Bacteria.Firmicutes.Clostridia.Clostridiales.Lachnospiraceae.Incertae_Sedis
	-0.26885
	0.136009
	0.048288
	0.248908

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Flavonifractor
	-0.29628
	0.128456
	0.021246
	0.141328

	Bacteria.Proteobacteria.Gammaproteobacteria.Enterobacteriales.Enterobacteriaceae.Unassigned
	-0.32311
	0.158578
	0.041801
	0.225954

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Ruminiclostridium_5
	-0.35121
	0.11151
	0.001673
	0.019606

	Bacteria.Bacteroidetes.Bacteroidia.Bacteroidales.Prevotellaceae.Prevotella_7
	-0.37701
	0.167488
	0.02456
	0.154789

	Bacteria.Proteobacteria.Gammaproteobacteria.Enterobacteriales.Enterobacteriaceae.Citrobacter
	-0.38078
	0.190265
	0.045569
	0.239836

	Bacteria.Bacteroidetes.Bacteroidia.Bacteroidales.Porphyromonadaceae.Barnesiella
	-0.39435
	0.184813
	0.033052
	0.188515

	Bacteria.Firmicutes.Clostridia.Clostridiales.Ruminococcaceae.Ruminococcaceae_UCG.013
	-0.4533
	0.138121
	0.001059
	0.013579

	Bacteria.Verrucomicrobia.Verrucomicrobiae.Verrucomicrobiales.Verrucomicrobiaceae.Akkermansia
	-0.49299
	0.185705
	0.008037
	0.067165

	Bacteria.Firmicutes.Bacilli.Bacillales.Family_XI.Gemella
	-0.55931
	0.13159
	2.29E-05
	0.000537

	Bacteria.Proteobacteria.Gammaproteobacteria.Pasteurellales.Pasteurellaceae.Haemophilus
	-0.6203
	0.165318
	0.000183
	0.002994

	Bacteria.Actinobacteria.Coriobacteriia.Coriobacteriales.Coriobacteriaceae.Slackia
	-0.68242
	0.217705
	0.00176
	0.02018


a Microbiome Multivariable Associations with Linear Models (MaAsLin) was used to identify potential microbial genera associated with current smoker, adjusted for age, marital status, education, annual income, alcohol consumption, physical activity, diet energy intakes, nutritional supplements, district of residence, antibiotics use, sequencing batch and sequencing depth. A Q value (FDR-adjusted p-value) < 0.25 was considered statistically significant.
Supplementary Table 3. Smoking-related microbial genera and prevalent obesity-related disorders in the male participants of the WELL-China cohort and the Lanxi cohort. a
	Prevalent
	WELL-China cohort
	
	Lanxi cohort
	
	Meta-analyses

	
	OR (95% CI)
	P trend
	
	OR (95% CI)
	P trend
	
	OR (95% CI)
	P trend
	P heterogeneity

	g__Atopobium

	Diabetes
	1.16 (1.01,1.33)
	0.037
	
	0.93 (0.67,1.31)
	0.692
	
	1.12 (0.99,1.28)
	0.073
	0.232

	  Dyslipidemia
	1.12 (1.01,1.23)
	0.024 
	
	1.54 (1.21,1.96)
	<0.001
	
	1.17 (1.07,1.28)
	0.001 
	0.017 

	  Metabolic syndrome
	1.16 (1.04,1.29)
	0.008 
	
	1.50 (1.15,1.97)
	0.003 
	
	1.20 (1.09,1.33)
	<0.001
	0.082 

	  Non-alcoholic fatty liver
	1.02 (0.87,1.20)
	0.830 
	
	1.21 (0.95,1.54)
	0.123 
	
	1.07 (0.94,1.23)
	0.290 
	0.249 

	g__Actinomyces

	Diabetes
	1.09 (0.95,1.25)
	0.225
	
	0.72 (0.52,0.99)
	0.047
	
	1.02 (0.9,1.16)
	0.709
	0.022

	  Dyslipidemia
	1.04 (0.95,1.15)
	0.371 
	
	1.22 (0.97,1.54)
	0.086 
	
	1.06 (0.97,1.16)
	0.165 
	0.211 

	  Metabolic syndrome
	1.11 (1.00,1.24)
	0.047 
	
	1.40 (1.09,1.81)
	0.010 
	
	1.15 (1.04,1.27)
	0.006 
	0.099 

	  Non-alcoholic fatty liver
	1.00 (0.85,1.17)
	0.989 
	
	1.00 (0.79,1.26)
	0.979 
	
	1.00 (0.88,1.14)
	1.000 
	1.000 

	g__Solobacterium

	Diabetes
	0.99 (0.86,1.14)
	0.887
	
	0.70 (0.49,1.00)
	0.053
	
	0.94 (0.83,1.08)
	0.395
	0.076

	  Dyslipidemia
	1.06 (0.96,1.17)
	0.231 
	
	0.94 (0.73,1.21)
	0.633 
	
	1.04 (0.95,1.14)
	0.368 
	0.385 

	  Metabolic syndrome
	1.17 (1.05,1.31)
	0.004 
	
	1.12 (0.84,1.48)
	0.432 
	
	1.16 (1.05,1.29)
	0.004 
	0.778 

	  Non-alcoholic fatty liver
	1.01 (0.86,1.18)
	0.944 
	
	0.96 (0.74,1.24)
	0.750 
	
	1.00 (0.87,1.14)
	0.955 
	0.742 

	g__Tyzzerella_4

	Diabetes
	0.89 (0.78,1.02)
	0.105
	
	0.96 (0.70,1.33)
	0.808
	
	0.90 (0.80,1.02)
	0.095
	0.670

	  Dyslipidemia
	1.09 (0.99,1.20)
	0.087 
	
	1.05 (0.84,1.32)
	0.641 
	
	1.08 (0.99,1.18)
	0.075 
	0.765 

	  Metabolic syndrome
	1.06 (0.95,1.18)
	0.294 
	
	0.99 (0.77,1.27)
	0.950 
	
	1.05 (0.95,1.16)
	0.350 
	0.623 

	  Non-alcoholic fatty liver
	1.08 (0.92,1.27)
	0.334 
	
	1.08 (0.86,1.36)
	0.525 
	
	1.08 (0.95,1.23)
	0.253 
	1.000 

	g__Ruminococcaceae_UCG.013

	Diabetes
	0.73 (0.64,0.84)
	<0.001
	
	0.92 (0.67,1.26)
	0.594
	
	0.76 (0.67,0.86)
	<0.001
	0.187

	  Dyslipidemia
	0.86 (0.78,0.95)
	0.002 
	
	0.75 (0.60,0.94)
	0.012 
	
	0.84 (0.77,0.92)
	<0.001
	0.274 

	  Metabolic syndrome
	0.81 (0.72,0.90)
	<0.001
	
	0.84 (0.66,1.08)
	0.175 
	
	0.82 (0.74,0.90)
	<0.001
	0.792 

	  Non-alcoholic fatty liver
	0.85 (0.72,1.00)
	0.054 
	
	0.74 (0.59,0.93)
	0.009 
	
	0.81 (0.71,0.93)
	0.002 
	0.333 

	g__Gemella

	Diabetes
	0.94 (0.82,1.08)
	0.417
	
	0.62 (0.45,0.86)
	0.004
	
	0.88 (0.78,1.00)
	0.052
	0.020

	  Dyslipidemia
	1.01 (0.91,1.11)
	0.873 
	
	0.96 (0.76,1.20)
	0.713 
	
	1.00 (0.91,1.10)
	0.968 
	0.689 

	  Metabolic syndrome
	1.15 (1.03,1.28)
	0.012 
	
	1.15 (0.89,1.49)
	0.280 
	
	1.15 (1.04,1.27)
	0.006 
	1.000 

	  Non-alcoholic fatty liver
	1.04 (0.88,1.22)
	0.646 
	
	0.91 (0.72,1.15)
	0.424 
	
	1.00 (0.87,1.14)
	0.948 
	0.359 

	g__Incertae_Sedis

	Diabetes
	0.76 (0.66,0.87)
	<0.001
	
	0.63 (0.46,0.88)
	0.007
	
	0.74 (0.65,0.84)
	<0.001
	0.297

	  Dyslipidemia
	0.86 (0.78,0.94)
	0.002 
	
	0.71 (0.56,0.90)
	0.005 
	
	0.84 (0.77,0.91)
	<0.001
	0.141 

	  Metabolic syndrome
	0.81 (0.73,0.90)
	<0.001
	
	0.84 (0.65,1.10)
	0.203 
	
	0.81 (0.74,0.90)
	<0.001
	0.801 

	  Non-alcoholic fatty liver
	0.75 (0.64,0.89)
	0.001 
	
	0.75 (0.59,0.95)
	0.019 
	
	0.75 (0.65,0.86)
	<0.001
	1.000 

	g__Lachnospiraceae_NK4A136_group

	Diabetes
	0.63 (0.55,0.73)
	<0.001
	
	0.65 (0.47,0.89)
	0.008
	
	0.63 (0.56,0.72)
	<0.001
	0.861

	  Dyslipidemia
	0.84 (0.76,0.93)
	<0.001
	
	0.81 (0.64,1.01)
	0.063 
	
	0.84 (0.76,0.92)
	<0.001
	0.775 

	  Metabolic syndrome
	0.77 (0.69,0.86)
	<0.001
	
	0.75 (0.58,0.97)
	0.026 
	
	0.77 (0.69,0.85)
	<0.001
	0.854 

	  Non-alcoholic fatty liver
	0.82 (0.70,0.96)
	0.015 
	
	0.72 (0.57,0.90)
	0.005 
	
	0.79 (0.69,0.90)
	<0.001
	0.359 

	g__Haemophilus

	Diabetes
	0.78 (0.68,0.89)
	<0.001
	
	0.56 (0.41,0.78)
	<0.001
	
	0.74 (0.66,0.84)
	<0.001
	0.062

	  Dyslipidemia
	0.88 (0.80,0.97)
	0.010 
	
	0.82 (0.65,1.03)
	0.082 
	
	0.87 (0.80,0.95)
	0.002 
	0.579 

	  Metabolic syndrome
	0.91 (0.82,1.01)
	0.081 
	
	0.85 (0.66,1.09)
	0.200 
	
	0.90 (0.82,0.99)
	0.034 
	0.623 

	  Non-alcoholic fatty liver
	0.87 (0.75,1.02)
	0.095 
	
	0.67 (0.53,0.85)
	<0.001 
	
	0.80 (0.71,0.92)
	<0.001 
	0.069 


a Multivariate logistic regression models were used to estimate the associations of identified microbial genera (per tertile increase) with obesity-related disorders in cross-sectional analyses, adjusted for the same covariates as mentioned in Table S2.
Supplementary Table 4. Smoking-related microbial genera and incident obesity-related diseases in the male participants of the WELL-China cohort and the Lanxi cohort. a
	Incident
	WELL-China cohort
	
	Lanxi cohort
	
	Meta-analyses

	
	HR (95% CI)
	P trend
	
	HR (95% CI)
	P trend
	
	HR (95% CI)
	P trend
	P heterogeneity

	g__Atopobium

	  Diabetes
	1.35 (0.96,1.91)
	0.081 
	
	1.04 (0.76,1.42)
	0.824 
	
	1.17 (0.93,1.47)
	0.183 
	0.271 

	  MACE
	1.57 (1.16,2.11)
	0.004 
	
	1.40 (0.94,2.08)
	0.100 
	
	1.51 (1.19,1.91)
	0.001 
	0.651 

	  Obesity-related cancers
	1.01 (0.71,1.43)
	0.960 
	
	1.84 (0.97,3.48)
	0.062 
	
	1.16 (0.85,1.58)
	0.343 
	0.107 

	g__Actinomyces

	  Diabetes
	1.25 (0.89,1.75)
	0.198 
	
	0.86 (0.64,1.16)
	0.332 
	
	1.01 (0.81,1.27)
	0.914 
	0.104 

	  MACE
	0.90 (0.66,1.21)
	0.473 
	
	1.05 (0.72,1.51)
	0.814 
	
	0.96 (0.76,1.21)
	0.716 
	0.528 

	  Obesity-related cancers
	0.91 (0.64,1.29)
	0.593 
	
	1.07 (0.62,1.84)
	0.819 
	
	0.95 (0.71,1.28)
	0.756 
	0.624 

	g__Solobacterium

	  Diabetes
	1.44 (1.03,2.00)
	0.031 
	
	1.02 (0.71,1.47)
	0.907 
	
	1.23 (0.96,1.57)
	0.096 
	0.170 

	  MACE
	1.15 (0.86,1.55)
	0.337 
	
	1.34 (0.86,2.08)
	0.200 
	
	1.21 (0.94,1.54)
	0.135 
	0.572 

	  Obesity-related cancers
	0.98 (0.68,1.41)
	0.916 
	
	0.98 (0.51,1.87)
	0.946 
	
	0.98 (0.71,1.35)
	0.901 
	1.000 

	g__Tyzzerella_4

	  Diabetes
	1.13 (0.81,1.58)
	0.474 
	
	1.01 (0.76,1.35)
	0.944 
	
	1.06 (0.85,1.32)
	0.604 
	0.618 

	  MACE
	1.01 (0.75,1.36)
	0.928 
	
	1.20 (0.84,1.72)
	0.310 
	
	1.08 (0.86,1.36)
	0.492 
	0.468 

	  Obesity-related cancers
	1.34 (0.94,1.91)
	0.110 
	
	1.34 (0.78,2.29)
	0.287 
	
	1.34 (1.00,1.80)
	0.053 
	1.000 

	g__Ruminococcaceae_UCG.013

	  Diabetes
	0.60 (0.42,0.85)
	0.004 
	
	0.94 (0.70,1.26)
	0.694 
	
	0.78 (0.62,0.98)
	0.033 
	0.055 

	  MACE
	0.99 (0.73,1.33)
	0.933 
	
	0.71 (0.50,1.02)
	0.066 
	
	0.86 (0.69,1.09)
	0.207 
	0.162 

	  Obesity-related cancers
	0.63 (0.44,0.92)
	0.016 
	
	0.83 (0.48,1.43)
	0.505 
	
	0.69 (0.51,0.93)
	0.016 
	0.412 

	g__Gemella

	Incident
	WELL-China cohort
	
	Lanxi cohort
	
	Meta-analyses

	
	HR (95% CI)
	P trend
	
	HR (95% CI)
	P trend
	
	HR (95% CI)
	P trend
	P heterogeneity

	  Diabetes
	1.25 (0.89,1.75)
	0.195 
	
	0.79 (0.58,1.08)
	0.141 
	
	0.97 (0.78,1.23)
	0.827 
	0.050 

	  MACE
	1.13 (0.83,1.52)
	0.439 
	
	1.26 (0.86,1.85)
	0.234 
	
	1.18 (0.93,1.49)
	0.176 
	0.662 

	  Obesity-related cancers
	1.13 (0.79,1.62)
	0.501 
	
	1.29 (0.71,2.34)
	0.400 
	
	1.17 (0.86,1.59)
	0.316 
	0.709 

	g__Incertae_Sedis

	  Diabetes
	0.88 (0.63,1.22)
	0.426 
	
	0.84 (0.62,1.13)
	0.246 
	
	0.86 (0.69,1.07)
	0.176 
	0.838 

	  MACE
	1.01 (0.75,1.34)
	0.973 
	
	0.90 (0.63,1.30)
	0.578 
	
	0.97 (0.77,1.21)
	0.761 
	0.626 

	  Obesity-related cancers
	0.85 (0.60,1.21)
	0.367 
	
	0.82 (0.47,1.43)
	0.484 
	
	0.84 (0.63,1.13)
	0.254 
	0.915 

	g__Lachnospiraceae_NK4A136_group

	  Diabetes
	0.54 (0.38,0.77)
	0.001 
	
	0.84 (0.63,1.14)
	0.265 
	
	0.70 (0.56,0.88)
	0.002 
	0.060 

	  MACE
	0.74 (0.55,0.99)
	0.045 
	
	0.87 (0.61,1.24)
	0.450 
	
	0.79 (0.63,0.99)
	0.042 
	0.491 

	  Obesity-related cancers
	0.57 (0.39,0.81)
	0.002 
	
	0.96 (0.56,1.65)
	0.895 
	
	0.67 (0.50,0.91)
	0.010 
	0.117 

	g__Haemophilus

	  Diabetes
	0.82 (0.58,1.15)
	0.258 
	
	0.78 (0.58,1.06)
	0.111 
	
	0.80 (0.64,1.00)
	0.050 
	0.830 

	  MACE
	0.85 (0.64,1.15)
	0.299 
	
	0.74 (0.52,1.06)
	0.101 
	
	0.80 (0.64,1.01)
	0.058 
	0.556 

	  Obesity-related cancers
	0.91 (0.64,1.27)
	0.570 
	
	0.81 (0.47,1.41)
	0.454 
	
	0.88 (0.66,1.18)
	0.392 
	0.725 


a Cox proportional hazard regression models were used to estimate the associations of identified microbial genera (per tertile increase) with obesity-related diseases in longitudinal analyses, adjusted for the same covariates as mentioned in Table S2.
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Supplementary Figure 1. Flow diagram in the WELL-China cohort and the Lanxi cohort.
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Supplementary Figure 2. Smoking status and α-diversity in the male participants of the WELL-China cohort and Lanxi cohort. The multivariable linear regression was used to estimate the association of smoking status with α-diversity indices (Chao1 index, Shannon index, Simpson index, ACE index, Richness index and Invsimpson index), adjusted for the same covariates as mentioned in Table S2. There were no significant associations between smoking status and α-diversity in the WELL-China cohort and Lanxi cohort.
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Supplementary Figure 3. Smoking-Related Microbiota Index (SMI) and prevalent obesity-related disorders in the male participants of the WELL-China cohort and the Lanxi cohort. Multivariate logistic regression models were used to estimate the associations of SMI (per tertile increase) with obesity-related disorders in cross-sectional analyses, the full adjusted models were adjusted for the same covariates as mentioned in Table S2.
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Supplementary Figure 4. Smoking-Related Microbiota Index (SMI) and smoking status in the male participants of the WELL-China cohort and the Lanxi cohort. The multivariable linear regression was used to estimate the association of SMI with smoking status, adjusted for the same covariates as mentioned in Table S2. 
(**: q<0.05, ***: q<0.001, ns: non-significant) 
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