1.The introduction of GLMM and GMM 
Generalized Linear Mixed Model (GLMM)is considered to have unique advantages in dealing with repeated measurement data because it borrows the idea of mixed model. GLMM is not only good at dealing with repeated measurements, it can also be used for data in any hierarchy. GLMM is an extended form of generalized linear model, so that both fixed and random effects can be included[1]. 

[bookmark: OLE_LINK2]Let  denote the response variable of the  individual is made up of subrepeated measurements of the vector. And  denote the  covariant matrix for the  individual，as well as  denote the  covariant matrix composed of some covariables, which are usually the covariables with obvious individual variation in ，where 

Where  is the canonical parameter,and  are known parameters determined by the distribution.Under the GLMM framework, the above statistics have the following relations:

Gaussian mixture Model (GMM) is a linear combination of the multiple Gaussian distribution function, theoretical GMM can fit any type of distribution, is often used to solve the same set of data contains a number of different distribution of status or the same class distribution but different parameters, or different types of distribution, such as normal distribution, and Bernoulli distribution[2].
The core idea of the Gaussian mixture model (GMM)is to assume that the data can be regarded as generated from multiple Gaussian distributions. Under this assumption, each separate sub-model is a standard Gaussian model, and its mean and variance are parameters to be estimated.
Let  denote the  observation data,;K is the number of sub-Gaussian models in a mixed model，; is the probability that the observed data belongs to the  sub-model,; is the Gaussian distribution density function of the sub-model ,; denote the probability that the  observation data belongs to the  sub-model.
The probability distribution of the Gaussian mixture model is:


For this model, parameters  is the expectation of each sub-model, the variance (or covariance), and the probability of occurrence in the mixed model.



[bookmark: _Hlk63010895]Supplementary Material Table 1. The GMM Model of PAH and blood routine indexes
	
	PLT
	PDW
	MPV
	PCT
	PLCR

	variable
	F(P)
	F(P)
	F(P)
	F(P)
	F(P)

	2-OHNa
	
	
	
	
	
	

	
	group
	0.28 (0.8367)
	0.41 (0.7461)
	0.14 (0.9336)
	0.30 (0.8265)
	0.62 (0.6052)

	
	time
	1.38 (0.2517)
	0.26 (0.7699)
	0.23 (0.7962)
	0.71 (0.4945)
	0.45 (0.6394)

	
	group*time
	1.33 (0.2424)
	1.23 (0.2874)
	0.89 (0.5027)
	0.33 (0.9230)
	0.32 (0.9253)

	
	2-OHNa*time
	0.56 (0.5709)
	0.35 (0.7026)
	0.72 (0.4891)
	0.07 (0.9293)
	0.08 (0.9262)

	
	2-OHNa*group
	0.68 (0.5643)
	1.03 (0.3787)
	1.05 (0.3716)
	0.52 (0.6686)
	0.47 (0.7041)

	
	2-OHNa*group*time
	0.71 (0.6393)
	1.13 (0.3447)
	0.88 (0.5099)
	0.71 (0.6441)
	0.79 (0.5797)

	1-OHNa
	
	
	
	
	
	

	
	group
	0.35 (0.7913)
	1.50 (0.2162)
	0.95 (0.4150)
	0.51 (0.6737)
	1.44 (0.2317)

	
	time
	1.25 (0.2883)
	0.25 (0.7786)
	0.33 (0.7175)
	0.78 (0.4591)
	0.59 (0.5532)

	
	group*time
	1.37 (0.2241)
	0.51 (0.8037)
	0.28 (0.9483)
	0.17 (0.9840)
	0.38 (0.8894)

	
	1-OHNa*time
	0.07 (0.9291)
	0.05 (0.9543)
	0.12 (0.8911)
	1.24 (0.2915)
	0.28 (0.7579)

	
	1-OHNa*group
	0.85 (0.4663)
	0.14 (0.9376)
	0.25 (0.8634)
	0.34 (0.7937)
	0.23 (0.8784)

	
	1-OHNa*group*time
	3.10 (0.0056)*
	1.01 (0.4166)
	0.95 (0.4604)
	0.48 (0.8237)
	0.61 (0.7222)

	9-OHFlu
	
	
	
	
	
	

	
	group
	0.91 (0.4367)
	0.31 (0.8195)
	0.32 (0.8122)
	0.38 (0.7667)
	0.17 (0.9156)

	
	time
	0.87 (0.4194)
	0.63 (0.5327)
	0.66 (0.5179)
	0.66 (0.5153)
	0.71 (0.4941)

	
	group*time
	1.30 (0.2566)
	3.51 (0.0021)*
	3.68 (0.0014)*
	0.91 (0.4900)
	1.09 (0.3659)

	
	9-OHFlu*time
	0.01 (0.9948)
	0.14 (0.8664)
	0.16 (0.8536)
	0.07 (0.9369)
	0.22 (0.8044)

	
	9-OHFlu*group
	0.95 (0.4158)
	0.87 (0.4559)
	0.54 (0.6530)
	0.67 (0.5708)
	0.61 (0.6066)

	
	9-OHFlu*group*time
	1.03 (0.4058)
	3.09 (0.0057)*
	3.42 (0.0026)*
	1.60 (0.1461)
	1.02 (0.4133)

	2-OHFlu
	
	
	
	
	
	

	
	group
	0.08 (0.9713)
	1.12 (0.3433)
	0.71 (0.5493)
	0.47 (0.7060)
	1.22 (0.3025)

	
	time
	1.59 (0.2054)
	0.21 (0.8143)
	0.29 (0.7515)
	0.82 (0.4424)
	0.40 (0.6685)

	
	group*time
	1.19 (0.3129)
	1.28 (0.2662)
	1.02 (0.4130)
	0.30 (0.9383)
	0.30 (0.9379)

	
	2-OHFlu*time
	0.21 (0.8084)
	0.21 (0.8114)
	0.41 (0.6623)
	0.04 (0.9607)
	0.04 (0.9578)

	
	2-OHFlu*group
	0.07 (0.9768)
	0.48 (0.6954)
	0.18 (0.9097)
	0.75 (0.5255)
	0.32 (0.8101)

	
	2-OHFlu*group*time
	0.66 (0.6783)
	0.69 (0.6578)
	0.50 (0.8098)
	0.60 (0.7311)
	0.43 (0.8609)

	2-OHPh
	
	
	
	
	
	

	
	group
	0.02 (0.9950)
	1.75 (0.1576)
	1.03 (0.3782)
	0.22 (0.8790)
	2.04 (0.1094)

	
	time
	1.59 (0.2058)
	0.58 (0.5578)
	0.71 (0.4937)
	1.03 (0.3587)
	0.59 (05552)

	
	group*time
	0.67 (0.6721)
	1.12 (0.3475)
	0.82 (0.5526)
	0.09 (0.9977)
	0.33 (0.9189)

	
	2-OHPh*time
	0.20 (0.8186)
	0.18 (0.8328)
	0.28 (0.7597)
	0.06 (0.9447)
	0.09 (0.9123)

	
	2-OHPh*group
	0.28 (0.8388)
	0.29 (0.8325)
	0.30 (0.8225)
	0.62 (0.6011)
	0.32 (0.8074)

	
	2-OHPh*group*time
	0.70 (0.6487)
	0.07 (0.9988)
	0.08 (0.9982)
	0.63 (0.7089)
	0.30 (0.9359)

	1-OHPh
	
	
	
	
	
	

	
	group
	0.11 (0.9566)
	1.80 (0.1473)
	1.16 (0.3273)
	0.12 (0.9495)
	1.65 (0.1795)

	
	time
	1.20 (0.3035)
	0.84 (0.4324)
	1.10 (0.3336)
	1.15 (0.3162)
	0.46 (0.6290)

	
	group*time
	0.57 (0.7574)
	1.25 (0.2819)
	0.95 (0.4564)
	0.02 (1.0000)
	0.30 (0.9370)

	
	1-OHPh*time
	0.81 (0.4464)
	0.41 (0.6640)
	0.65 (0.5243)
	0.26 (0.7739)
	0.08 (0.9224)

	
	1-OHPh*group
	0.58 (0.6276)
	0.26 (0.8541)
	0.37 (0.7743)
	0.28 (0.8423)
	0.04 (0.9904)

	
	1-OHPh*group*time
	0.59 (0.7380)
	0.24 (0.9649)
	0.17 (0.9843)
	0.59 (0.7355)
	0.08 (0.9977)

	1-OHP
	
	
	
	
	
	

	
	group
	0.20 (0.8986)
	1.57 (0.1967)
	1.33 (0.2656)
	0.19 (0.9004)
	1.68 (0.1727)

	
	time
	0.54 (0.5815)
	0.80 (0.4495)
	1.14 (0.3203)
	0.82 (0.4416)
	0.86 (0.4240)

	
	group*time
	0.55 (0.7698)
	1.08 (0.3749)
	0.97 (0.4421)
	0.25 (0.9575)
	0.51 (0.8011)

	
	1-OHP*time
	0.75 (0.4745)
	0.28 (0.7560)
	0.74 (0.4790)
	0.74 (0.4756)
	0.24 (0.7899)

	
	1-OHP*group
	0.49 (0.6916)
	0.84 (0.4740)
	0.81 (0.4875)
	0.20 (0.8939)
	0.20 (0.8976)

	
	1-OHP*group*time
	1.23 (0.2890)
	0.99 (0.4347)
	0.93 (0.4701)
	1.06 (0.3840)
	0.68 (0.6627)

	3-OHBaPB
	
	
	
	
	
	

	
	group
	0.17 (0.9174)
	1.51 (0.2123)
	0.68 (0.5625)
	0.06 (0.9811)
	0.18 (0.9111)

	
	time
	1.62 (0.2000)
	0.99 (0.3730)
	1.13 (0.3228)
	0.66 (0.5166)
	0.42 (0.6585)

	
	group*time
	1.02 (0.4127)
	0.44 (0.8548)
	0.35 (0.9081)
	0.31 (0.9322)
	0.77 (0.5944)

	
	3-OHBaPB*time
	0.33 (0.7194)
	0.59 (0.5543)
	0.79 (0.4530)
	0.05 (0.9495)
	0.55 (0.5799)

	
	3-OHBaPB*group
	0.44 (0.7211)
	0.12 (0.9495)
	0.02 (0.9972)
	0.30 (0.8272)
	1.34 (0.2601)

	
	3-OHBaPB*group*time
	1.05 (0.3892)
	0.45 (0.8482)
	0.66 (0.6806)
	0.56 (0.7597)
	2.00 (0.0639)



Supplementary Material Table 2  The GLMM Model of PAH and PLT
	Variable
	Level
	1-OHNa
	2-OHFlu
	2-OHPh
	1-OHPh
	1-OHP

	Group
(Level 4 is reference)
	1
	-0.0111(-0.0577,0.0354)/
-0.0139(-0.0616,0.0338)/
-0.0113(-0.0594,0.0369)
	-0.0089(-0.0558,0.038)/
-0.0112(-0.0593,0.0369)/
-0.0091(-0.0576,0.0395)
	-0.0098(-0.0566,0.037)/
-0.0116(-0.0596,0.0363)/
-0.0093(-0.0577,0.0392)
	-0.011(-0.058,0.0359)/
-0.0129(-0.061,0.0353)/
-0.0104(-0.059,0.0381)
	-0.008(-0.0547,0.0387)/
-0.0113(-0.0591,0.0365)/
-0.0092(-0.0575,0.039)

	
	2
	0.0049(-0.04,0.0499)/
0.0032(-0.0427,0.0492)/
0.0046(-0.0415,0.0508)
	0.0048(-0.0405,0.0501)/
0.0036(-0.0427,0.0499)/
0.0048(-0.0418,0.0514)
	0.0065(-0.0387,0.0517)/
0.0057(-0.0405,0.0519)/
0.0071(-0.0394,0.0536)
	0.0032(-0.0421,0.0485)/
0.0025(-0.0438,0.0488)/
0.0039(-0.0427,0.0505)
	0.004(-0.041,0.049)/
0.002(-0.0439,0.048)/
0.003(-0.0432,0.0492)

	
	3
	-0.0038(-0.0514,0.0437)/
-0.0047(-0.0529,0.0435)/
-0.0052(-0.0535,0.0432)
	-0.0011(-0.0489,0.0468)/
-0.0013(-0.0498,0.0472)/
-0.0016(-0.0504,0.0471)
	-0.002(-0.0498,0.0457)/
-0.0019(-0.0503,0.0465)/
-0.0023(-0.0509,0.0463)
	-0.0027(-0.0506,0.0453)/
-0.0029(-0.0516,0.0458)/
-0.0033(-0.0522,0.0455)
	-0.0008(-0.0483,0.0467)/
-0.002(-0.0501,0.0462)/
-0.0023(-0.0506,0.046)

	Time
(Level 3 is reference)
	1
	-0.025(-0.0578,0.0077)/
-0.0248(-0.0577,0.0082)/
-0.0248(-0.0577,0.0082)
	-0.0252(-0.0577,0.0073)/
-0.025(-0.0577,0.0076)/
-0.0251(-0.0578,0.0076)
	-0.024(-0.0559,0.0078)/
-0.0238(-0.0559,0.0082)/
-0.0239(-0.056,0.0082)
	-0.0258(-0.0581,0.0065)/
-0.0253(-0.0578,0.0072)/
-0.0253(-0.0578,0.0072)
	-0.0249(-0.0576,0.0078)/
-0.0245(-0.0574,0.0084)/
-0.0245(-0.0574,0.0084)

	
	2
	-0.0295(-0.0637,0.0047)/
-0.0294(-0.0637,0.0048)/
-0.0294(-0.0636,0.0049)
	-0.0294(-0.0637,0.005)/
-0.0293(-0.0638,0.0051)/
-0.0294(-0.0639,0.0051)
	-0.0281(-0.0627,0.0064)/
-0.0281(-0.0627,0.0065)/
-0.0281(-0.0628,0.0065)
	-0.0299(-0.0643,0.0045)/
-0.0297(-0.0642,0.0048)/
-0.0297(-0.0642,0.0048)
	-0.0297(-0.0641,0.0047)/
-0.0296(-0.0641,0.005)/
-0.0296(-0.0641,0.0049)

	age
	
	-/0.0021(-0.0317,0.0359)/
0.0015(-0.0325,0.0355)
	-/0.0013(-0.0326,0.0352)/
0.0009(-0.0333,0.0351)
	-/0.002(-0.0318,0.0358)/
0.0017(-0.0323,0.0358)
	-/0.0042(-0.0298,0.0382)/
0.0038(-0.0305,0.0381)
	-/0.003(-0.0309,0.0369)/
0.0022(-0.0319,0.0364)

	sex
	
	-/-0.008(-0.0421,0.026)/
-0.0035(-0.0384,0.0315)
	-/-0.0108(-0.0454,0.0238)/
-0.0071(-0.0426,0.0285)
	-/0.002(-0.0318,0.0358)/
0.0017(-0.0323,0.0358)
	-/-0.0105(-0.0448,0.0239)/
-0.0062(-0.0414,0.029)
	-/-0.0094(-0.0433,0.0245)/
-0.0057(-0.0405,0.0291)

	BMI
	
	-/-0.0085(-0.0486,0.0316)
/-0.0075(-0.0478,0.0328)
	-/-0.0053(-0.0458,0.0353)/
-0.0047(-0.0455,0.0361)
	-/-0.0034(-0.0437,0.037)/
-0.0028(-0.0434,0.0378)
	-/-0.0034(-0.0437,0.037)/
-0.0028(-0.0434,0.0378)
	-/-0.0115(-0.0516,0.0286)/
-0.0104(-0.0507,0.03)

	Smoking
	
	-/-/0.0033(-0.0315,0.038)
	-/-/0.0019(-0.0329,0.0367)
	-/-/0.0072(-0.0275,0.0418)
	-/-/0.0011(-0.0337,0.036)
	-/-/0.0042(-0.0304,0.0388)

	Drinking
	
	-/-/-0.0077(-0.0494,0.033)
	-/-/-0.0031(-0.0453,0.039)
	-/-/-0.0028(-0.0449,0.0393)
	-/-/-0.0031(-0.0452,0.0389)
	-/-/-0.0084(-0.0499,0.0332)

	Matesmoke
	
	-/-/0.0113(-0.0039,0.0265)
	-/-/0.0091(-0.0063,0.0244)
	-/-/0.0099(-0.0054,0.0252)
	-/-/0.0103(-0.005,0.0257)
	-/-/0.0099(-0.0053,0.0251)


Notes, the confidence and 95% confidence interval result of the models have listed in this each cell of the table, by the order from Model 1 to Model 3.

Supplementary Material Table 3.  The GLMM Model of 9-OHFlu and three platelet indices
	Variable
	Level
	PDW
	MPV
	P-LCR

	Group
(Level 4 is reference)
	1
	0.0375(-0.0044,0.0793)/0.0355(-0.0073,0.0782)/
0.0393(-0.0035,0.0821)
	0.0323(-0.0227,0.0873)/0.0324(-0.0239,0.0886)/
0.0376(-0.0188,0.0939)
	0.0128(-0.001,0.0266)/0.0115(-0.0026,0.0256)/
0.0135(-0.0003,0.0274)

	
	2
	0.04064*(0.0003,0.081)/0.0387(-0.0024,0.0799)/
0.0407(-0.0004,0.0817)
	0.0405(-0.0126,0.0935)/0.0404(-0.0137,0.0945)/
0.043(-0.011,0.0969)
	0.0126(-0.0007,0.0259)/0.0121(-0.0014,0.0257)/
0.0129(-0.0005,0.0262)

	
	3
	0.0162(-0.0266,0.0591)/0.0147(-0.0286,0.0579)/
0.014(-0.0291,0.0571)
	0.0192(-0.037,0.0755)/0.0198(-0.0372,0.0768)/
0.0187(-0.038,0.0754)
	0.0023(-0.0119,0.0164)/0.0018(-0.0124,0.016)/
0.0016(-0.0123,0.0155)

	Time
(Level 3 is reference)
	1
	0.0059(-0.0179,0.0298)/0.0059(-0.0182,0.0299)/
0.0057(-0.0184,0.0298)
	0.0095(-0.0179,0.037)/0.0093(-0.0185,0.037)/
0.0091(-0.0187,0.0369)
	0.0055(-0.005,0.016)/0.006(-0.0046,0.0165)/
0.0059(-0.0047,0.0164)

	
	2
	-0.0064(-0.0344,0.0216)/-0.0064(-0.0346,0.0217)/
-0.0065(-0.0346,0.0216)
	-0.0078(-0.0411,0.0256)/-0.0079(-0.0413,0.0255)/
-0.008(-0.0414,0.0255)
	0.0024(-0.0084,0.0132)/0.0026(-0.0083,0.0134)/
0.0025(-0.0084,0.0134)

	age
	
	-/-0.0014(-0.031,0.0282)/-0.00287(-0.0326,0.0268)
	-/-0.0029(-0.0408,0.035)/-0.0044(-0.0424,0.0336)
	-/0.0043(-0.006,0.0146)/0.003(-0.0072,0.0132)

	sex
	
	-/0.0048(-0.0256,0.0352)/0.0105(-0.0204,0.0414)
	-/-0.0033(-0.0433,0.0366)/0.005(-0.0357,0.0457)
	-/-0.0045(-0.0144,0.0055)/-0.0018(-0.0118,0.0082)

	BMI
	
	-/-0.0094(-0.0433,0.0244)/-0.008(-0.0419,0.0258)
	-/0.0015(-0.0406,0.0436)/0.0028(-0.0393,0.045)
	-/-0.004(-0.016,0.008)/-0.0037(-0.0156,0.0082)

	Smoking
	
	-/-/0.0088(-0.0219,0.0396)
	-/-/0.0089(-0.0316,0.0494)
	-/-/0.0062(-0.0037,0.0161)

	Drinking
	
	-/-/-0.0113(-0.0484,0.0258)
	-/-/-0.0126(-0.0614,0.0363)
	-/-/-0.0027(-0.0147,0.0093)

	9-OHFlu
(Level 4 is reference)
	1
	-0.043(-0.073 -0.012)/-0.043(-0.074 -0.012)/
-0.042(-0.073 -0.012)
	-0.057(-0.094 -0.021)/-0.057(-0.094 -0.021)/
-0.056(-0.093 -0.02)
	-0.014(-0.026 -0.003)/-0.015(-0.026 -0.003)/
-0.015(-0.026 -0.004)

	
	2
	-0.011(-0.045 0.023)/-0.011(-0.045 0.023)/
-0.012(-0.045 0.022)
	-0.008(-0.048 0.033)/-0.007(-0.048 0.033)/
-0.007(-0.048 0.033)
	-0.003(-0.016 0.009)/-0.004(-0.017 0.009)/
-0.005(-0.017 0.008)

	
	3
	0.027(-0.005 0.059)/0.027(-0.006 0.059)/
0.027(-0.005 0.059)
	0.025(-0.014 0.063)/0.025(-0.013 0.064)/
0.026(-0.013 0.064)
	0.011(-0.001 0.023)/0.011(-0.001 0.023)/
0.011(-0.001 0.023)


Notes, the confidence and 95% confidence interval result of the models have been listed in each cell of the table, by the order from Model 1 to Model 3.



	Name of the variables

	[bookmark: _Hlk54205089]Demographic Information

	Sex(male/female), Age, Height, Weight, Whether work in , Smoking, Alcohol consumption, Drinking frequency, Whether his/her mate smoke(MS), Barbecue, Barbecue frequency, Body Mass Index(BMI)

	Blood Routine Indexes(BRI)

	Thrombocyte indexes:
Count of platelet(PLT), Platelet distribution width(PDW), mean platelet volume(MPV), platelet crit(PCT), 
large platelet ratio(P-LCR)

	Metabolites of Polycyclic Aromatic Hydrocarbons in Urine (MPAHU)

	[bookmark: _Hlk69721412][bookmark: _Hlk69720972][bookmark: _Hlk69721496]2-hydroxynaphthalene(2-OHNa), 1-hydroxynaphthalene(1-OHNa), 2-hydroxyfluorene (2-OHFlu),
[bookmark: _Hlk69721423][bookmark: _Hlk69721440]9-hydroxyfluorene (9-OHFlu), 2-hydroxyphenanthrene (2-OHPh), 1-hydroxyphenanthrene (1-OHPh),
[bookmark: _Hlk69721518]1-hydroxypyrene (1-OHP), 3-hydroxybenzo[a]pyrene(3-OHBaP)


Supplementary Material Table 4. The variables collected from all 222 participants
Note, we collected the variables from each of the 222 patients in these three aspects. The variables in the latter two aspects have been collected three times for repeated measures. While list their full names, their acronyms have been listed in the brackets for the convenience of further use. 

Reference:
1.	Tuerlinckx, F., et al., Statistical inference in generalized linear mixed models: a review. Br J Math Stat Psychol, 2006. 59(Pt 2): p. 225-55.
2.	<GMM_Tutorial_Reynolds.pdf>.
3.	Hughes, D.M., et al., Dynamic longitudinal discriminant analysis using multiple longitudinal markers of different types. Stat Methods Med Res, 2018. 27(7): p. 2060-2080.
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