Association between remnant cholesterol levels and reversion to normoglycemia from prediabetes: a 5-year longitudinal cohort study of Chinese non-obese adults
[bookmark: _Hlk152186123][bookmark: _Hlk152186199][bookmark: _Hlk107338912]Table 1 The baseline characteristics of participants.
	[bookmark: _Hlk111040717]RC (quartile) (mmol/L)
	Q1 (＜0.38)
	Q2 (0.38-0.62)
	Q3 (0.62-0.91)
	Q4 (≥0.91)
	P-value

	participants
	1,961
	2,090
	1,996
	2,062
	

	Age (years)
	47.16 ± 13.91
	49.35 ± 13.94
	51.29 ± 13.61
	53.26 ± 13.20
	<0.001

	Height (cm)
	165.38 ± 8.20
	165.49 ± 8.38
	166.16 ± 8.33
	166.49 ± 8.56
	<0.001

	Weight (kg)
	59.88 ± 8.31
	61.37 ± 8.38
	62.56 ± 8.10
	63.72 ± 8.28
	<0.001

	BMI (kg/m2)
	21.82 ± 2.00
	22.32 ± 1.84
	22.58 ± 1.69
	22.91 ± 1.61
	<0.001

	SBP (mmHg)
	122.16 ± 17.24
	124.01 ± 17.64
	125.17 ± 17.39
	126.48 ± 17.78
	<0.001

	DBP (mmHg)
	74.56 ± 10.44
	75.95 ± 10.59
	76.62 ± 10.40
	77.47 ± 10.95
	<0.001

	TC (mmol/L)
	4.45 ± 0.78
	4.77 ± 0.80
	5.07 ± 0.81
	5.63 ± 0.98
	<0.001

	TG (mmol/L)
	0.96 ± 0.48
	1.21 ± 0.66
	1.53 ± 0.77
	2.41 ± 1.73
	<0.001

	HDL-C (mmol/L)
	1.50 ± 0.30
	1.43 ± 0.27
	1.34 ± 0.28
	1.26 ± 0.28
	<0.001

	LDL-C (mmol/L)
	2.72 ± 0.64
	2.84 ± 0.67
	2.96 ± 0.69
	3.06 ± 0.83
	<0.001

	RC (mmol/L)
	0.24 ± 0.10
	0.51 ± 0.07
	0.76 ± 0.08
	1.31 ± 0.45
	<0.001

	ALT (U/L) 
	16.30 (12.10-22.10)
	17.15 (13.00-24.00)
	 19.00 (14.00-26.00)
	21.35 (16.00-30.70)
	<0.001

	AST (U/L)
	(21.40 (18.00-25.00)
	 22.00 (18.00-26.63)
	23.00 (19.22-27.60)
	(24.00 (20.48-29.00)
	<0.001

	BUN (mmol/L)
	4.83 ± 1.18
	4.91 ± 1.25
	4.96 ± 1.24
	4.96 ± 1.27
	0.002

	Scr (μmol/L)
	69.42 ± 15.73
	70.59 ± 15.46
	71.31 ± 16.68
	72.03 ± 16.06
	<0.001

	FPG at baseline (mmol/l)
	5.90 ± 0.29
	5.91 ± 0.30
	5.92 ± 0.30
	5.97 ± 0.33
	<0.001

	Gender (n, %)
	
	
	
	
	<0.001

	Male
	962 (49.06%)
	1145 (54.78%)
	1175 (58.87%)
	1277 (61.93%)
	<0.001

	Female
	999 (50.94%)
	945 (45.22%)
	821 (41.13%)
	785 (38.07%)
	

	Smoking status (n, %)
	
	
	
	
	<0.001

	Current smoker
	77 (3.93%)
	102 (4.88%)
	138 (6.91%)
	178 (8.63%)
	

	Ever smoker
	26 (1.33%)
	23 (1.10%)
	31 (1.55%)
	22 (1.07%)
	

	Never 
	416 (21.21%)
	493 (23.59%)
	421 (21.09%)
	489 (23.71%)
	

	Unknown 
	1442 (73.53%)
	1472 (70.43%)
	1406 (70.44%)
	1373 (66.59%)
	

	Drinking status (n, %)
	
	
	
	
	<0.001

	Current drinker
	6 (0.31%)
	20 (0.96%)
	20 (1.00%)
	28 (1.36%)
	

	Ever drinker
	85 (4.33%)
	101 (4.83%)
	111 (5.56%)
	118 (5.72%)
	

	Never 
	428 (21.83%)
	497 (23.78%)
	459 (23.00%)
	543 (26.33%)
	

	Unknown
	1442 (73.53%)
	1472 (70.43%)
	1406 (70.44%)
	1373 (66.59%)
	

	Family history of diabetes (n, %)
	
	
	
	
	0.898

	No
	1911 (97.45%)
	2030 (97.13%)
	1945 (97.44%)
	2005 (97.24%)
	

	Yes
	50 (2.55%)
	60 (2.87%)
	51 (2.56%)
	57 (2.76%)
	

	Year of follow-up 
	2.67 ± 0.77
	2.83 ± 0.84
	2.99 ± 0.91
	3.24 ± 1.04
	<0.001


Continuous variables were summarized as mean (SD) or medians (quartile interval); categorical variables were displayed as percentage (%)
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP; diastolic blood pressure; TC, total cholesterol; TG triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Scr, serum creatinine; FPG, fasting Plasma glucose; RC, remnant cholesterol.


[bookmark: _Hlk146919292]Table 2 Rate of return to normoglycemia from prediabetes (% or per 1000 person-years).
	RC (quartile)
	Participants (n)
	Reversion events (n)
	Reversal rate (95%CI) (%)
	Per 1000 person-year

	Total 
	8,109
	3,973
	48.99 (47.91-50.08)
	166.92

	Q1
	1,961
	1,104
	56.30 (54.10-58.49)
	210.86

	Q2
	2,090
	1072
	51.29 (42.05-45.21)
	181.24

	Q3
	1,996
	921
	46.14 (43.96-48.33)
	154.31

	Q4
	2,062
	876
	42.48 (40.35-44.62)
	131.11

	P for trend 
	
	
	<0.001
	





[bookmark: _Hlk146919730]Table 3 factors of reversal to normoglycemia from prediabetes analyzed by univariate Cox proportional hazards regression.
	Variable 
	Characteristics
	HR (95% CI) 
	P-value

	Age (years)
	50.29 ± 13.85
	0.97 (0.97, 0.98)  
	<0.0001

	Gender (n, %)
	
	
	

	   Male
	4,559 (56.22%)
	Ref
	

	   Female
	3,550 (43.78%)
	1.18 (1.11, 1.25)  
	<0.0001

	Hight(cm)
	165.88 ± 8.38
	1.00 (1.00, 1.01) 
	0.4990

	Weight(kg)
	61.90 ± 8.39
	0.99 (0.98, 0.99) 
	<0.0001

	BMI (kg/cm2)
	22.41 ± 1.83
	0.91 (0.90, 0.93) 
	<0.0001

	SBP (mmHg)
	124.47 ± 17.59
	0.99 (0.99, 0.99) 
	<0.0001

	DBP (mmHg)
	76.17 ± 10.65
	0.99 (0.98, 0.99) 
	<0.0001

	TC (mmol/L)
	4.99 ± 0.95
	0.87 (0.84, 0.90) 
	<0.0001

	TG (mmol/L)
	1.53 ± 1.17
	0.89 (0.86, 0.92) 
	<0.0001

	HDL-C (mmol/L)
	1.38 ± 0.30
	1.87 (1.70, 2.07)  
	<0.0001

	LDL-C (mmol/L)
	2.90 ± 0.72
	0.90 (0.86, 0.94) 
	<0.0001

	RC (mmol/L)
	0.71 ± 0.46
	0.49 (0.45, 0.53) 
	<0.0001

	FPG at baseline (mmol/l)
	5.92 ± 0.31
	0.22 (0.19, 0.26) 
	<0.0001

	ALT (U/L)
	18.40 (13.70-26.00) 
	0.99 (0.99, 1.00)  
	<0.0001

	AST (U/L)
	22.80 (19.00-27.00)
	0.99 (0.99, 1.00) 
	0.0054

	BUN (mmol/L)
	4.91 ± 1.24
	0.96 (0.93, 0.98) 
	0.0013

	Scr (mmol/L)
	70.86 ± 16.01
	1.00 (1.00, 1.00) 
	0.0175

	Smoking status (n, %)
	
	
	

	Current smoker
	495 (6.10%)
	Ref
	

	Ever smoker
	102 (1.26%)
	1.07 (0.80, 1.44) 
	0.6435

	Never
	1819 (22.43%)
	1.24 (1.07, 1.43) 
	0.0031

	Unknown
	5693 (70.21%)
	1.01 (0.88, 1.15) 
	0.9122

	Drinking status (n, %)
	
	
	

	  Current drinker
	74 (0.91%)
	Ref
	

	  Ever drinker
	415 (5.12%)
	1.24 (0.86, 1.79) 
	0.2542

	  Never
	1927 (23.76%)
	1.16 (0.82, 1.65) 
	0.4059

	 Unknown
	5693 (70.21%)
	1.00 (0.70, 1.42) 
	0.9946

	Family history of diabetes (n, %)
	
	
	

	  No
	7891 (97.31%)
	Ref
	



[bookmark: _Hlk176360376]Table 4 Relationship between RC and regression to normoglycemia from prediabetes in different models.
	[bookmark: _Hlk176360404]Exposure
	Model I (HR,95%CI) P
	Model II (HR,95%CI) P 
	Model III (HR,95%CI) P 
	Model IV (HR,95%CI) P

	RC
	0.49 (0.45, 0.53) <0.0001
	0.56 (0.52, 0.61) <0.0001
	0.55 (0.47, 0.64) <0.0001 
	0.55 (0.47, 0.64) <0.0001 

	 RC quartiles
	
	
	
	

	   Q1
	Ref
	Ref
	Ref
	Ref

	   Q2
	0.75 (0.69, 0.82) <0.0001
	0.80 (0.73, 0.87) <0.0001
	[bookmark: _Hlk174435251]0.81 (0.71, 0.92) 0.0016 
	0.78 (0.68, 0.90) 0.0004 

	   Q3
	0.57 (0.53, 0.63) <0.0001
	0.63 (0.58, 0.69) <0.0001
	[bookmark: _Hlk174435280]0.67 (0.58, 0.78) <0.0001 
	0.64 (0.56, 0.75) <0.0001 

	   Q4
	0.43 (0.39, 0.47) <0.0001
	0.50 (0.45, 0.54) <0.0001
	[bookmark: _Hlk174435293]0.51 (0.43, 0.60) <0.0001 
	0.50 (0.42, 0.59) <0.0001 

	P for trend
	<0.0001
	<0.0001
	<0.0001 
	 <0.0001 


Model I: we did not adjust other covariates. 
Model II: we adjusted age, gender. 
Model III: we adjusted age, gender, SBP, DBP, BMI, ALT, AST, BUN, Scr, TG, family history of diabetes, drinking status, smoking status and FPG at baseline. 
Model IV: we adjusted age(smooth), gender, SBP (smooth), DBP (smooth), BMI (smooth), BUN (smooth), Scr (smooth), ALT (smooth), AST (smooth), TG (smooth), smoking status, drinking status, family history of diabetes and FPG at baseline (smooth). HR, Hazard ratios; CI, confidence, Ref, reference.

[bookmark: _Hlk146919999]Table 5 Relationship between RC and the reversal to normoglycemia from prediabetes in different sensitivity analyses. 
	Exposure
	Model I (HR,95%CI) P
	Model II (HR,95%CI) P 
	Model III (HR,95%CI) P 

	RC (mmol/L)
	0.55 (0.47, 0.64) <0.0001
	0.55 (0.46, 0.65) <0.0001
	0.53 (0.45, 0.63) <0.0001 

	 RC quartiles
	
	
	

	   Q1
	Ref
	Ref
	Ref

	   Q2
	0.79 (0.69, 0.91) 0.0006 
	0.83 (0.72, 0.95) 0.0091 
	0.82 (0.71, 0.94) 0.0058 

	   Q3
	0.66 (0.57, 0.76) <0.0001 
	0.70 (0.60, 0.81) <0.0001 
	0.66 (0.57, 0.77) <0.0001 

	   Q4
	0.51 (0.43, 0.60) <0.0001 
	0.51 (0.43, 0.61) <0.0001 
	0.51 (0.42, 0.60) <0.0001 

	P for trend
	<0.0001
	<0.0001
	<0.0001 


Model I involved a sensitivity analysis with participants (N=7953) whose BMI＞18 kg/m2. Age, gender, SBP, DBP, BMI, ALT, AST, BUN, Scr, TG, FPG at baseline, family history of diabetes, drinking status, and smoking status were all adjusted.
Model II was a sensitivity analysis conducted on participants (N=2,232) who had age ＜60 years. Age, gender, SBP, DBP, BMI, ALT, AST, BUN, Scr, TG, FPG at baseline, family history of diabetes, drinking status, and smoking status were all adjusted.
Model III involved a sensitivity analysis after excluding participants with  SBP ＜140mmHg (N=1,461). Age, gender, SBP, DBP, BMI, ALT, AST, BUN, Scr, TG, FPG at baseline, family history of diabetes, drinking status, and smoking status were all adjusted. CI stands for “confidence interval,” and “Ref” stands for “reference”. 

[bookmark: _Hlk146920060]Table 6 The result of the two-piecewise Cox proportional hazards regression model
	Outcome: reversion to normoglycemia from prediabetes
	HR, 95%CI P 
	value 

	  Fitting model by standard Cox regression
	0.55 (0.47, 0.64) <0.0001
	 <0.0001 

	Fitting model by two-piecewise Cox regression
	
	

	  Inflection points of RC (mmol/L)
	1.47
	 

	  ＜1.47 mmol/L
	0.49 (0.41, 0.57)
	<0.0001

	  ≥ 1.47 mmol/L
	1.12 (0.76, 1.63) 
	0.5680

	P for log-likelihood ratio test
	
	<0.001


 Note: Age, gender, SBP, DBP, BMI, ALT, AST, BUN, Scr, TG, FPG at baseline, family history of diabetes, drinking status, and smoking status were all adjusted.

[bookmark: _Hlk146920116]Table 7 Stratified associations between RC and the reversion to normoglycemia from prediabetes by age, gender, SBP, DBP, smoking status, drinking status and family of diabetes.
	Variable
	Number
	HR (95% CI)
	P-value
	P for reaction

	Age(years)
	
	
	
	0.1916

	＜60
	5,877
	0.49 (0.42, 0.58) 
	<0.0001
	

	  ≥60
	2,232
	0.61 (0.46, 0.81) 
	0.0008
	

	BMI (kg/m2)
	
	
	
	0.7729

	＜18
	156
	0.47 (0.19, 1.18) 
	0.1076
	

	≥18
	7,953
	0.54 (0.47, 0.63) 
	<0.0001
	

	SBP (mmHg)
	
	
	
	0.6062

	≥140
	1,461
	0.55 (0.47, 0.65) <0.0001
	<0.0001
	

	＜140
	6,647
	0.50 (0.35, 0.71) 0.0001
	<0.0001
	

	DBP (mmHg)
	
	
	
	0.8934

	≥90
	7,322
	0.55 (0.47, 0.64) 
	<0.0001
	

	＜90
	786
	0.53 (0.33, 0.86) 
	0.0098
	

	Gender
	
	
	
	0.2189

	Male
	4,559
	0.50 (0.41, 0.61) 
	<0.0001
	

	 Female
	3,550
	0.61 (0.48, 0.76) 
	<0.0001
	

	Smoking status
	
	
	
	0.1264

	Current drinker
	495
	0.35 (0.20, 0.61)
	0.0002
	

	Ever drinker
	102
	0.28 (0.11, 0.69) 
	0.0060
	

	  Never
	1,819
	0.57 (0.44, 0.75) 
	<0.0001
	

	Unknown
	5,693
	0.57 (0.48, 0.67) 
	<0.0001
	

	Drinking status
	
	
	
	0.7558

	Current smoker
	74
	0.36 (0.06, 2.24) 
	0.2706
	

	Ever smoker
	415
	0.49 (0.31, 0.77) 
	0.0021
	

	  Never
	1,927
	0.50 (0.38, 0.66) 
	<0.0001
	

	Unknown
	5,693
	0.57 (0.48, 0.68) 
	<0.0001
	

	Family history of diabetes
	
	
	
	0.1737

	Yes
	218
	0.29 (0.11, 0.76) 
	0.0115
	

	No 
	7,891
	0.55 (0.48, 0.64) 
	<0.0001
	


Above model adjusted for age, gender, SBP, DBP, BMI, ALT, AST, BUN, Scr, TG, FPG at baseline, family history of diabetes, drinking status, and smoking status. In each case, the model is not adjusted for the stratification variable when the stratification variable was a categorical variable.

