
Supplementary Table 1. Univariable logistic regression models evaluating the association between the variables and cryptorchidism
	[bookmark: OLE_LINK11]Variables
	                 OR (95% CI)
	P value

	Prematurity
	
	.832

	   No
	Ref.
	

	   Yes
	0.96 (0.63~1.45)
	

	LBW
	
	.019

	   No
	Ref.
	

	   Yes
	1.57 (1.08~2.29)
	

	Abortion
	
	.033

	   No
	Ref.
	

	   Yes
	1.31 (1.02~1.67)
	

	Progesterone
	
	<.001

	   No
	Ref.
	

	   Yes
	1.72 (1.34~2.22)
	

	ART
	
	.019

	   No
	Ref.
	

	   Yes
	0.33 (0.13~0.83)
	

	Family history
	
	.021

	   No
	Ref.
	

	Yes
	11.18 (1.44~86.82)
	

	Smoking
	
	.289

	   No
	Ref.
	

	   Yes
	1.81 (0.60~5.44)
	

	Alcohol
	
	.592

	   No
	Ref.
	

	   Yes
	1.34 (0.46~3.88)
	

	Hypertension
	
	.529

	   No
	Ref.
	

	   Yes
	1.31 (0.57~3.00)
	

	Diabetes
	
	.903

	   No
	Ref.
	

	   Yes
	0.97 (0.6~1.57)
	

	Age
	1.00 (0.97~1.02)
	.705

	Delivery mode
	
	.489

	   Vaginal 
	Ref.
	

	    Cesarean 
	0.92 (0.74~1.16)
	

	Blood type
	
	

	    A
	Ref.
	

	    B
	1.04 (0.77~1.40)
	.802

	    AB
	1.71 (1.08~2.71)
	.022

	    O
	1.25 (0.95~1.65)
	.116


LBW, low birth weight (< 2500 g); Prematurity, gestational age < 37 weeks; ART, assisted reproductive technology.






	Variables
	Total (n = 542)
	Progesterone-unexposed (n = 382)
	Exposed (n = 160)
	P value

	Age, Mean ± SD
	28.6 ± 4.6
	28.5 ± 4.6
	28.8 ± 4.5
	.409

	Prematurity, n (%)
	
	.018

	No
	492 (90.8)
	354 (92.7)
	138 (86.2)
	

	Yes
	50 (9.2)
	28 (7.3)
	22 (13.8)
	

	LBW, n (%)
	
	
	.014

	            No
	476 (87.8)
	344 (90.1)
	132 (82.5)
	

	            Yes
	66 (12.2)
	38 (9.9)
	28 (17.5)
	




[bookmark: _Hlk207531572]Supplementary Table 2. Baseline characteristics of cesarean delivery subgroups stratified by progesterone exposure status
LBW, Low birth weight (< 2500 g)




[bookmark: _Hlk207537140]Supplementary Table 3. Sensitivity analysis: association of prenatal progesterone exposure with cryptorchidism risk after exclusion of ART cases
	Variable
	n. total
	n. event (%)
	     Unadjusted model
	      Adjusted model

	
	
	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	progesterone
	
	
	
	
	
	

	No
	868
	403 (46.4)
	Ref.
	
	Ref.
	

	Yes
	328
	201 (61.3)
	1.83 (1.41~2.37)
	< .001
	1.83 (1.40~2.38)
	< .001


Unadjusted model: no covariates were adjusted. Adjusted model: adjusted for prematurity (gestational age < 37 weeks), smoking, alcohol, hypertension, diabetes, age, delivery mode, blood type, low birth weight (LBW, < 2500 g), abortion and family history. ART, assisted reproductive technology.


[bookmark: _Hlk207571835]Supplementary Table 4. Detailed collinearity diagnostics for covariates in the multivariable logistic regression model
	Term1
	coeff1
	Change percentage1
	Term2
	coeff2
	Change percentage2
	GVIF
	DF
	GVIF^(1/(2*Df))
	Collinearity
	select
	Select
VIF

	Crude
	-0.54
	Ref.
	Full
	-0.61 
	Ref.
	1.046 
	1
	1.023
	0
	Ref.
	Ref.

	Prematurity
	-0.55
	1.4
	Prematurity
	-0.61 
	-0.8
	1.469 
	1
	1.212
	0
	No
	No

	LBW
	-0.52
	-3.8
	LBW
	-0.63 
	2.5
	1.454 
	1
	1.206
	0
	No
	No

	Abortion
	-0.52
	-3.5
	Abortion
	-0.63 
	3.2
	1.050 
	1
	1.025
	0
	No
	No

	ART
	-0.62
	13.6
	ART
	-0.55 
	-10.6
	1.066 
	1
	1.033
	0
	Yes
	Yes

	Family history
	-0.55
	2.3
	Family history
	-0.60 
	-2.6
	1.004 
	1
	1.002
	0
	No
	No

	Smoking
	-0.54
	0.1
	Smoking
	-0.61 
	-1.1
	1.507 
	1
	1.228
	0
	No
	No

	Alcohol
	-0.54
	-0.4
	Alcohol
	-0.61 
	-0.5
	1.508 
	1
	1.228
	0
	No
	No

	Hypertension
	-0.54
	-0.4
	Hypertension
	-0.61 
	0.1
	1.047 
	1
	1.023
	0
	No
	No

	Diabetes
	-0.54
	0.3
	Diabetes
	-0.61 
	-0.1
	1.032 
	1
	1.016
	0
	No
	No

	Age
	-0.55
	0.7
	Age
	-0.61 
	-0.1
	1.052 
	1
	1.026
	0
	No
	No

	Delivery mode
	-0.54
	0.4
	Delivery mode
	-0.61 
	-0.1
	1.030 
	1
	1.015
	0
	No
	No

	Blood type
	-0.55
	1.7
	Blood type
	-0.60 
	-1.9
	1.031 
	3
	1.005
	0
	No
	No


LBW, low birth weight (< 2500 g); Prematurity, gestational age < 37 weeks; ART, assisted reproductive technology.



Supplementary Table 5. Sensitivity analysis: association between prenatal progesterone exposure and cryptorchidism risk after excluding hernia/hydrocele controls
	Variable
	n total
	n event (%)
	Unadjusted model
	Adjusted model 

	
	
	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Progesterone
	
	
	
	
	
	

	No
	691
	403 (58.3)
	Ref.
	 
	Ref.
	 

	 Yes
	290
	207 (71.4)
	1.78 (1.33~2.4)
	< .001
	1.87 (1.37~2.55)
	< .001


Unadjusted model: no covariates were adjusted. Adjusted model: adjusted for prematurity (gestational age < 37 weeks), smoking, alcohol, hypertension, diabetes, age, delivery mode, blood type, low birth weight (LBW, < 2500 g), abortion, family history and assisted reproductive technology.


Supplementary Table 6. Sensitivity analysis excluding hernia/hydrocele controls: interaction between prenatal progesterone exposure and delivery mode 
	[bookmark: OLE_LINK9]Progesterone exposure
	Delivery mode
	Adjusted OR (95%CI)
	P-value

	No
	Vaginal
	Reference
	—

	No
	Cesarean
	0.63 (0.46–0.87)
	<. 001

	Yes
	Vaginal
	1.30 (0.86–1.96)
	.210

	Yes
	Cesarean
	1.81 (1.15–2.86)
	.010

	P for interaction (multiplicative)
	
	2.20 (1.19–4.08)
	.010

	RERI
	
	0.88 (0.01–1.75)
	 .020

	AP
	
	0.49 (0.13–0.84)
	< .001


Model adjusted for prematurity (gestational age < 37 weeks), age, smoking, alcohol, hypertension, diabetes, blood type, low birth weight (LBW, < 2500 g), abortion history, assisted reproductive technology, and family history. Odds ratios (ORs) and 95% confidence intervals (CIs) are presented. The row labeled “P for interaction (multiplicative)” corresponds to the interaction term between prenatal progesterone exposure and delivery mode; this value represents the multiplicative-scale test of interaction. Additive interaction was assessed using RERI (relative excess risk due to interaction) and AP (attributable proportion), with corresponding 95% CIs and P values. Interaction inference was based on multiplicative and additive metrics (RERI, AP).




















Supplementary Table 7. Association between prenatal exogenous progesterone exposure and cryptorchidism—sensitivity analysis excluding inguinal hernia/hydrocele
	Subgroup
	Variable
	n. total
	n. event (%)
	Crude
OR 95%CI
	Crude
P value
	Adjusted
OR 95%CI
	adjusted
P value
	P for interaction

	Prematurity
	Progesterone
	
	
	 
	 
	 
	 
	.360

	     No
	No
	648
	378 (58.3)
	Ref.
	  
	Ref.
	 
	

	
	Yes
	263
	185 (70.3)
	1.69 (1.25~2.30)
	.001
	1.80 (1.31~2.48)
	< .001
	

	     Yes
	No
	43
	   25 (58.1)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	27
	   22 (81.5)
	3.17 (1.01~9.95)
	.048
	5.97 (1.22~29.3)
	.028
	

	Age, years
	Progesterone
	
	
	 
	 
	 
	 
	.240

	     <35
	No
	625
	360 (57.6)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	263
	190 (72.2)
	1.92 (1.40~2.62)
	< .001
	1.96
(1.47~2.55)
	< .001
	

	     ≥35
	No
	66
	   43 (65.2)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	27
	   17 (63.0)
	0.91 (0.36~2.31)
	.841
	1.47 (0.55~3.49)
	.542
	

	LBW
	Progesterone
	
	
	 
	 
	 
	 
	.212

	     No
	No
	638
	363 (56.9)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	251
	172 (68.5)
	1.65 (1.21~2.25)
	 .002
	1.80 (1.31~2.47)
	< .001
	

	     Yes
	No
	53
	   40 (75.5)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	39
	   35 (89.7)
	2.84 (0.85~9.53)
	.090
	4.63 (0.98~21.89)
	.053
	

	Abortion
	Progesterone
	
	
	 
	 
	 
	 
	.952

	     No
	No
	489
	284 (58.1)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	180
	128 (71.1)
	1.78 (1.23~2.57)
	.002
	1.87 (1.27~2.75)
	.001
	

	     Yes
	No
	202
	119 (58.9)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	110
	   79 (71.8)
	1.78 (1.08~2.93)
	.024
	1.69 (0.99~2.88)
	.055
	

	Delivery mode
	Progesterone
	
	
	 
	 
	 
	 
	.012

	Vaginal 
	No
	389
	243 (62.5)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	149
	102 (68.5)
	1.30 (0.87~1.95)
	.240
	1.30 (0.86~1.97)
	.202
	

	[bookmark: OLE_LINK3]      Cesarean
	No
	302
	160 (53.0)
	Ref.
	 
	Ref.
	 
	

	
	Yes
	141
	105 (74.5)
	2.59 (1.67~4.02)
	< .001
	3.04 (1.88~4.90)
	< .001
	


[bookmark: OLE_LINK1]All models adjusted for maternal and perinatal covariates, including prematurity (gestational age < 37 weeks), low birth weight (LBW, < 2500 g), abortion history, assisted reproductive technology, family history, smoking, alcohol, hypertension, diabetes, age, delivery mode, and blood type. “P for interaction” values represent likelihood-ratio tests of the interaction term between progesterone exposure and each stratification factor. Maternal age was dichotomized at 35 years, a recognized threshold for advanced maternal age, for the purpose of this subgroup analysis presentation only. All models within each subgroup were adjusted for age as a continuous variable.




Supplementary Table 8. Full multivariable model terms with interaction and covariates
	Item
	Estimate
	Std. Error
	Z-value
	P-value
	Notes

	(Intercept)
	-0.141 
	0.389 
	-0.364 
	0.716 
	Ref. group implied

	Prematurity (Yes vs No)
	-0.411 
	0.270 
	-1.525 
	0.127 
	Binary (1=Yes)

	Progesterone (Yes vs No)
	0.240 
	0.177 
	1.356 
	0.175 
	Binary (1=Yes)

	Delivery mode (C-section vs Vaginal)
	-0.321 
	0.141 
	-2.277 
	0.023 
	Ref.: Vaginal 

	Delivery mode×Progesterone
	0.856 
	0.269 
	3.184 
	0.001 
	Interaction term

	LBW (Yes vs No)
	0.637 
	0.239 
	2.667 
	0.008 
	Binary (1=Yes)

	Abortion (Yes vs No)
	0.218 
	0.133 
	1.644 
	0.100 
	Binary (1=Yes)

	ART (Yes vs No)
	-1.534 
	0.508 
	-3.020 
	0.003 
	Binary (1=Yes)

	Family history (Yes vs No)
	2.476 
	1.052 
	2.355 
	0.019 
	Binary (1=Yes)

	Smoking (Yes vs No)
	0.794 
	0.703 
	1.131 
	0.258 
	Binary (1=Yes)

	Drinking (Yes vs No)
	-0.276 
	0.711 
	-0.388 
	0.698 
	Binary (1=Yes)

	Hypertension (Yes vs No)
	0.083 
	0.451 
	0.184 
	0.854 
	Binary (1=Yes)

	Diabetes (Yes vs No)
	-0.105 
	0.258 
	-0.408 
	0.683 
	Binary (1=Yes)

	Age 
	-0.005 
	0.014 
	-0.377 
	0.706 
	continuous

	Blood type (B vs A)
	0.069 
	0.159 
	0.437 
	0.662 
	Ref.: Type A

	Blood type (AB vs A)
	0.560 
	0.240 
	2.331 
	0.020 
	Ref.: Type A

	Blood type (O vs A)
	0.280 
	0.146 
	1.915 
	0.055 
	Ref.: Type A


LBW, low birth weight (< 2500 g); Prematurity, gestational age < 37 weeks; ART, assisted reproductive technology; Ref., reference.





























[bookmark: OLE_LINK2][bookmark: _Hlk194912118][bookmark: _Hlk211425138]Supplementary Figure 1. Interaction between prenatal exogenous progesterone exposure and delivery mode on predicted cryptorchidism odds. Shaded areas indicate 95% confidence intervals (CIs). The interaction term was statistically significant (P < .001). Model adjusted for prematurity (gestational age < 37 weeks), age, smoking, alcohol, hypertension, diabetes, blood type, low birth weight (LBW, < 2500 g), abortion, assisted reproductive technology, and family history. 

Supplementary Figure 2. The receiver-operating-characteristic (ROC) curve for the fully adjusted logistic regression. Model adjusted for prematurity (gestational age < 37 weeks), age, smoking, alcohol, hypertension, diabetes, blood type, low birth weight (LBW, < 2500 g), abortion, assisted reproductive technology, and family history. The model was specified for association (effect estimation) rather than clinical prediction.
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Variables                    OR   ( 95 %  CI )  P   value  

Prematur ity   .832  

     No  Ref.   

     Yes  0.96 (0.63~1.45)   

LBW   .019  

     No  Ref.   

     Yes  1.57 (1.08~2.29)   

A bortion   .033  

     No  Ref.   

     Yes  1.31 (1.02~1.67)   

P rogesterone   <.001  

     No  Ref.   

      Yes  1.72 (1.34~2.22)   

ART   .019  

      No  Ref.   

      Yes  0.33 (0.13~0.83)   

Family history   .021  

     No  Ref.   

Yes  11.18 (1.44~86.82)   

S moking   .289  

      No  Ref.   

     Yes  1.81 (0.6 0 ~5.44)   

Alcohol   .592  

      No  Ref.   

     Yes  1.34 (0.46~3.88)   

H ypertension   .529  

      No  Ref.   

     Yes  1.31 (0.57~3 .00 )   

D iabetes   .903  

     No  Ref.   

     Yes  0.97 (0.6~1.57)   

A ge  1 .00   (0.97~1.02)  .705  

Delivery mode   .489  

    Vaginal   Ref.   

     C esarean    0.92 (0.74~1.16)   

Blood type    

     A  Ref.   

     B  1.04 (0.77~1.4 0 )  .802  

      AB  1.71 (1.08~2.71)  .022  

      O  1.25 (0.95~1.65)  .116  

LBW,  low birth weight   (< 2500 g) ;  Prematurity, gestational age < 37 weeks ; ART,  assisted reproductive  technolog y .              

