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Supplemental Table 1. Definition of spontaneous abortion
	Source and description
	UK Biobank field ID

	ICD 9: 6340-6349
6340 Spontaneous abortion complicated by genital tract and pelvic infection
6341 Spontaneous abortion, complicated by delayed or excessive hemorrhage
6342 Spontaneous abortion complicated by damage to pelvic organs or tissues
6343 Spontaneous abortion complicated by renal failure
6344 Spontaneous abortion complicated by metabolic disorder
6345 Spontaneous abortion complicated by shock
6346 Spontaneous abortion complicated by embolism
6347 Spontaneous abortion with other specified complications
6348 Spontaneous abortion with unspecified complication
6349 Spontaneous abortion without mention of complication
	41271

	ICD 10: O030-O039 
O03.0 Genital tract and pelvic infection following incomplete spontaneous abortion
O03.1 Delayed or excessive hemorrhage following incomplete spontaneous abortion
O03.2 Embolism following incomplete spontaneous abortion
O03.3 Other and unspecified complications following incomplete spontaneous abortion
O03.4 Incomplete spontaneous abortion without complication
O03.5 Genital tract and pelvic infection following complete or unspecified spontaneous abortion
O03.6 Delayed or excessive hemorrhage following complete or unspecified spontaneous abortion
O03.7 Embolism following complete or unspecified spontaneous abortion
O03.8 Other and unspecified complications following complete or unspecified spontaneous abortion
O03.9 Complete or unspecified spontaneous abortion without complication
	41270, 41280, 53

	Self-reported by touchscreen questionnaire at enrollment
Ever had stillbirth, spontaneous miscarriage or termination; 
Number of spontaneous miscarriages
	2774, 3839

	Self-reported by a verbal interview at enrollment 1559
Obstetric problem--miscarriage
	20002



Supplemental Table 2. Variables used to create lifestyle score and scoring system for UK Biobank
	Lifestyle factor
	Questionnaire
	‘Not at risk’
	[bookmark: _GoBack]‘At risk’

	Smoking status
	Do you smoke tobacco now? and "In the past, how often have you smoked tobacco?"
	past or never smoker
	current

	Alcohol intake
	“About how often do you drink alcohol?”
	≤ 4 times week
	Daily or almost daily

	Physical activity
	IPAQ short form2– total time walking or moderate and vigorous-intensity PA in previous week
	≥150 min/week moderate or ≥ 75 min/week vigorous PA
	<150 min/week moderate or < 75 min/week vigorous PA

	TV viewing /sedentary time 
	In a typical day, how many hours do you spend watching TV?
	< 4 h/day
	≥ 4 h/day

	Sleep time
	About how many hours sleep do you get in every 24 hours?
	>7 or <9h/day
	≤7 or ≥9h/day

	Dietary characteristics 
	Individual dietary components contributed directly to lifestyle score.

	Fruit and vegetable intake
	About how many of …. would you eat per day? Separate questions for pieces of fresh and dried fruit, tablespoons of salad or cooked/raw vegetables. Combined and converted to g/day (1 portion = 80 g)
	≥ 400 g/day
	<400 g/ day

	
	
	
	
	

	Oily fish intake
	How often do you eat oily fish? (e.g. sardines, salmon, mackerel, herring)
	≥1 portion/week
	<1 portion/week
	

	Red meat intake
	How often do you eat…? Separate questions for Beef / lamb or mutton / pork (excluding processed meats such as ham or bacon). Red meat included due to clear link between red meat and mortality.
	≤3 portion/week
	>3 portion/week
	

	Processed meat intake
	How often do you eat processed meats (such as bacon, ham, sausages, meat pies, kebabs, burgers, chicken nuggets)?
	≤1 portion/week
	>1 portion/week 
	




Supplementary Table 3. Effects attributed to the additive interaction between spontaneous abortion and lifestyle score category on risks of type 2 diabetes mellitus and gestational diabetes mellitus
	　
	Effect size (95% CI)

	Type 2 diabetes mellitus
	

	Main effects
	

	Spontaneous abortion
	1.08 (1.02-1.14)

	Per addition increase in lifestyle score
	1.14 (1.07-1.21)

	Joint effect
	1.23 (0.93-1.53)

	Relative excess risk due to interaction
	0.01 (-0.06-0.09)

	P value
	0.957

	Gestational diabetes mellitus
	

	Main effects
	

	Spontaneous abortion
	1.18 (1.06-1.32)

	Per addition increase in lifestyle score
	0.98 (0.84-1.13)

	Joint effect
	1.20 (0.90-1.50)

	Relative excess risk due to interaction
	0.04 (-0.12-0.21)

	P value
	0.584




























Supplemental Table 4. Odds ratios (ORs) for risk of type 2 diabetes mellitus and gestational diabetes mellitus, according to the number of spontaneous abortions, using multiple imputation
	　
	Number of spontaneous abortions
	　

	Model
	None 
	1
	2
	3
	P trend

	Type 2 diabetes mellitus
	
	
	
	
	

	No. of cases/total
	4207/128197
	1087/30396
	285/7715
	242/4291
	

	Multivariable adjusted sociodemographic 
and health factorsa
	1 [Reference]
	1.12 (1.04-1.20)
	1.11 (0.98-1.26)
	1.55 (1.35-1.78)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.09 (1.01-1.17)
	1.07 (0.94-1.23)
	1.33 (1.14-1.56)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.12 (1.04-1.20)
	1.11 (0.98-1.26)
	1.55 (1.35-1.78)
	<0.001

	Model include all covariates
	1 [Reference]
	1.09 (1.01-1.17)
	1.07 (0.93-1.23)
	1.33 (1.14-1.56)
	<0.001

	Gestational diabetes mellitus
	
	
	
	
	

	No. of cases/total
	719/128197
	230/30396
	637715
	74/4291
	

	Multivariable adjusteda
	1 [Reference]
	1.25 (1.06-1.48)
	1.31 (0.97-1.76)
	2.22 (1.65-2.97)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.20 (1.01-1.42)
	1.21 (0.90-1.64)
	2.00 (1.48-2.71)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.25 (1.06-1.48)
	1.31 (0.97-1.76)
	2.22 (1.65-2.97)
	<0.001

	Model include all covariates
	1 [Reference]
	1.20 (1.01-1.42)
	1.21 (0.90-1.64)
	2.01 (1.48-2.71)
	<0.001


aMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, and CVD.
bMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, use of oral contraceptives, use of hormone treatment, menopausal status, gestational diabetes, hypertensive disorders of pregnancy, hemorrhage during early pregnancy, endometriosis, ectopic pregnancy.
cMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, lifestyle score.















Supplemental Table 5. Odds ratios (ORs) for risk of type 2 diabetes mellitus and gestational diabetes mellitus, according to the number of spontaneous abortions, after mutually excluding type 2 diabetes mellitus or gestational diabetes mellitus
	　
	Number of spontaneous abortions
	　

	Model
	None 
	1
	2
	3
	P trend

	Type 2 diabetes mellitus#
	
	
	
	
	

	No. of cases/total
	3622/127478
	899/30166
	241/7652
	179/4217
	

	Multivariable adjusted sociodemographic 
and health factorsa
	1 [Reference]
	1.09 (1.01-1.18)
	1.11 (0.97-1.28)
	1.34 (1.14-1.57)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.09 (1.01-1.18)
	1.11 (0.97-1.28)
	1.34 (1.14-1.57)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.09 (1.01-1.18)
	1.11 (0.97-1.28)
	1.34 (1.14-1.57)
	<0.001

	Model include all covariates
	1 [Reference]
	1.09 (1.01-1.18)
	1.11 (0.97-1.27)
	1.33 (1.13-1.57)
	<0.001

	Gestational diabetes mellitus*
	
	
	
	
	

	No. of cases/total
	134/123990
	42/29309
	19/7430
	11/4049
	

	Multivariable adjusteda
	1 [Reference]
	1.24 (0.88-1.76)
	2.09 (1.29-3.39)
	2.10 (1.13-3.90)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.17 (0.83-1.67)
	1.93 (1.18-3.14)
	1.88 (1.01-3.51)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.24 (0.88-1.76)
	2.09 (1.29-3.39)
	2.10 (1.13-3.89)
	<0.001

	Model include all covariates
	1 [Reference]
	1.17 (0.83-1.67)
	1.93 (1.18-3.14)
	1.87 (1.00-3.50)
	<0.001


aMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, and CVD.
bMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, use of oral contraceptives, use of hormone treatment, menopausal status, gestational diabetes, hypertensive disorders of pregnancy, hemorrhage during early pregnancy, endometriosis, ectopic pregnancy.
cMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, lifestyle score.
#Participants only excluded for women with gestational diabetes mellitus.
*Participants only excluded for women with type 2 diabetes mellitus.













Supplemental Table 6. Odds ratios (ORs) for risk of type 2 diabetes mellitus and gestational diabetes mellitus according to the number of spontaneous abortions, with additional adjustment for individual lifestyle factors
	　
	Number of spontaneous abortions
	　

	Model
	None 
	1
	2
	3
	P trend

	Type 2 diabetes mellitus
	
	
	
	
	

	No. of cases/total
	4207/128197
	1087/30396
	285/7715
	242/4291
	

	Multivariable adjusted lifestyle factorsa
	1 [Reference]
	1.17 (1.04-1.20)
	1.10 (0.97-1.25)
	1.48 (1.28-1.70)
	<0.001

	Model include all covariates
	1 [Reference]
	1.08 (1.00-1.17)
	1.06 (0.93-1.22)
	1.26 (1.07-1.48)
	<0.001

	Gestational diabetes mellitus
	
	
	
	
	

	No. of cases/total
	719/128197
	230/30396
	637715
	74/4291
	

	Multivariable adjusted lifestyle factorsa
	1 [Reference]
	1.24 (1.05-1.47)
	1.32 (0.98-1.78)
	2.28 (1.70-3.07)
	<0.001

	Model include all covariates
	1 [Reference]
	1.19 (1.00-1.41)
	1.23 (0.91-1.66)
	2.05 (1.51-2.78)
	<0.001


aMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, and lifestyle factors, including smoking status, alcohol intake, physical activity, television viewing time, sleep duration, and diet quality (including frequency of food consumption over the past year, such as fruit and vegetables intake, oily fish intake, red meat intake, and processed meat intake).
Full multivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, use of oral contraceptives, use of hormone treatment, menopausal status, hypertensive disorders of pregnancy, hemorrhage during early pregnancy, endometriosis, ectopic pregnancy, and lifestyle factors, including smoking status, alcohol intake, physical activity, television viewing time, sleep duration, and diet quality (including frequency of food consumption over the past year, such as fruit and vegetables intake, oily fish intake, red meat intake, and processed meat intake).

















Supplemental Table 7. Odds ratios (ORs) for risk of type 2 diabetes mellitus and gestational diabetes mellitus, according to the number of spontaneous abortions, after excluding cancer at baseline, chronic hypertension, and CVD
	　
	Number of spontaneous abortions
	　

	Model
	None 
	1
	2
	3
	P trend

	Type 2 diabetes mellitus
	
	
	
	
	

	No. of cases/total
	4207/128197
	1087/30396
	285/7715
	242/4291
	

	Multivariable adjusted sociodemographic 
and health factorsa
	1 [Reference]
	1.13 (1.05-1.21)
	1.14 (1.01-1.29)
	1.63 (1.42-1.87)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.09 (1.01-1.17)
	1.09 (0.95-1.24)
	1.36 (1.16-1.59)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.13 (1.05-1.21)
	1.14 (1.01-1.20)
	1.63 (1.42-1.87)
	<0.001

	Model include all covariates
	1 [Reference]
	1.09 (1.01-1.17)
	1.08 (0.95-1.24)
	1.36 (1.16-1.59)
	<0.001

	Gestational diabetes mellitus
	
	
	
	
	

	No. of cases/total
	719/128197
	230/30396
	637715
	74/4291
	

	Multivariable adjusteda
	1 [Reference]
	1.25 (1.05-1.48)
	1.30 (0.96-1.74)
	2.18 (1.63-2.91)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.24 (1.07-1.44)
	1.23 (0.95-1.60)
	2.37 (1.86-3.04)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.25 (1.05-1.48)
	1.30 (0.96-1.74)
	2.18 (1.63-2.92)
	<0.001

	Model include all covariates
	1 [Reference]
	1.24 (1.07-1.44)
	1.23 (0.95-1.60)
	2.37 (1.85-3.03)
	<0.001


aMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index.
bMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, use of oral contraceptives, use of hormone treatment, menopausal status, gestational diabetes, hypertensive disorders of pregnancy, hemorrhage during early pregnancy, endometriosis, ectopic pregnancy.
cMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, lifestyle score.


















Supplemental Table 8. Odds ratios (ORs) for risk of type 2 diabetes mellitus and gestational diabetes mellitus among women with at least one live birth, according to the number of spontaneous abortions
	　
	Number of spontaneous abortions
	　

	Model
	None 
	1
	2
	3
	P trend

	Type 2 diabetes mellitus
	
	
	
	
	

	No. of cases/total
	3385/101789
	874/24255
	224/6041
	184/3047
	

	Multivariable adjusted sociodemographic 
and health factorsa
	1 [Reference]
	1.11 (1.03-1.20)
	1.10 (0.95-1.27)
	1.59 (1.35-1.87)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.08 (0.99-1.17)
	1.07 (0.92-1.25)
	1.34 (1.12-1.61)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.11 (1.03-1.20)
	1.10 (0.95-1.27)
	1.58 (1.35-1.86)
	<0.001

	Model include all covariates
	1 [Reference]
	1.08 (1.01-1.17)
	1.07 (0.92-1.25)
	1.34 (1.11-1.61)
	<0.001

	Gestational diabetes mellitus
	
	
	
	
	

	No. of cases/total
	585/101789
	184/24255
	49/6041
	59/3047
	

	Multivariable adjusteda
	1 [Reference]
	1.22 (1.01-1.48)
	1.30 (0.93-1.83)
	2.43 (1.74-3.39)
	<0.001

	Multivariable adjusted reproductive factorsb
	1 [Reference]
	1.16 (0.96-1.41)
	1.22 (0.87-1.72)
	2.16 (1.54-3.04)
	<0.001

	Multivariable adjusted lifestyle factorsc
	1 [Reference]
	1.22 (1.01-1.48)
	1.31 (0.93-1.83)
	2.43 (1.74-3.39)
	<0.001

	Model include all covariates
	1 [Reference]
	1.16 (1.00-1.41)
	1.22 (0.87-1.72)
	2.16 (1.54-3.04)
	<0.001


aMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, and CVD.
bMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, use of oral contraceptives, use of hormone treatment, menopausal status, gestational diabetes, hypertensive disorders of pregnancy, hemorrhage during early pregnancy, endometriosis, ectopic pregnancy.
cMultivariable models were adjusted for age at baseline, BMI at baseline, race/ethnicity, education, average total household income, Townsend deprivation index, cancer at baseline, chronic hypertension, CVD, lifestyle score.
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Supplemental Figure 1. Directed Acyclic Graph Depicting the hypothesized pathways between spontaneous abortion and the risk of T2DM/GDM
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