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Additional file 3. Vaping and smoking groups and associated characteristics 

	Author/date
	Study groups, definition: % (n)
	Biochemical validation
	Dependence measures
	Other smoking and vaping characteristics reported 1
	Second-hand exposure 

	Ammar et al
2023 [32]

	Reported in the last three months of pregnancy: Exclusive-vapers: 0.5% (977/190,707)
Exclusive-smokers: 7.7% (14,752/190,707) 
Dual-users: 0.7% (1,404/190,707)
Non-users: 91.0% (173,574/190,707) 

Among those reporting any vaping in the three months before pregnancy (N=7,877):
Reported any vaping in last three months of pregnancy 25.4% (2,002/7,877)
Reported no vaping in last three months of pregnancy 74.6% (5,875/7,877)

	NR
	NR
	Frequency of vaping during the last 3 months of pregnancy among those who vaped in the 3 months before pregnancy: 
None: 74.6% (5,875/7,877)
<1 day/week: 9.5% (747/7,877)
2-6 days/week: 3.6% (280/7,877)
Once per day: 3.7% (289/7,877)
>1per day: 8.7% (686/7,877)
	NR

	Ashford et al 2021 [33]

	At enrolment, self-report with nicotine level verified:
Exclusive-vapers: 10.0% (21/218)
Exclusive-smokers: 48.6% (106/218)
Dual-users: 41.7% (91/218)

Change of product use over pregnancy:
Switched products: 26.1% (57/218)
Quit both: 11.5% (25/218)
Continued use as at enrolment: 62.4% (136/ 218), comprising: 5.8% (8/136) vapers, 49.2% (67/136) smokers, 33% (45/136) dual-users 
	At enrolment, urine cotinine used to assess smoking status. Serum cotinine measured at each study visit.
	NR
	NR
	NR

	Cardenas et al 2019 [34]

	Use in past month: 
Exclusive-vapers: 3.0% (6/199)
Exclusive-smokers: 28.1% (56/199)
Dual-users: 8.5% (17/199)
Non-users (validated as non-users): 32.2% (64/199)
Other tobacco use: 5.5% (11/199)
	Salivary cotinine and hair nicotine used to assess smoking status
	NR
	Frequency: 
Vaping daily to 10 days a month 20.8% (5/24), 3 to 9 times a month 29.2% (7/24),
1 to 2 times a month 50% (12/24)
Smoking: Dual-users: mean 6.3 cigarettes per day, exclusive smokers: mean 7.3 cigarettes per day

Use of other tobacco products was assessed
	NR

	Cardenas et al 2020 [35]

	Use in 3 months before pregnancy or in last 3 months of pregnancy:
Exclusive-vapers: 1% (18/1594)
Exclusive-smokers: 23% (372/1594)
Dual-users: 6% (100/1594)
Non-users: 67% (1062/1594)
Other tobacco use: 3% (42/1594)
	Sensitivity analysis carried out using sensitivity and specificity estimates from previous validation studies using hair nicotine and serum cotinine measures
	NR
	NR
	NR

	Choi et al
2024 [36]
	Numbers are unweighted while percentages are weighted
Reports of vaping in the past two years:
Any vaping 6.6% (3,874)
No vaping 93.4% (55,076)

Reports of vaping in the 3 months before pregnancy (among those who vaped in the past two years):
Any vaping 58.1% (2,241)
No vaping 41.9% (1,638)

Reports of vaping in the last 3 months of pregnancy (among those who vaped in the past two years):
Any vaping 18.2% (703)
No vaping 81.8% (3,193)

Reports of use of combustible cigarettes and/or hookah in the past two years:
20.9% (12,323)
	NR
	NR
	Numbers are unweighted while percentages are weighted
Frequency of vaping during the 3 months before pregnancy:
>Once a day: 763 (21.9) 
Once a day: 204 (4.6) 
2–6 days a week: 289 (7.5) 
<1 day a week: 985 (24.9)

Frequency of vaping during the last 3 months of pregnancy: 
>Once a day: 226 (6.8) 
Once a day: 106 (2.1) 
2–6 days a week: 103 (2.5) 
<1 day a week: 268 (6.8)


	NR

	Clemens et al 2019 [37]

	Use in past month:
Exclusive-smokers: 41.3% (24/58)
Dual-users: 15.5% (9/58)
Non-users: 43.1% (25/58) 
	Hair nicotine and cotinine levels
	NR
	NR
	NR

	Cohn et al 2023 [38]

	Use in past 30-days:
Vapers/dual-users: 6.7% (69/1037)
Exclusive-smokers: 22.8% (236/1037)
Non-users: 70.6% (732/1037)
	NR
	Fagerstrom Test Waking First Cigarette Score:
≤5 mins: 5%; 6-30 mins: 4%; 31-60 mins: 7%; >60 mins: 6%
	NR
	NR

	Coleman et al 2021 [39]

	Use some days or every day at time of survey:
Pregnant (n=109): 
Exclusive-vapers: 6% (7/109)
Exclusive-smokers: 77% (84/109)
Dual-users: 17% (18/109)

Non-pregnant (n=1504):
Exclusive-vapers: 7% (111/1504)
Exclusive-smokers: 68% (1023/1504)
Dual-users: 25% (370/1504)

	NR
	NR
	Number of days of vaping past month (95% CI):
Pregnant
Vapers: 10.63 (3.41 to 17.85)
Dual-users: 5.09 (0.80 to 9.39)

Non-pregnant
Vapers: 17.13 (13.62 to 20.65)
Dual-users: 7.45 (5.09 to 9.80)

CPD (95% CI): 
Pregnant
Dual-users: 8.75 (5.26 to 12.24)
Smokers: 9.80 (7.18 to 12.42)


Non-pregnant
Dual-users: 9.44 (7.88 to 11.00)
Smokers: 9.48 (7.33 to 11.36)

	NR

	Froggatt et al 2020 [40]
	Use at time of survey (32 weeks gestation):
Exclusive-vapers: 12% (10/83)
Exclusive-smokers, 1 to 20 CPD: 35% (29/83)
Non-users, no exposure to nicotine/tobacco products: 53% (44/83) 
	Expired carbon monoxide level
	NR
	Pre-conception mean years smoking:
Vapers: 4.2
Smokers: 11.2
Non-users: 0.3

Vaping nicotine dose: 3-16 mg 

Women using NRT or other nicotine product were ineligible

	Additional household smokers: 
Vapers: 2.4% (2/83)
Smokers: 12% (10/ 83) 
Non-users: 3.6% (3/83)


	Froggatt et al 2021 [41]

	32 weeks gestation:
Exclusive-vapers: 14.1% (15/106)
Exclusive-smokers, <10 CPD: 32 weeks: 30.1% (32/106)
Exclusive-smokers, 11-20 CPD: 32 weeks: 12.2% (13/106)
Non-users: 43.3% (46/106)

36 weeks gestation:
Exclusive-vapers: 16% (14/87)
Exclusive-smokers, <10 CPD: 31% (27/87)
Exclusive-smokers, 11-20 CPD: 13.7% (12/87)
Non-users: 39.1 (34/87) 

	Expired carbon monoxide level
	NR
	Vaping nicotine dose: 3–16 mg
Mean (SD) = 7.8 (4.8) mg 

Heavy smokers (11-20 CPD day) 28%

Use of other nicotine products assessed but not reported
	NR

	Galbo et al 2022 [56]

	Reported any vaping in the last three months of pregnancy: 1.2% (859/71,940)

	NR
	NR
	NR
	NR

	Hajek et al 202215
Pesola et al 2024 [57]


	At enrolment
Smokers: 100% (1140)
50% randomised to NRT, 50% to vaping

Secondary analysis of groups who did and did not regularly use vaping or NRT in pregnancy, regardless of randomisation (Pesola et al 2024 [57]:
Regular vaping during pregnancy (N=539, 47.3)
Regular use of NRT (N=235, 20.6%). Among abstainers, there were 131 (66.8%) regular users of vaping and 40 (20.4%) regular users of NRT, 25 (12.8%) abstainers did not use any nicotine products regularly.

	Salivary cotinine, salivary anabasine & expired carbon monoxide level
	Fagerstrom test of cigarette dependence 
score, mean (SD)
Vaping: 4.0 (2.1)
NRT: 4.3 (2.1)
	Median 10 CPD at baseline
Treatment adherence: 
Vaping: 77% (438/571)
NRT: 51% (292/569) 

Refillable e-cigarettes 94%,
maximum 20 mg/ml
nicotine, nicotine concentration decreased significantly over time; most used tobacco and fruit flavours

Trial intervention period from enrolment to end of pregnancy
NRT: 17.8% vaped regularly Vaping: 2.8% regularly used NRT
Regular use of vaping or NRT was defined as self-report of having used the product for at least 5 consecutive days during the first 4 weeks, using regularly for at least 1 week, or occasionally for at least 3 weeks or currently using the product at EOP.


	Lives with person who smokes: Vaping: 59.9%
NRT: 57.6%

	Hawkins et al 2021 [42]

	Last 3 months of pregnancy:
Exclusive-vapers: 0.5% (301/57,046)
Exclusive-smokers: 8% (5063/57,046)
Dual-users: 0.8% (529/57,046)
Non-users: 89.7% (51,153/57,046)

	NR
	NR
	NR
	NR

	Kim et al 2020 [43]

	Last 3 months of pregnancy:
Exclusive-vapers: 0.6% (337/55251)
Exclusive-smokers: 6% (3484/55251)
Non-users: 93% (51340/ 55251)
	NR
	NR
	NR
	NR

	Lavezzi et al 2022 [44]

	Period of assessment not stated: 
Sudden intrauterine unexplained deaths (SIUDS), lung hypoplasia group (n=25): 
Exclusive-vapers: 20% (5/25)
Exclusive-smokers, >3 CPD: 60% (15/25) 
Dual-users: 16% (4/25)
Non-users: 4% (1/25)


SIUDS normal lung development group (n= 22):
Exclusive-smokers: 45% (10/22)
Non-users: 55% (12/22)

Well defined death (Control Group) (n=20):
Exclusive-smokers: 20% (4/20)
Non-users: 80% (16/20)

	Hair cotinine
	NR
	NR
	NR

	Lin et al 2023 [45]

	Compared four vaping patterns in pregnancy (size of groups NR):
Continuous exclusive-vapers/dual-users 
The other three groups included both non-vapers/non-smokers and smokers:
Stopped vaping before pregnancy 
Stopped vaping in pregnancy 
Never vaped
Also compared vaping flavours groups:
Menthol/mint
Alcohol
Candy
Other
Size of groups NR

	NR
	NR
	Assessed use of vaping  flavours, classed as mint/menthol, alcohol, candy, and others, but didn’t report frequencies
	Controlled for whether smoking is allowed in the home

	McDonnell et al 2019 [46]

	Use at time of survey (10 to 14 weeks gestation):
Exclusive-vapers: 35% (218/620)
Exclusive-smokers, at least 1 CPD: 16% (99/620) 
Dual-users: 31% (195/620)
Non-users, never used: 17% (108/620)

	NR
	NR
	NR
	NR

	Nanninga et al 2023 [47]

	Covers whole of pregnancy, assessed postpartum:
Exclusive-vapers 0.5% (10/1937)
Exclusive-smokers 10.8% (209/1937)
Dual-users 0.6% (12/1937)
Non-users 88.1% (1706/1937)
	NR
	NR
	Use throughout pregnancy:
Vapers 50% 
Smokers 52% 
Dual-users 58% 

Use for > 3 years before pregnancy:
Vapers 40%
Smokers 86% 
Dual-users 58% 

3 vapers used non-nicotine devices, 7 used a low nicotine dose. 3 dual-users used non-nicotine vapes, 6 used a low nicotine dose and three used a high dose

	

	Opondo et al 2021 [48]

	After finding out about pregnancy
Exclusive-vapers: 0.6% (27/4,421) 
Exclusive-smokers: 4.1% (183/4,421) 
Dual-users: 1.6% (71/4,421)
Non-users: 93.6% (4,139/4,421)
Unknown: n=1
	NR
	NR
	Smoking frequency: ‘daily’, ‘less than daily but at least once a week’, ‘less than weekly but at least once a month’, ‘less than monthly’ and ‘not at all’.
Four categories of smokers:
‘Ex-smokers’ 17.6%: previously smoked but mostly not smoking at all.
‘Temporary quitters’ 4.0%: smoked almost daily before pregnancy but reduced frequency of smoking, resuming original frequency after the birth. 
‘Pregnancy-inspired quitters 6.2%: maintained reduced frequency of smoking after birth.
‘Persistent smokers’ 6.8%: continued smoking daily at similar frequency as before pregnancy 

	NR

	Regan, Bombard et al 2021 [49]

	During last 3 months of pregnancy:
Exclusive-vapers: 0.4% (329/79,176)
Exclusive-smokers: 6.4% (5,100/79,176)
Dual-users: 0.7% (577/79,176)
Non-users: 89.7% (71,013/79,176)

During the 3 months before pregnancy: 
Exclusive-vapers: 0.6% (462/79,176)
Exclusive-smokers: 16.4% (13,015/79,176)
Dual-users: 2.1% (1695/79,176)
Non-users: 79.7% (63,098/79,176)

	
	
	Frequency of vaping 
3 months before pregnancy:
39.8% daily vapers
Last 3 months of pregnancy – 44.3% daily vapers
	

	Regan & Pereira 2021 [50] 

	During the last three months of pregnancy
Exclusive-vapers: 1% (189/16,022) 
Exclusive-smokers: 39% (6310/16,022) 
Dual-users: 4% (585/16,022) 
Non-users, all former smokers: 56% (8938/ 16022)

	NR
	NR
	Frequency of vaping 
3 months before pregnancy:
36.3% daily vapers
Last 3 months of pregnancy – 61.3% daily vapers
	NR

	Rollins et al 2020 [51]

	Current use and/or use 3 months preconception: 
Exclusive-vapers: 1% (14/1365) 
Exclusive-smokers: 27% (372/1365)
Dual-users: 3% (40/1365)
Non-users: 69% (939/1365) 
	NR
	NR
	Mean CPD: 
Dual-users: 8.9 
Smokers: 6.2
	NR

	Shittu et al 2022 [52]

	In 3-months pre-pregnancy, (weighted %)
Exclusive-vapers: 1% (61,173/5,446,900) 
Exclusive-smokers: 14% (773,586/5,446,900) 
Dual-users: 3% (149152/5,446,900)
Non-users: 82% (4,462,989/5,446,900) 

Changes during pregnancy
Vapers: 
Quit vaping: 80.7% (49,367/ 61,173) 
Continued vaping: 18.6% (113,78/ 61,173) 
Switched from vaping to smoking: 0.63% (385/61,173) 
Continued vaping and started smoking: 0.01% (6/61,173)

Smokers:
Quit smoking: 54.4% (420830/773,586)
Continued smoking: 44.1% (317944/773,586) 
Switched from smoking to vaping: 0.46% (3558/773,586) 
Continued smoking and started vaping  (dual use): 0.97% (7504/773,586) 

Dual-users: 
Quit smoking & vaping: 46.4% (69207/149,152) 
Quit vaping & continued smoking: 26.7% (39824/ 149,152)  
Quit smoking and continued vaping: 5.6% (8353/ 149,152)
Continued dual use 21.4% (31,919/149,152)


Non-users:
Started vaping and smoking: 0
Started vaping: 0.07% (104/149,152)
Started smoking: 0.07% (104/149,152)
Continuous non-user: 99.9% (148,994/149,152)

	NR
	NR
	NR
	NR

	Wang et al 2020 [53]

	In 3-months pre-pregnancy
Exclusive-apers: 1% (267/31,973) 
Exclusive-mokers: 16% (5029/31,973)
Dual-users: 3% (976/31,973) 
Non-users: 80% (25,521/31,793) 

Changes during last 3 months of pregnancy
Smokers:  
Quit smoking: 52% (2622/5,029) 
Continued smoking: 47% (2342/5,029) 
Switched to vaping: 0.3% (18/5,029) 
Switched to dual use: 0.9% (47/5,029) 
 
Vapers:  
Quit vaping: 81% (215/267) 
Continued vaping: 18% (49/267) 
Switched to smoking: 0.1% (3/267) 
Switched to dual use: 0% 

Dual-users: 
Quit smoking & vaping: 44% (432/976) 
Quit vaping, continued smoking: 28% (270/976) 
Quit smoking, continued vaping: 6% (56/976) 
Continued dual use: 22% (218/976)
 
Non-users: 
Continued non-use: 99% (25501/25,521)  
Started to smoke 0.06% (17/25,521) 
Started to vape 0.01% (3/25,521) 
Started dual use: 0
	NR
	NR
	NR
	NR

	Wang et al 2022 [54]
	Reported in the last three months of pregnancy:
(unweighted N, Weighted %)
Exclusive-smokers: 7.1% (8164)
Exclusive-vapers: 0.4% (406)
Dual users: 0.7% (723)
Non-users: 91.8% (89,908)

All categories in the last three months of pregnancy: (unweighted N, Weighted %)
1. Non-users 91.8% (89,908)
2. Exclusive occasional vapers (vaping <once a day) 0.2% (176)
3. Exclusive frequent vapers (vaping >once a day)
0.2% (230)
4. Dual-users: light smoker (1-5 cigs/day)
& occasional vaper 0.2% (230)
5. Dual users: light smoker & frequent vaper 0.1% (163)
6. Exclusive light smoker: 4.2% (4,988)
7. Dual-users: heavy smoker (≥6 cigs/day) & occasional vaper 0.2% (212)
8. Dual users: heavy smoker and frequent vaper 0.1% (118)
9. Exclusive heavy smoker 2.9% (3176)

	NR
	NR
	Frequency of vaping during the three months before pregnancy, and during the last three months of pregnancy Daily average quantities of cigarettes smoked was also queried for those two time periods. (see study groups column for %)


	NR

	Wen et al 2023 [55]

	Any use in last 3 months of pregnancy
Exclusive-vapers: 0.5% (921/176,882) 
Exclusive-smokers: 7.7% (13,697/176,882) 
Dual-users: 0.7% (1,308/176,882) 
Non-users: 91.0% (160, 956/176,882)

	NR
	NR
	NR
	NR



NR = not reported, CPD = cigarettes per day, NRT=nicotine replacement therapy

1 Frequency and duration of vaping/smoking, product type/dose/ flavours, use of other nicotine or tobacco products 

