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	Study
	Nicotine metabolites
	Tobacco specific nitrosamines (TSNA)
	Polycyclic aromatic hydrocarbon (PAH) metabolites
	Volatile organic compound (VOC) metabolites
	Heavy metals

	Clemens et al 2019 [37]
	Geometric mean, 95% CI:

Dual-users’ nicotine levels (11.0, 3.8 to 31.3) and cotinine levels (0.213, 0.006 to 7.672) were significantly higher compared with non-users (1.1, 0.6 to 2.0; 0.000, 0.000 to 0.001); p = 0.007, p = 0.03, respectively. 

No significant difference for dual-users nicotine or cotinine levels compared with exclusive-smokers: 10.6 6.5 to 17.4, 0.065, 0.009 to 0.465; respectively & p = 0.58, p = 0.40, respectively.
	Geometric mean, 95% CI:
No significant difference in nicotine-derived nitrosamine ketone (NNK) between dual-users (0.030, 0.002 to 0.395) and non-users (0.003, 0.001 to 0.011, p = 0.22) or exclusive-smokers (0.131, 0.018 to 0.888, p = 0.20). 
NNAL (NNK metabolite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone) levels were not significantly different between dual-users (0.030, 0.002 to 0.395) and non-users (0.004, 0.001 to 0.013, p = 0.22) or exclusive-smokers (0.005, 0.001 to 0.025, p = 0.20)

	NR
	NR
	NR

	Coleman et al 2021 [39]
	During pregnancy, nicotine exposure levels (total nicotine equivalents) were lower for exclusive-vapers compared with dual-users and smokers, and similar for dual-users and exclusive-smokers. Pregnant women had higher nicotine levels than non-pregnant. No statistical comparisons conducted.

Geometric mean, 95% CI:

Pregnant 
exclusive-vapers: 0.51, 0.08 to 3.49
Dual-users: 24.88, 14.67 to 42.22 
exclusive-smokers: 25.08, 13.69 to 45.95 

Non-pregnant
Exclusive-vapers: 0.44, 0.16 to 1.19 
Dual-users: 11.62, 7.80 to 19.50
Exclusive-smokers: 12.33, 7.80 to 19.50

	Compared with dual-users and exclusive-smokers, NNAL exposure levels were lower for exclusive-vapers during pregnancy. NNAL was higher for exclusive-smokers than dual-users. Compared with non-pregnant women, pregnant women had higher levels of NNAL. No statistical comparisons conducted.

Geometric mean, 95% CI:

Pregnant
Exclusive-vapers: 14.90, 2.04 to 108.67
Dual-users: 136.80, 80.43 to 232.70
Exclusive-smokers: 196.79, 130.32 to 297.10

Non-pregnant
Exclusive-vapers: 6.12, 3.59 to 10.41
Dual-users: 125.92, 96.61 to 164.17
Exclusive-smokers: 90.91, 71.58 to 115.45

	Compared with dual-users and smokers, 1-hydroxypyrene (1-PYR) and 2-hydroxyfluorene (2-FLU) exposure levels in pregnancy were lower for vapers. 1-PYR was similar for dual-users and smokers. 2-FLU was higher for smokers than dual users.

Compared with non-pregnant women, except for exclusive-vapers 2-FLU, pregnant women had higher levels of 1-PYR & 2-FLU

Geometric mean, 95% CI:

Pregnant 
Exclusive-vapers: 
1-PYR 0.25
(0.14, 0.43)
2-FLU 0.22
(0.15, 0.33
Dual-users:
1-PYR 0.37
(0.24, 0.5)
2-FLU 0.77
(0.54, 1.09)
Exclusive-smokers:
1-PYR 0.38
(0.32, 0.45)
2-FLU 0.88
(0.71, 1.07)

Non-pregnant
Exclusive-vapers:
1-PYR 0.18, 0.14 to 0.23
2-FLU 0.23, 0.17 to 0.30
Dual-users: 
1-PYR 0.34, 0.30 to 0.39
2-FLU 0.83, 0.70 to 0.98
Exclusive-smokers:
1-PYR 0.29, 0.27 to 0.32)
2-FLU 0.68, 0.58 to 0.78

	Compared with dual-users and exclusive-smokers, HPMA and CYMA exposure levels were lower for exclusive-vapers during pregnancy. Both HPMA and CYMA were higher for dual-users than Exclusive-smokers.

Compared with non-pregnant women, except for Exclusive-vapers HPMA, pregnant women had higher levels of HPMA and CYMA. 

Geometric mean, 95% CI:

Pregnant 
Exclusive-vapers:
HPMA 223.67, 157.69 to 317.25
CYMA 8.48, 3.36 to 21.40
Dual-users:
HPMA 1331.07, 974.09 to 1818.86
CYMA 96.74, 66.67 to 140.38
Exclusive-smokers:
HPMA 1020.94, 783.61 to 1330.15
CYMA 73.98, 51.20 to 106.88

Non-pregnant 
Exclusive-vapers:
HPMA 296.48, 207.92 to 422.67
CYMA 4.36, 2.54 to 7.50
Dual-users:
HPMA 861.19, 726.78 to 1020.47
CYMA 82.05, 60.97 to 110.43
Exclusive-smokers:
HPMA 697.75, 601.87 to 809.10
CYMA 63.07, 47.96 to 82.93

	During pregnancy, exposure to lead and cadmium was similar for exclusive-vapers, dual-users and exclusive-smokers.
Pregnant women had higher levels of cadmium and lead compared with non-pregnant.

Geometric mean, 95% CI:

Pregnant
Exclusive-vapers:
Lead 0.42, 0.17 to 1.00
Cadmium 0.17, 0.04, 0.67
Dual-users:
Lead 0.50, 0.35 to 0.71
Cadmium 0.15, 0.09 to 0.22
Exclusive-smokers: 
Lead 0.49, 0.42 to 0.57
Cadmium 0.22, 0.18 to 0.28

Non-pregnant
Exclusive-vapers:
Lead 0.34, 0.29 to 0.39 
Cadmium 0.15, 0.11 to 0.19
Dual-users:
Lead 0.40, 0.35 to 0.45
Cadmium 0.17, 0.15 to 0.18
Exclusive-smokers:
Lead 0.38, 0.35 to 0.41
Cadmium 0.17, 0.15 to 0.18




NR = not reported
