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ETS AND BIRTHWEIGHT

1. About 60 studies1-61 have investigated the possible relationship of birthweight

to ETS.  Smoking by the father has been the most common index of ETS

exposure, while other indices that have been used include smoking in the

household, smoking at the workplace and the cotinine level of the mother.

2. Three main endpoints have been used for studying possible effects of ETS

exposure on birthweight.  One endpoint, used in many of the studies, is the

difference in average birthweight between exposed and unexposed mothers.

Another endpoint, used in some of the studies, is the risk of having a low

birthweight (LBW) infant.  This is traditionally defined as less than 2500g.62

A third endpoint is the risk of having an infant that is “small for gestational

age” (SGA).

3. In view of the known associations between maternal smoking and low

birthweight63 and between maternal and paternal smoking1,64 most of the

studies have restricted attention to nonsmoking mothers.  However some

studies have based their analyses on all mothers, in most cases making

statistical adjustment for smoking.

4. Numerous factors have been linked to low birthweight. These include the sex,

parity and gestational age of the child, maternal age, the height and weight of

the mother and father, socioeconomic and employment status, and maternal

alcohol consumption.65,66  The ETS/birthweight studies vary widely in the

extent to which these factors have been taken into account.  While 13

studies22,27,29,31,40,43,47,48,54,58-61 have adjusted for eight or more factors, some of

the studies do not correct for any factors at all.  Despite evidence that

nutritional factors play a role in birthweight67 only two ETS/birthweight

studies30,34 have reported taking diet into account as a potential confounder.
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5. Of 31 studies relating ETS to the risk of having an LBW infant, four13,30,33,51

reported a significant (p<0.05) increase in risk, one reported a reduction that

was marginally significant at this level5, with the rest reporting no significant

association.

6. Of 16 studies relating ETS to the risk of having an SGA infant, four33,48,49,61

reported significant increases in at least one analysis, and one40 a significant

decrease.

7. Most of the 42 studies looking for differences in birthweight associated with

ETS exposure did not report a statistically significant relationship.  However

12 studies9,14,18,20,21,25,33,34,39,43,44,58 have reported a significantly reduced

birthweight and one study16 has reported a significant increase.

8. Interpretation of the reported associations is made difficult because:

• although increases in risk of LBW or SGA or reductions in birthweight

associated with ETS have been reported in four43,48,58,61 of the 13

studies that adjusted for eight or more potential confounding variables,

these were only in isolated analyses for specific endpoints and exposure

indices.  Most analyses of these four studies showed no significant

association.  Of the remaining nine such studies eight did not find any

significant relationship at all, and one40 reported a significantly lower

risk of SGA associated with ETS exposure.

 

• some of the studies that have reported significant associations have

accounted for no potential confounding variables9,21,25,33,44,51 or have

not restricted attention to nonsmoking mothers.14,18,48

 

• some of the ETS/birthweight studies11,13,16,32,35,37,43,48,52 found that

adjustment for potential confounding variables markedly weakened the

strength of the reported relationship between ETS and reduced

birthweight.
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9. Almost 30 studies have presented data on the relationship between birthweight

and extent of ETS exposure. Only five of these14,20,30,38,39 found a statistically

significant trend. In two studies20,38 the claimed effect is limited to the highest

ETS exposure group, data by level of exposure not being shown in two of the

other two studies.14,39  Confounding, and other sources of bias, may contribute

to an observed dose-response relationship.

10. Recent meta-analyses68 estimate that ETS exposure is, on average, associated

with a decrease in birthweight of 25 to 40g.  This modest difference, of about

an ounce, does not necessarily imply harm to the infant, and can be compared

with a recent estimate of 102g for the reduction in birthweight relating to an

elevation in altitude of 1000m.69

11. Reviewers have noted that in some studies the claimed effects of ETS on

birthweight are far greater than would seem biologically plausible and are

inconsistent with the results of the remaining studies.70,71  One recent study,

for example,72 estimated, based on results for maternal smoking during

pregnancy, that a 1000 ng increase in mean urinary cotinine was associated

with a 59g reduction in birthweight, and that ETS exposure at home was

associated with only a 21 ng increase in urinary cotinine. These results would

suggest a birthweight reduction associated with ETS of about 1g, not the

reduction of 50g or more reported in some studies,9,12,17-21,28,34,43,44,46 many of

which are small and take no, or only a few, potential confounding variables

into account.

12. Lack of objective measures of actual ETS exposure during gestation, and

reliance on unverified paternal smoking as a measure of exposure, are

additional flaws in the existing studies.

13. The evidence, taken as a whole, does not demonstrate that ETS exposure

decreases birthweight or increases risk of LBW or SGA.
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EPIDEMIOLOGICAL EVIDENCE ON ENVIRONMENTAL

TOBACCO SMOKE AND BIRTHWEIGHT

THE DATA

The tables that follow summarize the key evidence relating birthweight to

paternal smoking (Table 1), other questionnaire indices of ETS exposure (Table 2)

and biochemical markers of ETS exposure (Table 3).  The tables show, for each study

providing data, estimates of the birthweight decrease, the relative risk of low

birthweight or the relative risk of small for gestational age associated with ETS

exposure.  95% confidence levels are also shown, where available, as well as details

of statistical significance.  The tables, supplemented by Appendix A, also give details

of the year each paper was published, the study size, the study design, and how

smoking by the mother and potential confounding variables were taken into account.

In each table, results are shown first for those studies restricted to nonsmoking

mothers, then for studies of ex-smoking mothers, then for studies which have

considered both smoking and nonsmoking mothers and adjusted for maternal smoking

in analysis, and finally for studies which have ignored maternal smoking.  Within

each category of maternal smoking, results are shown in order of the number of

potential confounding variables taken into account.

For some studies, the birthweight decrements or the relative risks of low

birthweight or of small for gestational age, as well as their  95% confidence intervals,

have been estimated from data provided in the source papers.

It should be noted that most of the studies record smoking status and ETS

exposure during pregnancy.  However for some studies the data collected relate to the

period before conception or to the time of interview after birth.  The nonsmoking

mothers generally include both never and former smokers.
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TABLE 1: Relationship between paternal smoking and birthweight

Ref Author Year Sizea
Mother
smokesb

No. of
conf.c End-pointd Resulte Sig.f

61 Mitchell 2002 3 NSM 12 RRS 0.99 (0.72 to 1.37) NS
22 Nakamura 1988 3 NSM 11 RRL 1.40 (0.90 to 2.20) NS
31 Ahlborg 1991 3 NSM 10 RRL 0.84 (0.32 to 2.24) NS
43 Rebagliato 1995 2 NSM 9 BWD -53g (-110g to 4g) NS
58 Matsubara 2000 3 NSM 9

9
8

BWD
RRL
RRS

11g
0.92 (0.71 to 1.20)
0.95 (0.72 to 1.26)

NS
NS
NS

59 Windham 2000 3 NSM 9
0g

BWD
RRLh

32g (-18g to 81g)
1.4 (0.9 to 2.2)

NS
NS

60 Jaakkola 2001 2 NSM 8
8

RRL
RRS

1.92 (0.79 to 4.70)
1.41 (0.52 to 3.82)

NS
NS

30 Yan 1990 2 NSM 7 RRL 1.89 (1.23 to 2.91) p<0.05
39 Martinez 1994 2 NSM 6 BWD 34g (5g to 63g) per unitj p<0.05
36 Zhang 1993 3 NSM 4

0
0

BWD
RRL
RRS

30g (-7g to 66g)
1.07 (0.58 to 1.97)
1.11 (0.83 to 1.48)

NS
NS
NS

35 Pan 1992 2 NSM 3 RRS 1.68 (0.69 to 4.10) NS
55 Windham 1999 2 NSM 3 RRS 1.5k  (0.64 to 3.4) NS
2 MacMahon 1966 3 NSM 1 BWD 21g (-4g to 47g) NS
3 Ravenholt 1966 3 NSM 1 BWD 33g NS
7 Yerushalmy 1971 3 NSM 1 RRL 0.95 NS

56 Haug 2000 4 NSM 1 BWD 1g (-15g to 17g) NS
1 Yerushalmy 1962 2 NSM 0 RRL 1.09 (0.58 to 2.07) NS
4 Comstock 1967 2 NSM 0 BWD 42g NS
5 Underwood 1967 4 NSM 0

0
BWD
RRL

5g
0.90 (0.82 to 1.00)

NS
p•0.05

8 Mau 1974 3 NSM 0 RRL 1.27 (0.99 to 1.62) NS
9 Borlee 1978 2 NSM 0 BWDl 228g (17g to 439g) p<0.05

12 Karakostov 1985 2 NSM 0 BWD 84g (-114g to 282g) NS
17 Schwartz-B. 1987 1 NSM 0 BWD 205g (-32g to 442g) NS
19 Drozdz 1988 1 NSM 0 BWD 190g (-160g to 540g) NS
24 Chen 1989 3 NSM 0g

0g
BWD
RRL

10g (-89g to 109g)
1.51 (0.79 to 2.90)

NS
NS

26 Kikuchi 1990 2 NSM 0 RRL 1.39 (0.63 to 3.04) NS
33 Saito 1991 3 NSM 0

0
BWD
RRS

33g (0.5g to 66g)
1.26 (1.09-1.46)

p<0.05
p<0.05

16 MacArthur 1987 2 ESM 4 BWD -123g (-242g to -4g) p<0.05
29 Rantakallio 1990 3 AS 20+ RRL 1.18 (0.98 to 1.41) NS
48 Horta 1997 3 AS 7

10
RRL
RRS

1.18 (0.94 to 1.48)
1.33 (1.05 to 1.68)

NS
P<0.05

11 Magnus 1984 3 AS 7 BWD 5g (-13g to 23g) per unitm NS
14 Rubin 1986 2 AS 7 BWD 6.1g (0.2g to 12.0g)/cig p<0.05
18 Campbell 1988 2 AS 4 BWD 113g (8g to 216g) p<0.05
45 Wilcox 1995 2 AS 2 IBRD 0.046 (-0.042 to 0.134) NS
42 Jadsri 1995 1 AS 2 RRL 1.46 (0.79 to 2.69) NS
15 Little 1987 2 AS 0 BWD No sig. effect NS
6 Terris 1969 2 I 0 RRL 0.81 (0.43 to 1.53) NS

a 1,2,3,4 = <100, 100-999, 1000-9999, >10000 infants (see Appendix A)
b NSM = nonsmoking mothers ; ESM = ex smoking mothers; AS = adjusted for maternal smoking; I = ignoring smoking
c See Appendix A for the confounders considered
d BWD = birthweight decrement; IBRD = individual birth ratio decrement; RRL = relative risk of low birthweight;

       RRS = relative risk of small for gestational age
e 95% confidence intervals shown in brackets where available
f NS = not significant (p>0.05)
g Adjustment for confounders stated to have little effect
h Data came from reference73

j Units are 0,1,2,3 = 0,1-10,11-20,21+ cigarettes/day
k RR is for >10 cigs/day. Results for lower amounts and low birthweight showed weaker associations and not presented
l Includes over 50% malformed births
m  Units are 1,2,3,4  = 0, <10,10-20 and 21 cigarettes/day
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TABLE 2: Relationship between other questionnaire indices of
ETS exposure and birthweight

Ref Author Year Sizea
Mother
smokesb

No.of
conf.c

ETS
exposured

End-
pointe Resultf Sig.g

54 Sadler 1999 3 NSM 18
13

Any
Any

BWD
RRS

1g (-43g to 41g)
0.82 (0.51 to 1.33)

NS
NS

27 Lazzaroni 1990 2 NSM 15 Home or work BWD 38g (-31g to 107g) NS
61 Mitchell 2002 3 NSM 12

12
Home(not father)
Workplace/social

RRS
RRS

0.83 (0.57 to 1.22)
1.48 (1.03 to 2.12)

NS
p<0.05

31 Ahlborg 1991 3 NSM 10
10
10

Home only
Work
Home or work

RRL
RRL
RRL

0.69 (0.21 to 2.27)
1.09 (0.33 to 3.62)
0.99 (0.45 to 2.21)

NS
NS
NS

47 Ahluwalia 1997 4 NSM 10
10

Home
Home

BWD
RRL

4g (-29g to 37g)
1.17 (0.95 to 1.45)

NS
NSh

40 Chen 1995 2 NSM 9
9
9
9
9

Any
Work only
Home only
Car only
All three

RRS
RRS
RRS
RRS
RRS

0.54 (0.30 to 0.96)
1.02 (0.39 to 2.68)
0.47 (0.12 to 1.89)
1.15 (0.22 to 6.00)
0.51 (0.17 to 1.50)

p<0.05
NS
NS
NS
NS

43 Rebagliato 1995 2 NSM 9
9
9
9

Work
Public places
Others at home
Any source

BWD
BWD
BWD
BWD

61g (3g to 119g)
66g (7g to 126g)
-43g (-127g to 42g)
52g (-36g to 141g)

p<0.05
p<0.05
NS
NS

58 Matsubara 2000 3 NSM 9
9
8

Any
Any
Any

BWD
RRL
RRS

19g
0.99 (0.75 to 1.30)
0.95 (0.71 to 1.26)

p<0.05
NS
NS

59 Windham 2000 3 NSM 9
5
5

Home or work
Home or work
Home or work

BWD
RRL
RRS

-2g (-45g to 41g)
1.1 (0.71 to 1.7)
1.01 (0.72 to 1.42)

NS
NS
NS

60 Jaakkola 2001 2 NSM 8
8
8
8
8
8

Home only
Work only
Home and work
Home only
Work only
Home and work

RRL
RRL
RRL
RRS
RRS
RRS

1.13 (0.34 to 3.78)
1.43 (0.50 to 4.12)
2.08 (0.44 to 9.73)
1.06 (0.30 to 3.73)
1.02 (0.31 to 3.31)
1.47 (0.23 to 9.32)

NS
NS
NS
NS
NS
NS

34 Mathai 1992 2 NSM 7
0

Home
Home

BWD
RRL

63g (12g to 114g)
0.99 (0.46 to 2.14)

p<0.05
NS

32 Ogawa 1991 3 NSM 6
6

Any >2hr/day
Any >2hr/day

RRL
BWD

1.0 (0.7 to 1.5)
11g (-11g to 32g)

NS
NS

49 Dejin-
Karlsson

1998 2 NSM 5
0

Home or work
Home or work

RRS
RRL

3.9 (1.4 to 10.7)
1.3 (0.7 to 2.5)

p<0.01
NS

53 Hanke 1999 3 NSM 3
5

Any
Any

BWD
RRS

13g (-37g to 63g)
0.98 (0.67 to 1.45)

NS
NS

13 Martin 1986 3 NSM 3
4

Home/wk>2hr/da
y
Home/wk>2hr/da
y

BWD
RRLT

24g (-13g to 60g)
2.17 (1.05 to 4.50)

NS
p<0.05

23 Brooke 1989 3 NSM 4 Home BWD 18g NS
28 Mathai 1990 2 NSM 0

4
Home
Home

BWD
BPD

66g (-79g to 211g)
4.1% (-4.8% to 13.0%)

NS
NS

37 Fortier 1994 3 NSM 4
4
4
4

Home only
Work only
Home and work
Home or work

RRS
RRS
RRS
RRS

0.98 (0.67 to 1.44)
1.18 (0.90 to 1.56)
0.94 (0.60 to 1.49)
1.09 (0.85 to 1.39)

NS
NS
NS
NS

38 Mainous 1994 3 NSM 0
4

Any
Any

BWD
RRL

37g (-6g to 80g) j

1.39 (0.98 to 1.95)
NS
NS

55 Windham 1999 2 NSM 4
3
3
3

Home or work
Home or work
Home or work
Home or work

BWD
RRL
RRLT
RRS

-14g (-81g to 54g)
1.0 (0.52 to 2.1)
1.8 (0.64 to 4.8)
1.4 (0.79 to 2.5)

NS
NS
NS
NS

35 Pan 1992 2 NSM 3
3

Home
Work

RRS
RRS

0.87 (0.42 to 1.78)
0.63 (0.31 to 1.31)

NS
NS
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TABLE 2: Relationship between other questionnaire indices of
(cont/d.) ETS exposure and birthweight

Ref Author Year Sizea
Mother
smokesb

No.of
conf.c

ETS
exposured

End-
pointe Resultf Sig.g

21 Hamada 1988 2 NSM 0
0

Home or work
Home or work

BWD
RRS

182g (110g to 254g)
0.89 (0.35 to 2.25)

p<0.001
NS

24 Chen 1989 3 NSM 0k

0k
Home
Home

BWD
RRL

11g (-79g to 101g)
1.33 (0.64 to 2.75)

NS
NS

25 Ueda 1989 2 NSM 0 Any BWD No association NS
44 Roquer 1995 1 NSM 0

0
Home or work
Home or work

BWD
RRS

192g (19g to 365g)
1.86 (0.57 to 6.06)

p<0.05
NS

51 Nafstad 1998 2 NSM 0k

0k
Home or work
Home and work

RRL
RRL

0.82 (0.35 to 1.95)
1.39 (0.44 to 4.41)

NS
NS

50 Janghorbani 1998 2 NSM 0
0

Home or work
Home or work

BWD
RRL

22g (-52g to 96g)
0.75 (0.44 to 1.18)

NS
NS

57 Hrub< 2000 3 NSM 0
0
0
0
0
0
0
0

Any
Home only
Work only
Home and work
Any
Home only
Work only
Home and work

BWD
BWD
BWD
BWD
RRL
RRL
RRL
RRL

46g (-31g to 124g)
45g (-68g to 158g)
52g (-55g to 159g)
35g (-162g to 233g)
0.95 (0.63 to 1.45)
1.09 (0.61 to 1.93)
0.88 (0.48 to 1.61)
0.84 (0.32 to 2.21)

NS
NS
NS
NS
NS
NS
NS
NS

46 Jedrychowski 1996 3 AS 3
3

Home or work
Home or work

BWD
RRL

58g (-3g to 119g)
1.46 (0.83 to 2.60)

NSl

NS

a 1,2,3,4 = <100, 100-999, 1000-9999, >10000 infants (see Appendix A for numbers)
b NSM = nonsmoking mothers; AS = adjusted for maternal smoking
c See Appendix A for the confounders considered
d Exposures relate to period of pregnancy except for Ueda where this is unclear
e BPD = adjusted birthweight percentile decrement; BWD = birthweight decrement; RRL = relative risk of low birthweight;  

    RRLT = relative risk of low birthweight at term; RRS = relative risk of small for gestational age
f 95% confidence intervals shown in brackets where available
g NS = not significant (p>0.05)
h Ahluwalia reported that in mothers aged 30+ there was a significant (p<0.001) RRL of 2.42 (1.51 to 3.87); results 

    cited are for all ages
j For high and moderate versus low and very low ETS exposure
k Adjustment for confounders stated to have little effect
l Stated as significant at p = 0.004 but data given as 57.9 with SE 31.1 which is not significant even at p<0.05
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TABLE 3: Relationship between birthweight and biochemical
markers of ETS exposure in nonsmoking mothers

Ref Author Year Sizea
No. of
conf.b

Marker/
restrictionc

End-
pointd Resulte Sig.f

43 Rebagliato 1995 2 9 SAC
(<14 ng/ml)

BWD 0.0 to 0.5 ng/ml: comparison group
0.6 to 0.8 ng/ml: 42g (-39g to 122g)
0.9 to 1.1 ng/ml: 53g (-37g to 143g)
1.2 to 1.7 ng/ml: -54g (-142g to 35g)
>1.7 ng/ml 87g (1g to 174g)

NS
NS
NS
p<0.05

60 Jaakkola 2001 2 8 MHN
(none)

RRL

RRS

<0.75 :g/g comparison group
0.75 to <4.00 :g/g 1.28 (0.59 to 2.60)
>=4.00 :g/g 1.55 (0.55 to 4.43)
per :g/g 1.06 (0.96 to 1.17)

<0.75 :g/g comparison group
0.75 to <4.00 :g/g 1.05 (0.44 to 2.49)
>=4.00 :g/g 1.18 (0.34 to 4.19)
per :g/g 1.04 (0.92 to 1.19)

NS
NS
NS

NS
NS
NS

41 Eskenazi 1995 3 7

0

SEC
(<10 ng/ml)

BWD

RRL

<2.0 ng/ml: comparison group
2.0+ ng/ml:                     45g(-36g to 126g)

<2.0 ng/ml: comparison group
2.0+ ng/ml: 1.35 (0.60 to 3.03)

NS

NS
20 Haddow 1988 3 6 SEC

(<10 ng/ml)
BWD

RRL

<0.5 ng/ml: -4g (-73g to 65g)
0.5-1.0 ng/ml: comparison group
>1.0 ng/ml: 104g (35g to 173g)

#1.0 ng/ml: comparison group
>1.0 ng/ml: 1.29

NS

p<0.001

?
52 Peacock 1998 2 4 SEC

(<15 ng/ml)
BRDg 0 to 0.180 ng/ml: comparison group

0.180 to 0.291 ng/ml: 0.001 (-0.025 to 0.027)
0.292 to 0.480 ng/ml: 0.003 (-0.022 to 0.028)
0.481 to 0.795 ng/ml: -0.004 (-0.030 to 0.022)
0.796+ ng/ml: 0.002 (-0.024 to 0.028)

NS
NS
NS
NS

10 Hauth 1984 2 0 UCT
(none)

BWD No relationship of UCT to birthweight in women
exposed to ETS at home or work
(r = 0.02) or those unexposed to ETS (r = 0.15)

NS

25 Uedah 1989 2 0 SEC
(none)

RBW <9 ng/ml:
>9 ng/ml:

102.4%
96.2% p<0.001

51 Nafstad 1998 2 0j MHN
(none)

OHN
(none)

RRL

RRL

<0.75 :g/g
0.75 to 4.00 :g/g
>4.00 :g/g

undetectable
detectable

comparison group
3.35 (1.31 to 8.60)
2.08 (0.43 to 10.1)

comparison group
2.62 (0.85 to 8.08)

p<0.05
NS

NS
a  1,2,3,4 = <100, 100-999, 1000-9999, >10000 infants (see Appendix A)
b See Appendix A for the confounders considered
c MHN = maternal hair nicotine, OHN = offspring hair nicotine, SAC = saliva cotinine, SEC = serum cotinine,
      UCT = umbilical cord thiocyanate; analysis limited to those with levels below cut-point stated in brackets
d BRD = decrement in adjusted birthweight ratio; BWD = birthweight decrement; RBW = birthweight relative to national
      standard for gestational age; RRL = relative risk of low birthweight; RRS = relative risk of small for gestational age
e 95% confidence limits shown in brackets where available
f NS = not significant (p$0.05); ? = significance can not be estimated
g A BRD of 0.001 corresponds to a BWD of about 3.35g in this study
h It is unclear whether active smokers were excluded from this analysis
j Adjustment for confounders stated to have little effect
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APPENDIX A :  Further details of studies

Study Sample Dose- Confounders accounted ford

Ref Author Year Location typea sizeb resp.c PA SX GE MA MH MW MB PH PW PE SES EM AC Othersd

1 Yerushalmy 1962 USA PC 606 -
2 MacMahon 1966 USA RC 5935 No +
3 Ravenholt 1966 USA RC 1240 No +
4 Comstock 1967 USA RC 238 -
5 Underwood 1967 USA RC 24773 No
6 Terris 1969 USA CC 214 No
7 Yerushalmy 1971 USA PC 6015 - ET
8 Mau 1974 Germany PC 3696 Yes
9 Borlee 1978 Belgium RC 238 -
10 Hauth 1984 USA RC 134 -
11 Magnus 1984 Norway PC 3130 No + + + + + + +
12 Karakostov 1985 Bulgaria RC 118 -
13 Martin 1986 USA PC 2473 - + + +e ET
14 Rubin 1986 Denmark RC 500 Yes + + + + + CP,MS
15 Little 1987 USA PC 377 -
16 MacArthur 1987 England RC 180 No + + + +
17 Schwartz-B. 1987 Germany RC 54 -
18 Campbell 1988 England RC 518 - + + + +
19 Drozdz 1988 Poland RC 54 -
20 Haddow 1988 USA PC 1231 Yes + + + + + +
21 Hamada 1988 Japan RC 734 -
22 Nakamura 1988 Japan PC 2005 - + + + + + BP,CP,GR,

MD,MS,RH
23 Brooke 1989 UK PC 1018 - + + + +
24 Chen 1989 China RC 1163 No + + + + +
25 Ueda 1989 Japan RC 242 -
26 Kikuchi 1990 Japan RC 778 -
27 Lazzaroni 1990 Italy RC 647 No + + + + + + + + + + + BP,CC,CP,WG,O

thers
28 Mathai 1990 England PC 187 - +f +f +f +f
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APPENDIX A :  Further details of studies (Continued/1)

Study Sample Dose- Confounders accounted ford

Ref Author Year Location typea sizeb resp.c PA SX GE MA MH MW MB PH PW PE SES EM AC Othersd

29 Rantakallio 1990 Finland PC 9478 - + + + + + + + + + + + AB,CP,MD,MS,
PB,PP,PR,RH,
SB,Others

30 Yan 1990 China CC 385 Yes + +g +g CP,CX,DI,MM
31 Ahlborg 1991 Sweden PC 2940 No + + + + + + + AB,PP,PR
32 Ogawa 1991 Japan PC 5336 - + + + + + +
33 Saito 1991 Japan RC 2713 -
34 Mathai 1992 India RC 994 - +h +h +h +h +h +h DIh

35 Pan 1992 China PC 253 - CB,CK,HT
36 Zhang 1993 China RC 1785 No + h +h +h +h

37 Fortier 1994 Canada RC 4644 No + + CC,PB
38 Mainous 1994 USA RC 3253 Yes +e +e +e ETe

39 Martinez 1994 USA RC 907 Yes + + + + + ET
40 Chen 1995 USA CC 235 No + + + + + + + PC,WG
41 Eskenazi 1995 USA PC 2243 No +h +h +h +h +h ETh,WGh

42 Jadsri 1995 Thailand PC? 77 - CP,PT
43 Rebagliato 1995 Spain PC 710 No + + + + + + + + CP
44 Roquer 1995 Spain RC 74 -
45 Wilcox 1995 UK RC 571 - + +
46 Jedrychowski 1996 Poland RC 1165 - + + +
47 Ahluwalia 1997 USA RC 13497 - + + + + + AL,ET,MS,PR,

WG
48 Horta 1997 Brazil RC 5166 - + +j + +j +j + BI,MSj,PB,PC,

SCj

49 Dejin-
Karlsson

1998 Sweden PC 575 - +j +j +j +j MNj

50 Janghorbani 1998 Iran RC 702 - k

51 Nafstad 1998 Norway CC 122 No
52 Peacock 1998 UK PC 818 No + + + +
53 Hanke 1999 Poland RC 1751 No +j +h + + +j MSj
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APPENDIX A :  Further details of studies (Continued/2)

Study Sample Dose- Confounders accounted ford

Ref Author Year Location typea sizeb resp.c PA SX GE MA MH MW MB PH PW PE SES EM AC Othersd

54 Sadler 1999 USA PC 2283 No + + +h + + + +h +h ET,HT,MSh,PB,
PDh,PE,PM,RE,
WG,XS

55 Windham 1999 USA RC 992 No +h + CC,ET
56 Haug 2000 Norway RC 16430 - +
57 Hrub< 2000 Czech

Republic
RC 1097 -

58 Matsubara 2000 Japan PC 6335 No + + +l + + + + + +
59 Windham 2000 USA PC 4454 No + +h + + +h CCh,ET,LE,MSh

60 Jaakkola 2001 Finland RC 389 No + + + + + + + MS
61 Mitchell 2002 New

Zealand
CC 1248 - + + + + + + + + HT,MF,MJ,MS

a CC = case control, PC = prospective cohort (i.e. smoking and ETS data obtained before birth), RC = retrospective cohort (i.e. data obtained after birth)
b Sample size is of nonsmoking mothers except for studies which included smoking mothers in the analysis where sample size is of all mothers
c Yes = significant dose response seen, No = dose response investigated but not significant, - = dose response not investigated
d Abbreviations used for main confounders:

PA = parity/previous pregnancies/birth order, SX = sex of child, GE = gestation time at delivery, MA = maternal age, MH = maternal height, MW = maternal weight, MB = maternal body mass,
PH = paternal height, PW = paternal weight, PE = parental education, SES = socioeconomic status/income, EM = employment status, AC = alcohol consumption

Abbreviations used for other confounders:
AB = previous abortions, AL = altitude, BI = birth interval, BP = birth place of mother, CB = coal burning, CC = coffee consumption of mother, CK = cooking time spent, CP = complications of

pregnancy/illness of mother, CX = chemical exposures of parents, DI = diet of mother, ET = ethnicity/race, GR = gestational week at report of pregnancy, HT = hypertension, LE = life
events, MD = medical history of mother, MF = maternal age first pregnancy, MJ = marijuana use of mother, MM = maternal medication use in pregnancy, MN = maternal nationality,
MS = marital status, PB = previous birthweights, PC = prenatal care, PD = placental disorders, PE = preeclampsia/eclampsia, PM = passive marijuana,  PP = pregnancy planned, PR = place
of residence, PT = preterm birth, RE = religion, RH = reproductive history, SB = previous still births, SC = skin colour, WG = weight gain in pregnancy, XS = past smoking

e Only accounted for in analyses of low birthweight
f Only accounted for in analyses of birthweight percentile decrement
g Maternal and paternal height were considered as a single variable
h Only accounted for in analyses of birthweight decrement
j Only accounted for in analyses of small-for-gestational-age
k Multivariate analyses carried out but inappropriately included variables such as cranial circumference and length at birth so only unadjusted analyses included in Table 2
l        Only accounted for in analyses of low birthweight and birthweight decrement


