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Abstract

Objective—To quantify the influence of various patient characteristics on early smoking 

cessation in order to better identify target populations for focused counseling and interventions.

Study Design—Population based retrospective cohort study of 1,003,532 Ohio live births over 7 

years (2006–2012). Women who quit smoking in the 1st trimester were compared to those who 

smoked throughout pregnancy. Logistic regression estimated the strength of association between 

patient factors and smoking cessation.

Results—The factors most strongly associated with early smoking cessation were: Non-white 

race and Hispanic ethnicity, at least some college education, early prenatal care, marriage, and 

breastfeeding. Numerous factors commonly associated with adverse perinatal outcomes were 

found to have a negative association with smoking cessation: low educational attainment, limited 

or late prenatal care, prior preterm birth, age <20 yrs, age ≥35 yrs, and indicators of low SES. 

Additionally, the heaviest smokers (≥20 cig/day) were least likely to quit (adj RR 0.35, 95% CI 

0.34, 0.36).

Conclusion—Early prenatal care and initiation of breastfeeding prior to discharge from the 

hospital are associated with increased relative risk of quitting early in pregnancy by 52% and 99%, 

respectively. Public health initiatives and interventions should focus on the importance of early 

access to prenatal care and education regarding smoking cessation for these particularly vulnerable 

groups of women who are at inherently high risk of pregnancy complications.
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OBJECTIVE

Smoking remains one of the most important modifiable risk factors associated with poor 

perinatal outcomes.1–5 When compared to other risk factors in the perinatal period, exposure 

to tobacco smoke is considered to be amongst the most harmful and is associated with high 

rates of long and short term morbidity and mortality for mother and child.6 In 2002, 5–8% of 

preterm deliveries, 13–19% of term infants with growth restriction, 5–7% of preterm-related 

deaths, and 23–24% of SIDS deaths were attributable to prenatal smoking in the United 

States.7 According to Healthy people 2020, only 18.9% of pregnant female smokers quit 

smoking during the first trimester and remained a quitter throughout pregnancy in 2010. The 

2020 target for smoking cessation in pregnant females is 30%.8 In 2011, the prevalence of 

smoking early in pregnancy in Ohio was 23%, twice as high compared to the US national 

rate of 11.5%.9

A recently published study demonstrated that early smoking cessation in the first trimester 

has a favorable influence on IUGR risk compared to women who quit later in pregnancy10. 

Since our home state of Ohio has a much higher prevalence of pregnant smokers, our 

objective was to quantify the influence of various patient characteristics on early smoking 

cessation in order to better identify target populations for focused counseling and 

interventions.

STUDY DESIGN

This study protocol was approved by the Human Subjects Institutional Review Board of the 

Ohio Department of Health, who provided us with a de-identified set of data, which included 

birth certificate data on 1,034,552 live births that occurred in Ohio over a 7 year period 

(2006–2012). The study was exempt from review by the Institutional Review Board at the 

University of Cincinnati, Cincinnati, Ohio. From this data set, we performed a population 

based retrospective cohort study aimed to identify factors associated with smoking cessation 

in pregnancy. Births that occurred before 20 weeks, after 42 weeks, and those with missing 

gestational age were excluded from analysis, see Figure 1. Gestational age was defined using 

the US vital statistics birth certificate variable obstetric estimate, which is the clinician’s best 

estimate of gestational age using a combination of the last menstrual period and earliest 

ultrasound measurement.11 Ohio implemented the newest (2003) version of the national 

birth certificate in 2006, which is why we requested the data set to include years 2006 and 

beyond.

After exclusions, a study cohort of 1,003,532 births remained. Of this cohort, 24,334 (2.4%) 

had missing smoking data or insufficient data to classify into one of the smoking pattern 

groups (Figure 1), leaving the final studied population of 979,198. The U.S. birth certificate 

contains data on maternal tobacco smoking during four time periods: “three months before 

pregnancy”, “first three months of pregnancy”, “second three months of pregnancy”, and 
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“third trimester of pregnancy”12 From this data, we created five exposure groups based on 

the mother’s self-reported smoking status: “never smoker”, “quit smoking in the 1st 

trimester”, “quit smoking by the 2nd trimester”, “quit smoking by the 3rd trimester”, and 

“smoked throughout pregnancy” (Figure 1). Quit in the 1st trimester included all women 

who reported ≥1 cigarette/day for the three months before pregnancy and 0 cigarettes/day for 

the remaining categories. Quit by the 2nd trimester included women who reported ≥1 

cigarette/day in both the three months before pregnancy and first three months of pregnancy, 

however reported 0 cigarettes/day in the second three months of pregnancy and the third 

trimester. Quit by the 3rd trimester included women who reported smoking ≥1 cigarette/day 

in all categories through the second three months of pregnancy and 0 cigarettes/day in the 

third trimester. We considered any amount of smoking (≥1 cigarette per day) as a smoker.

Independent variables for this analysis included the following sociodemographic factors: 

mother’s level of educational attainment, maternal race, parity, age, marital status, and 

Medicaid and recipient of the Special Supplemental Nutrition Program for Women, Infants, 

and Children (WIC). Prenatal care variables included: limited prenatal care (≤5 total visits), 

first prenatal visit ≤12 weeks gestation, late initiation of prenatal care (>20 weeks gestation), 

no prenatal care, prior preterm birth, and heavy smoking before pregnancy (≥20 cigarettes/

day). We also examined medical comorbidities such as: chronic hypertension, gestational 

hypertension/preeclampsia, pre-gestational diabetes and gestational diabetes. Selection of 

these variables were based on published literature regarding smoking cessation patterns in 

pregnancies and data available in the birth certificate.11–17,19 Overall, there was minimal 

missing data (≤3.1%) for most variables analyzed, including maternal age, race, educational 

attainment, WIC enrollment, pre-gestational diabetes and hypertension, gestational diabetes 

and hypertension, previous preterm birth, and marital status. BMI, Medicaid enrollment, and 

initiation of breastfeeding prior to hospital discharge had a slightly larger amount of missing 

data, 6.0%, 4.8%, and 6.2%, respectively. Gestational age at first prenatal visit contained the 

largest amount of missing data at 25%. There was also a small number of missing smoking 

data or smoking behaviors that didn’t fall within any of the 5 exposure groups (2.4%).

Maternal demographic, behavioral, medical and prenatal factors were compared between 

women who quit smoking early in pregnancy (1st trimester) and the referent group of women 

who smoked throughout pregnancy with chi square and t-tests. Multivariable logistic 

regression was then utilized to estimate the adjusted relative risk for quitting smoking in the 

first trimester after adjustment for all other variables in the regression model. Backward 

elimination approach was used and non-significant variables were sequentially removed 

from the full regressions model. The final model consisted of variables with significant 

differences noted in univariate comparisons and those with biologic plausibility. Births with 

missing data on covariates were not included in the regression models.

Analyses were performed using STATA 12.1 software (StataCorp, College Station, Texas). 

Comparisons with p-value <0.05 and 95% confidence interval not inclusive of the null value 

1.0 were considered statistically significant.
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RESULTS

We analyzed 979,198 live birth records in this study. Of these, nearly a quarter of mothers 

(N=231,143; 23.6%) reported being cigarette smokers at some point during the pregnancy. 

Figure 1 categorizes the study population based on self-reported smoking in pregnancy, and 

in those who quit smoking, which trimester of pregnancy cessation occurred. Nonsmokers 

comprised the majority (74.5%) of the cohort, and 14.1% of women smoked throughout 

pregnancy. Few women, 5.7% of the study cohort, quit smoking at some time in the first 

trimester; presumably after they found out they were pregnant.

The majority of our study population (76.6%) consisted of non-Hispanic white women. This 

subset of women also appeared to have a higher likelihood of smoking in pregnancy (26.0%) 

compared to the non-white women studied (15.6%). Additionally, non-Hispanic white 

women were the least likely to quit smoking during pregnancy. Young mothers (<20 years) 

also had a higher prevalence of smoking during pregnancy (30.7%) compared to women in 

the age group of 20–34 years (24.4%) and ≥35 years (12.7%). Young maternal age also 

correlated with a higher frequency of smoking throughout pregnancy (17.9% vs 14.6% in 

20–34 years of age and 7.7% in ≥35 years of age). Other factors associated with smoking 

throughout pregnancy were low educational attainment, unmarried, WIC and Medicaid 

recipients, limited prenatal care (≤5 visits) or late initiation of prenatal care (>20 weeks 

gestation), previous preterm birth, and those women who smoked >20 cigarettes/day (Table 

1).

Smoking behaviors in the preconception period and also in the final 3 months of smoking 

are outlined in Table 2. Women who smoked throughout pregnancy were more likely to be 

considered a “heavy smoker” in the preconception period, smoking ≥20 cigarettes per day, 

than the women that quit early in pregnancy (57.4% vs 31.3%, respectively). All groups did 

significantly modify their behavior, with the majority of women reducing their use to <10 

cigarettes per day.

Table 3 summarizes the unadjusted and adjusted relative risk for 1st trimester smoking 

cessation associated with each maternal characteristic. Of all smokers (N=231,143), nearly a 

quarter (N= 57,017; 24.7%) quit early in pregnancy. The patient characteristics most 

strongly associated with early smoking cessation included non-Hispanic Black and Hispanic 

ethnicity, having at least some college education, being multiparous, being married during 

pregnancy, and initiating breast feeding prior to discharge from the hospital. Several factors 

that are known to be associated with increased risk of adverse perinatal outcomes were also 

found to be negatively associated with smoking cessation in pregnancy, such as low 

educational attainment, limited quantity of prenatal care, prior preterm birth, young maternal 

age (< 20 years), advanced maternal age (≥35 yrs), and indicators of low socioeconomic 

status (WIC and Medicaid recipients). Unsurprisingly, women who were the heaviest 

smokers (≥20 cigarettes per day) were the least likely to quit during pregnancy (Table 3). 

Notably, one of the modifiable pregnancy factors, early initiation of prenatal care, was 

associated with one of the highest increase in early smoking cessation, adj RR 1.52 (1.48, 

1.57) even after accounting for confounding influences of other factors. Additionally, 

mothers who initiated breastfeeding prior to discharge from the hospital had 2.0 fold 
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increase in early smoking cessation, both of which are positive health related choices that 

seem to cluster in the same mothers.

CONCLUSION

This large population-based study provides a detailed assessment of patient characteristics, 

which are most strongly associated with early gestational smoking cessation in a 

contemporary cohort of over 1 million pregnant women living in a state with a rate of 

smoking in pregnancy that is twice the national average, an area with an urgent need to focus 

smoking cessation interventions. We found that women with known risk factors for poor 

perinatal outcomes are unfortunately those who are the least likely to stop smoking early in 

pregnancy. More importantly, we found an important potentially modifiable intervention, 

early initiation of prenatal care, was associated with a significantly increased likelihood of 

smoking cessation in pregnancy. We also found that women who initiated breast feeding 

prior to hospital discharge had an increased likelihood of early smoking cessation, both of 

which are positive health behaviors and would often be seen to occur together in women 

who are motivated to have the best outcomes for their child.

Similar to previously published studies, we identified low educational attainment, young 

maternal age, white race, unmarried, and low SES status as consistent factors that negatively 

influenced smoking cessation in pregnancy.13–15 However, we additionally studied the 

influence of a breadth of other pregnancy related factors that, like smoking, are associated 

with poorer perinatal outcomes, such as pre-pregnancy medical complications and obesity. 

Our study is unique in that it is the largest of these comparable studies with n=198,350 

(57,017 who quit in the first trimester and 141,333 who smoked through pregnancy) 

compared to sample size of 902 to 5288 in the previously published studies. We utilized a 

population-based sample rather than a selected sample of voluntary study participants, which 

likely results in better generalizability of our findings. Furthermore, we analyzed the 

influence of patient behavioral factors such as timing of initiation of prenatal care that could 

be considered as target interventions for pregnancy smoking cessation programs.

There is theoretic and biologic plausibility in the negatively associated factors in this study. 

It is reasonable to anticipate that women who have a lower educational level, those who are 

young (<20 years old) and those with lower SES status indicated by WIC and Medicaid 

enrollment would be less likely to access the resources or appropriate support to assist in 

smoking cessation. Those women who were heavy smokers prior to pregnancy are less likely 

to quit smoking secondary to their strong nicotine dependence; however, they are the most 

likely to incur pregnancy complications and most likely to benefit from target interventions 

for early smoking cessation.

Early prenatal care, black race and Hispanic ethnicity, marriage, and initiation of 

breastfeeding prior to discharge all contribute to the factors associated with a greater 

likelihood of smoking cessation. Black and Hispanic women have a better success rate with 

smoking cessation in pregnancy, perhaps related to cultural teaching Education on the 

importance of smoking cessation by a physician and the potential protection of a family 

member (fetus) are strong motivators for behavioral changes in tobacco use. Black women 
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have more success with smoking cessation interventions than white women, which may also 

partly explain the racial differences observed in smoking cession in our study.16 We also 

found that women who ultimately breastfeed after birth are also more likely to have 

successfully quit smoking during pregnancy. These similar positive health behaviors may 

reflect a more educated group of women who are motivated by the well-being of their infant 

or are at least more able to successfully implement fetal-newborn beneficial behaviors.

For the pregnancies in which cessation occurred in this cohort, it is unclear whether medical 

or social interventions were utilized because birth certificate data source does not report 

such information. We suggest that obstetric providers determine the patient’s willingness to 

quit by using the 5 A’s (Ask, Advise, Assess, Assist, Arrange) of smoking cessation as early 

as the first prenatal visit.17 There are many smoking cessation programs available for 

pregnant women.18 Repeat education, counseling, and support at each prenatal visit is of the 

utmost importance as well. Unfortunately, at this time pharmacotherapy during pregnancy 

has not been sufficiently evaluated for its safety or efficacy during pregnancy and lactation 

and thus, is not readily recommended.17

One of the strengths of this study is that, to our knowledge, this is the largest study 

performed in the United States. Its population-based contemporary basis makes it 

generalizable to most pregnancies cared for currently in our country. Our study does have 

limitations, however. Our data was obtained from birth certificates, which are not designed 

for research purposes. Information about concomitant alcohol use, drug use, and second 

hand smoke exposure was not available in our data set, and thus could not be adjusted for in 

our analysis. Some studies have reported that tobacco use may be underreported, which may 

misclassify some smokers into the reference group in this study resulting in an 

underestimate of our effect size estimates.19–20 Data on smoking in pregnancy is self-

reported on the birth certificate, which may also have the issue with underreporting; 

however, self-report of reproductive smoking behaviors have been shown to be quite 

reliable.21 Some covariates analyzed were limited by missing data, such as early initiation of 

prenatal care ≤12 weeks, which was available in 74.6% of births studied. Likewise, some 

additional covariates such as medical complications may also be underreported, further 

biasing our effect – estimates toward the null.22 However, other than the issue of 

underestimating the influence of some characteristics on smoking cessation, we believe this 

study provides the most comprehensive current account of influences on pregnancy smoking 

cessation available to date.

In summary, this study identifies targeted groups of women who are both more and less 

successful at smoking cessation early in pregnancy. Since early prenatal care (≤12 weeks 

gestation) greatly increases smoking cessation by 52%, public health initiatives and 

interventions should focus on the importance of early access to prenatal care for these 

particularly vulnerable groups of women who are at inherently high risk of pregnancy 

complications. Continued discussions of the importance of early smoking cessation should 

occur at each prenatal visit, as it is unquestionably beneficial for pregnancy outcomes.
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Fig 1. 
Flow Diagram of Exposure Groups

Moore et al. Page 9

Am J Perinatol. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Moore et al. Page 10

Ta
b

le
 1

M
at

er
na

l C
ha

ra
ct

er
is

tic
s

N
ev

er
 s

m
ok

er
s

N
=7

48
,0

55
Q

ui
t 

in
 t

he
1st

 t
ri

m
es

te
r

N
=5

7,
01

7

Q
ui

t 
by

 t
he

2nd
 t

ri
m

es
te

r
N

=2
3,

27
8

Q
ui

t 
by

 t
he

3rd
 t

ri
m

es
te

r
N

=9
,5

15

Sm
ok

ed
th

ro
ug

ho
ut

pr
eg

na
nc

y
N

=1
41

,3
33

D
em

og
ra

ph
ic

 F
ac

to
rs

M
ot

he
r's

 R
ac

e

  N
on

-H
is

pa
ni

c 
W

hi
te

55
4,

47
7

(7
4.

1%
)

47
,3

84
(8

3.
1%

)
18

,8
82

(8
1.

1%
)

7,
67

9
(8

0.
7%

)
12

1,
29

7
(8

5.
8%

)

  N
on

-H
is

pa
ni

c 
B

la
ck

13
0,

31
6

(1
7.

4%
)

7,
10

3
(1

2.
5%

)
3,

39
7

(1
4.

6%
)

1,
49

6
(1

5.
7%

)
16

,3
09

(1
1.

5%
)

  H
is

pa
ni

c
38

,7
79

(5
.2

%
)

1,
97

1
(3

.5
%

)
79

1
(3

.4
%

)
27

1
(2

.8
%

)
2,

78
4

(2
.0

%
)

  O
th

er
23

,1
62

(3
.1

%
)

49
5

(0
.9

%
)

17
5

(0
.8

%
)

51
(0

.5
%

)
69

2
(0

.5
%

)

Pr
im

ip
ar

ou
s

29
5,

59
9

(4
0.

2%
)

28
,7

76
(5

1.
3%

)
11

,5
42

(5
0.

5%
)

4,
31

2
(4

6.
1%

)
43

,9
12

(3
1.

6%
)

M
at

er
na

l A
ge

 G
ro

up

  <
20

66
,9

05
(8

.9
%

)
6,

50
8

(1
1.

4%
)

3,
76

7
(1

6.
2%

)
1,

61
5

(1
7.

0%
)

17
,8

04
(1

2.
6%

)

  2
0–

34
57

6,
96

6
(7

7.
1%

)
46

,7
94

(8
2.

1%
)

18
,2

52
(7

8.
4%

)
7,

35
4

(7
7.

3%
)

11
3,

90
6

(8
0.

6%
)

  ≥
35

10
4,

18
4

(1
3.

9%
)

3,
71

5
(6

.5
%

)
1,

25
9

(5
.4

%
)

54
6

(5
.7

%
)

9,
62

3
(6

.8
%

)

So
ci

oe
co

no
m

ic
 F

ac
to

rs

L
es

s 
T

ha
n 

H
ig

h 
Sc

ho
ol

 D
ip

lo
m

a
10

0,
43

4
(1

3.
4%

)
7,

65
1

(1
3.

4%
)

4,
54

3
(1

9.
5%

)
2,

38
4

(2
5.

1%
)

45
,2

39
(3

2.
0%

)

M
ar

ri
ed

49
2,

58
9

(6
5.

9%
)

25
,4

32
(4

4.
6%

)
7,

22
9

(3
1.

1%
)

2,
41

7
(2

5.
4%

)
40

,4
51

(2
8.

6%
)

W
IC

a
25

7,
37

4
(3

4.
4%

)
28

,1
80

(4
9.

4%
)

14
,0

50
(6

0.
4%

)
6,

17
5

(6
4.

9%
)

96
,1

73
(6

8.
1%

)

M
ed

ic
ai

d
21

6,
96

1
(2

9.
0%

)
25

,1
80

(4
4.

2%
)

13
,1

08
(5

6.
3%

)
6,

14
5

(6
4.

6%
)

96
,7

13
(6

8.
4%

)

P
re

na
ta

l C
ar

e

L
im

ite
d 

Pr
en

at
al

 C
ar

e 
(≤

5 
vi

si
ts

)
54

,4
72

(7
.3

%
)

3,
58

3
(6

.3
%

)
1,

87
8

(8
.1

%
)

1,
11

4
(1

1.
7%

)
17

,9
11

(1
2.

7%
)

Am J Perinatol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Moore et al. Page 11

N
ev

er
 s

m
ok

er
s

N
=7

48
,0

55
Q

ui
t 

in
 t

he
1st

 t
ri

m
es

te
r

N
=5

7,
01

7

Q
ui

t 
by

 t
he

2nd
 t

ri
m

es
te

r
N

=2
3,

27
8

Q
ui

t 
by

 t
he

3rd
 t

ri
m

es
te

r
N

=9
,5

15

Sm
ok

ed
th

ro
ug

ho
ut

pr
eg

na
nc

y
N

=1
41

,3
33

E
ar

ly
 I

ni
tia

tio
n:

 F
ir

st
 V

is
it 

≤1
2

w
ee

ks
 G

es
ta

tio
n

42
8,

75
0

(5
7.

3%
)

34
,1

63
(5

9.
9%

)
11

,9
79

(5
1.

5%
)

4,
37

6
(4

6.
0%

)
65

,9
56

(4
6.

7%
)

L
at

e 
In

iti
at

io
n:

 F
ir

st
 V

is
it 

>
20

w
ee

ks
 G

es
ta

tio
n

44
,1

44
(5

.9
%

)
2,

90
3

(5
.1

%
)

1,
68

4
(7

.2
%

)
85

5
(9

.0
%

)
12

,8
83

(9
.1

%
)

N
o 

Pr
en

at
al

 C
ar

e
10

,2
65

(1
.4

%
)

63
6

(1
.1

%
)

32
1

(1
.4

%
)

20
7

(2
.2

%
)

4,
10

4
(2

.9
%

)

P
re

gn
an

cy
 C

ha
ra

ct
er

is
ti

cs

Pr
ev

io
us

 P
re

-t
er

m
 B

ir
th

25
,0

43
(3

.4
%

)
1,

68
9

(3
.0

%
)

78
4

(3
.4

%
)

49
2

(5
.2

%
)

7,
52

7
(5

.3
%

)

M
ul

tip
le

 G
es

ta
tio

n
29

,4
36

(3
.9

%
)

1,
97

0
(3

.5
%

)
75

0
(3

.2
%

)
36

4
(3

.8
%

)
3,

69
5

(2
.6

%
)

In
iti

at
ed

 B
re

as
tf

ee
di

ng
 A

ft
er

 B
ir

th
50

8,
22

6
(6

7.
9%

)
34

,7
19

(6
0.

9%
)

12
,9

23
(5

5.
5%

)
4,

58
1

(4
8.

2%
)

52
,3

68
(3

7.
1%

)

Sm
ok

in
g 

≥ 
1p

pd
 (

≥2
0

ci
ga

re
tte

s/
da

y)
0

17
,8

22
(3

1.
3%

)
10

,2
80

(4
4.

2%
)

5,
03

5
(5

2.
9%

)
81

,0
72

(5
7.

4%
)

M
ed

ic
al

 F
ac

to
rs

U
nd

er
w

ei
gh

t (
pr

ep
re

gn
an

cy
) 

B
M

I
<

18
.5

25
,3

15
(3

.4
%

)
2,

57
4

(4
.5

%
)

1,
35

7
(5

.8
%

)
64

9
(6

.8
%

)
10

,4
10

(7
.4

%
)

N
or

m
al

 w
ei

gh
t(

pr
ep

re
gn

an
cy

)
B

M
I 

18
.5

–2
4.

9
34

5,
29

5
(4

6.
2%

)
25

,8
04

(4
5.

3%
)

10
,3

44
(4

4.
4%

)
4,

23
6

(4
4.

5%
)

61
,2

01
(4

3.
3%

)

O
ve

rw
ei

gh
t (

pr
ep

re
gn

an
cy

)
B

M
I 

25
–2

9.
9

17
2,

33
4

(2
3.

0%
)

13
,4

48
(2

3.
6%

)
5,

20
6

(2
2.

4%
)

1,
95

7
(2

0.
6%

)
30

,5
63

(2
1.

6%
)

O
be

se
 (

pr
ep

re
gn

an
cy

)
B

M
I 

≥3
0

20
5,

11
1

(2
7.

4%
)

15
,1

91
(2

6.
6%

)
6,

37
1

(2
7.

4%
)

2,
67

3
(2

8.
1%

)
39

,1
59

(2
7.

7%
)

Pr
e-

ge
st

at
io

na
l D

ia
be

te
s

5,
98

3
(0

.8
%

)
44

2
(0

.8
%

)
22

3
(1

.0
%

)
87

(0
.9

%
)

1,
30

1
(0

.9
%

)

G
es

ta
tio

na
l D

ia
be

te
s

41
,4

18
(5

.5
%

)
3,

34
8

(5
.9

%
)

1,
32

3
(5

.7
%

)
53

3
(5

.6
%

)
6,

85
7

(4
.9

%
)

C
hr

on
ic

 H
yp

er
te

ns
io

n
14

,4
46

(1
.9

%
)

1,
04

9
(1

.8
%

)
41

4
(1

.8
%

)
21

4
(2

.3
%

)
2,

45
6

(1
.7

%
)

G
es

ta
tio

na
l H

yp
er

te
ns

io
n/

Pr
ee

cl
am

ps
ia

35
,9

81
(4

.8
%

)
2,

99
3

(5
.3

%
)

1,
16

7
(5

.0
%

)
41

0
(4

.3
%

)
4,

82
0

(3
.4

%
)

A
ll 

co
m

pa
ri

so
ns

 a
re

 s
ta

tis
tic

al
ly

 s
ig

ni
fi

ca
nt

 a
t p

-v
al

ue
 ≤

0.
00

1 
fo

r 
th

e 
X

2  
st

at
is

tic
 c

or
re

sp
on

di
ng

 to
 th

e 
5 

sm
ok

in
g 

gr
ou

p 
co

m
pa

ri
so

n 
fo

r 
ea

ch
 m

at
er

na
l c

ha
ra

ct
er

is
tic

 in
 th

is
 ta

bl
e.

D
ic

ho
to

m
ou

s 
va

ri
ab

le
s 

ar
e 

pr
es

en
te

d 
as

 p
er

ce
nt

 o
f 

n 
fo

r 
co

rr
es

po
nd

in
g 

sm
ok

in
g 

gr
ou

p.

Am J Perinatol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Moore et al. Page 12
a W

IC
 -

 T
he

 S
pe

ci
al

 S
up

pl
em

en
ta

l N
ut

ri
tio

n 
Pr

og
ra

m
 f

or
 W

om
en

, I
nf

an
ts

, a
nd

 C
hi

ld
re

n 
(W

IC
) 

pr
ov

id
es

 F
ed

er
al

 g
ra

nt
s 

to
 S

ta
te

s 
fo

r 
su

pp
le

m
en

ta
l f

oo
ds

, h
ea

lth
 c

ar
e 

re
fe

rr
al

s,
 a

nd
 n

ut
ri

tio
n 

ed
uc

at
io

n 
fo

r 
lo

w
-

in
co

m
e 

pr
eg

na
nt

, b
re

as
tf

ee
di

ng
, a

nd
 n

on
-b

re
as

tf
ee

di
ng

 p
os

tp
ar

tu
m

 w
om

en
, a

nd
 to

 in
fa

nt
s 

an
d 

ch
ild

re
n 

up
 to

 a
ge

 f
iv

e 
w

ho
 a

re
 f

ou
nd

 to
 b

e 
at

 n
ut

ri
tio

na
l r

is
k.

Am J Perinatol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Moore et al. Page 13

Ta
b

le
 2

Sm
ok

in
g 

B
eh

av
io

rs N
ev

er
sm

ok
er

s
N

=7
48

,0
55

Q
ui

t 
in

 t
he

 1
st

tr
im

es
te

r
N

=5
7,

01
7

Q
ui

t 
by

 t
he

2nd
 t

ri
m

es
te

r
N

=2
3,

27
8

Q
ui

t 
by

 t
he

3rd
 t

ri
m

es
te

r
N

=9
,5

15

Sm
ok

ed
th

ro
ug

ho
ut

pr
eg

na
nc

y
N

=1
41

,3
33

P
re

co
nc

ep
ti

on
 S

m
ok

in
g 

B
eh

av
io

rs

A
ve

ra
ge

 N
um

be
r

of
 C

ig
ar

et
te

s
Sm

ok
ed

 p
er

 D
ay

0
11

.8
 ±

 9
.7

14
.6

 ±
 1

0.
4

16
.2

 ±
 9

.8
17

.1
 ±

 9
.9

Sm
ok

e 
≥ 

1 
pp

d
(≥

20
 c

ig
s/

da
y)

0%
17

,8
22

(3
1.

3%
)

10
,2

80
(4

4.
2%

)
5,

03
5

(5
2.

9%
)

81
,0

72
(5

7.
4%

)

P
re

gn
an

cy
 S

m
ok

in
g 

B
eh

av
io

rs
a

Pr
ec

on
ce

pt
io

n
1st

 T
ri

m
es

te
r

2nd
 T

ri
m

es
te

r
3rd

 T
ri

m
es

te
r

A
ve

ra
ge

 N
um

be
r

of
 C

ig
ar

et
te

s
Sm

ok
ed

 p
er

 D
ay

0
11

.8
 ±

 9
.7

9.
0 

±
 8

.1
7.

2 
±

 7
.2

10
.0

 ±
 7

.5

<
 1

0
0.

0%
22

,2
09

(3
9.

0%
)

12
,6

13
(5

4.
2%

)
6,

28
5

(6
6.

1%
)

60
,7

97
(4

3.
0%

)

10
–1

9
0.

0%
16

,9
86

(2
9.

8%
)

6,
30

4
(2

7.
1%

)
2,

13
7

(2
2.

5%
)

52
,5

94
(3

7.
2%

)

≥ 
20

0.
0%

17
.8

22
(3

1.
3%

)
4,

36
1

(1
8.

7%
)

1,
09

3
(1

1.
5%

)
27

,9
42

(1
9.

8%
)

A
ll 

co
m

pa
ri

so
ns

 a
re

 s
ta

tis
tic

al
ly

 s
ig

ni
fi

ca
nt

 a
t p

-v
al

ue
 ≤

0.
00

1 
fo

r 
th

e 
X

2  
st

at
is

tic
 c

or
re

sp
on

di
ng

 to
 th

e 
5 

sm
ok

in
g 

gr
ou

p 
co

m
pa

ri
so

n 
fo

r 
ea

ch
 m

at
er

na
l c

ha
ra

ct
er

is
tic

 in
 th

is
 ta

bl
e.

D
ic

ho
to

m
ou

s 
va

ri
ab

le
s 

ar
e 

pr
es

en
te

d 
as

 p
er

ce
nt

 o
f 

n 
fo

r 
co

rr
es

po
nd

in
g 

sm
ok

in
g 

gr
ou

p.

C
on

tin
uo

us
 v

ar
ia

bl
es

 a
re

 p
re

se
nt

ed
 a

s 
m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n.

a E
ac

h 
co

lu
m

n 
re

pr
es

en
ts

 th
e 

sm
ok

in
g 

be
ha

vi
or

 in
 th

e 
fi

na
l 3

 m
on

th
s 

of
 s

m
ok

in
g

Q
ui

t i
n 

th
e 

1s
t  T

ri
m

es
te

r 
=

 ≥
1 

ci
g/

da
y 

in
 th

e 
3 

m
on

th
s 

be
fo

re
 p

re
gn

an
cy

 a
nd

 0
 c

ig
/d

ay
 in

 th
e 

1s
t , 

2n
d ,

 &
 3

rd
 tr

im
es

te
r

Q
ui

t b
y 

th
e 

2n
d  

T
ri

m
es

te
r 

=
 ≥

1 
ci

g/
da

y 
in

 th
e 

3 
m

on
th

s 
be

fo
re

 p
re

gn
an

cy
 &

 in
 th

e 
1s

t  t
ri

m
es

te
r 

an
d 

0 
ci

g/
da

y 
in

 th
e 

2n
d  

an
d 

3r
d  

tr
im

es
te

r

Q
ui

t b
y 

th
e 

3r
d  

T
ri

m
es

te
r 

=
 ≥

1 
ci

g/
da

y 
in

 th
e 

3 
m

on
th

s 
be

fo
re

 p
re

gn
an

cy
, 1

st
 tr

im
es

te
r, 

&
 2

nd
 tr

im
es

te
r 

an
d 

0 
ci

g/
da

y 
in

 th
e 

3r
d  

tr
im

es
te

r
Sm

ok
ed

 th
ro

ug
ho

ut
 p

re
gn

an
cy

 =
 ≥

1 
ci

g/
da

y 
in

 a
ll 

ca
te

go
ri

es

Am J Perinatol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Moore et al. Page 14

Table 3

Factors Associated with Smoking Cessation in Pregnancy

Women who quit
smoking early in
pregnancy (%)a

Women who
smoked

throughout
pregnancy (%)a

Unadjusted RR
of Quitting

Early in
Pregnancy
95% CI)b

Adjusted RR‡ of
Quitting Early
in Pregnancy

(95% CI)c

All: 57,017 (24.7%)d 141,333 (61.1%)d

Education:

  Lower than high school diploma 7,651 (3.3%) 45,239 (19.6%) 0.52 (0.51, 0.54) 0.60 (0.58, 0.63)

  High school graduate 18,389 (8.0%) 57,083 (24.7%) Ref Ref

  Some college 18,218 (7.9%) 29,421 (12.7%) 1.92 (1.88, 1.97) 1.66 (1.61, 1.73)

  College graduate or above 12,578 (5.4%) 9,015 (3.9%) 4.33 (4.19, 4.47) 2.29 (2.18, 2.40)

Mother's race:

  Non-Hispanic White 47,384 (20.5%) 121,297 (52.5%) Ref Ref

  Non-Hispanic Black 7,103 (3.1%) 16,309 (7.1%) 1.11 (1.08, 1.15) 1.58 (1.51, 1.66)

  Hispanic 1,971 (0.9%) 2,784 (1.2%) 1.81 (1.71, 1.92) 2.12 (1.95, 2.31)

  Non-Hispanic Other 495 (0.2%) 692 (0.3%) 1.83 (1.63, 2.06) 1.54 (1.28, 1.84)

Prenatal care:

  Limited prenatal care (≤5 visits) 3,583 (1.6%) 17,911 (7.7%) 0.45 (0.43, 0.47) 0.60 (0.57, 0.64)

  First prenatal visit ≤12 weeks gestation 34,163 (14.8%) 65,956 (28.5%) Ref Ref

  Late initiation of care (>20 weeks) 2,903 (1.3%) 12,883 (5.6%) 0.43 (0.41, 0.45) 0.56 (0.53, 0.58)

  No prenatal care 636 (0.3%) 4,104 (1.8%) 0.30 (0.27, 0.32) 0.40 (0.36, 0.44)

Parity:

  Primiparous (first pregnancy) 28,776 (12.4%) 43,912 (19.0%) Ref Ref

  Multiparous (2 or more births) 27,293 (11.8%) 95,245 (41.2%) 2.29 (2.24, 2.33) 2.30 (2.23, 2.37)

Previous pre-term birth:

  Yes 1,689 (0.7%) 7,527 (3.3%) 0.54 (0.51, 0.57) 0.82 (0.76, 0.88)

  No 54,569 (23.6%) 130,912 (56.6%) Ref Ref

Mother's reported age:

  <20 6,508 (2.8%) 17,804 (7.7%) 0.89 (0.86, 0.92) 0.88 (0.84, 0.93)

  20–34 46,794 (20.2%) 113,906 (49.3%) Ref Ref

  ≥35 3,715 (1.6%) 9,623 (4.2%) 0.94 (0.90, 0.98) 0.75 (0.70, 0.79)

Marriage status:

  Married 25,432 (11.0%) 40,451 (17.5%) 2.01 (1.97, 2.05) 1.52 (1.47, 1.57)

  Not married 31,464 (13.6%) 100,399 (43.4%) Ref Ref

WIC enrollment:

  Yes 28,180 (12.2%) 96,173 (41.6%) 0.44 (0.43, 0.45) 0.59 (0.57, 0.61)

  No 28,505 (12.3%) 42,927 (18.6%) Ref Ref
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Women who quit
smoking early in
pregnancy (%)a

Women who
smoked

throughout
pregnancy (%)a

Unadjusted RR
of Quitting

Early in
Pregnancy
95% CI)b

Adjusted RR‡ of
Quitting Early
in Pregnancy

(95% CI)c

Medicaid funded delivery:

  Yes 25,180 (10.9%) 96,713 (41.8%) 0.35 (0.34, 0.36) 0.56 (0.54, 0.57)

  No 31,464 (13.6%) 39,725 (17.2%) Ref Ref

Twins:

  Yes 1,915 (0.8%) 3,645 (1.6%) 1.31 (1.24, 1.39) 1.50 (1.38, 1.64)

  No 55,047 (23.8%) 137,635 (59.5%) Ref Ref

Initiation of breast feeding:

  Yes 34,719 (15.0%) 52,368 (22.7%) 2.76 (2.70, 1.81) 1.99 (1.94, 2.05)

  No 19,706 (8.5%) 89,921 (38.9%) Ref Ref

Heavy smoker (≥20/day) before pregnancy:

  Yes 17,822 (7.7%) 81,072 (35.1%) 0.34 (0.33, 0.35 0.35 (0.34, 0.36)

  No 39,195 (17.0%) 60,261 (26.1%) Ref Ref

Mother’s prepregnancy BMI:

  Underweight (<18.5) 2,574 (1.1%) 10,410 (4.5%) 0.59 (0.56, 0.61) 0.66 (0.61, 0.70)

  Normal (18.5–24.9) 25,804 (11.2%) 61,201 (26.5%) Ref Ref

  Overweight (25–29.9) 13,448 (5.8%) 30,563 (13.2%) 1.04 (1.02, 1.07) 1.02 (0.99, 1.06)

  Obese (≥30) 15,191 (6.6%) 39,159 (16.9%) 0.92 (0.90, 0.94) 0.98 (0.95, 1.01)

Hypertension:

  None 52,164 (22.6%) 131,030 (56.7%) Ref Ref

  Chronic hypertension 1,049 (0.5%) 2,456 (1.1%) 1.07 (0.99, 1.15) 1.01 (0.91, 1.12)

  Gestational HTN/Preeclampsia 2,993 (1.3%) 4,820 (2.1%) 1.55 (1.49, 1.63) 1.33 (1.25, 1.43)

Diabetes:

  None 52,416 (22.7%) 130,151 (56.3%) Ref Ref

  Pre-gestational 442 (0.2%) 1,301 (0.6%) 0.84 (0.76, 0.94) 0.83 (0.71, 0.97)

  Gestational 3,348 (1.4%) 6,857 (3.0%) 1.21 (1.16, 1.27) 1.08 (1.01, 1.15)

Ref, reference category.

Dichotomous variables are presented as percent of all smokers who quit early in pregnancy

a
Each section in column 2 and 3 may not add up to the respective total # at the top of the respective column secondary to missing data

b
Unadjusted RR derived from simple logistic regression of each individual characteristic compared to the referent category for the corresponding 

variable in each cell.

c
Adjusted RR derived from one comprehensive multivariate logistic regression model including all characteristics in this table.

d
Percentage indicates the number out of all smokers, not entire cohort
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