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ABSTRACT

   Copyright 2022 by Liu J. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which allows 
to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.
cc

Objective
To investigate whether gestational hypertension (GH) and/or eclampsia was associated with the timing of  maternal smoking 
when stratified by pre-pregnancy body mass index (pBMI) status. 
Study Design and Methods
1,376,271 US-born mothers aged 20-29 from the 2019 infant natality data who had a singleton birth (20+ weeks of  gestation) 
were analyzed in this study. Maternal smoking status was defined into five groups, i.e., non-smokers, quitted smoking before preg-
nancy, quitted smoking before the 2nd trimester, quitted smoking before the 3rd trimester, and smoked whole-time. Odds ratios 
(ORs) of  GH or eclampsia were estimated separately using multiple logistic regression for maternal smoking by pBMI status (kg/
m2): underweight (<18.5), normal (18.5≤25.0), overweight (25.0≤30.0), and obese (≥30.0). 
Results
Compared to non-smokers, the adjusted ORs (95% CIs) of  GH for mothers who quit before pregnancy with pBMI underweight, 
normal, overweight, and obese were 1.17 (0.92-1.49), 1.11 (1.03-1.19), 1.13 (1.05-1.22), 1.13 (1.08-1.19), respectively. While the 
ORs (95% CIs) of  GH for mothers who smoked for the entirety of  their pregnancy were 0.71 (0.60-0.84), 0.80 (0.75-0.84), 0.79 
(0.74-0.84), and 0.82 (0.78-0.85), respectively. The adjusted ORs for eclampsia showed a different pattern, only that for mothers 
who smoked for their whole pregnancy with normal and obese showed significantly (0.69 (0.53-0.91) for normal weight, 0.73 
(0.58-0.92) for obese). 
Conclusion
In comparison to non-smokers, an increase in the odds of  GH were observed amongst normal, overweight, and obese mothers 
quitting before pregnancy meanwhile a decreased odds were observed amongst mothers smoking throughout pregnancy in all 
pBMI classes.
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INTRODUCTION

Smoking during pregnancy has been associated with an in-
creased risk of  poor outcomes for mother and child such as 

ectopic pregnancy, placental abruption, preterm birth, low birth 
weight, and infant mortality.1,2 Despite these risks, only half  of  
smokers quit during their pregnancy.3 In the United States, 7.2% 
of  mothers who gave birth in 2016 reported being a smoker, and 
between 2010 and 2017 smoking prevalence during pregnancy in 

the United States (U.S.) was highest in the 20-24 age range followed 
by ages 15-19 and 25-29.4 

	 A US-based study found that certain population sub-
groups are more likely to smoke during pregnancy and have the 
lowest prevalence’s of  quitting during pregnancy.5 These sub-
groups being women who are covered by Medicaid, underweight 
before pregnancy, high school educated or less, and/or under the 
age of  25.5 prior research indicates that women who were most 
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likely to quit smoking during pregnancy were younger than 20, 
Asian/Pacific Islander, had more than 12-years of  education, lived 
in an urban area, and had private insurance.4,5

	 Women are more likely to use smoking as a method of  
weight control and studies have observed that on average smokers 
have a lower body mass index (BMI) than non-smokers.6 Other re-
search has shown smoking as a risk factor for high blood pressure 
in women however, its effect during pregnancy is unclear.2

	 In the past twenty years the incidence of  hypertensive 
disorders of  pregnancy (HDP) have increased by 25%, and about 
5% to 10% of  pregnant women are diagnosed with at least one 
HDP.7 This increase in HDP has been attributed to the rise of  
mothers of  an advanced maternal age, obesity, and comorbidities 
such as diabetes mellitus and nutrient deficiencies.2,7 The two most 
common HDP are gestational hypertension (GH) and pre-eclamp-
sia (PE) with 25 to 50% of  those with GH developing PE.8,9 GH 
can only be diagnosed after 20-weeks of  gestation.10 HDP are as-
sociated with maternal morbidity and mortality, largely due to ma-
ternal strokes.7 PE can progress to eclampsia which can be lethal 
and has an estimated 1.8% mortality rate in developed countries.11

	 Contradictory results have been found on the impact 
of  smoking during pregnancy on HDP. Studies from Japan and 
Poland suggested increase in risk while American studies found 
decrease in risk when smoking during pregnancy.12-15 Focusing on 
the American studies, recent research saw that mothers who were 
overweight, obese, diagnosed with pre-pregnancy diabetes or with 
gestational diabetes had notably higher incidences of  GH/PE.15 
Additionally, Coghill et al16 identified that diabetes, which is strong-
ly associated with BMI, was a risk factor for eclampsia. Currently, 
no studies have explored how maternal smoking is associated with 
HDP when accounting for weight status.

Research Aim and Hypothesis

This research aims to contribute a focused insight into the risk 
of  GH and eclampsia for US mothers aged 20-29 who smoke, 
or cease to, during pregnancy while accounting for BMI. It is hy-
pothesized that the protective action of  smoking seen in previous 
studies may be explained by differences in BMI with underweight 
mothers being more likely to smoke but also less likely to experi-
ence HDP.

METHODS

Sampling Strategy

The study population is derived from the 2019 National Center for 
Health Statistics (NCHS) natality data file which includes all live 
births to US residents in 2019. This file was created using informa-
tion from the US. Standard Certificate of  Live Birth and includes 
3,757,582 births.17 

	 The following inclusions and exclusions were made to 
form the study sample (Figure 1). 

	 Only mothers aged 20-29, who were born in the US and 
had a singleton birth over the gestational age of  20-weeks were 
included. Mothers aged 20-29-years were selected as previous re-
search has shown that smoking prevalence during pregnancy in the 
US was highest in the 20-24 age range.4 Additionally, those with 
missing or unreported smoking, BMI, diabetes, GH, and eclampsia 
were excluded. The resulting sample included 1,376,271 singleton 
births.
 
Exposures, Outcomes and Covariates

Smoking was reported as the daily average number of  cigarettes 
smoked three months before pregnancy and during each trimester. 
Maternal smoking was recategorized into the following groups for 
analysis: (a) non-smokers (b) smoked before but not during preg-
nancy (c) smoked before pregnancy and during 1st trimester only (d) 
smoked before pregnancy and during 1st and 2nd trimester only (e) 
smoked before pregnancy and all trimesters. Pre-pregnancy BMI 
(pBMI) data was recategorized into the following four categories: 
(a) underweight (<18.5kg/m2) (b) normal (18.5≤25.0 kg/m2) (c) 
overweight (25.0≤30.0 kg/m2) and (d) obese BMI≥30.0 kg/m2). 

	 On the birth certificate, GH and eclampsia diagnoses 
were reported independently. The variable of  GH on certificate 
data includes both pregnancy-induced hypertension and PE. 

	 Potential confounders used in adjustments were catego-
rized as either mother’s characteristics or child’s characteristics. 
Those of  the mother included: maternal age (years.), maternal race 

Figure 1. Flow Chart of Study Sample Derivation from NCHS 2019 
Natality Public Use File Depicting Number and Criteria for Included Births
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(white, black, or other), mother’s education (less than high school, 
high school, some college, associate’s degree, bachelor’s degree, 
graduate school or unknown), pre-pregnancy diabetes and gesta-
tional diabetes. Child’s characteristics included: gestational age at 
birth (weeks), infant sex (female vs. male), and birthweight (very 
low (227-1499 grams), low (1500-2499 grams), normal (2500-8165 
grams) or unknown).

Statistical Analysis

ORs (95% CI) were estimated using logistic regression for either 
GH or eclampsia by smoking status. To control for confounding, 
models were stratified by BMI class and conducted three times to 

either adjust for mother’s characteristics only, child’s characteristics 
only or both. A binary logistic regression model with a significance 
level of  0.05 was used. All analyses were performed in SAS/STAT 
software (Studio v3.8, SAS Institute Inc., Cary, NC, USA).18

RESULTS

Table 1 presents the maternal, pregnancy and neonatal characteris-
tics of  the 1,376,271 women included in the study. 8.2% of  women 
GH, and 0.3% had eclampsia. Overall, 11.4% of  women smoked 
before pregnancy, 8.6% during first semester, 7.3% during the sec-
ond semester, and 6.9% during the third semester. Notably un-
derweight mothers had higher prevalence of  smoking before and 

Table 1. Demographic Characteristics, Smoking Status, Diabetes Diagnosis and Hypertensive Outcomes of Mothers by BMI Categories

 
Underweight*

(n=46,384)
Normal*

(n=529,002)
Overweight*

(n=356,430)
Obese*

(n=444,455)

Mother’s Demographic Characteristics

Age (Years), Mean [SD] 24.23 [2.84] 25.05 [2.84] 25.5 [2.77] 25.18 [2.71]

Race (%)

White 75.73 79.25 76.94 72.83

Black 21.31 17.62 19.73 23.97

Other 2.96 3.13 3.33 3.20

Education (%)

Less than high school 14.27 9.48 9.09 10.10

Highschool 41.21 32.32 34.21 38.62

Some college 24.39 24.64 26.84 28.53

Associates Degree 6.33 8.69 9.52 9.10

Bachelor’s degree 10.30 18.45 15.27 10.43

Graduate School 2.72 5.64 4.28 2.49

Unknown 0.78 0.79 0.80 0.73

Characteristics of this Pregnancy

Interval Since Last Birth (%)

No previous births 38.90 40.13 36.88 32.79

4-11-months 3.20 3.39 3.60 3.78

12-23-months 17.82 17.51 17.84 18.51

24-71-months 26.78 25.91 27.04 28.98

≥ 72-months 3.84 4.33 5.41 6.23

Unknown 9.47 8.73 9.23 9.72

Infertility Treatment Used (%) 0.34 0.53 0.55 0.61

Previous Pre-term Birth (%) 4.29 3.12 3.13 3.62

Delivery Type (%)

Spontaneous 78.38 76.47 71.12 61.19

Forceps 0.61 0.60 0.53 0.40

Vacuum 3.63 3.05 2.53 1.95

Caesarean 17.35 19.85 25.79 36.43

Unknown 0.04 0.03 0.03 0.03

Payment Method (%)

Medicaid 59.21 45.86 48.63 55.72

Private Insurance 33.36 45.59 43.84 38.63

Self-Pay 3.06 3.27 2.30 1.63

Indian Health Service 0.05 0.08 0.11 0.13

CHAMPUS/TRICARE 1.38 2.10 2.03 1.25

Other Government (Federal, State, Local) 0.88 0.93 1.03 0.96

Other 1.27 1.39 1.33 1.09
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during pregnancy compared to the other BMI categories (smoked 
before but not during pregnancy: 18.8%, smoked before pregnancy 
and during 1st trimester only: 15.2%, smoked before pregnancy and 
during 1st and 2nd trimester only: 13.4%, smoked before pregnancy 
and all trimesters: 12.7%). 0.8% of  women had pre-pregnancy dia-
betes and 4.8% had gestational diabetes. Pre-pregnancy diabetes 
and gestational diabetes increased with increasing BMI class re-
gardless of  smoking status (Table 2). 

	 Table 3 presents the ORs and confidence intervals for 
GH by smoking status and pBMI class for each adjustment model 

of  mother’s characteristics, child’s characteristics, and both mother 
and child characteristics. Regardless of  adjustment and BMI status, 
the odds of  developing GH for mothers who quit smoking in the 
three-months before pregnancy were significantly higher in com-
parison to non-smokers (adjusted ORunderweight=1.17 with 95% 
CI: 0.92-1.49; adjusted ORnormal=1.11 with 95% CI: 1.03-1.19; 
adjusted ORoverweight=1.13 with 95% CI: 1.05-1.22; adjusted 
ORobese=1.13 with 95% CI: 1.08-1.19). Meanwhile, the odds of  
developing GH were significantly lower for mothers who smoked 
throughout pregnancy compared to non-smokers in each adjust-
ment model and subsequent BMI category (adjusted ORunder-

Unknown 0.78 0.78 0.74 0.58

Neonatal Characteristics

Gestational Age, Mean [SD] 38.52 [2.37] 38.81 [2.15] 38.82 [2.13] 38.73 [2.22]

Birthweight (%)

Very Low (227 - 1499 grams) 0.93 0.60 0.60 0.76

Low (1500 – 2499 grams) 11.48 6.16 5.02 5.15

Normal (2500 - 8165 grams) 87.56 93.21 94.36 94.06

Unknown/not stated 0.04 0.03 0.02 0.02

Sex of the Child (%)

Female 48.83 48.90 48.78 48.90

Mothers Smoking Status 

Smoked in 3 months before pregnancy (%) 18.78 11.33 10.63 11.34

Smoked in first trimester (%) 15.19 8.71 7.87 8.31

Smoked in second trimester (%) 13.36 7.50 6.67 7.00

Smoked in third trimester (%) 12.72 7.13 6.31 6.61

Mother’s Diabetes Status 

Pre-Pregnancy Diabetes (%) 0.26 0.39 0.68 1.35

Gestational Diabetes (%) 2.31 2.48 4.15 8.28

Hypertensive Disorders of Pregnancy

Gestational Hypertension (%) 3.92 5.22 7.85 12.33

Eclampsia (%) 0.18 0.19 0.27 0.38
*Underweight: BMI<18.5kg/m2, Normal: BMI 18.5≤25.0 kg/m2, Overweight: BMI 25.0≤30.0 kg/m2, Obese: BMI ≥30.0 kg/m2

Table 2. Prevalence of Pre-Pregnancy and Gestational Diabetes by Smoking Status and Maternal Pre-Pregnancy Bmi Category

 Non-Smoker Quit before 
Pregnancy

Quit after 
First Trimester

Quit after 
Second Trimester

Smoked throughout 
Pregnancy

Pre-pregnancy diabetes (%)

Underweight 0.26 0.35 0.11 0.00 0.26

Normal 0.38 0.51 0.44 0.61 0.38

Overweight 0.67 0.85 0.66 0.70 0.79

Obese 1.33 1.59 1.52 1.58 1.57

Gestational diabetes (%)

Underweight 2.20 2.56 2.36 3.93 2.87

Normal 2.46 3.14 2.91 2.28 2.53

Overweight 4.11 4.96 5.11 5.08 4.06

Obese 8.14 10.87 10.24 9.23 8.46

Pre-pregnancy or gestational diabetes (%)

Underweight 2.46 2.91 2.47 3.93 3.13

Normal 2.84 3.65 3.35 2.89 2.90

Overweight 4.78 5.81 5.77 5.78 4.85

Obese 9.47 12.45 11.76 10.81 10.02
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weight=0.71 with 95% CI: 0.60-0.84; adjusted ORnormal=0.80 
with 95% CI: 0.75-0.84; adjusted ORoverweight=0.79 with 95% 
CI: 0.74-0.84; adjusted ORobese=0.82 with 95% CI: 0.78-0.85). 

	 The adjusted ORs for eclampsia showed a different pat-
tern and are shown in Table 4. In comparison to non-smokers, 
normal and obese women who smoked throughout pregnancy 

present a significant decrease in odds of  eclampsia when including 
both mother and child characteristics (adjusted ORnormal=0.69 
with 95% CI: 0.53-0.91; adjusted ORobese=0.73 with 95% CI: 
0.58-0.92). The odds of  eclampsia by smoking status were insig-
nificant for the underweight and overweight BMI groups (adjusted 
ORunderweight=1.265 with 95% CI: 0.665-2.406; adjusted ORo-
verweight=1.025 with 95% CI: 0.781-1.345).

Table 3. Adjusted Odds Ratios and Confidence Intervals of Gestational Hypertension by Maternal Pre-pregnancy 
BMI Category and Smoking Status in Comparison to Non-smokers

 Quit before 
Pregnancy

Quit after First 
Trimester

Quit after 
Second Trimester

Smoked throughout 
Pregnancy

Adjusting for Mother’s Characteristics*

Underweight 1.154 [0.912-1.462] 1.188 [0.860-1.641] 1.623 [1.059-2.488] 0.808 [0.683-0.956]

Normal 1.092 [1.015-1.175] 1.007 [0.902-1.126] 1.184 [1.004-1.395] 0.913 [0.865-0.963]

Overweight 1.103 [1.027-1.186 1.065 [0.954-1.190] 0.883 [0.728-1.070] 0.853 [0.804-0.905]

Obese 1.107 [1.053-1.164] 1.039 [0.962-1.122] 1.067 [0.942-1.209] 0.841 [0.807-0.876]

Adjusting for Child’s Characteristics**

Underweight 1.149 [1.908-1.455] 1.116 [0.808-1.542] 1.267 [0.821-1.955] 0.638 [0.542-0.751]

Normal 1.059 [0.984-1.140] 0.916 [0.819-1.024] 0.953 [0.06-1.125] 0.689 [0.654-0.727]

Overweight 1.071 [0.997-1.152] 0.992 [0.888-1.109] 0.742 [0.611-0.902] 0.681 [0.642-0.721]

Obese 1.120 [1.065-1.178] 1.022 [0.946-1.105] 0.982 [0.865-1.115] 0.748 [0.718-0.779]

Adjusting for Mother and Child’s Characteristics***

Underweight 1.149 [1.908-1.455] 1.116 [0.808-1.542] 1.267 [0.821-1.955] 0.638 [0.542-0.751]

Normal 1.059 [0.984-1.140] 0.916 [0.819-1.024] 0.953 [0.06-1.125] 0.689 [0.654-0.727]

Overweight 1.071 [0.997-1.152] 0.992 [0.888-1.109] 0.742 [0.611-0.902] 0.681 [0.642-0.721]

Obese 1.120 [1.065-1.178] 1.022 [0.946-1.105] 0.982 [0.865-1.115] 0.748 [0.718-0.779]

*Adjusted for mother’s characteristics of maternal age, maternal race, mother’s education, pre-pregnancy 
diabetes and gestational diabetes
**Adjusted for child’s characteristics of gestational age at birth, infant sex and birthweight
***Adjusted for mother and child’s characteristic of maternal age, maternal race, mother’s education, pre-
pregnancy diabetes, gestational diabetes, gestational age at birth, infant sex and birthweight

Table 4. Adjusted Odds Ratios and Confidence Intervals of Eclampsia by Maternal Pre-pregnancy BMI Category and 
Smoking Status in Comparison to Non-smokers

 Quit before 
Pregnancy

Quit after First 
Trimester

Quit after 
Second Trimester

Smoked throughout 
Pregnancy

Adjusting for Mother’s Characteristics*

Underweight 1.154 [0.912-1.462] 1.188 [0.860-1.641] 1.623 [1.059-2.488] 0.808 [0.683-0.956]

Normal 1.092 [1.015-1.175] 1.007 [0.902-1.126] 1.184 [1.004-1.395] 0.913 [0.865-0.963]

Overweight 1.103 [1.027-1.186 1.065 [0.954-1.190] 0.883 [0.728-1.070] 0.853 [0.804-0.905]

Obese 1.107 [1.053-1.164] 1.039 [0.962-1.122] 1.067 [0.942-1.209] 0.841 [0.807-0.876]

Adjusting for Child’s Characteristics**

Underweight 1.149 [1.908-1.455] 1.116 [0.808-1.542] 1.267 [0.821-1.955] 0.638 [0.542-0.751]

Normal 1.059 [0.984-1.140] 0.916 [0.819-1.024] 0.953 [0.06-1.125] 0.689 [0.654-0.727]

Overweight 1.071 [0.997-1.152] 0.992 [0.888-1.109] 0.742 [0.611-0.902] 0.681 [0.642-0.721]

Obese 1.120 [1.065-1.178] 1.022 [0.946-1.105] 0.982 [0.865-1.115] 0.748 [0.718-0.779]

Adjusting for Mother and Child’s Characteristics***

Underweight 1.149 [1.908-1.455] 1.116 [0.808-1.542] 1.267 [0.821-1.955] 0.638 [0.542-0.751]

Normal 1.059 [0.984-1.140] 0.916 [0.819-1.024] 0.953 [0.06-1.125] 0.689 [0.654-0.727]

Overweight 1.071 [0.997-1.152] 0.992 [0.888-1.109] 0.742 [0.611-0.902] 0.681 [0.642-0.721]

Obese 1.120 [1.065-1.178] 1.022 [0.946-1.105] 0.982 [0.865-1.115] 0.748 [0.718-0.779]

*Adjusted for mother’s characteristics of maternal age, maternal race, mother’s education, pre-pregnancy 
diabetes and gestational diabetes
**Adjusted for child’s characteristics of gestational age at birth, infant sex and birthweight
***Adjusted for mother and child’s characteristic of maternal age, maternal race, mother’s education, pre-
pregnancy diabetes, gestational diabetes, gestational age at birth, infant sex and birthweight
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DISCUSSION

This study found an increase in the odds of  GH in mothers who 
quit before pregnancy in comparison to non-smokers in all pBMI 
strata. Additionally, results suggest decreased odds in GH amongst 
mothers smoking throughout pregnancy compared to non-smok-
ers in all pBMI strata. In general, these findings are in accordance 
with similar studies conducted in the United States.15,16 Addition-
ally, our results suggest that mothers who quit during any trimester 
experience no significant change in risk of  GH, which supports 
but, also contradicts the findings of  previous studies.14,15 Further-
more, this study concurrently investigated the effects of  maternal 
smoking on eclampsia, and it was observed that smoking was not 
generally associated with eclampsia. Understanding the timing of  
smoking during pregnancy, as well as the initiation of  cessation, in 
relation to HDP can help identify more at-risk mothers in clinical 
settings and optimize preventative measures.

	 The findings for GH in this study are like existing litera-
ture however, some disagreement is seen in the risk of  GH when 
quitting before pregnancy or after the second trimester.14-16,19 

	 For example, England et al14 used data from select US 
medical centers from 1992 to 1995 and found that mothers who 
smoked during pregnancy has reduced risks of  hypertension and 
preeclampsia. Like the current study, they found that mothers who 
smoked during pregnancy had reduced risks of  GH compared 
to non-smokers (RR: 0.8; 95% CI: 0.6-0.9),14 however, for those 
mothers quitting before pregnancy, they found no significant ef-
fect on risk of  GH (RR: 1.1; 95% CI, 0.9-1.3),14 but our results 
suggested that there were risk associations regardless of  body mass 
status, which went along with a study conducted by Wang et al15 in 
which they found that women who quit before the start of  preg-
nancy had a higher risk of  GH than non-smokers (RR 1.02; 95% 
CI: 1.00-1.05).

	 Wang et al15 found that mothers who quit before the third 
trimester were at an increased risk (RR 1.08; 95% CI 1.02-1.16), 
which differs from what we observed, i.e., quitting at any point 
during pregnancy was not generally significant for GH regardless 
their body mass status. These differences may be attributable to the 
methods used in the analysis, stratifying BMI as well as maternal 
smoking status in ours as opposed to just treating them as a covari-
ate in theirs. In addition, unlike other US studies, we only focused 
on the mothers aged 20-29, this might partially explain that the 
results from ours differed from others. As most data derived from 
US population, the results from this study also suggest a decrease 
in risk of  HDP when smoking during pregnancy.14,15 However, 
it should be noted that studies conducted in Japan, Poland and 
Russia have observed either an increase or no change in the risk 
of  HDP in women who smoke during pregnancy.12,13,19 Hayashi 
et al12 reported opposing findings using data from a case cohort 
studying 180,855 women in Japan. They found that compared to 
non-smokers, smokers during pregnancy were at a higher risk of  
pregnancy-induced hypertension (RR: 1.20; 95% CI: 1.01-1.41).12 
Similarly, research on a Polish study sample of  912 women by Le-
wandoska et al13 suggest that in comparison to mothers who never 
smoked, there was an increased risk of  gestational hypertension 

and preeclampsia in those who smoked during their first trimester 
and/or quit during pregnancy (Adjusted OR: 4.75, p<0.001; Ad-
justed OR: 11.63, p≤0.0001). Alternatively, a prospective cohort 
study of  39,566 women conducted in Russia reported that women 
who continued to smoke had no significant change in risk of  pre-
eclampsia/eclampsia compared to those who quit smoking before 
pregnancy (OR: 1.10 with 95% CI: 0.91-1.32).19 This observation 
suggests that the relationship of  smoking during pregnancy and 
HDP could be dependent on geographic location and population 
characteristics.2 The non-US studies also used relatively smaller 
sample sizes, which may also account for the different relation-
ships observed compared to larger US-based studies like ours (n: 
1,376,271) and Wang et al15 (n: 3,319,223).

	 A study out of  Washington State saw an inverse associa-
tion between smoking at any time during pregnancy and eclampsia 
risk which slightly differs from our findings as only normal and 
obese mothers who smoked throughout pregnancy had signifi-
cantly lower ORs.16 In contrast to Coghill et al16 the current study 
stratified by pBMI, which may account for this difference.

	 Indeed, we need to be aware of  any limitation of  the 
study when interpretating the results. First, since smoking status 
on birth records is self-reported so there may be some under-
reporting and possible misclassification. Furthermore, there may 
be some variation in the gestational ages used to define trimesters 
by mothers reporting smoking data. Second, the variable of  GH 
also included mothers who have PE meaning pregnancy-induced 
hypertension and PE cannot be evaluated separately. The relation 
of  smoking during pregnancy to pregnancy-induced hypertension 
and PE may differ which would be important for gauging clini-
cal outcomes since women with PE are more likely to progress to 
eclampsia which can be lethal.11 Thirdly, it cannot be ensured that 
the diagnostic criteria for HDPs were the same across all diagno-
ses performed as data was created using information from birth 
certificate data collected in different settings and locations across 
the United States. Lastly, there is the possibility of  unaccounted 
for confounding bias by unmeasured factors. Specifically, those 
indicative of  nutrition, access to healthcare, experiences of  prej-
udice and/or discrimination, or mental health, particularly stress 
and anxiety. Nevertheless, a clear merit of  the study is that a large 
population-based dataset represents well of  US mothers aged 20-
29 population regarding the research question we have explored.

CONCLUSION

In summary, an increase in the odds of  GH were observed 
amongst normal, overweight, and obese mothers quitting before 
pregnancy meanwhile a decreased odds were observed amongst 
mothers smoking throughout pregnancy in all pBMI classes. Ad-
ditionally, the study observed that smoking was generally not as-
sociated with eclampsia. 

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of  interest.

http://dx.doi.org/10.17140/GOROJ-8-156


Liu J, et al

Gynecol Obstet Res Open J. 2022 8(1): 8-14. doi: 10.17140/GOROJ-8-156

REFERENCES

1. Salihu HM, Wilson RE. Epidemiology of  prenatal smoking and 
perinatal outcomes. Early Hum Dev. 2007; 83(11): 713-720. doi: 
10.1016/j.earlhumdev.2007.08.002

2. Wang J, Yang W, Xiao W, Cao S. The association between smok-
ing during pregnancy and hypertensive disorders of  pregnancy: A 
systematic review and meta-analysis. International Journal of  Gynecol-
ogy & Obstetrics. 2022; 157(1): 31-41. doi: 10.1002/ijgo.13709

3. Hansen AR, Akomolafe TO, Mcgalliard Z, Belle-Isle L, Zhang J. 
Striving to meet healthy people 2020 objectives: Trend analysis of  
maternal smoking. Public Health Reports. 2018; 133(6): 644-649. doi: 
10.1177/0033354918793120

4. Azagba S, Manzione L, Shan L, King J. Trends in smoking dur-
ing pregnancy by socioeconomic characteristics in the United 
States, 2010–2017. BMC Pregnancy Childbirth. 2020; 20(1): 52. doi: 
10.1186/s12884-020-2748-y

5. Tong VT, Jones JR, Dietz PM, D'Angelo D, Bombard JM, Cen-
ters for Disease Control and Prevention (CDC). Trends in smoking 
before, during, and after pregnancy -- Pregnancy Risk Assessment 
Monitoring System, United States, 40 sites, 2000-2010. MMWR 
Surveill Summ. 2013; 62(6): 1-19.

6. Jacobs M. Adolescent smoking: The relationship between ciga-
rette consumption and BMI. Addict Behav Rep. 2019; 9: 100153. doi: 
10.1016/j.abrep.2018.100153

7. Folk DM. Hypertensive disorders of  pregnancy: Overview and 
current recommendations. J Midwifery Womens Health. 2018; 63(3): 
289-300. doi: 10.1111/jmwh.12725

8. Masoudian P, Nasr A, De Nanassy J, Fung-Kee-Fung K, Bain-
bridge SA, El Demellawy D. Oocyte donation pregnancies and the 
risk of  preeclampsia or gestational hypertension: A systematic re-
view and metaanalysis. Am J Obstet Gynecol. 2016; 214(3): 328-339. 
doi: 10.1016/j.ajog.2015.11.020

9. Sibai BM, Stella CL. Diagnosis and management of  atypical pre-
eclampsia-eclampsia. Am J Obstet Gynecol. 2009; 200(5): 481-e1-e7. 
doi: 10.1016/j.ajog.2008.07.048

10. Maheu-Cadotte M-A, Pépin C, Lavallée A, et al. CE: Gesta-

tional Hypertension, Preeclampsia, and Peripartum Cardiomy-
opathy: A Clinical Review. Am J Nurs. 2019; 119(11): 32-40. doi: 
10.1097/01.naj.0000605352.84144.a2

11. Ghulmiyyah L, Sibai B. Maternal mortality from preeclampsia/
eclampsia. Semin Perinatol. 2012; 36(1): 56-59. doi: 10.1053/j.sem-
peri.2011.09.011

12. Hayashi, K., Matsuda, Y., Kawamichi, Y., Shiozaki, A., & Saito, 
S. Smoking during pregnancy increases risks of  various obstetric 
complications: A case-cohort study of  the Japan Perinatal Registry 
Network database. J Epidemiol. 2011; 21(1): 61-66. doi: 10.2188/
jea.JE20100092

13. Lewandowska M, Więckowska B. The influence of  various 
smoking categories on the risk of  gestational hypertension and pre-
eclampsia. J Clin Med. 2020; 9(6): 1743. doi: 10.3390/jcm9061743

14. England LJ, Levine RJ, Qian C, et al. Smoking before pregnancy 
and risk of  gestational hypertension and preeclampsia. Am J Obstet 
Gynecol. 2002; 186(5): 1035-1040. doi: 10.1067/mob.2002.122404

15. Wang X, Lee NL, Burstyn I. Maternal smoking and gesta-
tional hypertension: Heterogeneous effect by timing of  the ex-
posure. Pregnancy Hypertens. 2019; 15: 123-129. doi: 10.1016/j.
preghy.2018.12.011

16. Coghill AE, Hansen S, Littman AJ. Risk factors for eclamp-
sia: A population-based study in Washington State, 1987–2007. 
Am J Obstet Gynecol. 2011; 205(6): 553.e1-553.e7. doi: 10.1016/j.
ajog.2011.06.079

17. National Center for Health Statistics (NCHS). User Guide to 
the 2019 Natality Public Use File. 2020. https://www.cdc.gov/
nchs/data_access/VitalStatsOnline.htm. Accessed September 22, 
2021.

18. SAS Studio [computer program]. Version 3.8. Cary, NC, USA: 
SAS Institute Inc.; 2020. https://support.sas.com/downloads/
package.htm?pid=1924. Accessed September 22, 2021.

19. Kharkova OA, Grjibovski AM, Krettek A, Nieboer E, Odland 
JØ. First-trimester smoking cessation in pregnancy did not increase 
the risk of  preeclampsia/eclampsia: A Murmansk County Birth 
Registry study. PLoS One. 2017; 12(8): e0179354. doi: 10.1371/
journal.pone.0179354

Submit your article to this journal | https://openventio.org/submit-manuscript/

14Retrospective Study | Volume 8 | Number 1|

http://dx.doi.org/10.17140/GOROJ-8-156
http://doi.org/10.1016/j.earlhumdev.2007.08.002
http://doi.org/10.1002/ijgo.13709
http://doi.org/10.1177/0033354918793120
http://doi.org/10.1186/s12884-020-2748-y
http://doi.org/10.1016/j.abrep.2018.100153
http://doi.org/10.1111/jmwh.12725
http://doi.org/10.1016/j.ajog.2015.11.020
http://doi.org/10.1016/j.ajog.2008.07.048
http://doi.org/10.1097/01.naj.0000605352.84144.a2
http://doi.org/10.1053/j.semperi.2011.09.011
http://doi.org/10.1053/j.semperi.2011.09.011
http://doi.org/10.2188/jea.JE20100092
http://doi.org/10.2188/jea.JE20100092
http://doi.org/10.3390/jcm9061743
http://doi.org/10.1067/mob.2002.122404
http://doi.org/10.1016/j.preghy.2018.12.011
http://doi.org/10.1016/j.preghy.2018.12.011
http://doi.org/10.1016/j.ajog.2011.06.079
http://doi.org/10.1016/j.ajog.2011.06.079
https://www.cdc.gov/nchs/data_access/VitalStatsOnline.htm
https://www.cdc.gov/nchs/data_access/VitalStatsOnline.htm
https://support.sas.com/downloads/package.htm?pid=1924
https://support.sas.com/downloads/package.htm?pid=1924
http://doi.org/10.1371/journal.pone.0179354
http://doi.org/10.1371/journal.pone.0179354

	ABSTRACT
	INTRODUCTION
	REFERENCES

