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Abstract: This study was designed to identify maternal characteristics associated with smoking during pregnancy and in-

appropriate gestational weight gain. Data were collected retrospectively from records of 252 women enrolled in the Sioux-

land WIC (Women, Infants, and Children) program in Sioux City, Iowa. Twenty-three percent of women reported smok-

ing during pregnancy. Forty-four percent of women gained more weight than recommended during pregnancy and 21 per-

cent gained less than recommended. 

Maternal demographic characteristics were tested as predictors of inappropriate gestational weight gain and smoking us-

ing logistic regression analysis. Adjusted odds ratios indicated that smoking was predicted by lower income, being unmar-

ried, white (non-Hispanic) ethnicity, and living with another smoker. Excess pregnancy weight gain was predicted by 

white ethnicity, primigravid status, and being overweight (but not obese) before pregnancy. Risk of smoking and excess 

weight gain was highest among women with multiple identified risk factors. Smoking and excess gestational weight gain 

are both common in this low-income population but have different patterns of demographic risk. 

INTRODUCTION 

 Smoking during pregnancy poses significant health risks 
for both mother and fetus [1, 2]. Smoking clearly inhibits 
fetal growth, increasing the risk of low birthweight [3, 4] and 
may indirectly affect fetal development by impairing mater-
nal weight gain [2]. Smoking during gestation may also pose 
longer-term risks for child health, independent of fetal 
growth restriction [5]. Although prevalence is decreasing in 
the population as a whole, many women continue to smoke 
during pregnancy [6]. Recent studies have linked smoking 
during pregnancy to demographic factors such as ethnicity, 
maternal age, income, and education [7-9]. 

 Inappropriate gestational weight gain may also pose 
health risks for mother and fetus. Nationally, most women 
gain more weight than recommended during pregnancy [10], 
a trend that seems to be increasing [11]. Among non-obese 
women, increased maternal weight gain tends to increase the 
risk of large-for-gestational age infants [12, 13]. Excess 
weight gain may also increase risk of maternal obesity after 
pregnancy [14]. This in turn presents a risk for subsequent 
pregnancies as overweight women face higher risk of preg-
nancy and birth complications [15]. Gestational weight gain 
outside the recommended ranges has been linked to a variety 
of maternal characteristics, including ethnicity, body size, 
and pregnancy history [10]. 

 Although a number of studies have focused on effects of 
gestational smoking and weight gain on maternal health and 
fetal development [16-18], fewer studies have identified ma-
ternal characteristics associated with these pregnancy risk  
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factors [19, 20]. Given the potential impact of these risk fac-
tors, additional study is needed comparing maternal predic-
tors of both smoking and inappropriate gestational weight 
gain in the same population. Such studies are critical for 
identification of high risk sub-groups in local populations. 
More information is also needed regarding the co-occurrence 
of risk factors and the additive effect on risk of smoking and 
inappropriate gestational weight gain. This study addresses 
these questions for women from a low-income, ethnically 
diverse population. 

MATERIALS AND METHODOLOGY 

 Data were collected retrospectively from maternal re-
cords for all women (n=309) enrolled in the Siouxland WIC 
(Women, Infants, and Children) program as of February, 
2001. WIC is a federal program that provides supplemental 
foods, nutrition education, and other services to primarily 
low-income families [21]. Pregnant mothers and children 
under five years of age are eligible for enrollment in the pro-
gram. The Siouxland WIC agency in Sioux City serves eligi-
ble families in Woodbury County which is located in north-
west Iowa. The entire WIC population of Woodbury County 
is approximately 30 percent Hispanic [22]. Data were col-
lected for the most recent singleton live birth with a gestation 
length of at least 28 weeks. Based on interviews with WIC 
staff and dietitians, all women completed a Prenatal Health 
History form and a Breastfeeding / Postpartum form. Pre-
pregnancy weight, height, pregnancy weight gain, and smok-
ing were reported by the mothers. Pre-pregnancy weight and 
height were used to calculate body mass index (BMI). 

 Reported number of cigarettes smoked per day during the 
last 3 months of pregnancy was recorded on the Breastfeed-
ing / Postpartum form and coded as never smoked or smoked 
during pregnancy. Presence of another smoker in the home  
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was also coded dichotomously. Weight gain during preg-
nancy was coded as low, normal, or high based on recom-
mendations that take pre-pregnancy BMI into account (Insti-
tute of Medicine 1990). Gestational weight gain for women 
with a low BMI was recorded as either high (> 18 kg) or low 
(< 12.5 kg). For women within the normal BMI range, 
weight gain was recorded as high (> 16 kg) or low (< 11.5 
kg). For overweight or obese women, weight gain was re-
corded as high (> 11.5 kg) or low (< 7 kg). 

 Maternal demographic predictor variables were dummy 
coded to facilitate estimation of odds ratios. Reported 
monthly household income was verified by WIC staff based 
on required documentation. Household income was coded as 
lower or higher based on the group median. Marital status 
was coded as married or not married / separated. Maternal 
age was coded as under 20 or 20 and older. Since the major-
ity of the sample was white (57 %) or Hispanic (32 %), ma-
ternal ethnicity was coded as white or non-white. Maternal 
education was coded as at least 12 years or less than 12 
years. Gravidity was coded as previously pregnant or primi-
gravid. Gestational week of the first prenatal care visit was 
coded according to the group median. Based on BMI, moth-
ers were classified as underweight (BMI  19.8), not over-
weight (BMI > 19.8 and  26.0), overweight (BMI > 26.0 
and  29.0), or obese (BMI > 29.0), [23]. 

 Demographic characteristics were first tested as individ-
ual predictors of smoking and inappropriate gestational 
weight gain using simple logistic regression. Multiple logis-
tic regression models were also constructed to predict risk of 
smoking and weight gain status with all maternal characteris-
tics as predictor variables. Advantages of this approach in-
clude estimation of independent effects of predictor variables 
and calculation of odds ratios adjusted for all other predictor 
variables. For all logistic models, maternal weight gain was 
dummy coded as excess weight gain or low weight gain with 
normal weight gain as the reference category. Pre-pregnancy 
BMI was dummy coded as underweight, overweight, or 
obese with normal BMI as the reference category. Pregnancy 
weight gain was included in the model predicting smoking 
and smoking was included in the model predicting preg-
nancy weight gain. All statistical analyses were performed 
using SYSTAT 10.2. 

 Effects of multiple maternal risk factors identified by 
multiple logistic regression analysis were also analyzed. The 
number of identified risk factors for smoking (0-4 possible) 
and for excess weight gain (0-3 possible) was calculated for 
each subject. Risk of smoking and excess gestational weight 
gain associated with having 2 or more of these risk factors 
was calculated. It was necessary to collapse risk categories 
due to the presence of empty cells for certain categories. 

RESULTS 

 Data were collected for 309 women enrolled in the pro-
gram. One case that was an extreme outlier in terms of re-
ported pregnancy weight loss and another for whom race 
was not recorded were excluded. Two-hundred fifty-two 
women had complete data for all study variables. Forty-four 
percent of mothers had less than a high school education and 
58 percent were unmarried (Table 1). Mothers ranged in age 
from 15 to 43 years and 21 percent were under 20 years old. 
Fifty-seven percent were white (non-Hispanic) and 74 per-

cent of the non-white group was Hispanic. Twenty-eight 
percent of mothers were primigravid and the average first 
prenatal visit was 10.1 weeks. Based on BMI, 47 percent 
were overweight or obese before pregnancy. Based on pre-
pregnancy BMI, 44 percent of women in the sample gained 
more weight than recommended during pregnancy and 21 
percent gained less weight than recommended. Twenty-three 
percent of mothers reported smoking during pregnancy. 
Thirty-two percent of women reported living with another 
smoker in the home. 

 Certain individual maternal characteristics were signifi-
cant predictors of smoking and inappropriate weight gain. 
Table 2 presents risk factors for smoking or inappropriate 
gestational weight gain. The percentage that smoked or that 
gained inappropriate pregnancy weight is listed for each 
level of the risk factor in addition to the unadjusted odds 
ratio. Smoking was predicted by lower income (OR=3.09; 
CI= 1.64-5.82), being unmarried/separated (OR=3.53; 
CI=1.76-7.07), white (non-Hispanic) ethnicity (OR=5.67;  
CI = 2.64-12.19), and living with another smoker (OR=6.01; 
CI=3.19-11.30). Smoking was inversely predicted by lower 
education (OR=.44; CI=0.24-0.83). That is, women with 
higher education faced higher risk of smoking during preg-
nancy (OR=2.72). 

 Excess weight gain during pregnancy was predicted by 
being unmarried/separated (OR=1.86; CI=1.11-3.12), white 
(non-Hispanic) ethnicity (OR=2.50; CI=1.49-4.21), being 
less than 20 years old (OR=2.32; CI=1.25—4.30), primigra-
vid status (OR=2.55; CI=1.45-4.48), being overweight be-
fore pregnancy (OR=6.40; CI=2.73-15.02) and living with 
another smoker (OR=1.85; CI=1.08-3.15). Low weight gain 
during pregnancy was inversely predicted by pre-pregnancy 
overweight (OR=.12; CI=0.03-0.52) and obesity (OR=.44; 
CI=0.22-0.90). That is, normal or underweight women faced 
higher risk of gaining less weight than recommended. The 
relationship between high weight gain and smoking was 
nearly significant (OR=1.79; CI=0.99-3.24; p=.05). 

 Table 3 presents results of the multiple logistic regression 
analyses. After adjusting for all other risk factors in the 
model, smoking during pregnancy was predicted by lower 
income (OR=2.54; CI=1.17-5.53), being unmarried 
(OR=3.05; CI=1.28-7.26), white (non-Hispanic) ethnicity 
(OR=4.64; CI=1.70-12.66), and living with another smoker 
(OR=5.63; CI=2.65-11.96). Excess pregnancy weight gain 
was predicted by white (non-Hispanic) ethnicity (OR=2.80; 
CI=1.29-6.05), primigravid status (OR=2.42; CI=1.11-5.33), 
and being overweight before pregnancy (OR=6.29; CI=2.21-
17.89). Being underweight or obese before pregnancy were 
not significant predictors of excess weight gain. Risk of low 
pregnancy weight gain was significantly lower among 
women that were obese before pregnancy (OR = 0.41; 
CI=0.18-0.96). Gestational age and household size were not 
significant predictors when included in either model. 

 Multiple logistic regression identified 4 significant risk 
factors for smoking and 3 significant risk factors for excess 
weight gain. Ninety-six women (38 percent) had 0 or 1 of the 
significant risk factors for smoking and 156 (62 percent) had 
2-4 of these risk factors. Women in the higher risk group 
were 9 times as likely to smoke compared to those in the 
lower risk group (OR=9.34, 95% CI = 3.59-24.44). One-
hundred ninety six women (78 percent) had 0 or 1 of the 
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identified risk factors for excess weight gain while 56 (22 
percent) had 2-3 of these risk factors. Women in the higher 
risk group were 8 times as likely to gain excess weight dur-
ing pregnancy (OR=8.06, 95% CI = 3.91-16.60). 

DISCUSSION 

 A previous study based on this sample of WIC partici-
pants revealed significant effects of smoking and inappropri-
ate weight gain on birthweight [24]. The present study ex-
tends this research to identify maternal characteristics asso-
ciated with these risk factors. Although other studies have 
tested predictors of either smoking or weight gain, this study 
represents an important contribution by comparing predictors 
of both in a single sample. Unadjusted odds ratios revealed 
higher risk of smoking among women that were lower in-
come, more educated, unmarried, white (non-Hispanic), or 
lived with another smoker. However, after adjusting for 
other risk factors, only income, marital status, race, and 
presence of another smoker remained significant. To clarify 
this difference, education level was tested as a predictor of 
smoking adjusting for other individual risk factors. This pro-
cedure suggested that the effect of education level was con-
founded by race / ethnicity. That is, smoking was much more 
common among white (non-Hispanic) mothers and they 
were more highly educated. Previous studies have reported 
increased risk of smoking for white (non-Hispanic) mothers  

[7, 20, 25] relative to other minority groups. Hispanic moth-
ers in particular tend to report lower prevalence of gesta-
tional smoking [8, 26]. In the current sample, prevalence of 
reported smoking among Hispanic mothers only was 8 per-
cent compared to 34 percent for white non-Hispanic moth-
ers. 

 Other studies have reported elevated risk of smoking for 
unmarried mothers [27], including those unmarried but co-
habiting [28]. Higher prevalence of smoking among unmar-
ried mothers may owe to lower rates of prenatal care in this 
sub-group [29]. Previous studies also report higher preva-
lence of smoking during pregnancy for women living with a 
partner that smokes [28, 30]. In the present study, women 
living with a smoker were nearly 6 times as likely to smoke 
during pregnancy. Elevated risk of smoking among lower 
income WIC mothers is consistent with other studies [26]. 

 Low-income status of WIC participants in general may 
also explain the high overall prevalence of smoking in this 
sample. Smoking prevalence in the current WIC sample was 
23 percent, a value higher than a recent national estimate of 
approximately 11 percent [6]. Although other studies have 
identified significant effects of age on risk of smoking [7, 9, 
20], the present study failed to detect a significant age effect. 

 Excess pregnancy weight gain was much more common 
than  inadequate  weight  gain,  a  trend  consistent with other  

Table 1. Demographic and Biological Characteristics of Mothers (n=252) 

 

 % Mean S.D. Minimum Maximum 

Monthly household income ($) -- 1,383.2 883.4 0.0 5,833.0 

Number in household -- 4.1 1.5 2.0 10.0 

Years of education -- 10.9 2.4 4.0 17.0 

Unmarried / separated  58.3 -- -- -- -- 

Week of first prenatal visit  10.1 5.8 1.0 35.0 

Age (yrs) -- 24.6 5.3 15.2 43.1 

Ethnicity 

White (n=144) 

Hispanic (n=81) 

Asian, Native American, or Black (n=27) 

 

57.1 

32.2 

10.7 

 

-- 

-- 

-- 

 

-- 

-- 

-- 

 

-- 

-- 

-- 

 

-- 

-- 

-- 

Primigravid 28.2 -- -- -- -- 

Height (cm) -- 161.8 6.4 142.2 181.6 

Pre-pregnancy weight (kg) -- 70.3 20.5 38.2 152.3 

Body mass index (kg / m2) -- 26.7 7.0 16.2 52.9 

Underweight (BMI < 19.8) 

Overweight (BMI > 26 and  29.0) 

Obese (BMI > 29.0) 

11.5 

14.7 

31.3 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Pregnancy weight gain (kg) -- 14.7  6.7 0 40.9 

High pregnancy weight gain 44.0 -- -- -- -- 

Low pregnancy weight gain 22.6 -- -- -- -- 

Smoked during pregnancy 23.0 -- -- -- -- 

Another smoker in the home 32.1 -- -- -- -- 
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Table 2. Prevalence and Risk of Smoking and Inappropriate Pregnancy Weight Gain According to Maternal Characteristics 

 

 Smoked OR
 

p High Weight Gain
 

OR p Low Weight Gain
 

OR p 

Lower income 

Higher income 

32.5% 

13.5% 

3.09 <0.001 45.2% 

42.9% 

1.10 0.70 24.6% 

20.6% 

1.26 0.45 

< 12 years education 

 12 years education 

15.3% 

29.1% 

0.44 0.01 42.3% 

45.4% 

0.88 0.63 22.5% 

22.7% 

0.99 0.97 

Unmarried / separated 

Married 

31.3% 

11.4% 

3.53 <.001 50.3% 

35.2% 

1.86 0.02 20.4% 

25.7% 

0.71 0.32 

White (non-Hispanic) 

Non-white 

34.0% 

8.33% 

5.67 <.001 53.5% 

31.5% 

2.50 .001 19.4% 

26.9% 

0.66 0.17 

< 20 years old 

 20 years old 

18.9% 

24.1% 

0.73 0.42 60.4% 

39.7% 

2.32 0.01 20.8% 

23.1% 

0.87 0.72 

Primigravid 

Multigravid 

18.3% 

24.9% 

0.68 0.27 60.6% 

37.6% 

2.55 .001 16.9% 

24.9% 

0.62 0.18 

Later prenatal care 

Earlier prenatal care 

24.6% 

21.4% 

1.20 0.55 43.7% 

44.4% 

0.97 0.90 21.4% 

23.8% 

0.87 0.65 

Pre-pregnancy BMI1 

Normal (reference) 

Underweight 

Overweight 

Obese 

 

21.5% 

34.5% 

27.0% 

19.0% 

 

-- 

1.92 

1.35 

0.86 

 

-- 

0.15 

0.49 

0.68 

 

32.7% 

44.8% 

75.7% 

44.3% 

 

-- 

1.67 

6.40 

1.64 

 

-- 

0.23 

<0.001 

0.11 

 

32.7% 

20.7% 

5.41% 

17.7% 

 

-- 

0.54 

0.12 

0.44 

 

-- 

0.22 

0.01 

0.02 

Other smoker 

No other smoker 

45.7% 

12.3% 

6.01 <.001 54.3% 

39.2% 

1.85 0.02 17.3% 

25.1% 

0.62 0.17 

Pregnancy weight gain2 

Normal (reference) 

High weight gain 

Low weight gain 

 

16.7% 

28.8% 

21.1% 

 

-- 

2.03 

1.33 

 

-- 

0.05 

0.51 

 

 

-- 

-- 

 

 

-- 

-- 

 

 

-- 

-- 

 

 

-- 

-- 

 

 

-- 

-- 

 

 

-- 

-- 
1Odds ratios for each category of BMI, relative to normal BMI group. 
2Odds ratios for each category of weight gain, relative to normal weight gain group. 

 

Table 3. Adjusted Odds Ratios and 95 Percent Confidence Intervals for Predictors of Smoking and Pregnancy Weight Gain 

 

 Smoked
1 

p High Weight Gain
 

p Low Weight Gain
 

p 

Lower income 2.54 (1.17-5.53) 0.02 0.99 (0.51-1.93) 0.98 1.50 (0.72-3.12) 0.28 

< 12 years education 1.04 (0.42-2.56) 0.93 1.33 (0.63-2.80) 0.46 0.66 (.29-1.51) 0.33 

Unmarried / Separated 3.05 (1.28-7.26) 0.01 1.28 (0.65-2.55) 0.48 0.82 (0.39-1.74) 0.61 

White (non-Hispanic) 4.64 (1.70-12.66) 0.003 2.80 (1.29-6.05) 0.01 0.92 (0.40-2.13) 0.84 

< 20 years old 0.38 (0.13-1.08) 0.07 1.98 (0.76-5.17) 0.16 2.20 (0.73-6.65) 0.16 

Primigravid 0.42 (0.16-1.06) 0.07 2.42 (1.11-5.33) 0.03 0.93 (0.36-2.38) 0.87 

Later Prenatal Care 1.31 (0.63-2.73) 0.46 0.85 (0.45-1.63) 0.63 0.77 (0.37-1.58) 0.48 

Pre-pregnancy BMI 

Normal (reference) 

Underweight 

Overweight 

Obese 

 

1 

1.86 (0.62-5.56) 

1.49 (0.48-4.67) 

0.59 (0.24-1.43) 

 

 

0.27 

0.46 

0.27 

 

1 

0.93 (0.33-2.60) 

6.29 (2.21-17.89) 

1.30 (0.61-2.77) 

 

 

0.89 

0.001 

0.49 

 

1 

0.53 (0.16-1.70) 

0.30 (0.06-1.58) 

0.41 (0.18-0.96) 

 

 

0.28 

0.15 

0.04 

Other smoker 5.63 (2.65-11.96) <0.001 1.26 (0.60-2.64) 0.54 0.69 (0.29-1.65) 0.41 

Smoked -- -- 1.52 (0.62-3.71) 0.36 1.54 (0.55-4.26) 0.41 

Pregnancy weight gain 

Normal (reference) 

High weight gain 

Low weight gain 

 

1 

1.57 (0.62-4.00) 

1.68 (0.58-4.78) 

 

 

0.34 

0.35 

 

-- 

-- 

-- 

 

 

-- 

-- 

 

-- 

-- 

-- 

 

 

-- 

-- 
1Adjusted for all risk factors studied using multiple logistic regression. 
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surveys [10, 31, 32]. There are several potential implications 
for the high rate of excess weight gain. The combined preva-
lence of pre-pregnancy overweight and obesity (47 percent) 
was already high and these women may tend to become even 
more overweight with successive pregnancies [33]. Maternal 
obesity and excess weight gain increase the risk of a variety 
of pregnancy and birth complications [1, 15, 34]. 

 Unadjusted odds ratios revealed higher risk of excess 
weight gain among mothers that were unmarried, white 
(non-Hispanic), under 20 years old, primigravid, and over-
weight before pregnancy. After adjusting for other risk fac-
tors, only race / ethnicity, gravidity, and overweight status 
significantly predicted excess weight gain. Higher risk of 
excess weight gain among white non-Hispanic mothers and 
primigravidas is consistent with previous studies [10, 35]. 
Overweight but not obese women in the present study tended 
to gain excess weight during pregnancy. Other studies sug-
gest that women in this weight category tend to exceed rec-
ommended weight gain [2, 35]. A contributing factor in ex-
cess weight gain may be physician advice to gain more 
weight than recommended during pregnancy [32]. The un-
derlying nutritional factors associated with excess weight 
gain are undoubtedly complex and may involve interactions 
with diet, physical activity, and psychosocial stress [14, 36]. 

 Demographic and household characteristics were 
stronger predictors of smoking during pregnancy while bio-
medical characteristics were stronger predictors of excess 
pregnancy weight gain. Income, ethnicity, marital status, and 
presence of another smoker predicted smoking while ethnic-
ity, pregnancy history, and pre-pregnancy weight status sig-
nificantly predicted excess pregnancy weight gain. A recent 
study also found identified these biomedical characteristics 
as predictors of excess weight gain [19]. An interesting result 
in the present study is that non-white (primarily Hispanic) 
women faced lower risk for both gestational smoking and 
excess weight gain. Among Mexican immigrants, the risk of 
undesirable prenatal behaviors seems to increase with in-
creased acculturation [37, 38]. Further study of the accultura-
tion process and associated changes in attitudes and health 
behaviors is needed to understand these ethnic differences. 

 There were several limitations of the current study. Sam-
ple size did not permit analysis of the large number of possi-
ble interactions among predictor variables. However, risk of 
smoking and excess weight gain was highest among women 
with multiple identified risk factors. The study relied on re-
ported pre-pregnancy weight and weight gain. Although 
clinical measurements are desirable, maternal reports of 
pregnancy variables have been shown to be highly correlated 
with clinically recorded measures [39]. Finally, certain vari-
ables could have been better defined. For example, reporting 
of marital status made no distinction for cohabiting and re-
ported ethnicity had no provision for degree of acculturation. 

CONCLUSION 

 This study identified maternal characteristics signifi-
cantly associated with smoking and excess pregnancy weight 
gain. Both smoking and inappropriate weight gain impact 
fetal development by affecting nutrient supply to the fetus 
[40-42]. Thus, it is critical to identify groups at high risk for 
these adverse, but modifiable, gestational factors. Impor-
tantly, patterns of maternal risk for smoking and excess 

weight gain were different. Identification of maternal risk 
profiles is critical for local public health efforts aimed at 
prevention. Additional research into specific combinations of 
maternal risk factors that substantially elevate risk is ur-
gently needed to properly focus public health efforts. 
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