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Abstract 

Background: Obesity is a nationwide problem. More and more women are overweight/obese 

during pregnancy. It is important to target behavioral interventions during pregnancy as 

women are more motivated to make behavioral changes, for the wellbeing of themselves and 

their baby. Physical activity is well established intervention to fight the problem of obesity. 

The purpose of this study is to find predictors of physical activity during pregnancy among 

overweight/obese women using the health belief model (HBM). The proposed predictors 

knowledge of risks of obesity during pregnancy, perceived susceptibility, and pre-pregnancy 

BMI measured the three constructs of the HBM, perceived severity, perceived susceptibility 

and perceived barriers respectively.  Method: Secondary data analysis was performed on 

data collected from a previous study. Only overweight/obese pregnant women (N=164) from 

the sample were included in the study. The variables from the study were taken from the 

items on a questionnaire that the women completed in the original study. Descriptive 

analyses were performed to determine participant characteristics. Univariable analyses (t-

tests and chi square tests) were performed to find any covariates from the demographic 

variables. Logistic regression was performed to determine if the independent variables, 

knowledge of obesity risk in pregnancy, perceived susceptibility to risk and pre-pregnancy 

BMI are the predictors of physical activity during pregnancy, controlling for any covariates. 

Results: Our results indicate that none of the proposed predictors have a significant 

relationship with the dependent variable. Discussion: Identifying predictors of physical 

activity (PA) during pregnancy can lead to informed behavioral interventions. This study 

uses only three constructs of the HBM to predict PA during pregnancy. Future studies should 
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aim for a better design and reliable measures to find predictors of PA during pregnancy and 

should include variables that measure all constructs of the HBM. 
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Introduction 

 Obesity is a serious epidemic and a major health concern in the United States. 

Obesity is the over accumulation of fat, defined as a body mass index (BMI) greater than 30 

kg/m
2
 (World Health Organization [WHO], 2014). Data from the 2011-2012 National Health 

and Nutrition Examination Survey (NHANES) showed that 66.5 % of women aged 20 years 

or older were obese or overweight (Ogden, Carroll, Kit, & Flegal, 2014). According to 

race/ethnicity, 64.6 percent non-Hispanic white women, 82.1 percent non-Hispanic black 

women, 34.4 percent non-Hispanic Asian women and 76.2 percent Hispanic women were 

overweight or obese (BMI ≥25 kg/m
2
) (Ogden et al., 2014). NHANES is a Centers for 

Disease Control and Prevention (CDC) project that collects national data using interview and 

examinations to document American’s health and nutrition status (Centers for Disease 

Control and Prevention [CDC], 2014).  

 Pre-pregnancy obesity is an independent risk factor for morbidity and mortality 

among pregnant women and their children (Guelinckx, Devlieger, Beckers, & Vansant, 

2008). According to several studies, high pre-pregnancy BMI and high gestational weight 

gain were associated with maternal complications such as gestational diabetes, preeclampsia, 

pregnancy-induced  hypertension, caesarean section and instrumental delivery, and increased 

risk of maternal death (Arendas, Qiu, & Gruslin, 2008; Catalano & Ehrenberg, 2006; 

Guelinckx et al., 2008; O’Reilly & Reynolds, 2013). Maternal pre-pregnancy BMI and 

higher than recommended GWG can also have detrimental effects on fetal growth and can 

contribute to the development of childhood obesity because of their effect on the fetus in-

utero (Adamo et al., 2014). It is important that there is adequate GWG during pregnancy. For 

this purpose, the Institute of Medicine (IOM) has provided guidelines for recommended 
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gestational weight gain (GWG) based on pre-pregnancy BMI. (Institute of Medicine [IOM], 

2009).Normal weight women (BMI = 18.5-24.9 kg/m
2
) can gain between 25 to 35 pounds, 

overweight women (BMI = 25.0-29.9 kg/m
2
) can gain between 15 to 25 pounds and obese 

women (BMI ≥ 30 kg/m
2
) can gain between 11 to 20 pounds (IOM, 2009). 

 A recent prospective cohort study in Ireland has shown that exceeding the IOM GWG 

guidelines increases the risk of birthing heavier infants with higher adiposity, independent of 

maternal obesity, along with a higher obstetric risk resulting in emergency caesarean 

deliveries (Walsh, McGowan, Mahony, Foley, & McAuliffe, 2014). The same study reported 

that women who had exceeded IOM weight guidelines in their first delivery gave birth to 

larger infants; However, in their second delivery, those women who did not gain excess 

weight gave birth to lighter infants. It can then be inferred that adhering to the IOM GWG 

recommendations reduces unfavorable maternal outcomes during pregnancy and adverse 

fetal outcomes associated with excess GWG. Approximately 47 to 78 percent of women 

exceed GWG guidelines, but overweight women are three times more likely to exceed GWG 

than normal weight women (Adamo et al., 2013).  It is imperative that efforts are made for 

prevention of excess GWG among pregnant women (Adamo et al., 2013).  

 Pregnancy is identified as an important stage in a women’s life, where interventions 

can be implemented to improve the health of expecting mothers (Phelan, 2010).  Researchers 

have described pregnancy as a naturally occurring turning point in life that  motivates the 

mother to practice behaviors that decrease any kind of  risk to their baby and themselves 

(Phelan, 2010).  McBride et al, (2003) refers to the ‘teachable moment’ as an event 

consisting of three domains: personal risk, emotional response and social concept, that  may 

be used to determine if the individual will be motivated to participate in risk reducing 
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behaviors (McBride, Emmons, & Lipkus, 2003). Phelan applies this model to pregnancy and 

conceptualizes pregnancy as a powerful ‘teachable moment’, during which the mother 

identifies the risks during pregnancy to herself and her baby, has strong emotional responses 

that include fear for the baby’s health and there is a change in her societal role (Phelan, 

2010). All these factors make pregnancy an important time where interventions leading to 

behavioral change can be implemented.  

 Promotion of physical activity (PA) during pregnancy is beneficial to both the mother 

and her child. U.S. Department of Health and Human Services recommends moderate 

intensity PA to promote healthy outcomes in pregnant women. PA has numerous health 

benefits to the mother. These include improved physiological functions such as 

cardiovascular fitness,  musculoskeletal fitness, improved mood, decreased risk of 

developing gestational diabetes (Dempsey et al., 2004; Oken et al., 2006) and reduced 

incidence of operative birth procedures, including, vacuum, forceps, or caesarean delivery 

(Melzer, Schutz, Soehnchen, et al., 2010). In addition, benefits of PA during pregnancy to the 

infant include reduced risk of premature delivery (Evenson, Siega-Riz, Savitz, Leiferman, & 

Thorp, 2002; Hatch, Levin, Shu, & Susser, 1998) and improved fetal development (Clapp, 

Kim, Burciu, & Lopez, 2000). PA in women may mitigate excess GWG because of improved 

metabolic and cognitive function (Melzer, Schutz, Soehnchen, et al., 2010). 

  Despite being recommended by health providers globally, rates of PA during 

pregnancy decline (Borodulin, Evenson, Wen, Herring, & Benson, 2008). Only 15.1 percent 

of pregnant women participate in PA during pregnancy (Evenson, Savitz, & Huston, 2004; 

Lewis et al., 2008). A survey of 1535 pregnant US women identified lack of motivation to be 

one of the barriers of participating in PA (Evenson, Moos, Carrier, & Siega-Riz, 2009). One 
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of the barriers to being active during pregnancy is high pre-pregnancy BMI (Moholdt et al., 

2011). Research has shown that the strongest predictor for decline in physical activity during 

pregnancy is maternal BMI with higher BMI leading to greater decline in PA during 

pregnancy (Sui, Moran, & Dodd, 2013). 

Theoretical Framework 

 This study is framed by the Health Belief Model (HBM). The HBM was proposed in 

the early 1950s by a group of social psychologists at the U.S. Public Health Service (Janz & 

Becker, 1984). It is a psychological health behavior change model developed to explain and 

predict health related behaviors. The HBM has been previously used to examine behavior 

changes and predict health behaviors. For example, the HBM has been used to find 

psychological predictors of dietary intentions in pregnancy (Gardner et al., 2012). The HBM 

has been used in different populations, like patients with multiple sclerosis (Kasser & 

Kosma, 2012) and in older adults (Gristwood, 2011) and women suffering from osteoporosis 

(Soleymanian, Niknami, Hajizadeh, Shojaeizadeh, & Montazeri, 2014) for understanding the 

determinants of PA (Kasser & Kosma, 2012). The HBM has also been used in a study with 

overweight/obese pregnant women for predicting healthy behaviors as a result of 

awareness/knowledge of risk (Sui, Turnbull, & Dodd, 2012). The purpose of this study is to 

find the predictors of PA during pregnancy using the constructs from the HBM. 

 According to Glanz and Rimer (1997), the HBM has six key concepts: 1) Perceived 

susceptibility, 2) Perceived severity, 3) Perceived benefits, 4) Perceived barriers, 5) Cues to 

Action and, 6) Self-efficacy. Extracting from the themes of the HBM, I will look at whether 

perceived susceptibility (accurate perception of being overweight or obese and identifying 

obesity as a risk) and perceived severity (the mother’s knowledge of risks of obesity during 
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pregnancy) and perceived barriers (pre-pregnancy BMI) influence action (participation in 

PA) to avert the risk (obesity). A mixed method study examined women’s perceptions about 

making healthy changes during pregnancy and  revealed that fewer women identify PA 

during pregnancy as beneficial to the baby’s health (Sui et al., 2012). Therefore, maternal 

awareness of the risks of obesity during pregnancy could increase the likelihood of 

participation in healthy behaviors like PA. 

 

Figure 1. Predictors of PA using the HBM. 
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Purpose of the Study 

 PA can have many benefits during pregnancy for the mother and the child. There is 

scope for intervention via PA to induce changes in fetal physiology in utero, implying that a 

healthy and active pregnancy can help minimize the intergenerational cycle of obesity 

(Adamo, Ferraro, & Brett, 2012). The aim of this study is to identify the predictors of PA 

during pregnancy in overweight and obese women using the Health Belief Model. The 

findings of this study will shed light on individual (mother’s) perceptions that affect 

participation in PA and inform interventions during pregnancy. 

Research Question 

 What are the relationships between PA and knowledge of risks of obesity, perceived 

susceptibility and, pre-pregnancy BMI among overweight/obese women?  

Hypothesis 

 Women with greater knowledge of risks of obesity and perceived susceptibility are 

more likely to participate in PA during pregnancy and women with higher pre-pregnancy 

BMI are less likely to participate in PA during pregnancy.  
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Review of Related Literature 

 During the past decade, overweight and obesity have been identified as major health 

concerns in the developing world, along with underweight, malnourished and infectious 

diseases  (Haslam & James, 2005). The prevalence of overweight and obesity among 

American women of reproductive age has been increasing for the past three decades (Flegal, 

Carroll, Kuczmarski, & Johnson, 1998; Kim, Dietz, England, Morrow, & Callaghan, 2007; 

Mokdad et al., 1999) and continues to be a serious concern for the well-being of prospective 

mothers. Data from National Center for Health Statistics (NCHS) during 1999-2004 showed 

that nearly two-thirds of women of childbearing age were overweight and almost one-third 

were obese (Rasmussen & Yaktine, 2009).  

 Depending on severity, obesity is further divided into three classes: class I (30.0 to 

<35.0 kg/m
2
), class II (35.0 to <40kg/m

2
), class III (≥ 40 kg/m

2
). It is noteworthy that the 

prevalence of severe obesity, which was once considered to be rare, has increased drastically 

among women of reproductive age. Data from NHANES reports that the rates of class I and 

II obesity have doubled and class III obesity tripled during the years 1979-2004 (Rasmussen 

& Yaktine, 2009). These findings show that obesity has been affecting mothers and to be 

mothers with an increasing severity and prevalence. This increasing prevalence of obesity 

among American women may be attributed to the increasing obesity trends in society 

(Helms, Coulson, & Galvin, 2006; Olson & Strawderman, 2003; Schieve, Cogswell, & 

Scanlon, 1998). Because of such trends, more women enter pregnancy with a body mass 

index (BMI) corresponding to overweight or obese. 

  Data from the Pregnancy Risk Assessment Monitoring System (PRAMS), states that 

one- fifth of American women are obese (BMI >29 kg/m
2
) at the beginning of pregnancy, 
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and this number has increased from 13.0 percent to 69.3 percent during the period 1993 to 

2003 (Kim et al., 2007). Specifically, the prevalence of obesity has doubled in white women 

and increased by 50 percent in black women (Rasmussen & Yaktine, 2009). Therefore it is 

critical to identify the modifiable risk factors that can arrest the development of obesity in its 

earliest stages. Obesity during pregnancy is associated with risk of mortality in mother and 

child. Some of the risks associated with obesity during pregnancy are hypertension, 

gestational diabetes, large weight babies leading to caesarean section and low blood sugar 

which can cause brain damage and seizures, increased risk of birth defects like spina bifida 

and complications with delivery (Haslam, 2005).   

 Weight gain during pregnancy or gestational weight gain (GWG) is a normal 

phenomenon that occurs as a result of normal physiological and metabolic changes during 

pregnancy to promote fetal growth and development. The amount of weight gained varies 

among mothers depending on the term of pregnancy as well as parity. It is very important 

that women have a good intake of required essential nutrients during pregnancy to promote 

healthy fetal development. As important as it is to gain a healthy amount of weight during 

pregnancy, it is also important to be cautious that there is no excess weight gain. High BMI 

prior to pregnancy and excessive GWG are associated with many risks. In order to provide 

women with a standard for appropriate weight gain, the Institute of Medicine has provided 

GWG guidelines, first in 1990 and again recently in 2009 with revisions based on extensive 

research  (IOM, 2009).  
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Table 1. Old (1990) IOM Recommendations for Total Weight Gain during Pregnancy 

Pre-pregnancy BMI BMI (kg/m
2
)
a 

Total Weight Gain Range  

  (in pounds) (in kg) 

Low <19.8 28-40 12.5-18 

Moderate  19.8-26.0 25- 35 11.5-16 

High 26.1-29.0 15-25 7-11.5 

Very High >29 15  6.8 

Note. Categories were taken from Metropolitan Life Insurance Tables (a) (IOM, 1990) 

 

Table 2. New (2009) IOM Recommendations for Total Weight Gain during Pregnancy 

Pre-pregnancy BMI BMI (kg/m
2
)
b 

Total Weight Gain Range  

  (in pounds) (in kg) 

Underweight <18.5 28-40 12.5-18 

Normal 18.5-24.9 25- 35 11.5-16 

Overweight 25.0-29.9 15-25 7-11.5 

Obese >30 11-20 5-9 

Note. Categories were taken from WHO BMI categories (b) (IOM, 2009) 

   

 The new guidelines differ from the previous ones in two ways. First, they are revised 

on new BMI categories provided by the WHO. Second, they include a specific and relatively 

narrow range of recommended weight gain for obese women. These guidelines give GWG 

ranges that have been associated with favorable maternal and infant outcomes (Rasmussen & 

Yaktine, 2009). Even though guidelines on recommended weight gain have been around 

since 1990, adherence to these recommendations still remains low. Following the publication 

of guidelines in 1990, the data collected by PRAMS showed that by 2002-2003, only about 

one- quarter of overweight women gained within the recommended range and only one third 

of obese women gained within the recommended range (Rasmussen & Yaktine, 2009). 

Among women in all BMI categories only 50 percent showed adherence to the recommended 
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guidelines (Rasmussen & Yaktine, 2009). Pregnancy Nutrition Surveillance System (PNSS) 

is another surveillance project of the CDC that collects data from low-income women in 26 

states, five tribal governments and one U.S. territory. Data from PNSS for 2011 shows that 

48 percent of women in all BMI categories gained more than the 2009 IOM recommended 

GWG guidelines (CDC, 2012). This shows that the rates for non-compliance with 

recommended range of GWG continue to rise. 

 Recent studies have shown that there are many harmful outcomes of excessive GWG 

and benefits with gaining with recommended ranges. The unfavorable outcomes include but 

are not limited to, changes in maternal glucose metabolism (Hedderson, Gunderson, & 

Ferrara, 2010; Herring et al., 2009), pregnancy-associated hypertension (Viswanathan et al., 

2008), complications in delivery (Catalano, 2007), risk of development obesity in childhood 

(Oken, Taveras, Kleinman, Rich-Edwards, & Gillman, 2007; Olson, Strawderman, & 

Dennison, 2009), higher risk of weight retention in mother after delivery which might be a 

predisposing factor in later development of obesity in the mother (Gunderson & Abrams, 

2000; Olson, 2008). It has been suggested that prevention of excess weight gain during 

pregnancy does not have adverse outcomes on the health of the baby but on the contrary 

might be beneficial for the developing baby and the mother (Phelan, 2010). The benefits of a 

healthy GWG are healthy weight of the infant, decreased risk of childhood obesity  and 

decreased post- partum weight retention for the mother  (Montpetit, Plourde, Cohen, & 

Koski, 2012).  

 The risks of adverse outcomes associated with pre-pregnancy obesity and excess 

GWG are very similar. An increasing number of pregnant American women are overweight 

or obese. This predisposes them to the same adverse outcomes as with excess GWG. 
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Moreover, increasing number of older women are becoming pregnant. These women might 

already be suffering from preexisting chronic conditions like type 2 diabetes that can be 

associated with increased morbidity during prenatal and postpartum periods. Many of the 

risks seen due to maternal obesity and GWG also have unfavorable outcomes not only for the 

mother but also the child. For example, gestational diabetes which is seen as a risk of obesity 

during pregnancy can also have detrimental effects on the developing fetus leading to 

increased body composition or large weight babies (King, 2006), in turn leading to caesarean 

section. 

Risks of obesity and/or excess gestational weight gain during pregnancy 

 Gestational Diabetes Mellitus (GDM) and Impaired Glucose Tolerance. GDM is 

a failure to maintain normal glucose tolerance during pregnancy (Torloni et al., 2009). GDM 

is not only harmful for the mother but also for the child (Caughey, 2012) predisposing the 

mother and child to developing type 2 diabetes later in life along with other developmental 

problems for the fetus (Torloni et al., 2009). Previous studies have shown that women who 

enter pregnancy as obese are more prone to developing a marked insulin resistance, which 

predisposes them to greater risk for GDM than non-obese women (Chu et al., 2007). A meta-

analysis that included 20 studies showed  that the risk of developing GDM  doubled in 

overweight women and tripled in obese women and increased up to four times in severely 

obese women (Chu et al., 2007).   

 The Agency for Healthcare Research and Quality (AHRQ) (Viswanathan et al., 2008) 

review included 11 published articles that provided weak evidence to support the association 

between GWG and development of abnormal glucose metabolism (either GDM or impaired 

glucose tolerance). Four studies reported that exceeding GWG recommended by IOM (1990) 
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was positively associated with abnormal glucose tolerance (Edwards, Hellerstedt, Alton, 

Story, & Himes, 1996; Kabiru & Raynor, 2004; Kieffer et al., 2001; Saldana, Siega-Riz, 

Adair, & Suchindran, 2006). The remaining seven studies showed reverse relation or no 

relation between exceeding GWG and GDM. Hence we can conclude from the review that 

there is no strong evidence that shows that GDM occurs as a result of higher GWG. 

However, there is an association seen between the risk of developing GDM and higher 

gestational weight gain during the first trimester (Hedderson et al., 2010).  A recent study 

also shows that the gaining higher than recommended weight after a diagnosis of GDM 

(which is generally diagnosed around 28 weeks of gestation) (Viswanathan et al., 2008)) has 

adverse pregnancy outcomes (Harper, Tita, & Biggio, 2014).  

 Hypertensive disorders. Pregnancy induced hypertension and preeclampsia are the 

hypertensive disorders that can be seen during pregnancy. Pregnancy induced hypertension is 

defined as hypertension (blood pressure ≥ 140/90 mmHg) emerging after 20 weeks gestation, 

but resolving up to 12 weeks postpartum (Watanabe, Naruse, Tanaka, Metoki, & Suzuki, 

2013).The risk of pregnancy-induced hypertension is greater among overweight or obese 

pregnant women. Thadhani et al. (1999) examined the relationship between pre-pregnancy 

BMI, hypercholesterolemia and development of hypertensive disorders and concluded that 

the risk of gestational hypertension increased as pre-pregnancy BMI increased.  

 Preeclampsia is defined as gestational hypertension with proteins in the urine (Sibai, 

2003). Preeclampsia is associated with increased risk of morbidity and mortality in women 

and can cause renal failure, liver failure,  and stroke (Sibai, 2003). Overweight women are 

twice as likely and obese women are three times more likely to be diagnosed with 

preeclampsia, than normal women (Catalano, 2007) and its severity increases with increasing 
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BMI (Bodnar, Catov, Klebanoff, Ness, & Roberts, 2007). In a systematic overview of 

literature, the risk of preeclampsia doubled with every 5-7 kg/m
2
 increase in pre-pregnancy 

BMI (after adjusting for other confounding factors) in all the 13 studies that met the inclusion 

criteria (Brien, Ray, & Chan, 2003). 

 Ten out of twelve studies in the AHRQ review (Viswanathan et al., 2008) reported 

that exceeding GWG recommendations was associated with higher likelihood of developing 

pregnancy induced hypertensive disorders. A prospective cohort study from Sweden 

examined the relationship of GWG by pre-pregnancy BMI on pregnancy outcomes for 

245,546 women, and reported that obese women with lower GWG (which corresponds with 

gaining within IOM guidelines) were at a lower risk of preeclampsia and obese women with 

higher weight gain were at a higher risk of preeclampsia (Cedergren, 2006).  

 Cesarean delivery. Many studies have established that obesity increases the chances 

of having a cesarean delivery. Compared to their normal weight counterparts, 

obese/overweight women have increased risk of caesarean deliveries. These risks include 

exposing them to anesthetic and postoperative complications like wound infection, excess 

hemorrhage, and deep vein thrombophlebitis (Siega-Riz & King, 2009). Crane et al. (1997) 

studied 20,130 women to see the association between pre-pregnancy BMI and mode of 

delivery. It was seen that obese women (Obesity in the study was defined as BMI greater 

than 29 kg/m
2
) were at a higher risk for Cesarean delivery than non-obese women and 

increasing BMI was associated with increased risk for Cesarean delivery (Crane, Wojtowycz, 

Dye, Aubry, & Artal, 1997).  In a meta-analysis done by Chu et al., (Chu et al., 2007) it was 

estimated that the risk of a cesarean delivery was approximately two and three times higher 

among obese and severely obese women, respectively, compared with normal weight 
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women. In another study, which was a systematic review and meta-analysis of cohort studies, 

cesarean delivery risk was increased in 50 percent in overweight women and was more than 

doubled for obese women when compared to normal BMI women (Poobalan, Aucott, 

Gurung, Smith, & Bhattacharya, 2009). 

 A Swedish study estimating the effects of GWG in women with different BMI 

reported associations with GWG and cesarean delivery. There was a significant risk of 

cesarean delivery with higher GWG in overweight, obese and morbidly obese women with 

no significant risk for higher GWG in  low or normal BMI  categories (Cedergren, 2006).  

  Maternal obesity due to postpartum weight retention. Postpartum weight 

retention is the amount of weight after delivery minus the pre-pregnancy weight. Research 

has shown that women are more likely to retain weight after pregnancy if they exceed the 

recommended GWG which increases their risk for subsequent obesity (Rasmussen & 

Yaktine, 2009). Phelan (2010), states that approximately 25 percent of women retain ≥10 

pounds after pregnancy. This GWG, during the course of time or due to multiple 

pregnancies, can lead to retained weight which can make women more prone to become or 

stay obese later in life. Another study showed that number of women classified as overweight 

or obese doubled from 23 percent to 46 percent after delivery, confirming excess weight gain 

during pregnancy as a risk factor for adult obesity (Montpetit et al., 2012). The results of 10 

studies in the AHRQ review (Viswanathan et al., 2008) support that GWG  is positively 

associated with weight retention within 1 year after delivery and with inter-pregnancy weight 

gains. Hence, it can be concluded that going well beyond the recommended GWG can lead to 

retention of weight after delivery which can cause normal or overweight women, to become 

obese and obese women to become morbidly obese (Hernandez, 2012).  
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 Large birth weight babies. Large birth weight babies or large for gestational age 

babies (LGA) is defined as, “adjusted birth weight >90th centile for gestational age adjusting 

for maternal height, corrected maternal weight, ethnicity, parity, and sex of baby” (Briley et 

al., 2014). LGA babies increase the risk of cesarean delivery for the mother (Briley et al., 

2014) and predispose the infant to developing childhood obesity or metabolic syndrome later 

in life (Siega-Riz & King, 2009). The position of American Dietetic Association and 

American Society for Nutrition reports that maternal obesity increases the risk of LGA 

babies by 60 percent, when compared to normal weight (Siega-Riz & King, 2009). Many 

studies have shown that obesity during pregnancy increases the chance of LGA babies 

(O’Reilly & Reynolds, 2013; Sebire et al., 2001). A pre-pregnancy BMI of ≥30 kg/m
2
 is 

considered as the most independent determinant of risk of LGA baby (Briley et al., 2014). 

Obese pregnant women have enhanced insulin resistance exposing the fetus to major fuel 

sources including glucose and free fatty acids, which can cause obese mothers to deliver 

large weight babies 1.4 to 1.8 times more frequently than lean mothers (King, 2006).   

 The AHRQ evidence based review included 25 studies that examined the associations 

between GWG and LGA babies. It was reported that higher GWG was associated with LGA 

babies (Viswanathan et al., 2008). Normal and underweight women with high GWG 

increased the chance of a LGA by three times (Cedergren, 2006). High GWG has also seen to 

enhance the risk of having LGA babies in overweight women (Galtier-Dereure, Boegner, & 

Bringer, 2000).  

 Fetal growth problems. Maternal nutrition is one of the factors that affect fetal 

growth. Pre-pregnancy weight and GWG are positively correlated with birth weight 

(Catalano & Ehrenberg, 2006). Gestational diabetes in mother can lead to metabolic changes 
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in the intrauterine environment as is evident by the findings that neonates of obese mother 

develop insulin resistance in utero (Catalano, Presley, Minium, & Hauguel-de Mouzon, 

2009). Maternal diabetes can effect fetal growth patterns by reducing chondrogenesis 

(cartilage formation) and increasing adipogeneis (formation of fat cells) (King, 2006). These 

changes can have metabolic implications later in life. The exposure to hyperglycemia in utero 

causes effects in body size and composition which can have long term influences on 

physiological function and health (Lampl & Jeanty, 2004). Complications like gestational 

diabetes, pregnancy induced hypertension and preeclampsia, that occur as a result of 

maternal obesity alter fetal growth and predispose the child to disease after birth (King, 

2006). According to the ‘developmental over nutrition hypothesis’, it can be assumed that 

due to the increased fuel supply to the fetus in obese mothers, permanent changes in the 

baby’s metabolism and appetite regulation can occur; this can result in metabolic and 

behavioral problems which can precipitate into obesity later in life (Alfaradhi & Ozanne, 

2011; Drake & Reynolds, 2010; O’Reilly & Reynolds, 2013; Taylor & Poston, 2007). 

 Birth defects. The babies of obese pregnant women are also at risk for birth defects 

such as spina bifida, cardiovascular anomalies, cleft lip and palate, or limb reduction 

anomalies (Furber et al., 2013; Racusin, Stevens, Campbell, & Aagaard, 2012; Rankin et al., 

2010; Stothard, Tennant, & Bell, 2009). Increasing degree of obesity increased the risk of 

neural tube defects, cardiac defects and oro-facial clefts with the risk being highest for 

morbidly obese women (Blomberg & Källén, 2010).  

 Higher GWG has not been associated with birth defects (Rasmussen & Yaktine, 

2009). But higher GWG can indirectly cause birth defects. High GWG is associated with 

LGA babies (Viswanathan et al., 2008). There might be defects like shoulder dystocia 
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(Poston, 2012), brachial plexus injury (Poston, 2012), birth canal lacerations (Przybyłowicz, 

Przybyłowicz, & Grzybiak, 2014), and clavicle fractures (Gallagher, Liu, Probst, Martin, & 

Hall, 2013) during the delivery of a LGA infant.   

 Preterm birth. Preterm birth is birth less than 37 weeks of completed gestation 

(Rasmussen & Yaktine, 2009). It is a leading cause of infant mortality, neonatal morbidity 

and long-term disability among non-malformed infants (Simmons, Rubens, Darmstadt, & 

Gravett, 2010). Many risks like acute respiratory, central nervous system and gastrointestinal 

disorders are associated with preterm births and can be the cause of increased morbidity 

(Rasmussen & Yaktine, 2009). Maternal pre-pregnancy BMI is considered to be a potential 

modifiable risk factor for preterm birth (Lynch et al., 2014). In a population-based cohort 

study of women with live singleton births in Sweden from 1992 through 2010 and more than 

1.5 million deliveries, it was seen that maternal overweight and obesity during pregnancy 

were associated with increased risks of preterm delivery at all gestational ages (Cnattingius et 

al., 2013). 

 Stillbirth. Maternal obesity is associated with a more than doubled  risk of stillbirth 

and perinatal death (Guelinckx et al., 2008; Kristensen, Vestergaard, Wisborg, Kesmodel, & 

Secher, 2005; Ovesen, Rasmussen, & Kesmodel, 2011). Maternal obesity is the most 

commonly modifiable factor which can prevent stillbirth (Flenady et al., 2011). A Danish 

study has shown that the risk of stillbirth among obese women was significantly higher when 

compared to normal-weight women. In a study of 24,505 singleton pregnancies, the overall 

rate of stillbirth was 4.6 per 1000 deliveries. Compared with women of normal weight, the 

risk of stillbirth in obese women was nearly tripled (Kristensen et al., 2005). 
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 Obesity in childhood. Children of obese mothers are exposed to hyperglycemia (high 

blood sugar) in utero, this predisposes them to developing obesity in childhood (King, 2006). 

A number of studies have linked maternal obesity with obesity in childhood for the baby 

(Drake & Reynolds, 2010; Poston, 2012). This can be attributed to the ‘developmental 

programming’ that occurs in the womb. Fetal hyperglycemia, causes excess insulin levels in 

the fetus, which causes increased adiposity in the fetus (Viswanathan et al., 2008). In a 

prospective study higher GWG in the mother was seen to be associated with obesity in 

childhood at 3 years of age (Oken et al., 2007).  

 As we have seen, pre-pregnancy obesity and excess GWG can lead to a number of 

maternal and neonatal adverse outcomes during pregnancy causing or enhancing the severity 

of prevailing diseases. One of the many ways seen today to prevent or mitigate these risks is 

performance of PA.  

Perceived Susceptibility 

 In order for women to participate in prevention of obesity or controlling obesity, it is 

elementary that women should be aware of their weight status. For the purposes of this study 

‘perceived susceptibility’ is accurate perception of being overweight or obese and 

consideration of obesity as a risk. According to the HBM perceived susceptibility is one of 

the key concepts that promote behavior change. Overweight/obese women should know that 

obesity is a risk and that they are susceptible to this risk. The World Health Organization 

guidelines clearly identify the body weight status categories as underweight (BMI <18.5 

kg/m
2
), normal (BMI ≥18.5 to < 25.0 kg/m

2
), overweight (BMI ≥ 25.0 to < 30.0 kg/m

2
) and 

obese (BMI ≥ 30.0 kg/m
2
). It is of paramount importance that women accurately identify 

their self-weight status category as it can help them in making informed decisions regarding 
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their health, which might include controlling their weight during pregnancy by participating 

in healthy behaviors. 

 Studies have shown that adults often misperceive their BMI categories. One study 

done to see if obese women perceived themselves as obese, reported that 40.4 percent of 

women misclassified their weight status and only 22 percent of obese women were able to 

classify themselves as obese (Truesdale & Stevens, 2008). In another study 32.2 percent 

obese females misclassified their weight status, underestimating their weight (Howard, Hugo, 

Taylor, & Wilson, 2008). 

Benefits of Physical Activity/Exercise 

 According to US Department of Health and Human Services (HHS), physical activity 

(PA) is defined as “bodily movement that is produced by the contraction of skeletal muscle 

and that substantially increases energy expenditure” (HHS, 2008). PA is viewed as an 

important part of reproductive health and is associated with improved cardiovascular 

function and overall fitness during pregnancy (Sui, Moran, & Dodd, 2013). HHS 

recommends at least 2.5 hours of moderate intensity aerobic activity per week during 

pregnancy and after birth (U.S. Department of Health and Human Services, 2008). HHS also 

recommends avoiding activities with high risk of falling or abdominal trauma and activities 

that involve lying on the back should be avoided after the first trimester. 

 PA is not only beneficial for maintaining fitness, but may be helpful in preventing 

maternal and fetal diseases. The American Congress of Obstetrics and Gynecology (ACOG) 

states that regular exercise is beneficial during pregnancy as it reduces physical complaints, 

increases energy, improves mood, posture, tone, strength and endurance and provides a 

greater ability to cope with pain during labor. They also recommend safe exercises like 
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walking, swimming, cycling, aerobics, for beginners (ACOG, 2011). These 

recommendations are based on research indicative of benefits of exercise during pregnancy 

that may include reduced rates of preeclampsia, GDM, cesarean delivery, low back pain seen 

as a result of postural changes during pregnancy, anxiety, nausea, heartburn, insomnia, leg 

cramps, and possibly excessive GWG (Lewis et al., 2008).  

 PA during pregnancy has been shown to mitigate many risks seen due to obesity and 

excess GWG. It can be used as an intervention to improve maternal and neonatal outcomes. 

A systematic review established that exercise before and during pregnancy decreased the 

risks of GDM and preeclampsia (Gavard & Artal, 2008). Increasing exercise during the third 

semester has been associated with reduced weight retention and fat retention in the mother 

and less risk of LGA leading to cesarean delivery (Shaikh, Robinson, & Teoh, 2010). 

Exercise during pregnancy is associated with favorable labor and delivery outcomes (Lewis 

et al., 2008). 

 Traditionally, pregnant women have been advised to restrict exercise due to concerns 

for the health of the mother and fetus (Duncombe, Wertheim, Skouteris, Paxton, & Kelly, 

2009). The first guidelines for leisure-time PA for pregnant women were published in 1985 

by the American College of Obstetricians. As can be expected these guidelines were derived 

from the limited evidence-based research data available then and they had strict restrictions 

on the type, intensity and duration of exercise during pregnancy to minimize any maternal 

and fetal risks. Nevertheless, with increasing research and more evidence coming to light, 

these guidelines were revised in 1994. According to these guidelines, there should be 

continuation of pre-pregnancy physical activities during pregnancy. They also recommend 

beginning of PA programs during pregnancy in physically inactive women, given that they 
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have a normal and healthy pregnancy (Artal, O’Toole, & White, 2003). They stated that 

pregnant women can continue to exercise at moderate intensity for 30 min or more per day, 

at least three times per week.  

 Today, pregnancy is recognized as a unique time for behavior modification and is no 

longer considered a condition for confinement (Artal et al., 2003). Women should not be 

confined during pregnancy but should be encouraged to engage in physical activities (Artal et 

al., 2003). Regular participation in PA during the prenatal period has been seen as an 

important component of a healthy pregnancy (Ferraro, Gaudet, & Adamo, 2012).  

  Previously, PA was considered to be one of the concerns for premature labor and 

delivery, but a community cohort study of prenatal patients showed that there was no 

association between low-moderate exercise and gestational length. It has been seen that 

conditioned individuals who performed vigorous exercise had no risk of preterm birth (Hatch 

et al., 1998).  

 Numerous studies have demonstrated that PA is not only safe but beneficial during 

pregnancy. One randomized controlled trial (RCT) study on sedentary nulliparous pregnant 

women showed that there was no association with reduction in infant birth weight, preterm 

birth rate or neonatal well-being (Haakstad & Bo, 2011). In another study, using secondary 

analyses from the First Baby Study, a longitudinal cohort of women having their first birth, it 

was reported that there were no associations seen between exercise during pregnancy and the 

odds of adverse pregnancy outcomes, such as late preterm birth, cesarean delivery or 

hospitalization during pregnancy (Tinloy et al., 2014). Several studies have reported that the 

performance of recreational PA in early pregnancy reduces the risk of hypertensive disorders 

of pregnancy (Fortner et al., 2011). 
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 Evidenced based recommendations for the performance of PA and exercise during 

pregnancy are currently available. A recent literature review done to determine the 

advantages or disadvantages, current recommendations and restrictions on PA and exercise 

during normal pregnancy revealed some important outcomes (Kader & Naim-Shuchana, 

2014). A birth cohort study involving 3,282 pregnant women, revealed that women who 

exercised ≥ 3 times/week reported less pelvic girdle pain, and pregnant women who 

exercised 1-2 times/week reported less low back pain and depression (Kader & Naim-

Shuchana, 2014). A prospective RCT study with 41 women revealed that exercised women 

showed an improved aerobic fitness, improved muscular strength, fewer caesarean deliveries 

and faster postpartum recovery (Price, Amini, & Kappeler, 2012). Another RCT study in 

Spain, evaluated the efficacy of structured pelvic floor exercise program and showed that 

trained women had 34.5 percent less urinary incontinence than the non-trained women  

(Salvesen & Morkved, 2004). 

Trends in Physical Activity Performance 

 The risks of obesity and excess GWG are interlinked. It is established that GDM can 

lead to large weight babies, which in turn may lead to cesarean section delivery and subject 

the mother to operative complications. The hyperglycemia in utero will predispose the child 

to developing obesity later in life. The excess GWG due to pregnancy can also lead to LGA 

babies and postpartum weight retention. All these risks can be prevented or mitigated by 

adopting a healthy lifestyle behavior that includes performance of recommended PA. 

 Despite the current recommendations and guidelines that establish exercise to be 

beneficial during exercise, compliance seen with these guidelines is not satisfactory. Only 

15.1 percent of pregnant women participate in PA at recommended levels, which is markedly 
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less than the general population where at least 45 percent participate in recommended levels 

of PA (Lewis et al., 2008).  

 Studies have shown that women stop exercising during pregnancy or reduce 

frequency of exercise as pregnancy progresses. One study showed that approximately 30 

percent of selected pregnant woman declined participation in the study in the exercise group 

(Silveira & Segre, 2012). The Akershus Birth Cohort study showed that only 14.6 percent of 

participants followed current recommendations for exercise during pregnancy, with one-third 

of the women exercising less than once a week in mid-pregnancy (Gjestland, Bo, Owe, & 

Eberhard-Gran, 2013). In Danish National Birth Cohort Study, 63 percent of the participants 

did not participate in PA at the time of the first pregnancy interview and the number dropped 

to 70 percent at the second pregnancy interview (Juhl et al., 2008). In another study less than 

one-sixth of participants reported participation in PA in the last month of pregnancy 

(Evenson et al., 2004). Among pregnant women participation in PA is seen to be higher in 

women with a higher education (Evenson et al., 2004; Gjestland et al., 2013; Silveira & 

Segre, 2012).  

 These studies show that rates of PA are very low and there is a need for interventions 

that would increase PA in pregnant women. Thus it is important to identify factors that will 

affect the performance of PA during pregnancy and factors that will initiate/maintain 

performance to follow recommended PA guidelines during pregnancy.  

Knowledge of Risks vs Compliance with Physical Activity  

 This study is framed by the Health Belief Model which states that individuals will 

make healthy changes if they perceive their health is at risk and are aware of potential 

consequences. Studies have shown that mothers are motivated to engage in healthy behaviors 
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that are likely to increase their baby’s well-being and avoid behaviors that are likely to cause 

their baby harm (Herring, Henry, Klotz, Foster, & Whitaker, 2012). It would be logical to 

assume that more women would engage in PA if they discern the risks of obesity during 

pregnancy, because PA has shown to mitigate those risks. 

 Knowledge of risks of obesity can motivate women to participate in healthy behaviors 

which can prevent or control obesity during pregnancy. If obesity is not perceived as a risk to 

the health of self or baby, it is highly unlikely that women will take any measures to prevent 

it. Studies have shown that women are still uninformed about the detrimental effects of 

obesity or excess GWG.  One focus group study among women with chronic conditions 

(hypertension, diabetes, obesity), demonstrated that women did not perceive obesity as a risk 

during pregnancy (Chuang, Velott, & Weisman, 2010). 

 An Australian study of overweight and obese women revealed that only half of the 

women perceived excessive GWG as a problem. One of the studies aimed at recognizing 

pregnant women’s knowledge about the complications of obesity reported that even though 

94 percent of women understood that excess GWG was associated with increased 

complications during pregnancy, they had little understanding of the actual risks. Only 28 

percent were aware of blood pressure as a risk, 51 percent recognized gestational diabetes, 

and less than 5 percent of women identified caesarean section, preterm delivery or post term 

delivery as being related to maternal obesity or high GWG (Shub, Huning, Campbell, & 

McCarthy, 2013). A Canadian study reported that there were notable deficiencies in the 

knowledge of pregnant women regarding adequate GWG and the consequences of obesity on 

mother and the baby both in the short and long run. The women were unable to identify 

complications of obesity (excessive weight gain, caesarian section, neural tube defects, etc.) 
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during pregnancy (Gaudet, Gruslin, & Magee, 2011).  Studies have shown that even when 

women were aware of long term personal risks due to obesity, they still lacked  knowledge of 

risks of obesity to their baby (Gaudet, Gruslin, & Magee, 2011; Nitert et al., 2011; Sui et al., 

2012).  

 A study conducted by Herring et al., (2012) on low-income African American 

mothers on the perceptions of women during pregnancy showed that women were more 

concerned with lower GWG and were less aware of the outcomes of excess GWG. This is 

important to note because if higher weight gain is not seen as a risk to the baby, mothers are 

unlikely to do anything to prevent it (Klotz, Foster, & Whitaker, 2012). It is suggested that if 

women had  a better understanding of neonatal health outcomes, they would be more 

receptive to making changes leading to adequate weight gain (Klotz et al., 2012). Hence, it is 

logical to deduce that women who perceive excessive GWG during pregnancy as a threat to 

their baby will be willing to make behavioral modifications and lifestyle changes, in order to 

prevent risks to the baby. 

 In a cross-sectional study of women during their first prenatal visit a majority of 

women showed interest in receiving additional information regarding maternal obesity and 

showed inclination to losing weight during future pregnancies with obese women being more 

inclined and motivated for weight loss (Kominiarek, Vonderheid, & Endres, 2010). Informed 

women are more likely to perceive obesity as a maternal risk factor during pregnancy 

(Kominiarek et al., 2010). 

 Lack of motivation is recognized as an important barrier to weight loss (Haslam & 

James, 2005). It has been suggested that a better knowledge of risks associated with obesity 

during pregnancy can be a motivating factor for women to maintain a healthy weight during 
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pregnancy to reduce the short term and long term risks for their baby (Shub et al., 2013). In 

another qualitative study, lack of motivation has been identified as barriers to effectiveness of 

service providers’ effort to promote a healthy lifestyle (Oteng-Ntim et al., 2010) making it 

imperative to identify motivational factors during pregnancy that will lead to healthy 

behavior choices, including participating in PA.  

Perceived Barrier for Physical Activity: Pre-pregnancy BMI 

 A large number of overweight/obese women are not physically active. These rates 

further decline during pregnancy (Seneviratne, McCowan, Cutfield, Derraik, & Hofman, 

2014). Generally speaking, women who have a high pre-pregnancy BMI are less likely to be 

physically active (Moholdt et al., 2011).  Very few studies looked at pre-pregnancy BMI as a 

predictor of PA during pregnancy. High pre-pregnancy BMI can be considered as a barrier to 

PA. Studies have reported that high pre-pregnancy BMI causes a decline in physical activity 

(Sui et al., 2013). Studies have also shown that low pre-pregnancy BMI show higher rates of 

PA during pregnancy (Gjestland et al., 2013).  

 There are a number of factors that can make PA difficult during pregnancy, especially 

for women with high BMI. These factors include but are not limited to musculoskeletal 

discomfort due to ligamentous laxity, increased sense of breathlessness, and changes in 

posture causing shift in center of gravity leading to altered balance (Melzer, Schutz, 

Boulvain, & Kayser, 2010; Seneviratne et al., 2014). There is increased deposition of fat 

tissue on chest and abdomen in obese individuals causing decreased compliance of the rib 

cage, thereby increasing the work of breathing, leading to a sense of breathlessness (Mottola, 

2013). The metabolic costs (energy demands) required to move the limbs increase during 
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pregnancy especially in obese individuals leading to decreased peripheral motor efficiency 

(Jensen, Webb, Wolfe, & O’Donnell, 2007).   

Studies have shown that overweight/obese women have negative body image, and 

‘feeling too fat to exercise’ is a common barrier to PA (Ball, Crawford, & Owen, 2000; 

Seneviratne et al., 2014). Poor self-image among obese women can stop them from 

exercising in public places or with other groups. One study reported that 45% of pregnant 

women were dissatisfied with body image and were more likely to gain weight during 

pregnancy (Sui & Dodd, 2013). These studies show that high pre-pregnancy BMI can lead to 

declines in PA during pregnancy.  

 Based on the literature review we can conclude that obesity is a major problem and is 

prevalent. An increased trend of obesity is observed during pregnancy. Obesity is associated 

with adverse pregnancy outcomes leading to morbidity and mortality in mother and child. 

Obesity during pregnancy predisposes the infant to fetal adiposity. These large weight infants 

tend to become obese children. These obese children further tend to turn into obese adults, 

and in case of females, obese mothers, thus continuing the intergenerational cycle of obesity. 

PA has been established as a healthy behavior during pregnancy irrespective of obesity or 

GWG. It improves mental and physical being of the mother and by default the baby. Barring 

any complications, women are recommended to exercise during pregnancy to improve 

pregnancy outcomes for mother and child. According to the HBM, perceived susceptibility, 

perceived severity and perceived barriers are key variables that motivate individuals to make 

reforming behavioral changes. Perceived susceptibility is perception of personal risk, 

perceived severity is knowing the extent of risk and perceived barriers are what prevents 

oneself from taking action against risk. It is important to identify predictors that can 
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influence PA during pregnancy to develop theory based interventions which can be used for 

adapting healthy behaviors. The present study is assuming that perceived susceptibility, 

increased knowledge of risks of obesity and lower pre-pregnancy BMI are predictors of PA 

during pregnancy. 
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Methods 

Overview.  

 Secondary analysis will be performed on the data collected from a previously 

conducted study “Identifying psychosocial predictors of healthy gestational weight gain”. 

The original study was conducted from 2011 to 2013 at the University of Houston’s 

Department of Health and Human Performance and the Texas Obesity Research Center. Data 

was collected from University of Texas (UT) Medical School Resident and Attending 

Obstetrics and Gynecology clinic but stored at University of Houston (UH). It was a 

prospective survey study of pregnant women to identify psychosocial predictors of healthy 

GWG.  

Recruitment.  

 Three hundred women were recruited from the waiting room at UT Medical School 

Resident and Attending Obstetrics/Gynecology (Ob/Gyn) clinic by Research Assistants. 

Research Assistants received training in procedures for the study, data collection and 

completed CITI (Collaborative Institutional Training Initiative) training modules on the 

ethical treatment of human subjects and the Health Insurance Portability and Accountability 

Act (HIPAA) compliance guidelines, prior to the study.  A recruitment flier was provided to 

each woman who checked in with the clinic staff. If women were interested in participating 

then a recruitment packet including screening checklist, two copies of consent form, a release 

of weight data for the duration of pregnancy form and the questionnaire was given to them. 

At recruitment the women determined their own eligibility by using the screening checklist. 

The inclusion criteria were: women of age 18 years or more, pregnant, willing to complete a 
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survey in English and literate. Males, non-pregnant females, pregnant women under the age 

of 18 and women who were not literate in English were excluded from the study.  

Consent.  

 The consent form outlined procedures, purpose, risks/benefits, alternatives to the 

study (no participation), compensation (none), rights of the participants, and voluntary nature 

of study. The consent form also included UH Committee of Protection of Human Subjects 

(CPHS) and Principal Investigator (PI) contact information. If the women wished to 

participate in the study, they read and signed the consent form independently and kept one 

copy with them and returned the other signed consent form with the completed questionnaire 

and screening checklist. Verbal informed consent was not conducted to maintain 

confidentiality. Data from participants who did not complete the consent form were 

discarded. 

Procedures.  

 The participants signed two copies of consent forms (one for the study and one for 

themselves), a form for release of weight data for the duration of the pregnancy and filled out 

the self-reported questionnaire while waiting for prenatal medical outpatient appointments in 

the clinic. Research assistants wore badges and were available for any questions that the 

participants might have.  

 The questionnaire provided information about socio-demographic history (age, level 

of education, employment and income, ethnicity, marital status, pre-pregnancy weight and 

height), lifestyle behaviors (details on smoking status, alcohol use, PA status, dietary 

choices), health status (weight gained in pregnancy, delivery date, trimester), knowledge of 

healthy pregnancy (weight perception, risks of obesity), risk perception (perception of weight 
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status), among other things. All items on the questionnaire were reviewed by an expert panel 

comprising of psychologists, dietitians, a physician and a statistician to establish content 

validity. All items on the questionnaire were evaluated for face validity and comprehension 

in a pilot study of five pregnant women. Women were asked to participate in a pilot study 

where they completed a survey followed by cognitive interviews. During the interview, they 

were asked for their feedback to increase the clarity of the survey items, in order to make it 

more comprehensible to other members of a similar population. Adjustments to the 

questionnaires were made based on the interview results and the consensus of the experts. 

After adjustments, the final questionnaire was used for the study in the UT clinic. 

 The weight data release forms were used as the authorization to collect the 

participants' weight measured at their respective outpatient medical appointments. After 

authorization, the data was collected from the outpatient center medical records. The last 

weight measured and corresponding gestational age before delivery of each participant were 

the last data collected. 

 The participants were instructed not to put their names on the questionnaire packets. 

Each packet was identified with a unique code number which was written with the 

participant’s name in a master list. The consent forms did not have the code numbers. Data 

from ineligible participants were discarded by shredding them at the University of Houston 

by research assistants. 

Measures.  

 Independent Variables.  

 Knowledge of risks of obesity. The key concept, perceived severity, from the HBM 

was operationally defined by a measure of the knowledge of risk of obesity question, 
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“Obesity during pregnancy is a risk for which of the following (please check all that apply)”. 

This question was used to assess knowledge of obesity risk in a different study (Kominiarek 

et al., 2010). The response options to this question were modified in the study being used. 

Kominiarek et al. (2010) used only six risks, diabetes, hypertension, cesarean delivery, fetal 

growth problems, and stillbirth, to assess knowledge of obesity. In addition to the six risks 

used by Kominiarek et al. (2010) four more risks (large birth weight babies, obesity for your 

baby in childhood, obesity for yourself and premature delivery) were included in the 

questionnaire for this study. Scores ranged from 0 to 10 representing sum of each risk factor 

endorsed, with 0 being no knowledge of risks and 10 being highest score. Higher scores 

indicate greater knowledge of risks of obesity, representing greater perceived threat 

(perceived severity) of obesity during pregnancy. This scoring is similar to the one used by 

Kominiarek et al., (2010) for assessing the knowledge of risks question.  

Perceived susceptibility. The key concept, perceived susceptibility, from the HBM 

was measured by creating a variable ‘perceived susceptibility’ which was a combination of 

responses from the two questions: 1) perceived pre-pregnancy weight status and 2) 

knowledge of obesity as a risk during pregnancy. The perceived pre-pregnancy weight status 

question was “How would you classify your weight just prior to this pregnancy?”. The 

responses provided for this question were ‘obese’, ‘overweight’, ‘normal’ and ‘underweight’. 

Preliminary analyses showed that only one woman selected underweight and only 12 women 

selected obese. The four categories were collapsed into two. If they selected ‘overweight’ or 

‘obese’ they were placed in the ‘overweight/obese (Ow/Ob)’ category and if they selected 

normal or underweight they were placed in the ‘other’ category. 
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The obesity risk question was “In general, is obesity a risk during pregnancy”. The 

responses provided for this question were ‘No’, ‘I don’t know’, ‘Maybe’ and ‘Yes’. For the 

purpose of this study the responses were collapsed into two categories ‘yes’ and ‘no’. The 

participants that selected the responses ‘yes’ were placed in the ‘yes’ category and the 

participants that selected the responses ‘no’ or ‘I don’t know’ or ‘may be’ were placed in the 

‘no’ category.  

A combination of the responses from these two questions was used to operationally 

define perceived susceptibility, which is a dichotomous variable. The participants who both 

perceived themselves as overweight or obese (participants in the ‘Ow/Ob’ category) and 

perceived obesity as a risk during pregnancy (participants in the ‘yes’ category) were placed 

into perceived susceptibility category (dummy coded as 1) and all remaining participants 

were placed in the ‘other’ category (dummy coded as 0).  

Pre-pregnancy BMI. The key concept ‘perceived barrier’ of the HBM was measured 

by pre-pregnancy BMI. Self-reported, height and pre-pregnancy weight, from the 

questionnaire were used to calculate their pre-pregnancy BMI. It was calculated by dividing 

weight in kilograms by height in meters squared (CDC, 2014) and it is a continuous measure. 

 Dependent Variable. 

 PA during pregnancy. The dependent variable in this study is participation in PA 

during pregnancy which is a dichotomous variable. The expert panel modified a PRAMS 

questionnaire item for the purposes of this study to make it more comprehensible to the 

pregnant women and to ensure face validity. The question, “Since you have gotten pregnant, 

have you been consistently exercising 3 or more days of the week?”, was used as a measure 
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of PA during pregnancy. Responses were scored as 1 for “Yes” and 0 for “No”. PA during 

pregnancy is a widely used interview item in many surveillance systems including, 

NHANES, BRFSS, etc. used by CDC track PA behaviors (CDC, 2012). 

 Covariates. 

 Previous research has shown that other variables such as maternal age (Evenson et al., 

2004; Zhang & Savitz, 1996), higher education (eg., having completed high school, college 

or university) (Fell, Joseph, Armson, & Dodds, 2009; Zhang & Savitz, 1996), parity (number 

of children) (Fell et al., 2009; Pereira et al., 2007; Zhang & Savitz, 1996), household income 

(Mudd, Nechuta, Pivarnik, & Paneth, 2009.; Ning et al., 2003; Petersen, Leet, & Brownson, 

2005; Wallace, Holm, Boyer, & Dan, 1986), race (whites being more physically active) 

(Ning et al., 2003; Petersen et al., 2005),and pre-pregnancy PA are associated with PA during 

pregnancy (Chasan-Taber et al., 2007; Clarke & Gross, 2004; Fell et al., 2009; Hinton & 

Olson, 2001; Ning et al., 2003; Pereira et al., 2007). Any significant values will be used in 

the adjusted model. For education, participants who completed college or above were coded 

as 1 and participants who completed education and below were coded as 0. For income, the 

federal poverty level (FPL) was determined using total household income and number of 

people in household. People who were below the FPL were coded as 1 and the others were 

coded as 0. For race, there were three categories black, white and other. They were dummy 

coded using 0 and 1. For pre-pregnancy PA, the participants who answered ‘yes’ were coded 

as 1 and who answered ‘no’ were coded as 0. 

Statistical Analyses.  

Logistic regression was used to determine the impact of the three independent variables 

(knowledge of risks of obesity during pregnancy, perceived susceptibility, and pre-pregnancy 
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BMI) on the dependent variable (participation in PA during pregnancy). Statistical analyses 

were performed using SPSS statistical software (version 20.0). All data were checked for 

data entry errors. Descriptive analyses were performed to describe participant characteristics. 

Two models were used for logistic regression- adjusted model (including significant 

covariates) and unadjusted model (not including covariates). Univariable analyses were used 

to determine covariates from the demographic variables. Univariable analysis refers to the 

comparison of one independent variable with the dependent variable. T-tests were used for 

continuous variables and chi-square tests were used for categorical variables. Any variable 

whose univariable test (t-test or chi square test) had a p-value of <0.05 was considered to be 

statistically significant. Assumptions for logistic regression were tested. The assumptions are 

1) level of measurement, 2) sample size, 3) linearity of the logit, 4) independence of errors, 

5) multicollinearity (Field, 2009; Pallant, 2007). Level of measurement for logistic regression 

requires that the dependent variable should be dichotomous and the independent variables 

should be continuous or dichotomous (Abu-Badr, 2010, p. 135). Large sample sizes are 

required for logistic regression with a minimum of 50 cases per predictor (Burns, 2009, p. 

570). Linearity of the logit assumes that there is a linear relationship between any continuous 

independent variables and the logit of the dependent variable (Field, 2009, p. 296). This 

assumption can be predicted by looking at whether the interaction term between the 

independent variable and its log transformation is significant (Field, 2009, p. 296). 

Independence of errors means that same people should not be measured at different points in 

time (Field, 2009, p.273). The assumption of multicollinearity means that independent 

variables should not have a correlation of greater than 0.80 (Abu-Badr, 2010, p. 135).  
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Results 

Sample Characteristics. 

 Data from a total of 300 participants were collected for the previous study. For the 

purposes of this study, we included only data from obese or overweight women which 

reduced the sample size to 164. The majority of the sample consisted of African American 

women (n=97, 62.6%). The number of women who reported having at least one child, less 

than 18 years of age was 113(68.9%). Half of the sample reported some college (1 to 3 years) 

education or above (n= 84, 51.2%). Less than half of the women were employed (n= 65, 

39.6%). Almost 70%women had no health problems. More than half of the sample was 

below the federal poverty level (n=84, 57.5%) and a large percentage of women (n=147, 

89.6%) were on WIC (the special supplemental nutrition program for women, infants, and 

children) or believed they were eligible. A large number of women were in their third 

trimester (n=66, 44.3%). There were no statistically significant differences between the PA 

groups (yes and no) with respect to age, ethnicity, race, marital status, number of children, 

education, employment, health status, income, WIC and trimester (Table 3). The variable 

WIC was borderline significant (p = 0.06) with 79.4% women who were physically active 

during pregnancy being on WIC or eligible. However, women who were physically active 

before pregnancy were more likely to be physically active (PA yes) during pregnancy (p = 

0.01). Fifty percent of the women who were physically active before pregnancy were also 

physically active during pregnancy and 25.4 % women who were physically active before 

pregnancy were not physically active during pregnancy. Half of the women (n=84, 51.2%) 

identified obesity as a risk in general and 58.8% (n=20) of these women were physically 

active during pregnancy.  
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Table 3. Participant Characteristics 

Variables n(%) or 

M(±S.D.) 

PA ‘Yes’(n=34) 

 n(%) or 

M(±S.D.) 

PA ‘No’(n=130) 

n(%) or 

M(±S.D.) 

p-

value 

Age (years) 26.21(±5.12) 25.94(±5.52) 26.28(±5.03) 0.735 

Hispanic  50(30.5%) 12(35.3%) 38(29.2%) 0.635 

Race
a
  

White 

Black 

Other 

 

 29(18.7%) 

97(62.6%) 

29(18.7%) 

 

6(19.4%) 

19(61.3%) 

6(19.4%) 

 

23(18.5%) 

78(62.9%) 

23(18.5%) 

0.986 

Married 48(29.3%) 12(35.3%) 36(27.7%) 0.512 

Children(<18 years)  1.38(±1.35) 1.06(±1.15) 1.46(±1.39) 0.121 

Education  

High School 

&below 

College & above 

 

80(48.8%) 

84(51.2%) 

 

21(61.8%) 

13(38.2%) 

 

59(45.4%) 

71(54.6%) 

0.131 

Employed 65(39.6%) 15(44.1%) 50(38.5%) 0.687 

No health problems 115(70.1%) 27(79.4%) 88(67.7%) 0.263 

Income: BFPL
b 

84(57.5%) 17(53.1%) 67(58.8%) 0.712 

WIC (yes) 89(54.3%) 18(52.9%) 71(54.6%) 1.0 

Trimester (n=149) 

First 

Second 

Third 

 

36(24.2%) 

47(31.5%) 

66(44.3%) 

 

5(15.6%) 

13(40.6%) 

14(43.8%) 

 

31(26.5%) 

34(29.1%) 

52(44.4%) 

0.317 

Pre-pregnancy 

exercised 

50(30.5%) 17(50.0%) 33(25.4%) 0.01* 

a = n =155, b = 146, n= total number of women = 164, % = percentage, M= Mean, S.D= 

Standard Deviation, BFPL= Below Federal Poverty Line, WIC= Special Supplemental 

Program for women, infants, and children, PA = Physical Activity during pregnancy, *= 

significant at p<0.05 
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 Separate univariable tests were done to see the relationship of each individual 

variable with the dependent variable (Table 4). T-tests were used for continuous variables 

and chi-square tests were used for categorical variables. Knowledge of risks of obesity was 

positively skewed with a mean score of 3.36. Less than half (40%) women believed they 

were susceptible to the risks of obesity during pregnancy and 41.1% of those women 

participated in PA.  

Table 4. Independent Variables. 

Variables n(%) or 

M(S.D.) 

PA ‘Yes’(n=34) 

 n(%) or 

M(±S.D.) 

PA ‘No’(n=130) 

n(%) or 

M(±S.D.) 

p-value
a 

Knowledge of Risks  3.36(±2.80) 3.18(±2.15) 3.41(±2.95) 0.61 

Perceived susceptibility 

(n=160) 

64(40.0%) 14(41.1%) 50(38.5%) 1.0 

Pre-pregnancy BMI  33.09(±7.1) 31.97(±5.15) 33.39(7.56) 0.20 

n= number, % = percentage, M= Mean, S.D= Standard Deviation, PA = Physical Activity 

during pregnancy, a= significant at p<0.05 

Among the risk responses diabetes was the most commonly selected response for 

obesity risks during pregnancy (n=103, 62.8%), followed by maternal obesity due to 

postpartum weight retention (n=98, 59.8) (Table 5). All other obesity risks were identified by 

less than 50% of the women.  The least selected response for obesity risks during pregnancy 

was stillbirth. According to nineteen women (11.6%) there were no risks of obesity during 

pregnancy and among these women only 8.8% reported PA during pregnancy. Only 

knowledge of hypertension as a risk was borderline significant (p =0.06) across the PA 

groups.  

Table 5. Knowledge of risks of obesity during pregnancy  
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Knowledge of Risk  n(%) PA 

‘Yes’(n=34) 

n(%) 

PA ‘No’ 

(n=130) 

n(%) 

p- 

value
a 

No risk 

All risks 

19(11.6%) 

8(4.9%) 

3(8.8%) 

0(0%) 

16(12.3) 

8(6.2%) 

0.8 

0.3 

Diabetes 103(62.8%) 21(61.8%) 82(63.1) 1.0 

Maternal obesity 98(59.8%) 22 (64.7%) 76(58.5%) 0.6 

Large birth weight 

babies 

74(45.1%) 17(50.0%) 57(43.8%) 0.7 

Hypertension 64(39.0%) 8(23.5%) 56(43.1%) 0.06 

Obesity in childhood 50(30.5%) 10(29.4%) 40(30.8%) 1.0 

Cesarean section 48(29.3%) 7(20.6%) 41(31.5%) 0.3 

Premature delivery 38(23.2%) 5(14.7%) 33(25.4%) 0.28 

Fetal growth problems 33(20.1%) 9(26.5%) 24(18.5%) 0.3 

Birth defects 26(15.9%) 5(14.7%) 21(16.2%) 1.0 

Still birth 17(10.4%) 4(11.8%) 13(10.0%) 1.0 

n= number who answered yes, % = percentage, a= significant at p<0.05  

Additional analyses were done to compare knowledge of risks of obesity with 

education. Diabetes, hypertension, cesarean section delivery, large birth weight babies, and 

childhood obesity were significant across the two groups of education.  

Table 6. Knowledge of risks of obesity across education  

Knowledge of risks of 

obesity 

College/above (n=80) 

n(%
a
) 

High 

school/below(n=84) 

n(%
b
) 

p-value 

Diabetes 63(75%) 40(50%) 0.002* 

Hypertension 42(50%) 22(27.5%) 0.005* 

Cesarean delivery 33(39.3%) 15(18.8) 0.007* 

Large birth weight 48(57.1%) 26(32.5%) 0.003* 
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babies 

Childhood Obesity 33(39.3%) 17(21.2%) 0.012* 

Fetal growth 20(23.8%) 13(16.2%) 0.311 

Birth defects 15(17.9%) 11(13.8%) 0.613 

Maternal obesity 55(65.5%) 43(53.8%) 0.126 

Stillbirth 12(14.3%) 5(6.2%) 0.092 

Premature delivery 24(28.6%) 14(17.5%) 0.135 

a = percentage within college or above, b = percentage within high school or below, n= 

number, * = p < 0.05 

 

 More than half of the women were obese (n=90, 54.9%), but only 7.5% women 

perceived themselves as obese (Table 7). Forty five percent of the women were overweight 

and 57.5 % perceived themselves as overweight. Only one woman who perceived herself as 

obese was physically active during pregnancy.  

Table 7. Pre-pregnancy BMI (Actual/Perceived) 

BMI groups 

BMI range 

Overweight n(%) 

(25.0-29.9) 

Obese n(%) 

(≥30.0) 

Normal n(%) 

(18.5-24.9) 

 Actual  Perceived Actual  Perceived Actual Perceived 

Total 74(45.1%) 92(57.5%) 90(54.9%) 12(7.5%) 0(0) 55(34.4%) 

PA ‘yes’(n=34) 14(41.2%) 19(55.9%) 20(58.8%) 1(2.9%) 0(0) 14(41.2%) 

PA ‘no’ 

(n=130) 

6046.2%) 73(57.9%) 70(53.8%) 11(8.7%) 0(0) 41(32.5%) 

n= number, % = percentage  

The assumptions of logistic regression were tested. Linearity of the logit was tested by 

looking at the interaction term of the continuous independent variable with its natural log. 

Significance of greater than 0.05 indicated that the assumption of linearity of logit was met 

(Field, 2009, p. 296). Correlation tests were performed to examine the assumption of 
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multicollinearity between independent variables. Table 8 shows that none of the independent 

variables were highly correlated with each other. After testing for assumptions, logistic 

regression was conducted using the default method, ‘enter’ in SPSS. Alpha was set at 

significance 0.05.  

Table 8. Correlations between independent variables and covariate 

Variables Knowledge of Risk Perceived 

susceptibility 

Pre-pregnancy 

BMI 

Knowledge of Risks 1 .400** .199* 

Perceived susceptibility .400** 1 .334** 

Pre-pregnancy BMI  .199* .334** 1 

Pre-pregnancy PA 0.052 -0.017 -.132 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Unadjusted model. The unadjusted model (Table 9) contained three independent 

variables (knowledge of risks of obesity during pregnancy, perceived susceptibility and pre 

pregnancy BMI). The full model containing all predictors was not statistically significant (p 

= 0.589), χ
2
 = 1.9 (df = 3, N=160). The model as a whole explained between 1.2% (Cox and 

Snell R square) and 1.9% (Nagelkerke R squared) of the variance in PA during pregnancy, 

and correctly classified 78.8 % of the cases. The Wald test is used to check the predictive 

ability of the model. According to the Wald test, none of the independent variables were 

significant (p<0.05).  

Adjusted model. The adjusted model (Table 10) included the covariate pre-pregnancy 

PA (p = 0.01) in block 1, and the three predictors in block 2. One outlier was removed for 

this model. The full model containing one covariate and three independent variables 

(knowledge of risks of obesity during pregnancy, perceived susceptibility and pre-pregnancy 
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BMI) was statistically significant (p=0.034), χ
2
 = 10.44 (df=4, N=159), indicating that the 

model was able to distinguish between women who participated in PA during pregnancy and 

women who did not participate in PA during pregnancy. The model as a whole explained 

between 6.4% (Cox and Snell R square) and 9.9% (Nagelkerke R squared) of the variance in 

PA during pregnancy which was an improvement from the unadjusted model where it 

showed only between 1.2% (Cox and Snell R square) and 1.9% (Nagelkerke R squared) 

variance. The adjusted model had a good fit indicated by Hosmer and Lemeshow Goodness 

of Fit Test (χ
2
 = 10.31, p = 0.24). This model correctly classified 79.2 % of the cases. 

According to the Wald test, only the covariate pre-pregnancy PA was significant (p = 0.007). 

Women who were physically active before pregnancy were three times more likely to be 

physically active during pregnancy. 

Table 9. Unadjusted Model (logistic regression predicting PA during pregnancy (with no 

covariates).  

 B S.E. Wald Df p 

value 

Odds ratio 95.0% C.I. for 

Odds Ratio 

       Lower Upper 

Knowledge of 

Risk  

-.051 .079 .426 1 .514 .95 .814 1.108 

Perceived 

susceptibility 

.357 .459 .603 1 .437 1.428 .581 3.511 

Pre-pregnancy 

BMI 

-.037 .034 1.2333 1 .267 .963 .902 1.029 

Constant -.065 1.060 .004 1 .951    

B=beta value, S.E. = Standard Error, df= degrees of freedom, C.I. = Confidence Interval 
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Table 10. Adjusted Model (logistic regression predicting PA during pregnancy (with 

significant covariates).  

 B S.E. Wald Df p 

value 

Odds 

ratio 

95.0% C.I. for Odds 

Ratio 

       Lower Upper 

Pre-pregnancy 

exercise 

1.109 .413 7.207 1 .007 3.031 1.349 6.810 

Knowledge of 

Risks  

-.070 .084 .707 1 .400 .932 .791 1.098 

Perceived 

susceptibility 

.522 .486 .1.153 1 .283 1.686 .650 4.373 

Pre-pregnancy 

BMI 

-.044 .038 1.369 1 .242 .957 .888 1.030 

Constant -.302 1.208 .063 1 .802    

B=beta value, S.E. = Standard Error, df= degrees of freedom, C.I.= Confidence Interval 
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Discussion 

 

 The purpose of this study was to determine whether knowledge of risks, perceived 

susceptibility and pre-pregnancy BMI were predictors of PA during pregnancy (in 

overweight/obese women). This study was based on three key concepts, perceived severity, 

perceived susceptibility, and perceived barriers from the HBM. The construct of perceived 

severity reflects on an individual’s knowledge about the seriousness of a disease or condition.   

The construct of perceived susceptibility is an individual’s perception of personal risk. The 

construct of perceived barriers addresses the factors that resist change. Using these key 

concepts, it was hypothesized that knowledge of risks, perceived susceptibility and pre-

pregnancy BMI would predict PA during pregnancy. However, the results of this study 

indicate that there are no significant relationships between knowledge of risks of obesity 

during pregnancy, perceived susceptibility, pre-pregnancy BMI and the participation in PA 

during pregnancy among overweight/obese pregnant women.  

The only significant predictor of PA during pregnancy was pre-pregnancy PA. 

Women who were physically active before pregnancy were three times more likely to 

exercise during pregnancy. This study provides information on knowledge of risk perception 

relating to the effects of obesity during pregnancy in a relatively large cohort of overweight 

or obese pregnant women. This study is consistent with the previous studies that show that 

women decrease or stop their physical activity during pregnancy (Evenson et al., 2004; 

Gjestland et al., 2013; Juhl et al., 2008; Silveira & Segre, 2012; Sui & Dodd, 2013), but it is 

noteworthy that only a small percentage of the women were physically active even before 

pregnancy. An interesting finding in our study was that 26.2 percent of overweight and obese 
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pregnant women in our sample participated in PA which is more than the 15.8 percent 

reported in other studies (Evenson et al., 2004; Lewis et al., 2008).  

Knowledge of risks of obesity during pregnancy 

Knowledge of risks of obesity during pregnancy, which measured the construct 

perceived severity from the HBM, was not seen as a significant predictor of PA during 

pregnancy. No other studies examined knowledge of obesity risks and PA during pregnancy. 

However, one study showed that increased knowledge of risk was related to increase in PA 

among parents of adolescents (Rutkowski & Connelly, 2011). Results from this study suggest 

knowledge of obesity risks among pregnant women may motivate PA behavior among 

overweight and obese women like it may among other samples. It is also possible that the 

general lack of knowledge of obesity risks in pregnancy reduced the ability to associate high 

knowledge with PA. Knowledge of risks scores were positively skewed with only 4.9% 

women identifying all the risks listed. 11.6 % did not identify any risks of obesity during 

pregnancy. These findings are consistent with other studies that demonstrate a lack of 

knowledge of adverse pregnancy outcomes due to obesity  (Cardozo et al., 2013; Nitert et al., 

2011; Sui et al., 2012).  

Cardozo et al. (2013) did a prospective survey study to assess the knowledge obesity 

effects on general, cardio-metabolic and reproductive health outcomes in 207 women. The 

following percentages of women were aware that obesity increases the risks of diabetes 

(79.1%), cesarean section (30.8 %), birth defects (23.7 %), and stillbirth (14.1 %). This study 

found that while there is awareness of cardio-metabolic risks associated with obesity, there is 

limited knowledge of the effects of obesity on reproductive outcomes in urban communities. 

These findings are comparable to the findings in this study where diabetes was the most 
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reported risk (62.8%) and stillbirth was the least reported risk (10.4%) and have implications 

for public education regarding obesity risks on reproductive outcomes. 

In a study framed by the HBM, Sui et al. (2012) used a mixed method approach to 

describe women’s views on making healthy behavioral changes during pregnancy in a large 

(n=464), predominantly African American sample of  overweight and obese women. 

Although women realized risks of obesity to self during pregnancy, knowledge of risks to 

baby was less evident (Sui et al., 2012). Similar findings are seen in this study where fewer 

women reported knowledge of risks to the baby. Another study of Australian women (n= 

412),  looked at knowledge of obesity risks in pregnancy (Nitert et al., 2011). The knowledge 

of risks question was measured using a five point Likert scale where 57% women correctly 

identified obesity as a risk during pregnancy and were more aware of maternal risks than the 

risks to the baby (Nitert et al., 2011).  

Knowledge of risks of obesity when compared across education groups (see Table 6) 

showed that the diabetes, hypertension, cesarean section, large birth weight babies and 

childhood obesity risks were significant across both groups and fetal growth problems, birth 

defects, obesity for self, stillbirth and premature delivery risks were not significant. This is a 

reflection on the possible lack of public education regarding the adverse outcomes of obesity 

during pregnancy. Public education is needed to increase knowledge and awareness of the 

reproductive consequences of obesity. 

The knowledge of risks of obesity across the two PA groups in this study shows that 

knowledge alone is not sufficient to change behaviors. It is possible that despite having 

knowledge of risks of obesity during pregnancy women faced other barriers that prevented 

them from taking action (being active) during pregnancy. One of the barriers could be 
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negative body image. Women often are embarrassed to exercise in public or groups because 

of their appearance (Seneviratne et al., 2014). One study showed that 45% of women who 

had negative self-image were more likely to have excess GWG (Sui & Dodd, 2013). Studies 

have shown that women often report wanting to lose weight after pregnancy (Weir et al., 

2010).  

A number of studies have demonstrated the decline in PA from the first trimester to the 

third trimester (Duncombe et al., 2009; Evenson et al., 2009). It may also be that the women 

in our study might have experienced pregnancy related physical barriers such as constipation, 

discomfort or increase in obesity due to excess GWG, preventing them from participating in 

PA. Another reason can be the lack of resources like lack of childcare, or cost of exercise 

facilities such as gyms/fitness groups. This was a fairly impoverished sample of women with 

57.5 percent women having a below the federal poverty line household income. Fifty nine 

percent of women with income below the federal poverty line did not participate in PA 

during pregnancy. Other studies have also shown that women having low household income 

are less likely to perform PA during pregnancy (Mudd et al., 2009; Ning et al., 2003; 

Petersen et al., 2005; Wallace et al., 1986; Watson & McDonald, 2007).   

Knowledge of risk of obesity was moderately correlated with perceived susceptibility 

and weakly correlated to pre-pregnancy BMI. With increase in knowledge women were more 

likely to perceive themselves to be susceptible to obesity risks during pregnancy. Knowledge 

of risks of obesity was higher in women with higher pre-pregnancy BMI. Even though 

knowledge was not a significant predictor of PA, it seems that there is a relationship between 

knowledge of obesity risks, perceived susceptibility and weight status. Future research 

should examine whether changes in one leads to differences in others.  
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Perceived susceptibility 

Perceived susceptibility was also not seen a significant predictor of PA during 

pregnancy. According to the HBM, perceived susceptibility of risk increases likelihood of 

action. Greater the perceived risk, greater the likelihood of engaging in behaviors to decrease 

the risk. It is only logical to assume that when people believe they are at risk, they will take 

action to prevent the feared outcome. Perception of overweight/obesity is an important 

predictor of weight control (Yaemsiri, Slining, & Agarwal, 2011), hence it was hypothesized 

that knowing you are overweight/obese and at risk would be a good predictor for PA. But the 

results were not significant in this study. Other studies have shown that perceived 

susceptibility can help predict PA behaviors in non-pregnant adults (Squiers et al., 2014). 

Squiers et al. (2014) used data from 2007 Health Information National Trends Survey 

obtained from telephone interviews and postal mail. The sample size was very big (n~3500) 

and included both male/female participants across all genders, age and BMI groups; Weight 

perception accuracy was related to having exercised in the past month and attempting to lose 

weight in the last year in all participants (Squiers et al., 2014). A large sample size (n= 

111449) study among adults showed that opinion of own weight and BMI were positively 

associated with weight loss (Haberman, Brauer, Dwyer, & Edwards, 2014) 

Only 7.3 percent of all women in this study perceived themselves to be obese, when 

54.9 percent were actually obese. Out of all overweight and obese women, 33.4 percent 

perceived themselves to be normal weight. It is possible that women who perceived obesity 

as a risk did not perceive themselves as obese/overweight, as a result did not perceive 

themselves to be susceptible to obesity.  

Pre-pregnancy BMI 
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 Based on self-reported data, 51.8 percent of our sample had a BMI of 30kg/m
2
 or 

higher and 45.1 percent had a BMI of between 25-29.9 kg/m
2 

 or higher. Other studies have 

reported that individuals with high pre-pregnancy BMI are less likely to be physically active 

(Hinton & Olson, 2001) and individuals with a lower pre-pregnancy BMI are more likely to 

be physically active (Gjestland et al., 2013).  

 Hinton and Olson (2001) found that BMI was a significant predictor of decline in PA 

during pregnancy (Hinton & Olson, 2001). Gjestland et al. (2013) found that  pregnant  

women who exercised either 1-2 times or ≥3 times a week at mid-pregnancy were less likely 

to have a pre-pregnancy BMI >30 kg/m
2
 compared with women exercising less than once a 

week (Gjestland et al., 2013).  

 Increasing BMI can influence PA by both physiological and psychological factors. 

Physiological changes during pregnancy can make exercise more difficult, especially for 

women with higher BMI. Physical discomfort, fatigue, increased exertion, breathlessness, 

can be barriers for women with higher BMI to be active (Seneviratne et al., 2014). 

Psychological factors like, negative body image due to a higher BMI can also prevent women 

from being physically active (Seneviratne et al., 2014). Women who did not participate in PA 

had a mean BMI of 33.39. This shows that a lot of women who did not exercise were obese. 

Studies have shown that obese women perceive many barriers to exercise. One study showed 

that African American obese women were more likely to report being uncomfortable with 

their appearance while exercising or lacking a will to exercise (James, Leone, Katz, McNeill, 

& Campbell, 2008). One Australian study reported an association between being ‘too fat’ and 

‘too shy or embarrassed’ as barriers to PA in women (Ball et al., 2000).  
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 A mixed methods study looked at the perceived barriers among obese women and 

found that weight related barriers were both physical (shortness of breath, chronic conditions, 

injury, physical discomfort) and emotional (embarrassed with appearance and uncomfortable 

exercising in public places) (Sui et al., 2012). These emotional factors may be enhanced 

during pregnancy and the additional discomforts of pregnancy (nausea, constipation, 

vomiting, etc.) may make women less inclined to participate in PA (Sui & Dodd, 2013).   

 Pre-pregnancy BMI represented perceived barriers of the HBM. Pre-pregnancy BMI 

was assumed to be a barrier based on the findings in literature. It is possible that women in 

this study did not perceive it to be a barrier. It is also possible that women underestimated 

their weight or overestimated their height which is a common occurrence seen in self-

reported data. Our findings show that many women did underestimate their weight status. 

Pre-pregnancy PA  

Pre-pregnancy PA was seen as a significant predictor of PA during pregnancy. This 

finding is consistent with a number of other studies (Chasan-Taber et al., 2007; Fell et al., 

2009; Hinton & Olson, 2001; Ning et al., 2003). Chasan-Taber et al. (2007) conducted a 

prospective cohort study from 2000 to 2004 among healthy pregnant Latina women (n= 

1231) in a public midwifery clinic to assess PA using a modified version of the Kaiser 

Physical Activity Survey (KPAS) in early and mid-pregnancy. Results show that 

participation in PA (household/caregiving, occupational, sports/exercise, and active living) 

decreased from pre-pregnancy to pregnancy and women who were more active pre-

pregnancy were more likely to have high levels of participation in every domain of 

pregnancy activity (Chasan-Taber et al., 2007). Fell et al. (2009) conducted a prospective 

cohort study including 1737 women to compare PA during early pregnancy to PA the year 
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before pregnancy. Results of log binomial regression showed a significant decrease in PA 

during early pregnancy, with higher BMI (≥ 30 kg/m
2
) and lower levels of pre-pregnancy PA 

being associated with decline of PA during pregnancy (Fell et al., 2009). Hinton and Olson 

(2001) did a prospective study from 1994 to 1996 in women who enrolled for prenatal care in 

the Bassett Healthcare system. They included a large sample (n=622) and assessed socio-

demographic and psychosocial characteristics and exercise behavior prenatally from medical 

record data and mailed questionnaire. Staged linear regression analysis was used to predict 

change in physical activity. Women who exercised before pregnancy were more likely to 

maintain or decrease their level of PA during pregnancy when compared to women who did 

not report any pre-pregnancy PA (Hinton & Olson, 2001). Ning et al. (2003) investigated the 

predictors of PA in 386 pregnant women and calculated odd ratios (OR) for active compared 

with inactive women using logistic regression models. Approximately 61% of women 

reported pre-pregnancy PA (OR 48.9) which was the strongest predictors of PA during 

pregnancy (Ning et al., 2003).  

Conclusion 

 The strength of this study was that it used a large sample size which was diverse, 

consisted largely of low income women and looked at obese/overweight women specifically. 

Health disparities are a perplexing issue in United States and more research is needed to 

explore associations between determinants of health and health status among minorities (US 

Department of Health and Human Services, 2010). 

One of the limitations of this study is that the measures used in this study were not the 

most precise or valid measures to examine the constructs of the HBM used in this study. This 

study used data on self- reporting of exercise, which might have been influence by over- or 
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underestimation of estimation of physical activity during pregnancy. This was a yes/no 

response that lacks any information about the frequency, intensity, duration and length of the 

exercise period.  There was no data that examined other constructs of HBM like perceived 

benefits of PA, self-efficacy, cues to action and perceived barriers which are important in 

predicting behavioral change. Pre-pregnancy BMI which was used for measuring the HBM 

construct ‘perceived barrier’ was not reported as barrier by the women in the study, but was 

assumed as such based on literature. Generalizability in this study is limited to women that 

are similar to this population i.e., a sample of otherwise healthy overweight and obese 

pregnant women who are predominantly African American, having at least one child and low 

socio-economic status. Another factor that affects generalizability is the use of a convenient 

sample in this study which consisted of English speaking women in an urban setting who 

were willing to participate in the survey.  

Another possible limitation could be sample size, for the adjusted model. The adjusted 

model included four predictors, which according to literature, requires a sample size of 200 

and that could have reduced the power of the analysis. The model used to predict physical 

activity during pregnancy among overweight/obese pregnant women failed to show any 

significant relation between the proposed predictors and the outcome variable. Although our 

conclusions between the relationships of PA during pregnancy and risks of obesity during 

pregnancy, perceived susceptibility, pre-pregnancy BMI were non- significant, this research 

adds to the literature. We see lower levels of knowledge of obesity risks among overweight 

and obese pregnant women who are predominantly black and have a low socio-economic 

background in this sample.  
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PA during pregnancy can have numerous favorable outcomes for both mother and child. 

It can prevent risks of morbidity and mortality, seen as a consequence of obesity, in both the 

mother and child. Lack of prior pre-pregnancy exercise, physical and psychological 

limitations prevent overweight/obese women from participating in PA during pregnancy. 

Future studies should incorporate variables, that examine the other HBM constructs 

perceived benefits of PA, cue to action and self-efficacy, in the model and use more 

explanatory variables of PA that takes into account the frequency, duration, intensity, type 

and length of exercise period. Perceived barriers should be identified and modifiable barriers 

such as lack of information or motivation or support during pregnancy should be addressed. 

As we know PA levels decline during the course of pregnancy, longitudinal experimental 

studies can be done to find the determinants of physical activity during different trimesters of 

pregnancy and post-partum. Women should be informed about the risks of obesity, along 

with the benefits of physical activity, in general and during pregnancy. Clinicians should 

guide women on exercise safety and benefits of PA for the baby and mother prior to and 

during pregnancy. A safe exercise protocol should be designed for women in the higher 

spectrum of obesity. Since pre-pregnancy PA is a good predictor for PA during pregnancy, 

women of childbearing age should be informed about the risks of obesity during pregnancy, 

prior to becoming pregnant. The identification of predictors of PA in pregnancy has 

important implications for designing theory informed interventions to make behavior changes 

in women, especially who are overweight or obese to promote active lifestyle and to fight 

against the obesity epidemic. 
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