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Abstract

Objective: The purpose of this study was to assess the feasibility of conducting a prospective cohort study during early pregnancy (<24 weeks gestation) examining the psychological factors associated with excessive pregnancy weight gain. 

Study Design: Women who had at least 1 prenatal care visit, had a live singleton gestation and were able to read English were eligible to enroll in the study. Women completed the self-administered survey at their prenatal clinics in Hamilton and Brantford, Ontario, Canada. Final pregnancy weight was obtained from women’s clinical charts. 
Results: All approached clinics agreed to participate in the study (100% clinic agreement). Five hundred thirty women completed the enrolment survey, which was a 90.0% uptake rate. An average of 6 women enrolled each week at less than 24 weeks gestation. Less than 10% of data were missing for all survey questions and outcome data (final pregnancy weight) was available for all but one participant (97.3%). Final pregnancy weights were obtained a median of 1.0 days (interquartile 0.0-3.5 days) prior to delivery. No psychological factors were significantly associated with the odds of gaining above the 2009 IOM/Health Canada guidelines in the exploratory univariate analysis. 
Conclusion: All feasibility outcomes demonstrated that conducting a full-scale study in Southwestern Ontario would be feasible. Conducting a full-scale study may identify associations between psychological factors and excessive pregnancy weight gain.
Key Words: pregnancy weight gain (PWG), psychological factors, feasibility, prospective cohort
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Chapter 1: Introduction

Excessive pregnancy weight gain is a growing concern in North America (Kendall et al, 2001). Across the literature, many studies have reported that over 50% of pregnant women gain in excess of the current 2009 Institute of Medicine (IOM)/Health Canada pregnancy weight gain guidelines (Kowal et al, 2012; Brawarsky et al, 2005; Phelan et al, 2011). Yet, intervention trials have revealed changes in diet and exercise during pregnancy were largely ineffective (or had only a small influence) in reducing weight gain during pregnancy. Pregnancy weight gain (PWG) researchers have become increasingly aware of the fact that psychosocial factors beyond behaviour, specifically psychological factors, that may influence PWG (Skouteris et al, 2010; Davis et al, 2012; Hill et al, 2013). 

In order to further the research on weight gain during pregnancy, this pilot study was undertaken to assess the feasibility of conducting a full-scale prospective cohort exploring the relation between psychological factors and PWG. This study assessed the feasibility of recruiting pregnant women in Southwestern Ontario during early pregnancy, piloted a pregnancy-relevant survey instrument assessing the psychological factors pregnant women experienced during pregnancy, and conducted exploratory analyses investigating the relation between psychological factors and PWG. This area of exploration has been largely absent from the literature (Davis et al, 2012; Hill et al, 2013) and as discussed in Chapter 2: Background and Literature Review may reveal important areas for intervention during prenatal care and offering mothers and infants a healthier pregnancy and healthier futures. 

Chapter 2: Background and Literature Review

Obesity in women, caused in part by excessive weight gain during pregnancy, has reached epidemic proportions in developing countries (Prentice, 2006). Over the past two decades the prevalences of overweight and obesity in the United States have increased 20% and 50%, respectively (Kendall et al, 2001). In 2013, 45% of Canadian adult women
 were overweight or obese (Statistics Canada, 2013). The greatest risk for gaining weight occurs during the childbearing years (Williamson et al, 1990). In order to understand, and slow, the obesity epidemic, exploring the influence of pregnancy weight gain and post-partum weight retention is essential (Walker, 2007). 

High pregnancy weight gain (PWG) and subsequent post-partum weight retention are major contributors to and predictors of women’s adult weight gain (Amorim et al, 2007; Rossner & Ohlin, 1995). For example, the Stockholm Pregnancy & Weight Development’s retrospective study found that 73% of severely obese participants had “retained more than 10 kg in connection with a pregnancy” (Rossner & Ohlin, 1995, p.267). Long-term follow-up studies reported similar findings, where women who gained above the guidelines were significantly heavier at each follow-up measurement over 15 years when compared with those who gained within or below the guidelines (p<0.01) (Linne et al, 2004).
 These findings underscore the necessity of addressing high PWG in tackling the rising prevalence of overweight and obesity (Walker, 2007). 

Addressing PWG has become more pressing as the amount of weight women gain during pregnancy continues to climb (Helms et al, 2006). Historically, inadequate PWG dominated the discussion of weight gain during pregnancy (NRC, 1970). However, over the past several decades of debate over the optimal pregnancy weight gain, PWG began to rise (IOM, 1990). Within the past 10 years, excessive PWG has continued to become more prevalent (IOM, 2009; Helms et al, 2006). Recent studies reported over 50% of women gained too much weight during pregnancy; among overweight and obese women this increased to greater than 70% (Kowal et al, 2012; Brawarsky et al, 2005; Phelan et al, 2011). As percentages climbed they were compounded by the large increases in overweight and obese women of reproductive age (Gunderson & Abrams, 1999; Rossner & Ohlin, 1995).

Recognizing the need to guide appropriate PWG the Institute of Medicine (IOM) published new guidelines in 2009. These guidelines were subsequently adopted by Health Canada (Health Canada, 2010). The guidelines were particularly concerned with preventing poor maternal and fetal outcomes, such as small for gestational age (SGA) and preterm birth (Gunderson & Abrams, 1999) and attempt to optimize maternal and fetal health. The guidelines recommended PWG based on pre-pregnancy body mass index (BMI). The ranges reported in Table 1 represent the 2009 IOM/Health Canada recommended weight gain for women carrying one live fetus
.

Table 1: INSTITUTE OF MEDICINE/HEALTH CANADA PREGNANCY WEIGHT GAIN RECOMMENDATIONS FOR SINGLETON PREGNANCIES (IOM, 2009; Health Canada, 2010)
	Pre-pregnancy BMI
	Total Weight Gain

	
	Range in kilograms (kg)
	Range in pounds (lbs)

	Underweight (<18.5 kg/m2)
	12.5-18
	28-40

	Normal weight (18.5-24.9 kg/m2)
	11.5-16
	25-35

	Overweight (25.0-29.9 kg/m2)
	7-11.5
	15-25

	Obese (( 30.0 kg/m2)
	5-9
	11-20


Total pregnancy weight gain is determined by an array of biological and non-biological factors, occurring both prior to and during pregnancy (IOM, 2009). For example, pre-pregnancy BMI has been identified as an important determinant of PWG that is established prior to conception (Hickey, 2000). Pre-pregnancy BMI, and other pre-pregnancy determinants, demonstrate the importance of life-course health (Devine et al, 2000).

Non-biological factors influencing PWG include: environmental, socioeconomic, psychosocial, and psychological factors (Hickey, 2000; IOM, 2009). Non-biological factors are less explored in the literature (Skouteris et al, 2010) and require further study (Hill et al, 2013). Non-biological factors account for some of the variation in PWG, after biological factors have been accounted for (Davis et al, 2012). Biopsychosocial factors, such as dietary behaviour, physical activity, education, social support and psychological factors explained nearly 30% of the variation observed in PWG (Olson & Strawderman, 2003).  

Knowledge of the PWG guidelines and appropriate weight gain counseling was one such biopsychosocial determinant (Olson & Strawderman, 2003; McDonald et al, 2011). In 2011, McDonald et al found that only 12% of patients reported receiving appropriate weight counseling from their care provider. While the pathway from knowledge to behaviour change is rarely linear, knowledge likely has an important influence on weight gain during pregnancy (Hill et al, 2013).

Literature addressing the non-biological determinants has been sparse (Webb et al, 2008). For example, the influence of media and socio-cultural norms on body satisfaction and weight gain was absent from the pregnancy-specific literature although the connection between exposure to media and concern for body image has been firmly established in the non-pregnant literature (Grabe et al, 2008). Similarly, many publications reported the effects of the environment on health and behaviour generally, but not within the realm of PWG research (IOM, 2009). Although pregnancy-specific data were not reported in the literature, the IOM hypothesized that these factors influence PWG; developing a comprehensive framework to capture the relations among these variables
 (see Figure 1; IOM, 2009, p.113).
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Figure 1: FACTORS INFLUENCING PREGNANCY WEIGHT GAIN
(Source: IOM, 2009, p.113)
To date, data addressing the biological determinants of PWG have been quantified to a greater extent than non-biological determinants (IOM, 2009; Webb et al, 2008). Age, stature (Rodrigues et al, 2008), parity (Nohr et al, 2008), and pre-pregnancy BMI (Stotland et al, 2005) are all established biological determinants of PWG. 

Age and parity are determinants of PWG. Adolescents had a tendency toward higher PWG than their older counterparts (IOM, 2009). The IOM (2009) reported that among normal weight women giving birth to term infants, mean PWG in adult women ranged from 10.0 to 16.7 kg while for adolescents PWG ranged from 14.6 to 18.0 kg. Howie et al (2003)
 reported increased odds of excessive weight gain
 among young pregnant women, with the greatest odds observed among women 15 years old or younger (Adjusted Odds Ratio [AOR] 1.44; 95% Confidence Interval [CI] 1.39, 1.49). Parity was consistently identified as a protective factor against excessive PWG (Nohr et al, 2008)
; Wells (2006)
 reported an (unadjusted) Odds Ratio of 0.69 (95% CI 0.57, 0.82). Howie et al (2003) reported similar findings with primiparous women at greater odds of gaining more than 40 lbs during pregnancy than multiparous women (AOR 1.60; 95% CI 1.59, 1.61).

Pre-pregnancy BMI was a strong biological predictor of pregnancy outcomes (IOM, 2009) and was strongly associated with PWG. However, the direction of the effect differed by pre-pregnancy BMI (Chu et al, 2009). Obese and overweight women gained above recommended ranges more frequently (Chu et al, 2009). Rodrigues et al (2010)
 found that women who were obese pre-pregnancy had significantly increased odds of excessive PWG (AOR 4.66; 95% CI 1.34, 19.08). These findings were mirrored in several studies; Hilson et al (2006)
 reported that more than 65% of overweight and obese women gained above the IOM guidelines. Wells (2006) reported that only 5% of the pre-pregnancy obese women in their study gained within the recommended range. At first glance, a clear positive relation between pre-pregnancy overweight/obesity and the likelihood of gaining in excess of IOM/Health Canada guidelines was observed. However, the data suggested that pre-pregnancy obesity had a “polarizing effect” on PWG; with obese women least likely to gain within guidelines and predisposing them to weight gain extremes. In 2006, Wells et al identified pre-pregnancy obesity as a risk factor for both inadequate and excessive PWG, reporting unadjusted Odds Ratios of 18.61 (95% CI 11.71, 29.57) and 6.59 (95% CI 4.02, 10.80), respectively. Nohr et al (2008) found that more than 40% of their obese population had low pregnancy weight gain (<10 kg
). 

Biological and medical conditions also influenced PWG. Pre-pregnancy conditions such as high blood pressure and diabetes increased the likelihood of high PWG (IOM, 2009; Chamberlain, 1995). For example, high blood pressure heightened the well-known risk of edema during pregnancy; edema was associated with higher pregnancy weight gain (Chamberlain, 1995). Other chronic conditions, such as inflammatory bowel disease (e.g. Crohn’s Disease) have been identified as determinants of lower PWG (Wells et al, 2006; Fonager et al, 1998). Medical conditions during pregnancy, such as hyperemesis gravidarum, also influenced PWG; hyperemesis gravidarum was associated with reduced PWG (Vilming & Nesheim, 2000; Bailit, 2005). Both pregnancy-specific and life course biological conditions add to the complex web of factors that influenced PWG. 

Pregnancy weight gains below or above guidelines were associated with risks for maternal and fetal health (IOM, 2009). For mothers, gaining below the guidelines was associated with complications (Viswanathan et al, 2008), although these were documented in far fewer studies than the maternal risks associated with excessive gain. Inadequate PWG was associated with pregnancy complications such as maternal fever
 (Relative Risk
 [RR] 4.1; 95% CI 1.1, 14.4) and the need for episiotomy
 (RR 9.6; 95% CI 1.9, 48.0) (Ehrenberg et al, 2003)
. However, the literature also identified that low PWG was protective. Viswanathan et al (2008) reviewed several studies that identified lower PWG was protective against pregnancy-induced hypertension and/or pre-eclampsia. DeVader et al (2007) found that among women with normal pre-pregnancy BMI, those who gained less than 25 lbs were less likely to develop pre-eclampsia (AOR 0.56; 95% CI 0.49, 0.64) compared with women who gained 25-35 lbs. The protective effects of low PWG extended beyond pregnancy; Walker et al (2004) identified that PWG was significantly associated with 1-year post-partum BMI (p<0.001); among low income women, each 1 kg increase in PWG was associated with a 0.31 kg/m2 increase in 1-year postpartum BMI. 

Inadequate PWG had substantial implications for fetal health; specifically, increased risk of small for gestational age (SGA) and preterm delivery (Stotland et al, 2006; Crozier et al, 2010; Ehrenberg et al, 2003; Siega-Riz et al, 2009). Women who gained below the IOM guidelines were at increased odds of delivering a SGA baby (AOR 1.66; 95% CI 1.44, 1.92) (Stotland et al, 2006)
. Similar estimates were reported across the literature; Margerison-Zilko et al (2010)
 reported an adjusted Odds Ratio of 1.48 (95% CI 1.12, 1.96). Where weight gain dropped below 7 kg, fetal risks included: seizure (AOR 10.66; 95% CI 2.17, 52.36) and hospital stays extending longer than 5 days (AOR 1.44; 95% CI 1.02, 2.04), when compared to women who gained between 11.5 and 16 kg
 (Stotland et al, 2006). However, Siega-Riz et al’s (2009)
 systematic review reported that inadequate PWG was protective against having a large for gestational age baby. Women with normal pre-pregnancy BMI who gained less than 25 lbs were less likely to have a large for gestational age baby compared to women who gained between 25 and 35 lbs (DeVader et al, 2007). Siega-Riz et al (1996)
 identified increased odds of preterm delivery
 among women with inadequate gain during their 3rd trimester (AOR 1.91; 95% CI 1.40, 2.61). Han et al’s (2011) systematic review confirmed greater risk of preterm birth among women with low total PWG (RR 1.64; 95% CI 1.62, 1.65). 

Risks associated with inadequate PWG extended beyond infancy, influencing health over the life-course. Numerous epidemiological studies confirmed that small for gestational age babies were at greater risk for developing cardiovascular disease or type 2 diabetes (Barker et al, 1989; Lithell et al, 1996; McCance et al, 1994). Low birth weight babies (<2500 g) were at much greater risk of diabetes than babies with birth weights falling between 2500-4499 g (AOR 3.81; 95% CI 1.70, 8.52) (McCance et al, 1994). Additionally, links between SGA and compromised intellectual and academic performance were reported in the epidemiological literature (Lundgren et al, 2008).

Maternal risks associated with excessive PWG include: gestational diabetes mellitus (Hedderson et al, 2010), pregnancy-induced hypertension (Viswanathan et al, 2008), pre-eclampsia (Guelinckx et al, 2008) and post-partum weight retention (Amorim et al, 2007). Although in 2009 the IOM noted a lack of evidence surrounding the relation between PWG and gestational diabetes, evidence published since that time suggests otherwise. Hedderson et al (2010) identified that women were at increased odds of gestational diabetes if they gained more than 0.27 kg/week from conception to 24-28 weeks gestation.
 Those who gained between 0.27 and 0.40 kg/week had an AOR of 1.43 (95% CI 0.96, 2.14). Women who gained more than 0.40 kg/week were at the greatest risk for developing gestational diabetes (AOR 1.74; 95% CI 1.16, 2.60) (Hedderson et al, 2010). Gestational diabetes was associated with perinatal complications (Svare et al, 2001) and contributed to an increased risk of developing type 2 diabetes for mothers and infants (Silverman et al, 1998). Women who were overweight/obese pre-pregnancy were at higher risk of developing pre-eclampsia than normal weight women; a well-established complication of high PWG (Guelinckx et al, 2008). Guelinckx et al (2008)
 reviewed this literature, reporting AORs that ranged from 1.44 (95% CI 1.28, 1.62) to 2.00 (95% CI 1.36, 2.98). In terms of post-partum weight retention, Margerison-Zilko et al (2010) reported increased odds of weight retention among women who gained above the IOM/Health Canada guidelines (AOR 1.58; 95% CI 1.19, 2.09). However, increased odds of post-partum weight retention may be partially attributable to the decreased likelihood of women who gained above the guidelines to initiate and/or sustain breastfeeding (Nohr et al, 2008; Hilson et al, 2006). 

Mothers with high PWG had additional risks during delivery (Nohr et al, 2008). Women with excessive PWG were more likely to undergo cesarean deliveries (AOR 1.42; 95% CI 1.08, 1.86) (Margerison-Zilko et al, 2010). Brost et al (1997) reported that for each unit increase in pre-pregnancy BMI there was an approximately 7% increase in the odds of having a cesarean delivery; this same relation was observed for each unit increase in BMI during the 27th to 31st week of pregnancy. For women with high PWG, specifically those who were overweight/obese, cesareans carried higher risk, with increased likelihood of complications such as excessive bleeding (Sebire et al, 2001). 

Fetal risks associated with high PWG include being born large for gestational age (Viswanathan et al, 2008). Dietz et al (2009)
 identified that women, with normal pre-pregnancy BMIs, who gained 36-45 lbs or greater than 45 lbs were at greater odds of having a large for gestational age baby when compared with women who gained 15-25 lbs (AOR 2.1; 95% CI 1.8, 2.4 and AOR 3.3; 95% CI 2.9, 3.8, respectively). The magnitude of this relation was modified by pre-pregnancy BMI category with the AOR being larger for underweight women than obese women (Dietz et al, 2009). Additionally, higher PWG was associated with a greater likelihood of shoulder dystocia (AOR 2.0; 95% CI 1.6, 2.2) (Geary et al, 1995).

Risks associated with excessive PWG influenced health throughout the life-course, particularly adiposity
. Infants born to women who gained above the guidelines had a greater fat mass during the neonatal period (Crozier et al, 2010)
 and throughout childhood (Oken et al, 2007). Nehring et al (2013)
 reported that exceeding PWG recommendations resulted in an increased likelihood of childhood overweight status by nearly 30%. The relation between PWG and adiposity extended into adulthood (Lawlor et al, 2011). At 30-year follow-up, mother’s PWG remained an independent predictor of offspring adiposity (p<0.001) (Reynolds et al, 2010
). These findings demonstrate the importance of the intrauterine environment in life-course health and highlight the role of high PWG in obesity risk and obesity-related diseases (Silverman et al, 1998; Linne et al, 2004; Oken, 2009).

Given the risks of excessive PWG, interventions have been targeted at reducing weight gain during pregnancy. Clinical trials have focused primarily on a variety of dietary and physical activity interventions (Skouteris et al, 2010), including: light exercise, resistance training, dietary monitoring, nutrition counseling and educational interventions.
 In 2012, Muktabhant et al published a Cochrane review and meta-analysis
, which reported that the results from these trials have been largely unable to demonstrate a consistent reduction in total PWG or the proportion of women who gained above guidelines. Muktabhant et al (2012) identified four trials with interventions targeted at preventing excessive PWG in high-risk populations
 (Guelinckx et al 2010, Jeffries et al 2009, Phelan et al 2011, Polley et al 2002)
; no significant difference in the number of women who gained above guidelines between the intervention and control groups was observed. Four additional intervention trials were identified which set out to prevent excessive PWG in the general population. Two of these studies (Phelan et al, 2011; Polley et al, 2002), which employed a behavioural counseling intervention, detected a significant reduction in the number of pregnant women gaining above the guidelines in the intervention group (RR=0.72; 95% CI 0.54, 0.95; I2=0%).

Smaller systematic reviews assessing various dietary and physical activity interventions that attempted to reduce total PWG reported inconsistent results.  Both reviews discussed here (Tanentsapf et al, 2011; Gardner et al, 2011) analyzed PWG as a continuous measure
, increasing the likelihood of identifying a statistical difference between the intervention and control groups (Norman & Streiner, 2007). Consequently, the statistical differences may not be clinically important. Gardner et al (2011) found a reduction in total PWG in a meta-analysis that combined dietary and physical activity interventions (Weighted Mean Difference [WMD]=-1.19 kg; 95% CI -1.74, -0.65; I2=66%).
 Tanentsapf et al (2011) examined the role of dietary interventions in preventing excessive PWG among normal, overweight and obese women. Women who received the intervention had lower total PWGs (WMD=-1.92 kg; 95% CI -3.65, -0.19; I2=89%), although very high heterogeneity was noted. Further analysis by Tanentsapf et al (2011)
 reported the outcome of excessive PWG categorically; no significant difference between the intervention and control arms was observed (unadjusted Relative Risk=0.90; 95% CI 0.77, 1.05; I2=0%). Across systematic reviews and the variety of interventions, no clear trend of reduced PWG and/or reduced number of women gaining above guidelines emerged. 

As intervention trials have met with limited success, researchers called for a broader understanding of PWG; looking toward non-biological factors (Gardner et al, 2011; Skouteris et al, 2010; Hill et al, 2013) that had not been explored extensively in relation to PWG (Webb et al, 2008). These factors include: environmental, socio-cultural, socioeconomic, psychosocial, and psychological factors (Hill et al, 2013). In exploring the psychological factors, this research encourages a holistic approach to prenatal care; putting psychological health at the core of physical health throughout the life-course.

Explorations of psychological factors and their influence on PWG have been largely absent from the literature (Hill et al, 2013). To date, the literature has framed PWG primarily as a biomedical issue, placing it within the realm of traditional medical care where although psychiatric histories and some psychosocial factors are often discussed, they are not placed at the core of the medical model (Engel, 1977; Armstrong, 1987; Suls & Rothman, 2004; Fava & Sonino, 2008). Consequently, biological factors, which allow for the collection of readily quantifiable maternal and fetal outcomes and correlating them with PWG, have been studied more extensively (Skouteris et al, 2010). Psychological factors, attitudes, beliefs – and the like – are often not measured in the PWG literature (Gardner et al, 2011); partially as a result of the challenges associated with measuring psychological factors and the lack of pregnancy-relevant measurement tools (Kendall et al, 2001). 

Given the scarcity of pregnancy-specific psychological data, a brief overview of the “psychology of weight gain” literature identified key psychological factors that were core to weight management in the non-pregnant population. While their application to the pregnant population is less developed or absent from the literature, we anticipated that many of these constructs are relevant to PWG and may be predictive of excessive PWG. Early evidence confirmed this hypothesis and where pregnancy-specific data is available, it is presented with the evidence from the non-pregnant literature (Davis et al, 2012; Hill et al, 2013). Psychological factors identified in the non-pregnant literature include: psychological distress
, self-efficacy, self-esteem and attitude toward weight gain. 
Clear associations between depression, anxiety and weight have been documented in the non-pregnant literature. Blaine et al (2008) reported that women were at an increased risk for obesity when experiencing depression; particularly during adolescence (OR 2.57; 95% CI 2.27, 2.91). One mechanism through which depression could lead to increased risk of overweight/obesity is through disinhibition (Weissenburger et al, 1986); defined as the “periodic loss of control of eating behaviour” (Weissenburger et al, 1986, p.280). Disinhibition has been categorized as habitual, emotional or situational (Hays et al, 2008) and may be expressed through disregulated eating (Goossens et al, 2009). A similar pathway was identified among women experiencing anxiety (Goossens et al, 2009). 

Components of psychological distress have been explored in the pregnant population. DiPietro et al (2003) and Mehta et al (2011) explored the role of body dissatisfaction and negative body image on the likelihood of high PWG. These researchers hypothesized that body dissatisfaction emerged through psychological distress, particularly the experience of depressive symptoms (Kamysheva et al, 2008). More recently, Davis et al (2012) proposed a stress-centered model predicting PWG, post-partum weight retention and life-long obesity risk. Stress was associated with dietary restraint and lower PWG (Picone et al, 1982; Brawarsky et al, 2005
). Stress had an independent effect on PWG; not influencing pregnancy weight gain through the intuitive mechanism of changed eating behaviour. Rather, stress appeared to influence PWG through physiological alterations in the use of calories and nutrients
 (IOM, 2009). Since stress influenced PWG through a physiological (rather than behavioural) pathway, we anticipated that other psychological states and traits may influence PWG through physiological pathways as well. 

Self-efficacy and self-esteem have been shown to be at the core of managing weight gain – and mediated excessive weight gain in the non-pregnant population (Polivy et al, 1988; Tiggemann, 2004). Defined as “one’s own confidence in his/her ability to make changes” (Hill et al, 2013, p.111), weight self-efficacy refers to a healthy sense of control over one’s eating behaviours. Self-efficacy has been identified as an important determinant of health behaviour and behaviour change (Holloway & Watson, 2002), including weight management (Strecher et al, 1986). The construct of self-efficacy is complemented by self-esteem – “the extent to which one prizes, values, approves or likes oneself” – to develop resilience toward disinhibited eating (Robinson et al, 1991, p.115). Together, these factors were identified as protective against weight gain in the general population (Tiggemann, 2004).
In the non-pregnant population, self-esteem and self-efficacy interacted with negative coping strategies such as dietary restraint to influence weight gain (Tiggemann, 2004). The concept of dietary restraint – characterized by a cognitive control of eating behaviour through consistent concern for weight and a propensity for dieting (Westenhoefer, 1991) – was recognized as a coping mechanism used to regulate eating behaviour (Herman & Polivy, 1975) and was strongly correlated with body dissatisfaction (r=0.68, p<0.001) (Johnson & Wardle, 2005). The amount of control one exerts over eating behaviour could become excessive (over-regulation), characterized by a consistent concern about weight, negative attitude toward weight gain and restrained eating (Westenhoefer, 1991; Gowers & Shore, 2001). Preoccupation with not gaining weight and avoiding weight gain was associated with weight gain (Ball & Crawford, 2006
). Klesges et al (1992) reported that baseline weight and dietary restraint were both significant predictors of weight change (p<0.05); higher restraint scores were associated with weight gain. Similarly, Lauzon-Guillian et al (2006) reported a significant relation between dietary restraint in the normal-weight population and adiposity
 (p<0.001). High restraint scores were also associated with binge-eating (Lawson et al, 1995). Polivy and Herman (1999) hypothesized that over-eating (binge-eating) was a coping mechanism for restrained eaters and an emotional distraction from distress. Polivy and Herman
 (1999) hypothesized that the experience of psychological distress (specifically anxiety, depression and stress) led to temporary disinhibition.   
Excessive control over eating behaviour interfered with the positive effects of self-efficacy and self-esteem in the non-pregnant population (Ball & Crawford, 2006) and was often embodied as disordered eating and associated with obsessive or perfectionist characteristics (Stice, 2002; Bardone-Cone, 2007; Forbush et al, 2007). Perfectionism, “the desire to achieve ambitious – and perhaps faultless – standards” (Vohs et al, 1999, p.695) is a multidimensional trait, defined as internally motivated or socially prescribed (Hewitt & Flett, 1991). Perfectionism was associated with disordered eating in the non-pregnant population (Vohs et al, 1999). However, the relation between perfectionism and bulimic symptoms, for example, was mediated by perceived weight status and self-esteem; low self-esteem was predictive of bulimic symptoms (Vohs et al, 1999; Fairburn, 1995). Vohs et al (1999) reported that the interaction of perfectionism, perceived weight status and self-esteem significantly predicted bulimic symptoms (p<0.05). 
We anticipated that self-esteem and self-efficacy would be central to the experience of PWG as well (Cameron et al, 1996; Hill et al, 2013). Together, these factors protected against disinhibition and disregulated eating behaviour (Polivy et al, 1988). However, dietary restraint interfered with these protective coping mechanisms of self-esteem and self-efficacy (Hill et al, 2013; Polivy, 1996). Typically, strong concerns over gaining weight (also referred to as concern for dieting) were expressed through many failed dieting attempts, as is characteristic of weight cycling (Johnson & Wardle, 2005; Foster et al, 1997). These failed attempts were associated with the experience of psychological distress and subsequent binge-eating or disregulated eating (Foster et al, 1997), motivated by feelings of disinhibition (Polivy, 1996). 

Pregnant women who were ‘restrained eaters’ prior to pregnancy may experience this same triad of preoccupation with weight gain followed by dietary restraint and psychological distress, leading to disinhibition and disregulated eating. In fact, pregnancy can be viewed as a form of weight cycling, where weight fluctuation and preoccupation with weight gain are common (Rodin et al, 1990; Hall et al, 1985). We hypothesized that pregnancy may offer an opportunity for women to escape former preoccupations with weight gain avoidance and abandon eating restrictions associated with cultural expectations of thinness (Garner et al, 1980). Socially, pregnancy represents a time where frequent eating, poor nutritional habits justified through cravings, and ‘eating for two’ are acceptable and often welcomed as confirmation of a ‘normal’ pregnancy (Macintyre, 1983; Anderson, 2001). Consequently, pregnancy may act as circumstantial “permission” to abandon previous ‘over-regulation’ of eating behaviour resulting in disregulated and uninhibited eating; potentially increasing the likelihood of binge-eating during pregnancy and excessive PWG. 

This thesis provided an opportunity to explore the literature gap on psychological factors associated with PWG. Early research on the psychological factors associated with PWG suggested there was much to be gained from further exploration of these factors, specifically early in pregnancy while the potential for intervention exists. This thesis focused particularly on those who gained above the 2009 IOM/Health Canada guidelines, responding to the high prevalence of women gaining above guidelines and the substantial maternal, fetal and life-course risks associated with high PWG. Addressing the psychology of weight gain is a necessary transition for PWG research. In fact, failing to do so may significantly hamper our ability to prevent excessive PWG (IOM, 2009; Walker et al, 2007; Hill et al, 2013). In order to ensure healthy pregnancy, delivery and the healthiest future for mothers and infants, understanding the psychological factors influencing PWG is a necessity.
Chapter 3: Methodology

Associations between psychological factors and excessive PWG were explored using a prospective cohort study design. Informed consent was obtained and a self-administered questionnaire was completed. After the expected birth date (EBD), PWG was collected from the clinical chart.

I. Study Population 

The study population was pregnant women who attended prenatal care at five obstetric and two midwifery clinics in Southwestern Ontario (Hamilton and Brantford, Ontario). 

Women who attended at least one prenatal appointment at a participating clinic, had a live singleton gestation, and could read English sufficiently well to complete the survey were eligible
. Women
 were approached by a member of their circle of care and referred to the research assistant (LK). Post-hoc exclusions were made for women who: (1) experienced fetal demise, (2) had a fetus with a lethal anomaly
or (3) had severe morbidities that have a known impact on weight gain (e.g. bariatric surgery, anorexia, bulimia etc.
). Women who delivered prematurely (<37 weeks gestation) were included in the analysis.  

II. Recruitment  

Pregnant women who met the inclusion/exclusion criteria and agreed to participate
 granted the research team access to their medical records for the purpose of obtaining pregnancy outcomes – specifically final pregnancy weight. Participants completed the self-administered survey during their clinic visit and return the completed survey to a drop-box along with the clipboard and pen.  

The Hamilton Integrated Research Ethics Board approved this study protocol prior to study commencement (REB #13-021). As per ethics requirements, all completed surveys and documents containing identifying information (e.g. patient’s name) were stored in locked cabinets at McMaster University. Participants were assigned unique study identification numbers (Study-ID) to anonymize the data entered in electronic format.

III. Survey Instrument
Baseline data for each participant and the psychological factors of interest were captured by the self-administered survey. Questions that assessed baseline health (e.g. age, pre-pregnancy weight, height, etc.), as well as life-style and demographic factors (e.g. income, education, marital status, etc.) were drawn from our team’s previous cross-sectional PWG survey. Knowledge of PWG risks and attitude toward weight questions
 were also included. The psychological factors addressed included: self-efficacy, dietary restraint, self-esteem, psychological distress and affect regulation, as well as personality traits such as perfectionism. The psychological constructs included in our instrument are highlighted in Table 2. 

Although numerous published scales assess psychological factors, no existing scales captured all the variables of interest within the pregnant population. Survey tools that addressed PWG were outdated
 and lacked comprehensiveness; psychological constructs were typically absent (Skouteris et al, 2010; Hill et al, 2013; Kendall et al, 2001). Consequently, our instrument drew from previously validated scales
 in constructing a pregnancy-relevant tool addressing the psychological factors that may influence PWG. Scales (and subscales) that performed reasonably well under some form of validation study in non-pregnant populations and assessed psychological constructs with demonstrated links to the experience of weight gain and weight management were selected in consultation with the research team
.

Many validated instruments were too lengthy for our instrument
. In order to maintain high completion rates and ensure clinic pace and patient flow were not substantially disrupted, a survey length of approximately ten minutes was deemed the maximum allowable length, requiring the a priori selection of only a few items from each scale to tap the constructs of interest
. A total of 10 scales/subscales were selected. These items were selected based on clinical relevance (within the field of psychology), relevance to pregnancy, length and ease of comprehension, completion, and scoring. 

Table 2: SURVEY INSTRUMENT CONSTRUCTION: INCLUDED SCALES, SUBSCALES AND ITEMSa
	Construct
	No. of Items Included
	Origin of Item(s)
	Total no. of items in Scale/Subscale

	Weight locus of control/

Self-efficacy
	2
	Weight Locus of Control Scale (Saltzer, 1982) adapted by Kendall et al (2001)
	Total items: 4

	
	1
	Kendall et al (2001)
	Total items: 49

	Dietary Restraint
	2
	Revised Restraint Scale (Herman & Polivy, 1980)

(only concern for dieting [CD] subscale items were considered, not weight fluctuation items)
	Total items: 10

CD items: 6

	
	1
	Eating Disorder Inventory (Garner et al, 1983)* 

(only Drive for Thinness [DT] subscale was considered)
	Total items: 64

DT items: 7

	
	1
	Binge Eating Scale (Gormally et al, 1982)*
	Total items: 16

	Self-Esteem
	1
	Single-item Self-Esteem Scale (Robins et al, 2001)
	Total items: 1

	Psychological Distress
	6
	Non-specific Psychological Distress Scale (Kessler et al, 2002)
	Total items: 6

	Perfectionism
	3
	Eating Disorder Inventory (Garner et al, 1983) 

(only Perfectionism [P] subscale was considered)
	Total items: 64

P items: 6

	Impulsivity
	1
	Emotion Regulation Questionnaire (Gross & John, 2003)

(only Emotion Suppression [ES] subscale was considered)
	Total items: 10

ES items: 4

	
	2
	Difficulties in Emotion Regulation Scale (Gratz & Roemer, 2004)

(only Impulse Control Difficulties [ICD] subscale was considered)
	Total items: 36

ICD items: 6

	Neuroticism & Lie
	12
	Eysenck Personality Questionnaire (Eysenck et al, 1985)

(only Neuroticism [N] and Lie [L] subscales were considered)
	Total items: 12

N items: 6

L items: 6


* The asterisks note that some or all of the items taken from this scale or subscale were rephrased from statements to questions or vice versa in order to limit the number of response methods utilized in the survey instrument (e.g. converted to likert type responses, rather than statement agreement).
a See Appendix I for survey items.
IV. Outcomes
This thesis was conducted as a pilot study, primarily assessing feasibility outcomes. The primary feasibility outcomes included: clinic agreement rate, survey uptake rate, proportion of participants enrolled at less than 21 weeks or less than 24 weeks gestation
 and survey completion. These outcomes were assessed on the full-study sample. Secondary outcomes including, availability of outcome data, time from last weight to delivery and exploratory regression analysis were assessed on the subset of the study sample who enrolled at less than 24 weeks gestational age (a small proportion of the full-study sample as the majority of the women were anticipated to enroll in their 3rd trimester
, 
). The presentation of the secondary analysis data in this thesis substantiates its status as a pilot study.

Exploratory logistic regression analysis was planned to explore the relation between psychological factors and excessive PWG. The outcome required the categorization of women’s PWG according to the 2009 IOM/Health Canada guidelines. Final PWG was obtained from the Antenatal Care Record
 or elsewhere in each participant’s clinical chart.
 The last recorded weight (closest to date of delivery) was utilized for each participant. Participants’ pre-pregnancy BMI was calculated from self-reported pre-pregnancy weight and height
, 
 and their PWG categorized as ‘below’, ‘within’ or ‘above’ the 2009 IOM/Health Canada guidelines.
, 
 Women who gained below the recommended range, given their pre-pregnancy BMI, were excluded from the exploratory logistic regression. Hence, the outcome was defined dichotomously: (1) gained within the recommended range, or (2) gained above the recommended range. The categorical approach was used because of its clinical relevance and ease of use. 

V. Sample Size

While this thesis primarily assessed feasibility, sample size requirements also factored into the time allotted for recruitment. 

Two approaches were used to calculate sample size. The “Rule of 10” approach, which requires 10 events per variable in logistic regression analysis, has been relaxed in the literature for binary outcomes (Vittinghoff & McCulloch, 2007); decreasing the number of events to five per variable while preserving core statistical properties performance (Vittinghoff & McCulloch, 2007). Based on our team’s previous work and our survey instrument, a maximum of 20 variables were anticipated for inclusion in the logistic regression model. Using a ‘rule of five’ approach (Vittinghoff & McCulloch, 2007), accounting for the distribution of participants between “within” or “above” PWG guidelines and missing data, the sample size requirement was estimated between 400 and 600. 

The second approach calculated the required sample size for univariate logistic regression and modified the estimate for multivariate logistic regression
. Extrapolating from the psychological factor assessment literature, the Odds Ratio (OR) was estimated at 1.5. Using a significance level of 5% and a power of 80%, the required univariate sample size was n=213. The multivariate conversion
 resulted in a required sample size of n=591; consistent with values generated by the first approach.

VI. Data Management
Survey responses were entered into LimeSurvey. Survey responses were exported to PASW Statistics 20 (SPSS Inc, Chicago, IL), where they were coded and analyzed.  

VII. Statistical Analysis

Descriptive statistics were performed to characterize the participants and feasibility outcomes were reported
. Exploratory univariate analyses and logistic multivariate regression were planned. Statistical significance was set at 5% (two-tailed). Missing data were reported within the feasibility outcomes for both survey items and outcome data; only complete cases were included in the univariate analysis.  

Exploratory factor analysis
 was performed on each set of items to examine whether the items included under each construct were tapping into a common factor/construct (Fabrigar et al, 1999); and aid in the selection of items that were most related to the construct (Gorsuch, 1997). Factor analysis was conducted primarily to simplify and explain the relations observed among many interrelated variables, through the reduction of the variables to a smaller number of “hidden” or latent aspects/dimensions (Cattell, 1965; Tinsley & Tinsley, 1987). Typically, 60-70% of the variance must be explained by one factor for it to be considered the primary factor addressed by a set of items
 (Streiner & Norman, 2008). Decisions regarding the number of factors measured by the items were made by consulting the eigenvalue (Kaiser’s rule of 1) and scree plot
 (Zwick & Velicer, 1986). Kaiser’s rule of one stipulates that factors with eigenvalues larger than one must be retained (these are primary factors) as they explain a substantial proportion of the variance (Streiner & Norman, 2008). The scree plot visually represents the eigenvalues of each factor (Cattell, 1965). Together, the eigenvalues and scree plot confirm the number of factors addressed by the items/scale. 

Upon completion of the factor analysis, univariate analyses were conducted for each of the variables (biological, knowledge, lifestyle and psychological) hypothesized to influence PWG. Significant associations were defined as p-values less than 0.05 (two-tailed). 

Exploratory multivariate logistic regression analysis was planned to identify associations between psychological constructs and PWG. Variables included in the multivariate model were specified a priori; a hypothesis- or theory-driven approach (Guyatt & Rennie, 2002). Inclusion was confirmed by a data-driven approach (Hosmer & Lemeshow, 2000), which required variables to be significant at the univariate level (p<0.10) prior to inclusion in the model
. 

Chapter 4: Results

This thesis assessed the feasibility of conducting a prospective cohort study exploring whether psychological factors are associated with PWG. Primary outcomes included: clinic participation rate, enrolment rate, enrolment during 2nd trimester
 and missing data. Secondary outcomes assessed feasibility and exploratory analyses examined the relation between psychological factors and PWG.
Recruitment occurred from May 2013 to September 2013. Five hundred thirty pregnant women from five obstetric clinics and two midwifery clinics in Southwestern Ontario enrolled in the study, which was a 90% uptake rate (of the 589 eligible women referred to the research assistant). A total of 743 women were seen by the participating clinics during the recruitment period (79.3% of patients were eligible).

I. Study Sample

The demographic characteristics of the full sample (n=530) are reported in Table 3. The mean maternal age was 30.6 ( 5.3 years; median gestational age at enrolment was 32.1 weeks (IQR, 27.1-36.7). The majority of the women were Caucasian (79.4%) and in committed relationships
 (89.1%). Over 70% reported no chronic diseases. The majority of women (70.3%) had completed some post-secondary education and 57.2% had annual household incomes
 greater than $60,000. Approximately 50% were receiving the majority of their prenatal care from an obstetrician and 46.4% were in their first pregnancy. Forty-two percent of the participants were overweight or obese pre-pregnancy. 

Table 3: CHARACTERISTICS OF THE FULL STUDY SAMPLE (n=530)

	Variable
	Respondents, na
	Missing, n (%)

	Maternal age, (y)c
	30.6 ( 5.3
	0 (0)

	Gestational age at enrolment, (wks)b
	32.1 (27.1-36.7)
	0 (0)

	Caucasian/White, n (%)
	421 (79.4)
	6 (1.1)

	Married, common-law, living with partner, n (%)
	472 (89.1)
	5 (0.9)

	Current smoker, n (%)
	44 (8.3)
	4 (0.8)

	No chronic disease, n (%)
	380 (71.7)
	0 (0) 

	Education, n (%)
	
	4 (0.8)

	     Completed graduate degree
	86 (16.2)
	

	     Completed bachelor’s degree
	131 (24.7)
	

	     Completed college or technical school
	156 (29.4)
	

	     Completed high school
	126 (23.8)
	

	     Did not complete high school
	27 (5.1)
	

	Income (Canadian dollars), n (%)
	
	5 (0.9)

	     >$80,000
	224 (42.3)
	

	     $60,000-$79,999
	79 (14.9)
	

	     $40,000-$59,999
	60 (11.3)
	

	     $30,000-$49,999
	0 (0)
	

	     $20,000-$39,999
	47 (8.9)
	

	     $10,000-$19,999
	25 (4.7)
	

	     <$10,000
	14 (2.6)
	

	     Prefer not to answer 
	67 (12.6)
	

	Prenatal Care Provider (majority of care), n (%)
	
	1 (0.2)

	     Family Physician
	110 (20.8)
	

	     Midwife
	105 (19.8)
	

	     Nurse Practitioner
	5 (0.9)
	

	     Obstetrician
	281 (53.0)
	

	     Other
	28 (5.3)
	

	Pregnancy history, n (%)
	
	4 (0.8)

	     First time giving birth
	246 (46.4)
	

	     1 previous birth
	174 (32.8)
	

	     (2 previous births
	106 (20.0)
	

	Pre-pregnancy BMI (kg/m2), n (%)
	
	10 (1.9)

	     Underweight (<18.5 kg/m2)
	23 (4.3)
	

	     Normal weight (18.5-24.9 kg/m2)
	276 (52.1)
	

	     Overweight (25.0-29.9 kg/m2)
	129 (24.3)
	

	     Obese (>30 kg/m2)
	92 (17.4)
	


a Unless otherwise indicated; b Data are given as median (interquartile range); c Data are given as mean ( standard deviation (SD). Legend: y=years; wks=weeks; BMI=body mass index
Participants’ knowledge and lifestyle characteristics
 are presented in Table 4. On average, women who were obese pre-pregnancy planned to gain less weight than women in all other BMI categories. When asked whether they were “eating for two while pregnant”, 26.6% of participants responded, “neither agree nor disagree”; 14.0% responded, “agree” or “strongly agree”. The majority of women
 believed there were risks associated with “gaining too little” and “gaining too much” weight while pregnant for themselves and their babies. More than 50% reported spending at least 2 hours each day in front of a screen (television, computer, iPad, etc.) outside of their working hours. Over 90% of women reported exercising or walking more than 15 minutes each day. Approximately two-thirds of the sample (66.8%) reported getting 7 hours of sleep or more, including day-time napping. Fifty-three percent of the women reported drinking soda, pop, cola or juice on a daily basis. Twenty-two percent of women reported eating fast food (e.g. McDonald’s, Burger King, etc.) at least once a week, on average. 
Table 4: KNOWLEDGE AND LIFESTYLE FACTORS (n=530)
	Variable
	Respondents,   na
	Missing, n (%)*

	Knowledge Factors, n (%)
	
	

	     Planned pregnancy weight gain by pre-pregnancy BMI category (kg/m2), kgc
	
	32 (6.0)

	          Underweight (<18.5 kg/m2)  
	17.0 ( 5.1
	

	          Normal weight (18.5-24.9 kg/m2)
	15.0 ( 3.8
	

	          Overweight (25.0-29.9 kg/m2)
	14.7 ( 4.7
	

	          Obese (>30 kg/m2)
	11.3 ( 5.3 
	

	     Eating for two while pregnant
	
	4 (0.8)

	          Strongly Agree
	13 (2.5)
	

	          Agree
	61 (11.5)
	

	          Neither Agree nor Disagree
	141 (26.6)
	

	          Disagree
	229 (43.2)
	

	          Strongly Disagree
	82(15.5)
	

	     Inadequate gain poses risks for mother
	298 (56.2)
	9 (1.7)

	     Inadequate gain poses risks for baby
	410 (77.4)
	30 (5.7)

	     Excessive gain poses risks for mother
	490 (92.5)
	9 (1.7)

	     Excessive gain poses risks for baby
	390 (73.6)
	37 (7.0)

	Lifestyle Factors, n (%)
	
	

	     Screen time per day, (hrs) 
	
	7 (1.3)

	           Usually none (0 hrs)
	15 (2.8)
	

	           ½ hr
	36 (6.8)
	

	           1 hr
	92 (17.4)
	

	           1 ½ hrs
	75 (14.2)
	

	           2 hrs 
	152 (28.7)
	

	           2 ½ hrs
	31 (5.8)
	

	           3 hrs
	73 (13.8)
	

	           >3 hrs
	49 (9.2)
	

	     Time spent exercising/walking daily, (mins)
	
	6 (1.1)

	          (15 mins
	46 (8.7)
	

	          16-30 mins
	157 (29.6)
	

	          31-45 mins
	140 (26.4)
	

	          46-60 mins
	87 (16.4)
	

	          >60 mins
	94 (17.7)
	

	     Quality sleep, including napping, daily, (hrs)
	
	6 (1.1)

	          (4 hrs
	39 (7.4)
	

	          5 hrs
	37 (7.0)
	

	          6 hrs
	94 (17.7)
	

	          7 hrs
	139 (26.2)
	

	          8 hrs
	153 (28.9)
	

	          9 hrs
	42 (7.9)
	

	          (10 hrs
	20 (3.8)
	

	     Pop, cola or juice consumption, per day
	
	11 (2.1)

	          None (0 cans or glasses per day)
	238 (44.9)
	

	          (2 cans or glasses per day (excluding 0)
	244 (46.0)
	

	          >2 cans or glasses per day
	37 (7.0)
	

	     Fast food meals (on average), per week
	
	11 (2.1)

	          <1 meal per week
	403 (76.0)
	

	          1-2 meals per week
	87 (16.4)
	

	          >2 meals per week
	29 (2.1)
	


*n=530
aUnless otherwise indicated; bData are given as median (interquartile range); c Data are given as mean ( standard deviation (SD). Legend: BMI=body mass index; hrs=hours; mins=minutes.
a. Primary Outcomes

The primary outcomes (assessed on the full study sample n=530) examined the feasibility of conducting a full-scale prospective cohort study. Feasibility cut-off points were set a priori, unless otherwise specified.

The first outcome was the proportion of clinics that agreed to participate in the study. The feasibility cut-off was set at 75%
. All seven prenatal clinics agreed to participate; a 100% agreement rate.  
The second outcome was the survey uptake rate; the proportion of eligible women enrolling in the study. The feasibility cut-off was set at 70%
; a 90.0% enrolment rate was achieved
. Women who were immediately directed into patient rooms were not approached about the study
. After accounting for these women, a 79.9% uptake rate was achieved. Both rates, with and without unapproached patients, met the a priori feasibility cut-off. 
The next two outcomes were the average number of participants enrolled each week at: (1) less than 21 weeks gestation and (2) less than 24 weeks gestation
. The feasibility cut-off was set at one subject per week. Sixty-two women enrolled at less than 21 weeks gestation
; an average of four (3.7) women per week. Ninety-eight women enrolled at less than 24 weeks gestation
; an average, of six (5.8) women per week. Gestational age at enrolment varied from a minimum of eight weeks and one day to a maximum of greater than 40 weeks, with the majority of participants enrolling in their 3rd trimester (see Table 5). 
Table 5: GESTATIONAL AGE AT ENROLMENT
	Gestational Age (weeks)
	Respondents, n (%)

	< 14 weeks (1st trimester)
	10 (1.9)

	14-28 weeks (2nd trimester)
 
	140 (26.4)

	>28 weeks (3rd trimester)
	380 (71.7)


The final primary outcome was the extent of missing data in the survey
; the acceptable level of missing data was 10% for each question. The highest non-response rates were identified for the following questions: (1) planned pregnancy weight gain and (2) risks of “gaining too little” or “gaining too much” weight during pregnancy. Six percent of participants did not report their planned pregnancy weight gain. Up to 7.0% did not respond to the questions addressing the risks of inadequate and excessive PWG
 for mother and baby. Survey non-response did not exceed 10% for any questions. All the primary outcomes supported the feasibility of a full-scale study. 
II. Secondary Outcomes

Two secondary feasibility outcomes were assessed on the participants enrolled at less than 24 weeks gestation that had delivered by the end of October 2013
 (n=37
).
The final a priori outcome reported whether final pregnancy weight was recorded on women’s clinical charts. The feasibility cut-off was set at 90%; final pregnancy weight
 was available for 97.3% of the sample subset.
Variation between participants’ last recorded weight and their date of delivery was observed
 and measured by a post-hoc outcome. The median time from last weight to delivery was 1.0 days (IQR, 0.0-3.5)
. The median value and IQR strongly supported that the total pregnancy weights were appropriately recent. Nearly half the women (45.5%) had a self-reported from the day of delivery; obtained from clinical chart documents specific to McMaster University Medical Centre
. One outlier was identified at 161.0 days from last recorded
 weight to delivery. This participant was excluded from the exploratory analysis. 

III. Secondary Analysis Study Sample

The characteristics of the sample subset (n=37)
 are presented in Table 6
; women who gained within the 2009 IOM/Health Canada guidelines (n=8) and women who gained above the guidelines (n=24) are presented separately. The median age of participants who gained within the guidelines and above the guidelines was 35.0 years (IQR, 26.5-35.8) and 31.5 years (IQR, 29.0-34.8), respectively. Median gestational age at enrolment was 21.6 weeks (IQR, 19.1-22.8). Among Caucasian women (75.7%), 25.0% gained within the guidelines and 57.1% gained above. Among women in committed relationships
(94.6%); 20.0% gained within the guidelines and 65.7% gained above. One participant was a current smoker (2.7%). The majority (70.3%) reported no chronic diseases; 61.5% of these women gained above the guidelines. No participants reported having undergone bariatric survey. Consequently, no post-hoc exclusions based on severe morbidities known to influence weight and weight gain were required
.

Most participants completed some post-secondary education; 63.0% of post-secondary graduates gained above the guidelines. Three respondents (8.1%) had annual household incomes below $20,000; all gained above the guidelines. Over 50.0% of the women were receiving the majority of their prenatal care from an obstetrician; 32.4% from a family physician. Approximately half the women (51.4%) were in their first pregnancy; the majority of the remaining women had one previous birth. The median pre-pregnancy BMI was 25.4 kg/m2 (IQR, 23.4-30.6); 27.0% of the sample subset was overweight and 27.0% was obese pre-pregnancy. Ninety percent of overweight and 80% of obese women gained above the guidelines.
The secondary analysis subset was more educated than the full-study sample (29.7% of the subset completed a graduate degree; 16.2% of the full sample). The subset also differed by prenatal care provider. None of the sample subset women received care from a midwife; nearly 20% of the full-study sample received midwifery care. The subset also had a greater proportion of obese women (27.0% compared to 17.4% in the full sample).

Table 6: CHARACTERISTICS OF THE STUDY SAMPLE SUBSET (n=37)

	Variable
	Respondents, na
	Missing, n (%)

(n=37)

	
	All

(n=37)
	Within Guidelines

(n=8)
	Above Guidelines

(n=24)
	

	Maternal age, (y)b
	32.0 

(29.0-35.0)
	35.0

(26.5-35.8)
	31.5

(29.0-34.8)
	0 (0)

	Gestational age at enrolment, (wks)b
	21.6 
(19.1-22.8)
	20.9

(17.6-22.5)
	21.9

(18.8-23.1)
	0 (0)

	Caucasian/White, n (%)
	28 (75.7)
	7 (25.0)
	16 (57.1)
	0 (0)

	Married, common-law, living with partner, n (%)
	35 (94.6)
	7 (20.0)
	23 (65.7)
	0 (0)

	Current smoker, n (%)
	1 (2.7)
	0 (0)
	1 (100.0)
	0 (0)

	No chronic disease, n (%)
	26 (70.3)
	7 (26.9)
	16 (61.5)
	0 (0) 

	Education, n (%)
	
	
	
	0 (0)

	     Completed graduate degree
	11 (29.7)
	1 (9.1)
	7 (63.6)
	

	     Completed bachelor’s degree
	10 (27.0)
	4 (40.0)
	5 (50.0)
	

	     Completed college or technical school
	6 (16.2)
	1 (16.7)
	5 (83.3)
	

	     Completed high school
	8 (21.6)
	2 (25.0)
	5 (62.5)
	

	     Did not complete high school
	2 (5.4)
	0 (0)
	2 (100.0)
	

	Income (Canadian dollars), n (%)
	
	
	
	0 (0)

	     >$80,000
	17 (45.9)
	4 (23.5)
	10 (58.8)
	

	     $60,000-$79,999
	6 (16.2)
	0 (0)
	4 (66.7)
	

	     $40,000-$59,999
	3 (8.1)
	1 (33.3)
	2 (66.7)
	

	     $30,000-$39,999
	0 (0)
	0 (0)
	0 (0)
	

	     $20,000-$29,999
	2 (5.4)
	1 (50.0)
	1 (50.0)
	

	     $10,000-$19,999
	2 (5.4)
	0 (0)
	2 (100.0)
	

	     <$10,000
	1 (2.7)
	0 (0)
	1 (100.0)
	

	     Prefer not to answer 
	6 (16.2)
	2 (33.3)
	4 (66.7)
	

	Prenatal Care Provider (majority of care), n (%)
	
	
	
	0 (0)

	     Family Physician
	12 (32.4)
	2 (16.7)
	9 (75.0)
	

	     Midwife
	0 (0)
	0 (0)
	0 (0)
	

	     Nurse Practitioner
	1 (2.7)
	0 (0)
	1 (100.0)
	

	     Obstetrician
	19 (51.4)
	3 (15.8)
	12 (63.2)
	

	     Other
	5 (13.5)
	3 (60.0)
	2 (40.0)
	

	Pregnancy history, n (%)
	
	
	
	0 (0)

	     First time giving birth
	19 (51.4)
	5 (26.3)
	14 (73.7)
	

	     1 previous birth
	13 (35.1)
	2 (15.4)
	7 (53.8)
	

	     (2 previous births
	5 (13.5)
	1 (20.0)
	3 (60.0)
	

	Pre-pregnancy BMI (kg/m2), n (%)
	
	
	
	0 (0)

	     Underweight (<18.5 kg/m2)
	1 (2.7)
	0 (0)
	0 (0)
	

	     Normal weight (18.5-24.9 kg/m2)
	16 (43.2)
	6 (37.5)
	7 (43.8)
	

	     Overweight (25.0-29.9 kg/m2)
	10 (27.0)
	1 (10.0)
	9 (90.0)
	

	     Obese (>30 kg/m2)
	10 (27.0)
	1 (10.0)
	8 (80.0)
	


aUnless otherwise indicated; bData are given as median (interquartile range). Legend: y=years; wks=weeks; BMI=body mass index.
Knowledge and lifestyle characteristics for the sample subset are presented in Table 7. Approximately 14% of participants “agreed” or “strongly agreed” with the following statement: “While I am pregnant, I’m eating for two”. Thirty-five percent were neutral toward this statement
; nearly 70.0% of these women gained above the guidelines. Women believed low PWG was detrimental to their health (45.9%) and the health of their baby (86.5%); 64.7% and 59.4% gained above the guidelines, respectively. The majority believed that “gaining too much” weight while pregnant posed risks for mother (91.9%) and baby (73.0%); 67.6% of the women who believed high PWG was associated with maternal risks gained above the guidelines. Nearly two-thirds of the women (62.2%) reported spending at least two hours each day in front of a screen (television, computer, iPad, etc.) outside of their working hours. Over 50% reported exercising more than 30 minutes each day; 75% of these women gained above the guidelines. Approximately 60% reported getting seven hours of sleep or less, including day-time napping; 78.6% of women who slept more than 7 hours gained above the guidelines. Nearly 60% of the women reported drinking soda, pop, cola or juice on a daily basis; the majority gained above the guidelines
. Nineteen percent reported eating fast food (e.g. McDonald’s, Burger King, etc.) at least once a week (on average); 80.0% of women who consumed fast food meals one to two times per week gained above the guidelines.

The sample subset reported lower physical activity levels than the full sample; 8.1% reported exercising/walking more than 60 minutes per day compared to 17.7% in the full-study sample. A smaller proportion of women reported getting less than 5 hours of sleep in subset sample (2.7% compared to 7.4% in the full sample). Daily soda or juice consumption was reported by 62.2% in the subset compared to 53.0% in the full sample. 

Table 7: KNOWLEDGE AND LIFESTYLE FACTORS (n=37)

	Variable
	Respondents, n (%)
	Missing, 

n (%)

(n=37)

	
	All

(n=37)
	Within Guidelines

(n=8)
	Above Guidelines

(n=24)
	

	Knowledge Factors, n (%)
	
	
	
	

	     Planned pregnancy weight gain by pre-pregnancy BMI category (kg/m2), kgb
	
	
	
	3 (8.1)

	     Underweight (<18.5 kg/m2)
	10.01
(10.0-10.0)
	--2
	--2
	

	     Normal weight (18.5-24.9 kg/m2)
	13.6

(13.0-15.9)
	13.6

(12.5-14.7)
	15.9

(12.5-17.6)
	

	     Overweight (25.0-29.9 kg/m2)
	13.6

(9.1-15.4)
	20.11
(20.1-20,1)
	13.6

(9.1-15.7)
	

	     Obese (>30 kg/m2)
	13.6

(11.3-18.1)
	22.61
(22.6-22.6)
	14.7

(11.8-18.3)
	

	     Eating for two while pregnant
	
	
	
	0 (0)

	          Strongly Agree
	1 (2.7)
	1 (100.0)
	0 (0)
	

	          Agree
	4 (10.8)
	1 (25.0)
	3 (75.0)
	

	          Neither Agree nor Disagree
	13 (35.1)
	2 (15.4)
	9 (69.2)
	

	          Disagree
	15 (40.5)
	3 (20.0)
	10 (66.7)
	

	          Strongly Disagree
	4 (10.8)
	1 (25.0)
	2 (50.0)
	

	     Inadequate gain poses risks for mother
	17 (45.9)
	3 (17.6)
	11 (64.7)
	1 (2.7)

	     Inadequate gain poses risks for baby
	32 (86.5)
	8 (25.0)
	19 (59.4)
	3 (8.1)

	     Excessive gain poses risks for mother
	34 (91.9)
	6 (17.6)
	23 (67.6)
	1 (2.7)

	     Excessive gain poses risks for baby
	27 (73.0)
	5 (18.5)
	17 (63.0)
	4 (10.8)

	Lifestyle Factors, n (%)
	
	
	
	

	     Screen time per day, (hrs) 
	
	
	
	0 (0)

	          Usually none (0 hrs)
	0 (0)
	0 (0)
	0 (0)
	

	           ½ hr
	1 (2.7)
	0 (0)
	1 (100.0)
	

	           1 hr
	7 (18.9)
	1 (14.3)
	5 (71.4)
	

	           1 ½ hrs
	6 (16.2)
	1 (16.7)
	1 (16.7)
	

	           2 hrs 
	13 (35.1)
	1 (7.7)
	12 (92.3)
	

	           2 ½ hrs
	3 (8.1)
	1 (33.3)
	2 (66.7)
	

	           3 hrs
	5 (13.5)
	4 (80.0)
	1 (20.0)
	

	           >3 hrs
	2 (5.4)
	0 (0)
	2 (100.0)
	

	     Time spent walking/ exercising daily, (mins)
	
	
	
	0 (0)

	          (15 mins
	2 (5.4)
	2 (100.0)
	0 (0)
	

	          16-30 mins
	15 (40.5)
	5 (33.3)
	9 (60.0)
	

	          31-45 mins
	9 (24.3)
	0 (0)
	9 (100.0)
	

	          46-60 mins
	8 (21.6)
	1 (12.5)
	4 (50.0)
	

	          >60 mins
	3 (8.1)
	0 (0)
	2 (66.7)
	

	     Quality sleep, including napping per day, (hrs)
	
	
	
	0 (0)

	          (4 hrs
	1 (2.7)
	0 (0)
	1 (100.0)
	

	          5 hrs
	1 (2.7)
	1 (100.0)
	0 (0)
	

	          6 hrs
	9 (24.3)
	1 (11.1)
	7 (77.8)
	

	          7 hrs
	12 (32.4)
	4 (33.3)
	5 (41.7)
	

	          8 hrs
	10 (27.0)
	1 (10.0)
	8 (80.0)
	

	          9 hrs
	1 (2.7)
	0 (0)
	1 (100.0)
	

	          (10 hrs
	3 (8.1)
	1 (33.3)
	2 (66.7)
	

	     Pop, cola or juice consumption, per day
	
	
	
	0 (0)

	          None (0 cans/glasses per day)
	15 (40.5)
	5 (33.3)
	7 (46.7)
	

	          (2 cans/glasses per day (excluding 0)
	19 (51.4)
	2 (10.5)
	14 (73.7)
	

	          >2 cans/glasses per day
	3 (8.1)
	0 (0)
	3 (100.0)
	

	     Fast food meals (on average), per week
	
	
	
	0 (0)

	          <1 meal per week
	30 (81.1)
	7 (23.3)
	19 (63.3)
	

	          1-2 meals per week
	5 (13.5)
	1 (20.0)
	4 (80.0)
	

	          >2 meals per week
	2 (5.4)
	0 (0)
	1 (50.0)
	


1 Only one participant was in this category; 2 No participants were in this category. Legend: BMI=body mass index; hrs=hours; mins=minutes.
IV. Exploratory Analysis
An exploratory multivariate logistic regression analysis intended to investigate whether psychological factors were associated with the likelihood of gaining above the 2009 IOM/Health Canada guidelines. Women who gained within or above the guidelines were included in this analysis
, 
 (21.6% and 64.9%, respectively; n=32) as well as women who delivered prematurely (n=4; 12.1%) (see Table 8).
Table 8: PARTICIPANTS’ TOTAL PREGNANCY WEIGHT GAIN, BY IOM/HEALTH CANADA GUIDELINES (IOM, 2009; Health Canada, 2010)
	Pregnancy Weight Gain
	Respondents, n (%)

	Below Guidelines
	4 (10.8) 

	Within Guidelines
	8 (21.6)

	Above Guidelines
	24 (64.9) 

	Outcome data not available 
	1 (2.7)


a. Factor Analysis

Factor analysis was conducted to ensure that the items did load onto the same dimension of each construct. Consulting the eigenvalue (Kaiser’s rule of one) and scree plot (Zwick & Velicer, 1986) led to a reduction in the number of items for three constructs (see Table 9). Exploratory
 factor analysis results are presented below (also see Appendix II). 

· Weight Self-efficacy: Three pregnancy-specific items were included in the survey, (Kendall et al, 2001), to capture this construct. Item-correlations were less than 0.2 and item-total statistics revealed that reliability (Cronbach’s alpha) would improve by removing items. In consultation with the research team, item three was selected as the sole item measuring weight self-efficacy as it was the most pregnancy-specific item. 
· Dietary Restraint: Four items assessed the construct of restraint
; item four was identified as clinically different. Item-total statistics and item-correlations supported assigning item four its own construct: binge-eating. The eigenvalue and scree plot for the remaining dietary restraint items did load onto a primary factor, which explained more than 60% of the variance.

· Self-Esteem: A single-item self-esteem measure (Robins et al, 2001) was selected for the survey; consequently factor analysis was not performed. 

· Psychological Distress: Kessler et al’s (2002) six-item non-specific psychological distress scale was included in the survey. One primary factor was identified, which explained 64.3% of the variance. 

· Perfectionism: Perfectionism was assessed by three items from the perfectionism subscale of the Eating Disorder Inventory (Gormally et al, 1982). The eigenvalues and scree plot confirmed the presence of one primary factor, which explained 71.0% of the variance. 

· Impulsivity: Impulsivity was assessed by three items
. The first item did not load onto the first factor (-0.17) and removing item one increased Cronbach’s alpha from 0.41 to 0.83. The first item was assigned its own construct: over-regulation of emotion. The remaining impulsivity items did load onto a primary factor, which explained 85.9% of the variance.

Table 9: FACTOR ANALYSIS, VARIANCE EXPLAINED BY PRIMARY FACTOR AND CRONBACH’S ALPHA 
	Construct
	Item(s)
	Variance Explained by Primary Factor (%)
	Cronbach’s Alpha

	Weight Locus of Control/Self-Efficacy

(Kendall et al, 2001)
	1
	--
	--

	Dietary Restraint

(Herman & Polivy, 1980; Garner et al, 1983)
	3
	66.4
	0.74

	Binge-Eating

(Gormally et al, 1982)
	1a
	--
	--

	Self-Esteem

(Robins et al, 2001)
	1
	--
	--

	Psychological Distress

(Kessler et al, 2002)
	6
	76.1
	0.93

	Perfectionism

(Garner et al, 1983)
	3
	71.0
	0.79

	Over-regulation of Emotion

(Gross & John, 2003)
	1b
	--
	--

	Impulsivity 

(Gratz & Roemer, 2004)
	2
	85.9
	0.83


a The binge-eating item was originally hypothesized to fall under the construct of dietary restraint. Factor analysis and consultation with the research team confirmed that this item required its own construct. b The over-regulation of emotion item was originally hypothesized to group together with the impulsivity items. Factor analysis and consultation with the research team confirmed that this item required its own construction.

Following factor analysis, summed or mean scores were calculated, where appropriate. The median scores (IQR) for psychological factors are displayed in Table 10. Women’s median scores fell toward the middle of the scale for weight self-efficacy, regardless of PWG outcome (median=2.0; IQR, 2.0-3.0 [within]; IQR, 2.0-2.75 [above]). Median dietary restraint scores were 2.5 (IQR, 2.0-5.75) and 3.0 (IQR, 3.0-6.0) for women who gained within the guidelines and women who gained above, respectively. Binge-eating was low among both groups of women with a median of 1.0 for both women who gained within the guidelines and women who gained above (IQR, 0.3-1.0 [within]; IQR, 0.0-1.75 [above]). Self-esteem scores for women who gained within the guidelines were 2.5 (IQR, 1.0-3.0) and 2.0 (IQR, 2.0-3.0) for women who gained above. Women reported low levels of psychological distress with a median score of 2.0 (IQR, 0.0-4.0), regardless of PWG outcome. Perfectionism scores were low for the majority of women (median=1.0; IQR, 0.3-4.3 [within]; IQR, 0.0-3.0 [above]). Median over-regulation of emotion scores were 4.5 (IQR, 4.0-5.0) and 4.0 (IQR, 3.0-5.0) for women who gained within the guidelines and women who gained above, respectively. The median impulsivity score was 1.5 (IQR, 1.0-2.4) for women who gained within the guidelines; women who gained above the guidelines had a median score of 1.0 (IQR, 1.0-2.0).

Table 10: PSYCHOLOGICAL FACTORS (n=32)

	Variable/

Construct
	Within & Above Guidelines (n=32)
	Within Guidelines (n=8)
	Above Guidelines (n=24)
	Max. Score
	Missing, n (%)   (n=32)

	Weight Locus of Control/Self-Efficacy, 
Median Score (IQR)
(Kendall et al, 2001)
	2.0 (2.0-3.0)
	2.0 (2.0-3.0)
	2.0 (2.0-2.75)
	5
	0 (0)

	Dietary Restraint, Median Score (IQR)
(Herman & Polivy, 1980; Garner et al, 1983)
	3.0 (2.0-6.0)
	2.5 (2.0-5.75)
	3.0 (3.0-6.0)
	9
	0 (0)

	Binge-Eating, Median Score (IQR)
(Gormally et al, 1982)
	1.0 (0.0-1.0)
	1.0 (0.3-1.0)
	1.0 (0.0-1.75)
	3
	0 (0)

	Self-Esteem, 

Median Score (IQR)
(Robins et al, 2001)
	2.0 (2.0-3.0)
	2.5 (1.0-3.0)
	2.0 (2.0-3.0)
	4
	0 (0)

	Psychological Distress, 

Median Score (IQR)

(Kessler et al, 2002)
	2.0 (0.0-4.0)
	2.0 (0.0-4.0)
	2.0 (0.0-4.0)
	24
	0 (0)

	Perfectionism, Median Score (IQR)
(Garner et al, 1983)
	1.0 (0.0-3.0)
	1.0 (0.3-4.3)
	1.0 (0.0-3.0)
	9
	0 (0)

	Over-regulation of Emotion, 

Median Score (IQR)

(Gross & John, 2003)
	4.0 (4.0-5.0)
	4.5 (4.0-5.0)
	4.0 (3.0-5.0)
	5
	1 (3.0)

	Impulsivity, 

Median Score (IQR)

(Gratz & Roemer, 2004)
	1.5 (1.0-2.0)
	1.5 (1.0-2.4)
	1.0 (1.0-2.0)
	5
	1 (3.0)


Correlations of moderate strength were identified between some of the psychological measures, despite the small sample size. Self-esteem and impulsivity were negatively correlated (r
=0.53; p-value=0.002). Psychological distress was negatively correlated with self-esteem (r=-0.42; p-value=0.016) and positively correlated with impulsivity (r=0.44; p-value=0.011). Binge-eating was positively correlated with dietary restraint (r=0.43; p-value=0.012). The remainder of the psychological scale correlations are presented in Appendix III (Table 1). 

Univariate analyses were conducted prior to multivariate model specification (Hosmer & Lemeshow, 2000). The variables in Table 11 were entered into a univariate analysis with the dichotomous outcome variable of gaining “within” or “above” PWG guidelines. Exercise was significantly associated with PWG; the odds of gaining above the guidelines increased 4.36 times with each additional 15 minutes of daily exercise (or walking). None of the remaining independent variables were statistically significant (p<0.05).
Table 11: UNIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH THE ODDS OF GAINING ABOVE 2009 IOM/HEALTH CANADA PWG GUIDELINES (IOM, 2009; Health Canada, 2010)

	Variable
	Odds Ratio
	95% CI
	p-value

	Age, per 1 year
	0.98
	0.84, 1.14
	0.74

	Pre-pregnancy BMI, per 1 kg/m2
	1.12
	0.92, 1.36
	0.27

	Planned pregnancy weight gain, per kg
	1.21
	0.92, 1.58
	0.18

	Education, per completed levela
	0.80
	0.46, 1.39
	0.42

	Income, per $20,000 increment 
	1.02
	0.69, 1.52
	0.92

	‘Eating for two’ while pregnant, agreementb
	0.79
	0.34, 1.85
	0.59

	Screen time per day (½ hr increments)
	0.66
	0.38, 1.18
	0.16

	Exercise/Walking per day (15 min increments)
	4.36
	1.06, 17.94
	0.04*

	Quality Sleep (1 hr increments)
	1.07
	0.59, 1.93
	0.82

	Soda/Juice Consumption per day (1 can/glass increments)
	1.73
	0.64, 4.69
	0.28

	Fast Food Consumption, per weekc
	1.92
	0.24, 15.27
	0.54

	Weight Locus of Control/Self-Efficacy (Kendall et al, 2001), per 1 unit
	0.45
	0.11, 1.79
	0.26

	Dietary Restraint 

(Herman & Polivy, 1980; Garner et al, 1983), per 1 unit
	1.18
	0.80, 1.75
	0.41

	Binge-Eating 

(Gormally et al, 1982), per 1 unit
	1.12
	0.45, 2.78
	0.81

	Self-Esteem 

(Robins et al, 2001), per 1 unit
	1.34
	0.60, 2.98
	0.48

	Psychological Distress 

(Kessler et al, 2002), per 1 unit
	0.92
	0.78, 1.09
	0.34

	Perfectionism 

(Garner et al, 1983), per 1 unit
	0.97
	0.67, 1.40
	0.85

	Over-regulation 

(Gross & John, 2003), per 1 unit
	0.59
	0.21, 1.66
	0.32

	Impulsivity 

(Gratz & Roemer, 2004), per 1 unit
	1.25
	0.57, 2.76
	0.58


*p<0.05
a Respondents were categorized by their last completed level of education. Although the increments are not equal (e.g. completed high school, completed community college/technical school, completed bachelor’s degree, completed graduate degree), they represent the next level of educational attainment. b Agreement was defined by the following categories: Strongly agree, Agree, Neither agree nor disagree, Disagree and Strongly disagree. c Number of meals per week was categorized as: <1 meal per week, 1-2 meals per week and >2 meals per week, on average. Legend: hrs=hours; mins=minutes.
Exploratory multivariate logistic regression was planned. However, since only one statistically significant relation was identified at the univariate level, the preliminary analysis did not continue to the multivariate level. 
Chapter 5: Interpretation and Discussion

This research assessed the feasibility of examining a largely unexplored area of the literature: the influence of psychological factors on PWG (Skouteris et al, 2010; Davis et al, 2012; Hill et al, 2013). The non-pregnant literature highlights the role of psychological constructs, such as self-esteem and self-efficacy (Polivy et al, 1988; Tiggemann, 2004), in weight management (Strecher et al, 1986); exploring these relations in the pregnancy-context is necessary. This thesis contributes to the exploration of psychological factors role in PWG by assessing the feasibility of a full-scale prospective cohort study.   

The feasibility outcomes demonstrated that conducting a full-scale study would be viable. The clinic participation rate (100%) and survey uptake rate (90.0%) were well above the a priori feasibility cut-off. Missing data
 did not exceed 10; Non-response was highest for questions addressing the risks associated with “gaining too little” or “gaining too much” weight during pregnancy at 7.0%. These questions may have been skipped because women were unaware of the risks or because women did not understand what was meant by “gaining too little” or “gaining too much” weight during pregnancy. Six percent of participants did not report their planned pregnancy weight gain. Previous studies found that the majority of pregnant women reported not receiving appropriate PWG counseling (Stotland et al, 2010; McDonald et al, 2011); the higher non-response rate may reflect the absence of a weight gain plan
.  

The feasibility cut-off was met for women enrolling at less than 21 weeks gestation (3.7 women per week, on average) and less than 24 weeks gestation (5.8 women per week, on average). Early enrolment would provide insight on the stability of psychological factors during pregnancy and highlight intervention opportunities. Based on the average less than 21 weeks enrolment (4 women) and the estimated sample size of 600 (see Chapter 3: Methodology), recruitment would require approximately 150 weeks; recruitment would require 100 weeks if the eligibility criteria was set at less than 24 weeks gestation. Targeting clinics that initiate care earlier in pregnancy
 may shorten the recruitment period. 

Outcome data (final pregnancy weight) was available for 97.3% of the sample (n=37)
. Overall, the a priori feasibility outcomes all demonstrated that conducting a full-scale study would be feasible.

The post-hoc feasibility outcome identified that the median time from last recorded weight to delivery was one day (IQR, 0.0-3.5 days), indicating that weight was consistently obtained shortly before delivery. However, this outcome did not specify whether the last weight was self-reported
 and measured weight was not always available from the Antenatal Care Record pages that are generally scanned into the electronic medical record (Sovera)
, 
. Exploration of pregnancy weight reporting may reveal specific reporting challenges; for example, pages of the clinical chart that are not scanned into Sovera or a systematic non-reporting of weight on some chart pages
. Additional outcomes addressing where in the clinical chart final pregnancy weight was available may be considered for further analysis
. 

Exploratory univariate analysis identified one significant relation between exercise/walking and PWG; increasing amounts of self-reported exercising/walking during pregnancy significantly increased the odds of gaining above the 2009 IOM/Health Canada guidelines (OR 4.36; 95% CI 1.06, 17.94). The association identified in this thesis was consistent with the conflicting results reported in the literature
. Exercise level was self-reported and may have been influenced by social desirability bias
, which is associated with the over-reporting of physical activity level among women (Adams et al, 2005). Prince et al (2008) confirmed that measurement method may significantly influence results; correlations between direct physical activity measures and self-report were low-to-moderate
 (Prince et al, 2008). Streuling et al’s (2011) systematic review identified seven trials that reported a lower total PWG in the physical activity group and five trials that reported a lower total PWG in the control
 group
, 
. Meta-analysis revealed that PWG was lower in the physical activity groups (mean difference= -0.61kg; 95% CI -1.17, -0.06). Although statistically significant, the small reduction in total PWG (1.3 lbs) is likely not clinically significant. Other trials reported no difference between the proportion of women who gained above the 2009 IOM/Health Canada guidelines in physical activity intervention and control groups (Haakstad & Bo, 2011)
. 

The magnitude of the Odds Ratio was inconsistent with the literature where the effect of exercise has been characterized as producing a “small but significant reduction” in PWG (Gardner et al, 2011, p.617
). The magnitude of the Odds Ratio may be partially attributable to potential confounders
 that were not adjusted for
 or by pre-pregnancy activity level. Krogsgaard et al (2013) reported that pre-pregnancy activity level was a determinant of birthweight (Owe et al, 2009)
; women who did not exercise
 pre-pregnancy were at reduced risk of having a macrosomic infant
, 
(AOR 0.6; 95% CI 0.4, 0.9). Pre-pregnancy activity level was associated with lower PWG in the 3rd trimester (Lof et al, 2008). 

The Odds Ratio’s magnitude may also be explained by a curvilinear relation between exercise during pregnancy and PWG
, which may indicate that women who reported higher levels of exercise were more weight and shape focused; experiencing greater dietary restraint and more binge-eating events. However, the estimate obtained in this study may have resulted from chance and given the small sample size and wide confidence intervals, the estimate may be unreliable and should be interpreted cautiously (Norman & Streiner, 2007). Additionally, had a correction for multiple statistical comparisons been applied
, the exercise/walking variable would not have maintained its statistical significance. In keeping with a cautious interpretation, it is important to note that reaching the statistical significance cut-off does not ensure the effect is a true relationship in the population or that the variable is clinically important. The influence of physical activity, both pre-pregnancy (Krogsgaard et al, 2013; Owe et al, 2009) and during pregnancy (Gardner et al, 2011; Streuling et al, 2011), on PWG requires further exploration. 

The correlations between psychological scales were explored to determine whether the included psychological scales/items were measuring the same, or very similar, dimensions of a construct. No strong correlations (>0.7) between psychological measures were identified
; although moderate correlations were identified. Self-esteem and impulsivity were negatively correlated (r=-0.53; p-value=0.002) as identified elsewhere in the literature, among young adults (D’Zurilla et al, 2003). Psychological distress was negatively correlated with self-esteem (r=-0.42; p-value=0.016); consistent with the literature, where correlations between a global self-esteem measure and depression
 (a component of psychological distress) were as high as r=-0.82 (p-value <0.05)
 and r=-0.86 (p-value <0.05)
 (Watson et al, 2002). Psychological distress and impulsivity were positively correlated (r=0.44; p-value=0.011). D’Acremont and Van der Linden (2007) reported a correlation of 0.33 (95% CI 0.15, 0.48) between depression and impulsivity
 among adolescents. Impulsivity was also related to anxiety (Miller et al, 2003); a component of psychological distress.
 

The major strength of this study was its examination of psychological factors influencing PWG (IOM, 2009; Skouteris et al, 2010; Gardner et al, 2011; Hill et al, 2013); specifically the feasibility of collecting psychological states and trait data during early pregnancy. The primary advantages of early enrolment were that: (1) it would allow for timely intervention such as “cognitive behavioural therapy aimed at minimizing negative cognitions and anxiety” (Austin et al, 2005, p.189) to improve outcomes (Austin et al, 2005)
; and (2) psychological states and traits during early pregnancy are predictive of well-being throughout pregnancy and post-partum
.  Skouteris et al (2009) reported that depressive symptoms in early pregnancy
 predicted increases in anxiety symptoms later in pregnancy
 (p<0.05). If the relation between anxiety/depression and PWG is observed in the full-scale study, identifying these factors early in pregnancy may also identify a weight gain trajectory. Early identification and timely intervention may improve PWG management. 

One of the weaknesses of this study was the challenge surrounding the survey instrument (see Chapter 3: Methodology; III. Survey Instrument). The absence of pregnancy-relevant scales necessitated the use of non-pregnancy specific scales; highlighting the need for instrument development, piloting and testing in PWG research, which address psychological factors (Kendall et al, 2001). The measures were self-reported, which may introduce reliability and self-report bias
. 

The psychological scores obtained from our instrument were contextualized by the pregnant and non-pregnant literature. One item, from Kendall et al’s (2001) attitudes toward weight gain during pregnancy subscale
, measured weight self-efficacy; women gaining within the guidelines and women gaining above had similar scores (median=2.0; IQR, 2.0-3.0 and median=2.0; IQR, 2.0-2.75, respectively). Kendall et al (2001) reported a mean score of 3.38 ( 0.63 for this subscale. The non-pregnant literature established the relation between self-efficacy and health behaviour (Strecher et al, 1986) and associations between low self-efficacy and depression, anxiety and helplessness have been identified
 (Conner & Norman, 1995). Modifying self-efficacy is an important component of health behaviour change (Conner & Norman, 1995), including weight management. Self-efficacy is a mediating mechanism of weight gain
 (Clark et al, 1991); building self-efficacy
 may improve PWG management. 

Dietary restraint scores among women who gained within and above the guidelines were 2.5 (IQR, 2.0-5.75) and 3.0 (IQR, 3.0-6.0), respectively (maximum score=9)
.  The slightly elevated score for women who gained above the guidelines may reflect that similar psychological mechanisms are at work in the pregnant and non-pregnant population, where high levels of dietary restraint were associated with weight gain (Klesges et al, 1992; Ball & Crawford, 2006). In the non-pregnant literature, Van Strein et al (2007) reported that the mean score among normal weight women
 completing the Revised Restraint Scale (Herman & Polivy, 1980) was 1.91 ( 0.53 (maximum score=3.5)
; obese women scored significantly higher (mean=2.86 ( 0.51; p-value <0.001). Additionally, dietary restraint has been associated with gaining above PWG guidelines among normal weight, overweight and obese pregnant women (Mumford et al, 2008
). 

Dietary restraint is associated with being weight and shape focused and periodic binge-eating
 in the non-pregnant literature (Marcus et al, 1985
). In this study, a single item assessed binge-eating
; the median score was consistent across all women at 1.0 (IQR, 0.3-1.0 [within guidelines]; IQR, 0.0-1.75 [above guidelines]; maximum score=3). Marcus et al (1985) reported a mean score of 25.6 ( 8.5 on the Binge-Eating Scale (Gormally et al, 1982). Participants who had scores at approximately one-third (or lower) on the scale were defined as not having binge-eating problems (Marcus et al, 1985). If this lower third cut-off is applied to our study, 78.8% of the sample subset fell at or below one-third of the total score indicating low levels of binge-eating. Seven participants
 had scores above one (1.0); six of these women gained above 2009 IOM/Health Canada guidelines. This observation appears to be consistent with our a priori hypothesis and the non-pregnant literature, where women with higher binge-eating scores are more likely to have difficulty managing weight.

Self-esteem was assessed by Robins et al’s (2001) single-item measure; women who gained within the guidelines had a median score of 2.5 (IQR, 1.0-3.0) and women who gained above had a median score of 2.0 (IQR, 2.0-3.0; maximum score=4). In the general population the mean self-esteem score among females was 3.26 ( 1.32 (maximum score=5) (Robins et al, 2002). Self-esteem is a mediator of psychological distress (Fontaine & Jones, 1997), and eating attitudes and eating behaviour
 (McVey et al, 2004
). The slightly higher self-esteem score among women who gained within the guidelines is consistent with the non-pregnant literature, which reports the role of self-esteem in weight management.

Kessler et al’s (2002) six-item psychological distress scale assessed women’s feelings of depression, anxiety and fatigue; the median score was 2.0 (IQR, 0.0-4.0), for women who gained within and women who gained above the PWG guidelines (maximum score=24). Kessler’s six-item
 measure has been used for population-based serious mental illness screening (Kessler et al, 2003); scores of 13 or more indicated high psychological distress. In this study, only one participant had a score greater than 13. The low psychological distress scores are consistent with studies of the general population where more than 80% of participants had scores lower than seven, of a possible 24 (Hilton et al, 2008). Other studies reported approximately 20% of pregnant women had elevated depressive symptoms
, 
 (Marcus et al, 2003). This study’s use of a non-specific psychological distress measure may have contributed to the lower scores. 
Finally, the survey instrument addressed personality traits, specifically perfectionism, as well as emotion (over-regulation of emotion and impulsivity). Perfectionism items from the Eating Disorders Inventory
(Garner et al, 1983) obtained a median perfectionism score for women who gained within and women who gained above the guidelines of 1.0 (IQR, 0.3-4.3) and 1.0 (IQR, 0.0-3.0), respectively (maximum score=9). These scores appear consistent with the low perfectionism scores
 reported in healthy young females
 (mean score=3.4 ( 3.2; maximum score=18) (Castro-Fornieles et al, 2007). Perfectionism scores were higher among females with disordered eating behaviours (Castro-Fornieles et al, 2007), as perfectionism is a risk factor for anorexia nervosa and bulimia nervosa (Forbush et al, 2007). The relation between perfectionism and binge-eating was mediated by fasting in the non-pregnant population
 (Forbush et al, 2007). Over-regulation of emotion scores, as measured by an item from the emotion suppression subscale
 of the Emotion Regulation Questionnaire (Gross & John, 2003), were 4.5 (IQR, 4.0-5.0) for women who gained within the guidelines and 4.0 (IQR, 3.0-5.0) for women who gained above (maximum score=5). In the general population, a mean score of 3.15 ( 0.98 was reported on the emotion suppression subscale (maximum score=7)
 (Matsumoto et al, 2008). The elevated scores in our study may reflect the hormonal changes and ‘hyper-emotional’ state associated with pregnancy; pregnant women may regulate, and suppress, their emotions to a greater extent than the general population. Median impulsivity scores
 were 1.5 (IQR, 1.0-2.4) and 1.0 (IQR, 1.0-2.0) for women who gained within the guidelines and women who gained above, respectively (maximum score=5). Similar scores were reported among healthy adolescent females (mean=10.71 ( 4.34) on the impulse control difficulties subscale
 (maximum score=30) (Neumann et al, 2010). 

While the scores for many psychological constructs in this study appeared to be lower than in the general population, in order to capture the psychological construct with only one or two items, the more ‘extreme’ item or statement was typically chosen during survey development. Consequently, the lower median scores and the small interquartile range
 may be partially explained by the choice of items.
Two demographic factors demonstrated relations that had been observed in the literature and were hypothesized a priori. The majority of women who were overweight or obese pre-pregnancy gained above the guidelines; a relation well documented in the literature (Chu et al, 2009; IOM, 2009). Women with lower annual household incomes tended to gain above the guidelines. This relation is consistent with the literature; Olson & Strawderman (2003) reported increased risk of excessive PWG for women with low income
. 

Two weaknesses of the secondary analysis were the small number of survey items measuring each psychological construct
 and the small sample size. Four constructs were measured by a single-item: weight self-efficacy, binge-eating, self-esteem, and over-regulation. Only the self-esteem measure was originally a single-item measure and previously validated in the adult population (mean reliability score=0.75)
 (Robins et al, 2001). Non-validated single-item measures should be interpreted cautiously; including additional items would likely improve reliability
 (Streiner & Norman, 2008). Data collected from this study would ideally contribute to validation studies for each of these psychological constructs within the pregnant population. The small sample size (n=32) limited the potential for identifying significant relations between psychological factors and PWG. Further analysis once all the women enrolled at less than 24 weeks gestation (n=98) have delivered will provide a better understanding of the role of psychological factors in PWG. 

Future research should address the psychological constructs of stress, social support and body image. These constructs have been identified in two recent conceptual frameworks of psychosocial factors influencing PWG (Davis et al, 2012; Hill et al, 2013) and were not addressed in our study. Brawarsky et al (2005) identified stress as an independent predictor of PWG. Consequently, including a specific stress measure, such as the Perceived Stress Scale
 (Cohen & Williamson, 1987), may further substantiate the relation between stress and PWG (Huizink et al, 2002) while empirically exploring Davis et al’s (2012) stress-centered framework. In 2009, the IOM was unable to verify a relation between social support and PWG. Social support may protect against psychological distress (depression, specifically) and stress (Cohen & Wills, 1985) while fostering self-esteem and positive coping skills (Brown et al, 1986); indirectly influencing PWG (Hill et al, 2013). Social support scales such as the Family Support Scale (Turner et al, 1990) or the Interpersonal Support Evaluation Checklist (Cohen et al, 1985
) have been validated in the pregnant population. The influence of social support on PWG may be culturally specific. Literature on weight gain both in the pregnant and non-pregnant populations highlighted the importance of culture in determining eating and cooking patterns and the perceived importance of – and the beliefs surrounding - weight control behaviour (Tavor, 2010). Cultural norms informed perceptions and beliefs about body weight and shape (Walcott-McQuigg, 2005) as well as individual attitudes on appropriate weight gain during pregnancy
 (Kavle et al, 2014; Tavor, 2010). For example, Walcott-McQuigg’s (2005) qualitative study on the cultural perspectives informing weight management identified the culturally diverse perspective on the value of “thinness”. “Caucasian culture” highlighted a drive toward thinness not mirrored in other cultural groups. The culturally informed attitudes and beliefs that underlie weight gain may be important for understanding – and addressing – the psychosocial influences of PWG.

Body image during pregnancy has been associated with PWG (Mehta et al, 2011); mediated by body dissatisfaction, ideal body size, pre-pregnancy BMI, education and income. Pre-pregnancy BMI modified the relation between body dissatisfaction and PWG
. For example, women who preferred a heavier body size were at increased risk of excessive PWG. Women who were not college educated and preferred a lighter body size were at increased risk of excessive PWG compared to their counterparts who preferred an average body size (Adjusted Risk Ratio [ARR]=1.11; 95% CI 1.00, 1.23) (Mehta et al, 2011). Women who preferred a lighter body size and were low income
 were at increased risk of inadequate PWG (ARR=1.76; 95% CI 1.08, 2.88) (Mehta et al, 2011). Further exploration, using the Body Image Assessment for Obesity tool
 (Williamson et al, 2000), may illuminate the mechanism through which perceived body image influences PWG. Including these variables would allow research on the psychological constructs influencing PWG to move from the conceptual framework and hypothesis stage (Davis et al, 2012; Hill et al, 2013) to empirical confirmation
. 

This pilot study highlighted the feasibility of conducting a full-scale study assessing the influence of psychological factors on PWG; specifically excessive PWG. Prior to the full-scale study, the research team should consider additional psychological constructs, which may require the administration of a second survey. Scales should be added cautiously, ensuring that the high response rates and limited missing data observed in this study are not compromised.  

Further exploration of the psychological factors is warranted; exploring the small differences in psychological scale scores between women who gained within and women who gained above the guidelines observed in this pilot. Understanding the role of psychological variables in PWG, and prenatal health more broadly, may present opportunities for interventions that bring psychological well-being and mental health into the center of prenatal care; recognizing the importance of psychological well-being for physical health in both mothers and infants.

Chapter 6: Conclusion

This pilot study demonstrated that conducting a prospective cohort study addressing the relation between psychological factors and high pregnancy weight gain in the Canadian context is feasible. Although the sample size for this exploratory analysis was small, a few trends were identified; a larger sample size is required to further explore the role of psychological constructs such as dietary restraint, binge-eating, perfectionism and impulsivity in increasing the odds of pregnant women gaining in excess of the 2009 IOM/Health Canada guidelines. Further exploration into the psychological variables is warranted, to explore the small differences in psychological scale scores between women who gained within the guidelines and women who gained above the guidelines. Focusing on the role of psychological factors in PWG and prenatal health more broadly may reveal opportunities to develop interventions that place psychological well-being and mental health at the center of prenatal care; recognizing the importance of psychological well-being for physical health in both mothers and infants throughout the life-course.
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Appendix I

Table 1: SURVEY ITEMS (PSYCHOLOGICAL ITEMS)

	Construct
	No. of Items Included
	Origin of Item(s)
	Items

	Weight locus of control/

Self-efficacy
	2
	Weight Locus of Control Scale (Saltzer, 1982) adapted by Kendall et al (2001)
	1. If I eat right, and get enough exercise and rest, I can control my weight the way I want.

2. Being the right weight is mainly good luck.

	
	1
	Kendall et al (2001)
	1. You can’t totally control the amount of weight you gain when you are pregnant.

	Dietary Restraint
	2
	Revised Restraint Scale (Herman & Polivy, 1980)


	1. How often were you dieting?

2. Did you have feeling of guilt after overeating?

	
	1
	Eating Disorder Inventory (Garner et al, 1983)*


	1. How often did you limit your carbohydrate and sugar intake?

	
	1
	Binge Eating Scale (Gormally et al, 1982)*
	1. Did you ever feel that when you started eating you just couldn’t stop?

	Self-Esteem
	1
	Single-item Self-Esteem Scale (Robins et al, 2001)
	1. I have high self-esteem.

	Psychological Distress
	6
	Non-specific Psychological Distress Scale (Kessler et al, 2002)
	In the 30 days prior to learning that you were pregnant, about how often did…

1. You feel so depressed that nothing could cheer you up?

2. You feel hopeless?

3. You feel restless or fidgety?

4. You feel that everything was an effort?

5.  You feel worthless?

6. You feel nervous?

	Perfectionism
	3
	Eating Disorder Inventory (Garner et al, 1983) 


	1. I hate being less than best at things.

2. I feel that I must do things perfectly or not do them at all.

3. I have extremely high goals.

	Impulsivity
	1
	Emotion Regulation Questionnaire (Gross & John, 2003)


	1. I control my emotions by not expressing them.

	
	2
	Difficulties in Emotion Regulation Scale (Gratz & Roemer, 2004)


	1. When I’m upset, I have difficulty controlling my behaviours.

2. When I’m upset, I lose control over my behaviours.

	Neuroticism & Lie
	12
	Eysenck Personality Questionnaire (Eysenck et al, 1985)


	1. Are you a worrier?

2. Have you ever said anything bad or nasty about anyone?

3. Would you call yourself tense or “highly-strung”?

4. As a child, were you ever cheeky (saucy) to your parents?

5. Do you worry too long after an embarrassing experience?

6. Have you every cheated at a game?

7. Do you suffer from “nerves”?

8. Have you ever taken advantage of someone?

9. Do you often feel lonely?

10. Do you always practice what you preach (do what you say)?

11. Are you often troubled about feelings of guilt?

12. Do you sometimes put off until tomorrow what you ought to do today?


* The asterisks note that some or all of the items taken from this scale or subscale were rephrased from statements to questions or vice versa in order to limit the number of response methods utilized in the survey instrument (e.g. converted to likert type responses, rather than statement agreement)

Appendix II 

Factor Analysis

The results of the factor analysis for each construct are presented below. Since such a small sample size was used for the factor analysis, the robustness of these results can be called into question and should be interpreted cautiously. 

1. Weight Locus of Control/Self-Efficacy

Three items were included under this construct; presented in Table 1. The table presents the item included in the survey and the scoring instructions, if all items are included under the same domain.

Table 1: WEIGHT LOCUS OF CONTROL/SELF-EFFICACY ITEMS

	Item
	Scoring (if scoring domains together)

	If I eat right, and get enough exercise and rest, I can control my weight the way I want.
	Reverse score. 

Strongly Disagree=5; Disagree=4; Neither disagree nor agree=3; Agree=2; Strongly Agree=1.

	Being the right weight is mainly good luck.
	Forward score. 

Strongly Disagree=1; Disagree=2; Neither disagree nor agree=3; Agree=4; Strongly agree=5.

	You can’t totally control the amount of weight you gain when you are pregnant.
	Forward score. 

Strongly Disagree=1; Disagree=2; Neither disagree nor agree=3; Agree=4; Strongly Agree=5.

	
	Report mean score. 

Higher scores = less perceived control.


The factor analysis was conducted with all three of the items. The resulting eigenvalues are presented in Table 2; the scree plot is presented Figure 1. 

Table 2: FACTOR ANALYSIS ON THREE WEIGHT LOCUS OF CONTROL/SELF-EFFICACY ITEMS

	Factor
	Initial Eigenvalues

	
	Total
	% of Variance
	Cumulative %

	1
	1.13
	37.71
	37.71

	2
	1.04
	34.80
	72.50

	3
	0.83
	27.50
	100.00
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Figure 1: SCREE PLOT FOR WEIGHT LOCUS OF CONTROL/SELF-EFFICACY FACTORS

The Cronbach’s alpha for the items was very low (0.035) and the correlations between items (Table 3), highlighted that these items were not measuring the same aspect/dimension of weight locus of control/self-efficacy. The Item-Total Statistics confirmed this hypothesis with the Cronbach’s alpha improving with the removal of any of the items. 

Table 3: CORRELCATIONS BETWEEN WEIGHT LOCUS OF CONTROL/SELF-EFFICACY ITEMS (p-values)

	
	1.
	2.
	3.

	1. If I eat right, and get enough exercise and rest, I can control my weight the way I want.
	1
	.11

(.30)
	-.11

(.28)

	2. Being the right weight is mainly good luck.
	
	1
	.04

(.67)

	3. You can’t totally control the amount of weight you gain when you are pregnant.
	
	
	1


Together with the research team, the items themselves were considered and the research team agreed that item three was the most appropriate item since it was specific to pregnancy. Although the stem for each of the items specified that these were specific to pregnancy, the possibility that the stem was not read by participants was considered. To confirm that item three was the appropriate choice, a correlation matrix was computed between each of the items and the outcome PWG (kg). Item three had the highest correlation (of the three items) with the PWG outcome (r=-0.121, p-value=0.482). The final decision was to use item three as the sole weight locus of control/self-efficacy item for the secondary analysis.  

2. Dietary Restraint

Four items were included under the construct of restraint; presented in Table 4. 

Table 4: DIETARY RESTRAINT ITEMS 

	Item
	Scoring (if domain scored together)

	How often were you dieting?
	Forward Score.

Never=0; Rarely=1; Often=2; Always=3

	How often did you limit your carbohydrate and sugar intake?
	Forward Score.

Never=0; Rarely=1; Often=2; Always=3

	Did you have feelings of guilt after overeating?
	Forward Score.

Never=0; Rarely=1; Often=2; Always=3

	Did you ever feel that when you started eating you just couldn’t stop?
	Reverse Score.

Never=3; Rarely=2; Often=1; Always=0

	
	Report sum score. 

High Score = greater feelings of restraint


The factor analysis was conducted with all four of the items. The resulting eigenvalues are presented in Table 5; the scree plot is presented Figure 2. 

Table 5: FACTOR ANALYSIS ON FOUR DIETARY RESTRAINT ITEMS 

	Factor
	Initial Eigenvalues

	
	Total
	% of Variance
	Cumulative %

	1
	2.26
	56.58
	56.58

	2
	0.83
	20.85
	77.43

	3
	0.49
	12.26
	89.69

	4
	0.41
	10.31
	100.00
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Figure 2: SCREE PLOT FOR DIETARY RESTRAINT FACTORS

Together with the research team, the items themselves were considered and the research team agreed that the fourth item was clinically different than the previous three. The fourth item was identified as a binge-eating measure. The component matrix (quantifying how well the individual items load onto the primary factor) confirmed that the fourth item did not load in the same direction as the previous three items and a correlation analysis confirmed that the fourth item did not belong with the previous three items (Table 6). 

Table 6: CORRELATION MATRIX FOR ALL FOUR DIETARY RESTRAINT ITEMS 

(p-values)

	
	1.
	2.
	3.
	4.

	1. How often were you dieting?
	1
	0.52

(0.000)
	0.52

(0.000)
	-0.30

(0.003)

	2. How often did you limit your carbohydrate and sugar intake?
	
	1
	0.42

(0.000)
	-0.24

(0.015)

	3. Did you have feelings of guilt after overeating?
	
	
	1
	-0.50

(0.000)

	4. Did you ever feel that when you started eating you just couldn’t stop?
	
	
	
	1




The first three remained as restraint items and explained 66.4% of the variance. The fourth item was used to measure the construct of binge-eating.  

3. Self-Esteem

A single-item self-esteem measure (Robins et al, 2001) was selected during the survey construction; consequently factor analysis was not performed. 

4. Psychological Distress

Kessler et al’s six-item scale was used to assess psychological distress. The items are presented in Table 7.

Table 7: PSYCHOLOGICAL DISTRESS ITEMS

In the 30 days prior to learning that you were pregnant, about how often did…

	Item
	Scoring

	You feel so depressed that nothing could cheer you up?
	Forward score.

None of the time=0; A little of the time=1; Some of the time=2; Most of the time=3; All of the time=4. 

	You feel hopeless?
	Forward score.

None of the time=0; A little of the time=1; Some of the time=2; Most of the time=3; All of the time=4. 

	You feel restless or fidgety?
	Forward score.

None of the time=0; A little of the time=1; Some of the time=2; Most of the time=3; All of the time=4. 

	You feel that everything was an effort?
	Forward score.

None of the time=0; A little of the time=1; Some of the time=2; Most of the time=3; All of the time=4. 

	You feel worthless?
	Forward score.

None of the time=0; A little of the time=1; Some of the time=2; Most of the time=3; All of the time=4. 

	You feel nervous?
	Forward score.

None of the time=0; A little of the time=1; Some of the time=2; Most of the time=3; All of the time=4. 

	
	Report sum score. 
Higher score = Higher Distress (score range 0-24)


The factor analysis revealed that there was one primary factor, which explained 76.1% of the variance (Table 8). 

Table 8: FACTOR ANALYSIS ON SIX PSYCHOLOGICAL DISTRESS ITEMS 

	Factor
	Initial Eigenvalues

	
	Total
	% of Variance
	Cumulative %

	1
	4.57
	76.10
	76.10

	2
	0.70
	11.69
	87.78

	3
	0.31
	5.22
	93.00

	4
	0.25
	4.20
	97.20

	5
	0.08
	1.40
	98.60

	6
	0.08
	1.40
	100.00


The eigenvalues and scree plot (Figure 3) confirmed the presence of one primary factor. All items were retained in the psychological distress scale.
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Figure 3: SCREE PLOT FOR PSYCHOLOGICAL DISTRESS FACTORS 
5. Perfectionism

Three items were included in the survey instrument to measure perfectionism (Table 9).

Table 9: PERFECTIONISM ITEMS 

	Item
	Scoring (if domain scored together)

	I hate being less than best at things.
	Forward Score. 

Always=3; Usually=2; Often=1; Sometimes, Rarely + Never=0

	I feel that I must do things perfectly or not do them at all.
	Forward Score. 

Always=3; Usually=2; Often=1; Sometimes, Rarely + Never=0

	I have extremely high goals.
	Forward Score. 

Always=3; Usually=2; Often=1; Sometimes, Rarely + Never=0

	
	Report sum score. 
Higher scores = higher tendency to perfectionism.


The eigenvalues and scree plot both indicated the presence of one primary factor (Table 10; Figure 4).

Table 10: FACTOR ANALYSIS FOR PERFECTIONISM ITEMS 

	Factor
	Initial Eigenvalues

	
	Total
	% of Variance
	Cumulative %

	1
	2.13
	71.00
	71.00

	2
	0.49
	16.36
	87.39

	3
	0.38
	12.61
	100.00
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Figure 4: SCREE PLOT OF PERFECTIONISM FACTORS

Cronbach’s alpha was 0.79 when all three items were included and did not improve upon the removal of items. All three items were retained in the perfectionism scale for the exploratory analysis.
6. Impulsivity

Three impulsivity items were included in the survey instrument (Table 11).

Table 11: IMPULSIVITY ITEMS

	Item
	Scoring (if domain scored together)

	I control my emotions by not expressing them.
	Forward Score.

Almost always=5, Most=4, About half=3, Sometimes=2, Almost never=1.

	When I’m upset, I have difficulty controlling my behaviours.
	Reverse Score.

Almost always=1; Most=2; About half=3; Sometimes=4; Almost never=5.

	When I’m upset, I lose control over my behaviours.
	Reverse Score.

Almost always=1; Most=2; About half=3; Sometimes=4; Almost never=5.

	
	Report mean score with standard deviation.

Higher score = more suppression of emotion


The factors analysis identified two primary factors (Table 12), and the component matrix indicated that the first item did not load onto the primary factor well (-0.17), compared with the item two and item three (0.92 and 0.92, respectively). 

Table 12: FACTOR ANALYSIS FOR IMPULSIVITY ITEMS 

	Factor
	Initial Eigenvalues

	
	Total
	% of Variance
	Cumulative %

	1
	1.73
	57.65
	57.65

	2
	1.00
	32.95
	90.60

	3
	0.28
	9.40
	100.00


Upon examination of the items with the research team, the first item was identified as an “over-regulation of emotion” item, not an impulsivity item. Removing item one resulted in an increase of the Cronbach’s alpha from 0.41 to 0.83. Once item one was removed, the remaining items explained 85.9% of the variance and both items loaded onto the primary factor well (0.86 and 0.86, respectively). 

Appendix III

Table 1: PSYCHOLOGICAL SCALE SPEARMAN CORRELATION COEFFICIENTS 

(p-values)

	
	1.
	2.
	3.
	4.
	5.
	6.
	7.
	8.

	1.Weight Locus of Control/
Self-efficacy
	1.0
	0.02

(.93)
	-0.14

(.45)
	-0.29

(.11)
	-0.06

(.75)
	0.17

(.35)
	0.04

(.83)
	0.21

(.25)

	2.Binge-Eating


	
	1.0
	0.43*

(.01)


	0.08

(.68)
	0.29

(.10)
	0.06

(.75)
	0.06

(.73)
	0.14

(.44)

	3.Dietary Restraint


	
	
	1.0
	-0.14

(.45)
	0.15

(.40)
	0.21

(.24)
	-0.18

(0.34)
	0.03

(.86)

	4.Self-Esteem


	
	
	
	1.0
	-0.42*

(.02)
	-0.11

(.56)
	0.02

(.94)
	-0.53**

(.00)

	5.Psychological Distress
	
	
	
	
	1.0
	0.10

(.58)
	0.24

(.20)
	0.44*

(.01)



	6.Perfectionism


	
	
	
	
	
	1.0
	-0.10

(.60)
	0.09

(.64)

	7.Over-regulation of Emotion
	
	
	
	
	
	
	1.0
	0.40*

(.03)

	8.Impulsivity


	
	
	
	
	
	
	
	1.0


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

** Correlation was significant at the 0.01 level (2-tailed).
� Adult women were defined as women at least 18 years of age.


� Note: This study used the 1990 IOM guidelines. 


� For the purposes of this research, only singleton pregnancies were considered. Pregnancy weight gain varies substantially for women carrying multiples (IOM, 2009). 


� Some of these relations were supported by empirical evidence and the opinion of PWG experts. However, many of these factors have yet to be explored empirically in the literature (for example, the environmental determinants of pregnancy weight gain). 


� Note: This study used the 1990 IOM guidelines. 


� Howie et al (2003) defined excessive weight gain as greater than 40 lbs.


� Note: This study did not use IOM guidelines to categorize PWG. Rather, PWG was categorized as low (<10 kg), medium (10-15 kg), high (16-19 kg) and very high ((20 kg). 


� Note: This study used the 1990 IOM guidelines. 


� Note: This study used the 1990 IOM guidelines. 


� Note: This study used the 1990 IOM guidelines. 


� Nohr et al (2008) categorized PWG as low (<10 kg), medium (10-15 kg), high (16-19 kg) and very high ((20 kg). While the current guidelines provide a weight gain recommendation for pre-pregnancy obese women of 5-9 kg, previous guidelines recommended higher pregnancy weight gains. For example, pre-pregnancy normal weight women were encouraged to gain between 11 and 15 kg (Gunderson & Abrams, 1999).


� Authors did not provide a formal hypothesis as to why maternal fever was associated with inadequate gain in their study population. Rather, a general hypothesis regarding nutritional deficiencies was presented and linked with preterm delivery and broadly, maternal complications.


� Ehrenberg et al (2003) did not report whether the Relative Risks estimates had been adjusted or if these were crude estimates. 


� Authors hypothesized that the increased risk of episiotomy results from women who gain inadequately being smaller in stature (Ehrenberg et al, 2003).  


� Note: This study classified participants according to pre-pregnancy weight and weight at delivery. Low maternal weight and BMI were defined as <100 lbs and (19.8 kg/m2. Normal weight and BMI were defined as 100-200 lbs and 19.9-25.9 kg/m2.


� Note: This study used the 1990 IOM guidelines. 


� Note: This study used the 2009 IOM/Health Canada guidelines. 


� Data were adjusted for pre-pregnancy BMI. However the analysis was presented for all women, not segregated by pre-pregnancy BMI.


� Note: This study used the 1990 IOM guidelines. 


� Note: This study used the 1990 IOM guidelines. 


� Preterm delivery is defined as delivery at <37 weeks gestation.


� The cut-off of 24-28 weeks gestation was set to ensure women were captured prior to gestational diabetes screening (Hedderson et al, 2010). 


� Note: This study used the 1990 IOM guidelines. 


� Note: This study used the 1990 IOM guidelines. 


� Adiposity can be measured in a variety of ways, including BMI (Pietrobelli et al, 1998),  sum of subscapular and triceps skinfold thicknesses, and systolic blood pressure (Oken et al, 2007).


� Note: This study used the 2009 IOM/Health Canada guidelines. 


� Note: This study used the 2009 IOM/Health Canada guidelines. 


� Note: This study did not use IOM guidelines. Rather, pregnancy weight gain was measured continuously as kg per week.


� See Streuling et al, 2010; Tanentsapf et al, 2011; Gardner et al, 2011 for systematic reviews and meta-analyses. 


� Due to variety of interventions and outcome measures of PWG, many of the included articles could not be combined statistically in the meta-analysis.


� High risk was defined by the review team as including “women with, or at high


risk of, gestational diabetes and/or who were overweight or obese


at recruitment” (Muktabhant et al, 2012, p. 6).


� Note: All of these trials used the 1990 IOM guidelines. 


� The PWG measure was continuous, rather than categorized by IOM/Health Canada guidelines.


� No categorical outcomes were presented by Gardner et al, 2011. 


� Note: This study used the 2009 IOM/Health Canada guidelines. 


� “Psychological distress” refers to a broad spectrum of symptoms of depression, anxiety, stress, guilt, and fatigue (Kessler, 2002). 


� Note: This study used the 1990 IOM guidelines. 


� Davis et al (2012) propose that prenatal stress contributes to the disruption of the hypothalamic-pituitary-adrenal axis system (HPA). The HPA system is involved in the regulation of eating behaviour and weight management. Davis et al (2012) proposed that disruption of the HPA system (and the hormones which are involved in HPA regulation) through chronic stress would alter the body’s metabolic response to eating and caloric intake. Pregnant women who experienced stressful life events had higher cortisol levels and more substantial HPA dysfunction; increasing central fat distribution (Obel et al, 2005).





� Ball & Crawford (2006) found this association within the young female population, specifically.


� Adiposity was measured by percentage body fat and sum of four skinfold thicknesses.


� Based on their extensive research in eating behaviour and its psychology, Polivy and Herman proposed a psychological pathway from distress to disinhibition.


� Women who were unable to read English or were pregnant with multiples were ineligible for study participation.


� Women of any gestational age were approached to ensure that women were not asked about their gestational week prior to enrolling in the study.


� Fetal demise and lethal anomalies were identified post-hoc from participant’s clincal chart, specifically the antenatal care record. 


� These individuals’ pregnancy weight gain was likely to have been influenced by their existing morbidities to a greater extent than the psychological factors explored here�.


� Informed consent was obtained by the research assistant.


� For example, knowledge of the risks associated with “gaining too much weight” during pregnancy.


� For example, scales focused on inadequate PWG, which was not our focus, nor is it  the dominant PWG condition within the Canadian context as the majority of women now gain in excess of the guidelines.


� The scales included in our instrument had been previously validated within various population groups, although rarely within pregnant populations. 


� Scales such as the Eating Attitudes Test (Garner & Garfinkel, 1979), Eating Disorder Inventory (Garner et al, 1983) and the Centre of Epidemiological Studies of Depression Scale (Radloff, 1977) were considered during the initial survey instrument construction. Together with the research team (an obstetrician/clinical epidemiologist, a research psychologist, a clinical psychologist who focuses on weight and a biostatistician), scales that were relevant to pregnancy, weight gain and the psychological states and traits experienced before and during pregnancy were considered. The most appropriate subscales and items were selected.


� For example, the 21-item Beck Depression Inventory [BDI] or the 64-item Eating Disorder Inventory [EDI].


� Issues around the reliability and validity of the scores generated from our instrument arose due to the necessity of removing questions.


� The upper boundary of the second trimester is defined variably, at either 24 weeks gestational age or 28 weeks gestational age. These two gestational ages were selected prior to the 3rd trimester. Earlier enrolment would allow for the assessment of psychological factors during the second trimester and allow for the development of an appropriate intervention during the third trimester. Women in Hamilton, ON tend to receive formal prenatal care later in their pregnancy than other areas of the province, so setting two time points allowed our research team to assess the implications an earlier gestational age inclusion critieria would have on study recruitment time in the full-scale study. 


� The 3rd trimester is defined variably as >24 or >28 weeks gestation.


� Previous survey-based studies conducted by our research team supported this hypothesis.


� On the second page of the Ministry of Health (Ontario) Antenatal Care Record form.


� Self-reported weight was recorded in several places within the patient’s chart, the most recent weight (closest to date of delivery) was obtained from one of the following locations in the participant’s chart: Antenatal Care Record, Labour Flow Sheet, Pre-Operative Patient Questionnaire, Anesthetic Record or Physician Progress Notes. 


� For all questions involving height or weight, participants were given the option to respond in imperial or metric units.


� Where reported, pre-pregnancy height and weight were obtained from the participant’s chart, rather than the enrolment survey. BMI was calculated using the following formula: BMI=weight [kg]/height2 [m2].


� The following formula was used to calculate the rate of pregnancy weight gain and classify participants: total PWG minus 2 kg divided by gestational age at delivery minus 13. The PWG rate calculated was specific to trimesters 2 and 3 (and assumed that PWG is linear over the 2nd and 3rd trimesters [IOM, 2009]), as outlined in the 2009 IOM weight gain guidelines. Consequently, the weight gained during the first trimester (up to 2 kg) was subtracted from the total PWG (Siega-Riz et al, 1994; Abrams et al, 1995; Carmichael et al, 1997) and 13 weeks (the first trimester) were substracted from the denominator. Patients who delivered preterm (<37 weeks) were included in the analysis. The formula used to calculate the rate of pregnancy weight gain and classify participants according to 2009 IOM/Health Canada guidelines accounted for the gestational age at delivery in the denominator (formula presented above). 


� The self-reported weight and height (utilized in the BMI calculation) measures are utilized within the clinical setting to counsel patients and therefore, were more than appropriate for research use in this study.


� The univariate estimated was modified for multivariate logistic regression by inflating it by the variance inflation factor (VIF). This approach is described by Hsieh (1989).


� Converting to a multivariate estimate required multiplying the univariate estimate by a factor of 1- (2. The “(” represents the multiple correlation coefficient relating the excessive PWG variable to other covariates. This value was estimated as 0.8. 


� The sample size requirement would apply to the number of women enrolled at less than 24 weeks gestation. 


� Frequency tables are presented in Chapter 4: Results. Where the tables display the frequencies categorized by outcome (gained within guidelines or gained above guidelines) as in Table 6 and Table 7, the first column (“All”) presents the column totals. The subsequent columns which divide the subset sample by their PWG classification present row totals (%). While traditionally epidemiological literature in obstetrics reports column totals (%), this method of data presentation provides less information about the ‘exposure’ variable or variable of interest. Consequently, row totals (%) are presented where participants are classified based on outcome.


� The exploratory factor analysis approach was used as no a priori hypotheses were made on the numbers of factors that would emerge and the relation among items (variables) and between items and factors (Gorsuch, 1997). Given the sparse literature addressing the role of psychological factors on PWG, the confirmatory approach was not suitable (not enough data is available to make strong assumptions on the number of common factors that exist or what items are influenced by the common factors and how). A data-driven approach was employed in this thesis; characteristic of exploratory factor analysis (Fabrigar et al, 1999).


� Where possible, varimax rotation was employed (Streiner & Norman, 2008). Where only a single factor was indentified, varimax rotation could not be conducted. 


� The scree plot visually presents the number of factors measured by the survey items and the eigenvalue for each identified factor. Once a substantial drop is noted in the scree plot (eigenvalue decreases substantially), the subsequent factors explain little of the variance and are not considered ‘primary’ factors (Streiner & Norman, 2008). The scree plot was used to visually confirm the number of factors explaining substantial amounts of variance for each set of items.   


� While critics caution that the data-driven approach could lead to over-fitting the model (Menard, 2010), the approach adopted in this thesis relied on both the theoretical and empirical justifications for model specification. 


� Two time points were assessed: <21 weeks and <24 weeks gestational age at enrolment. 


� “Committed relationship” was defined as living with a partner, common-law or married. 


� Prior to taxes and other deductions. 


� Factors such as dietary behaviour, physical activity level and sleep habits.


� The majority of women believed there were risks to gaining too little weight during pregnancy for both mother and baby (56% and 77%, respectively). Most women also believed there were risks to gaining too much weight for mother and baby (93% and 74%, respectively). 


� The feasibility cut-off was set through consultation with the research. 


� Review of the literature indicated that this cut-off point was attainable, yet optimistic (Nulty, 2008). 


� The 90.0% uptake rate excluded the patients who were not approached by clinic staff about the study and consequently, not referred to the research assistant (LK). 


� In order to ensure the study did not interfere with the clinic pace, these women were not approached.


� Gestational age at enrolment was calculated for each participant using their date of enrolment and self-reported estimated date of birth (EDB). Participants self-reported EDB was later confirmed from their medical records. Where discrepancies between the self-reported and chart EDB were observed, the chart EDB was used for calculating gestational age at enrolment. 


� Note: 11.7% of the full-study sample.


� Note: 18.5% of the full-study sample.


� The upper boundary of the second trimester is defined variably, at either 24 weeks gestational age or 28 weeks gestation.


� This outcome was particularly important for this pilot study, as many of the scales utilized in the enrolment survey had not been previously used in the pregnant population. Consequently, assessing their relevance to this population and highlighting which items had high non-response rates was important for the subsequent full-scale study. 


� The survey instrument did not use the terms “inadequate” or “excessive” PWG. Rather, participants were asked more generally if they felt there were risks associated with “gaining too little” or “gaining too much”.


� Participants who delivered by the end of October 2013 and had their medical records scanned into the electronic medical record system (Sovera) were included in this analysis.


� Note: 37.8% of the <24 weeks participants.


� Pregnancy weight at greater than 28 weeks gestation or weight closest to date of delivery taken from chart.


� Variation in the gestation age when the last recorded weight was taken was observed.  


� Substantial time between last weight and delivery may result in an incorrect total PWG and increase the potential for misclassification of the participant’s PWG rate as “below”, “within”, or “above” the 2009 IOM/Health Canada guidelines.


� The documents specific to McMaster University Medical Centre from which final pregnancy weight was obtained include the Labour Flow Sheet, Pre-Operative Patient Questionnaire, Anesthetic Record and Physician Progress Notes. These documents may not be available at other centres. The Antenatal Care Record is not specific to McMaster University Medical Centre.


� A weight was recorded for this participant between 14 and 28 weeks. However, this weight was not readable. The last readable weight was at <14 weeks.


� Of the 37 women, 16 enrolled at <21 weeks gestation and 21 enrolled at <24 weeks gestation. 


� The table presents the characteristics for all 37 women in the first column and then presents the results separately for women who gained within 2009 IOM/Health Canada guidelines and women who gained above the guidelines. As highlighted in Chapter 3: Methodology, where participants are differentiated based on outcome, the row totals (%) are presented, rather than column totals (%). Women who gained below the guidelines are not presented separately as they were excluded from the exploratory logistic regression analysis.


� Committed relationship was defined as living with a partner, common-law or married. 


� One participant reported having an eating disorder. However, this participant gained below guidelines and therefore was not included in the exploratory analysis.


� The median (IQR) are presented in the tables with n=37 and n=32 because of the higher risk of skewness with small sample sizes. Skewness and kurtosis values were calculated for these variables and confirmed that normality could not be assumed for all of the variables. Consequently, the median and IQR are reported, where appropriate. 


� Note: “neither agree nor disagree”.


� Note: 51.4% reported drinking (2 cans/glasses (excluding 0) of soda/juice on a daily basis; 73.7% of these women gained above the guidelines. One-hundred percent of the women who drank >2 cans/glasses of soda/juice per day gained above the guidelines.


� The total PWG rate was calculated using the following formula: (Total PWG-2kg)/(Total Gestational Age at Delivery-13).


� One participant did not have outcome data (total PWG) and could not be included in the analysis.


� Given the very small sample size, the results are exploratory. 


� Two items were taken from Herman & Polivy’s (1980) Revised Restraint Scale, one from the Eating Disorder Inventory (Garner et al, 1983) and one from the Binge Eating Scale (Gormally et al, 1982).


� One item was adapted from the Emotion Regulation Questionnaire (Gross & John, 2003) and two items were taken from the Difficulties in Emotion Regulation Scale (Gratz & Roemer, 2004).


� Skewness and kurtosis values were calculated for the psychological constructs and confirmed that normality could not be assumed for all of these variables. Consequently, the median and IQR are reported. 


� Spearman’s Correlation coefficients are presented here.


� Note: from individual survey questions.


� This hypothesis could not be confirmed from these data.


� Generally, in Southwestern Ontario, midwifery clinics see patients earlier in their pregnancy than obstetric clinics. Targeting clinics that see patients early in pregnancy (for example, midwifery clinics) may result in a reduction of the number of weeks required for recruiting 600 pregnant women at less than 24 (or 21) weeks gestation.


� Only one participant did not have outcome data (n=37).


� When patients presented at labour and delivery, they provided a self-reported weight. This weight was (typically) recorded on the chart and was closest to the date of delivery. 


� Hamilton Health Sciences, in the field of obstetrics, scans in the Antenatal Care Record and other pages of the paper-based chart into the electronic record system (Sovera). 


� This information would be necessary for trimester specific PWG analyses.


� As noted previously, several portions of the clinical chart (other than the Antenatal Care Record) report patient’s weight. Weights are not always recorded on these chart pages.


� Ascertaining where in the clinical chart the final weight was available would also indicate whether or not the weight was self-reported.


� Inconsistencies in the literature have been explained by differences in methodological quality (Streuling et al, 2011) and the variety of interventions employed (Muktabhant, 2012). 


� Social desirability was assessed using Marlowe-Crowne’s Social Desirability Scale (Crowne & Marlowe, 1960) and social approval was measured using the Martin-Larson Approval Motivation Scale (Larson et al, 1976).


� Prince et al (2008) reported that the difference between direct physical activity measurement and self-reported was more substantial at higher levels of intensity. The authors suggest these differences may reflect a problem with self-reported measures capturing higher levels of physical activity (e.g. longer period of time, higher intensity, etc.) or issues with participants interpretation or recall in respective studies.


� Control group = no physical activity intervention group.


� Several PWG systematic reviews reported combined interventions (for example, dietary interventions combined with physical activity interventions or coupled with educational interventions) and the independent effect of exercise could not be isolated (for example, Gardner et al, 2011). 


� These results may represent a type II error.


� The outcome was defined categorically in Haakstad & Bo (2011), rather than continuously (as reported by Streuling et al, 2011). The change in outcome measurement may explain the inconsistent result between these studies.


� Gardner et al’s (2011) systematic review included both dietary and physical activity intervention trials. The mean difference reported was -1.19 kg (95% CI -1.74, -0.65).


� For example, pre-pregnancy BMI, maternal age, etc.


� Given the exploratory nature of this analysis, Odds Ratios were not adjusted. 


� The authors hypothesize that pre-pregnancy physical activity is not only a strong predictor of physical activity during pregnancy, but also influences hormone levels, stress, and the body’s use of caloric intake (Krogsgaard et al, 2013; Owe et al 2009). 


� Pre-pregnancy exercise level was defined by a summary score based on intensity, frequency and duration of exercise.


� Defined as a birth weight >4000 g.


� Physical activity may increase the risk for large for gestational age babies (>4000 g) and, by extension, PWG. 


� While it is possible that the relationship is non-linear, the more likely explanation for this Odds Ratio surrounds self-report and small sample size. 


� For example, the Bonferroni correction.


� Low and moderate correlations confirmed the hypothesis that these scales were not all measuring a similar underlying psychological construct.


� Watson et al (2002) utilized Rosenberg’s (1965) self-esteem scale and depression was measured using the Revised NEO Personality Inventory (Costa & McCrae, 1992). 


� Exact p-values were not provided by Watson et al (2002).


� Exact p-values were not provided by Watson et al (2002).


� D’Acremont and Van der Linder (2007) measured impulsivity using the UPPS Impulsive Behaviour Scale (Whiteside & Lynam, 2001) and depression was measured using the Reynolds Adolescent Depression Scale (Reynolds, 1987).


� The non-pregnant literature reports that self-efficacy and self-esteem are correlated (Judge et al, 2002). However, this study identified no difference in median self-efficacy scores between women who gained within and women who gained above guidelines and the measures were not significantly correlated. This may be explained by our use of a weight-specific self-efficacy item (The correlations discussed by Judge et al (2002) were between global self-esteem and global self-efficacy measures).


� Note: Austin et al (2005) specifically assessed the associations between maternal anxiety and depression during pregnancy and infant well-being, particularly infant temperament (a predictor of infant mental health). 


� Experiencing anxiety during late pregnancy has been associated with depressive symptoms post-partum (Heron et al, 2004; Skouteris et al, 2009). 


� Early in pregnancy: Mean gestational age in weeks was 18.32 ( 1.61.


� Later in pregnancy: Mean gestational age in weeks was 34.63 ( 1.71.


� Measures of weight and height were also self-reported. Self-reported weight and height are used in the clinical context and provide an accurate estimation of BMI in women of reproductive age (Brunner Huber, 2007).


� Note: The total number of items in this subscale was 13, with a maximum score of five. Although only one item from this subscale was selected for our survey instrument, the maximum score remained five.


� Depression and anxiety are associated with weight gain (see Chapter 2: Background and Literature Review). The relation between self-efficacy and depression/anxiety, further supports the relation between self-efficacy and weight management. 


� Note: as well as weight loss and weight maintenance.


� Note: with a particular focus on weight self-efficacy.


� Scores on the three dietary restraint items were summed and a summed score reported, as reported in Herman & Polivy’s work (Herman & Polivy, 1980; Polivy et al, 1988).


� The mean age of study participants was 20.9 ( 2.2 years.


� Van Strein et al (2007) reported a mean score rather than a summary score. Consequently, the maximum score for Van Strein et al (2007) was 3.5. The maximum score on the original Revised Restraint Scale (Herman & Polivy, 1980) was 35. Where the scale scores have been dichotomized, participants scoring 15 or higher on the Revised Restraint Scale have been classified as “restrained” (Polivy et al, 1988). 


� Mumford et al (2008) used the Revised Restraint Scale (Herman & Polivy, 1980). However, scores were not reported separately. 


� Specifically the severity of binge-eating.


� Binge-eating was assessed by the Binge-Eating Scale (Gormally et al, 1982). Dietary restraint was measured by the Eating Inventory (Stunkard, 1981); the Eating Inventory incorporates most of the items from the Revised Restraint Scale (Herman & Polivy, 1980).


� The item was taken from the Binge-Eating Scale (Gormally et al, 1982). See Chapter 3: Methodology. The full Binge-Eating Scale has 16 items (maximum score=46).


� Of the 32 participants included in the exploratory analysis.


� As well as eating pathology (Button et al, 1997).


� School-based intervention studies further highlight the importance of self-esteem in fostering healthier eating attitudes and behaviours (McVey et al, 2004). 


� Kessler et al (2002) also presented a ten-item psychological distress scale. The psychometric properties of the scale remained largely unchanged by reducing the number of items to six. The maximum score for the six-item measure was 24.


� Depressive symptoms were measured using the Center for Epidemiological Studies – Depression Scale (CES-D) (Radloff, 1977). The standard cut-off score on the CES-D of 16 was used to indicate ‘elevated distress’. This cut-off point has been used in both community populations and within the pregnant population to indicate clinically significant elevations in depressive symptoms (Husaini et al, 1980; Myers & Weissman, 1980).


� The Center for Epidemiological Studies – Depression Scale measure indicates increases in depressive symptomatology, rather than the presence of serious mental illness, as measured by Kessler’s scale (using the cut-off point of 13), offering another explanation for the low psychological distress scores observed in this study.  


� The Eating Disorders Inventory perfectionism subscale has a total of 6 items. Each item has a maximum score of three, for a subscale sum score out of 18. 


� Using the Eating Disorders Inventory perfectionism subscale.


� Mean age was 16.7 ( 4.5 years.


� The role of fasting was not considered a priori in this study and requires further consideration. 


� The emotion suppression subscale of the Emotion Regulation Questionnaire contains four items. Each item score ranges from one to seven (Gross & John, 2003). In order to limit the variety of response option formats (e.g. 5pt. Likert scales, 7pt. Likert Scales, adjectival scales etc.), the response categories were reduced to five in our survey instrument.


� Matsumoto et al (2008) reported a mean score across all four emotion suppression items, rather than a cumulative sum score. 


� Note: Assessed by two items from the Difficulties in Emotional Regulation Scale’s impulse control difficulties subscale (Gratz & Roemer, 2004). The Difficulties in Emotional Regulation Scale (DERS) has a total of 36 items, each scored on a five point scale. The impulse control difficulties subscale is one of six subscales and is comprised of six items. Sum scores are reported for each subscale (Gratz & Roemer, 2004; Neumann et al, 2010). 


� Subscale from the Difficulties in Emotional Regulation Scale. 


� The restricted range may have resulted from the selection of more extreme items. Consequently, women clustered toward similar responses.


� Women with family incomes that were less than 185% of the (US) Federal Poverty Line were more likely to gain above the 1990 IOM guidelines than women who had higher incomes (AOR 2.6; 95% CI 1.6, 4.2).


� The survey instrument could not exceed approximately 10 minutes in length; therefore, few items were included under each construct during the instrument development (see Chapter 3: Methodology). In three cases, the exploratory factor analysis led to a reduction in the number of items measuring a construct. 


� Cronbach’s alpha cannot be estimated for a single-item scale. However, the Heise (1969) procedure of estimating reliability for a single-item scale based on the pattern of autocorrelations at three separate points in time (test-retest reliability) also for a reliability estimation for single-item measures. The reliability estimate produced by the Heise (1969) procedure, produces values similar to Cronbach’s alpha.


� Fabrigar et al (1999) reported that exploratory factor analysis requires a sufficiently large sample size; reporting this value as three to five variables representing each common factor in the analysis or at least 300 participants. 


� Cronbach’s alpha of 0.84 in pregnant population.


� Cronbach’s alpha of 0.95 in pregnant population (Feldman et al, 2000).


� The influence of cultural norms was attenuated by the process of acculturation for women who were residing in developed countries, where they cultural heritage was not prominently recognized (Tavor, 2010; IOM, 2009).


� For example, risk of excessive PWG decreased as pre-pregnancy BMI increased for women who preferred to be thinner compared to women who were satisfied with their current body shape and weight. 


� Low income was defined as less than 185% of the poverty level (Mehta et al, 2011). 


� The test-retest reliability for this tool was 0.77 for assessing current body size and 0.93 for assessing ideal body size (Mehta et al, 2011; Williamson et al, 2000). Mehta et al (2011) used the Body Image Assessment for Obesity tool.


� These variables were not included in our survey instrument for practical purposes, particularly to keep the survey instrument within a reasonable length (less than 10 minutes). In order to include more psychological constructs that have been included in the Davis et al (2012) and Hill et al (2013) frameworks, a second survey may be necessary. If women are enrolled prior to the 3rd trimester (less than 24 weeks), a second survey instrument could be administered during the 3rd trimester. While this would present more administrative complexities for the study, it would allow the research team to collect data on a broad array of psychological constructs and may also offer the opportunity to assess the stability of some psychological constructs over the second and third trimesters. Data on the stability of psychological factors may highlight the optimal time for intervention.    
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