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Abstract 

The purpose of this study was to determine the significance of two prenatal risk factors for the 

development of childhood overweight and/or obesity: maternal smoking and family history of 

obesity. Accordingly, a systematic literature review of English-language studies published from 

1980 to 2012 using the following data bases: MEDLINE, PsychINFO, Cochrane Database of 

Systematic Reviews, and Dissertation Abstracts International was conducted. The following 

terms were used in the search: pregnancy, overweight, obesity, smoking, family history, parents, 

childhood, risk factors.  Eighteen studies of maternal smoking during pregnancy and 11 studies 

of family history and obesity conducted in Europe, Asia, North America, and South America met 

the inclusion criteria. A meta-analysis of these studies indicated that maternal smoking during 

pregnancy is a significant risk factor for overweight and obesity; mothers who smoke during 

pregnancy are at a greater risk for developing obesity or overweight;  the quantity of cigarettes 

consumed by the mother during pregnancy influenced the odds of  offspring overweight and/or 

obesity; family history of obesity is a significant risk factor of overweight and /or obesity in 

offspring;  risk for offspring overweight and/or obesity associated with family history varies 

depending of the family members included in the analysis; and when family history of obesity is 

present, the offspring are at greater risk for developing obesity or overweight. In addition, the 

results from moderator analyses suggest that part of the heterogeneity discovered between the 

studies can be explained by the region of world that the study occurred in and the age of the child 

at the time of weight assessment.  The strengths as well as limitations of the study are discussed, 

along with directions for future research, practical implications, and the relationship of the 

research findings to the field of school psychology.  
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Chapter 1 - Introduction 

1.1 Overview of Childhood Obesity 

Excess body weight is one of the central risk factors contributing to the overall burden of 

lifestyle disease globally. Statistically speaking, approximately 1.1 billion adults and 10 percent 

of children are now classified as overweight or obese (Mukudeem-Petersen & Petersen, 2007). In 

1998, the World Health Organization (WHO) declared obesity a global epidemic; stressing the 

gravity of this disease. Staggering Canadian figures are accompanied by similarly worrying 

reports of increases in obesity worldwide (Shields, Carroll, & Ogden, 2011). In fact, recent data 

from the Canadian Health Measures Survey (CHMS, 2007) suggest that over 24 percent of 

Canadian adults between the ages of 20 thorough 79 are obese. Although obesity rates tend to be 

the highest in North America (e.g., 34.4. percent in United States (Shield et al., 2011), the 

increased prevalence of obesity across the Middle East and Central and Eastern Europe suggest 

the problem is no longer exclusive to developed countries (James, Leach, Kalamara, & Shayeghi, 

2001). Specifically, health organizations are now beginning to see climbing rates of obesity in 

countries including Mexico, Malaysia and Africa (Popkin & Doak, 1998). For example, a study 

conducted in Morocco and Tunisia suggested that over 12 percent of the Moroccan population 

examined were obese, while over 14 percent of the Tunisian population were obese (Mukudeem-

Petersen & Petersen, 2007). As obesity rates rise, so too do the associated health costs of this 

disease; thus highlighting the sheer necessity of devising a solution to this global epidemic.  

In addition to overall obesity prevalence rates mounting across countries, obesity rates 

among children appear to be escalating at an alarming rate (Koplan et al., 2005). Childhood 

obesity is increasingly being referred to as ‘The’ epidemic of the twenty-first century. Over the 

past three decades, the prevalence of childhood obesity has risen dramatically, making this health 
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condition a critical public health concern (Koplan, Liverman, & Kraak, 2005). Data from the 

2004 Canadian Community Health Survey (CCHS) suggested that the combined prevalence of 

overweight/obesity for both males and females was 70% higher than it was in 1978/1979, and the 

prevalence of obesity 2.5 times higher (Shields, 2006). Although overweight and obesity have 

been documented in children of all ages, trends in weight status tend to differ across various age 

groups. For example, CCHS statistics indicate that 6% of children from the ages of two through 

five were classified as obese and 21% were classified as overweight. Even more worrisome were 

the rates for children between the ages of six and 11, with 8% of children being classified as 

obese and 26% as overweight (Shields, 2006). Such alarming data suggest that childhood obesity 

has already reached epidemic proportions in our own country.  

Similar trends in overweight and obesity in children have been observed and documented 

in the other countries as well (Daniels et al., 2005). In fact, globally, estimates suggest that 155 

million children currently suffer from this treatable, yet deadly disease (Mukuddem-Petersen & 

Petersen, 2007). Over the course of the past thirty years, the prevalence of childhood obesity in 

the United States has more than doubled for preschool children between the ages of two and five, 

and more than tripled for those children between the ages six and eleven (Koplan et al., 2005). 

Data suggest that children and adolescents residing in the Mediterranean Sea area demonstrate 

the highest rates, with obesity rates ranging from 20 to 40 percent (Manios & Costarelli, 2011). 

Furthermore, data from two Australian national surveys indicated that the incidence of 

overweight almost doubled between 1985 and 1995 (Magarey, Daniels, & Boulton, 2001). In 

addition, increases in childhood overweight and obesity have also been observed in the United 

Kingdom, China, Germany, France, and Finland (Lobstein, Baur, & Uauy, 2001). Given such 

alarming statistics, it should come as no surprise that throughout the professional literature, and 
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in the popular press, there has been a large increase in attention devoted to understanding and 

treating childhood obesity. 

1.2 Risk Factors for Childhood Obesity  

Obesity is a condition with multiple etiologies, and therefore multiple risk factors 

(Brownell & Walden, 1992). While general risk factors, including physical inactivity, sedentary 

behaviour, and unhealthy dietary patterns have been discovered to significantly contribute to the 

development and maintenance of obesity and overweight across the lifespan (Wilfley et al., 

2007), specific risk factors occurring during the prenatal and early childhood developmental 

periods also appear to have a tremendous impact on the weight and thus subsequent health of 

children and youth (Hu, 2008).  

Some of these risk factors include maternal smoking during pregnancy, family history of 

obesity, maternal weight gain during pregnancy, history of breastfeeding, accelerated infant 

weight gain, and infant feeding practice. For example, with regards to breastfeeding, studies 

suggest that children who were breastfed experience a 13 to 22 percent decline in the odds for 

later obesity (Druet al., 2012). Previous meta-analytic work suggests conclusive evidence that 

accelerated weight gain during the first year of life is a strong predictor of subsequent childhood 

overweight and/or obesity (Baird, Fisher, Lucas, Kleijnen, Roberts, & Law, 2005; Druet al., 

2012; Ong & Loos, 2006). Furthermore, excessive weight gain during pregnancy (over 40 

pounds) has been repeatedly linked to subsequent obesity in children, with the association still 

remaining when these children become adults (Brisbois, Framer, & McCargar, 2012). As 

maternal smoking during pregnancy and family history of obesity are the focus on this meta-

analysis, they will be briefly reviewed in the following sections. A more thorough review will be 

provided in chapter two.  
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1.2.1 Maternal Smoking 

Historically, maternal smoking during pregnancy has been associated with low-birth 

weight in offspring (Oken & Gillman, 2003; Rasmussen, 2001). Over the ten to fifteen years, 

interest appears to have shifted from the short-term effects of maternal smoking during 

pregnancy, namely low birth weight, to the more long-term effects, including catch-up growth of 

offspring, and even the development of subsequent overweight and/or obesity. Indeed, current 

evidence suggests that children born to mothers who smoked during pregnancy may be at an 

increased risk for the subsequent development of overweight/obesity during childhood (Koshy, 

Delpisheh, & Brabin, 2011; Leary, Smith, Rogers, Reilly, Wells, & Ness, 2006; Toschke, 

Montgomery, Pheiffer, & von Kries, 2003; von Kries, Toschke, Koletzko, & Slikker, 2002).  

Despite the empirically-supported hypothesis that prenatal exposure to nicotine appears 

to increase the likelihood of the subsequent development of childhood overweight and/or 

obesity, the research surrounding maternal smoking during pregnancy and its influence on the 

development of childhood overweight/obesity has produced some conflicting results, particularly 

with regards to the degree of association (Adams, Harvey, & Prince, 2005). One potential 

explanation for the variation in findings rests in how the dependent variable, namely child weight 

status, is operationalized. Some researchers for example have used overweight as a dependent 

variable, categorizing all children with BMI over the 85
th

 percentile as overweight, failing to 

distinguish obesity (Adams et al., 2006; Braun et al., 2010; Tome, Barbieri, Silva, Simoes, 

Garcia, & Bettiol, 2007; Wideroe, Vik, Jacobsen, and Bakketeig, 2004). On the other hand, 

researchers of another study did not examine overweight status, only including children with a 

BMI greater than the 95
th

 percentile in their analyses (Whitaker, 2004). Moreover, some 

researchers have examined both overweight and obesity in offspring (Ino, Shibuya, Saito, and 
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Ohtani, 2011; Moreira, Padez, Mourao-Carvalhal, & Rosado2007; Raum, Kupper-Nybelen, 

Lamerz, Hebebrand, Herpertz-Dahlmann, & Brenner, 2011).  

Another issue in the current empirical literature is the potential impact of the quantity of 

cigarettes smoked by the mother. For example, some researchers have treated maternal smoking 

as a dichotomous variable with mothers only providing information about whether they smoked 

or did not smoke during pregnancy (Dubois & Girad, 2006; Moreira, Padez, Mourao-Carvalhal, 

& Rosado, 2007). Other researchers, on the other hand, have treat the variable of maternal 

smoking as continuous, with mothers indicating in their studies the number of cigarettes 

consumed per day (Leary et al., 2006). Interestingly, when dose-effect is taken into 

consideration, conflicting results have been discovered. Indeed, while some research suggests 

that the odds of offspring obesity and/or overweight tend to increase as the number of cigarettes 

smoked increase (Von Kries, Toschke, Koletzko, & Slikker Jr., 2002), other have discovered 

limited increased risk (Danielzik et al., 2004), or increased risk only when greater than 19 

cigarettes were smoked per day (Reilly, Armstrong, Dorosty, Emmett, Rogers, Steer, & Sherriff, 

2005; Widero et al., 2004). Given the variation in findings, a consolidation of findings, or in 

other words a systematic review is thus necessary to bring better clarity with respect to such 

discrepancies in findings.  

1.2.2 Family History of Obesity 

As demonstrated with regards to maternal smoking and childhood obesity, the empirical 

research relative to the influence of family history of obesity in the development of childhood 

overweight/obesity has produced variations in findings, particularly with regards to the degree of 

risk between family history of obesity and offspring overweight and/or obesity (Fuentes, 

Notkola, Shemeikka1, Tuomilehto, & Nissinen, 2003; Huus, Ludvigsson, Ensk, & Ludvigsson, 
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2007; Neutzling, Augusto, Taddei, & Gigante, 2003). One factor in particular, which appears to 

influence the outcomes of the findings in this area, is which particular member/s of the family 

the researchers include in the outcome analyses. In terms of which family member/s included in 

the analyses, mothers and/or fathers are usually the participants of principal interest. Overall, the 

evidence from such studies suggests that maternal BMI appears to be more predictive of 

childhood overweight/obesity than the BMI of other family members (Chen, et al., 2005; 

Takahashi, Yoshida, Sugimori, Miyakawa, Zuno, Yamagami, & Kagamimori, 2005). This is not 

always the case however, with some research indicating that the combination of high maternal 

and paternal BMI may be more influential than solely a high maternal BMI (Danielzik, et al., 

2004; Krahnstoever, Davison, Francis, & Birch, 2005).  

Similarly to maternal smoking, the manner in which child weight status is operationalized 

also appears to impact the degree of association. Again, some researchers have grouped all 

children with a BMI over the 85
th

 percentile as overweight (Chen et al., 2005; Hui, Nelson Yu, 

Li & Fok, 2003; Krahnstoever et al., 2005), while other researchers have only examined children 

classified as obese based on a BMI greater than the 95
th

 percentile (He, Ding, Fong, & Karlberg, 

2000), while yet more researchers have examined both overweight and obesity (Danielzik et al., 

2005; Mangrio, Lindstrom, & Rosval, 2010). Interestingly, while some studies suggest a higher 

degree of association between family history of obesity and subsequent childhood overweight 

(Danielzik et al., 2005), others suggest the opposite (Mangrio et al., 2010). Meta-analytic work is 

thus necessary to synthesize this literature so that conclusions can be more clearly drawn in the 

area of family history of obesity and subsequent offspring overweight and/or obesity. 



7 

1.3 Statement of the Problem 

Overall, obesity is a health condition that, once established, is difficult to treat (Caballero, 

2004). As such, it not surprising that the prevention of obesity has become a central goal of 

public health policies (Kumanyika & Obarzanel, 2003). The science of obesity prevention 

however, is still in its infancy stage (Budd & Hayman, 2006). In order for prevention efforts to 

be met with success, such efforts must be based on empirical evidence and targeted towards 

specific risk factors for the condition (Caballero, 2004). While some prenatal and early 

childhood risk factors including maternal weight gain during pregnancy, socioeconomic 

variables and breastfeeding have been previously consolidated and linked to the subsequent 

development of childhood overweight/obesity (e.g., Chaput & Tremblay, 2006; Mizutani, 

Suzuki, Kondo, & Yamagata, 2007), two risk factors, namely maternal smoking during 

pregnancy and family history of obesity require further investigation. 

1.4 Purpose of the Study 

Thus, the purpose of this current study is to provide a synthesis of two of the prenatal and 

early childhood risk factors for childhood overweight/obesity maternal smoking and family 

history of obesity. Other prenatal and early childhood risk factors including maternal weight gain 

during pregnancy, socioeconomic variables and breastfeeding have also been linked to the 

subsequent development of childhood overweight/obesity (Chaput & Tremblay, 2006; Mizutani, 

Suzuki, Kondo, & Yamagata, 2007). Due to limited availability of empirical studies with regards 

to maternal weight gain during pregnancy and socioeconomic factors, or in the case of 

breastfeeding, previous meta-analytic studies (Harder, Bergmann, Kallischnigg, & Plagemann, 

2006), such factors will not be the principal factors examined; rather, they will be treated as 
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moderator variables. It is anticipated that such a critical review will advance the knowledge of 

the etiologic and risk processes for this serious health condition.  

1.5 Overview of the Thesis 

The present chapter has provided a brief overview of childhood obesity, as well as a brief 

review of some of the potential prenatal and early childhood risk factors for childhood 

overweight/obesity. The following chapters will provide a more extensive and detailed review of 

obesity; and specifically, the risk factors associated with the development of childhood 

overweight/obesity. In the second chapter, attention will be devoted to developing an 

understanding of some of the widely accepted etiologies, as well as the negative outcomes of 

childhood overweight/obesity. Meta-analytic research designs will also be introduced, including 

their purpose, the various principles and procedures, as well as the strengths and weakness of 

such designs. From there the particular research design of this study, including the specific 

research questions of this study, will be provided. The third chapter will focus on the methods of 

the research study, devoting specific attention to the research procedures employed. Data 

analysis and outcomes of the study will be offered in the fourth chapter. Both descriptive and 

inferential statistical results will also be discussed. Finally, the fifth chapter will provide a 

discussion of the overall results of the study and their significance. The limitations of the study, 

as well as some suggested directions for future research will be provided. 

  



9 

Chapter 2 - Literature Review 

2.1 Overview of the Chapter 

This chapter will begin by providing some background with regards to the concept of 

obesity. Definitions for both overweight and obesity in general, as well as childhood overweight 

and obesity will be provided. From there, the prevalence rates of childhood obesity will be 

discussed, alongside the potential negative physical and psychosocial implications of childhood 

overweight and/or obesity. Next, the theoretical perspectives and the etiology of childhood 

obesity, focusing on the assessment of the condition, will be discussed. An empirical review of 

some of the most widely-researched risk factors for childhood overweight and/or obesity will 

then be offered, particularly highlighting both maternal smoking during pregnancy and family 

history of obesity. Near the end of the chapter, information will present some information with 

respect to the relevance of overweight and or obesity risk factors to the field of school 

psychology This literature review will pave the way for the discussion of the statement of the 

problem and the analytical approach of the study, highlighting the purpose and strengths of a 

meta-analytic design. The chapter will close with a discussion of the research design of this study 

and the research questions to be examined. 

2.2 Overview of Overweight and Obesity 

Overweight and/or obesity, including the associated implications, as well as prevention 

and treatment approaches for these conditions, have become one of the most widely discussed 

topics of our current time (Blair & LaMonte, 2006; & Eriksen, 2010). With the prevalence rates 

of overweight and/or obesity reaching epidemic-like proportions and the astronomical economic 

costs associated with treating this a condition, it should come as no surprise that since the early 

1990s, media attention surrounding obesity has increased five-fold (Lawrence, 2004). Although 
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being overweight and/or obese has been viewed as unhealthy for centuries, it was not until the 

1950s that obesity became medicalized by health care professionals, as well as the general 

population. Medicalization is essentially the process of reclassifying “badness” to “sickness” 

(Conrad, 2007). Specifically, what had formerly been viewed as moral deviance, treated as the 

personal responsibility of the ‘fat’ person, was now treated and viewed as a bonafide medical 

condition requiring therapeutic intervention (Craig, 2010). Initially, the medicalization of obesity 

occurred through a gradual process, but grew dramatically throughout the 1960s and 1970s 

(Sobal, 1995). In 1990, obesity was formally classified as a disease in the International 

Classification of Diseases (International Classification of Disease, 1990). Despite the 

reclassification of overweight and/or obesity from a personal condition to a disease, the moral 

overtones of obesity remain throughout society, with overweight and obese individuals still 

being viewed as responsible (even looked down upon) for their own condition (Craig, 2010).   

2.2.1 Adult Obesity and Overweight Defined 

Obesity is defined as an abnormal accumulation of body fat resulting from energy intake 

exceeding energy expenditure for prolonged periods. Adults with a body mass index greater than 

30 kg/m² are considered obese (NIH, 1998). While the term “obesity” is defined with respect to 

excessive body fat in relation to lean body mass, the term “overweight” is defined with respect to 

excess weight in relation to height and is usually defined as a BMI between 25 and 29.9 kg/m² 

(He & Beynon, 2006). Although the term overweight may be thought to indicate a milder degree 

of excess fat than does obesity, no global consensus criteria exist specifying such a distinction. In 

fact, the two terms are frequently used interchangeably throughout the literature (Barlow & 

Dietz, 1998).  
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2.2.2 Childhood Obesity and Overweight Defined 

Defining childhood obesity is not as straightforward as defining adult obesity, and has 

therefore posed some challenges to researchers. With childhood being a period of rapid growth 

and development, developmental considerations prove to be one of the central obstacles in 

defining this construct (Xanthopoulos, Hart, & Jelalian, 2008). Unfortunately, despite rapid 

expansion in the field of childhood overweight and/or obesity, there is yet to be a current 

uniform consensus on the definition of childhood obesity (Lee, 2009). As with adults, it is quite 

common to use the terms “overweight” and “obese” interchangeable when referring to children. 

Though this interchangeable use of terms is often accepted, the terminology can be confusing, 

especially when one is attempting to compare or investigate potential difference between 

overweight and obesity.  

The terms overweight and obesity imply different problems (Tyler & Fullerton, 2009). 

“Overweight” refers to excess body weight, including fat and lean body mass, bones and water, 

while “obesity” refers to excess body fat. The pubertal process as well the normal growth process 

complicate matters and have led researchers and clinicians to search for a more appropriate 

means of not only defining but assessing childhood overweight and/or obesity. Presently, two 

sets of criteria are commonly used to distinguish between overweight and obesity in children. 

The first criterion was established by the International Obesity Task Force (IOTF) (Cole, 

Bellizzi, Flegal, & Dietz, 2007). The World Health Organization (WHO) also endorses these 

reference data (World Health Organization, 1998) for worldwide use in classifying children as 

overweight. The second set of criteria was established by the Center for Disease Control (CDC; 

2006). One distinct difference between these criteria is that the CDC classification is based on 

data obtained from children in the United States, while the IOTF definition includes data on 
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children from a number of countries and employs sex-specific BMI-for-age growth charts. The 

latter classification was established to provide a more accurate classification system for use 

outside the United States, as well as to develop a strategy that maps onto the adult criteria of a 

BMI of 25 kg/m²  for overweight and 30 kg/m² for obese.  

Although the two different sets of criteria are similar and seek to define the same 

constructs, the IOTF reference values generally yield lower estimates of obesity prevalence 

compared to the CDC growth charts (CDC, 2006). In Canada, currently the IOTF criteria are 

most employed in clinical settings; overweight and obesity status in children are essentially 

defined by cut-off points (Cole et al., 2007). The CDC BMI-for-age growth charts (2006) define 

BMI ranges for children to account for differences in body composition as children grow. BMI 

between the 85
th

 and the 95
th

 percentile represent overweight, while BMI greater than the 95
th

 

percentile signifies obesity. Despite the differences in the two criteria, both essentially employ a 

measure of BMI.  

Although seemingly straightforward, there are several limitations associated with the 

utilization of the body mass index of children. Specifically, BMI is often influenced by level of 

physical fitness, ethnic background, and frame size (Cole et al., 2007; Tyler and Fuller, 2009). 

As such, BMI may not be the perfect indicator of overweight and obesity in children, as it can 

falsely classify children with a normal amount of body fat as overweight or children who are 

overweight as being a healthy weight (Barlow, 2007). One particular factor which has been 

shown to falsely elevate BMI is muscular development; BMI does not distinguish lean body 

mass from body fat (Gibson, 2006; Reilly, Dorosty, & Emmett, 2002). Furthermore, BMI values 

have been discovered to vary according to the degree of sexual maturity (Gibson, 2006).  
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Barlow and colleagues (2007) suggest that, when attempting to understand the 

classification of overweight or obesity, it is essential to take into account that the validity of BMI 

depends in part on the cut-off points established. For example, if a high cut-off point is selected, 

then children with normal BMI, despite the possibility of high levels of body fat, will be 

misclassified as being a healthy weight. On the other hand, if a low cut-off point is chosen, then 

children with a high BMI, even with normal body fat (e.g., high muscular development), will be 

mislabelled as being an unhealthy weight. As such, the cut-off point must balance between over 

and under-diagnosing. Indeed, while the ease at which BMI is calculated as well as its continuity 

with recommended assessments of adult body weight make it an attractive option when working 

at the population level, when working on a clinical or individual level, BMI should be employed 

in conjunction with markers of body weight. 

2.3 Prevalence of Childhood Overweight and Obesity 

Overweight and/or obesity are conditions that impact not only adults, but children as 

well. Indeed, research suggests that obesity in childhood, particularly in adolescence, is a key 

predictor for obesity in adulthood (Hu, 2008). Moreover, morbidity and mortality in the adult 

population are increased in individuals who were overweight and/or obese in adolescence, even 

if they lose the extra weight during adulthood (Deckelbaum & Williams, 2001; Janssen et al., 

2005).  

As previously mentioned in chapter one, it has been estimated that over 43 million 

children are currently classified as obese, while another 92 million are at risk for becoming 

overweight  (de Onis et al., 2010). Canada is in no way immune to this epidemic; in fact, the 

most recent Canadian prevalence rates suggest that over 31 percent of children between the ages 

of five and 17 are overweight. That means that over 1.6 million Canadian children are 
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overweight (CCHS, 2012). While prevalence rates for both boys and girls are alarmingly high, 

boys demonstrate higher rates of overweight, with an estimated 15 percent of boys versus eight 

percent for girls. Interestingly, based on these most recent Canadian prevalence rates, overweight 

and/or obesity rates appear to have stabilized since 2004 (CCHS, 2012). Prevalence rates from 

2004, on the other hand, suggested that the combined prevalence of overweight/obesity for both 

males and females was 70% higher than it was in 1978/1979, and that the prevalence of obesity 

was 2.5 times higher (Shields, 2006). Although overweight and obesity have been documented in 

children of all ages, trends in weight status tend to differ across various age groups. For example, 

CCHS statistics indicate that 6% of children between the ages of two and five were classified as 

obese, and 21% were classified as overweight. Even more worrisome were the rates for children 

ages six through 11, with 8% of children being classified as obese and 26% as overweight 

(Shields, 2006). Such alarming data supports the idea that childhood obesity has reached 

epidemic proportions in our own country.  

Over the course of the past thirty years, the prevalence of childhood obesity in the United 

States has more than doubled for preschool children between the ages of two and five, and more 

than tripled for those children ages six through eleven, with 17 percent of American children 

currently being classified as obese (Ogden et al., 2010). Data suggest that children and 

adolescents residing in the Mediterranean Sea area demonstrate the highest rates, with obesity 

rates ranging from 20 to 40 percent (Manios & Costarelli, 2011). Australia has also recently been 

referred to as “one of the fattest countries,” with approximate prevalence rates of overweight and 

obesity for children between the ages of two and 18 of between 22 to 25 percent (Olds, 

Tomkinson, Ferrar, & Maher, 2010). Given such alarming statistics, it should come as no 

surprise that throughout the professional literature, and in the popular press, there has been an 
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astronomical increase in the level of attention devoted to understanding the development of 

childhood overweight and/or obesity, and particularly, the underlying risk factors.  

2.4 Implications of Childhood Overweight and Obesity 

The adverse effects of overweight and obesity on adults have been described for 

millennia, dating back to the time of Hippocrates (Hu, 2008). Comparatively, the adverse effects 

of overweight and obesity in children has a much less extensive history. Obesity is an important 

public health problem amongst children and adolescents across Canada and other developed - 

and more recently, developing - countries worldwide (Old, 2011). This condition is viewed as a 

form of pathology that is both prevalent and associated with several negative outcomes and 

potential implications (Koplan, Liverman, & Kraak, 2005). Chief among the negative 

implications of pediatric obesity is future adult obesity (Hu, 2008). In fact, obese preschoolers 

are twice as likely to become obese as adults than their non-obese peers (Serdula, Ivery, Coates, 

Freedman, Williamson, & Byers, 1993). Even more alarming, overweight adolescents are 18 

times more likely than their non-obese peers to become obese as adults (Whitaker, Wright, Pepe, 

Seidel, & Dietz, 1997). The following sections will examine the health-related and psychosocial 

consequences associated with childhood obesity.  

2.4.1 Health-Related Consequences 

As previously mentioned, childhood obesity is highly predictive of the subsequent 

development of adult obesity. In addition to the significant increase in their likelihood of 

remaining obese as adults, obese children and adolescents are also at risk for developing many 

other serious and even life-threatening medical conditions, including but not limited to 

cardiovascular disease, non-insulin-dependent (NIDDM) type 2 diabetes, and respiratory 

diseases such as asthma, (Hu, 2008). Research suggests that the health risks associated with 
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obesity are greater than the risks associated with many other chronic health conditions 

(Mukuddem-Petersen & Petersen, 2007). Although the physical health symptoms of pediatric 

overweight and/or obesity may not present themselves until late adolescence or adulthood, some 

obesity-related symptoms present themselves even during childhood (Daniels et al., 2005).  One 

primary example of a health condition that is increasingly being evidenced in obese children is 

NIDDM (Hu, 2008). While the exact prevalence of obese children with NIDDM has not yet been 

investigated, it has been estimated that approximately 11 percent of those adolescents diagnosed 

with NIDDM are obese (Duncan, 2006).  Not surprisingly, children with NIDDM tend to be 

markedly obese when compared to other children (Scott, Smith, Cradock, & Pihoker, 1997).  

In terms of cardiovascular disease, a relationship between overweight and/or obesity in 

childhood and adverse cardiovascular events, especially when those children become adults, has 

been proposed (Berenson, 2012). Research suggests that overweight adolescents are more likely 

to develop heart disease than their non-obese peers (Franks et al., 2010; Must, Jacques, Dallal, 

Bajema, & Dietz, 1992). High blood pressure is often a medical condition that, if left untreated, 

is a strong predictor of cardiovascular disease. High blood pressure is strongly related to body 

weight, meaning that obese individuals are at a much greater risk of developing high blood 

pressure than average weight peers (Freedman, Khan, Dietz, Srinivasan, & Berenson, 2001). A 

robust positive correlation has been discovered between body weight and high blood pressure in 

children and adolescents (Ghosh, 2005). A longitudinal study conducted by Field and colleagues 

(2006) which followed children between the ages of eight to 15 suggest that  overweight youth 

(BMI greater than the 84
th

 percentile) were over 12 times more likely than normal weight peers 

to develop high blood pressure.  
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In terms of respiratory diseases, research indicates that childhood overweight and/ or 

obesity is associated with poor pulmonary function (Kwon, Ortiz, Swaner, Shoemaker, & Jean-

Louis, 2006). The results of cross-sectional studies have consistently indicated a significant 

association between pediatric obesity and asthma (Kwon et al., 2006; von Kries, Hermann, 

Grunert, & von Mutius, 2001; von Mutius, Schwartz, Neas, Dockery, & Weiss, 2001). 

Furthermore, in a study involving 3,792 children who were assessed annually between 1993 and 

1998, overweight and obese children were significantly more likely to develop asthma than their 

leaner peers (Gilliland et al., 2003). 

2.4.2 Psychosocial Consequences 

While health-related consequences associated with childhood overweight and obesity can 

lead to potentially devastating outcomes, one must not discount the true gravity of the 

psychosocial implications of pediatric obesity (Sgrenci & Faith, 2011). In fact, while many of the 

previously discussed health-related consequences frequently associated with pediatric obesity 

may not become apparent until adolescence or adulthood, the psychosocial consequences 

associated with childhood overweight and/ obesity appear to have immediate implications (Hu, 

2008). One of the most immediate psychosocial consequences of childhood obesity is 

stigmatization, peer victimization, and even bullying (Dietz, 1998; Sgrenci & Faith, 2011). 

Overweight and obese children and youth have been frequently reported to be more often 

victimized than their average weight peers (Boneberger, von Kries, Milde-Busch, Bolte, Rochat, 

& Rückinger, 2009; Rubin, Coplan, & Bowker, 2009; Snyder, Schrepferman, McEachern, 

Barner, Johnson, & Provines, 2008). In this regard, a large scale cross-sectional study of 

American adolescents discovered that overweight adolescents were more likely than their leaner 

counterparts to experience teasing from peers (Neumark-Sztainer, Falkner, Story, Perry, Hannan, 
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& Mulert, 2002). Similar results have been discovered here in Canada. A large scale study 

conducted by Janssen, Craig, Boyce, and Pickett (2004), involving 5,749 Canadian children 

between the ages of 11 and 16, suggested that obese youth were significantly more likely than 

their average-weight peers to be the victim of peer bullying. Additional research suggests that 

children more often report negative attitudes towards obese than non-obese peers (Hawker & 

Boulton, 2000). Research conducted in the early 1980s discovered that overweight or obese 

children and adolescents were judged by their peers as “unattractive, ugly, lazy, and dumb,” 

(Allon, 1981). Over twenty years later, those same views have not changed (Latner, Stunkard, & 

Wilson, 2005).  

In addition to being at an increased risk for bullying, stigmatization, and peer 

victimization, overweight and/or obese children also have a demonstrated  risk for  becoming 

perpetrators of bullying victimization themselves (Griffiths, Wolke, Page, Horwood, 2006; 

Janssen, Craig, Boyce, & Pickett, 2004). This finding, however, appears to vary depending on 

the sex of the child (Griffiths et al., 2006). With regards to boys, it appears as though being 

obese, especially prior to puberty, may provide them with greater body strength, and thus often 

the ability to dominate others physically (Stamatakis, Primatesta, Chinn, Rona, Falascheti, 2005). 

With regards to girls on the other hand, an inverse relationship between weight and bullying 

perpetrations tends to occur, with underweight girls being more likely to perpetrate bullying 

(Griffiths et al., 2006). This finding appear to be related to the fact that in girls there is no distinct 

advantage of being obese and physically stronger, as most of their direct bullying is name-

calling; consequently, they are more likely to become victims of overt bullying.  

In addition to the negative social consequences often experienced by overweight and/or 

obese children, lower levels of self-esteem, increased dietary restraint, concerns about weight 

http://pediatrics.aappublications.org/search?author1=Ian+Janssen&sortspec=date&submit=Submit
http://pediatrics.aappublications.org/search?author1=Wendy+M.+Craig&sortspec=date&submit=Submit
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and shape, unhealthy weight control practices, increased eating disorders symptomology, and 

increased risk for suicidal behaviour present as potential negative psychological consequences 

(Andrews & Robinson, 2007, Daniels et al., 2005, Hu, 2008; Russell-Mayhew, McVey, Bardick, 

&  Ireland, 2012). Females appear to be the most at risk for developing negative psychological 

consequences. Overweight and obese girls have been found to display significantly lower levels 

of self-esteem and global self-worth, along with higher levels of depression, than girls of average 

weight (Burrows & Cooper, 2002). Research conducted by Biro and colleagues (2006) 

discovered that, regardless of age, being classified with weight even one standard deviation 

above the mean resulted in low levels of self-esteem. Even in girls as young as five years of age, 

weight status has been discovered to be associated with greater body dissatisfaction (Davison, 

Markey, & Birch, 2003).  

One of the most alarming physical as well as psychosocial consequences associated with 

obesity in youth is an increased risk for suicidal behaviour. Research from several studies 

suggests that overweight and obese youth are more likely to report suicidal thoughts and even to 

attempt suicide than average-weight peers (Ackard, Neumark-Sztainer, Story, & Perry, 2003; 

Eaton, Lowry, Brener, Galuska, & Crosby, 2005; Falkner, Neumark-Sztainer, Story, Jeffrey, 

Beuhring, & Resnick, 2001). Indeed, a higher BMI has been associated with suicidal ideation 

(Puhl & Latner, 2007). Specifically, overweight and obese youth are more likely to not only 

experience suicidal ideation, but also attempt suicide, than average weight peers (Eaton et al., 

2005). Furthermore, Falkner and colleagues (2001) discovered that obese girls were over 1.7 

times more likely to attempt suicide than their leaner counterparts.  
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2.5 Theoretical Perspectives and Etiology of Childhood Obesity 

At first glance, the etiology of obesity may appear as a simple, straightforward process: 

excess caloric intake leads to weight gain. The cause of this imbalance, however, represents the 

union of complex biological, psychological, and environmental factors (Henderson and 

Brownell, 2004).  As such, due to the multifactorial and heterogeneous nature of obesity, 

assuming that the disorder has one single cause or etiology is naïve. Obesity is a disorder with 

multiple etiologies and therefore multiple risk factors (Lawlor, Davey Smith, & Martin, 2011).  

While some of the etiologies/risk factors for obesity are typically viewed as occurring prenatally 

or early in post-natal development, some general risk factors for the disorder are particularly 

salient during childhood or adolescence (Shields, 2006).  For example, while an individual may 

be or maintain a normal body weight during childhood, they may later develop obesity during 

adolescence. In another regard, an individual may develop obesity very early on in life and 

continue to be obese over the course of their life.  While the majority of this paper will address 

the prenatal and early post-natal risk factors for obesity, the following section will briefly 

introduce the most common general risk factors for obesity that can be viewed as occurring 

throughout the child developmental process, namely physical activity and dietary patterns. 

In order to understand how dietary patterns and physical activity can be considered risk 

factors for obesity, it essential to first examine how body mass is related to energy metabolism 

and imbalance in humans. Obesity can be seen as the result of a chronic energy imbalance 

between energy intake and energy expenditure (Palou, Bonet, Serra, & Picó, 2011).  This implies 

that if energy intake exceeds energy expenditure, energy storage, or excess weight will occur 

(Melby, Ho, & Hill, 2000).   
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Knowledge of the daily energy requirements in individuals is necessary in order to 

understand how obesity may be linked to energy imbalance (Tataranni & Ravussin, 2002).  The 

daily sedentary energy requirements for any given individual can be accurately measured with 

respiratory chambers. Through the use of such measurement techniques, it has been established 

that sedentary daily energy expenditure is a linear function of body size, meaning that heavier 

individuals have higher metabolic rates than lighter individuals (Kutchman, Lawhun, Laheta, & 

Heinberg, 2009).   

Essentially, there are three components of energy expenditure related to the variability in 

daily energy requirements including: resting metabolic rate (RMR), the thermic effect of food 

(TEF), and physical activity (PA). RMR is the amount of energy required for an individual to 

maintain normal physiologic processes in the fasting state under normal conditions (Melby et al., 

2000).  RMR is closely correlated with body size, and is determined by factors including age, 

gender, and fat-free body mass; however RMR can vary as much as 20% among individuals.  

Such variability is believed to be the result of genetic contributions (Tataranni & Ravussion, 

2002). TEF, or the increase in energy expenditure observed after a meal, accounts for 

approximately 8-10% of daily energy expenditure (Melby et al., 2000). TEF is influenced by 

numerous factors including the amount of food consumed and its composition, sweetness of the 

food, meal time, age, physical fitness, sensitivity to insulin, and the individual’s genetic make-up 

(Tataranni & Ravussion, 2002).  It has been hypothesized that TEF is the primary component of 

energy expenditure leading to variability in daily energy imbalance, therefore placing individuals 

at a greater risk for obesity (Melby et al., 2000).  PA may be the most variable and difficult to 

measure component of the three.  PA has been postulated to account for between 15-50% of total 
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energy expenditure, depending on the amount of PA performed by the individual (Melby et al., 

2000).   

Now that the components of energy expenditure have been briefly presented, focus will 

now shift to energy intake.  It is important to note that the energy intake of individuals is highly 

variable and often influenced by social, psychological, and economic factors (Dionne & 

Tremblay, 2000).  Energy intake is best understood with regards to the individual nutrients 

consumed by individuals, including protein, carbohydrates, fat, and alcohol (Dionne & 

Tremblay, 2000).  Proteins are essential for tissue creation; they contribute to only a small 

amount of total energy intake.  Unlike many of the other nutrients, protein consumption is not 

thought to be linked to obesity. In fact, research suggests that the consumption of proteins may 

increase satiety and help reduce energy intake (Barkling, Rossner, & Bjorvell, 1990).  

Carbohydrates are usually categorized as either simple sugars or complex carbohydrates, and 

tend to be the primary source of dietary calories (Slyper, 2004). While carbohydrates also have a 

satiating effect, the effect is not as strong as with proteins.  Fat is a high-energy dense 

macronutrient, with a low satiating effect, which can lead to over-consumption of energy if food 

volume is unregulated.  In addition, fats are also considered to give food greater flavour and 

palatability, which may also increase food consumption (Willet, 2002).  While alcohol is not 

generally believed to contribute to a large proportion of total energy intake, the calories 

consumed from it however represent a surplus added to existing energy intake (Dionne & 

Tremblay, 2000). 

There are various factors involved with energy expenditure and energy balance, all of 

which contribute to overall energy balance (Tataranni & Ravussion, 2000).  Unfortunately, in 

recent years energy intake relative to energy expenditure has increased, creating an overall 
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energy imbalance, and thus strongly contributing to the obesity epidemic we are currently 

observing (Dionne & Tremblay, 2000).  The following two subsections will further elaborate on 

the role of energy intake and expenditure in the development of obesity.   

2.5.1 Physical Activity 

Although physical activity only accounts for a portion of an individual’s energy 

expenditure, it continues to exert a strong influence on the development of obesity during 

childhood and adolescence (Gutin Riggs, Ferguson, & Owens, 2000).  While it is generally 

recognized that human energy balance can be more readily modified by changes in dietary 

energy intake than in energy output, it is important to bear in mind that energy expenditure 

during physical activity depends largely on body composition (Caballero, 2004). To illustrate, if 

a thin and obese youth were to engage in identical amounts of physical activity, energy 

expenditure in the obese youth would be more (Gutin  et al., 2000).  As a result, the amount of 

physical activity required to lose weight is highly individualized.   

Lifestyle habits are often developed early in childhood and carried on by individuals 

throughout their lifespan. Evidence suggests that active adults were active children, while 

sedentary adults were also sedentary as children (Lindsay et al., 2006).  There appears to be a 

cyclic relationship in youth between inactivity, weight gain, more inactivity, more weight gain, 

and so on. Consequently, the promotion of physical activity is necessary to help prevent obesity 

(Gutin et al., 2000).   

Recently, researchers have focused not only on the amount of physical activity children 

are engaging in, but on the amount of time children spend in sedentary activities such as 

watching television, playing video games, or spending time on the internet (Caballero, 2004). In 

general, as technology has advanced and made the idea of staying indoors an increasingly 
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attractive option for youth, daily physical activity appears to have declined. It has been estimated 

that by the time they reach school-age, approximately half of all children in the United States 

watch at least two hours of television per day (Crespo et al., 2001). Excessive television may be 

related to weight gain and the development of obesity in children. Research suggests that 

reducing the hours spent watching television can reduce children’s BMI and risk for obesity 

(Robinson, 1999). Overall, it appears as though televisions, DVD players, video games, and a 

host of electronic appliances all act together to reduce energy expenditure in children (Bronwell 

& Walden, 1992).   

Socialization factors may be another reason why the amount of physical activity children 

are participating in has declined. Children are exposed to various socialization agents each day, 

including family, friends, school, and the mass media (Berk, 2000). Familial influences may be 

particular salient factors in determining the amount and of physical activity children engage in. A 

study conducted by Roberts and colleagues (2005) suggested that approximately 70% of children 

have a television in their bedroom, and half have a video game player and a DVD player as well 

reference support. Interestingly however, more than half of the children in the study with 

televisions in their bedroom report no parental control on the amount of time they are permitted 

to watch television (Roberts, Foehr, & Rideout, 2005). When parents set no limits on the amount 

of time their children are permitted to watch television and play video games, they may be 

inadvertently discouraging physical activity. Parents essentially have the power to control their 

children’s television access, and thus promote greater daily participation in physical activity 

(Lindsay et al., 2006).     
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2.5.2 Dietary Patterns 

Our energy intake or dietary patterns have been hypothesized to play a central role in the 

prevalence of overweight and obesity (Bouchard, 2000). Individual dietary and food intake 

patterns are grossly the result of a complex set of factors, including social, cultural and economic 

elements (Caballero, 2004). In pre-industrialized society, man was forced to hunt and fish for his 

food. In modernized countries today however, food is readily available, highly palatable, and its 

preparation has been facilitated (Hawkins & Law, 2006). As such, it is not difficult or 

uncommon for individuals to eat many times a day and to consume large portions of food 

(Bouchard, 2000). In addition, the heavy demands placed upon people’s time in modern society 

have led to dramatic increases in their selection of fast foods, high in fat and simple sugars 

(Dionne & Tremblay, 2000). Given the ease at which modern society has provided us the 

opportunity to engage in lives of gluttony, it is no wonder that obesity rates continue to rise. It 

has been proposed that modernized society is being exposed to a toxic environment, which 

pervasively surrounds us with inexpensive, convenient foods high in both fat and calories 

(Horgen & Bronwell, 2002).  

As is the case with physical activity, socialization may be directly related to the harmful 

dietary patterns in which children engage (Stice, Shaw, & Marti, 2006). Each socialization agent 

offers children messages regarding what acceptable dietary patterns should be, including what 

and how often they should be eating. While some of the messages children receive are positive, 

promoting healthy food consumption, some do the opposite, and in fact encourage youth to eat 

whatever they want, whenever they want it (Stice et al., 2006). 

The mass media may be a central contender in the delivery of negative food intake 

messages to children. While advertising can serve as a source of information, it may also 
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promote the unhealthy consumption of food, thus negatively impacting the health of the 

population (Schmitt, Wagner, & Kirch, 2007). Children are frequently the primary advertising 

targets of fast-food restaurants, snack manufacturers, and sugary cereal suppliers (Hoeck & 

Gendall, 2006). Children are bombarded with images of cartoon characters, toys, and children 

laughing and smiling - all while eating these foods or dining at these restaurants (Horgen & 

Bronwell, 2000).  

Advertising campaigns reach children through multiple sources, including television, 

radio, internet, magazines, and more. In addition, children are exposed to advertising messages in 

numerous social settings, such as home, school, shopping malls, movie theatres, and sporting 

events (Schmitt et al., 2007). Evidence suggests that children between the ages of 7 and 11 may 

be the most susceptible to advertising messages regarding food choices (Hastings et al., 2003). In 

a systematic review of over 50 empirical studies examining the effects of advertising on dietary 

intake and food choices, conducted in children between the ages of two to 16, Hastings and 

colleagues (2003) discovered that seven through 12 statistically significant effects were 

discovered in 77% of studies. Overall, it appears as though effective marketing strategies 

involving unhealthy food consumption are undermining efforts to improve the diets of children, 

to help combat the obesity epidemic (Schmitt et al., 2007).  

Parents are another socialization agent influencing the dietary patterns of children.  In 

fact, it has been suggested that parents in particular may be the key to fostering an environment 

involving healthy eating and food intake (Lindsay, Sussner, Kim, & Gortmaker, 2006). 

Ultimately, it is parents who have control over what food will be available to their children in the 

home and what food their children are actually eating, at least to a certain age. Specifically, 

parents’ cognitions, modeling of behaviours, and practices all influence the types and amount of 
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food children consume (Golan, 2006). Parents can encourage healthy dietary patterns by 

encouraging family members to eat their meals together, and by making healthy food choices 

available (Lindsay et al., 2006). Evidence suggests that, when parents make fruits and vegetables 

available in the home and when they eat these foods themselves, children’s consumption of them 

also increase (Cullen et al., 2003). Overall, it appears that parents can - and should - instil 

healthy eating patterns in their children.  

In addition to the messages children are receiving from various socialization agents, the 

types of food they are consuming may also play a role in their development of obesity. Surveys 

from the Continuing Survey of Food Intakes by Individuals (CSFII) 1989-91, 1994-96, and 1998 

have demonstrated two consistent trends in the dietary patterns of children (Enns, Mickle, & 

Goldman, 2002). The first trend is that, from 1989-1998, the intake of snack foods such as chips, 

crackers and pretzels have increased from nine grams to 14 grams per day for girls, and from 

nine grams to 15 grams per day for boys. The second trend is that, during the same time period, 

the intake of soft drinks has steadily risen from 136 grams to 200 grams per day for girls and 

from 169 grams to 217 grams per day for boys. Such findings have been supported by other 

research, as well as the notion that the portion sizes children are consuming are also increasing 

(Jahns, Siega-Riz, & Popkin, 2001; Nielsen, Siega-Riz, & Popkin, 2002). Furthermore, it appears 

that direct link between the consumption of sweetened beverages and weight may exist, 

especially in children who are already overweight or obese.  Research conducted by Welsh, 

Cogswell, Rogers, Rockett, Mei, & Grummer-Strawn (2005) discovered overweight children at 

baseline measurements who consumed daily sweetened beverages were twice as likely to be 

overweight at follow-up measurements.   
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One additional dietary intake factor that has been linked to obesity is fat consumption 

(Slyper, 2004), though research has been somewhat conflicting. Several studies have suggested 

that a significant association between adiposity and diets high in fat exists (Affeis, Pinelli, & 

Schutz, 1996). Furthermore, the prevalence of overweight in industrialized countries with high 

fat consumption tends to be higher than in countries where a lower amount of fats are consumed 

(Willet, 2002). Such information is frequently used to support a causal relation between fat 

consumption and obesity. There is however evidence to suggest that fat consumption may not be 

the primary developmental mechanism for obesity (Slyer, 2004). According to the 1999-2000 

National Health Survey, the percentage of fat consumed by adolescents continues to decline 

(Wright, Wang, Kennedy-Stephenson, & Ervin, 2003). While pediatric obesity has been on the 

rise, the consumption of dietary fat is decreasing (Epstein
, 

Gordy, Raynor, Beddome, 

Kilanowski, & Paluch, 2001). So while dietary fat eaten in excess may increase the odds of 

developing obesity in predisposed children, it seems rather implausible that fat consumption 

itself is directly responsible for obesity (Slyper, 2004).  

2.6 Assessment of Childhood Obesity  

Continued debate exists on deciding how exactly to define obesity in children. Defining 

overweight and obesity in children and adolescents is complicated by the normal growth process, 

pubertal development and body composition changes (Beilin & Huang, 2008). Currently, there 

are several different methods for assessing and identifying pediatric obesity. Such methods 

include skinfold thickness measures, weight-for-height percentiles and BMI. As previously 

mentioned, BMI is presently the most acceptable and practical measure available used for the 

assessment of childhood obesity (Cole et al., 2007; Lau et al., 2007). The following sections will 
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discuss some of the currently accepted practices in assessing childhood overweight and/or 

obesity.  

2.6.1 Skinfold Thickness 

Skinfold thickness is a measure of the subcutaneous fat at specific body locations. The 

World Health Organization (WHO) recommends associating measures of skinfold thickness with 

BMI (2006). Two particular skinfold sites, including subscapular and triceps in conjunction with 

the BMI reference, are suggested in defining overweight and obesity for children between the 

ages of 11 and 21. As such, one is able to see that measures of skinfold thickness are not 

appropriate for the assessment of overweight and/or obesity in children under the age 11. 

Accurate measurement of skinfold thickness requires a highly-skilled examiner, and tends to 

vary greatly when measured by different examiners (Nordhamn, Sodergren, Olsson, Karlstrom, 

Vessby, & Berglund, 2000). The low measurement reliability and the acceptable age-range of the 

method limit the use of skinfold thickness measurements for clinical and epidemiological use 

(Dietz & Bellizzi, 1999).  

2.6.2 Weight-for-Height Percentiles 

Weight-for-Height charts are another tool used in the measurement and assessment of 

childhood overweight and/or obesity. These charts have been widely used for decades and offer a 

range of acceptable weights for a child of a particular height (Harris et al. 2007). Overweight is 

defined as having a weight-for-height greater than the 95
th

 percentile on the WHO National 

Center for Health Statistics (NCHS) references curves (de Onis & Habicht, 1996). It is important 

to bear in mind that weight-for-height only takes into account the relationship of body weight for 

a given height, and disregards age. As children’s body composition and body build changes 
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substantially with their age, the use of a single weight-for-height index is an inaccurate measure 

of body fat in children (Harris et al., 2007). 

2.6.3 Body Mass Index (BMI) 

BMI has been widely accepted as the gold standard for assessing overweight and obesity 

in adults; however, the use of BMI for measuring pediatric obesity has only been adopted since 

the 1990s (Lau et al., 2007). While for adults, BMI criteria have been based on mortality or 

morbidity outcome research, risk-based criteria has now been established for children, as it is 

difficult to associate childhood weight status to chronic disease outcomes (Kuczmarski et al., 

2000). Adult BMI criteria employ a single cut-off value for both sexes and all ages. Due to rapid 

growth and body composition changes in children and adolescents, this type of cut-off is 

inappropriate. As such, BMI for children and adolescents must be assessed using age-specific 

references charts (WHO, 2006). Gender specific values are also required due to pubertal 

changes. Specifically, during puberty males experience an increase in lean body mass and a 

decrease in the amount of body fat, while females experience an increase in fat storage (Dietz & 

Bellizzi, 1999).  

As previously mentioned, varying classification systems for overweight and obesity in 

children and adolescents currently exist. For example, The Centers for Disease Control and 

Prevention (CDC) and the WHO defines overweight in children as having a BMI at or above the 

95th percentile for age and gender (Ogden, Flegal, Carroll, & Johnson, 2002; World Health 

Organization, 2006). The definition of overweight established by the International Obesity 

Taskforce (IOTF) also uses age- and gender-specific BMI cut points to determine overweight 

(Cole, Bellizzi, Flegal, & Dietz, 2000). There are, however, differences in these definitions, with 
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the CDC classification based on data obtained from children in the United States, and the IOTF 

definition derived from data on children from a number of countries.  

The latter classification above was established to provide a more accurate system for use 

outside the United States, and to develop a strategy that maps onto the adult criteria of a BMI of 

25 to 30 for overweight and over 30 for obese. Though distinctive from "overweight", the label 

"at-risk for overweight" refers to children between the 85th and 95th percentiles for age and 

gender (Ogden et al.). Weights of children in this category are generally monitored, and 

depending on family medical history, the children themselves may be viewed by health care and 

research professionals as having the same needs as overweight children (Dietz & Robinson, 

2005). 

2.7 Prenatal and Early Childhood Risk Factors for Childhood Obesity  

Earlier in this chapter, two principal factors linked to the development of childhood 

overweight and/or obesity were discussed, namely physical activity and dietary patterns. The 

following section will now review the literature on some of the prenatal and early childhood 

factors that have been previously discovered to be associated with the development of childhood 

overweight and/or obesity. The factors that will be covered in this section include breastfeeding, 

maternal weight gain during pregnancy, accelerated infant growth, and infant nutrition. From 

there, the literature surrounding maternal smoking during pregnancy and family history of 

obesity will analyzed.   

2.7.1 Maternal Weight Gain during Pregnancy 

Increasing interest has arisen in the hypothesis that not only a maternal history of obesity, 

but more specifically excessive weight during pregnancy is associated with the development of 

overweight and/or obesity in offspring. Increasingly, more mothers are not only overweight or 



32 

obese going into their pregnancy, but also gain excessive amounts of weight during the 

pregnancy itself (Committee on the Impact of Pregnancy Weight on Maternal and Child Health, 

2007). Health Canada has adopted the America Institute of Medicine (IOM) recommendations 

for gestational weight gain for singleton pregnancies. According to the IOM, women’s weight 

gain during pregnancy should range from a maximum of 28-40 pounds for a women with a BMI 

of 18% and lower, to 11 to 20 pounds for women with BMI greater than 30 (IOM, 2009). The 

IOM furthers that one of the adverse outcomes associated with excessive weight gain during 

pregnancy is subsequent childhood obesity.  

Compared to other hypothesized risk factors (e.g., rapid infant weight gain, infant 

feeding, breastfeeding, etc.) for childhood overweight and/or obesity, maternal weight during 

pregnancy has received less attention in the research. Indeed, in a recent meta-analysis by 

Brisbois and colleagues (2012) investigating several different risk factors for childhood obesity, 

only six articles were identified with regards to maternal weight during pregnancy. Overall 

results from the meta-analysis suggest that consistent, positive associations exist between higher 

weight during pregnancy and overweight and/or obesity in offspring. It is also important to note 

that such association were maintained not only for both sexes, but also from childhood to 

adulthood. Even when potential confounding factors such as birth weight and socioeconomic 

status are accounted for, a strong linear associations between excessive weight gain during 

pregnancy and the risk for childhood obesity were discovered in children up to the age of four 

(Whitaker, 2004). Not surprisingly, the impact of excess weight gain during pregnancy is greater 

among women with BMI in the overweight and obesity range than it is in women of average 

BMI (Olsen, Strawderman, & Dennison, 2009).  
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Despite strong preliminary evidence for the association between childhood overweight 

and/or obesity and excess weight during pregnancy, one must not look past the complexities of 

this association. Chief among those complexities is the notion of how much weight gain is 

considered appropriate, and how much is considered excessive (IOM, 2009). For example, 

restrictive weight gain (less than ten pounds) during pregnancy as well as excessive weight gain 

(40 pounds or greater) during pregnancy have both been found to predict subsequent adult 

obesity (Stuebe, Forman, & Michels, 2009). Other studies suggest that weight gain over 40 

pounds is predictive of overweight and/obesity in woman at the age of 20, but this association 

does not hold in 40 year-old women (Terry, Weiss, & Esserman, 2007). Taken together, these 

findings highlight the necessity of additional research in this area, particularly focusing on the 

amount of weight that is considered excessive. In the meantime, it will be essential to begin 

educating women on the importance of not only entering pregnancy with a healthy BMI, but also 

the positive implications of maintaining healthy weight gain throughout the pregnancy.  

2.7.2 Accelerated Infant Growth 

Faster than average infant growth during the first year of life has been shown to be 

associated with subsequent childhood overweight and/or obesity (Druet et al., 2012). As 

previously mentioned earlier in this chapter, the assessment and measurement of childhood 

overweight and/or obesity can be tricky; accurate measurement of length is essential in this 

process (Varkula & Heinberg, 2009). When discussing infant weight gain it essential to 

distinguish between weight gain and linear growth. Infancy is a period of rapid growth and 

development; one must bear in mind that weight gain naturally accompanies linear growth. As 

such, it is not simply weight gain during infancy that should be examined, but also length (Hu, 

2008). Despite our knowledge of the complexities of measuring obesity in children, 



34 

unfortunately, very few studies examining accelerated weight gain during infancy obtain 

accurate weight and length measurements; rather, such studies rely often on weight gain alone.  

To date, three meta-analyses provide conclusive evidence that accelerated weight gain 

during the first year of life is a strong predictor of subsequent childhood overweight and/or 

obesity (Baird, Fisher, Lucas, Kleijnen, Roberts, & Law, 2005; Druet al., 2012; Ong & Loos, 

2006). For example, Druet and colleagues (2012) examined 47,661 participants from 10 cohort 

studies from Europe and the United States. Similar findings were discovered in the meta-analysis 

conducted by Baird and colleagues (2005). Specifically, compared to infants without rapid 

weight gain, infants with rapid weight gain had significantly higher odds for subsequent obesity, 

with odds ratio for individual studies ranging from 1.17 to 5.70. Even after adjusting for 

confounding factors, each 100g increase in weight gain during the first week of life was 

associated with a 28 percent increased odds of adult overweight and/or obesity (Baird et al., 

2005). Interestingly, similar finding were discovered even when examining low-birth or 

premature babies, with higher rates of weight gain during infancy being associated with higher 

levels of BMI in childhood and adolescence (Singhal & Cole, 2007; Singhal & Lucas, 2004).  

Although a strong body of evidence exists to suggest an association between accelerated 

infant growth and subsequent overweight and/or obesity, one must not discount the studies 

providing contradictory findings. Indeed, despite a seeming consistency of the studies presented 

above, one must also be aware of counterexamples. For example, a study by Barker, Osmond, 

Forsen, Kajantie, and Erikson (2005) suggested that Finnish men who were classified as obese 

adults experienced a decline in height, weight, and BMI during the first year of life, before 

increasing dramatically after the age of 2 years. Among studies investigating the risks for 

overweight and obesity in children, accelerated growth during infancy has consistently held up as 
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a significant predictor (Druet et al., 2012). Overall, the studies provide valuable information 

regarding the association between accelerated infant weight gain and subsequent overweight 

and/or obesity. Future studies, however, may wish to include measures of linear growth 

alongside infant weight gain.   

2.7.3 Infant Feeding Practices 

Closely tied to infant weight gain is nutrition and feeding practices. Over the past two 

decades, a rapid increase in claims advocating the potential long-term benefits to children of 

having been breastfed has occurred (Lawlor et al., 2011). The protective effects of breastfeeding 

against the development of childhood overweight and/or obesity has been well documented 

throughout the literature (Ruowei, Magalia, Fein, Grummer-Strawn, 2012). Research suggests 

that weight gain is negatively associated with breast milk feedings, but positively associated with 

non-breast milk feedings (Ruoweiet al., 2012). This finding hold true even when examining 

infant weight gain. Specifically, infants fed non breast-milk (i.e., formula) gained approximately 

50 extra g per month compared to infants were breastfed (Ruowei et al., 2012).  

To date, three systematic reviews have been conducted investigating the relationship 

between breastfeeding and offspring overweight and/obesity (Arenz, Ruckerl, Koletzko, & von 

Kries, 2004; Harder, Bergmann, Kallischnigg, & Plagemann, 2005; Owen, Martin, Whincup, 

Davey-Smith, & Cook, 2005). The largest and most recent of the three included a total of 28 

studies, with almost 300,000 participants in total. The overall results suggested that infants who 

were breastfed showed a 13 percent reduction in the risk for obesity compared to formula fed 

infants. This effect was found to be even larger for infants who received breast milk exclusively 

or who were breastfed for a duration greater than two months. Harder and colleagues (2005) 

focused their meta-analysis on duration of breastfeeding. Based on their overall findings, it was 
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concluded that, for each additional month breastfed beyond the first, a four percent decrease in 

the odds of offspring obesity was discovered.  

While these findings appear quite convincing, it is important to note that the relationship 

was strongest amongst the studies that included small sample sizes suggesting the possibility of a 

publication bias. In at least partial support of the potential inflation of the association between 

breastfeeding and offspring obesity are the two studies with the largest sample sizes from the 

United States. Indeed, these two studies suggest that the apparent protective effect of 

breastfeeding was limited to Caucasian infants (Bogen, Hanusa, & Whitaker, 2005; Grummer-

Strawn & Mei, 2004). Taken together, while there appears to be a negative relationship between 

breastfeeding and offspring obesity, several confounding factors may also be at work. Future 

research is warranted to reconcile the impact of breastfeeding apart from other effects of 

potential ethic and socioeconomic influences.  

2.7.4 Maternal Smoking 

It has been previously and repeatedly established that children born to mothers who 

smoked during pregnancy have a lower birth weight than children of non-smokers (Oken & 

Gillman, 2003; Rasmussen, 2001; Stettler, Zemel, Kumanyika, & Stallings, 2002; Widero, Vik, 

Jacobsen, & Bakketgeig, 2003). Recent evidence, however, suggests that children born to 

mothers who smoked during pregnancy may also be at an increased risk for the subsequent 

development of overweight/obesity during childhood (Koshy, Delpisheh, & Brabin, 2011; Leary, 

Smith, Rogers, Reilly, Wells, & Ness, 2006; Toschke, Montogomery, Pheiffer, & von Kries, 

2003; von Kries, Toschke, Koletzko, & Slikker, 2002). Previous research has provided evidence 

suggesting that in utero exposure to nicotine may serve as the principle source of this shift from 

low birth weight to overweight/obesity in childhood (Gao, Holloway, Zeng, Petrik, Foster & Lee, 
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2005; Lassen & Oei, 1998; Ruckinger & Toschke, 2006). Further support arises from animal 

studies which suggest that exposure to nicotine during prenatal development appears to result in 

persistent behavioural effects, including deficits in impulse control, which may ultimately lead to 

excessive eating (Levin et al., 1996).  

Within the research investigating the relationship between maternal smoking and the 

weight status of offspring, there seems to be two common themes, including the final construct 

that is assessed (i.e., overweight, obesity, or overweight and obesity), and the quantity of 

cigarettes smoked also referred to as the dose effects of maternal smoking on offspring weight 

status. In regards to the final construct being assessed, the research surrounding maternal 

smoking during pregnancy and its influence on the development of childhood overweight/obesity 

has produced some conflicting results, particularly with regards to the degree of association. For 

example, in studies which have provided overall effect sizes for both offspring overweight and 

obesity, consistently higher odds have been discovered for the development of obesity than 

overweight (Bergmann et al., 2003; Danielzik et al., 2004; Gorog et al., 2011; Ino et al., 2011; 

Koshy et al., 2010; Mangrio et al., 2011; Toschke et al. 2002; Toschke et al., 2003; von Kries et 

al., 2002). While the majority of such research has suggested small or even non-significant 

difference in effect sizes, three studies have produced significantly different effect sizes between 

the development of offspring obesity versus overweight in mothers who smoked during 

pregnancy (Danielzik et al., 2004; Mangrio et al., 2011; Toschke et al., 2003). Toschke and 

colleagues (2003) investigated the association between maternal smoking and offspring 

overweight and/or obesity in over 8,000 seven year-old German children. While a significant 

relationship was identified between maternal smoking and overweight as well as obesity in 
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offspring, offspring of mothers who smoked were at over a one-and-a-half times risk for 

becoming obese than they were overweight.  

On the other hand, some studies fail to distinguish between overweight and obesity, 

classifying all children with a BMI greater than the 85
th

 percentile as overweight (Adams et al., 

2006; Braun et al., 2010; Tome et al., 2007; Wideroe et al., 2004). Not surprisingly, with 

exception of the study conducted by Tome and colleagues (2007), high overall effect sizes were 

discovered when overweight and obesity were treated as the same construct. Indeed, Wideroe 

and colleague (2004) discovered that children whose mothers smoked during pregnancy were 

over four times more likely to have a BMI over the 85
th

 percentile by the time they reached five 

years old, than children whose mothers did not smoke during pregnancy. It should be noted, 

however, that compared to other studies in this area, this one included a small sample size of 

only 482 participants. Similarly, Adams and colleagues (2007) discovered that offspring of 

smoking mothers were just under four times more likely than offspring of non-smoking mothers 

to become overweight. Again, however, this study by Adams and colleagues included an even 

smaller sample size that the previous study. The study by Tome and colleagues that included the 

largest sample yielded the lowest overall effect sizes, with odds ratios failing below one. Taken 

together, these results suggest somewhat contradictory findings and therefore must be further 

analysed.  

In examining the impact of the quantity of cigarettes smoked during pregnancy, also 

referred to as the dose effect, research has produced some differing findings. Indeed, findings 

range between none to low association, significant positive association, and associations 

depending on the degree of dose effect, to associations between dose effect and obesity but not 

overweight. Reilly and colleagues (2005) compared the difference in the relationships between 
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obesity in offspring at the age of seven with the quantity of cigarettes mothers smoked per day. 

An initial analysis was conducted, and smoking in general during pregnancy was found to 

increase the odds of offspring obesity. When the dose effect was examined, children whose 

mothers smoked between ten and 19 cigarettes or less per day were no more likely to become 

obese than mothers who smoked less than ten cigarettes per day. When the number of cigarettes  

increased to 20 or greater however, children were discovered to be at an even greater risk for 

developing obesity than the mothers themselves who smoked. This limited association between 

dose effects, when the number of cigarettes smoked is less than 20 per day, has been supported 

by other research (e.g., Widero et al., 2004).  

Some research, on the other hand, provides evidence to suggest a strong positive 

association between the dose effect and offspring overweight and/or obesity. For example, von 

Kries and colleagues (2002) discovered that offspring of mothers who smoked greater than 10 

cigarettes per day were significantly more likely to become both overweight and obese than 

offspring of mothers who still smoked, but smoked less than 10 cigarettes per day. In fact, 

children whose mothers smoked greater than 10 cigarettes per day had an increased risk of 

developing obesity over two times greater than children whose mothers smoked less than 10 

cigarettes per day. Finally, it has been suggested that, while a positive relationship exist between 

dose effect and offspring obesity, dose effect does not appear to increase the odds of offspring 

overweight (Danielzik et al., 2004). A consolidation of these findings is thus necessary to 

provide an accurate understanding of whether dose effect is factor further influencing the 

association between maternal smoking and offspring overweight and/or obesity.  
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2.7.5 Family History of Obesity 

While maternal smoking during pregnancy is considered an environmental risk factor for 

the development of obesity, family history of obesity can be considered to be both environmental 

and biological in nature. In terms of environmental risk, parents, in particular mothers, tend to 

ingrain their personal eating habits as well as their perceptions of weight to their children (Chen, 

Kennedy, Yeh, & Kools, 2005). For example, overweight/obese mothers may have poor dietary 

habits, such as excessive eating; furthermore, they may not view overweight status as a potential 

risk factor for subsequent health complications (Krahnstoever et al., 2005; Powers, Chamberlin, 

van Schaick, Sherman, & Whitaker, 2006). In terms of its biological nature, the genetic influence 

of overweight/obesity may predispose children to developing this condition. This is especially 

true when both parents are overweight/obese (Berkowitz, Stallings, Maislin, & Stunkard, 2005).  

Similarly to maternal smoking and childhood obesity, the research examining family 

history of obesity and offspring overweight and/or obesity has yielded some contradictory 

findings, particularly with regards to the degree of association. One specific factor which may at 

least partially explain the differing degrees of association is the particular family member that is 

included in the analyses, namely mothers, father, or both mothers and fathers. In general, a 

higher degree of salience exists between family history of obesity and offspring overweight 

and/or obesity when mothers are examined, rather than when fathers are the focus (Chen et al., 

2005; He et al., 2000; Hui et al., 2003; Oliverira et al., 2007; Reilly et al., 2005; Takahashi et al., 

1999).  

Exceptions to these findings, however, do exist. Danielzik and colleagues (2005) provide 

evidence to support the idea that, in some instances, the weight status of fathers appears to have 

more of an influence on offspring obesity than the weight status of mothers does. For example, 
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while a higher degree of association was discovered between obese mothers and overweight 

offspring, as well as overweight mothers and overweight offspring, the association between 

parental obesity and offspring obesity was highest among fathers. Krahnstoever and colleagues 

(2005) also provide contradictory findings to the hypothesis that maternal BMI is more 

predictive of offspring overweight and/or obesity than paternal BMI. Indeed, these researchers 

examined the weight status of children at ages seven, nine, and 11. In each age period, paternal 

history of obesity produced a higher degree of association with offspring overweight than did 

maternal obesity. These findings on their own cannot be explained simply due to the small 

sample sizes. Indeed, while the Krahnstoever and colleagues (2005) study included only 197 

participants, the study by Danielzik and colleagues included 2,631. An amalgamation of this 

research is therefore needed to truly understand the association between family history of obesity 

and offspring overweight and/or obesity.  

As previously discussed with regards to maternal smoking during pregnancy and 

offspring overweight and/or obesity, the manner in which child weight status is operationalized 

also appears to impact the degree of association. Unlike maternal smoking during pregnancy, 

where only obesity or overweight is examined, no real pattern emerges in terms of effect sizes. 

For example, Chen and colleagues (2005) suggest that children with either an obese mother or 

father are approximately one-and-a-half times more likely to become overweight than offspring 

with no such family history of obesity. On the other hand, Hui and colleagues (2003) discovered 

significantly higher effect sizes, with children being two-and-a-half times more likely to be 

overweight if they have a father who is obese and almost four times more likely to be overweight 

if they have a mother who is obese. When only obesity in offspring is examined, high effect sizes 

still have been seen. Interestingly, both of these studies were conducted in Asia, and both 
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included sample sizes less than 400. Meta-analytic work is thus necessary to synthesize this 

literature so that more definitive conclusions in the area of family history of obesity and 

subsequent offspring overweight and/or obesity can be drawn. 

2.8 Statement of the Problem  

Over the past decade, childhood overweight and/or obesity have reached epidemic-like 

proportions (Xanthopoulos et al., 2008). Further to these alarming prevalence rates, overweight 

and obesity are associated with numerous negative physical and psychosocial health 

consequences, including but not limited to cardiovascular disease, type 2 diabetes, asthma, adult 

obesity, stigmatization, and peer victimization (Hu, 2008). As a result, it not surprising that the 

prevention of obesity has become a central goal of public health policies (O’Dea, 2010). Despite 

an increased awareness of the basic etiology of overweight and/or obesity in which excess 

caloric intake leads to weight gain, the prevention of obesity, however, is still in its infancy stage 

(Ogden, 2010). Effective obesity prevention programs must be based on empirical research, and 

target established risk factors for this condition (Caballero, 2004; Lawlor, et al., 2011). Once risk 

factors are clearly identified, efforts can be made to address them, thereby potentially decreasing 

the overall prevalence of childhood overweight and/or obesity. As previously mentioned, 

identifying and targeting the risk factors for the development of overweight and/or obesity in 

children can facilitate the formation of effective public health intervention policies in 

counteracting this preventable condition (Manios & Costarelli, 2011). 

2.9 Purpose and Objectives of the Study  

The overarching goal of research is to expand the knowledge base within that particular 

discipline, with the hopes that this new-found knowledge can be applied for practical purposes. 

Within the field of childhood pathologies, particularly overweight and/or obesity, a gap in the 
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knowledge currently exists with regards to our understanding of the risk factors contributing to 

the development of this condition. Given the necessity of identifying risk factors for the 

development of childhood overweight and/or obesity, the overall goal of this proposed study is 

therefore to determine the significance of two prenatal risk factors for the development of 

childhood overweight and/or obesity: maternal smoking and family history of obesity.  

Several risk factors, including history of breastfeeding, infant feeding practices, and 

accelerated infant weight gain already have meta-analytic support to demonstrate their level of 

risk for the development of childhood overweight and/or obesity (Baird et al., 2005; Druet al., 

2012; Ong & Loos, 2006; Owen et al., 2005); at the same time, other factors such excessive 

weight gain during pregnancy are still in their infancy stage and require further research. 

Maternal smoking and family history of obesity are two factors, however, with strong empirical 

support that require amalgamation. While previous meta-analytic work has been conducted with 

regards to maternal smoking and pregnancy, several questions remain, particularly the impact of 

the dose-effect of maternal smoking on the development of offspring overweight and/or obesity, 

as well as the impact of maternal smoking on the development of overweight, not simply obesity 

which has been previously examined.  

2.10 Research Questions and Hypotheses  

Based on gaps in the research reviewed with regards to maternal smoking during 

pregnancy and family history of obesity and their relationship to childhood obesity, several 

research questions have been developed. The questions are as follows: 

1) Is maternal smoking during pregnancy a significant risk factor of overweight and/or 

obesity in offspring? 
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2) Are the offspring of mothers who smoke during pregnancy at a greater risk for 

developing obesity or a greater risk for being overweight?  

3) Does the quantity of cigarettes consumed by the mother during pregnancy influence the 

odds of offspring overweight and/or obesity? 

4) Is family history of obesity a significant risk factor of overweight and/or obesity in 

offspring? 

5) Does the risk for offspring overweight and/or obesity associated with family history vary 

depending on the family members included in the analyses? 

6) When family history of obesity is present, are offspring at a greater risk for developing 

obesity or overweight? 

By reviewing the primary studies included in the present meta-analysis, several logical 

predictions and hypotheses were generated with regards to the research questions. 

1) Maternal smoking during pregnancy is hypothesized to be a significant risk factor in the 

development of offspring overweight and/or obesity. 

2) It is anticipated that the offspring of mothers who smoked during pregnancy are at a 

greater risk for becoming obese than overweight. 

3) As the quantity of cigarettes smoked during pregnancy increase so too is the expected 

odds for the subsequent development of offspring overweight and/or obesity. 

4) Family history of obesity is hypothesized to be a significant risk factor for offspring 

obesity. 

5) It is anticipated that the weight status of mothers will be more likely to lead to increased 

odds of offspring overweight and/or obesity than the weight status of fathers. 
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6) As was the case for maternal smoking during pregnancy, offspring with a family history 

of obesity are anticipated to greater odds of becoming obese than overweight.  

2.11 Relevance of Overweight and Obesity Risk factors to the Field of School Psychology 

The focus on the following sections will be to examine the relevance of overweight and 

or obesity risk factors to the field of school psychology.  Firstly, a brief description as to what 

school psychology is will be provided. Next, the relationship between health and learning will be 

discussed. From there, the relevance of understanding health-related issues, particularly 

childhood overweight and/or obesity to the training and practice of school psychologists will be 

explored. Finally, a discussion will be provided regarding how meta-analytic research, 

particularly with regards to the identification of overweight and/or obesity risk factors are 

relevant to school psychology research.  

2.11.1 School Psychology Defined 

According to the Division of School Psychology of the American Psychological 

Association, school psychology is defined as a general practice and health services provider 

speciality of professional psychology that is concerned with children, youth, families; learners of 

all ages; and the schooling system (APA, Division of School Psychology, 2010). The Division of 

School Psychology states that, the primary objective of school psychologists is provide a range 

of psychological assessments, interventions, and health promotion programs to help ensure the 

optimal mental and physical development of children and youth in the context of the schools. 

Within the past 20 years, a new subspecialty of school psychology has emerged, namely 

pediatric school psychology (Power, DuPaul, Shaprio, & Parish, 1998). Pediatric school 

psychology places an increasing focus on preparing the school psychologist to address children’s 

health-related issues in variety of settings including school, hospital, mental health agencies, and 
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independent practice (Shaw, 2003). As such, regardless of whether an individual is considered to 

be a school or pediatric school psychologist, their role is not only to address  learning or social-

emotional concerns of students that arise within the context of the school setting, but also the 

health promotion of the children and youth. As such, it is crucial that school psychologists 

understand the various health-related concerns facing our youth so that they may best support 

them (Merrell, Ervin, & Peacock, 2012).   

2.11.2 Relationship between Health and Learning 

In addition to educating today’s youth, schools may also play an important role in the 

health and primary care of children (Short & Talley, 1997). As many health risk factors and 

health-related problems are school-related or have the potential of impacting the learning of 

students, the role that schools and those professionals working in them have on the health of 

children has been increasingly recognized (Strein, Hoagwood, & Cohn, 2003). Health problems 

have the potential to interfere with the student’s ability to achieve their full academic potential 

by increasing absenteeism and drop-out rates (Symons, Cinelli, James, & Groff, 1997). It has 

been estimated that approximately six to 15% of youth experience a health-related condition. Of 

those children, it has been suggested that approximately 40% experience school-related 

challenges (Thies & McAllister, 2001).   

One particular health-related concern that has been shown to have a potential negative 

impact the learning of students is obesity. While research has documented lower educational 

achievement among overweight and/or obese adolescents, increasing interest in being devoted to 

understanding the impact of weight status on children (Falkner et al., 2001). For example, Mo-

Suwan and colleagues (1999) examined the possible relationships between overweight status and 

academic achievement in children from grade three to six and grade seven through nine. Results 
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suggested that while, being overweight in adolescence (grades seven through nine) was found to 

negatively impact the performance of youth, no such relationship was found in children (grades 

three through six). While there is some evidence to suggest that overweight and/or obese 

children have lower intelligence test scores than non-overweight peers, these findings were not 

directly measured along side with academic achievement (Li, 1995).  As a means of investigating 

the possible association between obesity and learning, Datar and colleagues (2004), analyzed 

data from a large scale longitudinal study on children in kindergarten during the 1998 to 1999 

school year. Detailed participant characteristic data from students and parents were collected as 

were reading and math test scores at four different time periods, including baseline data. 

Children’s’ weight was also measured at baseline. Children who had a BMI ≥ 95th percentile for 

their age and gender were classified as overweight. Results suggested that, overweight children 

scored lower than their non-overweight peers on standardized tests of math and reading. The 

findings from this study have been supported by other research, thus suggesting that overweight 

and/obesity can negatively impact the learning of children (Falkner, Neumark-Sztainer, Story, 

Beuhring, & Resnick 2001) 

As mentioned above, in addition to the negative health consequences such as diabetes 

that are often associated with childhood overweight and/or obesity, the psychosocial factors of 

the condition are immediate and potentially devastating for youth (Sgrenci & Faith, 2011). It has 

been speculated that in addition to overweight and/or obesity in itself leading to learning 

challenges in children, both the negative health conditions and psychosocial issues associated 

with obesity may also have the potential to negatively impact the learning or overweight and/or 

obese students. Research suggests that as a result of the health consequences associated with 

obesity, children experience higher degrees of absenteeism, which may negatively affect their 
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academic performance (Schwimmer, Burwinkle, & Varni, 2002). Further, it has been established 

that overweight and obese children are more likely to have low self-esteem and that they have 

higher rates of anxiety disorders, depression, and other psychopathology, which have also been 

linked to lower academic performance (Mustillo, Worthman,  Erkanli, Keeler, Angold, & 

Costello , 2004; Zametkin, Zoon, Klein, & Munson, 2004). Taken together, the research suggests 

that the learning of children may be negatively impacted by their overweight status, as well as, 

the associated health and psychosocial implications that often go hand in hand with this 

condition.   

2.11.3 Relevance of Overweight and Obesity Risk Factors to the Training and Practice of 

School Psychologists 

While assessment has largely been a central role of school psychologists, expanding 

practices into areas of school-based program planning and evaluation may provide welcome 

opportunities for the profession (Stoiber & Kratochwill, 2000). In fact, according to the National 

Association of School Psychologists (NASP; 2000), documenting the delivery of effective school 

psychological services is an important role for school psychologists. Schools offer a unique 

environment in which to promote healthy lifestyle, including obesity prevention (Thompson, 

Baranowski, Zakeri, Jago, & Cullen, 2006). It has been estimated that over 90% of children in 

North America are enrolled in schools, making this environment an effective channel for 

reaching a large number of youth (Baranowski et al., 2002). Given that the role of a school 

psychologist is not only to assess the learning of students but also to help promote the health of 

children and youth within the school context, highlights the necessity of training school 

psychologist to implement prevention and intervention programs designed to address the health-

related needs of children and youth.  



49 

As mentioned earlier in this chapter, overweight and/or obesity are seen as having 

numerous risk factors. Some risk factors including maternal weight gain during pregnancy, infant 

feeding practices, lack of breastfeeding, maternal smoking during pregnancy, and family history 

of obesity are prenatal in nature (Brisbois et al., 2012; Lawlor et al., 2011; Mangrio et al., 2010). 

This suggests that it that prevention efforts need to target children and youth so that when they 

are of childbearing ages, they recognize the dangers of those factors and understand what needs 

to be done to prevent them (Ino, 2010). Other risk factors on the other hand, tend to occur later in 

childhood and include dietary patterns, amount of physical activity, and even television viewing 

patterns (Enns et al., 2002; Stice et al., 2006). The prevention efforts around these factors also 

need to target children and youth. As such, the school environment appears to offer a perfect 

avenue for promotion of positive behaviours and lifestyle choices that may ultimately protect 

children in the present from becoming overweight and/or obese and the children of our future.  

The high level of need as indicated by the prevalence data of numerous health-related 

concerns including overweight and/or obesity and the current lack of available services outside 

of the school setting make a compelling case for school psychology as a field to place greater 

emphasis on health promotion and prevention (Friedman, 2003). The training of school 

psychologists needs to devote increasing effort to help future school psychologists prepare 

themselves to work in an environment that not only focuses on the learning of students, but also 

on their health promotion (Power, Edward, Shapiro, George, & Du Paul, 2003). An 

understanding of the importance of risk factors not only for obesity, but for other health-related 

concerns will be essential. Indeed, at the heart of prevention, lies a necessity for the 

understanding of risk factors (Caballero, 2004).  The training, which will ultimately lead to the 

practice of school psychologists should involve course work not just on the learning or 
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psychosocial well- being of students, but also introduce some of the principle health-related 

concerns that many children and youth face. Outside of course work, a training component, in 

which school psychologists learn to implement health-related prevention or promotion programs 

will be necessary (Fagan & Wise, 2005).  

2.11.4 Relevance of Meta-Analysis to School Psychology Research 

The delivery of high-quality care and services requires critical reflection on practice 

decisions, combined with an examination of the best research evidence available on the clinical 

issue (Barnsteiner, 1996). This particular approach can be viewed as evidence-based practice 

(EBP). EBP is a scientifically-based approach which has developed within the psychological and 

educational fields to identify, disseminate, and promote the adoption of practices with 

demonstrated research support (Kratochwill, 2007). While EBP is a broad and encompassing 

term, it can be defined as denoting the quality, robustness, or validity of scientific evidence as it 

is brought to bear on decisions regarding the adoption, implementation, and/or evaluation of 

services (Hoagwood & Johnson, 2003). Embracing the concept of EBP is desirable, in that it 

encourages greater attention to evidence-based interventions and recommendations for 

advancing this important area of practice (Hunsley, 2007; Kazdin, 2006; Mash & Hunsley, 

2005). 

EBP assumes the presence of a coherent body of scientific knowledge that is relevant to a 

range of psychological practices, and is designed to allow for the prediction of the impact of a 

particular type of assessment, intervention, or service on a particular client or system process. 

This type of practice rests on careful evaluation of the most relevant data as a basis for clinical 

decision making (Goode & Piedalue, 1999). The knowledge base is usually generated through 

the application of particular inclusion criteria, such as the type of design employed, or the 
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outcomes discovered, and it generally describes the impact of particular service practices on 

child, adolescent, or family outcomes (Hunsley, 2007). Clinicians whose practice is based upon 

empirical evidence use interventions and engage in practices that are more effective, with 

improved client outcomes (Goode & Piedalue, 1999).    

School psychologists are increasingly recognizing the importance of making decisions 

based on the best possible evidence. This evidence includes both research and practice-generated 

data (Jenson, Clark, Kircher, & Kristjansson, 2007). Today, in the era of communication and 

information technology, the volume of psychological data and clinical evidence is progressively 

expanding. In fact, practitioners are inundated with vast amounts of articles reporting research 

developments (Fineout-Overholt, O’Mathuna, & Kent, 2008). Despite the availability of this 

evidence, however, a gap often exists between the optimal practice suggested by the research, 

and actual practice itself (Jensen et al., 2007). Numerous reasons for this gap have been 

suggested.  Chief among those is that it is impossible for the school psychologist to keep up with 

the sheer volume of evidence provided by research reports (Fineout-Overholt et al., 2008). Meta-

analysis is one principle way in which this gap between research and practice can be overcome 

(Borenstein & Rothstein, 1999).  

One particular area, in which the use of meta-analysis has led to increased EBP, within 

the practice of school psychology, is that of intervention. All too often, examples arise where 

interventions continue to be used, in spite of the existence of evidence  demonstrating that those 

interventions were ineffective. In other cases, school psychologists have delayed implementing 

interventions into their practice because they were unaware of the results of studies supporting 

the specific effectiveness of the intervention (Fineout-Overholt et al., 2008). A consolidation of 

results on particular interventions can prevent this from occurring.  Specifically, meta-analyses 
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can examine the relative power of interventions, and assist school psychologists in determining 

which particular interventions are effective, based on the best evidence available (Jenson et al., 

2007).   

In the case of overweight and/or obesity the use of meta-analysis may be particularly 

useful for the identification of risk factors which have been consistently shown to increase the 

likelihood that an individual will become overweight and/or obese. Research suggests that the 

most effective and evidence-based intervention and prevention programs are based on risk factor 

research (Agras & Mascola, 2005). Meta-analytic reviews have been useful in identifying risk 

factors for several forms of child psychopathology, including obesity (Harder, Bergmann, 

Kallischnigg, & Plagemann, 2005; Malik, Schulze, & Hu, 2006), anxiety (McLeod, Wood, 

Weisz, 2007), and eating disorders (Groesz, Levine, & Muren, 2002). For example, meta-

analytic research has suggested that the consumption of high sugar-sweetened beverages is 

associated with the development of overweight and obesity in children and adolescents (Malik et 

al., 2006). This suggests that it is imperative that current obesity prevention and intervention 

programs include education about beverage intake. Taken together, although single study 

research can identify and provide some evidence as to which risk factors may lead to certain 

disorders, meta-analytic research consolidates this information and provides more definitive 

conclusions for the purposes of EBP (Littell et al., 2008).   

2.12 Overview of the Analytical Approach 

A meta-analysis is a systematic and quantitative approach to identifying, appraising, 

synthesizing, and combining the results from large collection of relevant studies, to arrive at 

conclusions regarding a body of research (Stroup et al., 2005). Specifically, in such a research 

design, researchers quantitatively synthesize the data from past studies, converting the results 
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into effect sizes (Lipsey & Wilson, 2001). Often, studies have been conducted on the same topic 

and have produced different or even conflicting results; as such, a way of synthesizing the 

research results is necessary. Meta-analysis is therefore aimed at aggregating and integrating 

empirical studies to resolve inconsistent or conflicting findings, in order to create generalizations 

(Rosenthal & DiMatteo, 2001). 

2.12.1 Purpose of a Meta-Analysis 

Meta-analytic research allows for a more objective appraisal of evidence than more 

traditional narrative reviews, and thus may contribute to a resolution when original research, 

reviews, and editorials disagree (Egger & Smith, 2001). Additionally, meta-analytic reviews are 

important to assist in determining specific areas of research that warrant further or future 

research (Littell et al., 2008). It is important to note, however, that ill-conducted meta-analyses 

may be viewed as biased, and may undermine the results obtained from using meta-analysis as a 

research design. As such, there are several basic principles and procedures that should be 

observed in order to ensure the quality of the meta-analysis (Egger & Smith, 2001). (See 

“Research Procedures” below) 

2.12.2 History of Meta-Analysis 

Meta-analysis began with a medical question and has progressed to use across multiple 

fields. The first meta-analysis was conducted by Karl Pearson in 1904. In his meta-analysis, 

Pearson collected correlation coefficients to determine the extent to which inoculation against 

smallpox was related to survival (Pearson, 1904, as cited in Rosenthal & DiMatteo, 2001). While 

this method of analyzing data was unheard of during the early 20
th

 century, it was ground 

breaking and paved the way for future research. Meta-analysis did not, however, become widely-

practiced until the latter two decades of the past century (Rosenthal & DiMatteo, 2001). At this 
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time, as a research methodology, meta-analysis gained popularity in medicine and the 

behavioural sciences, and in particular, in the fields of health psychology, medical psychology, 

and behavioural medicine (Borenstein & Rothstein, 1999).  

According to Rosenthal and DiMatteo (2001), the popularity of meta-analysis has come 

about largely due to the mass amounts of research and information that the fields of health 

psychology, medical psychology, and behavioural medicine are generating, and the need for 

effective methods to synthesize and integrate such findings. For example, in the medical field 

alone, over two million articles are published each year (DiMatteo, 2001). With the production 

of such mass amounts of articles, it should come as no surprise that many different researchers 

are attempting to examine similar phenomena. Although researchers may be studying similar 

phenomena, different results often emerge. Such variations in findings may be due to a number 

of factors, including the population examined, the type of instruments employed, and even 

potential confounding variables (Tabachnick, & Fiddell, 2007). As such, the necessity for a 

standardized manner in which to integrate and make sense of results is of utmost importance 

(Cooper & Hedges, 1994). Not surprisingly then, over the past 150 years, meta-analysis has 

proved critically important in ensuring the development of evidence-based practice (Badgett, 

O'Keefe, & Henderson, 1997).  

2.12.3 Strengths of a Meta-Analysis 

There are numerous advantages, or strengths, associated with conducting meta-analytic 

research. First, unlike narrative reviews, meta-analyses require researchers to explicitly state 

their research questions and in particular, the inclusion criteria. The establishment of inclusion 

criteria allows other researchers to determine the exact reason why any given study was included 

in the analysis, in order that other researchers can replicate the findings (Chan, 2006). Second, 
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while most quantitative studies focus on statistical significance testing, meta-analyses focus on 

effect sizes. Unlike significance testing, where a researcher is only able determine the probability 

of the observed data, effect sizes allow researchers to assess the magnitude of the difference 

between independent variables (Cohen, 1988). Another important point to bear in mind is that 

significance tests are affected by sample size. In studies with large sample sizes, clinically 

insignificant differences will be statistically significant. In contrast, studies with small sample 

sizes often lack the statistical power needed to determine meaningful effects (Littell et al., 2008). 

A third advantage of meta-analysis is its usefulness in finding and analyzing moderating 

variables. Moderating variables are the characteristics of the participants in studies, including 

factors such as age and gender, which influence the magnitude of the effect sizes (Hall & 

Rosenthal, 1991). Moderator variables differ from mediator variables in that they change the 

relations between the independent and dependent variables, while mediator variables "lie 

causally in-between" the two variables. Moderator analysis, in meta-analysis, enables researchers 

to directly compare results across studies of different kinds, and allows researchers to test 

hypotheses that were not tested in the primary studies (Chan, 2006). Finally, meta-analyses help 

to surmount much of the ambiguity that arises in the behavioural sciences and medicine, by 

providing a method for combining research findings (Rosenthal & DiMatteo, 2001). Overall, it 

appears that meta-analysis is not only useful in summarizing and synthesizing past results, but 

also in adding new knowledge to any given field. 

2.12.4 Weaknesses and Addressing Weaknesses of Meta-Analysis 

Despite the many advantages associated with meta-analytic research, there are also 

disadvantages, or weaknesses, involved with this type of research design. One weakness or 

limitation often cited in regards to meta-analyses is the heterogeneity of primary studies, which 
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is sometimes referred to as the “garbage-in, garbage-out” issue (Egger, Smith, & Sterne, 2001). 

Specifically, meta-analytic research is sometimes criticized for amalgamating good and bad 

studies. While potentially problematic, this issue can be effectively mitigated. For example, a 

researcher can choose to only include studies which have been verified as having good design 

quality in the meta-analysis (Rosenthal & DiMatteo, 2001). Another alternative is for the 

researcher to evaluate the quality of the design and methods of the studies, by the use of the 

quality weighing methods discussed above, or they can statistically adjust for the covariation 

between study design quality and effect size (Violato & Russell, 2000). Rosenthal (1991) has 

argued for quality weighing of studies, suggesting four-point scales as practical and valuable, 

and up to nine point scales as useful in some situations. Furthermore, studies can also be blocked 

according to their type of methodology (e.g., with and without control groups) and type of 

operationalization of independent and dependent variables (DiMatteo, Morton, Lepper, Damush, 

Carney, et al., 1996).  

A further disadvantage to the meta-analytic method is the difficulty often faced by 

researchers when they are attempting to retrieve or gain access to all of the studies related to 

their research questions. This problem, however, is also often encountered when using other 

synthesis methods (Chan, 2006). In the retrieval of studies, the most critical need is to ensure that 

the search results in a collection are, as much as possible, the most representative and salient 

studies with respect to the research topic. Closely tied to this limitation is that even if a 

researcher is able to obtain all possible studies related to their research questions, some studies 

fail to report key pieces of data. With respect to offsetting this weakness, the guiding principle is 

to not include any study within the meta-analysis that does not report sufficient data (Rosenthal 

& Dimatteo, 2001). 
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Another issue associated with meta-analysis relates to publication bias, or the “file 

drawer effect”. The file drawer effect refers to the tendency of significant results to be published, 

while non-significant or inconclusive results are often relegated to file drawers (Rosenthal & 

DiMatteo, 2001). Several lines of evidence demonstrate that studies finding relatively high 

treatment effects are more likely to be published than studies finding lower treatment effects 

(Egger & Smith, 2001). Borenstein, Hedges, and Rothstein (2007) propose that although this 

finding may sound alarming, one must not forget that publication bias is a significant issue for 

any type of literature search, not simple meta-analysis. Publication bias has come to be identified 

with meta-analysis because meta-analysis has the goal of providing a more accurate synthesis 

than other methods, and so researchers using meta-analysis are concerned with biases that will 

interfere with this goal. A key way to mitigate this issue, as identified previously, is to include 

both published and unpublished studies in the meta-analysis (Egger & Smith, 2001).  

Singularity and non-independence of effects is a potential limitation that may arise in 

meta-analysis. This issue, however, is one that is easily dealt with if meta-analysts remember that 

effect sizes are not independent of one another and may need to be combined differently from 

effect sizes that are independent of each other (e.g., from different studies with non-overlapping 

samples). If a study has more than one effect size, these can be used individually in analyses of 

subgroups or in examination of moderating variables, or they can be combined with either by 

conservative averaging or by using less conservative techniques. Non-independence of studies 

may be a problem if the same lab contributes a number of studies and this fact is ignored. In such 

a case, it is possible to block by a lab or by a researcher and examine this as a moderator.  

A common criticism of meta-analysis is that there is an overemphasis on individual 

effects (Rosenthal & Dimatteo, 2001). It is true that meta-analytic studies systemically assess 
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only individual effects (e.g., the difference between two means (effect size d) or zero-order 

correlations (effect size r) between independent and dependent variables, without necessarily 

viewing the big picture. Although this may present as a weakness, in most research domains, this 

simplistic approach is essential. In fact, before examining the combination and interaction of 

various components, meta-analysis is needed to achieve a clear picture of the straightforward 

operation of each individual component. Once that has been successfully achieved, then 

informed studies using multifactorial, longitudinal designs can be built on what the results of the 

meta-analysis have told us. So while there is admittedly some loss of information when one 

concentrates on single effects in meta-analysis, a singular focus helps to target specific questions 

and to distill the essential elements of a phenomenon under study. 

A final limitation of meta-analysis is the notion of combining apples and oranges, or 

summarizing results from studies that vary notably in their operationalization and measurement 

of independent and dependent variables, and that employ very different types of sampling units 

to achieve answers to questions that are similar, though often not identical (Rosenthal & 

DiMatteo, 2001). When addressing this limitation, one must remember that meta-analyses by 

their very nature address wider and broader hypotheses than do individual studies. Hence a meta-

analysis may be thought of as asking a question about fruit, for which both apples and oranges 

(and indeed pears and melons) contribute valuable information (Hedges et al., 2007). One of the 

strengths of meta-analysis is that the consistency, and hence generalizability, of findings from 

one type of study to the next can be assessed formally. In fact, studies that are exactly the same 

limit the generalizability to the population (Rosenthal & DiMatteo, 2001).  
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2.13 Research Procedures 

According to Egger and Smith (2001), there are eight essential principles and procedures 

of a meta-analysis, all which are needed to formulate a review protocol. The review protocol in 

meta-analytic research is similar to any other research endeavor, and initially involves the 

formulation of the research question to be addressed, along with the specific population of 

interest. This should include a detailed definition of study participants, interventions, outcomes, 

and settings.  

Following formulation of the review questions, methods that will be utilized for 

identifying and selecting relevant studies must be established. Specifically, the researcher must 

devise a set of eligibility criteria so that they can determine which studies will be included, or 

excluded, from the meta-analysis. In order to prevent bias, eligibility criteria must be established 

prior to the review of literature, and must be related to the quality of the studies, the participants 

included, the types of measures employed, outcome or follow-up data, and any other information 

that may influence the results of the study (Egger & Smith, 2001). It is important to bear in mind 

that assessing study quality is often a challenging task (Moher, Pham, Jones, & Cook, 1998). As 

such, a more feasible approach may be required in order to define basic eligibility criteria, and to 

deal with the issue of study quality when performing the literature search (Egger & Smith, 2001). 

Approaches for determining the quality of studies will be discussed in further detail below.  

Next, the researchers must locate studies. This process is achieved through a literature 

search, and involves not only computerized searches, but hand-searching as well (Egger & 

Smith, 2001). Essentially, the researcher must examine specialized data bases; look at conference 

proceeding, and also at the bibliographies of review articles and monographs. Additionally, the 

search should include both published and unpublished studies (Badget et al., 1997). By including 
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both published and unpublished studies, the researcher can ensure that they are not restricting 

synthesis to the results of studies which have found significant results and thus been published, 

therefore minimizing the chance of publication bias (Sterne, Egger, & Smith, 2001). 

Once the literature search has been completed, the next step involves the selection of 

studies for inclusion within the meta-analysis. Because the decision to include or exclude studies 

is relatively subjective, it is therefore recommended to employ two researchers to determine 

study eligibility, with any disagreement being resolved by a third reviewer (Egger & Smith, 

2001). Once studies have been selected, the next principle involves assessing the quality of the 

study. Although this issue is still up for debate, Rosenthal (1991) advocates for the “quality 

weighing” of studies, suggesting the use of four-point scales as practical and valuable, and even 

the use of scales of up to nine points in some circumstances. Additionally, studies can be blocked 

according to methodology type, and also according to the types of operationalization of 

dependent and independent variables (Rosenthal & DiMatteo, 2001).  

Following quality assessment, the next steps then involve data extraction, followed by 

presenting and analyzing results, and finally interpreting results. As was the case for selecting 

studies and assessing the quality, two researchers are typically recommended to extract the data 

in order that errors can be avoided (Egger & Smith, 2001). A carefully designed and 

standardized record form should be used for this purpose. Following the extraction of data, the 

characteristics of the individual studies should be represented in tabular form (e.g., author, year, 

type of intervention, etc.). This provides readers of the paper with a visual representation of all 

the articles included in the analysis.  

After the results have been presented, focus is then placed upon analyzing the results. 

Individual results must be expressed in a standardized format to allow for comparison between 
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studies (Egger & smith, 2001). In general, results from a meta-analysis are analyzed in terms of 

effect sizes. An effect size is a measure of the strength (magnitude) and direction of the 

relationship between two variables (Rosenthal, 1994). While there are numerous different types 

of effect sizes, one particular example is the odds ratio (OR). OR is an effect size that is used 

when the outcome is binary (i.e. disorder versus no disorder, dead versus alive). This particular 

effect size facilitates ease in the combination of data, and in testing overall significance (Littell et 

al., 2008). Closely tied with OR is relative risk (RR). While OR examines the number of 

participants who fulfill the criteria for a given endpoint divided by the total number of 

participants who do not, RR looks at the number of participants who fulfill the criteria for the 

outcome divided by all participants (Egger & Smith, 2001). OR and RR are often presented in 

the form of forest plots, and should be included in the final meta-analysis.  

The final principle of meta-analytic research is the interpretation of results, which 

consists of estimating an overall effect by combining the data from all studies included. 

Although different statistical methods exist for combining the data, methods used for meta-

analysis generally employ a weighted average of the results (Egger & Smith, 2001). The 

statistical approach can be generally classified into fixed effect model (FEM), and random effect 

model (REM) (Koshdel et al., 2006). FEM considers the variability of the results as a random 

variation, and individual studies are simply weighted by their precision, meaning that FEM only 

looks at within-study variations. REM, on the other hand, assumes a different underlying effect 

for each study, and accounts for this as an additional source of variation, being randomly 

distributed. In other words, REM takes into account both between-study and within-study 

variations. Overall, the REM model leads to more weight being given to smaller studies and also 

to wider confidence intervals, than the FEM (Egger & Smith, 2001). Although neither of the two 
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models can be said to be ‘correct’, a substantial difference in the combined effect calculated by 

FEM and REM will be seen in the case of studies which are markedly heterogeneous (Egger, 

Smith, & Phillips, 1997). 

2.14 Summary and Overview of Chapter Three 

The overarching objective of this chapter was to provide the reader with an overall 

review of the literature with regards to childhood overweight and/or obesity. Obesity in general 

as well as childhood obesity was defined, and explanations were offered in terms of both the 

clinical and empirical assessment of this condition. The alarming prevalence rates, alongside the 

potential negative physical and psychosocial implications, have highlighted the sheer necessity 

of gaining a better understanding for this preventable condition, particularly with regards to its 

risk factors. The statement of the problem and research questions sets the stage for the overall 

analytic approach of this study, focusing particularly on the purpose of meta-analytic research. 

Finally, the research procedures were outlined, providing a guide for the remaining three 

chapters.  
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Chapter 3 - Method 

3.1 Overview of the Chapter 

This chapter will begin by providing a brief introduction to meta-analytic research and its 

intended purpose. From there, the purpose of the study, along with definitions of key terms will 

be presented. Next, the procedures of this study’s meta-analysis, including search strategies, 

eligibility criteria for study inclusion, quality assessment of the studies, data extraction, and 

analyses will be provided. Finally, a discussion on moderator variables, their potential impact on 

the current meta-analysis, and analyses will be presented. 

3.2 Research Design 

Meta-analysis is the research design for this study. As previously discussed in chapter 

two, a meta-analysis is a systematic and quantitative approach to identifying, appraising, 

synthesizing, and combining the results from large collection of relevant studies, to arrive at 

conclusions regarding a body of research (Stroup et al., 2005). The goal of meta-analytic 

research is to quantitatively synthesize the data from past studies, converting the results into 

effect sizes (Lipsey & Wilson, 2001). Often, studies have been conducted on the same topic and 

have produced different or even conflicting results; as such, a way of synthesizing the research 

results is necessary. As such, meta-analysis is most usefully applied to topics for which primary 

studies have provided conflicting or inconsistent results (Rosenthal & DiMatteo, 2001; Sauerbrei 

& Blettner, 2003). 

3.3 Operational Definitions of Variables 

Chapter two provided in depth definitions of several key terms including childhood 

overweight and obesity, maternal smoking, and family history of obesity. The following section 
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will provide a recap of the operational definitions of the terms relative to their purpose in the 

present meta-analysis.  

3.3.1 Childhood Overweight and Obesity 

Throughout the literature, the terms “overweight” and “obese” are used interchangeably 

when referring to children (Tyley & Fullerton, 2008). Chapter two focused on the controversies 

and issues associated with the assessment and diagnosis of childhood overweight and obesity. 

Within the context of this study, childhood overweight was operationalized as BMI between the 

85
th

 and the 95
th

 percentile, while BMI greater than the 95
th

 percentile will be used to signify 

obesity. 

3.3.2 Maternal Smoking 

In many of the studies included in this meta-analysis, maternal smoking during 

pregnancy is often treated as a dichotomous variable. Mothers are asked to indicate whether they 

smoked during their pregnancy with their child, or if they did not smoke during their pregnancy 

(e.g., Gorog et al., 2011). Within the context of this study, maternal smoking during pregnancy 

will be operationalized as ‘any’ exposure to maternal smoking during pregnancy. Dose-response 

will be operationalized as a mother who smoked greater than ten cigarettes per day. 

3.3.3 Family History of Obesity 

While the definition is consistent between studies, the parent assessed is often different. 

For example, some studies focused solely on maternal BMI, while others examined either 

maternal or paternal BMI, and even still other studies examined the effects of both maternal and 

paternal BMI upon the subsequent development of childhood overweight and obesity. Within the 

context of this meta-analysis, family history of obesity is operationalized as either a mother or 

father with a BMI greater than or equal to 25. 
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3.4 Procedures of the Study 

The following sections will discuss the procedures employed in the current meta-analysis. 

To provide an understanding of which particular studies were included in the meta-analysis, 

eligibility criteria for inclusion in the study will initially be discussed, followed by a presentation 

of search strategies and coding procedure, data extraction, and analyses.  

3.4.1 Eligibility Criteria for Study Inclusion 

Studies for this meta-analysis were selected based on a set of detailed criterion that were 

based on age of participants, date of publication, demographics of the participants, research 

design, and measurement techniques.  They are as follows: 

1) The study must involve at least one follow-up visit where the child’s weight is measured. 

2) Obesity and/or overweight must be measured by a medically acceptable measurement 

technique, including BMI for age or sex growth charts (Barlow, 2007; Lau et al., 2007).  

3) Studies must focus only on singleton births. 

4) At the time of the final follow-up visit, children must be no more than 12 years of age 

(Barlow, 2007; Krebs, Himes, Nicklas, Guilday, & Styne, 2007). According to Barlow 

(2007) BMI growth charts categorize children at several distinct at children from 2-5 and 

then 6-12 thus making the age selection conducive with current growth charts.  

5) Children must have been born greater than 28 weeks gestation, with no known birth 

defects or abnormalities. 

6) Studies must have been published within the last 30 years. 

7) Studies must report sufficient data, including means, standard deviations, odds ratios, and 

confidence intervals. 
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8) The prevalence of overweight and/ or obesity must have at least one of the risk factors 

included in the analysis.   

3.4.2 Search Strategies 

In order to avoid publication bias, the literature search included both published and non-

published studies. A publication bias may over-estimate the total effect size since negative 

results or results that failed to reach statistical significance are often not published. As indicated 

above, a key way to mitigate this issue is to include both published and unpublished studies in 

the meta-analysis (Borenstein, Hedges, & Rothstein; 2007; Egger & Smith, 2001). To be 

comprehensive it is important to search multiple electronic databases when doing meta-analyses 

(Royle, Bain, & Waugh, 2005). As such, searches were performed on the computerized 

databases PsycINFO (1967 to March 2012), MedLine (1946 to March 2012), Cochrane Database 

of Systematic Reviews, and Dissertation Abstracts International. Key words for search were 

identified by examining existing literature in childhood obesity. All computer searches were 

conducted using the following key words and phrases, in various combinations: ‘pregnancy’, 

‘overweight or obesity’, ‘smoking’, ‘family history’ ‘parents’, ‘risk factors’, and ‘childhood’. In 

an effort to be comprehensive, the tables of contents for journals that commonly publish articles 

in this area, including Obesity, International Journal of Obesity, Obesity Research, International 

Journal of Obesity and Related Metabolic Disorders, The Journal of Nutrition, Pediatrics, and 

International Journal of Epidemiology were reviewed for relevant studies, along with the 

reference sections of all identified articles, past reviews, and books in this area. 

In all, the search yielded 745 references involving maternal smoking during pregnancy 

and childhood overweight or obesity. In terms of family history of obesity and childhood 

overweight or obesity, the search yielded 803 references. The titles and abstracts obtained from 
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these searches were examined prior to study selection to eliminate those that clearly did not meet 

inclusion (e.g., literature reviews, studies involving adults). The primary author performed full-

text reviews on 91 articles relating to maternal smoking during pregnancy and childhood 

overweight and obesity, and full-text reviews on 82 articles relating to family history of obesity. 

Of the 91 maternal smoking articles, 73 were excluded based on the previously established 

inclusion criteria, which resulted in a total of 18 studies. Of the 82 family history of obesity 

studies, 71 were excluded based on the inclusion criteria, which results in a total of 11.   

3.4.3 Coding of Included Studies 

Each study was coded with respect to a variety of study features and statistical findings. 

Primary categories of study features that were coded included: 1) study design, 2) research 

question(s), 3) independent variables, 4) dependent variables, 5) population targeted, 6) 

overweight or obesity measurement, 7) smoking measurements, 8) moderator variables, and 9) 

statistical analyses. To ensure that the coding of the studies was accurate and consistent, the 

primary author initially coded all eligible studies using a detailed coding scheme. From there, a 

second, independent coder coded all eligible studies using the same scheme. When a difference 

between the two coders arose surrounding the inclusion or exclusion of a particular study, the 

difference was reconciled by reviewing the study together.  

3.4.4 Quality Assessment of Included Studies 

The Center for Evidence Based Medicine, Levels of Evidence (CEBM), provides “levels 

of evidence” criteria which includes five different levels of study quality (The Oxford 2011 

Levels of Evidence). Within the five different levels, levels one and two also have an additional 

three sub-levels, while level three has two sublevels. Level one suggests the highest quality of 

study and includes systematic reviews, case-controlled studies, and cohort studies with 80 
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percent follow-up. Level two includes cohort studies, including retrospective cohort study or 

follow-up of untreated control patients in a randomized controlled trial, as well as ecological 

studies. Level three includes case controlled studies, while level four focusing on case series 

research or poor quality cohort or case controlled studies. Finally, level five involves expert 

opinion type reports. The CEBM “levels of evidence” were first introduced in 1998, as a means 

of providing researchers with a tool to help them determine the most appropriate forms of 

research and evidence to include in their research. Currently the “levels” are essentially a 

heuristic, or short-cut to finding the likely best evidence (The Oxford 2011 Levels of Evidence).  

The CEBM “levels of evidence” were employed in the present meta-analysis to assess the 

overall quality of the studies included (The Oxford 2011 Levels of Evidence). Studies were 

initially reviewed based on the design tree as proposed by Bennett and Emberson (2011). This 

design tree provided a guide as to where on the CEBM “levels of evidence each study would be 

categorized. Studies are originally classified as either descriptive or analytic. Analytic studies, 

which were the studies included in the present meta-analysis, attempt to quantify the relationship 

between two factors, while descriptive studies on the other hand provide a picture of what is 

occurring in a given population. Once the studies were properly categorized, each was then 

assigned a level based on the CEMB “levels of evidence”. The overall result of this quality 

assessment will be provided in chapter four.  

3.4.5 Analyses 

Data analysis in this meta-analysis involved a sequence of steps. The first step was 

descriptive statistics. Specifically, the studies included in the meta-analysis were described with 

regards to participant characteristics (e.g., age, sex), study characteristics (e.g., research design, 

sample size), and outcome constructs (e.g., individual effect sizes). Whatever the set of effect 
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sizes under investigation, it is often of interest to examine the characteristics of those studies that 

yield statistically significant results. Descriptive analysis essentially describes the key results and 

various important attributes of the studies under investigation. Indeed, it can be argued that 

providing a broad description and appraisal of the nature and quality of the body of research 

under examination is fundamental to all other analyses (Cooper & Hedges, 1994).Descriptive 

analyses were conducted by creating participant characteristic and study characteristic tables to 

look for trends and access ranges. Furthermore, the means for participants’ age, sample size, 

smoking prevalence, maternal and paternal overweight status, as well as, offspring overweight 

and/or obesity were calculated.  

The next step involved expressing individual results in a standardized format. According 

to Egger and colleagues (2001), in order to synthesize the studies included in a meta-analysis, 

results from individual studies must be expressed in a standardized format. In general, results 

from a meta-analysis are analyzed in terms of effect sizes.  An effect size is a measure of the 

strength (magnitude) and direction of the relationship between two variables, and necessitates 

either a control group or pre- and post-test for comparison (Rosenthal, 1994). While there are 

numerous different types of effect sizes, one particular example is odds ratio (OR). OR is an 

effect size that is used when the outcome is binary (e.g., obesity versus average weight). This 

particular effect size facilitates ease in the combination of data, and in testing overall 

significance (Littell et al., 2008). Closely tied with OR is relative risk (RR). While OR examines 

the number of participants who fulfill the criteria for a given endpoint, divided by the total 

number of participants who do not, RR, on the other hand, calculates the number of participants 

who fulfill the criteria for the outcome, divided by all participants (Egger & Smith, 2001). 
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In the present meta-analysis, the effect size of focus will be OR but the RR will also be 

provided to assist with overall interpretation. ORs will be calculated through the use of the 

Comprehensive Meta-analysis program (Borenstein & Rothenstein, 1999). Raw data from each 

study on the prevalence of overweight and/or obese, as well as non-overweight offspring were 

compared for mothers who both smoked and did not smoke during pregnancy. This same 

procedure was employed for family history of obesity and offspring overweight and/or obesity. 

Results from each trial were graphically displayed with their confidence intervals in a forest plot. 

The 95% confidence interval would contain the true underlying effect in 95% of the instances, if 

the study was to be repeated multiple times.  

The effect sizes calculated in the present meta-analysis will be used to answer the 

research questions initially posed in chapter two. Specifically, with regards to maternal smoking 

during pregnancy, the effect sizes will be used to answer the research questions including 

whether or not maternal smoking was a significant risk factor for the development of offspring 

overweight and/or obesity, whether offspring of mothers who smoked during pregnancy were 

more likely to become overweight or obese and whether the quantity of cigarettes smoked by the 

mother during pregnancy influenced the odds of offspring overweight and/or obesity. In terms of 

family history of obesity, the effect sizes will determine whether or not family history of obesity 

was a significant risk factor for the development of offspring overweight and/or obesity, if the 

family member assessed impacted the development of overweight and/or obesity, and when 

family history of obesity was present, were offspring more likely to become overweight or obese.  

The third step involved examining the potential homogeneity or heterogeneity between 

study results. The Q statistic test for heterogeneity was calculated to assess whether the 

individual study results were likely to reflect a single underlying effect, as opposed to a 
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distribution of effects. In other words, the Q statistic was used to explore whether the observed 

variability in the distribution of effect size estimates was greater than would be expected from 

sampling error. If the Q statistic fails to detect heterogeneity among results, then it is assumed 

that the differences observed between individual studies are a result of the sampling variation 

and chance. If the Q statistic is significant, further analyses are then warranted to identify the 

sources of this observed variability. The forest plots of the effect sizes will be examined to 

identify potential moderating variables. Moderator variables will be discussed in greater detail in 

the next section.  

In the final step, results were then interpreted by estimating an overall effect by 

combining the data from all studies. Although different statistical methods exist for combining 

the data, the method employed for this meta-analysis was a weighted average of the results. In a 

weighted average, the results from large sample studies tend to have more weight than smaller 

ones; inversely, results from smaller studies are more susceptible to chance and should be given 

less weight (Egger & Smith, 2001). The statistical technique of calculating the weighted average 

can be generally classified into fixed-effect model, and random-effect model (Koshdel et al., 

2006). Fixed-effect model considers the variability of the results as a random variation, and 

individual studies are simply weighted by their precision, meaning that the fixed-effect model 

only looks at within-study variations. Random-effect model, on the other hand, assumes a 

different underlying effect for each study, and accounts for this as an additional source of 

variation, being randomly distributed. In other words, random-effect model takes into account 

both between-study and within-study variations. Overall, the random-effect model leads to more 

weight being given to smaller studies and also to wider confidence intervals than the fixed-effect 

model (Deeks, 2001). In fact, the use of the random-effect model has been advocated for when 
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there is heterogeneity between study results. Furthermore, the random-effects model allows for 

increased generalization of the findings to other studies with differing characteristics (Hartung & 

Knapp, 2003; Sauerbrei & Blettner, 2003). This meta-analysis calculated the weighted average 

of the studies using a random-effect model. 

3.4.6 Moderator Analysis 

A moderator variable is essentially an independent variable that interacts with another 

independent variable in predicting scores on and accounting for variance in a dependent variable 

(Steel & Kammeyer-Mueller, 2002). In the case of the present meta-analysis, a potential 

moderator variable would be one that interacts with either maternal smoking during pregnancy or 

family history of obesity thus accounting for at least some of the variance in childhood obesity. 

Several factors including age of the participants and place of study were hypothesized to have 

potential effects on the homogeneity of studies. Indeed, individual studies (both maternal 

smoking during pregnancy and family history of obesity) where the weight of children has been 

examined at multiple ages have demonstrated higher odds ratios for obesity at younger ages than 

at older ages (Chen et al., 2005; Whitaker et al., 2004). Further, in the examination of individual 

studies, varying odds ratios have been discovered depending on the country where the study was 

conducted. Should heterogeneity among studies be discovered, then moderator analyses for both 

age of the child and location of the study will be conducted.  

These two factors (age of children and location of study) were chosen at the preset of the 

study as potential moderator variables as previous research had shown varying findings in 

individual studies. For example, research examining offspring at age four, five, and six 

discovered that six year old offspring were at an greater risk of being classified as overweight 

and/obese as four year old offspring (Bergmann et al., 2003). In terms of location of the study, 
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research indicates that the cultural values of a given region may influence factors such lifestyle 

choices, including smoking-related behaviour, dietary choices, and physical activity intake which 

may ultimately influence the results of a given study (Brewis & Meyer, 2007). When statistical 

tests suggest heterogeneity in results, moderator analyses are justified (Steel & Kammeyer-

Mueller, 2002).  

Moderator analyses were conducted by grouping the studies into categories related to 

each moderator variable. Specifically, in examining age of the offspring, studies were grouped as 

either including participants over six or six and under. In terms of location of the study, each 

study was grouped into one of four categories, North America, South America, Europe, or Asia. 

In the case of moderator analyses, the Q statistic, instead of the OR will be examined. A 

significant Q statistic suggests that the variable in question appears be moderating the overall 

effect sizes, thus partially explaining the heterogeneity in the findings.  
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Chapter 4 - Results 

4.1 Overview of the Chapter 

This chapter will first discuss the descriptive features of the primary studies included in 

the meta-analysis, highlighting the commonalities and differences of the various studies. The 

results of the quality assessment based on the ‘levels of evidence” of the studies will also be 

discussed. Secondly, the research questions presented in chapter two will be answered by 

examining the effect size results between maternal smoking and the risk for offspring overweight 

and obesity, as well as with family history of obesity and the risk for offspring overweight and 

obesity will be offered. Finally, the results of moderator analyses will be presented in order to 

comment on the degree to which the relationship between maternal smoking during pregnancy 

and the risk for childhood overweight and obesity, and that of family history of obesity and the 

risk for childhood overweight and obesity are dependent upon the value of moderator variables.  

4.2 Descriptive Analysis and Quality Assessment Results 

The following sections will provide a descriptive analysis of the key features from 

primary studies involving maternal smoking during pregnancy and the risk for childhood 

overweight and obesity, as well as those involving family history of obesity and the risk for 

childhood overweight and obesity. The results of the quality assessment of the studies as 

determined the CEBM “levels of evidence will then be discussed in terms of how they were 

classified.  

4.2.1 Maternal Smoking during Pregnancy 

The literature review yielded 18 studies eligible for inclusion in the meta-analysis of risk 

for overweight and obesity in childhood resulting from maternal smoking during pregnancy (see 

Table 1). The studies included 74,393 children, and represent pregnancies that occurred from 
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1986 to 2006 in Europe, Asia, North America, and South America. The prevalence of smoking 

during pregnancy ranged from 8% to 43%, with an average of 19% of mothers smoking during 

pregnancy. The prevalence of childhood overweight ranged from 8% to 32%, with an average of 

15% of children being classified as overweight. Lower prevalence rates were discovered when 

specifically examining childhood obesity, with ranges from 2% to 22%, and an overall average 

of 8% of children being classified as obese. The children were between the ages of three and 12 

at the time their BMI status was assessed.  

4.2.2 Family History of Obesity 

The literature review yielded 11 studies eligible for inclusion in the meta-analysis of 

family history of obesity and risk for overweight and obesity in childhood (see Table 2). The 

studies included 39,386 children, and represent pregnancies that occurred from 1980 to 2003 in 

Europe, Asia, North America, and South America. The prevalence of maternal overweight status 

ranged from 12% to 43%, while the prevalence of paternal overweight ranged from 16% to 55%. 

On average, 22% of mothers were overweight, compared to 37% of fathers. With the exception 

of one study, the prevalence of overweight was higher in fathers than it was in mothers (i.e., 

Toscheke et al., 2005). The prevalence of childhood overweight ranged from 11% to 36%, with 

lower rates being discovered for childhood obesity (2%-17%). 18% of the entire population of 

children were classified as overweight, and 6% met the criteria for obesity. The children were 

between the ages of three and 12 at the time their BMI status was assessed.  

4.2.3 Quality Assessment of Included Studies 

As per the CEBM “levels of evidence” (2011) all of the included studies were coded 

based their assessed quality (see Table 1 and 2). As all of the studies were cohort or retrospective 

studies, they were classified under the second level of quality. Variations in the sublevels, 
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however, were discovered. Of the 18 maternal smoking articles included in the meta-analysis, 

three of the studies, were assessed as having level two sub-levels ‘a’. The remaining 15 studies 

were assessed as having sublevel ‘b’ quality. In terms of family history of obesity, again all the 

studies were either cohort or retrospective studies. Of the 11 studies included in the meta-

analysis, two were classified as having sub-level ‘a’ quality, while the remaining nine were 

assessed with sublevel ‘b’ quality. The principal difference between the two sub-levels was that 

three studies in sublevel ‘b’ had homogeneity in the results.  Taken together, while level one is 

considered to be studies of the highest quality, given the nature of this research and the 

unlikelihood of being able to assess maternal smoking during pregnancy during randomized 

control studies (the type of studies included in level one), the results of this quality assessment 

suggest that all of the articles included for maternal smoking during pregnancy and family 

history of obesity were of strong quality therefore likely to lead to reliable findings.  
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Table 1 - Overview of the 18 Maternal Smoking Studies included in the Analysis 

Authors and 

year 

Population Number 

in 

analysis 

Age of 

child at 

Outcome 

Maternal Smoking 

operationalized and 

Prevalence 

Childhood 

overweight / 

obesity 

operationalized 

and prevalence 

Levels of 

Evidence 

Oken, et al., 

2005 

United States 746 3 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke If yes 

mothers were asked to 

report in five 

categories the number 

of cigarettes they 

currently smoked.  

10% of mothers 

smoked 

Overweight was 

defined as BMI for 

age and sex > 85th 

percentile.  

27% of offspring 

were overweight 

2a 

Bergmann et 

al., 2003 

Germany 918 6 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke.  

16% of mothers 

smoked 

 BMIs > 90th 

percentile 

considered as 

overweight and 

BMI > 97th 

percentile as obese.  

8% of offspring 

were overweight 

and 9% were obese 

2b 

Adams et al.,  

2005 

United States 252 3 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. 

43% of mothers 

smoked 

overweight was 

defined as BMI for 

age and sex > 85th 

percentile to<95th 

percentile, while 

overweight as 

>95th percentile. 

18% of offspring 

were overweight 

and 22% were 

obese  

2b 

Wideroe et 

al.,  2003 

Norway and 

Sweden 

482 5 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. If yes( 1-

10 per day, >10 per 

day)  

21% of mothers 

smoked 

overweight was 

defined as 

BMI>85th 

percentile.  

10% of offspring 

were overweight 

2b 



78 

Authors and 

year 

Population Number 

in 

analysis 

Age of 

child at 

Outcome 

Maternal Smoking 

operationalized and 

Prevalence 

Childhood 

overweight / 

obesity 

operationalized 

and prevalence 

Levels of 

Evidence 

Toschke et 

al., 2003 

6 Bavarian 

communities 

in Germany 

4706 7 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke.  

20% of mothers 

smoked 

Overweight and 

obesity were 

defined according 

to sex and age-

specific cut points 

for body mass 

index.  

10% of offspring 

were overweight 

and 2% were obese 

2b 

Toschke et 

al.,  2002 

Germany 8,765 6.99 Questionnaire on 

maternal smoking (do 

you smoke – (1) now? 

(yes/no), (2) during 

the child’s 1st year of 

life? (yes/no), (3) 

during pregnancy? 

(yes/no), (4) in the 

year before 

pregnancy? (yes/no). 

8% of mothers smoked  

overweight was 

defined as BMI 

>90th percentile 

and obesity as BMI 

>97th percentile. 

10% of offspring 

were overweight 

and 3% were obese  

2b 

Von Kries et 

al., 2002 

Germany 6483 7 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. If yes (1-

10 per day, >10 per 

day). 

10% of mothers 

smoked 

overweight was 

defined as BMI 

>90th percentile 

and obesity as BMI 

>97th percentile. 

8% of offspring 

were overweight 

and 2% were obese 

2b 

Reilly et al., 

2005 

United 

Kingdom 

7758 7 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. If yes (1-9 

per day, 10-19, >20 

per day).  

21% of mothers 

smoked 

obesity as BMI> 

95th percentile. 

17% of offspring 

were overweight 

and  9% were 

obese 

2b 

Whitaker, 

2004 

Ohio 8494 4 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. 

33% of mothers 

smoked 

obesity as 

BMI>95th 

percentile.  

15% of offspring 

were obese 

2a 

Tome et al., 

2007 

Brazil 2797 10 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. 

25% of mothers 

smoked 

overweight as BMI 

>85th percentile 

and BMI >95th 

percentile as obese.  

9% of offspring 

were overweight 

2b 
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Authors and 

year 

Population Number 

in 

analysis 

Age of 

child at 

Outcome 

Maternal Smoking 

operationalized and 

Prevalence 

Childhood 

overweight / 

obesity 

operationalized 

and prevalence 

Levels of 

Evidence 

Koshy et al., 

2010 

United 

Kingdom 

2827 11 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. If yes (1-

10 per day, >10 per 

day) 

34% of mothers 

smoked.  

overweight defined 

as BMI >85th but 

<95th percentile 

and obesity as 

>95th percentile.  

21% of offspring 

were overweight 

and 8% were obese 

2b 

Gorog et al. , 

2011 

Central/Easte

rn Europe 

8926 12 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke.  

13% of mothers 

smoked 

Sex specific BMI 

cut point.  

14% of offspring 

were overweight 

2b 

Ino et al.,  Japan 2508 10 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke.  

11% of mothers 

smoked 

Overweight as 

BMI>22nd 

percentile and 

obesity as >25th 

percentile.  

 

2b 

Braun et al., 

2011 

Cincinnati 292 3 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke.  

25% of mothers 

smoked 

overweight was 

defined as a BMI > 

85th percentile.  

20% of offspring 

were overweight 

2b 

Raum et al.,  Germany 1954 6 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke.  

16% of mothers 

smoked 

overweight was 

defined as 

BMI>90th 

percentile and 

obese BMI >97th 

percentile.  

9% of offspring 

were overweight 

and 4% were obese 

2a 

Mangrio et 

al., 2010 

Sweden 9009 4 2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke.  

10% of mothers 

smoked 

Overweight and 

obesity were 

defined  based on 

six large nationally 

representative 

cross-sectional 

growth studies  

15% of offspring 

were overweight 

and 3% were obese 

2b 
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Authors and 

year 

Population Number 

in 

analysis 

Age of 

child at 

Outcome 

Maternal Smoking 

operationalized and 

Prevalence 

Childhood 

overweight / 

obesity 

operationalized 

and prevalence 

Levels of 

Evidence 

Moreira et 

al., (2007) 

Portugal 4845 12 years 

of age 

2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. 

15% of mothers 

smoked 

Overweight was 

defined as 

BMI>91st 

percentile and 

obesity as  

32% of offspring 

were overweight  

 

2b 

Danielzik et 

al., (2004) 

Kiel, 

Northwest 

Germany 

2631 7 years of 

age 

2 categories: yes-

smoked during 

pregnancy and no-did 

not smoke. If smoked 

number asked.  

19% of mothers 

smoked 

BMI between 

90th–97th 

percentile as 

overweight and 

BMI >97th 

percentile as obese.  

9% of offspring 

were overweight 

and 11% were 

obese 

2b 

 

  



81 

Table 2 - Overview of the 11 Studies of Family History of Obesity included in the Analysis 

Authors Population Number 

in 

analysis 

Age of 

child at 

Outcome 

Parental 

overweight/obesity 

operationalized and 

Prevalence 

Childhood 

overweight/obesity 

operationalized  

and prevalence 

Levels of 

Evidence 

Danielzik et 

al., (2004) 

Germany 2631 7 self-reported BMI 

>25.  

20% of mothers were 

overweight and  39% 

of fathers were 

overweight 

BMI between 90th–

97th percentile s 

overweight  

111% of offspring 

were overweight 

2b 

He, et al., 

2000 

China 1322 6 self-reported BMI> 

25.  

19% of mothers and 

26% of fathers were 

overweight. 

Obesity was based 

on the definition of 

a height-adjusted 

weight over 120% 

of the NCHS mean 

-2% of offspring 

were obese  

2a 

Hui et al., 

(2005) 

 Hong 

Kong   

343 7 self-reported BMI 

>25. 

29% of mothers and 

36% of fathers were 

overweight 

obesity was defined 

as >120% of median 

weight-for-height.  

8% of offspring 

were obese 

2b 

Krahnstoever  

et al., (2005) 

United 

States 

197 11 weight and height 

measured BMI >25 

43% of mothers were 

overweight 

Overweight was 

defined as BMI 

>85th percentile to 

95th percentile and 

obese as >95th 

percentile.  

28% of offspring 

were overweight 

2b 

Moreira et al.,  

(2007) 

Portugal 4845 12 weight and height 

measured BMI >25 

26% of mothers were 

overweight and 48% 

of fathers were 

overweight 

Overweight was 

defined as 

BMI>91st percentile 

and obesity as BMI 

>98th percentile. 

33% of offspring 

were  overweight 

2b 

Takahashi, et 

al,  (1999) 

Japan 7962 3 self-reported BMI >25 

19% of mothers were 

overweight 

overweight was 

defined based on 

BMI >18 

6% of offspring 

were overweight 

 

2b 

 

Chen et al.,  

(2005) 

Taiwan 331 8 self-reported BMI >25 

15% of mothers and 

36% of fathers were 

overweight 

overweight was 

defined based on a 

weight for length 

greater than 1.10 

.6% of offspring 

were overweight  

2b 
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Authors Population Number 

in 

analysis 

Age of 

child at 

Outcome 

Parental 

overweight/obesity 

operationalized and 

Prevalence 

Childhood 

overweight/obesity 

operationalized  

and prevalence 

Levels of 

Evidence 

Mangrio et 

al.,  (2010) 

Sweden 9009 4 self-reported BMI >25 

29% of mothers were 

overweight, 55% of 

fathers 

overweight was 

defined using BMI 

cut-off points of 

17.55 for boys and 

17.28 for girls and 

obesity as 19.29 for 

boys and 19.19 for 

girls.  

15% of offspring 

were overweight 

and 3% were obese 

2b 

Oliveira et al.,  

(2007) 

Brazil 699 9 years of 

age 

self-reported BMI> 25 

12% of mothers were 

overweight 

overweight was 

defined as 

BMI>85th 

percentile and 

obesity as BMI 

>95th percentile.  

7% of offspring 

were overweight 

and 3% were obese 

2b 

Toschke et 

al.,  (2005) 

Germany 4289 7 self-reported BMI> 25 

24% of mothers and 

16% of fathers were 

overweight 

overweight and 

obesity were defined 

based on sex and 

age-specific cut-

points.  

11% of offspring 

were overweight 

2b 

Reilly et al., 

2005 

United 

Kingdom 

7758 7 Self-reported BMI >30 

15% of mothers were 

overweight 

obesity as BMI> 

95th percentile.   

9% of offspring 

were obese 

2a 
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4.3 Effect Size Results 

The Comprehensive Meta-Analysis (Borenstein & Rothenstein, 1999) software program 

was used to assist in the calculation, storage and analysis of effect size estimates. Several 

different effect size estimates for maternal smoking during pregnancy, including risk for 

offspring overweight and obesity, risk for offspring obesity versus risk for overweight, as well as 

the dose response effect of maternal smoking during pregnancy and risk for offspring overweight 

and obesity were calculated. In addition, effect size estimates for family history of obesity were 

computed, including family history of obesity and offspring overweight and obesity, maternal 

weight and offspring overweight and obesity, paternal weight and offspring overweight and 

obesity, as well as family history of obesity and offspring obesity versus offspring overweight 

status.  

4.3.1 Is Maternal Smoking During Pregnancy a Significant Risk Factor of Overweight and/or 

Obesity in Offspring? 

The first research question of this meta-analysis was to determine whether the offspring 

of mothers who smoke during pregnancy are at a greater risk for developing obesity or 

overweight. As previously mentioned, 18 studies were included in the analysis. As hypothesized, 

based on the present meta-analysis, children whose mothers smoked during pregnancy were at an 

elevated risk for overweight and obesity (pooled adjusted odds ratio (OR) 1.69, 95% CI: 1.49- 

1.92, P for heterogeneity < 0.001 compared with mothers who did not smoke during pregnancy 

(See Figure 1). The pooled relative risk (RR) was 1.56, 95% CI: 1.40-1.73. Such information 

suggests that offspring of mothers who smoke during pregnancy are over one and a half times 

more likely to become overweight and/or obese than offspring of mothers who did not smoke. As 

illustrated by the Forest plot in Figure 1, 17 of the 18 studies showed that offspring of mothers 
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who smoked during pregnancy were significantly more likely than offspring of mothers who did 

not smoke during pregnancy to be identified as overweight or obese. Only one non-significant 

OR of less than 1.0 was reported by Tome and colleagues (2007) (OR) .98, 95% CI: .77-1.24. 

The study by Adams and colleagues (2003) yielded the greatest effect (OR) 3.99, 95% CI: 2.08-

7.68, but excluding that study only slightly influenced the pooled odds ratio (OR) 1.66, 95% 

1.46,-1.87.  

4.3.2 Are the Offspring of Mothers who Smoke During Pregnancy at a Greater Risk for 

Developing Obesity or developing Overweight? 

As it was determined that offspring of mothers who smoked were at a significant greater 

risk for developing overweight and/or obesity, the second research question sought to investigate 

whether offspring of mothers who smoked during pregnancy were at a greater risk for becoming 

overweight or obese. Of the 18 studies included in the meta-analysis, 16 (84%) provided specific 

effect sizes for maternal smoking during pregnancy and the risk of overweight, while 11 (61%) 

provided specific effect sizes for maternal smoking during pregnancy and risk for obesity. As 

such, due to a sufficient number of studies providing data for overweight and obesity status in 

offspring, a subgroup analysis was performed to compare the risk for childhood overweight 

versus the risk for obesity. The pooled odds ratio for maternal smoking during pregnancy and 

risk for obesity (OR) 1.86, 95% CI: 1.46-2.35, P for heterogeneity < 0.001 (see Figure 2) was 

greater than the pooled odds ratio for maternal smoking during pregnancy and risk for 

overweight (OR) 1.60, 95% CI: 1.37-1.87, P for heterogeneity < 0.001 (see Figure 3). The 

pooled relative risk for maternal smoking during pregnancy and risk for obesity (RR) 1.70, 95% 

CI: 1.39-2.02, P for heterogeneity < 0.001 was greater than the pooled odds ratio for maternal 

smoking during pregnancy and risk for overweight (OR) 1.45, 95% CI: 1.27-1.64, P for 
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heterogeneity < 0.001 Providing support for the second hypothesis that children of mother who 

smoked during pregnancy are at greater risk for becoming obese than they are overweight. It 

should be noted, however, the risk for overweight remained statistically significant.  

4.3.3 Does the Quantity of Cigarettes Consumed by the Mother During Pregnancy Influence 

the Odds of Offspring Overweight and/or Obesity? 

The third research question sought to investigate whether the quantity of cigarettes also 

referred to as the dose-response of the cigarettes impacted the odds of offspring overweight 

and/or obesity. Of the 18 studies included in the meta-analysis, five (28%) reported data on the 

effects of dose response and maternal smoking during pregnancy, and the risk for offspring 

overweight and obesity. As shown in Figure 5, all of the studies revealed a statistically 

significant increase in the risk for childhood overweight and obesity as the number of cigarettes 

the mother smoked during pregnancy increased. The pooled odds ratio for dose response of 

maternal smoking (OR) was found to be 2.50, 95% CI 1.53-4.06, P for heterogeneity < 0.001. 

The pooled relative risk for dose response of maternal smoking (RR) was found to be 2.10, 95% 

CI: 1.39-3.11, P for heterogeneity < 0.001. These results provide support for the third hypothesis. 

As the number of cigarettes smoked during pregnancy increased so too did the risk for offspring 

overweight and/or obesity.  
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Figure 1 - Meta-Analysis of Random Combined ORs - Maternal Smoking and Risk for 

Childhood Overweight and Obesity 

Study Citation 

Adams et al., 

Bergmann et al, 

Bergmann et al.,  

Braun 

Danielzik et al.,  

Danielzik et al., 

Gorog et al., 

Gorog et al.,  

Ino et al.,  

Ino et al.,  

Koshy et al.,  

Koshy et al.,  

Mangrio et al.,  

Mangrio et al.,  

Moreira et al.,  

Oken et al.,  

Raum et al.,  

Reilly et al.,  

Tome et al.,  

Toschke et al.,  

Toschke et al.,  

Toschke et al.,  

Toschke et al.,  

von Kries et al., 

Von Kries et al., 

Whitaker et al.,  

Widero et al.,  

Fixed Combined (27) 

Random Combined (27) 

Year           

2006        

2003 

2003 

2010 

2004 

2004 

2011 

2011 

2011 

2011 

2010 

2010 

2010 

2010 

2007 

2005 

2011 

2005 

2007 

2002 

2002 

2003 

2003 

2002 

2002 

2004 

2003 

 

OR (Random) 95% CI 

3.99 (2.08 – 7.67) 

1.95 (1.17 – 3.25) 

1.63 (.96 – 2.76) 

2.53 (1.25 – 5.09) 

2.36 (1.63 – 3.39) 

1.18 (.87 – 1.61) 

1.53 (1.08 – 2.18) 

1.30 (1.09 – 1.55) 

1.53 (.66 – 3.49) 

1.71 (1.05 – 2.76) 

1.71 (1.43 – 2.05) 

1.24 (1.06 -1.45) 

1.48 (1.24 – 1.77) 

2.37 (1.73 – 3.23) 

1.01 (.87 – 1.20) 

2.40 (1.46 – 3.95) 

1.83 (1.27 – 2.63) 

1.60 (1.17 – 2.18) 

.98 (.77 – 1.24) 

2.30 (1.62 – 3.26) 

1.85 (1.47 – 2.32) 

3.23 (2.00 – 5.21) 

1.85 (1.38 – 2.47) 

1.89 (1.15 – 3.09) 

1.86 (1.41 – 2.45) 

1.06 (.93 – 1.20) 

3.05 (1.36 – 5.27) 

1.43 (1.33 – 1.47) 

1.69 (1.49 – 1.92) 

 

Test for heterogeneity: x2 = 134.7, df = 26 (P <.0001) 

Test for overall effect: Z = 8.14 (P <.0001) 
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Figure 2 - Meta-Analysis of Random Combined ORs - Maternal Smoking and Risk for 

Childhood Obesity 

Test for heterogeneity: x2 = 62.71, df = 9 (P <.0001) 

Test for overall effect: Z = 4.82 (P <.0001) 

 

Figure 3 - Meta-Analysis of Random Combined ORs - Maternal Smoking and Risk for 

Childhood Overweight 

Study Citation Year OR (Random) 95% CI 

 

Adams et al., 2006 3.99 (2.08 – 7.68) 

Bergmann et al, 2003 1.63 (.96 – 2.76) 

Braun 2010 2.53 (1.25 – 5.09 

Danielzik et al.,  2004 1.18 (.87 – 1.61) 

Gorog et al.,  2011 1.30 (1.09 – 1.55) 

Ino et al.,  2011 1.71 (1.05 – 2.76) 

Koshy et al.,  2010 1.24 (1.06 -1.45) 

Mangrio et al.,  2010 1.48 (1.24 – 1.77) 

Moreira et al.,  2007 1.02 (.87 – 1.20) 

Oken et al.,  2005 2.40 (1.46 – 3.95) 

Raum et al.,  2011 1.83 (1.27 – 2.63) 

Tome et al.,  2007 .98 (.77 – 1.24) 

Toschke et al.,  2002 1.85 (1.47 – 2.32) 

Toschke et al.,  2003 1.85 (1.38 – 2.47) 

von Kries et al.,  2002 1.86 (1.41 – 2.45) 

Widero et al.,  2003 4.06 (1.36 – 5.27) 

Fixed Combined (16)  1.38 (1.28 – 1.46) 

Random Combined (16)  1.60 (1.37 – 1.87) 

Test for heterogeneity: x2 = 71.64, df = 15 (P <.0001) 

Test for overall effect: Z = 5.90 (P <.0001)  

Study Citation Year OR (Random) 95% CI 

 

Bergmann et al, 2003 1.95 (1.17 – 3.25) 

Danielzik et al.,  2004 2.36 (1.63 – 3.39) 

Gorog et al.,  2011 1.53 (1.08 – 2.18) 

Ino et al.,  2011 1.53 (.66 – 3.49) 

Koshy et al.,  2010 1.71 (1.43 – 2.05) 

Mangrio et al.,  2010 2.37 (1.73 – 3.23) 

Reilly et al.,  2005 1.60 (1.17 – 2.18) 

Toschke et al.,  2002 2.30 (1.62 – 3.26) 

Toschke et al.,  2003 3.23 (2.00 – 5.21) 

Von Kries et al., 2002 1.89 (1.15 – 3.09) 

Whitaker et al.,  2004 1.06 (.93 – 1.20) 

Fixed Combined (11)  1.50 (1.35 – 1.59) 

Random Combined (11)  1.86  (1.46 – 2.35) 
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Figure 4 - Meta-Analysis of Random Combined ORs – Dose Response of Maternal 

Smoking and Risk for Childhood Overweight and Obesity. 

Study Citation Year OR (Random) 95% CI 

 

Danielzik et al.,  2004 4.82 (3.85 – 6.03) 

Danielzik et al., 2004 1.17 (.97 – 1.42) 

Reilly et al.,   

Reilly et al.,   2005 1.56 (1.14 – 2.16) 

Reilly et al.,  2005 1.96 (1.20 – 3.22) 

Von Kries et al.,  2002 2.31 (1.78 – 3.00) 

Von Kries et al.,  2002 4.11 (2.73 – 6.12) 

Widero et al.,  2003 4.06 (1.65 – 5.63) 

Fixed Combined (6)  2.20 (1.99 – 2.46) 

Random Combined (6)  2.50 (1.53 – 4.06) 

Test for heterogeneity: x2 = 105.82, df = 26 (P <.0001) 

Test for overall effect: Z = 3.05 (P <.0001) 

 

Figure 5 - Funnel Plot of Random Combined ORs - Maternal Smoking and Risk for 

Childhood Overweight and Obesity 
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Figure 6 - Funnel Plot of Random Combined ORs - Maternal Smoking and Risk for 

Childhood Obesity  

 

Figure 7 - Funnel Plot of Random Combined ORs - Maternal Smoking and Risk for 

Childhood Overweight 
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Figure 8 - Funnel Plot of Random Combined ORs – Dose Response of Maternal Smoking 

and Risk for Childhood Overweight and Obesity 
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4.3.4 Is Family History of Obesity a Significant Risk Factor of Overweight and/or Obesity in 

Offspring? 

With regards to family history of obesity and offspring overweight and/or obesity, the 

initial research question queried whether or not family history of obesity was s significant risk 

factor for the development of overweight and/or obesity in offspring. A total of 11 studies were 

included in the analysis. Data provide support for the fourth hypothesis; children with a family 

history of obesity were at an elevated risk for overweight and obesity (pooled adjusted odds ratio 

(OR) 2.27, 95% CI: 2.09-2.46, P for heterogeneity < 0.001 compared with children who did not 

have a family history of obesity (see Figure 9). The pooled relative risk (RR) was 1.63, 95% CI: 

1.54-1.73, P for heterogeneity < 0.001. This means that children with a family history of obesity 

are over one and a half times more likely to become overweight and/or obese than offspring with 

no family history of obesity. The study by Hui and colleagues (2003) yielded the greatest effect 

(OR) 3.92, 95% CI: 2.12-7.25, but excluding that study, only slightly influenced the pooled odds 

ratio (OR) 2.23, 95% CI: 2.06-2.40, P for heterogeneity < 0.001.  

4.3.5 Does the Risk for Offspring Overweight and/or Obesity Associated with Family History 

vary Depending on the Family Members Included in the Analyses?  

As it was discovered that family history of obesity was indeed a significant risk factor for 

the development of overweight and/obesity in offspring, the next question examined whether the 

risk for overweight and /or obesity varied depending upon the family member examined. 

Specifically, where the weight status of mothers more salient in terms of increasing the odds of 

offspring overweight and/or obesity than father, or vice versa? When the risk for offspring 

overweight or obesity was examined focusing solely on maternal history of overweight or 

obesity status, the pooled odds ratio were higher (OR) 2.39, 95% 2.05-2.80, P for heterogeneity 
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< 0.001 than when paternal history of overweight or obesity was examined (OR) 2.08, 95% CI: 

1.91-2.26, P for heterogeneity < 0.001 (see Figure 10 and 11). The relative risk was higher when 

maternal obesity was examined (RR) 1.62, 95% 1.48-1.77, P for heterogeneity < 0.001 than 

when paternal history of overweight or obesity was examined (RR) 1.41, 95% CI: 1.35-1.46, P 

for heterogeneity < 0.001.This data provided support for the fifth hypothesis, that the weight 

increases the odds of offspring overweight and/or obesity more than the weight status of father 

does. Still, when fathers were obese, children were at a significantly greater risk for becoming 

overweight and/or obese than if fathers were not obese.  

4.3.6 When Family History of Obesity is Present, are Offspring at a Greater Risk for 

Developing Obesity or Overweight?  

The purpose of the final research question was to investigate whether when family 

history of obesity was present, were the offspring more likely to become overweight or obese. Of 

the 11 studies included in the meta-analysis, eight provided specific effect sizes for family 

history of obesity and the risk of overweight in offspring, while six studies provided specific 

effect sizes for family history of obesity and risk for obesity in offspring. As a result, a subgroup 

analysis was performed to compare the risk for overweight versus the risk for obesity. Data from 

the subgroup analysis provide support for the final hypothesis. The pooled odds ratio for family 

history of obesity and risk for obesity (OR) 2.55, 95% CI: 2.20- 2.96, P for heterogeneity < 0.001 

(see Figure 12) was greater than the pooled odds ratio for family history of obesity and risk for 

overweight in offspring (OR) 2.04, 95% CI: 1.88-2.21, P for heterogeneity < 0.001 (see Figure 

13). The pooled relative risk for family history of obesity and risk for obesity (RR) was 1.75, 

95% CI: 1.60-1.94, P for heterogeneity < 0.001 was greater than the pooled odds ratio for family 

history of obesity and risk for overweight in offspring (RR) 1.55, 95% CI: 1.46-1.65, P for 
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heterogeneity < 0.001. When family history of obesity is present, children are more likely to 

become obese than overweight. It is important to note that children with a family history of 

obesity still had one and a half times the risk of becoming overweight and/obese than children 

with no family history of obesity.   
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Figure 9 - Meta-Analysis of Random Combined ORs – Family History of Obesity and Risk 

for Offspring Overweight and Obesity. 

Study Citation 

Chen et al., 

Chen et al.,  

Danielzik et al., 

Danielzik et al., 

Danielzik et al., 

Danielzik et al., 

Danielzik et al., 

Danielzik et al.,  

Danielzik et al.,  

Danielzik et al.,  

He et al.,  

He et al.,  

Hui et al., 

Hui et al.,  

Krahnstoever et al.,  

Krahnstoever et al., 

Krahnstoever et al.,  

Krahnstoever et al., 

Krahnstoever et al.,  

Krahnstoever et al 

Mangrio et al.,  

Mangrio et al.,   

Mangrio et al.,  

Mangrio et al.,  

Mangrio et al.,  

Mangrio et al.,  

Oliverira et al.,  

Oliverira et al.,  

Oliverira et al.,  

Oliverira et al.,  

Oliverira et al.,  

Oliverira et al 

Reilly et al.,  

Reilly et al., 

Reilly et al.,  

Reilly et al.,  

Reilly et al.,  

Reilly et al.,  

Takahasi et al 

Takahasi et al.,  

Tocsheke et al.,  

Fixed Combined ( 41) 

Random Combined ( 41) 

Year 

2005 

2005 

2004 

2004 

2004 

2004 

2004 

2004 

2004 

2004 

2000 

2000 

2003 

2003 

2005 

2005 

2005 

2005 

2005 

2005 

2007 

2010 

2007 

2007 

2007 

2010 

2007 

2007 

2007 

2007 

2007 

2007 

2005 

2005 

2005 

2005 

2005 

2005 

1999 

1999 

2005 

RR (Random) 95% CI 

1.71 (.68 – 4.26) 

1.56 (.77 – 3.23) 

2.54 (1.96 – 3.29) 

2.69 (1.54 – 4.71) 

2.50 (1.30 – 4.81) 

1.55 (1.29 – 1.86) 

2.21 (1.86 – 2.63) 

2.27 (1.42 – 3.65) 

3.31 (1.89 – 5.79) 

3.25 (2.49 – 4.25) 

2.30 (1.70 – 3.13) 

3.58 (2.18 – 5.89)  

2.43 (1.44 – 4.09) 

3.92 (2.12 – 7.23) 

2.27 (1.21 – 4.24) 

1.61 (.80 – 3.27) 

1.45 (.65 – 3.23) 

1.55 (.79 – 3.06) 

2.07 (1.11 – 3.87) 

2.16 (1.14 – 4.11) 

3.28 (2.54 – 4.22) 

2.58 (2.02 – 3.31) 

2.00 (1.75 – 2.29) 

2.07 (1.83 – 2.35) 

1.60 ( 1.41 – 1,81) 

2.50 (1.90 – 3.29) 

 

2.74 (1.54 – 4.87)  

2.53 (1.50 – 4.26)  

2.14 (1.04 – 4.41)  

2.09 (1.00 – 4.32)  

3.81(1.79 – 8.13)  

1.56 (.93 – 2.63)  

2.60 (1.97 – 3.43)  

2.58 (2.02 – 3.31)  

3.28 (2.54 – 4.22)  

2.07 (1.83 – 2.34)  

2.00 (1.75 – 2.29)  

1.60 (1.42 – 1.82)  

3.13 (2.34 – 4.12)  

1.63 (1.29 – 2.07)  

2.30 (3.57 – 5.06)  

2.09 (2.01 – 2.17)  

2.27 (2.09 -2.46)  

Test for heterogeneity: x
2
 = 1.26.62, df = 40 (P <.0001) 

Test for overall effect: Z = 19.69 (P <.0001)  
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Figure 10 - Meta-Analysis of Random Combined ORs –Maternal History of Obesity and 

Risk for Offspring Overweight and Obesity 

Study Citation Year RR (Random) 95% CI  

Chen et al.,  2005 1.71 (.66 – 4.26) 

Danielzik et al.,  2004 2.27 (1.42 – 3.65) 

Danielzik et al.,  2004 3.31 (1.89 – 5.79) 

Danielzik et al., 2004 3.25 (2.49 – 4.25) 

Danielzik et al., 2004 2.54 (1.96 – 3.29) 

He et al.,   2000 3.58 (2.18 – 5.89) 

Hui et al.,  2003 3.92 (2.12 – 7.25) 

Krahnstoever et al.,  2005 1.55 (.79 – 3.06) 

Krahnstoever et al., 2005 1.45 (.65 – 3.25) 

Krahnstoever et al., 2005 1.61 (.78 – 3.27) 

Mangrio et al.,  2010 2.58 (2.20 – 3.31) 

Mangrio et al.,  2010 1.60 (1.42 – 1.82) 

Moreira et al.,   2007 1.91 (1.75 – 2.10) 

Moreira et al.,  2007 3.07 (2.67 – 3.53) 

Oliverira et al.,  2007 2.14 (1.04 – 4.41) 

Oliverira et al.,  2007 1.56 (.93 – 2.63) 

Reilly et al.,  2005 2.58 (2.02 – 3.31) 

Takahasi et al.,  1999 3.13 (2.34 – 4.17) 

Fixed Combined (18)  2.19 (2.08 – 2.32) 

Random Combined (18)  2.40 (2.05 – 2.80) 

 

Test for heterogeneity: x
2
 = 87.18, df = 17 (P <.0001) 

Test for overall effect: Z = 10.99 (P <.0001) 

  



96 

Figure 11 - Meta-analysis of random combined ORs –Paternal History of Obesity and Risk 

for Offspring Overweight and Obesity 

Study Citation Year RR (Random) 95% CI  

Chen et al.,  2005 1.57 (.77 – 3.23) 

Danielzik et al.,  2004 2.70 (1.54 – 4.71) 

Danielzik et al.,  2004 2.50 (1.30 – 4.81) 

Danielzik et al., 2004 1.55 (1.29 – 1.86) 

Danielzik et al., 2004 2.21 (1.86 – 2.63) 

He et al.,   2000 2.30 (1.70 – 3.13) 

Hui et al.,  2003 2.43 (1.44 – 4.09) 

Krahnstoever et al.,  2005 2.27 (1.21 – 4.24) 

Krahnstoever et al., 2005 2.16 (1.14 – 4.11) 

Krahnstoever et al., 2005 2.07 (1.11 – 3.87) 

Mangrio et al.,  2010 2.50 (1.90 – 3.29) 

Mangrio et al.,  2010 2.07 (1.82 – 2.35) 

Oliverira et al.,  2007 2.09 (1.00 – 4.32) 

Oliverira et al.,  2007 2.53 (1.50 – 4.26) 

Reilly et al.,  2005 2.60 (1.97 – 3.43) 

Reilly et al.,  2005 2.07 (1.83 – 2.36) 

Takahasi et al.,  1999 1.63 (1.29 – 2.07) 

Fixed Combined (17)  2.06 (1.94 – 2.19) 

Random Combined (17)  2.08 (1.91 – 2.23) 

 

Test for heterogeneity: x
2
 = 21.52.70, df = 16 (P <.0001) 

Test for overall effect: Z = 17.47 (P <.0001) 
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Figure 12 - Meta-analysis of random combined ORs – Family History of Obesity and Risk 

for Offspring Obesity. 

Study Citation Year RR (Random) 95% CI  

Danielzik et al., 2004 1.55 (1.29 – 1.86) 

Danielzik et al.,  2004 2.27 (1.42 – 3.65) 

Danielzik et al.,  2004 3.25 (2.49 – 4.25) 

Danielzik et al., 2004 2.69 (1.54 – 4.71) 

He et al.,  2000 2.30 (1.70 – 3.13) 

He et al.,   2000 3.58 (2.18 – 5.89) 

Mangrio et al.,   2010 2.58 (2.02 – 3.31) 

Mangrio et al.,  2007 3.28 (2.54 – 4.222) 

Mangrio et al., dad 2010 2.50 (1.90 – 3.29) 

Oliverira et al.,  2007 2.09 (1.00 – 4.32) 

Oliverira et al.,  2007 2.14 (1.04 – 4.41) 

Oliverira et al., both  2007 3.81 (1.79 – 8.13) 

Reilly et al.,  2005 2.60 (1.97 – 3.43) 

Reilly et al.,  2005 2.58 (2.02 – 3.31) 

Reilly et al.,  2005 3.23 (1.75 – 2.29) 

Takahasi et al.,  1999 1.63 (1.29 – 2.07) 

Takahasi et al.,  1999 3.13 (2.34 – 4.12) 

Fixed Combined (17)  2.43 (2.24 – 2.59) 

Random Combined (17)  2.55 (2.20 – 2.96) 

 

Test for heterogeneity: x
2
 = 57.46, df = 16 (P <.0001) 

Test for overall effect: Z = 12.51 (P <.0001) 
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Figure 13 - Meta-analysis of random combined ORs – Family History of Obesity and Risk 

for Offspring Overweight. 

Study Citation Year RR (Random) 95% CI  

Chen et al., 2005 1.71 (.66 – 4.26) 

Chen et al.,  2005 1.58 (.77 – 3.23) 

Danielzik et al.,  2004 2.50 (1.30 -4.81) 

Danielzik et al.,  2004 2.21 (1.86 – 2.63) 

Danielzik et al., 2004 3.31 (1.89 – 5.79) 

Danielzik et al., 2004 2.54 (1.96 – 3.29) 

Hui et al.,   2003 2.43 (1.44 – 4.09) 

Hui et al.,  2003 3.92 (2.12 – 7.25) 

Krahnstoever et al.,  2005 2.16 (1.14 – 4.11) 

Krahnstoever et al., 2005 1.61 (.80 – 3.27) 

Krahnstoever et al., 2005 1.45 (.65 – 3.25) 

Krahnstoever et al., 2005 2.07 (1.11 – 3.87) 

Krahnstoever et al., 2005 2.27 (1.21 – 4.24) 

Krahnstoever et al., 2005 1.55 (.79 – 3.06) 

Mangrio et al.,   2010 2.00 (1.75 – 2.29) 

Mangrio et al.,  2010 2.07 (1.82 – 2.35) 

Mangrio et al.,  2007 1.60 (1.42 – 1.82) 

Oliverira et al.,  2007 2.74 (1.54 – 4.87) 

Oliverira et al.,  2007 2.53 (1.50 – 4.26) 

Oliverira et al.,  2007 1.56 (.93 – 2.63) 

Reilly et al., 2005 2.07 (1.83 – 2.36) 

Reilly et al., 2005 2.00 (1.75 – 2.29) 

Reilly et al.,  2005 1.60 (1.12 – 1.82) 

Tocsheke et al.,  2005 2.30 (1.96 – 2.70) 

Fixed Combined (24)  1.97 (1.89 – 2.07) 

Random Combined (24)  2.04 (1.88 – 2.21) 

 

Test for heterogeneity: x
2
 = 45.51, df = 23 (P <.0001) 

Test for overall effect: Z = 17.38 (P <.0001) 
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4.4 Moderator Analyses and Heterogeneity 

The effect sizes calculated suggested that maternal smoking during pregnancy and family 

history of obesity increased the odds of children being classified as overweight and/or obese. 

Despite these noteworthy findings, the Q test suggested heterogeneity of results for both 

maternal smoking and family history of obesity. A significant Q test suggests that the differences 

observed between studies were due to something other than chance. As a result of the detection 

of heterogeneity, moderator analyses for age at the time of overweight and/or obesity 

measurement and region of the study were conducted. It is important to note that while variables 

such as SES status, level of parental education, and dietary patterns were investigated in some 

studies, due to inconsistencies between the studies; those variables were unable to be 

investigated as potential moderator variables. The following sections will explain the results of 

the moderator analyses.  

4.4.1 Age of the Child at Overweight and/or Obesity Measurement 

An analysis of variance was calculated to determine whether there was a difference 

between the odds of offspring of mothers who had smoked during pregnancy being classified as 

overweight and/or obese at six years of age and under versus over six years of age. Results 

suggest a statistically significant difference between the odds of offspring whose mothers 

smoked during pregnancy being identified as overweight and/or obesity when they were assessed 

at age six years and under versus when the assessment was done when the child was older than 

six (Q = 10.35, p < 0.001). This would suggest that maternal smoking during pregnancy appears 

to have the greater impact on the overweight and/or obesity status of their offspring when they 

are six years and under than when they are older than six years old. 
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An analysis of variance was calculated to determine whether there was a difference 

between the odds of offspring who also had a family history of obesity being classified as 

overweight and/or obese at six years of age and under versus over six years of age. Again, results 

suggest a statistically significant difference in the odds of offspring being identified as 

overweight and/or obesity when they were assessed at age six and under versus when the 

assessment was done after the age of six (Q = 0.58, p < 0.05). These results would suggest that 

the effects sizes for children six and under were larger than those of children older than six.  

4.4.2 Region of the Study 

Another variable thought to influence the homogeneity of results was the region of the 

study. An analysis of variance was calculated to determine whether there was a difference 

between the odds of offspring of mothers who smoked during pregnancy being classified as 

overweight and/or obese depending on the region of the world where the study was conducted. 

The studies were grouped into four categories of region which included Asia, Europe, North 

America, and South America. There was a significant difference in the odds ratio of offspring 

being identified as overweight and/or obesity depending on the region where the study took place 

(Q = 54.52, p < .0001). Specifically, the North American region produced the largest effect sizes; 

offspring of mothers who smoked during pregnancy were over two times more likely to become 

overweight and/or obese than offspring of mothers who did not smoke during pregnancy. The 

effect sizes discovered in the regions of Asia and Europe were almost identical, with the 

offspring of mothers who smoked during pregnancy being just over one and a half times more 

likely than offspring of non-smoking mothers to be classified as overweight and/or obese. 

Studies conducted in the region of South America discovered the lowest overall effect sizes; 

offspring of mothers who smoked during pregnancy were just over one time more likely to 
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develop overweight and/or obesity than offspring of non-smoking mothers. This information 

suggests that the region where the study took place impacted the odds that offspring of mothers 

who smoked during pregnancy would develop overweight and/or obesity.  

An analysis of variance was calculated to determine whether there was a difference 

between the odds of offspring of children with a family history of obesity being classified as 

overweight and/or obese depending on the region of the world where the study was conducted. 

The same regions used in examining maternal smoking during pregnancy were applied with 

family history of obesity. There was a significant difference in the odds ratio of offspring being 

identified as overweight and/or obesity depending on the region where the study took place (Q = 

52.83, p < .0001). This information suggests that the region where the study took place impacted 

the odds that offspring with a family history of obesity would develop overweight and/or obesity. 

Specifically, the largest effect sizes were discovered in the Asia region; offspring with a family 

history of obesity were almost two and a half times more likely to become overweight and/or 

obese than offspring with no family history of obesity. The effect sizes discovered in the regions 

of North America, South America and Europe were almost identical, with offspring with a 

family history of obesity being approximately two times more likely than offspring with no 

family history of obesity to be classified as overweight and/or obese.  

Taken together, the results from the moderator analyses suggest that at least, part of the 

heterogeneity discovered between the studies included in the meta-analysis can be explained by 

the region of world that the study occurred in and the age of the child at the time of weight 

assessment.  
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4.5 Publication Bias  

As previously stated, the purpose of a meta-analysis is to consolidate all of the existing 

research within a given area, not simply the statistically significant research. Despite this overall 

goal, to ensure credibility of the present meta-analysis, the effect size of each study was plotted 

to assess for publication bias. Plotting the natural logarithms of the odds ratio of studies with 

smaller sample sizes (which biases are more likely to occur) against their standard error is 

common practice (Egger et al., 2001). As shown in the funnel plots for the analyses and 

subgroup analyse included, both with regards to maternal smoking and family history of obesity, 

the asymmetry of each of the funnel plots (Fig 5,6,7,8,14,15,16,17,18) suggests that studies with 

smaller sample sizes scattering more widely in the lower portion of the graph reflecting less 

precision in the estimation of odds ratio thus supporting a non-publication bias in the 

development of offspring overweight and/or obesity as it pertains to maternal smoking during 

pregnancy and family history of obesity.  
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Figure 14 - Funnel Plot of Random Combined ORs – Family History of Obesity and Risk 

for Offspring Overweight and Obesity Funnel Plot 

 

Figure 15 - Funnel Plot of Random Combined ORs – Maternal History of Obesity and Risk 

for Offspring Overweight and Obesity Funnel Plot 
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Figure 16 - Funnel Plot of Random Combined ORs – Paternal History of Obesity and Risk 

for Offspring Overweight and Obesity Funnel Plot 

 

Figure 17 - Funnel Plot of Random Combined ORs – Family History of Obesity and Risk 

for Offspring Obesity Funnel Plot 
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Figure 18 - Funnel Plot of Random Combined ORs – Family History of Obesity and Risk 

for Offspring Obesity Funnel Plot 
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Chapter 5 – Discussion 

5.1 Overview of the Chapter 

The purpose of this chapter is to discuss the overall results of the meta-analysis. A 

discussion of the descriptive analysis and the assessment of the quality of the studies will be 

offered first, followed by a discussion the results both in relation to the research questions 

relating to maternal smoking during pregnancy and risk for offspring overweight and/or obesity 

as well family history of obesity and offspring overweight and/obesity. The results of the 

moderator analyses will then be discussed. From there, the strengths as well as limitations of the 

meta-analysis will be presented, along with directions for future research, practical implications, 

and the relationship of the research to the field of school psychology. Finally, this chapter will 

end will an overall conclusion.   

5.2 Discussion of Descriptive analysis 

The following sections will discuss the descriptive analysis conducted in chapter four. 

Firstly, the study and participant characteristics of the studies involving maternal smoking during 

pregnancy and offspring overweight and/or obesity will be discussed, followed by a discussion 

of the study and participant characteristics of the family history of obesity and offspring 

overweight and/or obesity. Overall the key attributes of the individual studies will be discussed. 

5.2.1 Maternal Smoking during Pregnancy 

Based on the participant characteristic table (Table 1), and the means calculated, it was 

discovered that the prevalence of smoking during pregnancy ranged from 8% to 43%, with an 

average of 19% of mothers smoking during pregnancy. The highest prevalence of maternal 

smoking of 43% was reported by a study in the United States and involved American Indian 

women (Adams et al. 2005). This finding corresponds with smoking prevalence statistics which 
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suggests that First Nations populations, in general have a relatively high rate of smoking (CCH, 

2004). Indeed, recent Canadian prevalence rates indicate that 36% of First Nation children are 

obese (First Nations Regional Longitudinal Health Survey (RHS) 2002/03) 

The prevalence rates of maternal smoking did not appear to be related to year in which 

the study was conducted. Specifically, both low (under 15% and high above 30 % prevalence 

rates) were observed in studies conducted within the past ten years and ones conducted prior to 

ten years ago. This information is contradictory to smoking prevalence rate studies which have 

shown consistent declines in the number of individuals who smoke over the past ten years (The 

Canadian Tobacco Use Monitoring Survey (CTUMS), 2011).  

The prevalence of childhood overweight ranged from 8% to 32%, with an average of 

15% of children being classified as overweight. Lower prevalence rates were discovered when 

specifically examining childhood obesity, with ranges from 2% to 22%, and an overall average 

of 8% of children being classified as obese. This finding corresponds with Canadian Childhood 

Obesity prevalence, which suggests that 8% of Canadian children are classified as obese 

(Shields, 2006). Further, worldwide prevalence estimates suggest that as many as 25% of 

children under the age of 18 are overweight (Old et al., 2010). The children in the studies were 

between the ages of three and 12 at the time their BMI status was assessed. Upon visual 

inspection of the characteristic table, the younger the children were at the time of the overweight 

and/or obesity measurement, the higher the prevalence rates for overweight and/or obesity were 

reported. Childhood obesity prevalence research has suggested that as children get older their 

prevalence rates for overweight and/or obesity increase (Shields, 2006). The finding in that 

younger children had higher prevalence of overweight and/or obesity rates in the present meta-
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analysis may ultimately highlight the importance of socialization and lifestyle factors in 

children’s weight as they age (Golan, 2006).  

5.2.2 Family History of Obesity 

Based on the participant characteristic table (Table 2), and the means calculated, it was 

discovered that the prevalence rates of maternal overweight status ranged from 12% to 43%, 

while the prevalence of paternal overweight ranged from 16% to 55%. Higher prevalence rates 

of parental overweight status tended to be discovered in North American studies. This finding is 

supported by research which suggests that overweight and/or obesity rates tend to be the highest 

in North America (e.g., 34.4. percent in United States (Shields et al., 2011), On average, 22% of 

mothers were overweight, compared to 37% of fathers. This finding is comparable to Canadian 

prevalence rates which suggest that approximately 24% of adults are overweight (CHMS, 2007). 

This difference in maternal and paternal overweight prevalence is inconsistent with worldwide 

obesity trends, which suggest that the prevalence of overweight and/or obesity in men and 

women is similar or in some case higher for women than it is men (Lovejoy & Sainsbury, 2009;). 

This gender difference is often explained by the difference in body fat distribution seen in men 

and women. However, behavioural and socio-cultural factors also appear to play an important 

role (Lovejoy & Sainsbury, 2009). As such, the differences in the findings from the present 

research and existing research may rest in term of behavioural and socio-cultural factors. Further 

the overall prevalence of paternal overweight appears to be inflated by a few extreme prevalence 

rates from single studies (e.g., Mangrio et al., 2010). 

The prevalence of childhood overweight ranged from 11% to 36%, with lower rates being 

discovered for childhood obesity (2%-17%). 18% of the entire population of children were 

classified as overweight, and 6% met the criteria for obesity. Again, these prevalence rates of 
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childood overweight and/or obesity are similar to both Canadian and worldwide rates (Old et al., 

2010; Shields, 2006). As was the case for maternal smoking, the younger the children were at the 

time of the overweight and/or obesity assessment, the higher prevalence rates that were 

discovered.  

5.2.3 Quality of the Included Studies 

As previously mentioned, the CEBM ‘levels of evidence (2011) were used as a means of 

assessing the overall quality of the individual studies included in the meta-analysis. According to 

the CEBM “levels of evidence”, provide researchers with a tool to help them determine the most 

appropriate forms of evidence to include in their research. Due to the variables of focus, namely 

maternal smoking during pregnancy and family history of obesity, the use of randomized 

controlled studies to assess such variables were neither practical nor ethical. Specifically, it 

would be unethical to assign participants to two different groups and have one group smoke 

during pregnancy and the other not smoke. As such, the studies included in the meta-analysis 

were immediately precluded from being assigned the highest level of study quality. Still, all of 

the studies included, were classified as possessing the second highest level quality. In terms of 

maternal smoking during pregnancy, two studies were classified falling under as sublevel ‘a’ of 

level two. The remaining 15 studies were assessed as having sublevel ‘b’ quality. In terms of 

family history of obesity, two studies were classified as having sublevel ‘a’ of level two quality, 

while the remaining nine were assessed with sublevel ‘b’ quality.  

From a research and practical standpoint, the studies included in the present meta-

analysis, were each conducted using sound research procedures and methodology, such as 

adequate sample sizes and parallel cohort groups where those with the condition in the first 

group were compared to those without the condition in the second group. The distinguishing 
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feature that impacted the sublevel assigned to the included studies was the degree of follow-up 

that the study had. Those studies classified as having sublevel ‘b’ quality had less than 80% 

follow-up, which had the potential to somewhat altered the overall findings of these studies 

Overall, however, based on the CEBM criteria each of the studies included would be given an 

overall grade of B in terms of their quality. Indicating that they have reasonable internal and 

external validity to be generalized to the population of interest, namely, offspring of mothers 

who smoke during pregnancy and offspring with a family history of obesity (The Oxford 2011 

Levels of Evidence).   

5.3 Discussion of Effect Sizes 

The following sections will discuss the overall results of the study specifically relating to 

the initial research questions posed which sought to address whether maternal smoking during 

pregnancy and/or family history of obesity put offspring at a greater risk for becoming 

overweight and/or obese. The three research questions to be addressed relative to maternal 

smoking which included whether maternal smoking during pregnancy a significant risk factor of 

overweight and/or obesity in offspring, whether the offspring of mothers who smoke during 

pregnancy at a greater risk for developing obesity or a greater risk for being overweight, and 

whether the quantity of cigarettes consumed by the mother during pregnancy influence the odds 

of offspring overweight and/or obesity will be initially discussed. From there, a discussion 

pertaining to the three research questions relating to family history of obesity which included 

whether family history of obesity is a significant risk factor of overweight and/or obesity in 

offspring, whether the risk for offspring overweight and/or obesity associated with family history 

vary depending on the family members included in the analyses, and When family history of 
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obesity is present, were offspring at a greater risk for developing obesity or overweight will be 

provided.  

5.3.1 Is Maternal Smoking during Pregnancy a Significant Risk Factor of Overweight and/or 

Obesity in Offspring? 

The results of the present meta-analysis show that maternal smoking during pregnancy is 

a significant risk factor in the development of offspring overweight and/or obesity. With the 

exception of the study conducted by Tome and colleagues (2007), all other studies included in 

the present meta-analysis found that maternal smoking during pregnancy increased the odds of 

offspring subsequently becoming overweight and/obese. When individual studies included in the 

meta-analysis were examined independently, the offspring of mothers who smoked during 

pregnancy were discovered to be between one to just under four times more likely to become 

overweight and/or obese than the offspring of mothers who did not smoke during pregnancy. 

Even when the study that produced the largest effect size was removed from the equation, the 

odds of a child whose mother smoked during pregnancy becoming overweight and/or obese were 

over one-and-a-half times greater than for children whose mothers did not smoke during 

pregnancy. These findings suggest that maternal smoking during pregnancy is significantly 

associated with the development of overweight and/or obesity in offspring.  

Maternal smoking during pregnancy has been repeatedly established as an important risk 

factor for low birth-weight in infants (Oken & Gillman, 2003; Rasmussen, 2001; Stettler, Zemel, 

Kumanyika, & Stallings, 2002; Widero, Vik, Jacobsen, & Bakketgeig, 2003). Indeed, in a 

comprehensive review of the risk factors for low birth-weight, offspring of mothers who smoked 

during pregnancy were, on average, 149g lighter than mothers who did not smoke (Kramer, 

1987), with some studies documenting birth-weights 300g lighter. Due to the vast research in this 
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particular area, understanding that maternal smoking during pregnancy is associated with low 

birth-weight in offspring has become almost common knowledge. The long-term effects of 

maternal smoking on the weight of offspring, however, have been less investigated. The relation 

between maternal smoking and low birth-weight is thought to be the result of vasoconstriction of 

the nicotine and hypoxemia (oxygen deficiency) by the carbon monoxide (Kramer, 1987). 

Biological mechanisms may explain the observed association between maternal smoking during 

pregnancy and offspring overweight and/or obesity. Two possible mechanisms have been 

hypothesized to account for how maternal smoking during pregnancy may lead to offspring who 

are overweight and/or obese. One involves hypothalamic function and the other involves 

abnormalities in fat (Anguita, Sigulem, & Sawaya, 1993; van der Meulen, 2002). Experimental 

studies involving rats have shown that gestational starving of the mother is associated with 

offspring obesity (Holloway, Lim, Petrik, Foster, Morrison, & Gerstein, 2005). Studies involving 

rats have found larger fat pads in the offspring of the mothers who were starved rather than those 

whose total body weight increased during their pregnancies (Jones, Simon, & Friedman, 1984). 

These studies suggest that the obesity of the offspring of starved mothers is due to altered 

hypothalamic regulatory mechanisms of energy intake and expenditure, rather than abnormalities 

in fat cells (Holloway et al, 2005; Jones et al., 1984). Other animal studies have discovered that 

the administration of nicotine to pregnant mothers resulted in offspring that were smaller at birth 

but had increased body fat (Gao et al., 2005; Pausova et al., 2003).  

Additionally, agents that are associated with cigarettes, including nicotine (which is 

transported through the placenta) and carbon monoxide (which influences vascular functions) 

have also been hypothesized to explain the physiological effects of maternal smoking and 

offspring overweight and/or obesity. In animal and human studies, nicotine has been found to 
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reduce appetite and body weight, while nicotine withdrawal leads to excessive ingestion of food 

and weight gain (Li, Kane, & Parker, 2000; Jo, Talmage, & Role, 2002). Furthermore, children 

of smokers tend to be less physically active and have poorer diet quality (Crawley & White, 

1996; von Kries et al., 2002).  

5.3.2 Are the Offspring of Mothers who Smoke During Pregnancy at a Greater Risk for 

Developing Obesity or developing Overweight?  

Two previous syntheses involving maternal smoking and offspring obesity have been 

conducted (Ino, 2010; Oken, Levitan, & Gillman, 2008). These previous meta-analyses, 

however, failed to differentiate between overweight and obesity in offspring, treating these two 

constructs as one. Thus, while such meta-analyses provide evidence supporting the association 

between maternal smoking during pregnancy and offspring obesity, overweight status in 

offspring was not specifically investigated.  

To overcome the limitations of treating two differing constructs as one, the present meta-

analysis conducted a subgroup analysis of the studies to determine whether a difference existed 

between the risks for the development of overweight versus obesity in the offspring of mothers 

who smoked during pregnancy. This is the first meta-analysis to synthesize the odds of maternal 

smoking and future offspring overweight versus obesity. Results from the present meta-analysis 

suggest that, while offspring of mothers who smoked during pregnancy have greater odds of 

becoming obese during childhood than they do overweight, the odds of offspring overweight 

remain high. Indeed, offspring of mothers who smoked during pregnancy are over one-and-a-half 

times more likely to become overweight than the offspring of mothers who did not smoke.  

The findings of the present meta-analysis are important because, as highlighted 

throughout this paper, overweight and obesity are not the same constructs. In fact, although 
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overweight and obesity are often used interchangeably, they are defined differently and therefore 

should not be treated as identical. According to the National Institute of Health (1998), adults 

with a body mass index (BMI) greater than 30 kg/m² are considered obese, while adults with a 

BMI between 25 and 29.9 kg/m² are classified as obese. In children, overweight is defined as a 

BMI between the 85
th

 and less than the 95
th

 percentile is considered overweight, while having a 

BMI greater than the 95
th

 percentile signifies obesity (CDI, 2006). It has also been established 

that obesity is associated with several adverse health conditions, including but not limited to 

cardiovascular disease, non-insulin-dependent (NIDDM) type 2 diabetes, respiratory diseases 

such as asthma, and certain cancers (Hu, 2008). Nevertheless, children who are classified as 

overweight, not just obese, are also more likely to have risk factors for cardiovascular problems, 

including high blood pressure and high cholesterol (National Center for Chronic Disease 

Prevention and Health Promotion, 2010), though the specific risks of these overweight children 

may differ from those who are obese.  

Indeed, it must not be forgotten that, much like obesity, being overweight has also been 

shown to be associated with the negative health implications. In fact, both overweight and 

obesity identify ranges of weight that have been shown to increase the likelihood of certain 

diseases (CDC, 2010). Studies involving childhood populations have discovered that even 

children classified as overweight are at risk for developing health complications, including 

metabolic syndrome (Freedman, Katzmarzyk, Dietz, Srinivasan, & Berenson, 2009). Metabolic 

syndrome has been shown to be an important risk factor in the development of cardiovascular 

disease in later years. As BMI increases, so does the risk for negative health consequences 

(Gilliland et al., 2003). Furthermore, just as obese children tend to experience negative 

psychosocial effects of their weight; overweight children also demonstrate lowered levels of self-
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esteem, decreased social competence, and higher levels of depressive symptomology (Rubin et 

al., 2009; Sgrenci & Faith, 2011). Moreover, children classified as having BMI greater than the 

85
th

 percentile tend to utilize health services more often, thus contributing to the growing cost of 

health care. For example, a recent study suggests that, when comparing the health care costs 

associated with overweight and/or obese children and normal-weight children, costs were 16% 

higher in children with measured overweight and/or obesity (Kuhle, Kirk, Ohinmaa, & 

Veugelers, 2011). 

Another distinguishing factor between overweight and obesity that highlights the 

necessity to investigate them independently are prevalence rates. Prevalence rates of overweight, 

for both children and adults, have consistently been higher than for obesity (Ogden, Carroll, 

Curtin, McDowell, Flegal et al., 2006). Data from the 2004 CCHS Canadian prevalence rate data 

suggests that children between the ages of two and 17 are almost three times more likely to be 

classified as overweight than obese, with approximately one in four Canadian children being 

overweight. Even more alarming, 59% percent of Canadian adults are overweight while 23% are 

obese (Lau et al., 2007). The associated risk for the development of negative health 

consequences, as well as higher prevalence rates, suggests that overweight status is a distinct 

construct that must be included as part of prevention and treatment efforts. As such, research 

must also investigate overweight status, and not simply focus on obesity.  

5.3.3 Does the Quantity of Cigarettes Consumed by the Mother During Pregnancy Influence 

the Odds of Offspring Overweight and/or Obesity?  

Five of the 18 studies included in the present meta-analysis investigated not only the 

association between maternal smoking and risk for offspring overweight and/or obesity, but 

examined whether the number of cigarettes smoked during pregnancy, also referred to as a dose 
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effect, impacted this association. Dose effect was operationalized as smoking greater than ten 

cigarettes per day. Among studies that reported information regarding the quantity of cigarettes 

mothers smoked during pregnancy, all found evidence of a dose-response effect (Gibby et al., 

2010; Gorog et al., 2011; Reilly et al., 2005; Toschke et al., 2003; Wideroe et al., 2003). Indeed, 

children’s BMI - as well as risk for overweight and/or obesity - increased along with the 

increasing numbers of cigarettes smoked during pregnancy. Moreover, when skinfold thickness 

was assessed in addition to BMI, the more cigarettes the mother smoked during pregnancy, the 

more children’s skinfold thickness increased (Widero et al., 2003). Indeed, overall results 

suggest that the offspring of mothers who smoked more than ten cigarettes per day were two-

and-a-half times more likely than mothers who did not smoke during pregnancy to be classified 

as overweight and/or obese. Comparatively, mothers who smoked less than ten cigarettes per day 

had offspring who were one-and-a-half times more likely to be classified as overweight and/or 

obese. Thus, not only does maternal smoking during pregnancy increase the odds that offspring 

will become overweight and/or obese, but the number of cigarettes that the mother smokes also 

increases these odds.  

5.3.4 Is Family History of Obesity a Significant Risk Factor of Overweight and/or Obesity in 

Offspring?  

This is the first meta-analysis to investigate family history of obesity and offspring 

overweight and/or obesity, and consistent findings were discovered. The literature review 

yielded 11 studies eligible for inclusion in the meta-analysis of family history of obesity and 

subsequent offspring overweight and/or obesity. The studies included 39,386 children and 

represent pregnancies that occurred from 1980 to 2003 from various socioeconomic backgrounds 

in Europe, Asia, North America, and South America. The prevalence of maternal overweight 
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status ranged from 12% to 43%, while the prevalence of paternal overweight ranged from 16% to 

55%. On average, it was discovered that 22 percent of mothers and 37 percent of fathers were 

overweight and/or obese. These findings are consistent with overall prevalence rates across the 

general population of Canada, which suggests that a higher rate of overweight and/or obesity 

exists amongst men than women (Lau et al., 2007). Studies involving children over the age of 12 

were not included in the analyses.  

The results of this meta-analysis answered the fourth research question posed in this 

study. Specifically, family history of obesity was proven as a significant risk factor for the 

subsequent development of childhood overweight and/or obesity. While individual studies 

throughout the obesity risk factor literature have often highlighted the risk family history of 

obesity poses to the development of overweight and/or obesity in offspring, this is first meta-

analysis of its kind. While individual studies included in this meta-analysis reported varying 

effect sizes, all studies included in the meta-analysis found a positive association between family 

history of obesity and subsequent childhood overweight and/or obesity. For the individual 

studies included in this meta-analysis of offspring overweight and/obesity in which a family 

history of obesity was present, the odds ranged from one-and-a-half times more likely to just 

under four times more likely. Even when the study producing the largest effect size was removed 

from the equation (Hui et al., 2003), the odds of a child born into a family with a history of 

overweight and/or obesity developing to become overweight and/or obese were over one and a 

half times greater than for children with no family history of overweight and/or obesity. These 

finding suggest that family history of obesity is consistently associated with the development of 

overweight and/or obesity in offspring.  
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Two principal explanations can account for why a family history of obesity significantly 

increases the odds for the development of overweight and/or obesity in children:  nature and 

nurture. In terms of nature, the significant role genetic and biological factors play in the 

development of eating pathology is becoming increasingly clear (Agras & Mascola, 2005). 

Indeed, a positive association between maternal pre-pregnancy or early pregnancy BMI and 

offspring BMI in later life has been discovered (Li et al., 2005; Whitaker, 2004). Familial 

transmission of risk for overweight and/or obesity can be observed early in a child’s 

development, and has been hypothesized to arise from an inheritance of non-modifiable genes 

(Agras, Hammer, McNicholas, & Kraemer, 2004; Stunkard et al., 2004). Indeed, obesity may be 

classified into three main categories on the basis of genetic etiology: monogenic, syndromic and 

polygenic, with monogenic and syndromic forms most often evident in early life (O’Rahilly & 

Farooqi, 2006).  

Studies involving heritability of weight first emerged in the early 20
th

 century, with 

research conducted by Davenport (1923) demonstrating a clear association between offspring 

and parental weight. This early research, however, failed to distinguish the role of genetics 

versus environmental factors in the determination of weight status in offspring. Over the next 

seventy years, research emerged specifically investigating the effect of genes on the development 

of overweight and/or obesity in children. Heritability is defined as the proportion of within-

population phenotypic variance attributable to within-population genetic variance (Comuzzie & 

Allison, 1998). Heritability values range from 0.0, where genes do not contribute at all to the 

phenotypic variance between individuals, to 1.0, where genes are the sole contributors to 

phenotypic differences between individuals. Heritability is information at the population level, 

not at the individual level. Specifically, a heritability of 0.60 informs us that approximately 60 
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percent of the individual difference (i.e., body weight) that we observe may be in some way 

attributable to genetic individual difference. It does not, however, signify that 60 percent of the 

individual’s body weight is the result of genetic factors, while the remaining 40 percent is due to 

environmental factors (Falconer & Mackay, 1996). In the case of overweight and/or obesity, 

heritability cannot be viewed as a fixed entity, as the proportion of the phenotype that can be 

attributed to or by the genotype will depend upon the exposure to environmental factors (e.g., 

dietary patterns, lifestyles choices), that vary significantly depending on the individual.  

Familial studies provide robust evidence for the heritability of body weight (Walley, 

Asher, & Froguel, 2009). Twin studies in which monozygotic and dizygotic twin pairs are 

compared have provided evidence to support the contribution of genetics to body weight. Several 

different twin cohort studies have discovered large heritability coefficients, ranging from 0.6 to 

0.8 (Allison, Kaprio, Korkeila, Koskenvuo, Neal, & Hayakawa, 1996; Price & Gottesman, 1991; 

Silventoinen & Kaprio, 2009). Furthermore, a recent systematic review of twin and adoptive 

studies examining the genetic and environmental influences on childhood obesity found that 

while adoption studies supported the influence of the family environment on the development of 

obesity in children, correlations were substantially stronger between parents and their biological 

offspring (Silventoinen, Rokholm, Kaprio, & Sorenson, 2010). Taken together, such evidence 

suggests that genetics plays a vital role in the development of obesity. 

With regards to nurture, parents strongly influence the dietary patterns of their children 

(Hodges, 2003). In fact, parents have been hypothesized to be the central agents in fostering 

either healthy or unhealthy food intake (Lindsay et al., 2006). The idea that parents influence 

what and how much food their children consume is not a novel idea. Ultimately, in any given 

household (especially when children are younger than 12), it is parents who determine what food 
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will be available to their children, both through the purchasing of this food as well as its 

preparation (Golan, 2006). If parents are regularly cooking or purchasing high caloric, low-

nutrient foods as opposed to healthy foods high in nutritional value, their children have no choice 

but to eat these foods. Indeed, research suggests that when parents make healthy food options 

such as fruit available to their children, their children’s consumption of these foods increases 

(Cullen et al., 2003). In addition to providing their children with food, parents also act as role 

models, modeling food choices and eating habits (Lindsay et al., 2006). Research suggests that 

parents’ own healthy eating habits are related to a healthy diet in their children (Lee and Birch, 

2002).  

5.3.5 Does the Risk for Offspring Overweight and/or Obesity Associated with Family History 

vary Depending on the Family Members Included in the Analyses?  

Results from the present meta-analysis answered the fifth research question as to whether 

the risk for offspring overweight and/or obesity associated with family history vary depending on 

the family members included in the analyses. Interestingly, when the weight status of mothers 

and fathers are investigated separately, results consistently suggest that a history of maternal 

obesity is more salient than paternal obesity with regards to future offspring obesity (He et al., 

2000; Hui et al., 2005; Takahashi et al., 1999). One possible explanation for why maternal 

history of obesity has been shown to increase the risk for future offspring obesity more than that 

of paternal history of obesity lies within the amount of time mothers spend with their children 

compared to fathers. Although fathers are increasingly taking a more active role in the daily care 

of their children, mothers still report doing the majority of the housework, including meal 

preparation (Cabrera, Tamis-Lemonda, Bradely, Hofferth, & Lamb, 2000; Chuang & Tamis-

LeMonda, 2009). As such, if the primary caregiver of a child makes unhealthy lifestyle choices 



121 

themselves (e.g., lack of physical activity, excessive eating, consumption of sugary, high-fat 

foods, etc), it is not surprising that their children will also adopt similar lifestyle choices, thus 

potentially perpetuating the overweight and/or obese weight status.  

Intrauterine mechanisms provide another possible explanation as to why maternal history 

of obesity increases the odds of overweight and/or obesity in offspring more than paternal 

obesity does. For example, the developmental over-nutrition, also known as the fetal 

teratogenesis hypothesis, posits that the greater delivery of glucose to the fetus during pregnancy 

results in fetal hyperinsulinemis, which as a consequence increases insulin-mediated growth. 

This theory was originally proposed in the 1950s to explain the association between maternal 

diabetes during pregnancy and excessive growth in the developing fetus (Pederson, 1954). In the 

1980s, this theory was broadened to include the possibility that other fuels in addition to glucose 

but also related to maternal diabetes, such as fatty acids and amino acids, contributed to 

increased fetal growth (Freinkel, 1980). While this original hypothesis was specific to 

intrauterine growth, recent research has suggested a strong positive correlation between fetal 

growth and later BMI (Freeman, 2010; Power & Jefferis, 2002; Whitaker & Dietz, 1998). In 

further support of the developmental hypothesis, a high concentration of maternal glucose has 

been shown to increase nutrient (fatty acids, amino acids) transfer to the fetus, which results in 

fetal hyperinsulinemia and increased fetal growth (Freinkel, 1980). Hyperinsulinemia has been 

found to not only be associated with fetal growth, but with the subsequent development of 

obesity (Silverman et al., 1995; Weiss et al., 2000). 

The developmental over-nutrition hypothesis provides an explanation as to why the 

offspring of mothers with diabetes are at an increased risk for becoming overweight and/or 

obese. Association between excessive weight gain during pregnancy in healthy, non-diabetic 
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mothers and overweight and/or obesity in their offspring has been receiving increasing interest in 

the literature (Ebbeling, Pawlak, & Ludwig, 2002; Whitaker & Dietz, 1998). In this respect, the 

developmental over-nutrition hypothesis has been expanded to include not only diabetes in 

pregnancy, but also greater maternal adiposity during pregnancy as a key risk factor in the 

development of offspring overweight and/or obesity.  

Overall, the results from this meta-analysis are important as they demonstrate the 

necessity of including the family (both mothers and fathers) into overweight/obesity prevention 

plans, suggesting a family approach to prevention is more effective than an individualized 

approach. Indeed, although the weight status of mothers increases the likelihood of obesity in 

offspring by just under two-and-a-half times, the weight status of fathers (while not as salient as 

mothers) still increases the risk for offspring overweight and/or obesity by over two times 

compared to children who do not have fathers who are obese. Thus, the results from this meta-

analysis support the implementation of family-based intervention and treatment programs.  

5.3.6 When Family History of Obesity is Present, are Offspring at a Greater Risk for 

Developing Obesity or Overweight?  

The final research question examined whether when family history of obesity was present 

in either mothers or fathers, were offspring at a greater risk for becoming obese or overweight. 

Results from this meta-analysis suggest that the odds of an offspring becoming obese when there 

is a family history of obesity is greater than the odds of becoming overweight. Still, the odds of 

becoming overweight remained statistically significant. As was the case with maternal smoking 

during pregnancy and offspring overweight and/or obesity, overweight and obesity are not 

identical constructs and therefore must be analyzed individually to understand as they each have 

significant negative health outcomes associated with them (CDC, 2010), as well as varying 
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prevalence rates. Indeed, as mentioned above the prevalence rates of overweight for both adults 

and children have been found to be consistently higher than the prevalence rates of obesity have 

consistently been higher than for obesity (Flegal, 2006). This meta-analysis thus provided the 

relative risk not only for obesity but also for overweight status.   

5.4 Discussion of Moderators of Obesity and Overweightness in Children 

The following section will provide a discussion of the moderator analyses conducted in 

the meta-analysis. The age of the child at the time of the overweight and/or obesity measurement 

and its relation to potential heterogeneity will first be provided. From there, a discussion will be 

offered regarding how the region of the study may have impacted the heterogeneity of the 

results.  

5.4.1 Age of the Child at Overweight and/or Obesity Measurement 

Based on a visual inspection of the descriptive statistics tables (Table 1 and 2), the age of 

the child at the time of the overweight and/obesity assessment appeared to produce some 

difference in the effects sizes of the studies. Specifically, in studies that examined children six 

years or age and under, larger effects sizes tended to be reported than in studies that assessed 

children for overweight and/or obesity after the age of six. As a result, a moderator analysis, 

using an analysis of variance was calculated to determine whether or not a statistically significant 

difference existed. Results from the moderator analysis suggest a significant difference. 

Specifically, more offspring under the age of six who had smoking mothers were identified as 

overweight and/or obese than offspring six years and older who had mother who smoked during 

pregnancy. Similarly to maternal smoking, offspring under the age of six who had a family 

history of obesity were at an increased risk of developing overweight and/or obesity than 

offspring six years and over with a family history of obesity.  
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One potential explanation for this finding may rest in the associated features or 

characteristics potentially found in mothers who smoke during pregnancy or family that have a 

history of obesity. Maternal smoking during pregnancy and history of obesity have been found to 

be associated with other prenatal risk factors for obesity (Owen et al., 2005). While the lack of 

raw data on breastfeeding and maternal weight gain during pregnancy prevented these factors 

from being examined in separate moderator analysis, previous research would suggest that the 

offspring of mothers smoked during pregnancy or had a history of obesity, may have also had 

numerous other risk factors for overweight and/or obesity (Whitaker, 2004). Specifically, 

mothers who smoke or who have a history of obesity are also more likely to gain excessive 

weight during pregnancy and rely more on formula to feed their offspring rather than breast milk 

which has been shown to have a protective factor against the development of overweight and/or 

obesity in children (Brisbois et al., 2012; Ong & Loos, 2006). Each of these risk factors occur 

prenatally or very early in the child’s life, thus potentially increasing the likelihood that the child 

will become overweight and/or obese right from birth.  

In addition to prenatal risk factor for childhood overweight and/or obesity, dietary and 

lifestyle choices such as amount of physical activity may also partially explain the difference the 

higher effect size for overweight and/or obesity in children under the age of six. Again, the 

overwhelming majority of the studies included in the meta-analysis did not focus on physical 

activity or dietary choices or parents, thus preventing their analyses. However, it has been 

hypothesized that when parents engage in poor dietary or lifestyle choices, these behaviours will 

be modeled to their children (Golan, 2006). Further, at a young age, parents are the one that often 

make diet and lifestyle choices for their children, which increases the likelihood that children 
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will eat the same foods and receive similar amounts of physical activity as their parents (Lindsay 

et al., 2006).   

The increasing number of socialization agents that children come into contact with as 

they age may provide an explanation for why the effect sizes are not as high for children older 

than six. As children enter school, numerous socialization sources, including their peers or even 

the social climate of their school begin to influence the lifestyle decision they make (Berk, 

2004). While parents may still largely determine the types of food that children consume, 

children’s opportunity for physical activity increase significantly once they are in the school 

setting. In fact, many of the current prevention efforts are targeted at school-aged children, with 

some programs even occurring directly in the school setting (Thompson, Baranowski, Zakeri, 

Jago, Davis, & Cullen, 2006). Thus as children get older, they begin to have more opportunities 

to make their own healthy lifestyle choices, thus suggesting that the influence of prenatal or early 

childhood risk factors for overweight and/or obesity may decline over time.     

5.4.2 Region of the Study 

Another variable thought to influence the homogeneity of results was the region of the 

study. Specifically, studies included in the meta-analysis were conducted in the regions of North 

America, South America, Asia, and Europe. An analysis of variance was calculated to determine 

whether there was a difference between the risk of offspring of mothers who smoked during 

pregnancy or who had a family history of obesity being classified as overweight and/or obese 

depending on the region of the world where the study was conducted. Results from the 

moderator analysis suggest that the region where the study took place impacted the odds that 

offspring of mothers who smoked during pregnancy or who had a family history of obesity 

would develop overweight and/or obesity. In particular, studies conducted in North America 
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yielded the largest overall effect sizes; such children were over two times more likely to be 

classified as overweight and/or obese than offspring of mothers who did not smoke.  

This finding may at least be partially explained by the specific cultural norms and 

expectations, as well as the attitudes towards obesity for the various regions where the studies 

took place. For example, in some regions (i.e., Europe), smoking is more prevalent and less 

taboo, compared to regions such as North America, where the prevalence of smoking during 

pregnancy is declining (Bogdanovica, Godfrey, McNeill, & Britton, 2011). Specifically, it has 

been estimated that over 43 percent of the Greek population over the age of 15 currently smokes, 

while only 17 percent of the Canadian population over 15 smoke (Bogdanovica, et al., 2011). On 

the other hand, North America has one of the highest prevalence of obesity, thus increasing the 

likelihood that offspring will be born into family with such a condition (Shields, 2006). 

Furthermore, dietary patterns and lifestyle choices often depend upon the culture that a given 

population is living in. For example, the United Kingdom, very few schools have athletic or 

sports programs (Rogers et al., 2007). As lifestyle patterns vary among the varying regions 

across the world, it should therefore come as no surprise that the region in which a study takes 

place influence the effect sizes of overweight/ and obesity in children whose mothers smoked 

during pregnancy or who have a family history of obesity.  

Taken together, the results from the moderator analyses suggest that at least, part of the 

heterogeneity discovered between studies can be explained by the region of world that the study 

occurred in, and in the case of maternal smoking during pregnancy, the age of the child at the 

time of weight assessment. Particularly, children six years an under whose mothers smoked or 

who had a family history of obesity were found to be at a greater risk of developing overweight 

and/or obesity than children over the age of six.  
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5.5 Strengths of the Study 

The present meta-analysis provides support for the view that maternal smoking during 

pregnancy and family history of obesity increases the risk for overweight and/or obesity in 

offspring. One of the primary strengths of this meta-analysis is that both overweight and obesity 

were assessed. While two previous syntheses involving maternal smoking and offspring obesity 

have been conducted, both failed to differentiate between overweight and obesity in offspring, 

treating these two constructs as one (Ino, 2010; Oken, Levitan, & Gillman, 2008). The present 

meta-analysis on the other hand, provides evidence that, offspring of mothers who smoked 

during pregnancy have increased odds of becoming both overweight and obese during childhood 

than the offspring of mothers who did not smoke.  

Another strength of this study was the inclusion of the CEBM “levels of evidence” 

(2011). Employing this widely used hierarchy to assess quality of the studies allowed the 

researcher to ensure that all of the studies included in the meta-analysis were of sound quality 

and thus generalizable to other similar populations. Results obtained from this study can 

therefore be applied to overweight and/or obese children 12 years of age and under.   

The carefully chosen inclusion criteria that required satisfaction prior to a study being 

accepted is a strength of this study. This type of inclusion criteria decreased the individual 

differences often found in studies that may have negatively impacted the overall results. All 

studies were coded by two independent raters to ensure accuracy. Furthermore, a highly 

comprehensive search for studies were performed using multiple databases (e.g., PsychInfo, 

MedLine, Cochrane Database of Systematic Reviews, and Dissertation Abstracts International), 

followed by searching individual journals who commonly publish in this area.  These procedures 

strengthened the overall quality of the present meta-analysis.  
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5.6 Limitations of the Study 

Despite the above mentioned strengths of the current study, there are some limitations 

which need to be discussed. One of the limitations of this study was the limited analysis of 

moderator variables. Due to the lack of consistent information or available data relative to other 

potential variables that may have acted impacted the outcome of the results (e.g. infant feeding 

practices, lifestyle choice, maternal weight gain during pregnancy), this study was only able to 

determine the impact of age of child and where the study took place as moderating variables. As 

mentioned above, previous research has suggested that other prenatal factors such as weight gain 

during pregnancy and lack of breastfeeding, as well as, other factors including dietary choices 

and amount of physical activity have been shown to increase the odds that children will become 

overweight and/or obese (Brisbois et al., 2010; Ruowei et al., 2012; Golan, 2006).  

Another limitation of this meta-analytic study is the use of self-report, retrospective 

measures to assess maternal smoking in pregnancy. For the large majority of the studies 

included, mothers were to identity whether or not they had smoked during pregnancy or asked to 

identify the number of cigarettes they smoked. While there is some research to suggest that self-

reported smoking behaviour has reasonable validity (Parazzini et al., 1996), the general bias in 

self-reported measures is something that one must be aware of when interpreting the findings. 

Due to the stigmatization often associated with smoking during pregnancy, which is especially 

pertinent to recent studies whereby mothers were more likely aware of the dangers associated 

with maternal smoking during pregnancy, mothers may have under-reported their smoking 

activity (Braun et al., 2010). Taken together, although there is evidence to support the use of self-

report measures, more objective measures particular through the use of biochemical validation 

would have strengthened the study.  
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Publication bias is another potential limitation of the current study. The asymmetry of the 

funnel plots presented in chapter four were analysed to assess potential publication bias.  It was 

discovered that studies with smaller sample sizes scattered more widely in the lower portion of 

the graphs reflecting less precision in the estimation of odds ratio. This finding provides support 

for a non-publication bias. Because, however, only one study with regards to maternal smoking 

and no studies with regards to family history of obesity reported a non-significant finding or 

none reported any inverse associations suggests that some skewness of the results may have 

existed. Further as the data from the included studies come from cross-sectional studies rather 

than randomized or clinical control trials, the number of unpublished null result study were 

unable to be determined. Finally, it must also be mentioned that any causal inference from this 

study is limited. Making casual conclusions from cross-sectional studies is limited because of 

potential bias and nonrandomized exposure.  

5.7 Directions for Future Research 

One potential factor with regards to maternal smoking during pregnancy that requires 

further research is the timing of maternal smoking. Indeed, while it appears as though smoking 

during pregnancy can lead to negative outcomes in the development of offspring, understanding 

the impact of smoking during the first trimester versus the second and third may be particularly 

useful for prevention efforts. For example, some women may think that they will quit smoking 

once they become pregnant. However, often a woman may be several weeks pregnant before she 

even knows it. Should future research suggest that the first trimester is particularly crucial in 

terms of the impact of smoking, and then women will need to learn that smoking cessation must 

begin before even attempting to become pregnant. Additionally, as smoking during pregnancy 

becomes increasingly socially unacceptable, a natural progression would be to examine the 
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effects of second-hand exposure to cigarettes. While it may be assumed that, since second-hand 

smoke exposure can be harmful to people, it should therefore be harmful to a developing fetus, 

such assumptions require the backing of research. As such, future research should separate the 

possible effects of maternal smoking during pregnancy from environmental exposure to tobacco.  

Another area of future research that is required with regards to maternal smoking during 

pregnancy and the increased odds of offspring overweight and/or obesity is further investigation 

relative to the reason for this association. It has been hypothesized that hypothalamic functioning 

of offspring of mother who smoke during pregnancy are altered and that although children may 

be smaller at birth, they are at risk for having increased fat (Holloway et al, 2005; Pausova, Paus, 

Sedova, & Berube, 2003), more research is needed in this area. The majority of the evidence for 

these hypotheses comes from animal studies. More research is needed to determine the exact 

biological mechanism responsible for intrauterine growth retardation yet subsequent overweight 

and/or obesity status.  

In terms of family history of obesity, one particular area that warrants further research is 

the investigation of the interplay between genetic and socioeconomic factors on the development 

of overweight and/or obesity in children. In has been suggested that in developed countries 

children from lower SES backgrounds are at an increased risk for overweight and/or obesity 

(Dietz & Robinson, 2005), while in less developed countries, children from higher SES 

backgrounds are at an increased risk for overweight and/or obesity (Langnäse, Mast, & Müller, 

2002). Indeed, as obesity moves away from a first world condition to more of a global concern, 

we must understand not only how genetics impacts weight, but also the overall environment, 

including SES factors, in which we live. Increasingly children with no prior family history of 

obesity are increasingly becoming overweight and/or obese (Mukuddem-Petersen & Petersen, 
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2007). Future research is thus needed to examine the effects of socioeconomic factors on the 

development of obesity. 

A sound body of evidence exists supporting the hypothesis that breastfeeding  serves as a 

protective factor against the development of offspring overweight and/or obesity (Brisbois et al., 

2012), Limited information, however, currently exists regarding how breastfeeding may interact 

with risk factors such as family history of obesity and maternal smoking during pregnancy for 

overweight and/or obesity in children. Future research is thus needed to examine if protective 

factors such as breastfeeding can counteract the negative effects of risk factors such as maternal 

smoking during pregnancy and family history of obesity. Ideally such research would be 

longitudinal in nature and involve participants from all types of SES backgrounds.    

Results from the current study provide support that maternal smoking during pregnancy 

and family history of obesity lead to increased odds of offspring becoming overweight and/or 

obese. Future research is needed to examine not only the long-term effects of the results (i.e., do 

the results continue into adulthood?), but also the long-term, associated health implications. 

Specifically, the long-term effects of maternal smoking and/or family history of obesity on 

offspring cardiovascular health could provide further evidence to support the necessity of 

prevention programs designed to increase the healthy lifestyle choices made by youth.  

Finally, as previously mentioned, it would be ethically impossible to create smoking 

versus non-smoking, as well as, family history of obesity versus no family history of obesity 

conditions to be studied in randomized controlled settings. Future research may wish to create 

conditions in which advice about smoking cessation during pregnancy and healthy weight status 

prior to pregnancy to study in controlled trial settings by random assignment.  While this type of 

research would not provide causal information regarding maternal smoking during pregnancy 
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and family history of obesity, it would, however, provide evidence as to whether prevention type 

programs have clinical efficacy.  

5.8 Practical Implications 

The findings of the present meta-analysis serve as not only a useful resource for future 

research, but also have practical implications for developing a framework for the prevention of 

overweight status and obesity in children. Although public health recommendations already 

discourage smoking in all individuals particularly for the elevated negative health risks (e.g., 

lung cancer), the public will need to also be educated on the potential lifelong adverse outcomes 

of smoking not only on themselves, but on their children (Cornfield, Whaenszel, Hammond, 

Lilienfeld, Shimkin, & Wynder, 2009). The results of this study indicate that prevention 

programs should target expectant mothers and fathers, rather than just the children themselves. In 

other words, prevention needs to start before birth. Prevention should provide rigorous 

assessment of fetal growth, monitor pregnant mothers trying to maintain a healthy BMI, ensure 

meticulous glucose control for diabetic mothers, encourage moderate exercise for both expectant 

mothers and father, highlight the benefits of breastfeeding, and focus on smoking cessation 

during pregnancy (Harris et al., 2007). Indeed, raising awareness of childhood overweight 

and/obesity will surely need to become a critical task for health care providers. Increasingly 

doctors should include the family in children’s health care visits and incorporate assessment of 

maternal weight status and family functioning into patient care and education (Chen et al., 2005). 

5.9 Relevance of Findings to the Training and Practice of School Psychologists 

As mentioned in chapter two, as subspecialties in school psychology (i.e., pediatric 

school psychology) increase and develop and as the  public becomes  more  aware of the 

potential long-term effects of health-related challenges, the general knowledge and  role of 
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school psychologist needs to expand  (Shapiro et al., 2009). Increasingly school psychologists 

are moving away from a sole focus on assessment, and devoting more attention and effort to the 

health promotion of the children and youth they work with (Fagan & Wise, 2005). The results 

from this present meta-analysis provide some useful information not only for school 

psychologists, but for the field of school psychology in general. Specifically, although maternal 

smoking during pregnancy and family history of obesity are prenatal risk factors, it does not 

mean that students will not benefit from programs designed to increase their awareness of 

dangers of these factors. Teaching our future parents (even while they are only school-aged) 

regarding some of the behaviours they may engage in that can lead to negative outcomes in their 

future offspring has the potential to prevent these future parents from engaging in those 

behaviours. For example, it has been estimated that Fetal Alcohol Syndrome (FAS) prevention 

program targeting children before they reach childbearing years, would significantly decrease the 

number of children born with FAS and save the state of North Dakota alone  $128,810 per year 

(Klug & Burd, 2003). Hence, school psychologists could undertake a leadership role relative to 

consultation with parents about the possible effects of certain parental behaviors (e.g. smoking, 

weight gain) with respect to their children. 

5.10 Relevance of Findings to School Psychology Research  

Chapter two discussed the importance of not only engaging in evidence-based practices, 

but how meta-analytic work can be used to increase the likelihood that practice of school 

psychologists will be evidence based. According to the National Institute of Mental Health, 

prevention programs should be guided by risk factor research (NAMHC Workgroup, 1998). 

Although single study research can identify and provide some evidence as to which risk factors 
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may lead to certain disorders, meta-analytic research consolidates this information and provides 

more definitive conclusions for the purposes of EBP (Littell et al., 2008).   

The findings of the present meta-analysis highlight not only the importance of school 

psychologists using meta-analytic work to guide their practice with students but also the 

necessity of school psychologists themselves beginning to conduct research in the health-related 

areas. Without meta-analytic work, school psychologists may only focus on one or two studies 

which they use to design their prevention or health-promotion program. While still using 

empirical support as the basis for their practice, making decisions based on one or two studies 

increases the likelihood that their practice will not be evidence based (Jenson et al., 2007).  

The results from this study also provide support for the usefulness of identifying 

moderator variables. Moderating variables are characteristics concerning the participants, 

treatments, or other variables that influence the magnitude of effect sizes (Hall & Rosenthal, 

1991). Unlike single study research, meta-analysis allows school psychologists not only to see 

which particular intervention programs are effective, but also provides insight to the factors 

associated with a variation in effect size (Littell et al., 2008). This study is a perfect example, as 

it demonstrated that when children are older than six years old, there appears to be other risk 

factors besides maternal smoking during pregnancy and family history of obesity impacting their 

weight status. Meta-analytic reviews overcome the limitations of single study intervention 

research by identifying, appraising, synthesizing, and combining the results from multiple studies 

to provide more definitive and evidence-based results (Borenstein & Rothstein, 1999). Used 

properly, with rigorous controls for bias, meta-analysis is designed to uncover both 

commonalities and differences amongst studies of similar variables, and allows for 

generalization and integration of findings (Cooper & Hedges, 1994).  
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5.11 Conclusion 

Childhood overweight and/or obesity is increasingly being referred to as the pandemic of 

the 21
st
 century (Shields, 2006). In the past thirty years, the prevalence of childhood obesity has 

risen to alarming numbers, with global estimates suggesting that 43 million children currently 

suffer from this preventable and treatable, yet deadly disease, while another 92 million are at risk 

for becoming overweight (de Onis et al., 2010). Indeed, in Canada alone, it has been estimated 

that over 1.6 million Canadian children are overweight (CHMS, 2012). Despite these shocking 

trends, one must remember that overweight and/or obesity are preventable. More empirical 

evidence is warranted to determine the specific risks associated with the development of 

childhood overweight and/or obesity so that prevention efforts can better target these risk factors.  

The results from this study clearly reveal that maternal smoking during pregnancy, as 

well as, family history of obesity are risk factors for future overweight and/or obesity in 

offspring up to the age of 12. In this regard, more efforts are needed to better educate women of 

reproductive age on the dangers associated with maternal smoking during pregnancy. With 

regards to family history of obesity, prevention efforts need to promote a healthy lifestyle and 

within adolescents and young adults in order to reduce the    risk for overweight and/obesity in 

their children.  
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