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ABSTRACT 

The purpose of this cross-sectional, correlational study was to test a bio behavioral model 

that proposes self-regulation affects body mass index (BMI) and executive function (EF) 

mediates the relationship between self-regulation and BMI in a sample of female monozygotic 

(MZ) and dizygotic (DZ) twins age 25-64 (N=120).  The model also suggests that genes 

influence EF. EF was measured with the TEXAS (a telephone administered measure of global 

EF) and the Barratt Impulsiveness Scale (BIS11). Self-regulation was measured with the Goal 

Systems Assessment Battery (GSAB), a self-report item with nine subscales representing 

different aspects of Self-regulation. BMI was collected by self-report. Generalized estimating 

equations (GEE) were used to adjust for the dependence among the twin pairs. Results showed 

that Self-Regulation was not associated with BMI, nor was EF associated with BMI, although the 

association between the TEXAS and BMI trended toward significance (r = .17, p = .062). To 

examine the genetic influence on EF, a smaller sample was used, comprised only of the twin 

pairs (N=68, 34 pairs, 20 MZ pairs and 14 DZ pairs) and differences between MZ and DZ twins 

pairs were compared.  The MZ (median 0.76) twins had an 18.3% lower median difference on 

the composite EF score than the DZ twins (median 0.93), but the Mann Whitney test was non-

significant (p = .204). It is not known whether this result is due to the small sample size or 

reflects no difference between the MZ and DZ twins.  Exploratory findings showed that four of 

the individual subscales of the GSAB correlated with BMI including Self Efficacy (r = -.305, p < 

.001), Planning/Stimulus Control (r = -.193, p < .05), Negative Affect (r = .230, p < .05), and 

Self-Criticism (r = .230, p < .05).   Two of the individual subscales of the GSAB were associated 

with the BIS11: Social (r = .186, p < .05) and Negative Affect (r = .331, p < .000) and two were 
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associated with the composite EF score. The Center for Epidemiologic Studies Depression-

Revised (CESD-R) was associated with both the composite EF score (r = .232, p < .05) and the 

TEXAS (r = .201, p < .05), and was associated with four of the subscales of the GSAB: Planning 

Stimulus Control (r = -.262, p < .01), Self Criticism (r = .488, p < .000), Positive Affect (r = -

.309, p < .01) and Negative Affect (r = .496, p < .001).  A linear regression model entering all 

nine of the Self-regulation subscales as predictors of BMI showed that the subscale Positive 

Affect contributed the most to the model (β = .455, p < .01), with Directive Self Efficacy (β = -

2.73, p < .01) and Planning/Stimulus Control (β = -.322, p < .05) also significant. The remaining 

subscales were not significant. Future studies should use a larger sample size and participants 

known to be actively working on weight control goals. 
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CHAPTER I: STATEMENT OF THE PROBLEM 

 

 Obesity is a serious and growing health problem both in the United States and in many 

countries worldwide. Data from the National Center for Health Statistics show a continuous rise 

in weight among adults in the United States since 1980, with the most recent figures from 2009-

2010 showing that approximately 35 percent of adults are obese and 68 percent of adults are 

overweight or obese (Ogden, Carroll, Kit, & Flegal, 2012). Obesity is associated with many 

chronic, costly, and life-threatening comorbid conditions such as Type II Diabetes Mellitus, 

cardiovascular disease, stroke, arthritis, hypertension, decreased life expectancy, sleep apnea, 

and some cancers (Haslam & James, 2005) and is associated with increased mortality from 

cardiovascular disease, obesity-related cancers, diabetes and kidney disease (Flegal, Graubard, 

Williamson, & Gail, 2007). Obesity is a very complex, multifactorial disease that has proven 

very difficult to treat.  Despite health promotion and prevention efforts launched by 

organizations such as Healthy People 2010, there has been little if any progress toward reducing 

obesity rates (Ogden et al., 2012). In addition, obesity involves genetic, metabolic, physical, 

environmental, social, cognitive, psychological, and reward drive factors, further complicating 

prevention and treatment approaches (Berthoud, 2012).    

It is well-established that healthful eating and regular exercise are important factors in 

weight control.  What is not well-understood is why, despite seemingly universal knowledge of 

this connection, many people are unable to self-regulate and practice healthful eating and 

exercise behaviors, especially in the long-term. Indeed, it has been argued that self-regulation of 

eating presents a unique challenge since a person cannot simply stop eating as they might be able 

to do with other behaviors such as cigarette smoking or alcohol use (Berthoud, 2010); therefore, 
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they are constantly reminded of and tempted by food and drink. Adding to this challenge is the 

current obesogenic environment in which calorie-dense and palatable foods are in almost 

constant supply and there is an inundation of multi-media food advertising (Berthoud). 

Background 

There is some evidence linking cognitive processes to obesity but this area is not well-

understood in terms of the precise nature of the relationship and the implications for treatment 

and prevention of this disease. In this emerging area of research, obesity has been associated 

with decreased whole brain volume (Gunstad et al., 2008), decreased gray matter volume 

(Gunstad et al., 2008), increased white matter volume (Haltia et al., 2007), decreased executive 

function scores (Gunstad, Lhotsky, Wendell, Ferrucci, & Zonderman, 2010; Gunstad et al., 2007; 

Nilsson & Nilsson, 2009), and differences in brain reward response to food (Stice, Spoor, Bohon, 

& Small, 2008).  Some researchers have postulated that lower EF leads to weight gain through 

impulsivity (Dempsey, Dyehouse, & Schafer, 2011; Frank & Fossella, 2011; Mobbs, Crepin, 

Thiery, Golay, & Van der Linden, 2010) and difficulty maintaining attention to the long-term 

goal of a healthy weight within an obesogenic environment (Berthoud, 2012; Stok, De Vet, 

Wardle, Chu, De Wit, De Ridder, 2015).  

Executive function is a general term for complex cognitive processes involving 

regulation of behavior and includes diverse concepts such as the ability to plan, problem-solve, 

set goals, initiate, have flexibility, modify behavior, employ strategies, control impulses and 

sustain and focus attention (Hofmann, Schmeichel, & Baddeley, 2012). EF is generally 

associated with frontal lobe function but many researchers have concluded that EF involves links 

between the frontal, sub-cortical and thalamic pathways and that, although the frontal areas of 
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the brain most likely regulate the actual behavior, they depend on input from other areas of the 

brain (Jurado & Rosselli, 2007). Executive Function is tested with a wide variety of measures 

some of which test only one aspect of EF and others which test two or more aspects; in most 

cases a battery of tests is performed, each measuring one, two or three of these major aspects of 

EF (Jurado & Rosselli). Optimal EF includes the ability to inhibit inappropriate behaviors, ability 

to work toward completion of goals, plan and organize, and the ability to quickly change 

mindset. In other words, lower EF can lead to major difficulties in maintaining goals in a 

constantly changing environment and can significantly reduce success in everyday living 

situations such as school and work (Jurado & Roselli). 

 Executive Function is shown to have a strong genetic component (Friedman et al., 2008), 

and some specific single nucleotide polymorphisms (SNP's), primarily related to 

neurotransmitters, have been found to be associated with executive function (Ariza et al., 2012; 

Barnes, Dean, Nandam, O'Connell, & Bellgrove, 2011;  Congdon & Canli, 2008). Furthermore, 

attention deficit hyperactivity disorder (ADHD), which involves problems with executive 

control, attention, and impulsivity is also associated with obesity (Cortese et al., 2008). Overall, 

the evidence suggests that cognitive function plays a role in obesity, although it is not clear 

whether cognitive dysfunction precedes obesity or is a consequence of obesity or what the 

precise mechanisms behind this association are.  In addition, obesity itself also has a strong yet 

complex genetic component with over 135 candidate genes having been associated with obesity 

(Rankinen et. al. 2006). Despite the large numbers of genes identified, only a small percentage of 

heritability of obesity is explained by them (Yazbek, Spiezo, Nadeau, & Buchner, 2010). This 
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study examined the relative contribution of genetics to obesity by helping to determine whether 

genetics plays a role in executive function and self-regulation of BMI.  

 Self-regulation, a concept closely related to executive function, but usually referring to 

control of behavior within the environment rather than the testable skills of executive function, 

has been shown to improve health behaviors related to obesity, such as eating and exercise, and 

to decrease BMI (Annesi, 2011; Annesi & Gorjala, 2010).  Researcher have conceptualized and 

defined Self-regulation in many different ways in the research literature, but all researchers seem 

to agree that self-regulation of behaviors within the context of long-term health related goals is a 

complex process involving cognition, learning, reward, emotions, social influences, values, and 

beliefs (Hoyle & Bradfield, 2010).  But it is not clear how these factors individually contribute to 

self-regulation or how these factors may interact to ultimately determine the choices made within 

the environment (Karoly & Ruehlman, 1995). Research in this field shows that training in self-

regulatory behaviors improves scores on tests of executive function and improves behavior 

within the environment (Jha, Stanley, Kiyonaga, Wong & Gelfand, 2010; Halperin, et. al., 2012; 

Levine, et. al, 2011; Chen et. al., 2011).  

 Overall, the evidence suggests that EF and BMI have an inverse relationship and that EF 

has a strong heritability component, suggesting that EF is the innate ability that allows people to 

self-regulate. This study seeks to examine the genetic contribution to executive function, the 

relationship between self-regulation and obesity, and whether executive function mediates the 

relationship between self-regulation and obesity. It is important to understand this relationship as 

there may be a certain subset of individuals who have lower EF due to genetics and therefore 

have more challenges with self-regulation. These persons would benefit from an individualized 
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intervention that can prevent or reduce overweight and obesity. In addition, the knowledge and 

understanding that some people have significant genetic tendencies toward impulsivity would 

have policy implications for food advertisers, restaurants and grocery stores in their promotion of 

food and drink to the public.   

Conceptual Framework of the Study 

  This study tested a bio behavioral model that proposed self-regulation affects body mass 

index and EF mediates the relationship between self-regulation and BMI.  Further, the model 

suggests that genes influence EF. This model was informed by theories and empirical findings in 

biology, cognitive psychology and social psychology. Although executive function and self-

regulation are similar concepts arising from two different branches of psychology (Hofmann, 

Schmeichel, & Baddeley, 2012), for the purposes of this model executive function is viewed as 

identifiable cognitive processes that can be compared against normative data, while self-

regulation relates to the actual motivation and behavior around goals within the environment and 

is measured by self-report. Self-regulation is viewed as involving more than cognitive processes; 

it includes goals, values, emotions, social influences, self-efficacy, and self-reward, all of which 

play an important role in day-to-day decisions involving health habits that impact weight such as 

what to eat and whether to exercise (Annesi, 2011, Karoly & Ruehlman, 1995).   

 Although self-regulation in health has been conceptualized from a variety of frameworks, 

including Bandura's social cognitive and self-efficacy framework (Bandura, 1977) and 

Leventhal's common sense model of self-regulation (Leventhal, Brissette & Leventhal, 2003), 

this model relies on the conceptualization by Karoly and Ruehlman (1995) who developed the 

tool used in this study to measure self-regulation, the Goal Systems Assessment Battery 
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(GSAB).This tool was based on the transactional model of adaptive control systems developed 

by Ford (1987) and measures four domains of capabilities that coordinate and interact to account 

for "goal-directed action" or self-regulation (Karoly & Ruehlman, 1995; Maes & Karoly, 2005). 

The four domains include: directive function (self-efficacy and values), regulatory function 

(social comparison and self-monitoring), control function (planning, self-reward, self-criticism), 

and arousal function (positive affect and negative affect) (Karoly & Ruehlman, 1995).  
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Model of the Genetic Influences on Executive Function and Self-regulation of BMI  
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1. Describe the sample taken from the twin registry and social media in relationship to age, 

zygosity, BMI, education, income level, ethnicity, current depression, exercise habits and 

marital status. 

2. Determine the associations between self-regulation, EF, and body mass index in a 

community-based sample of twins enrolled in the University of Washington Twin Registry 

and recruited from social media. 

3. Estimate the genetic contribution to executive function using a twin study design. 

4. Test whether executive function mediates the relationship between self-regulation and BMI. 

Significance of the Study 

Genetic contribution to executive function  

The current investigation attempted to provide converging evidence of the genetic 

contribution to EF, helping to improve our understanding of environment versus genetic 

influences on executive function and self-regulation and the association between lower EF and 

obesity. One of the goals of this investigation was to provide the foundation for future research 

to examine specific SNP’s or combinations of SNP’s that may predispose people to self-

regulation difficulties.  

Relationship between executive function, self-regulation and BMI 

This investigation explored an area with very little research; that is, whether EF is the 

mechanism through which self-regulation influences BMI. In other words, is self-regulation of 

eating limited in certain individuals because of limited EF capacity? This has not been looked at 

using twin analysis, an important tool for understanding genetic vs. environmental contribution 

to behavior. This would have important implications for the treatment and prevention of obesity 
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in that it would improve our understanding of how and why people may be unable to self-

regulate. 

Setting the groundwork for developing an intervention for self-regulation of BMI 

Recent studies are showing that self-regulation of various behaviors can be improved 

through training (Jha, Stanley, Kiyonaga, Wong & Gelfand, 2010; Halperin, et. al., 2012; Levine, 

et. al, 2011; Chen et. al., 2011). This study has the potential to lay the groundwork for the 

development of an intervention that will train individuals in self-regulation of behaviors, 

attitudes, and beliefs that reduce and prevent obesity. This type of intervention would involve 

less risk than bariatric surgery or medications, the current standard of treatment, would be much 

more cost-effective in many cases, and has the potential to be more effective in the long-term 

treatment of obesity since it addresses long-term behavior changes. 

Policy implications 

The results of this study may have policy implications for the future.  Some people have a 

genetic tendency toward an inability to self-regulate and control impulses, this has public health 

implications and may impact policy in regards to promotion and advertising of food and drink to 

the public.  
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CHAPTER II: LITERATURE REVIEW 

Obesity 

  

 Obesity has become an epidemic both in the United States and worldwide, with these 

trends expected to continue (Kelly, Yang, Chen, Reynolds, & He, 2008). A healthy weight is 

defined as a BMI range of 18.5-24.9 kg/m2, while overweight is defined as a BMI from 25-29.9 

kg/m2, and obesity is defined as a BMI  ≥ 30 kg/m2 (Mitchell, Catenacci, Wyatt, & Hill, 2011). 

Data from the National Health and Nutrition Examination Surveys (NHANES) have shown that 

obesity in the United States remained relatively stable between 1960-1980 but rose considerably 

between 1980 and 1991, with obesity among men increasing from 13 to 21 percent and obesity 

among women increasing from 17 to 26 percent (NHANES, 2003).  This trend continued, with 

the most recent report from 2009-2010 showing obesity at 35.5 percent for adult men and 35.8 

percent for adult women, and overweight and obesity combined at 68.8 percent of adults overall 

(Flegal, Carroll, Kit, & Ogden, 2012). Similar upward trends have been seen in many other 

countries (Kelly et al., 2008).  According to the World Health Organization (WHO), worldwide 

obesity has nearly doubled since 1980, with 35 percent of adults overweight and 11 percent 

obese in 2008 (WHO, 2013). Some researchers predict that by 2030, these rates could rise as 

high as 38 percent overweight and 20 percent obese worldwide, costing the health care system 

hundreds of billions of dollars (Kelly et al., 2008, Cawley & Meyerhoefer, 2012). 

 Obesity is associated with many conditions which contribute significantly to morbidity and 

mortality. A meta-analysis examining over 97 studies totaling 2.88 million individuals found that  

grades 2 and 3 obesity were significantly associated with mortality; grade 1 obesity was not 

associated with mortality (Flegal, Kit, Orpana, & Graubard, 2013).  However, many types of 
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morbidity, which can decrease quality of life and significantly increase the cost of health care, 

are also associated with obesity.  Obesity is known to be an independent risk factor for 

cardiovascular disease and includes coronary heart disease, myocardial infarction, angina 

pectoris, congestive heart failure, stroke, hypertension and atrial fibrillation (Burke et al., 2008; 

Klein et al., 2004; Pi-Sunyer, 2009).  The risk for diabetes increases significantly with increasing 

BMI (Colditz, Willett, Rotnitzky, & Manson, 1995) and weight loss is associated with a reduced 

risk of diabetes (Avenell et al., 2004) and improved control of diabetes (Pi-Sunyer et al., 2007). 

Abdominal adiposity is associated with increased risk of metabolic syndrome (Gao, 2008; 

Wannamethee, Shaper, & Whincup, 2006), which is a combination of often co-occurring 

cardiovascular risk factors that are associated with increased risk for cardiovascular mortality 

(Pi-Sunyer, 2009). Several large-scale, prospective studies have found an association between 

obesity and many types of cancer such as cancer of the esophagus, colon, rectum, kidney, 

ovarian, breast, prostate, pancreas, and gall bladder, as well as multiple myeloma and non-

Hodgkin lymphoma (Calle, Rodriguez, Walker-Thurmond, & Thun, 2003; Reeves et al., 2007; 

Rodriguez et al., 2007).  Sleep apnea, which can significantly impair sleep quality, and lead to 

daytime somnolence, hypertension, and eventually pulmonary hypertension (Mitchell et al., 

2011) is also associated with obesity and metabolic syndrome (Yu & Berger, 2011). Other 

conditions that can significantly impact quality of  life and health care costs and are also 

associated with obesity including depression (Simon et al., 2008; Strine et al., 2008), 

osteoarthritis of the knee (Reijman et al., 2007),  gallbladder disease (Katsika, Tuvblad, 

Einarsson, Lichtenstein, & Marschall, 2007), pancreatitis (Martinez et al., 2006) and 

nonalcoholic fatty liver disease (Riquelme et al., 2009). To summarize, there is a large, 
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convincing body of evidence that establishes the mortality and morbidity associated with obesity 

and these factors have an enormous impact on quality of life and health care costs.  

Executive Function and Obesity 

 Executive Function is a general term for complex cognitive processes involving regulation 

of behavior and includes diverse concepts such as planning, problem-solving, goal-setting, goal 

initiation, flexibility, modifying behavior, strategy, impulse control and attention control (Jurado 

& Rosselli, 2007). Executive Function has been described and categorized in many different 

ways but generally three basic functions have been postulated: 'updating', or working memory, 

which involves updating and maintaining relevant information; mental 'shifting' which is the 

ability to switch back and forth between tasks; and 'inhibition' which involves the ability to 

inhibit prepotent responses (Miyake et al., 2000). These three basic aspects of EF have been 

found to be moderately correlated but separable from one another in latent variable analysis 

(Miyake et al., 2000), although some researchers postulate that a unifying function such as 

inhibition or reasoning underlies all EF (Jurado & Rosselli, 2007). Executive function is 

generally associated with pre-frontal lobe function, but a meta-analysis of lesion and 

neuroimaging studies revealed that other areas of the brain such as the thalamus, basal ganglia 

and anterior cingulate cortex are also involved in EF tasks (Alvarez & Emory, 2006). Many 

researchers have concluded that EF involves links between the frontal, sub-cortical and thalamic 

pathways and that although the frontal areas of the brain most likely regulate the actual behavior, 

they depend on input from other areas of the brain (Jurado & Rosselli, 2007).   

 The overall picture of executive dysfunction is the inability to inhibit inappropriate 

behaviors, inability to work toward completion of goals, problems with planning and 
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organization, and inability to quickly change mindset. In other words, executive dysfunction can 

lead to major difficulties in adapting to a constantly changing environment and can significantly 

reduce success in everyday living situations such as school and work (Jurado & Rosselli, 2007).  

EF is tested with a wide variety of measures some of which test only one aspect of EF and others 

which test two or more aspects.  Some of the more widely used measures include the Wisconsin 

Card Sorting Test (WCST), Stroop Color Word Interference Test, the Hanoi Tower test, and the 

Trail Making Test (TMT) A and B.  

 The link between executive dysfunction and obesity has been supported in many cross-

sectional, correlational studies using a variety of measures of executive function or cognitive 

function in the adult population.  An early study examined 1,806 obese and 2,719 normal weight 

young adults age 18-21 and found that the obese had significantly lower scores than normal 

weight controls on all tests of intelligence and executive function (Sorensen, Sonne-Holm, 

Christensen, & Kreiner, 1982). Other studies with smaller sample sizes followed with similar 

results such as a group of 44 patients presenting for gastrostomy in which 21-24% of obese were 

impaired on the TMT A and B and 50% were impaired on the Category Test compared to 

normative data (Chelune, Ortega, Linton, & Boustany, 1986) and a group of 13 obese persons 

matched to 13 normal weight controls showed impaired manual dexterity and time judgment 

(Etou et al., 1989).  Researchers using the Iowa Gambling Test (IGT), found that decision-

making is impaired in obese adults compared to normal weight controls; obese subjects made 

less "good" choices, did not learn to maximize advantageous choices (Pignatti et al., 2006), and 

did not improve choice behavior over time, which indicates they did not demonstrate learning 

(Danner, Ouwehand, van Haastert, Hornsveld, & de Ridder, 2012). Among healthy women, poor 
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decision-making on the IGT and a tendency to eat under emotional stress was correlated with 

higher BMI's (Davis, Levitan, Muglia, Bewell, & Kennedy, 2004).   

 In a sample of 207 19-65 year olds, obese individuals had lower scores on TMT B and 

women were found to be at higher risk for lower scores associated with obesity (Fergenbaum et 

al., 2009). Another study with a larger sample size and a larger battery of executive function tests 

found that performance on all tests was correlated with BMI, however, the effect sizes were 

reported as "modest" and ranged from 0.11-0.23 (Gunstad et al., 2007).  In a group of  morbidly 

obese patients presenting for bariatric surgery (N=169), using a large battery of EF tests, the 

study participants scored significantly lower on the WCST and complex figure test compared 

with normative data (Lokken, Boeka, Yellumahanthi, Wesley, & Clements, 2010). A much 

larger sample (N=2,675) of Swedish participants with a range of BMI and waist to hip ratios 

reflecting the rate in the general Swedish population, found that the overweight performed worse 

on tests of semantic memory compared with normal weight individuals (Nilsson & Nilsson, 

2009).  A study comparing obese, anorexic and healthy controls found that both the obese and 

anorexic showed poorer performance on tests of executive function, but the obese showed a 

significantly reduced performance on inhibition scores compared to both anorexic subjects and 

healthy controls (Fagundo et al., 2012). 

 These cross-sectional studies indicate a relationship between body weight and cognition 

but do not establish a causal link between the two.  It is possible that executive dysfunction 

contributes to obesity, that obesity contributes to executive dysfunction, or that an unknown 

variable common to both is causing both the executive dysfunction and the obesity (Nilsson & 

Nilsson, 2009). There are many co-morbid factors associated with obesity that can also 
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contribute to cognitive deficits such as hypertension, stroke, diabetes, inflammation, changes in 

brain insulin levels, and changes in brain blood vessel permeability (Nilsson & Nilsson, 2009). 

Several cross-sectional studies have attempted to control for some of these co-morbid conditions.  

One such study found that extremely obese individuals showed significant differences on tests of 

executive function compared to normative data, and that there were no significant differences 

between patients with and without the co-morbid conditions of hypertension, Type II Diabetes 

and obstructive sleep apnea (Boeka & Lokken, 2008). Another study found that waist 

circumference and waist-to-hip ratio were inversely related to performance on a large battery of 

EF tests.  These results were attenuated when adjusting for cardiovascular disease, but some 

differences remained in specific tests.  Interestingly, when physical activity was added to the 

model, very few significant differences in executive function remained, leading the authors to 

conclude that central adiposity predicts cognitive function but that this relationship is attenuated 

by the effect of physical activity and that physical activity is an important co-variate in studies of 

EF and obesity (Dore, Elias, Robbins, Budge, & Elias, 2008). 

Gunstad (2007) found that obese adults had poorer performance on all tests of executive 

function and found no evidence of a BMI x age interaction. In a study in older adults age 54-81 

years, higher waist circumference and BMI were associated with lower scores on the Grooved 

Peg Test, the Stroop test, and a measure of motor function, and this association co-occurred with 

elevated diastolic and systolic blood pressure (Waldstein & Katzel, 2006).  From these few 

studies that have looked at co-morbid conditions with obesity, it appears that co-morbid 

conditions play a role in executive dysfunction in obesity, but do not explain it alone.   
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 Some prospective studies have suggested that the obesity itself contributes to executive 

dysfunction and that weight gain over time is associated with worsening executive function.  One 

large study (N=2,233 healthy people, 291 of whom were obese) found that higher BMI at 

baseline was associated with poorer performance on tests of executive function and with higher 

cognitive decline after 5 years.  There was no association between changes in BMI over the 5 

years and cognitive function (Cournot et al., 2006). Another large study (N=1,703) found that 

higher BMI and waist circumference were associated with poorer performance on several tests of 

executive function such as prospective memory, visual retention, and language tests. The 

longitudinal analysis found that higher BMI was associated with more rapid decline in global 

functioning, executive function, and memory over time and found a BMI and/or waist 

circumference x age interaction on some of the tests of EF (Gunstad et al., 2010). A study using 

data from the Framingham Heart Study measured BMI and blood pressure in 551 male and 872 

female participants and then measured cognitive function 4-6 years later using a variety of EF 

tests.  Results showed a significant effect of both obesity and hypertension on tests of EF in men 

only and also found that EF deficits in men were greater in the presence of both hypertension and 

obesity than with either alone (Elias, Elias, Sullivan, Wolf, & D'Agostino, 2003). Another study 

using these same data found adverse effects of obesity on cognitive functioning, again in men 

only, independent of diabetes and that number of years with diabetes was associated with 

reduced EF when combining men and women (Elias, Elias, Sullivan, Wolf, & D'Agostino, 

2005). A study that measured BMI in midlife found overweight in midlife is associated with 

deficits in EF such as short-term memory, long-term memory, speed, and verbal and spatial 

ability 30 years later in a non-dementia population (Hassing, Dahl, Pedersen, & Johansson, 
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2010). Although the results from these prospective studies are somewhat mixed, overall the 

evidence suggests that obesity significantly diminishes executive functioning and that these 

effects may worsen with time and, again, although co-morbid factors play a role, obesity also 

seems to have independent effects on EF over time. 

A meta-analysis was conducted on twelve studies that looked at the effects of intentional 

weight loss on tests of cognitive function.  In order to be included in the analysis, a study had to 

show a significant weight loss of more than 2 kg and report tests of cognitive function before and 

after the weight loss.  The tests for cognitive function included a wide array of EF tests across 

the studies such as Stroop, Digit Span Backwards, visual reaction time, auditory and verbal 

learning, and the TMT. The results showed a small but significant improvement in cognitive 

performance with weight loss on memory (effect size 0.13) and on tests of attention and 

executive function (effect size 0.14) (Siervo et al., 2011).  The results of this meta-analysis 

suggest that obesity itself diminishes EF and that this effect is reversible and suggests that EF 

may also play a causal role in weight gain.  However, the small effect sizes indicate that there are 

most likely other factors at play as well.  

 The ability to inhibit prepotent responses is key to executive function.  In fact, in latent 

variable analysis examining the three major aspects of executive function: updating, shifting and 

inhibition, inhibition was found to have no unique variance to common EF while the other two 

aspects did show some unique variance, suggesting that inhibition ability is key to success at 

maintaining goals, which is a requirement of all EF tasks (Friedman, Miyake, Robinson, & 

Hewitt, 2011; Miyake & Friedman, 2012) . In other words, inhibition may be the key ability 

underlying all EF.  Impulsivity is conceptualized as the inability to inhibit prepotent responses 
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(Logan, Schachar, & Tannock, 1997). A recent study looking specifically at obesity and four 

facets of impulsivity found that obese and overweight people have difficulty inhibiting intrusive 

thoughts and automatic behavior and have a higher sensitivity to reward (Mobbs, Crepin, Thiery, 

Golay, & Van der Linden, 2010); a similar study using path analysis found a significant 

relationship between degree of impulsivity, susceptibility to hunger, and obesity (Dempsey, 

Dyehouse, & Schafer, 2011). Studies examining the relationship between obesity and attention-

deficit hyperactivity disorder (ADHD), in which impulsivity is one of the main diagnostic 

criteria (American Psychiatric Association, 2000),  shed some light on the role of impulsivity in 

weight control. Many studies have found an association between obesity and ADHD among both 

children and adults. Obese patients presenting at a weight loss clinic were found to have a higher 

than expected rate of ADHD and overall, patients with ADHD are heavier than expected 

(Cortese et al., 2008). A recent meta-analysis with a total sample size of 3,898 from 23 studies 

found a positive association between impulsivity and obesity in children with a moderate effect 

size (Thamotharan, Lange, Zale, Huffhines, & Fields, 2013). Prospective studies have also 

shown an association, suggesting that pre-existing impulsivity may be a factor in developing 

obesity. Self-reported ADHD symptoms in adolescence were found to predict obesity and 

hypertension in adulthood (Fuemmeler, Ostbye, Yang, McClernon, & Kollins, 2011) and 

behavioral and affective problems of ADHD, depression and conduct disorder in childhood and 

adolescence were found to predict elevated BMI in adulthood (McClure, Eddy, Kjellstrand, 

Snodgrass, & Martinez, 2012). The impulsivity of ADHD is thought to lead to difficulties 

controlling eating behavior and maintaining physical activity, especially in the face of constant 

temptation in an obesogenic environment (Thamotharan et al., 2013).  In fact, a case-control 
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study found that obese adults with ADHD exhibited significantly more abnormal eating 

behaviors such as snacking between  meals, bingeing, and waking in the night to eat than obese 

adults without ADHD (Docet, Larranaga, Perez Mendez, & Garcia-Mayor, 2012), suggesting 

that impulsivity plays a role in abnormal eating behavior.  

To summarize, the overall picture emerging from this review of the literature on 

executive function and obesity is that diminished executive function and obesity are related. 

Although co-morbid conditions may be partially responsible for the effect, it is likely that 

overweight and obesity itself has some effect.  It is unclear whether executive dysfunction causes 

obesity, obesity causes executive dysfunction, or some unknown third variable that co-occurs 

with both is responsible for this effect.  Based on the results of the prospective studies and the 

studies demonstrating that some executive dysfunction is reversible with weight loss, it is likely 

that obesity itself is at least partially responsible for these effects but that it can probably become 

a perpetuating cycle in which worsening obesity leads to worsening executive function, which in 

turns contributes to further weight gain.  

Genetics of Executive Function  

 Twin studies demonstrate that EF is moderately to highly heritable.  One study, the 

Vietnam Era Twin Study of Aging, found a range of heritability of  0.34-0.62 for the TMT across 

a range of conditions (Vasilopoulos et al., 2012). A study of the Older Australian Twins found 

heritability ranges of 0.31-0.63 on four measures of EF: working memory, verbal fluency, 

response inhibition and cognitive flexibility (Lee et al., 2012). Another study of aging male twins 

found a heritability range of 0.34-0.68 on four tests of EF: Digit Symbol Substitution, color-word 

interference, TMT-B, and verbal fluency (Swan & Carmelli, 2002). However, a study using 
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latent variable analysis estimated heritability of EF at 0.99 (Friedman et al., 2008). As these 

researchers point out, previous twin studies using individual EF tasks did not account for task 

impurity, an issue in EF testing where a test designed to measure a particular aspect of EF often 

involves non-EF abilities such as visual, cognitive and perceptual abilities. Using latent variable 

analysis, Friedman, et. al. (2008) were able to account for the non-EF variance, giving them a 

purer measure of EF and a much higher heritability estimate than studies that focus on individual 

EF tasks. 

Candidate gene studies have identified many polymorphisms of neurotransmitter genes 

that are associated with impaired executive function and impulsivity, primarily in children with 

ADHD but also in healthy adults and a variety of populations including those with 

schizophrenia, OCD, Parkinson’s, and addiction (Barnes, Dean, Nandam, O'Connell, & 

Bellgrove, 2011;  Congdon & Canli, 2008; Frank and Fossella, 2011). These genes involve 

dopamine, norepinephrine (or noradrenaline) and serotonin signaling, all of which have been 

shown in pharmacologic and imaging studies to modulate executive function (Barnes et al., 

2011).   

Interaction with genetics, executive function and obesity 

One study examined the interaction of genes, executive function and obesity and found 

that the DRD2 Taq1A A1 allele was associated with poorer performance on tests of executive 

function in both lean and obese participants but that in the obese group, those with the A1 allele 

performed worse on tests of working memory than those without the allele. Those in the obese 

group that had the DRD4 7R allele performed worse on the TMT B and B-A scores than those 

who did not have the allele (Ariza et. al., 2012). 
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The reward system of the brain, in which the dopaminergic system has a primary role 

(Volkow, Wang & Baler, 2011), plays an important role in cognition and decision-making 

(Frank & Fosella, 2011). Some of the same dopaminergic gene SNP’s that are associated with 

executive dysfunction have also been associated with reward dysfunction and obesity, with the 

hypothesis being that dysfunction of the reward system can override executive function, leading 

to overeating (Volkow, Wang & Baler).  In this way, obesity has been conceptualized by many 

researchers as a type of addiction.  Food uses the same neuropathways as drugs (Volkow, Wang 

& Baler) and many dopamine-related gene SNP’s are also associated with drug addiction (Le 

Foll, Gallo, LeStrat & Gorwood, 2009). One prospective fMRI study found that participants with 

the same two dopaminergic gene polymorphisms mentioned in the previous paragraph, DRD2 

Taq1A A1 and the DRD4 7R, had diminished activation of reward centers in the brain and had 

significantly higher BMI 6 months later compared to those without those alleles (Stice, Yokum, 

Bohon, Marti & Smolen, 2010).  

Dopamine receptors and DRD2 Taq1A A1 and DRD47R 

There are five different types of dopamine receptors grouped into the D1-like (D1 and D5) 

receptors which activate adenylate cyclase, and D2-like (D2, D3, and D4) groups which inhibit 

adenylate cyclase (Wong, Buckle, & Van Tol, 2000). All of the subtypes are expressed in the 

brain but vary by location in the brain and amount of expression. The D2 subtype is expressed in 

large amounts in the cortex, limbic system, basal ganglia and pituitary gland while the D4 is 

expressed in smaller amounts in the limbic system and basal ganglia (Wong et al., 2000), 

suggesting that these receptors play an important role in dopamine neurotransmission and reward 

mechanisms in the brain. The dopamine receptor 2 (DRD2) and dopamine receptor 4 (DRD4) 
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genes encode a G protein-coupled receptor located on neurons involved in postsynaptic 

dopaminergic pathways (Neville, Johnstone, & Walton, 2004).  

 The DRD2 Taq1A A1 allele (dbSNP_rs1800497) is a cytosine-for-thymine substitution 

that was originally thought to be located on the DRD2 gene, which is located on the long arm of 

chromosome 11 at position 23 (11q23.1)(Neville et al., 2004). However, it is now thought to be 

located on an adjacent gene, a kinase gene named ankyrin repeat and kinase domain containing1 

(ANKK1), approximately 10 kb downstream from the DRD2 (Neville et al., 2004). Hence it is 

now often referred to as the DRD2/ANKK1 Taq1A A1 allele. The ANKK1 is one of the kinases 

involved in signal transduction (Neville et al., 2004). 

 The precise functional consequence of this SNP at the molecular level is not well-

understood (Neville et al., 2004). Early research into this SNP proposed that it caused decreased 

DRD2 receptor density through interference with gene expression.  The first study done in this 

area was from post-mortem studies of the brains of alcoholics which found that this SNP was 

associated with decreased D2 receptor density in the brain (Noble, Blum, Ritchie, Montgomery, 

& Sheridan, 1991). Follow up studies in healthy volunteers had mixed results with some also 

finding a correlation between this SNP and reduced receptor density (Jonsson et al., 1999; 

Pohjalainen et al., 1998) and one finding no association (Laruelle, Gelernter, & Innis, 1998). 

However, there are several issues with the assumption that receptor density is the root of the 

problem.  First, dopamine density can be affected by the environment via gene expression 

mechanisms so it cannot be assumed that the decreased density is caused by the SNP alone 

(Hitzemann, 1998). Second, dopamine receptor density has a wide variation among the general 

population; it would be common to have a variation of as much as 85%, and often decreased 
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receptor density appears to have no noticeable consequences (Hitzemann, 1998).  Third, there is 

often no relationship between DRD2 mRNA levels and receptor density (Hitzemann, 1998).   

 The information regarding the location of the SNP on the ANKK1 gene rather than the 

DRD2 opens up the possibility of another mechanism involving kinase genes.  The ANKK1 is an 

enzyme that is involved in signal transduction (Neville et al., 2004).  The Taq1A A1 allele 

causes an amino acid substitution within the eleventh ankyrin repeat of the ANKK1 gene 

(Neville et al., 2004) and it  is proposed that this inhibits substrate-binding specificity of the 

DRD2 receptor (Neville et al., 2004).  However, at present there is evidence that ANKK1 is 

expressed in the placenta and spinal cord but not the brain, which does not explain the 

association of this SNP with reward system dysfunction (Neville et al., 2004). The author who 

discovered the actual location of this SNP proposes that more work on ANKK1 function and 

expression needs to be done in order to determine the actual functional molecular mechanism of 

this SNP and suggests that this gene may be expressed in the brain intermittently or at different 

development periods (Neville et al., 2004). 

 The dopamine receptor 4 gene (DRD4) has also been studied for its relationship with 

dopamine dysfunction in the brain. The DRD4 gene is located on chromosome 11p15.5 and 

contains a variable region in the third cytoplasmic loop with a range of two to ten 48 base pair 

repeats (Wong et al., 2000). The DRD4 7R polymorphism (db_SNP rs1800955)  has seven of 

these repeats and, after DRD4 4R, is the second most common in the population, occurring at an 

estimated rate of approximately 20% globally (Helmeste & Tang, 2000), and is one of the more 

commonly associated DRD4 polymorphisms with phenotypes related to dopamine dysfunction. 
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Like the DRD2 Taq1A allele, it is also associated with reduced dopamine receptor density and 

reduced binding affinities (Schoots & Van Tol, 2003).   

 It has been demonstrated that the repeat sequences can potentially become sites for 

modulation of promoter activity, thus reducing expression of the gene, but the specific binding 

factor has not yet been identified (Schoots & Van Tol, 2003). It has also been demonstrated that 

the DRD4 7R causes decreased RNA stability and/or translational efficiency, or rate of 

translation into proteins (Schoots & Van Tol, 2003). The precise mechanism for this suppressed 

expression is not known and is based upon the presence of RNA binding sites in the first repeat 

unit, it is postulated that the 7 repeat sequence makes it more likely to be targeted by RNA 

binding proteins which could potentially decrease translational efficiency (Schoots & Van Tol, 

2003).  

Self-regulation and Obesity 

The use of self-regulation as a construct in health research has varied widely in its 

definitions, terminology, and placement in conceptual models (Hoyle & Bradfield, 2010) and the 

research on self-regulation and health behavior generally falls into one of four conceptual 

frameworks.  There were several early leaders in the use of the term in the research of health 

behavior.  Bandura's Social Cognitive Theory (SCT) included not only the well-known and 

heavily researched concept of self-efficacy but also later added the concept of self-regulation 

(Bandura & Wood, 1989), describing it as involving skills of self-monitoring, goal setting, 

feedback, self-reward, self-instruction and social support. It was a broader and more concrete 

term than self-efficacy with the idea that self-regulation skills can be taught. Two recent 

prospective studies using SCT as the theoretical framework, examined the relationship between 
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self-regulation and obesity.  In two separate studies, severely obese subjects were taught self-

regulatory skills in a long-term nutrition and exercise program. Pre- and post-measures of self-

efficacy, self-regulation and BMI were compared (Annesi, 2011; Annesi & Gorjala, 2010). Both 

studies demonstrated a change in self-regulatory skill usage that added to the overall explained 

variance in eating behaviors, physical activity and BMI. 

 Leventhal developed the Common Sense Model of Self-regulation of Health and Illness 

based upon his original Parallel Process Model (Cameron & Leventhal, 2003). In this model, 

people develop health-related goals based upon illness representations, resulting in self-

regulation. This model has been used in research in the self-management of illnesses such as 

mental illness (Baines & Wittkowski, 2012), diabetes (Mc Sharry, Moss-Morris, & Kendrick, 

2011), and hypertension (Hekler et al., 2008).  Breland, Fox, Horowitz & Leventhal (2012) 

propose a 'common sense' approach to fighting obesity, based upon Leventhal's model, in which 

illness and treatment representations, goal setting and incremental steps are emphasized. 

However, this model has not yet been tested in research (Breland, Fox, Horowitz, & Leventhal, 

2012) and currently there are no studies using this framework to study obesity.   

 The concept of self-regulation failure, advanced primarily by researchers Baumeister, 

Heatherton and Vohs, conceptualized self-regulation as a limited resource and that when those 

reserves are depleted, self-regulation failure will occur (Baumeister, Heatherton, & Tice, 1993; 

Vohs & Heatherton, 2000). A series of three studies, supported this hypothesis by first 

demonstrating that chronic dieters, already presumed to be fatigued from long-term restraint of 

eating are more susceptible to high temptation conditions than non-restrained eaters and will eat 

more in stressed situations.  The second study demonstrated that self-regulatory demands in one 



   

  34 

 

domain (chronic eating restraint) can lead to self-regulatory failure in other domains such as 

persistence. The third study demonstrated that chronic dieters who were asked to suppress their 

emotions while viewing an emotional video ate significantly more ice cream following the 

incident than chronic dieters who were not asked to inhibit their emotions (Vohs & Heatherton, 

2000). An earlier study with a similar premise looked at restrained eaters but differentiated 

between a physical threat of mild electric shock vs. an ego-threat of trying to solve an unsolvable 

puzzle or having to give a speech that was going to be evaluated by their peers (Heatherton, 

Herman, & Polivy, 1991).  Results showed that physical threat did not cause a significant 

difference in amount eaten but that ego-threat did, supporting that emotional stress can lead to 

overeating while physical stress may not. 

 Karoly first mentioned 'self-regulatory techniques'  in research as early as 1975 (Aiduk & 

Karoly, 1975) and later developed the concept with much more depth, defining it as "those 

processes, internal and/or transactional, that enable an individual to guide his/her goal-directed 

activities over time and across changing circumstances (contexts). Regulation implies 

modulation of thought, affect, behavior, or attention via deliberate or automated use of specific 

mechanisms and supportive metaskills" (Karoly, 1993, p. 25). Karoly developed the Goal 

Systems Assessment Battery(GSAB) (Karoly & Ruehlman, 1995) based upon the theoretical 

framework of Ford (1987) that measures four domains of self-regulation: directive function, 

regulatory function, control function and arousal function.  Although this tool has not yet been 

used in obesity research, it has been used in research with other health behaviors such as 

employee distress and well-being (Pomaki, Maes, & Ter Doest, 2004), and quality of life in 

myocardial infarct patients (Boersma, Maes, Joekes, & Dusseldorp, 2006). 
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 To summarize, the small number of research studies examining obesity and self-regulation 

support the notion that self-regulation is important to self-control of eating behavior and physical 

activity and that increased self-regulation can contribute to decreased BMI. However, many 

more studies are required to further establish this link and to establish the usefulness of the 

GSAB in self-regulation and obesity research. 

Sex Differences in Self-Regulation 

 Although there is limited research on sex differences in self-regulation, there are some 

indications that self-regulation may differ by sex. One study found that women and men differ on 

self-regulation of hypertension in that attitude toward success and intention influences men but 

not women, and perceived subjective norms influenced women rather than men (Taylor, Bagozzi 

& Gaither, 2001).  Another study found that women scored significantly higher than men in the 

frequency of the use of self-regulation strategies (Massey & Pesut, 1991). Emotion is one of the 

aspects of the GSAB, the self-regulation measure used in this study, and a recent review 

concluded that women are better at recognizing emotions and express themselves more easily 

(Kret & DeGelder, 2012) and a review of neurological imaging studies found that males and 

females use different strategies when processing emotions (Whittle, Yucel, Yap, & Allen, 2011).  

Executive Function and Self-Regulation 

 Although EF and self-regulation have arisen from two different domains of psychology, 

the constructs are very similar to one another and EF can be viewed as supporting a person's 

ability to self-regulate (Hofmann, Schmeichel, & Baddeley, 2012).  All three major aspects of EF 

can be shown to relate to and inform self-regulation skills.  'Updating' or working memory can 

play a role in the representation of illness or health goals in that without an ability to keep goals 
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in the forefront of the mind and bring them up when applicable to a situation, a person will not 

be able to self-regulate.  In addition, attention to goals and emotional regulation is required in the 

face of many competing stimuli, again a necessary skill to maintain self-regulation. 'Inhibition' of 

prepotent responses is also important to self-regulation and self-monitoring in that a person must 

be able to suppress urges and habitual behaviors in order to maintain goals. 'Shifting' abilities are 

also required for self-regulation because in a constantly changing environment, a person must be 

able to shift attention from one task to another in order to pursue goals (Hofmann et al., 2012).  

 Key aspects of executive function have been shown to predict or be associated with the 

ability to self-regulate behaviors within a variety of situations.  The majority of research 

connecting working memory and self-regulation looks at emotional regulation and how it is 

informed by EF. Working memory capacity (WMC) is thought to be important to emotional 

regulation in that it plays a role in down-regulating cravings and undesirable affect through 

cognitive reappraisal (Hofmann et al., 2012). One study showed that WMC, measured by 

operation span task, predicted participants' ability to regulate facial expression during viewing of 

emotional stimuli (Schmeichel, Volokhov, & Demaree, 2008).  Acknowledging that WMC may 

simply represent a better ability to follow directions, the authors completed a follow-up study 

that measured the ability to regulate emotions in a non-directed task where participants rated 

their emotional responses to criticism, using a questionnaire (Schmeichel & Demaree, 2010).  In 

this case, higher WMC predicted more self-enhancement and better affect.  In another study that 

examined reactions to anger, low WMC, measured by computation span, predicted negative 

social feedback after an anger-inducing exercise (Hofmann, Gschwendner, Friese, Wiers, & 

Schmitt, 2008). Another study found that EF tests of verbal fluency predicted ability to regulate 
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emotion but found no relationship between emotional regulation and other tests of EF such as 

working memory, Stroop, and TMT (Gyurak et al., 2009). 

 A second aspect of EF, inhibition, has also been shown to correlate with self-regulation.  

Some studies have looked at executive function in relation to self-regulation abilities in ADHD, 

which is typically thought of as an executive dysfunction of attention and inhibition. One study 

found a positive relationship between results on the Delis-Kaplan Executive Function System (a 

measure of executive function including inhibition, problem-solving and impulse control) and 

adaptive abilities measured with a behavioral scale in children with ADHD and prenatal 

exposure to alcohol (Ware et al., 2012).  Another study, using a wide array of EF tests also found 

an association between EF dysfunction and reduced scoring on an adaptive abilities scale and 

academic achievement in children with ADHD (Clark, Prior, & Kinsella, 2002). Although the 

two studies mentioned here did not use the term self-regulation, the behavioral scale looked at 

the ability of the child to perform daily activities including communication, socialization, and 

use of time.  These behaviors and academic achievement would be good indicators of a child's 

ability to self-regulate.  

 The role of the third major area of EF, task-switching, in self-regulation is not well-

understood.  According to Hofman, et. al. (2012), task-switching ability could be viewed as 

advantageous to self-regulation in that it could allow people to switch from an ineffective tactic 

or goal to another, thus improving success at self-regulation.  However, it could also be seen as 

disadvantage in that it could allow for easy switching to a more tempting but less healthy 

alternative (Hofmann et al., 2012). Currently, there are no studies that look specifically at task-

switching measures and their relationship to self-regulation abilities. 
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Training to Improve Self-Regulation 

 A newer area of research is focusing on training of executive functions and the resulting 

effect on adaptive behavior.  A study in deployed military members in high-stress areas showed 

that WMC diminished during deployment but mindfulness training improved WMC and 

protected against negative affect, which is considered a functional impairment (Jha, Stanley, 

Kiyonaga, Wong, & Gelfand, 2010).  A recent pilot study tested ADHD children with a wide 

variety of EF measures then the children participated in a training program designed to improve 

attention and self-regulation (Tamm, Nakonezny, & Hughes, 2012).  After the training, EF 

measures improved as did parent and teacher ratings of behavior and ADHD symptoms, which 

could be conceptualized as self-regulation improvement resulting from EF improvement.  

Another similar study with ADHD preschoolers did not include measures of EF but involved an 

intervention of games designed to improve inhibition, working memory, attention and motor 

skills (Halperin et al., 2012).  There was a significant improvement in parent and teacher ratings 

of ADHD symptom severity and behavior, and a decrease in impairment in those who had 

participated in the intervention.   

 A similar concept is being applied in head injury patients. One recent pilot study employed 

a training program designed to decrease distractibility and teach "goal-oriented attentional self-

regulation" skills (p. 327) to people who had frontal lobe damage (Levine et al., 2011). Those 

who completed the training had improvements in a range of EF measures and also had 

corresponding improved functional abilities.  Another study of participants with head injury 

involved an intervention using mindfulness and goal management strategies and participants 

showed improved attention, executive function, learning and memory tests post-intervention 
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(Chen et al., 2011).  Additionally, functional magnetic resonance imaging showed that neural 

processing in the extra striate cortex was improved post-intervention. 

Summary 

 In summary, this review of literature indicates that the concepts of genes, self-regulation, 

executive function and BMI are linked but it is unclear how they are related and what might 

mediate these relationships.  It is known that genes influence executive function and that EF and 

BMI are inversely related but it is not clear whether EF mediates the relationship between self-

regulation and body weight or whether some other mechanism is at work.  Executive function 

and self-regulation are closely related and training in EF has been shown to improve self-

regulation within the environment among a variety of populations.  If the relationship of EF to 

self-regulation of body weight can be established, it holds promise for an EF training 

intervention that can help people self-regulate body weight.  
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CHAPTER III: METHODOLOGY 

 

Research Design 

This investigation was a cross-sectional, correlational design with data from a twin 

registry located in Washington State. Some data for the study was pre-existing in the data base 

(age, sociodemographics) and the remainder was collected by the principal investigator (PI).  

Methods 

Sample 

The sample was recruited from the University of Washington Twin Registry (UWTR) 

and through social media and consisted of 120 twins, 70 monozygotic (MZ) twins and 50 

dizygotic (DZ) twins some of whom were paired and some of whom were unpaired (20 pairs of 

MZ twins, 14 pairs of DZ twins and 52 unpaired twins). The UWTR is a community-based 

registry of twin pairs that was established in 2002 through cooperation with the Department of 

Licensing in Washington state (Strachan, et. al., 2013).  All twins who join the registry agree to 

be contacted for future research studies and the database also collects regularly updated 

sociodemographic and health-related information.  In addition, when studies are completed by 

researchers, their data is made available as part of the database for use and analysis in future 

studies. In this study, 112 of the twins were recruited from the registry and 8 were recruited via 

social media. The sample consisted of women age 25-64 as these are the age categories with the 

highest rates of obesity in Washington state, with the exception of ages 65-74, as this population 

may have declining EF as a result of age.  Exclusion criteria include: pregnancy because of 

significant changes in appetite and food intake, Type I diabetes because of required control of 

food intake, history of eating disorders because of the impact on self-regulation strategies, 
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history of bariatric surgery because of resultant changes in appetite and satiety which could 

impact self-regulation, and known impaired executive function (dementia, traumatic brain injury, 

or stroke). The exclusion criteria were assessed by the PI as a screening self-report. 

Data collection procedures 

Twin pairs were approached and recruited via email and paper mailings from the UWTR. 

Recruitment letters/emails described the purpose of the study as ‘examining the role of executive 

function (EF) in determining body mass index’ and included the study criteria. Interested twins 

contacted the UWTR and their contact information was forwarded to the PI for screening and 

enrollment. Once screened, the PI obtained verbal informed consent and collected additional data 

described below (see Measures). In addition, the consent was sent to participants via email and 

the participants were required to check an “I agree” box next to the informed consent before they 

could continue with the online questionnaire. The self-report questionnaires were collected 

online via an online survey set up by the PI with the assistance and cooperation of the UWTR 

and the research electronic data capture (REDCap) system (Harris, Taylor, Thielke, Payne, 

Gonzalez & Conde, 2009) via the University of Arizona.  The telephone executive assessment 

(TEXAS) was administered over the phone by the PI and data was recorded on a form in 

REDCap. Participants were informed that responses would be recorded and used in the study.  

Permission to record responses was obtained through the consent process.  The following 

variables for the UWTR participants were accessed from the UWTR: age, zygosity, BMI, 

education, income level, ethnicity, current depression, exercise habits and marital status. These 

same variables were collected from the participants recruited through social media over the 

phone as part of the data collection process after screening was complete. All participant 
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information was coded by the UWTR for the registry twins and by the PI for twins recruited 

through social media. The link to the code for registry particpants was locked in a secured area at 

UWTR. For participants recruited through social media, participants’ information was also coded 

and demographic information was recorded onto a paper form, then entered into REDCap using 

only the code. The paper form was destroyed immediately upon entry of data into REDCap and 

the link between the code and the participants names was kept locked in a safe that only the PI 

had access to. After completion of data collection and analysis, the link was destroyed. The 

social media participants used the same consenting process through the UWTR and REDCap 

online/email system described earlier. 

Measures 

Measures for the variables in the study included self-reported BMI, BIS-11, TEXAS, and the 

GSAB.  Measures are summarized in Table 1. BMI was collected by the PI over the phone. 

UWTR performed a reliability study among 78 registry participants to compare self-reported 

BMI to measured BMI. Self-reported and measured BMIs were strongly correlated with each 

other (regression slope coefficient = 0.96; 95% confidence interval: 0.92, 0.99). The mean 

absolute difference between self-reported BMI and measured BMI was -0.22 kg/m2 (95% 

confidence interval: -0.51, 0.08), reflecting a slight underestimation of BMI (E.A. Schur, 

personal communication, July 29, 2013).  It should be noted that BMI was the outcome variable, 

not obesity per se and that the sample consisted of a range of BMI’s.  This variability was 

desired, as it was expected to show a corresponding variability with EF measures.  

Executive function was measured with the Barratt Impulsiveness Scale (BIS-11) and the 

TEXAS. The BIS-11 is a 30-item self-report questionnaire that measures the personality/ 
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Table 1                                                                                                                                              

Measures 

 

    

 

Variable 

 

Measure 

Collection 

method 

 

Validity and reliability 

 

References 

BMI Self-Report  Collected by 

PI over 

phone 

Self-reported and measured 

BMI regression slope 

coefficient = 0.96 

 

Schur, 2013 

Executive 

Function-

Global 

TEXAS Administered 

by PI over 

phone 

Correlated highly with the 

EXIT-25 

(r = 0.88). Sensitivity 1.00, 

specificity 0.88 for 

identifying those with 

significant levels of 

executive dysfunction. 

Cronbach’s α 0.74 

 

Bauer, 

McBride, 

Shea, Gavin, & 

Fogel, 1994; 

Royall, 1995 

 

Executive 

Function-

Impulsivity 

Barratt’s 

Impulsiveness 

Scale 

Online 

questionnaire 

filled out by 

participant 

 

Cronbach's α 0.83,  test-

retest reliability:  

Spearman's Rho of 0.83 

Stanford et. al., 

2009 

Self-

Regulation 

GSAB Online 

questionnaire 

filled out by 

participant 

Comparative Fit Indexes 

for the 

 four-scale structure: 0.89- 

0.99.  

Test-retest reliability: 0.56-

0.86 on each of the 

subscales 

Karoly & 

Ruehlman, 

1995 

 

behavioral trait of impulsiveness.  It is scored on a 4 point scale with 4=rarely/never, 

3=occasionally, 2=often and 1=almost always. It has been used for over 50 years in behavioral 

research across many populations, is one of the most commonly used measures for impulsiveness 

(Reise, Moore, Sabb,  Brown, & London, 2013; Stanford, et. al., 2009) and is often included in 

tests of EF. Psychometric data in a large sample combining college students and adults recruited 



   

  44 

 

from the community reported internal consistency with a Cronbach's α of 0.83 and test-retest 

reliability with a Spearman's Rho of 0.83 (Stanford, et. al.).   

The TEXAS is the telephone-administered version of the Executive Interview-25 (EXIT-

25), a brief bedside test of EF. The EXIT-25 is shown to be sensitive to differences in cognitive 

function among a variety of populations and is strongly associated with other established tests of 

executive function (Larson & Heinemann, 2010). The TEXAS is comprised of 5 items from the 

EXIT-25 and each is scored as a 0, 1, or 2, with 0 being the most functional and 2 being the least. 

The TEXAS is correlated highly with the EXIT-25(r = 0.88) and has a sensitivity of 1.00 and 

specificity of 0.88 for identifying those with significant levels of executive dysfunction (Bauer, 

McBride, Shea, Gavin, & Fogel, 1994). The TEXAS has a Cronbach's α of 0.74 (Royall, 1995). 

Self-regulation was measured with the Goal Systems Assessment Battery (GSAB) which 

assesses how a person self-regulates as they work toward a goal. The GSAB was chosen for this 

investigation because it is one of the most comprehensive measures of self-regulation and 

includes many factors that can play a role in self-regulation. The GSAB was developed using 

exploratory factor analysis in four separate studies; 36 statements were developed. The 

statements were divided into four scales (directive function, regulatory function, control 

function, and arousal function), which were further divided into subscales (self-efficacy, values, 

social comparison, self-monitoring, planning, self-reward, self-criticism, positive arousal and 

negative arousal) (Karoly & Ruehlman, 1995). Confirmatory factor analysis established 

Comparative Fit Indexes for the four-scale structure ranging from 0.89 to 0.99. Test-retest 

reliability ranged from 0.56-0.86 on each of the subscales.  In filling out the questionnaire, the 

participants were asked to rate the accuracy of each of the 36 statements in relationship to a 
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specific goal related to eating behavior. The rating scale is 0-4, with 0 being 'not at all true for 

me' and 4 being 'describes me very well' (Karoly & Ruehlman).  

Procedures  

Genetic contribution to EF was measured using twin pairs analysis in this study, rather 

than looking at specific SNP’s within this population.  Researchers are developing SNP profiles 

that are associated with reward dysfunction, impulsivity and overeating (Stice, Yokum, Burger, 

Epstein & Smolen, 2012) and future studies can focus on more specific candidate gene profiles. 

However, since these profiles are in the early stages of development and for feasibility reasons, 

this study will focus on estimating heritability by comparing differences between MZ and DZ 

twin pairs.  Heritability (h2) is defined as the “fraction of the total phenotypic variance of a 

quantitative trait that is caused by genes and is therefore a measure of the extent to which 

different alleles at various loci are responsible for the variability in a given quantitative trait seen 

across a population” (Nussbaum, McInnes & Willard, 2007, p. 158). The value of h2 ranges from 

0-1 with 0 meaning that there is no genetic contribution to that trait and 1.0 meaning that genes 

are 100% responsible for that trait. Most traits fall into the moderate range of 0.3-0.6 (Friedman, 

et. al., 2008). It is estimated from the correlation between measurements of that trait among 

individuals of known relatedness.  MZ twins are identical and therefore share 100% of their 

genes and DZ twins, being fraternal, share approximately 50% of their genes.  If MZ twins 

resemble each other more on a specific trait, this indicates the trait is influenced by genetics.  By 

comparing the variance in DZ pairs to the variance in MZ pairs, a heritability estimate is 

determined (Nussbaum, McInnes & Willard).  
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Data analysis/statistical considerations 

The sample was described according to the following variables: age, zygosity, BMI, 

education, income level, race, current depression, exercise habits and marital status (Wardle, 

Waller & Jarvis, 2002; Kirby, Liang, Chen, & Wang, 2012; Borson, 2011; Gunstad, et. al., 2007; 

Snyder, 2013; Joseph, Alonso-Alonso, Bond, Pascual-Leone & Blackburn, 2011). These data 

were collected from the twin registry with the exception of depression which was done through 

an online questionnaire using the Center for Epidemiological Studies Depression Scale (CESD-

R) (Naughton & Wicklund, 1993) and BMI which was collected by the PI over the phone by 

self-report. These variables are summarized by descriptive statistics such as percentage for 

categorical variables and median, mean, range and standard deviation for continuous variables. 

Distributions of EF scores, self-regulation scores and BMI were checked graphically and 

appropriate transformation was applied to the outcome variable BMI to achieve approximate 

normality as will be explained further later. Associations among the model variables were 

assessed using Pearson’s r correlations. To study the genetic contribution to executive function, 

the discordance rates of executive function scores were compared between MZ and DZ twin 

pairs by the Mann Whitney test.  

The Baron and Kenny’s (1986) method for testing mediation was intended to be used to 

test if executive function mediated the relationship between self-regulation and BMI. Here the 

executive function is a mediator between self-regulation and BMI if: 1) self-regulation was 

significantly associated with executive function, 2) self-regulation was significantly associated 

with BMI, 3) EF is significantly associated with BMI, and 4) when both self-regulation and 

executive function were entered in the regression model, change in the coefficients of the self-
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regulation effects is towards 0 and is no longer statistically significant. If steps 1 and 2 and 3 

were met, the test of the indirect effect would be computed using the Sobel test. 

Limitations and Future Directions 

The correlational study design did not allow determination of cause and effect among the 

variables in this model, merely whether EF, self-regulation and BMI were associated.  This study 

was intended to be exploratory with the findings potentially used to design future intervention 

studies to examine causation. Men were excluded from this model due to sex differences in self-

regulation, so findings will not be generalizable to men.  However, these concepts apply to men 

and should be studied in this population as well. It is also understood that a twin sample may not 

be representative of the broader population in some ways; however twin pairs analysis offers 

valuable insight into genetic vs. environmental influences on behavior and these findings can be 

used as a basis to study these concepts in other sample populations. 

Protection of Human Subjects 

  The institutional Review Board (IRB) Human Subjects Committee reviewed this study for 

approval to conduct the study. Twin pairs were approached and recruited via paper mailings and 

email from the UWTR. Recruitment letters described the purpose of the study as ‘examining the 

role of executive function (EF) in determining body mass index’ and the study criteria. Interested 

twins contacted the UWTR and their contact information was forwarded to the PI. Once enrolled, 

the PI obtained written informed consent. The consent form included the purpose of the study, 

who would  ask  for participation, how many people would be involved, a description of the 

study procedures, how confidentially of participants data was ensured using numbers as 

identifiers, the right of the participant to withdraw from the study at any time without causing 
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bad feelings or affecting medical care, and possible access to the data by representatives of the 

sponsor that supports the research study and representatives of regulatory agencies (including the 

UWTR and The University of Arizona Human Subjects Protection Program) who may access 

their records. 

 Data collection included selected sociodemographic and health history information existing 

in the UWTR, as well as responses to questionnaires, cognitive assessments done over the 

telephone, and self-report of BMI. No biological samples were collected. All participant 

information was coded and the link to the code was locked in a secured area by the UWTR. 

Verbal consent was obtained over the phone and participants were also emailed a copy of the 

written consent (disclosure) and a need to check an “I agree” box before they could continue on 

with the online questionnaires. No consent forms were printed or stored.  

Summary 

 To summarize, this purpose of this cross-sectional, correlational study was to test a bio 

behavioral model that proposed that self-regulation affects body mass index and EF mediates the 

relationship between self-regulation and BMI. The specific aims and corresponding analysis 

were as follows: 

1. Describe the sample taken from the twin registry in relationship to age, zygosity, BMI, 

education, income level, ethnicity, current depression, exercise habits and marital status. 

This was accomplished using descriptive statistics for categorical variables and median, 

mean, range and standard deviation for continuous variables. 

2. Determine the associations between self-regulation, EF, and body mass index in a 

community-based sample of twins enrolled in the University of Washington Twin Registry. 
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This was accomplished using Pearson’s r zero order correlations for BMI, Self-regulation 

(GSAB) composite, the nine subscales of the GSAB composite, TEXAS (global EF), 

BIS11(impulsivity), EF composite score (composite of TEXAS and BIS11), and the CESD-R 

(depression). 

3. Estimate the genetic contribution to executive function using a twin study design. 

For this aim, the twin pairs were used to compare the types of twins on differences in the 

executive function trait.  The non-paired twins in the dataset were removed, leaving only 

twin pairs.  The difference in the EF composite score for each pair of twins was calculated 

and a new dataset was constructed with each twin pair having one row in the dataset.  The 

Mann Whitney test was used to determine if there were significant differences between the 

MZ and the DZ pairs on this trait.  

4. Test whether executive function mediated the relationship between self-regulation and BMI. 

This aim used the entire sample (N=120) to test for mediation, using Generalized Estimating 

Equations (GEE) to adjust for the relatedness of the twin pairs. GEE Baron and Kenny’s 

(1986) method for testing mediation was intended to be used to test whether executive 

function mediates the relationship between self-regulation and BMI. Here the executive 

function is a mediator between self-regulation and BMI if: 1) self-regulation is significantly 

associated with BMI, 2) self-regulation is significantly associated with EF, 3) executive 

function is significantly associated with BMI and 4) when both self-regulation and executive 

function are entered in the regression model, change in the coefficients of the self-regulation 

effects is towards 0 and is no longer statistically significant. GEE, an extension of the quasi-

likelihood approach, is a method that often used to analyze correlated data (Hanley, Negassa, 
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Edwards & Forrester, 2003).  In this study, it was used to account for the correlation between 

twin pairs in the sample. 
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CHAPTER IV: FINDINGS 

The sample consisted of 120 female twins ages 25-64 taken from the University of 

Washington Twin Registry and recruited from social media. Among them were 20 pairs of MZ 

twins (N=40), 14 pairs of DZ twins (N=28) and 52 unpaired twins whose twin did not participate 

or did not qualify for the study.  Of these, eight were recruited from social media (3 pairs and 2 

unpaired twins). For the purposes of this study, the twins were divided into two different 

samples, one sample which consisted of the paired twins (N=68, 34 pairs) and another which 

consisted of all the twins, paired and unpaired (N=120).  The smaller sample consisting of only 

twin pairs was used for the aim pertaining to the genetic contribution to EF and the larger sample 

was used for the remainder of the aims looking at the relationship between EF, self-regulation 

and BMI. 

Three instruments were used in this study, the TEXAS measure of global executive 

function, the BIS11 measure of impulsivity, an aspect of executive function, and GSAB which 

assesses a person’s self-regulation as they work toward a goal. An EF composite score was 

computed using the standardized mean of TEXAS and BIS11 z-scores. To assess the reliability 

of these instruments, Cronbach’s alpha reliability analysis was conducted. Cronbach alpha values 

of .8 or higher indicate acceptable reliability (Field, 2009). Results indicated that the GSAB had 

a Cronbach’s alpha value of .909, indicating high reliability among this sample. The BIS11 also 

had high reliability with a Cronbach’s alpha 0.853. Finally, the TEXAS reported a very low 

Cronbach’s alpha value of -.009, indicating low reliability. This low number likely reflects the 

low variance in this sample since the sample was relatively young and functional.  The score for 

unimpaired executive function on this test was 0 and maximum impairment was 10, and the 
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majority of the participants scored a 0 (48.3%) or a 1 (35.8%), raising the question of whether 

the TEXAS is sensitive enough in a younger, relatively unimpaired population. Despite this, the 

TEXAS did correlate with the BIS-11 (β= 1.99, p < .05) in this sample, supporting construct 

validity of the TEXAS in this sample.  

Exploratory factor analysis with orthogonal rotation was performed on the nine subscales 

of the GSAB and results showed that 50.79% of the variance was explained with the first 

component and only 14.97% of the variance was explained with the second component. Kaiser- 

Meyer-Olkin was .825, indicating very good sampling adequacy (Field, 2009).  The component 

matrix showed the majority of the scales loaded onto Factor 1 and only 2 of the subscales 

(Regulatory Social and Control Self-Reward), loaded onto Factor 2.  Therefore, it was elected to 

use the scale in its entirety and add the nine subscales to make a total composite Self-regulation 

variable to be used in this study.  

 

 

 

 

 

 

 

 

Figure 2 

Scree Plot, Exploratory Factor Analysis of the GSAB 
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Table 2 

Exploratory Factor Analysis on the GSAB, Initial Eigenvalues 

Component Total % of Variance Cumulative % 

1  3.555 50.79 50.79 

2  1.048 14.97 65.76 

3   .821 11.73 77.49 

4   .568 8.11 85.60 

5   .398 5.68 91.28 

6   .354 5.06 96.34 

7   .256 3.66 100.00 

 

 

Aim 1- Description of the Samples 

This aim was to describe the sample taken from the twin registry in relationship to age, 

zygosity, BMI, education, income level, ethnicity, current depression and marital status. There 

were 120 respondents in this study, of which 70 (58.3%) were monozygotic twins and 50 

(41.7%) were dizygotic twins. Across all respondents, 88 (63.3%) had at least a bachelor’s 

degree, while 67 (55.8%) respondents had household incomes of $80,000 or more. The majority 

of respondents (83 or 69.2%) were married, and (115 or 95.8%) were White.  Of the total 

participants, five (4.2%) identified themselves as Hispanic ethnicity.  This was not listed in the 

tables under race since the NIH policy is that Hispanic is to be reported as an ethnicity, not a race 

(NIH, 2001). The mean age for all respondents was 42.95 (SD 11.77) and the mean BMI was 

25.96 (SD 6.23). Mean number of minutes of MVPA (moderate and vigorous physical activity) 

per week was 109.6 (SD 83.88). Descriptive statistics by zygosity for categorical variables are 

reported in Table 3.  Mean and standard deviations by zygosity for the continuous variables are 

reported in Table 5.  
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Table 3  

  

Participant (N=120) demographic characteristics: Categorical variables 

 
     Monozygotic Twins        Dizygotic Twins       Total 

 n    % n    % n    % 

Race       

White 67 95.7% 48 96.0% 115 95.8% 

Black 4 5.7% 1 2.0% 5 4.2% 

Asian/Pacific 

Islander/Native 

American 

8 11.5% 1 2.0% 9 7.5% 

Total *79 *112.9% 50 100% *129 *107.5% 

       

Income       

Less than $20K 2 2.8% 2 4.0% 4 3.3% 

$20K-$39.9K 7 10.0% 3 6.0% 10 8.3% 

$40K-$59.9K 10 14.3% 9 18.0% 19 15.8% 

$60K-$79.9K 12 17.1% 5 10.0% 17 14.1% 

$80K+ 36 51.4% 31 62.0% 67 55.8% 

**Missing 3 4.3% 0 0.0% 3 2.5% 

Total 70 100.0% 50 100% 120 100.0% 

       

Education       

Grade 12/GED 3 4.3% 2 4.0% 5 4.2% 

Some college 8 11.4% 9 18.0% 17 14.2% 

Associate’s 5 7.1% 5 10.0% 10 8.3% 

Bachelor’s  28 40.0% 21 42.0% 49 40.8% 

Graduate/Pro 26 37.1% 13 26.0% 39 32.5% 

Total 70 100.0% 50 100.0% 120 100.0% 

       

Marital Status       

Single 13 18.6% 4 8.0% 17 14.2% 

Married 46 65.7% 37 74.0% 83 69.2% 

Widowed 2 2.9% 0 0% 2 1.7% 

Divorced 5 7.1% 5 10.0% 10 8.3% 

Living with partner 3 4.3% 2 4.0% 5 4.2% 

**Missing 1 1.4% 2 4.0% 3 2.5% 

Total 70 100.0% 50 100.0% 120 100.0% 

 

Comorbid Conditions       

Type II Diabetes 1 1.4% 1 2.0% 2 1.7% 

Sleep Apnea 3 4.3% 0 0.0% 3 2.5% 

Hypertension 7 10.0% 4 8.0% 11 9.2% 

Note:*Totals = more than 100% because some participants identify with more than one race.**Missing from Twin 

Registry, reason unknown 
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Table 4 

 

Twin pairs (N=68) demographic characteristics: Categorical variables 
 

          Monozygotic 

Twins 

       Dizygotic Twins       Total 

 n % n % n % 

Race       

White 40 100.0% 28 100.0% 68 100.0% 

Black 0 0.0% 0 0.0% 0  

Asian/Pacific 

Islander/Native 

American 

***3 7.5% 0  ***3 4.4% 

Total *43 *107.5% 28 100.0% *71 *104.4% 

       

Income       

Less than $20K 1 2.5% 1 2.5% 2 2.9% 

$20K-$39.9K 5 12.5% 2 7.1% 7 10.3% 

$40K-$59.9K 5 12.5% 5 17.9% 10 14.7% 

$60K-$79.9K 6 15.0% 2 7.1% 8 11.8% 

$80K+ 21 52.5% 18 64.2% 39 57.4% 

**Missing **2 5.0% 0 0.0% **2 2.9% 

Total 40 100% 28 100.0% 68 100.0% 

       

Education       

Grade 12/GED 1 2.5% 2 7.1% 3 4.4% 

Some college 3 7.5% 4 14.3% 7 10.3% 

Associate’s 2 5.0% 5 17.9% 7 10.3% 

Bachelor’s  16 40.0% 11 39.3% 27 39.7% 

Graduate/Prof 18 45.0% 6 21.4% 24 35.3% 

Total 40 100.0% 28 100.0% 68 100.0% 

       

Marital Status       

Single 9 22.5% 1 3.6% 10 14.7% 

Married 25 62.5% 22 78.6% 47 69.1% 

Widowed 1 2.5% 0 0.0% 1 1.5% 

Divorced 3 7.5% 4 14.3% 7 10.3% 

Living with partner 2 5.0% 1 3.6% 3 4.4% 

Total 40 100.0% 28 100.0% 68 100/0% 

 

Comorbid Conditions 

      

Type II Diabetes 1 2.5% 0 0.0% 1 1.5% 

Sleep Apnea 2 5.0% 0 0.0% 2 2.9% 

Hypertension 2 5.0% 2 7.1% 4 5.9% 

Note:*Totals = more than 100% because some participants identify with more than one race.**Missing from Twin 

Registry, reason unknown, ***one twin reported two races while her twin reported only one race 
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Table 5 

 

Participant (N=120) mean and standard deviations on continuous variables 

 
 Monozygotic Twins Dizygotic Twins Total 

 n M SD n M SD N M SD 

Age 70 41.11 11.15 50 45.53 12.24 120 42.95 11.77 

BMI 70 25.76 6.01 50 26.24 6.57 120 25.96 6.23 

Self-regulation 70 7.82 1.69 50 7.61 1.87 120 7.61 1.77 

BIS11 70 56.43 10.55 50 56.72 8.85 120 56.55 9.84 

TEXAS 70 0.57 0.672 50 0.84 0.84 120 0.68 0.76 

CESD-R 70 8.59 10.57 50 11.26 9.61 120 8.17 10.57 

*MVPA 70 103.9 76.98 49 117.8 93.08 119 109.6 83.88 

Note:*1 missing from DZ and Total on MVPA. MVPA=moderate and vigorous physical activity, total minutes per 

week 

 

Table 6 

 

Twin Pairs (N=68) mean and standard deviations on continuous variables 
 

 Monozygotic Twins Dizygotic Twins Total 

 n M SD n M SD N M SD 

Age 40 41.10 11.08 28 45.06 12.72 68 42.73 11.86 

BMI 40 24.40 4.75 28 25.83 6.66 68 24.99 5.62 

Self-regulation 40 68.05 16.97 28 66.21 18.13 68 67.29 17.35 

BIS11 40 56.80 11.78 28 56.50 10.24 68 56.68 11.09 

TEXAS 40 0.43 0.59 28 0.86 0.89 68 0.60 0.76 

CESD-R 40 7.88 12.33 28 7.04 8.01 68 7.50 10.71 

*MVPA 40 112.3 75.94 28 121.9 86.47 *67 116.1 79.85 

Note:*1 missing from DZ and Total on MVPA. MVPA=moderate and vigorous physical activity, total 

minutes per week 
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The sample used in Aim 3 to determine the genetic contribution of EF was comprised of 

the twin pairs only (N=68, 14 DZ pairs and 20 MZ pairs).  Of those, 100% of the twin pairs were 

White and the majority of them (39 or 57.4%) had an income of $80,000 or more.  Among the 

twin pairs, four of them (5.9%) identified themselves as Hispanic. The vast majority of the twin 

pairs had at least a bachelor’s degree (51 or 79.6%) and 47 (69.1%) were married. The mean age 

for all the twin pairs was 42.73 (SD 11.86) and the mean BMI was 24.99 (SD 5.62). Mean 

number of minutes of MVPA (moderate and vigorous physical activity) per week was 116.1 (SD 

79.85). Descriptive statistics by zygosity for categorical variables are reported in Table 4.  Mean 

and standard deviations by zygosity for the continuous variables are reported in Table 6.  

Aim 2- Associations of the Model Variables 

This aim was to determine the associations between self-regulation, EF, and BMI in this 

community-based sample of twins enrolled in the University of Washington Twin Registry.  

Tests on the distribution of the outcome variable BMI showed a K-S of D (120) =.166, p < .000, 

a skewness of 1.676 (SE = .221), and a kurtosis of 3.314 (SE .438), indicating a non-normal 

distribution.  After log transformation on the BMI variable, the K-S was D (120) =.131, p <.000, 

indicating that the distribution remained non-normal but the skewness improved to 1.060 (SE = 

.221) and kurtosis improved to .869 (SE = .438). Therefore, the log transformed BMI was used in 

this analysis.  

 Tests of zero order correlations between log transformed BMI, BIS11 (impulsivity), 

TEXAS (global EF), composite EF score (composite of TEXAS and BIS-11), and the composite 

GSAB (self-regulation) were performed.  Results are reported in Table 8. The items that had 

significant associations were adjusted for correlation among the twin pairs by using regression in 
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GEE.  Results are reported in Table 9.  The B values were the same for regressions done in the 

linear model and the GEE but the standard errors and significance levels were different.  The 

correlation statistics between the TEXAS and BIS11 changed from an SE of 1.175 and a p value 

of .030 in linear regression to a SE of 1.2304 and a p value of .035 in GEE.  The correlation 

statistics between the BIS11 and composite EF changed from a SE of .005 and a p value of .000 

to a SE of .0045 with the p value remaining at .000.  The correlation between the TEXAS and 

composite EF went from an SE of .061 to an SE of .062 with the p value remaining at .000. 

In this model, Self-regulation (GSAB composite) did not have a significant association 

with log transformed BMI. Self-regulation was not significantly associated with the EF 

composite score or with either of the individual EF measures, the BIS11 or the TEXAS.  The 

composite EF score did not have a significant association with log-transformed BMI, nor did the 

individual EF measures of TEXAS and BIS11, although the association between TEXAS and 

log-transformed BMI was trending toward significance (r = .17, p = .062).  The two measures of 

global EF, the BIS11 and the TEXAS, were associated with one another (β = .199, p < .05). 

Table 7 

Zero order correlations of model variables 

Variables BMI BIS11 TEXAS EF 

 

BIS11 

 

.04 

   

TEXAS .171 .199*   

EF .13 .780** .763**  

Self-reg .014 .071 .013 .042 
 

Note: BMI-log transformed BMI, BIS11-measure of impulsivity, TEXAS-phone administered test  

of executive function, EF-composite executive function score, Self-reg-Self-regulation composite  

of nine subscales of GSAB, *p<.05, **p<.01 
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Table 8 

Regression coefficients for significantly associated model variables (N=120) using linear 

regression (left) and adjusted in GEE (right)          

 Linear Regression GEE 

Variable              BIS11      TEXAS            BIS11      TEXAS 

TEXAS r = .199 

p = .030 

B = 2.588 

SE = 1.175 

 r = .199 

p = .035 

B = 2.588 

SE = 1.230 

 

 

 

 

     

EF r = .780 

p = .000 

B = 0.062 

SE = 0.005 

r = .763 

p = .000 

B = 0.788 

SE = 0.061 

r = .780 

p = .000 

B = 0.062 

SE = 0.0045 

r = .763 

p = .000 

B = 0.788 

SE = 0.062 
Note: TEXAS-phone administered test of executive function, EF-composite executive function score combining  

BIS11 and TEXAS, BIS11-Barratt’s Impulsivity Scale 

 

Aim 3- Estimate the Genetic Contribution to Executive Function 

 For this aim, the sample comprising the twin pairs only was used (N=68). The composite 

Executive Function score was compared for each pair of MZ and DZ twins and the difference 

between Twin A and Twin B was calculated for each pair.  A new database was constructed with 

each twin pair having one row (N=34, 20 MZ and 14 DZ pairs) and the differences in EF scores 

for each of the twin pairs was compared using Mann-Whitney test.  If the EF trait is heritable, the 

expected results would be that there is a significant difference between MZ and DZ twins on this 

trait and that MZ twins would be more similar than DZ twins.  In this case, the null hypothesis 

was that the MZ pairs and the DZ pairs did not significantly differ on this trait.  The MZ (median 

0.76) twins had an 18.3% lower median than the DZ twins (median 0.93), meaning that there was 

a difference in the two groups in the expected direction. However, the Mann Whitney test was 

non-significant (p .204) meaning that the distribution across zygosity categories was not 

significantly different and the null hypothesis was retained.  Therefore, the heritability of EF was 
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not supported in this sample. However, the lack of significance may be due to the small sample 

size rather than a true lack of association.  

 Potential confounders for EF were considered for this aim and a t-test was done on four 

selected variables to assess for the difference between the MZ and DZ groups on age, education, 

income, and depression.  Using a cutoff of  p < .2 for significance, education was identified as 

being significantly different between groups: MZ twins had a higher mean education level 

(M=8.03, SE = .210) than the DZ twins (M = 7.14, SE = .312) and this difference was significant 

(p = .008).  Depression (p = .324), income (p = .670) and age (p = .231) were not significantly 

different between groups.  Therefore in this study, education level was a potential confounder but 

it was unadjusted in the analysis due to lack of power.  Any future work would need to include 

an adjustment for this confounder.  

Aim 4- Test of Mediation 

This aim was to be tested using Baron and Kenny’s (1986) method for testing mediation.  

Here the executive function is a mediator between self-regulation and BMI if: 1) self-regulation 

is significantly associated with BMI, 2) self-regulation is significantly associated with EF, and 3) 

EF is significantly associated with BMI and 4) when both self-regulation and executive function 

are entered in the regression model, change in the coefficients of the self-regulation effects is 

towards 0. Linear mixed effect models were to be fitted on data from both MZ and DZ pairs 

combined, with an extra variance component for the DZ pairs.  If steps 1 and 2 and 3 were met, 

the test of the indirect effect would have been computed using the Sobel test. However, the 

conditions for mediation were not met in this study because the GSAB composite was not 
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associated with self-reported BMI, nor was it associated with the measures of EF. Therefore it 

would not have been appropriate to test for mediation of EF between self-regulation and BMI.  

Other Findings 

Although the hypothesis in the model was not supported by the data, there were other 

findings that warrant further investigation.  Tests of zero order correlations that included the 

main model variables as well as the nine subscales of the GSAB and the CESD-R measure of 

depression revealed some other significant associations.  Due to the exploratory nature of the 

analysis for this section, these significance levels were not adjusted for the number of 

correlations or for the inter-correlation between twin pairs. Results are summarized in Table 10. 

Although the significance would have to be adjusted for the use of correlated twins in the sample 

and no conclusions can be drawn from these findings, these results can be used to generate 

hypotheses for future studies.  

Four of the individual subscales of the GSAB correlated with self-reported BMI including 

Self Efficacy (r= -.305, p < .001), Planning/Stimulus Control (r = -.193, p < .05), Negative 

Affect (r = .230, p < .05), and Self-Criticism (r = .230, r < .05).   Two of the individual subscales 

of the GSAB were associated with the BIS11: Social (r = .186, p < .05) and Negative Affect (r = 

.331, p < .000).  The composite EF variable correlated with two Self-regulation subscales: Self-

Efficacy (r = -.200, p < .05) and Negative Affect (r =.279**, p < .01)  

The CESD-R was also checked for associations with the main variables of interest in this 

study because depression is known to be associated with EF function (McClintock, Husain, 

Greer & Cullum, 2010) and has been shown to be a predictor of EF ratings (Knouse, Barkley, & 

Murphy, 2013). The CESD-R was associated with both the composite EF score (r = .232, p < 
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.05) and the TEXAS (r = .201, p < .05) and was associated with four of the subscales of the 

GSAB: Planning Stimulus Control (r = -.262, p < .01), Self Criticism (r = .488, p < .000), 

Positive Affect (r = -.309, p < .01) and Negative Affect (r = .496, p < .001).  

To further examine the contribution of the individual subscales of the GSAB to BMI, a 

multiple regression was done in both the linear model and the GEE using the entire sample 

(N=120).  Results are reported in Table 9.  Prior to entering the subscales into the model, tests of 

multicollinearity produced VIF values ranging from 1.515-2.756 and tolerance values ranging 

from 0.363-0.660, indicating acceptable levels of collinearity among the subscales.  According to 

Field, (2009), VIF values above 1 indicate some correlation among the predictors but are not 

cause for concern unless the values reach 10, and tolerance values below 0.1 or 0.2 are cause for 

concern. Levene’s test of homogeneity of variance was non-significant (F 44, 375), indicating 

that the variances among the variables were equal.  Durbin Watson’s test for independent errors 

was 2.011, indicating that the residuals were not correlated.  With all of the subscales entered 

into the model, the subscale Positive Affect contributed the most to the model (β = .455, p < .01), 

with Directive Self Efficacy (β = -2.73, p < .01) and Planning/Stimulus Control (β = -.322, p < 

.05) close behind. The remaining subscales were not significant.  
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Table 9 

Multiple regression of the nine subscales of the GSAB with BMI as the dependent variable  

GSAB Subscale b SE b β T 

Value -.006 .004 -.194 -1.775 

Self Efficacy -.010 .004 -.273 -2.675** 

Social 8.949E-6 .003 .000 .003 

Self-Monitoring .005 .004 .139 1.008 

Planning/ Stimulus 

Control 

-.009 .004 -.322 -2.366* 

Self Criticism .001 .003 .062 .512 

Self Reward -.001 .003 -.038 -.333 

 Positive Affect .010 .003 .455 3.488** 

Negative Affect .006 .004 .236 1.819 
Note: GSAB-Goal Systems Assessment Battery, *p < .05, **p < .01
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Table 10 

Zero order correlations of main variables, the nine subscales of the GSAB and the CESD-R  

(Significance not adjusted for intercorrelation between pairs, Type I error possible due to number of correlations) 

  BMI BIS TEX EF SR Val Self 
Effic 

Soc Self 
Mon 

Plan Self 
Crit 

Self 
Rew 

Pos  
Aff 

Neg 
Aff 

BIS 
 

.040                           

TEX 
 

.171 .199*                         

EF 
 

.130 .780** .763**                       

SR 
 

.014 .071 .013 .042                     

Val 
 

-.160 -.137 -.110 -.166 .604**                   

Self 
Effic 

-.305** -.153 -.147 -.200* .482** .458**                 

Soc 
 

.102 .186* .085 .163 .616** .204* .103               

Self  
Mon 

-.038 -.001 -.055 -.043 .741** .440** .425** .184*             

Plan 
 

-.193* .031 -.102 -.044 .688** .474** .466** .180* .717**           

Self 
Crit 

.230* .122 .092 .129 .415** .002 -.137 .476** .039 -.138         

Self  
Rew 

.008 .050 .112 .096 .707** .245** .247** .339** .615** .514** .144       

Pos Aff 
 

.014 -.117 -.023 -.096 .640** .575** .458** .138 .589** .622** -.166 .460**     

Neg Aff 
 

.230* .331** .114 .279** .383** -.009 -.186* .518** .033 -.032 .685** .093 -.248**   

Dep 
 

.064 .153 .201* .232 .041 -.068 -.147 .134 -.144 -.262** .488** -.095 -.309** .496** 

Note: BIS-Barratt Impulsiveness Scale, TEX-TEXAS-phone administered test of executive function, EF-composite EF score, SR-composite of GSAB 

subscales, Val-Value, Self Effic-Self Efficacy, Soc-Social, Self Mon-Self Monitoring, Plan-Planning/Stimulus Control, Self Crit-Self Criticism, Self 

Rew-Self Reward, Pos Aff-Positive Affect, Neg Aff-Negative Affect, Dep-CESD-R measure of depression, *p < .05, **p < .01
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CHAPTER V: DISCUSSION 

 The main variables of interest in this study were not associated with one another and 

therefore the model was not supported.  However, there were findings that could be used to 

generate hypotheses for future studies on self-regulation both for obesity/weight management as 

well as other health-related goals.    

Self-regulation and Obesity 

 While the composite Self-regulation score was not significantly associated with self-

reported BMI, some of the subscales were significantly associated, namely Self-Efficacy, 

Planning/Stimulus Control, Negative Affect and Self-Criticism.  When placed into a regression 

model as described in the results section, Self-Efficacy remained significant as did 

Planning/Stimulus Control but Self-Criticism and Negative Affect were no longer significantly 

associated with self-reported BMI. Interestingly, Positive Affect became significant, having the 

largest β value in the model, followed closely by Self-Efficacy and then Planning/Stimulus 

Control.  And interestingly, Positive Affect had a positive relationship with BMI, meaning that 

higher ratings of Positive Affect were associated with higher BMI. The Positive Affect subscales 

asked participants to rate statements such as “working toward this goal is exciting” and “working 

on this goal makes me feel happy”.  Intuitively it may seem that having a positive affect linked to 

a goal would be associated with reaching that goal, but perhaps this indicates that people with a 

positive affect may not value their weight as much and therefore may not put as much effort into 

that particular goal.   

Self-efficacy was negatively associated with self-reported BMI in this model both in 

simple correlation and in the regression analysis using all nine subscales.  This subscale asked 
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participants to rate statements such as “I possess the necessary skills to reach this goal” and “I 

have the ability to reach this goal.”  This may indicate that a person’s beliefs about their abilities 

to reach the goal have an impact on his or her ability to meet that goal, or alternatively it may be 

a reflection of the actual resources available to a person such as those typically more associated 

with a higher socioeconomic status like health insurance, health monitoring, access to fresh and 

healthful foods, health education/resources, social support, etc.  Further research with larger 

sample sizes could look more specifically at this topic and control for confounding variables that 

may affect self-efficacy of weight control and how this may be used to help people regulate body 

weight.   

The Planning/Stimulus Control subscale was significantly negatively associated with self-

reported BMI in both the correlation and the regression model.  This subscale asked participants 

to rate statements such as “I try not to let other people interfere with my work on this goal.” and 

“I carefully schedule my activities so I have enough time to pursue this goal”.  This subscale 

seems to be the most closely related to impulse control and executive function, yet interestingly 

it was not significantly correlated with either the EF composite score or the two individual 

measures of EF, the TEXAS and the BIS11. This may indicate a lack of sensitivity of the tests of 

EF used in this study and the small sample size or may indicate that there are other factors at 

work that allow a person to stay focused on goals, other than impulsivity control and other global 

EF abilities.  Further testing with larger sample sizes could help to identify other mechanisms for 

self-regulation not related to measurable EF skills which in turn could lead to interventions that 

focus on teaching and reinforcing these skills and mechanisms in helping people to reach weight 

and other health-related goals.   



   

  67 

 

It was interesting that Negative Affect and Self Criticism were significantly and positively 

correlated with BMI in the simple correlations and it seems that both of these behaviors 

(negative affect and self-criticism) would be barriers to a goal.  However, both of these subscales 

were not significant when all nine subscales were placed into a regression model with BMI as the 

dependent variable.  This raises interesting possibilities about some of the interactions among 

these subscales and may indicate that some of the subscales have a stronger influence than others 

on Self-regulation and some may, in effect, cancel out others.  More work in this area using 

larger sample sizes and other types of goals may yield important information as to what specific 

strategies are the most helpful for people. 

The Goal Systems Assessment Battery 

Overall, the GSAB shows promise as a valuable tool in measuring self-regulation and goal 

setting/maintenance. Because there are nine subscales covering many different aspects of self-

regulation such as values, emotion, social aspects, and planning, it has the potential to be 

valuable in identifying specific aspects of regulation that are more important for certain groups 

of people or for certain types of goals.  This would help to identify more specific assessments 

and interventions for obesity and other health-related goals. In this study, the participants were 

required to select a goal related to eating behavior and it is possible that for many of the 

participants, this was not an important goal for them currently.  In addition, the eating goal 

selected by the participants for this study may not have been directly related to BMI.  For 

example, if a participant chose the goal of eating more fruits and vegetables, progress toward this 

goal may not translate into reduced BMI unless there was an accompanying decrease in calorie-

dense foods. Therefore, that would be a limitation in this study and in the future, it would be 
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interesting to use this tool in a group of people who are already working on or have identified a 

goal as valuable.  For example, using the GSAB on a group of patients at a bariatric clinic that 

are all actively trying to lose weight to prepare for or avoid surgery, may increase the sensitivity 

and specificity of this tool as a self-regulation assessment. 

It is also acknowledged that due to the exploratory nature of the analysis of the correlations 

between the nine subscales of the GSAB and the main study variables (Table 10), the 

significance of the correlations were not adjusted for the inter-correlation between the twin pairs 

or for the number of correlations that were run.  Therefore, Type I error is possible and future 

studies with a sample of twin pairs would need to take this into account when doing the analysis.  

Executive Function and Obesity 

The relationship between EF and obesity was not supported in this study, however the 

relationship between the TEXAS (a measure of global EF) and BMI was trending toward 

significance (r = .17, p = .062) and this relationship could be significant if examined in a larger 

sample size or using a test of EF that is more sensitive in a younger population. As discussed in 

the literature review, the relationship between EF and obesity is a complex issue because many 

of the comorbid conditions associated with obesity are also associated with diminished executive 

function such as hypertension, sleep apnea, and Type II diabetes. A longitudinal study would be 

helpful to establish whether a pre-existing condition of lower EF predicts future weight gain, 

while controlling for comorbid conditions.  This topic is also important to public health because 

if obesity was found to have a component of impulse control as a contributing factor, this would 

have implications for public health legislation such as advertising limitations or price control and 

subsidies to limit consumption for unhealthy and calorie-dense foods.  In addition, executive 
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function and goal training could be developed as interventions to help people who do not have as 

much ability in this area.  

Genetics of Executive Function 

The genetic influence on EF has been supported in previous studies with heritability 

estimates as high as 0.99 (Friedman et al., 2008).  This was not supported in this study using twin 

pairs analysis. However there was an 18.3% difference in the median between MZ and DZ twins 

in this study in the expected direction.  It was not significant in this sample but it is not known 

whether this is an actual lack of difference or is due to the small sample size.  It would be 

informative to repeat this analysis with a larger sample size and possibly with more sensitive 

tests of EF for the general population.  The Twin Registry in Washington has more 9,000 

registered twin pairs and it would be feasible in the future to repeat this study with larger 

numbers for more robust and meaningful data analysis. Also, as was discussed in the literature 

review, as more candidate SNP’s related to executive dysfunction become known and 

discovered, research on the genetic influence on executive function could also focus on more 

specific functional SNP’s and a SNP profile for executive dysfunction could potentially be 

developed and used as a screening tool that may identify individuals at risk for executive 

dysfunction and in need of support and interventions for Self-regulation difficulties. 

The BIS11 and the TEXAS as measures of Executive Function 

 This study supported the construct validity of these tests as measures of executive function 

in that these two tests were correlated with one another in this sample (r .199, p < .05).  The 

TEXAS did not prove to be a sensitive measure of EF in this population.  It was developed for an 

older population and in this relatively young population, the reliability was difficult to assess due 
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to the low variance among scores and with the vast majority of participants scoring as 

unimpaired.  The BIS11 did have significant correlations with some of the GSAB subscales and 

did well in reliability testing, supporting the use of BIS11 as a measure of EF and impulsivity in 

this population.  

Executive Function and Self-regulation 

 EF and self-regulation have been conceptualized in many different ways with some 

arguing that they are the same mechanism termed, measured, and described differently by two 

different branches of psychology.  In this study, self-regulation was conceptualized as how the 

person interacts with their environment in working toward goals and was measured by self-

report, whereas EF was conceptualized as a measurable test of ability and used both a test 

administered by the investigator as well as a self-report questionnaire measuring impulsivity 

more specifically.  This study did show some relationship between these two variables when 

conceptualized in this way with the composite EF variable being positively correlated with one 

of the Self-regulation subscales (Self-Efficacy), and negatively correlated with another (Negative 

Affect).  Overall, Self Efficacy appears to be the Self-regulation subscale that most consistently 

is correlated with the other variable in this model including BMI and the composite EF score. In 

addition, the impulsivity measure was significantly positively correlated with two of the Self-

regulation subscales (Social and Negative Affect).  This suggests that perhaps people who use 

social cues to motivate themselves are more impulsive and again suggests that negative affect is 

somehow associated with diminished self-control in the environment. Overall, these findings 

lend support to the idea that the two concepts of EF and Self-regulation are related yet distinct 

from one another.   
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Further work on this topic using larger sample sizes and a more sensitive test of EF in a 

younger population may yield important information on the differentiation between these 

concepts and how they contribute to maintenance of BMI and other health-related goals.  Self-

regulation remains a construct that is measured and defined in many different ways in the 

literature and because of the complexity of this topic and the wide variety of goals and 

populations in which is it used, it may not be appropriate to try to narrowly define and measure it 

on a standardized scale but rather to define it and measure it based upon the population, types of 

goals being studied and research design. Executive function as a construct is more well defined 

and lends itself well to quantitative research designs but may be limited in its ability to explain 

motivation and interaction with the environment to maintain goals.  Regardless of its application, 

future EF research with younger and functional populations such as this should use a tool with 

more sensitivity and variance.  

Depression, Executive Function and Self-regulation 

 The covariance of depression among the variables in this model was noteworthy and 

suggests that depression may play a significant role in Self-regulation abilities.  In this sample, 

depression was negatively correlated with Planning/Stimulus Control, which was one of the 

subscales of the GSAB that was also negatively associated with BMI both in zero order 

correlations and in the regression model with all the subscales entered. Not surprisingly, 

depression was also positively associated with both the Self-Criticism and Negative Affect 

subscales and negatively associated with the Positive Affect subscale.  Because of the 

correlational design, it cannot be determined whether this is a causal effect.  It’s possible that 

depression causes diminished EF and Self-regulation, or that diminished EF and Self-regulation 
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abilities lead to depression, or some unknown third variable is causing both of them.  Larger 

studies or studies with a prospective design may help to better define this relationship and pave 

the way for more effective interventions in this area.    

Recruitment of Twin Pairs 

 The Twin Registry was an excellent source of potential participants and the staff provided 

support in many ways including recruitment and consenting.  However, even with those 

resources, it proved difficult to recruit the numbers of participants originally intended, especially 

recruiting both members of a pair.  Since having the pairs was so crucial to the design of this 

study, this requirement stretched the data collection time to over a year.  There were a series of 

steps to go through in that first, both members of a twin pair had to agree to participate, then both 

members had to qualify for the study, then both members needed to fill in the online surveys, 

then the PI needed to successfully reach each member of the pair by phone for the TEXAS 

survey.  The phone call proved to be the biggest barrier in this study, especially among a fairly 

young and busy sample population, and any future work on this topic would be greatly facilitated 

with the use of an online test of EF, rather than an over the phone or in-person administered test. 

At the onset of this study, there were no low cost, reliable and valid online tests of EF available 

but usage of these tests has increased and in the future, there may be more appropriate options in 

this area.   

 The recruitment and data collection required some flexibility and trial and error before an 

adequate sample size was obtained.  The staff at UWTR preferred to recruit in smaller batches 

rather than sending out multiple recruitments to all twins in the database; then further recruiting 

is based upon response. In this study, both email and mailings were used for recruitment and 
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response rates were tracked. It was found that there was less response (and more expense) 

associated with paper mailings so all future recruitment was done via email.  Originally this 

study intended to look at both exercise behavior and eating behavior using the GSAB which 

meant that each participant had to complete the GSAB twice along with the other two online 

surveys.  However, it was found that many of the potential participants were dropping out of the 

study when they reached the second GSAB and some commented that the online surveys were 

too repetitive.  For this reason, the GSAB for exercise behavior was dropped from the study and 

subsequently, more of the participants completed the online portion of the study. 

 It was challenging to reach the participants by phone for the TEXAS.  Despite it being a 

short test (5 minutes), it was difficult to reach people at a time when they were not at work or not 

busy with their home lives.  One strategy which helped was to hire a second data collector who 

could make additional calls during evenings and weekends when most participants were more 

available.  Another was to use text messaging with participants to set up appointment times when 

they could be called for the TEXAS.  At the implementation of text messaging, the data 

collection process sped up noticeably. Interestingly, setting up phone appointments via email was 

not as effective and received a very low response rate from participants. Also, it was found that it 

was important to begin contacting participants for the TEXAS as soon as possible after they 

completed the online survey otherwise they seemed to lose interest in completing the study and 

were less responsive to attempts to reach them. 

 In summary, any future studies with this sample population should involve online tests and 

surveys that are as short as possible while still getting adequate information, should avoid phone 

calls if possible, and should include the ability to use text messaging to communicate with 
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participants.  In general, many of the subjects were willing and some were even enthusiastic 

about participating, but it is still important to make it as convenient as possible to participate.  

Limitations and Future Directions 

 The use of self-reported BMI in this sample was the best option available in this study 

because it allowed for over-the-phone collection of this information and likely gave a more 

accurate result than relying on outdated height and weight collected by the UWTR.  Some but 

not all of the twins had actual measured height and weight in the database and it would not have 

been feasible to measure the height and weight on each of the participants as they reside all over 

the United States. However, self-reported BMI can also be unreliable and is likely to be 

underestimated, whether intentionally or unintentionally.  The twin registry does have data that 

shows that self-reported BMI was strongly correlated with actual BMI in a sample of twins from 

the registry, but it was in a small sample (N= 78) and it may not represent this sample well.  A 

measured BMI would be far more preferable and reliable.  

 Another limitation is that the TEXAS did not perform well in this population as discussed 

earlier.  Future studies should choose a test for EF that has been reliability tested in a younger 

population and preferably one that is more convenient to administer, such as an online test.  In 

addition, the TEXAS is a measure of global EF, which is a multi-dimensional construct 

measuring many aspects of behavior management such as planning, goal-setting, inhibition, 

shifting, and updating.  The multi-dimensionality of the construct makes it challenging to capture 

the construct with one five-item test.  

The correlational design of this study is also a limitation in that it did not allow for any 

determination of causation.  Results can be used to generate hypotheses for future interventional 
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studies or for larger studies using methods such as path analysis in order to more accurately 

define the relationship among these variables.  In addition, this study only looked at women, 

which was intentional because of potential differences in self-regulation between the sexes. 

However, any significant results would not been generalizable to men and these concepts need to 

be studied in men as well.  The GSAB would be a good tool to use to compare men and women 

on differences in Self-regulation because it separates out the various aspects of Self-regulation in 

the subscales and would allow for a more nuanced comparison.  

 Another limitation is that the use of the GSAB requires that participants choose a goal to 

use as a reference when responding to each of the statements.  For this study, participants were 

required to choose a goal related to eating behavior because the topic was obesity.  However, this 

may not have an important current goal for some of the participants and their responses may 

have been different for goals that they are currently working on and currently value.  In addition, 

some of the goals chosen by the participants could arguably be more related to self-regulation of 

eating and not directly related to body weight, such as a goal of increasing intake of fruits and 

vegetables which may not impact body weight without the accompanying reduction of calorie-

dense foods. Future work with this tool could be used on a group that is already known to be 

working on a specific common goal and may yield more representational results.   

Summary 

This study tested a bio behavioral model that proposed that Self-regulation affects BMI 

and that EF mediates this relationship.  Further, this model proposed that EF is influenced by 

genes. Although the model variables were not significantly associated in this study and a genetic 

influence on EF was not detected, future studies in this area using more sensitive tests of EF 
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function and larger numbers of twin pairs could yield important information as to the relationship 

of these variables and how people motivate themselves to maintain goals and self-regulate health 

behaviors. Some exploratory findings in this study also warrant further investigation, such as the 

significant relationships found between tests of EF function, depression, and some of the 

subscales of Self-regulation.  Obesity remains a serious health problem worldwide and further 

exploration of these variables could help to develop non-invasive, effective Self-regulation 

interventions to help people reduce BMI and the many deleterious effects of overweight and 

obesity.  
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Genetic Influences on Executive Function and Self-Regulation of Body Mass Index 

Data Collection Form 

 

Exclusion Criteria 

To be Asked by PI during phone interview: 

Are you pregnant or breastfeeding?  

Have you been diagnosed with Type I diabetes?  

Do you have a history of eating disorders such as anorexia nervosa, or bulimia?  

Have you ever had bariatric surgery (“stomach stapling”, “Lap band” procedure)?  

Do you or have you had dementia, traumatic brain injury or stroke?  

 

If answer is “yes” to any of the above questions: “Thank you very much for your time but you 

are not eligible for this study and your twin will not be eligible” 

Potential co-morbid conditions/variables of interest 

To be Asked by PI during phone interview: 

Have you been diagnosed with Type II diabetes?  

Have you been diagnosed with hypertension (high blood pressure)?  

Have you been diagnosed with obstructive sleep apnea?  

What is your height?  

What is your weight?  

 

To be Collected From Twin Registry Data Base: 

Twin A or Twin B  

Age  

Zygosity (MZ or DZ)  

Education  

Income Level  

Ethnicity/race  

Exercise Habits  

Marital Status  

Smoking  

Alcohol Intake  
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Disclosure Form (Consent) 

 

Name of Study: GENETIC INFLUENCES ON EXECUTIVE FUNCTION AND SELF-

REGULATION OF BODY MASS INDEX 

Name of PI: Sandra Wieland, University of Arizona, College of Nursing 

 

This study involves research and the purpose of the research is to examine the genetic influences 

on self-regulation of body weight. This study will involve a combination of online surveys filled 

out by you, the participant, and questions and tests administered over the phone by the PI.  The 

estimated total amount of time required for this study is 45 minutes to an hour.  This study will 

not be of any direct benefit to you. 

 

This study may involve minimal risk of emotional distress due to questions regarding emotions 

around eating and physical exercise.  If you feel distressed at any time during participation in this 

study, please inform the PI right away and appropriate care will be ensured.  In addition, you will 

be screened for depression as part of this study.  The study surveys are not meant to be 

diagnostic. If you believe you are having a problem with depression or any psychiatric issue, 

please contact your healthcare provider or call the Suicide Prevention Hotline at 1-800-273-8255 

or ‘911’. 

 

As part of the study, some of your information from the Twin Registry will also be collected. 

Strict confidentiality of data will be observed. If at any time you wish to contact someone re: this 

study, please contact the UW-Twin Registry at the numbers provided in your recruitment packet 

or the University of Arizona Human Subjects Protection Program at 520-626-6721 or at 

http://orcr.arizona.edu.  Participation in this study is voluntary. Refusal to participate will involve 

no penalty or loss of benefits to which you are otherwise entitled. You many discontinue 

participation at any time without penalty or loss of benefits to which you are otherwise entitled. 
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Dear Ms. LAST NAME, 

 

The University of Washington Twin Registry is seeking female twin pairs to participate in a 

study entitled: GENETIC INFLUENCES ON EXECUTIVE FUNCTION AND SELF-

REGULATION OF BODY MASS INDEX. This dissertation study is being conducted by Sandra 

Wieland who is a PhD Candidate at the University of Arizona, College of Nursing.  

  

The purpose of this research study is to examine the genetic influences on self-regulation of body 

weight.  It involves 4 questionnaires which can be filled in online and one telephone call during 

which the investigator will conduct an over-the-phone test of executive function.  The estimated 

total amount of time required by you is 45 minutes to an hour.  

 

We are looking for both fraternal and identical female twin pairs between the ages of 25-64. If 

you are interested in learning more about this study, click on the link below. 

 

If you do not wish to participate you can also follow the same link or reply* to this email to opt 

out. If you have any concerns or questions, please feel free to contact me. 

 

Please be assured that participation in this study is voluntary. Whether or not you participate in 

this study will have no effect on your relationship with the University of Washington Twin 

Registry. 

 

An Institutional Review Board responsible for human subjects research at The University of 

Arizona reviewed this research project and found it to be acceptable, according to applicable 

state and federal regulations and University policies designed to protect the rights and welfare of 

participants in research.  If you have any concerns, you may contact them at (520) 626-6721. 

 

Thank you for your time and consideration. We look forward to hearing from you.  

 

Sincerely,  

Sandra Wieland 

PhD Candidate 

University of Arizona, College of Nursing 

206-240-0980 

wielands@email.arizona.edu 
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