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ABSTRACT 

HOME IS WHERE THE HEALTH IS: INVESTIGATING FAMILY STRESS AND 
METABOLIC HEALTH AMONG PARENTS AND PRESCHOOL-AGED CHILDREN

Valerie Hruska 

University of Guelph, 2021

Advisor(s): 

Dr. David W.L. Ma 

The home environment is a key determinant of family health, and chronic stress 

within the home may influence the health of parents and children. Past research has 

investigated the relationship between family stress and biomarkers such as adiposity as 

well as health-related behaviours such as food-related practices among families with 

older and adolescent children. However, less is known about these phenomena among 

families with preschool-aged children, and few family health studies actively include 

fathers.  

This thesis aimed to examine cross-sectional associations between family stress 

levels and cardiometabolic health among preschool-aged children and their parents. 

Specifically, biomarkers of adiposity, blood pressure, circulatory lipids, glucose 

metabolism and inflammation were assessed. Additionally, inflammatory potential of the 

diet was used as a proxy for inflammatory risk. This thesis also explored the implications 

of an existing family-based health promotion intervention for stress levels within the home. 

It was found that stress within the home was adversely associated with parents’ 

cardiometabolic health factors, specifically adiposity, inflammation, and dietary predictors 

of inflammation. No associations were seen among children, indicating a level of 

protection or buffering from parent-perceived stress. No substantial changes in family 

stress levels were observed as a result of participating in the health intervention up to one 



year follow-up, indicating that this intervention was not overly burdensome for families but 

also that specific strategies for improved stress management may need to be included in 

health interventions to address families’ needs. Collectively, these findings indicate that 

stress in the home environment may be a particularly powerful target for improving parent 

cardiometabolic health, but perhaps less so for preschool-aged children. Future 

longitudinal and experimental research exploring stress within the home in the context of 

promoting health and wellbeing among families with young children is warranted.  
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CHAPTER 1 

1 Chronic Stress and Cardiometabolic Health: Insights for Family Health Research 

 

 

  



 

 

2 

 

1.1 Abstract  

Chronic stress is implicated in the pathogenesis of many cardiometabolic health 

issues and is a growing public health concern. This review of the literature provides a 

framework for understanding the ways in which chronic stress overlaps with metabolic 

health, inflammation, and health-related behaviours such as diet, physical activity, and 

sleep, with specific emphasis on applications for family health researchers. A brief 

overview of family-based stress reduction intervention programs is provided. The 

relevance of the 2019 novel coronavirus pandemic to family health and mental wellbeing 

is also briefly discussed.  

1.2 What is Stress? 

Stress is the evolutionarily conserved physiological response to any threat that 

challenges an organism’s survival. These diverse threats are known collectively as 

stressors. Stressors may interfere directly with survival, such as through attack or 

predation, or indirectly, such as extreme temperature exposure or lack of resources such 

as food, water, and safe resting areas (Johnson et al., 1992; Sapolsky, 2002). In the face 

of such stressors, energy from non-essential metabolic tasks such as growth, digestion, 

healing, and reproduction is diverted towards the musculoskeletal and cardiovascular 

efforts required for a “fight or flight” response until the stressor passes or is overcome 

(Sapolsky, 2002). The stress response includes a complex cascade of neurochemicals 

beginning in the hypothalamus region of the brain, then recruiting pituitary and adrenal 

hormonal activity, and finally converging on the musculoskeletal and cardiovascular 

system to increase tone and energy availability (Habib et al., 2001; Johnson et al., 1992; 
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Sapolsky, 2002). Collectively, the output from the hypothalamus, pituitary, and adrenal 

glands is central to the stress response. Cortisol, a glucocorticoid produced by the adrenal 

medulla, is considered the primary stress hormone; cortisol mobilizes energy for skeletal 

muscle usage and negatively feeds back to the hypothalamus to downregulate the stress 

response and restore the resting state (Johnson et al., 1992; Sapolsky, 2002). The stress 

response typically follows a pattern of rapid activation, peaking within minutes of stressor 

introduction, with a return to baseline within hours of the stressor’s absence and normal 

rest, digestion, healing, and growth processes resume. Rather than a singular event, 

stress is a dynamic ongoing process.  

This system was intended to increase likelihood of survival in life-or-death situations; 

in the modern context, these extreme stressors are less likely to be regularly encountered 

by an average person. However, the stress response is also sensitive to perceived 

psychological challenges including workload, balancing multiple competing 

responsibilities, complex social situations, and other components of busy contemporary 

lifestyles (Sapolsky, 2002). An individual’s specific stressors are dependent on social, 

economic, environmental, and genetic factors, and responses may vary substantially 

between individuals (Palmer & Cooper, 2017). The neurochemical network is indifferent 

to a stressor’s real or perceived state; the same pathways are activated for all types of 

stressors (Selye, 1998). With repeated frequent activation, there is the potential for the 

system to become dysregulated because of inadequate recovery. Unlike other 

parameters such as body temperature or blood oxygen, the stress response system can 
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operate in a wider dysfunctional range with many downstream consequences (B. S. 

McEwen, 1998).  

Stress is conceptually and pathologically distinct from clinical mental illnesses such 

as anxiety or depression, yet often co-occurs with these disorders and is included under 

the broad umbrella of mental health. Stress is perceived differently between individuals 

and precise quantification of stress is difficult, but nonetheless, trends in stress perception 

can be investigated. National surveys have indicated that roughly 25% of Canadians aged 

15 years or older report experiencing moderate to extreme daily stress (Statistics Canada, 

2017). Likewise, the American Psychological Association’s annual Stress in America™ 

survey (2019) revealed consistent trends in stress perception over the past several years; 

many respondents reported experiencing more stress than they felt was healthy for them. 

A 2018 survey reported that 63% of Australians experienced at least one personal 

stressor in the previous year and 13% experienced high or very high levels of distress 

(Australian Bureau of Statistics). One study of Swedish adults found that 59% of their 

sample reported more than a little stress, including 33% who reported high levels of stress 

(Wiegner et al., 2015). The largest study of its kind in the United Kingdom found that 74% 

of respondents felt overwhelming stress or were unable to cope with stress in the past 

year (Samele et al., 2018). Although the modern world has changed to relieve humans of 

many of the threats to survival that the stress response system developed to combat, 

these reports demonstrate that stress remains a common human affliction today.  
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1.3 Chronic Stress Contributes to Disease Processes 

As a survival mechanism, it is paradoxical that the stress response can have 

detrimental health effects. However, a number of consequences across a range of 

physiological systems emerge when the stress response is overactivated (Selye, 1955). 

A contemporary physiological model to understand the dysregulations stemming from 

chronic stress is the allostatic load model. In this model, allostatic load is the cumulative 

physiological cost of meeting the demands of a dynamic external environment, analogous 

to gradual wear-and-tear on the body’s machinery (B. S. McEwen, 1998; B. S. McEwen 

& Stellar, 1993). Extending from their direct roles in the stress response system, the 

cardiovascular, endocrine, immune, and energy storage systems are jeopardized under 

chronic stress. Over the life course, this allostatic load accumulation could result in 

pathology (B. S. McEwen, 1998). Quantifying allostatic load is an unresolved challenge 

among chronic stress researchers, however, a strong base of literature supports the 

connections between chronic stress and a variety of adverse health outcomes.  

This review focuses on the metabolic syndrome and inflammation with specific 

implications for chronic stress among families with young children. The transition to 

parenthood is highly stressful (Saxbe et al., 2018) and disruptions in the home 

environment may contribute to chronic stress. A study of American parents found that the 

change in routines at the time of their children beginning kindergarten was accompanied 

by hormonal activation of the stress response (DeCaro & Worthman, 2011). Another 

study found a range of social and family stressors to be associated with chronic stress 

activation among ethnically diverse American kindergarteners, indicating that allostatic 
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load may begin accumulating very early in life (Bush et al., 2011). This stress in early 

childhood could accelerate their trajectory to pathology if preventative measures are not 

taken. 

1.4 Frameworks for Understanding Family Stress  

When a child is welcomed into a family, the entire family unit must adapt. The 

transition to parenthood can be described as a nexus of intense and simultaneous 

biological, physiological, social, economic, and behavioural changes for parents (Saxbe 

et al., 2018). Maintaining a healthful balance while parenting is complicated further by the 

challenges of life and family.  

The Family Stress Model proposed by Conger and colleagues (2010; 2002; 1994) 

illustrates the extension of parents’ stress onto children’s health (Figure 1.1). External 

stressors, such as economic pressures, contribute to parents’ emotional distress and may 

strain the couple’s relationship and cause conflicts. In turn, parents are less able to 

provide active, nurturing care for children and this disrupts children’s health and 

wellbeing. The Family Stress Model is rooted in the context of economic hardships, but 

the principles can be extended to other external pressures that families face. Home chaos 

and family dysfunction are two ways to conceptualize the emotional and behavioural tone 

of a home environment. Home chaos refers to feelings of disorganization, confusion, or 

noisiness within a home (Matheny et al., 1995). Family dysfunction refers to 

miscommunication, lack of trust, or family members not cooperating with one another 

(Epstein et al., 1983). These types of dynamics may arise from stressed parents’ 
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emotional distress and behaviours, such as conflict between family members or limited 

capacity to implement or enforce routines.  

 

 

Figure 1.1: Extensions of external stressors to child health and wellbeing, adapted from the Family Stress 

Model (Conger et al., 2010, 1994). 

 

A critique of the Family Stress Model is that it does not consider how the child’s own 

perception of stress in the family environment may contribute to their own health and 

wellbeing outcomes. Where developmental autonomy permits, children may also initiate 

their own coping behaviours without parent mediation. Family systems frameworks, such 

as Boss’s view of family stress (1987) and Ackerman’s family systems approach (1958), 

consider the family as a collective unit experiencing disruptions by stress, with all family 

members working to restore equilibrium in the family system. The actions of one member 

affect all others within the family unit. For example, the ABCX model of family stress by 

McCubbin and Patterson (1983) envisions a family’s response to an external stressor (A) 

as a function of their resources to cope with the stressor (B) and their perception of the 

stressor (C), and the resultant X is the family’s experience of the crisis (Figure 1.2). As 

an extension over time, the double ABCX model (Figure 1.2) depicts a family’s coping 
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with cumulative stressors (aA) as an interaction of their remaining resources (bB) and 

perception of the multiple stressors (cC). This could result in a family’s successful 

adaptation to crisis or maladaptation, as indicated by family functioning or parenting 

practices. Malia (2006) compares this model to the process of making soup: the family’s 

stressors are various ingredients, which are transformed by their resources and 

perceptions to determine an outcome. Koos (1946) imagines families as riding a 

rollercoaster, subject to sudden drops and turns, and then, together, climbing slowly back 

to normalcy.  

 

Figure 1.2: The ABCX and double ABCX models of family stress, developed by McCubbin and Patterson 

(1983), diagram adapted from Ballard and colleagues (2020).  

 

Regardless of theoretical lens, the importance of the family environment to health 

and wellbeing is clear. External to the family environment, other social-ecological factors 

may also influence stress levels for parents and children. Socioeconomic, racial-ethnic, 

and community infrastructure factors may compound on one another for families at the 
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intersection of multiple environmental stressors (Bronfenbrenner, 1979, 1995). For 

example, poverty is a powerful predictor of a variety of health and developmental 

outcomes. Those experiencing financial hardship may have limited housing options, 

including neighbourhoods with fewer accessible resources and social opportunity as well 

as higher environmental chaos (e.g., crowding, noise) and crime rates (Ferguson & 

Evans, 2019; Yoshikawa et al., 2012). Thus, the neighbourhood environment may serve 

as a type of chronic strain on families (Kemp et al., 2016). These communities are also 

more likely to have substandard educational opportunities for children, which contributes 

to lower future job quality and collective community lack of resources (Yoshikawa et al., 

2012). For people of colour, stressors stemming from overt racism and microaggressions 

further add to these environmental hardships. These factors may interact to form an 

adverse impact on mental health and quality of life greater than the sum of their parts 

(Brenner et al., 2013). Children raised in such environments during critical periods of 

development are likely to experience reverberations from these complexly interwoven and 

nested stressors throughout their life. Children in chaotic or dysfunctional home 

environments have been found to have greater biomarkers of stress (Marsh et al., 2020) 

and family stressors such as household chaos are proposed determinant of worse child 

health overall, beyond socioeconomic factors and maternal health (Kamp Dush et al., 

2013). This review will focus specifically on the cardiometabolic implications of family-

based stress among parents and young children.  
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1.5 Family Stress and Cardiometabolic Health 

1.5.1 Adiposity 

Large-scale studies have shown positive correlations between chronic stress and 

adiposity (Y. Chen & Qian, 2012; Tenk et al., 2018). Excess adipose tissue, particularly 

visceral adipose tissue around the abdomen, is associated with increased risk of a 

number of health conditions including cardiovascular disease, metabolic disorders such 

as type 2 diabetes, impaired liver function, some cancers, and poor health-related quality 

of life (Abdelaal et al., 2017). The metabolic processes of the stress response may 

promote adiposity, as may the behavioural correlates of stress. The stress response is 

intertwined with energy mobilization, energy storage, and appetite regulation systems 

(Adam & Epel, 2007); in preparation to fight or flee for survival, ample energy reserves 

are advantageous.  

Under chronic stress conditions, positive energy balance can lead to excess adipose 

tissue which, in turn, may become dysregulated and contribute to health complications. 

Those with existing excess adiposity may be at further increased risk of stress-associated 

weight gain (Ayanian et al., 2009). In addition to augmenting amounts of adipose tissue, 

chronic stress may contribute to metabolic dysfunction within adipose tissue. Cortisol 

disproportionately targets adipose tissue, particularly visceral adipose tissue, which is 

densely concentrated with glucocorticoid receptors as well as the cortisol-activating 

enzyme 11β-HSD1 (Hirata et al., 2012). In obese adipose tissue, 11β-HSD1 is 

upregulated and activity levels are correlated with waist circumference and insulin 

resistance (Hirata et al., 2012). The combination of cortisol and insulin promotes energy 
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storage in visceral adipose tissue (Black, 2006; Holmes et al., 2009). Cortisol can also 

phenotypically alter adipose connective tissue to resemble adipocytes (Glasow & 

Bornstein, 2000). Positive energy balance from increased caloric intake and reduced 

physical activity, discussed further below, may also contribute to adipose tissue 

dysregulation during chronic stress. 

For birth parents, a number of physical and hormonal changes are to be expected 

after pregnancy, however, gestation is not the root of all excess adiposity. In early stages 

of parenthood, changes in adiposity are observed among mothers and fathers and the 

substantial disruption of normal routines is a key suspected mechanism (Corder et al., 

2020; Umberson et al., 2011). Stressed parents may be at further increased risk of excess 

adiposity due to the convergence of these factors with the metabolic processes of chronic 

stress. There has been limited exploration of this research question, and mixed results 

among the few studies that have explored this. Olstad (2016) and Richardson (2015) 

found positive associations between family stress and BMI in cross-sectional research 

with socioeconomically disadvantaged mothers, which contrast with the null associations 

found by Cyril (2016) and Payas (2010). Less is known about how specific elements of 

the home environment or stresses related to aspects of parenting may contribute to these 

associations, and a more substantial gap exists in our understanding of fathers.  

Additionally, parent-perceived stress and the home environment are suspected to 

play a role in the risk of childhood obesity and may predict long-term weight status 

(Hemmingsson et al., 2014; Wiss & Brewerton, 2020). Several systematic reviews and 

meta-analyses have been conducted to examine associations between family stress and 
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child weight outcomes; results have generally shown positive associations (Bates et al., 

2018; Jang, Owen, et al., 2019), through there is some suggestion that socioeconomic 

status is a key determinant of these associations (Baskind et al., 2019). Differences 

between boys and girls have been suggested (Riley et al., 2020) but additional research 

is needed to explore these mechanisms (Bates et al., 2018; Jang, Owen, et al., 2019).  A 

meta-analysis by Tate and colleagues found an overall positive association between 

maternal stress and child weight status (2015). Less is known about the implications of 

fathers’ stress on child adiposity. Some behavioural mechanisms are hypothesized to 

underpin these associations, primarily those that relate to diet and physical activity 

(Baskind et al., 2019; Jang, Brandon, et al., 2019; Lytle et al., 2011; Marsh et al., 2020; 

Parks et al., 2012). Supporting families to manage stress within the home environment 

may help to mitigate these risks of adiposity and adiposity-related health issues.  

1.5.2 Cardiovascular Disease  

Robust epidemiological research has demonstrated an increased risk of 

cardiovascular disease among chronically stressed people (Brotman et al., 2007; Iob & 

Steptoe, 2019; Steptoe & Kivimäki, 2013). Job stress is one of the more thoroughly 

researched domains of stress (Assadi, 2017; Chandola et al., 2008; Kivimäki & Kawachi, 

2015; Kivimäki et al., 2012). One notable study is that of Catalina-Romero and colleagues 

(2013) who discovered associations between job stress and dyslipidemia among a large 

cohort of over 90,000 Spanish workers. However, these associations have not been 

consistently reported across all studies (Bunker et al., 2003). It is not well understood how 

family-specific stress may contribute to cardiovascular disease among parents of young 
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children but given these trends in other domains of life and the involved nature of 

parenthood, it is likely that stressed parents may be at increased cardiovascular risk.   

Among children, past research has demonstrated an overall greater risk of 

cardiovascular disease among those who were raised in stressful home environments, 

including families in poverty and abusive situations (Galobardes et al., 2006; Havranek et 

al., 2015; Steptoe & Kivimäki, 2013). For example, in a large cohort study of American 

adults, low childhood socioeconomic status and risky family environments were adversely 

associated with metabolic function at 15-year follow-up, including lipid biomarkers 

(Lehman et al., 2005). Aside from socioeconomic status and child maltreatment, less is 

known about which specific elements of the home environment could be targeted to 

mitigate these risks for cardiovascular disease. Increased dietary intake of lipid-rich foods 

during times of stress, discussed further below, may further contribute to these adverse 

outcomes. 

1.5.3 Hypertension 

Hypertension is a key risk factor for cardiovascular disease. The pathway 

connecting chronic stress and hypertension risk is partially mediated by adiposity; those 

with greater adiposity are at higher risk of hypertension and related cardiovascular 

complications. However, the cardiovascular system is heavily involved in the stress 

response and may become dysregulated under chronic stress, independent of adiposity. 

Chronic stress has implications for short- and long-term cardiovascular health. Both 

retrospective and longitudinal studies have investigated how early childhood experiences 

are associated with cardiovascular health multiple years later. One prominent study by 
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Su and colleagues (2015) investigated a cohort of American children aged 5 years at 

baseline and found that childhood adversity was positively associated with systolic and 

diastolic blood pressure at age 30. However, there are some inconsistencies; Nikulina 

and colleagues (2014) did not see increased risk of hypertension among children who 

experienced childhood neglect at follow-up 30 years later. There is some suggestion that 

parenting behaviours may attenuate this risk; among a sample of American preschool-

aged children, parents’ sensitivity was inversely associated with systolic blood pressure 

in adolescence (Boyer & Nelson, 2015). As Repetti and colleagues (2002) discuss, 

children’s hypertension risk is likely determined by an interaction of factors from the home 

environment, stress regulation, and genetic vulnerability to hypertension.  

Few studies have investigated how family-specific stresses are associated with 

parents’ hypertension risk, although there is some suggestion that parents’ hypertension 

predicts their child’s hypertension. In a study of Chinese parent-child pairs (child age 

range: 7 to 17 years), mothers’ blood pressure was positively correlated with daughters’ 

blood pressure, but not with sons’, which may indicate that sex or gender-based factors 

influence these associations (Dong et al., 2017). More broadly, researchers have 

examined psychosocial stress and adults’ hypertension risk (Conversano et al., 2021; M. 

Y. Liu et al., 2017; Steptoe, 2000; Steptoe & Kivimäki, 2013), but less is known about how 

the family context contributes to these associations.  

1.5.4 Impaired Glucose Metabolism 

During acute stress, cortisol acts to promote glucose mobilization for 

musculoskeletal use; glucose is liberated from storage as glycogen (glycogenolysis) and 
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additional glucose is synthesized (gluconeogenesis) while glucose storage is temporarily 

halted. This surplus is intended to resolve via negative feedback in the final stages of 

acute stress. However, under prolonged stress or dysregulation from allostatic load, 

circulating glucose levels may become elevated and develop into insulin resistance or 

type 2 diabetes. Meta-analyses have revealed that job stress is positively associated with 

fasting glucose levels (Tenk et al., 2018), but less is known about how the family domain 

may contribute to glucose metabolism issues among parents or children. There is 

evidence that parents’ glucose control is positively correlated with their older children’s 

glucose control (Dong et al., 2017), indicating that family may be an important 

consideration in risk of insulin resistance. Risk of impaired glucose metabolism among 

stressed families may be further increased by stress-induced adiposity, discussed above, 

and stress-induced inflammation (Dandona et al., 2004; Jung & Choi, 2014), discussed 

next.  

1.5.5 Inflammation 

The immune system plays an essential role in health, from battling contagions to 

supporting growth and healing. Inflammation is a non-specific response coordinated by 

the immune system against pathogens such as microbial attack, tissue damage, or 

foreign particle exposure (Del Giudice & Gangestad, 2018). Symptoms such as fever, 

swelling, and white blood cell activation are defense strategies deployed by inflammation. 

This system is closely connected to the stress response, but stress triggers a low-grade 

systemic immune response compared to the intense localized attack against an acute 

infection. Acute psychological stress induces a rise in circulatory inflammatory markers 
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such as interleukin (IL) 6, tumor necrosis factor α (TNF-α), and C-reactive protein (CRP) 

(Segerstrom & Miller, 2004). Over time, chronic inflammation may lead to overall immune 

suppression as well as autoimmune and rheumatoid disorders (Gouin, 2011). In this 

respect, inflammation presents a double-edged sword; the responses intended to fight off 

pathogens can damage the host itself through the same inflammatory mechanisms, and 

at substantial energy expenses.   

Inflammation has also been proposed as a link between various cardiometabolic 

systems (Esposito & Giugliano, 2004), thus potentially exacerbating the damaging effects 

of chronic stress. Stress-induced inflammation may be attenuated with physical activity 

(Hamer, 2012), but chronic stress remains a pronounced predictor of cardiovascular 

disease (Steptoe, 2000; Steptoe & Kivimäki, 2013). Inflammation within adipose tissue 

may have additional implications for glucose metabolism; a number of cytokines have 

been shown to reduce insulin sensitivity, indicating that inflamed adipose tissue may 

induce insulin resistance (Cao, 2014; de Luca & Olefsky, 2008). Obesity is a risk for 

adipose tissue inflammation because excess energy storage may strain adipocytes to the 

point of dysregulation, such as ectopic lipid deposits, failure to remodel the extracellular 

matrix appropriately to accommodate expansion, and adipocyte cell death (Agrawal et 

al., 2017). Obesity is considered a low-grade chronic inflammatory disease because of 

the concurrent proinflammatory processes and insulin dysregulation (Hotamisligil, 2006). 

Chronic stress thus has three overlapping opportunities to impair health within adipose 

tissue alone: increased adiposity, inflammation, and impaired glucose metabolism. Stress 
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coping behaviours may further promote these issues to create a cumulative bio-

behavioural impact of stress on health.  

Inflammation, psychoneurological health, and nutrition are closely connected 

systems. As discussed, chronic stress may promote proinflammatory states via nutritional 

pathways, but nutritional status may be a reciprocal determinant of stress resiliency 

through inflammation-mediated pathways. Chronic inflammation has been suspected in 

the perception of mental distress (Dowlati et al., 2010; Y. Z. Liu et al., 2017; A. H. Miller 

& Raison, 2016; Raison et al., 2006). Dietary sources of inflammation are an easily 

modifiable risk factor for these issues. A number of nutrients are integral to immune 

functioning, both in proinflammatory and inflammation-resolving capacities. Famously, 

fruits and vegetables are rich sources of antioxidants, which can curb damage by 

oxidative stress and thereby prevent inflammation (Giugliano et al., 2006; Gombart et al., 

2020). Omega-3 fatty acids such as those found in fish and seafood are other commonly 

known anti-inflammatory micronutrients; conversely, the omega-6 fatty acids that are 

more abundant in the conventional Western diet have predominantly proinflammatory 

roles (Simopoulos, 2002). Inflammation is a process that requires many micronutrients, 

often with pleiotropic roles (Gombart et al., 2020), however deficiencies of these 

inflammation-resolving nutrients or surplus of proinflammatory nutrients may impact 

resiliency to chronic stress. Nutritional status is associated with neurological functioning 

and mental health, just as physical health is influenced by diet. Neurotransmitter 

precursors, cofactors for biochemical reactions, and involvement in neuronal signal 

transduction are among the roles that micronutrients play in neurocognition and mood 
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(Sathyanarayana Rao et al., 2008). Stress management, cognitive function, and mental 

health status may be compromised among those with poorer quality diets (Akbaraly et 

al., 2009; Hodge et al., 2013; Martínez-Lapiscina et al., 2013; Muñoz et al., 2009; 

Sánchez-Villegas et al., 2012). Thus, nutrition may be reciprocally implicated in the 

relationship between chronic stress and inflammation.  

Despite the evidence of chronic stress’ inflammatory role, only a few studies have 

explored how family-based stressors may play a role in child health. Schreier and 

colleagues (2014)  discovered positive associations between household chaos and 

inflammatory markers in Canadian adolescents. Among children with asthma, greater 

levels of IL-13 were found among those in families with irregular routines (Schreier & 

Chen, 2010), and greater proinflammatory airway responses were seen after family 

conflict (E. Chen et al., 2010). General interpersonal stress was also positively associated 

with American adolescents’ CRP levels several months later (Fuligni et al., 2009). 

Separately, among adolescents who experienced major life stressors, lower CRP levels 

were found among those who used positive coping mechanisms compared to their 

counterparts (Low et al., 2013). Similarly, lower levels of inflammation were found among 

Canadian adults who received greater maternal warmth during childhood (E. Chen et al., 

2011). Among adults who had taken part in a family-based psychosocial intervention 

during childhood, lower levels of inflammatory markers were seen 8 years after the 

intervention (G. E. Miller et al., 2014). Collectively, this indicates that children 

experiencing chronic stress may have greater risk of inflammation and that this risk may 

be mitigated by support systems. There is some evidence that parent and child 
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inflammatory profiles are similar (Dong et al., 2017), however, further research is needed 

to determine how the home environment can best support children’s inflammatory health 

and how parents may be affected by family stress.  

1.6 Stress and Health-Related Behaviours 

1.6.1 Influences on Diet 

Diet and stress have a longstanding association in the literature; dietary 

preferences, amount consumed, and eating in the absence of hunger are known side 

effects of the stress response (Adam & Epel, 2007; Y. Chen & Qian, 2012; Lemmens et 

al., 2011; Ulrich-Lai, 2016). Most notably, stress augments cravings for sweet and fatty 

foods, particularly in women (Adam & Epel, 2007; Ayanian et al., 2009; Y. Chen & Qian, 

2012; Epel et al., 2001; Groesz et al., 2012; Torres & Nowson, 2007; Yau & Potenza, 

2013; Zellner et al., 2006). Some suggest that the ability of hyperpalatable sweet and fatty 

foods to activate the dopamine, opioid, and cannabinoid neural pathways provides a 

sense of calmness or pleasure that the body craves during times of stress (Adam & Epel, 

2007; Groesz et al., 2012). These energy-dense foods would also be beneficial to fuel or 

recover from the intense musculoskeletal and cardiovascular demands of a “fight or flight” 

action, but in the absence of such an energetic expenditure, excess calories are stored 

in adipose tissue. Positive energy balance may further exacerbate adipose tissue 

dysfunction during chronic stress.   

Parent stress levels and stressful home environments, characterized as chaotic or 

dysfunctional family dynamics, have been associated with a range of dietary behaviours 

among parents and children. In a study by Martin-Biggers and colleagues (2018) of 
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American mothers and their preschool-aged children, high levels of home chaos were 

found to predict greater salty and fatty snack consumption, greater sugar-sweetened 

beverage consumption, lower fruit and vegetable availability in the home, and fewer family 

meals. Similarly, Webb and colleagues (2018) found that maternal stress predicted lower 

fruit and vegetable consumption, fewer home-prepared meals, and greater sugar intake 

among Australian 3-5 year old children. Parent stress was associated with child fast food 

consumption among American children aged 3-17 years (Parks et al., 2012). Miller and 

colleagues (2018) found that early childhood stress exposure was a predictor of eating in 

the absence of hunger and emotional overeating among preschool-aged children. Among 

adolescents, Fulkerson and colleagues (2019) found home chaos and unmanaged parent 

stress to be inversely associated with family meal frequency and healthful food availability 

within the home and positively associated with perceived barriers to meal preparation. 

Similar findings were reported by Bauer and colleagues (2012) for parents’ work-life 

stress, and additionally found stressed parents to consume more sugar-sweetened 

beverages and fast food compared to non-stressed parents. Stress in the family 

environment clearly plays an important role in child and parent dietary patterns, with 

substantial implications for risk of preventable chronic illness.  

1.6.2 Stress and Physical Activity  

A decrease in physical activity is seen during the transition to parenthood (Bellows-

Riecken & Rhodes, 2008; Carson et al., 2018; Corder et al., 2020; Pot & Keizer, 2016). 

Compared to non-parents, new parents engage in five fewer hours of exercise per week 

and reduce the intensity of their activity (Hull et al., 2010; Rhodes et al., 2014). A British 
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longitudinal cohort study investigating life events and health behaviours found that 

becoming a parent was inversely associated with physical activity level among men but 

not women, compared to their childless counterparts (Werneck et al., 2020). The greatest 

decline was among single fathers, indicating that family structure as well as sex or gender 

may influence these relationships.  

Physical activity and the associated endorphins are commonly known anxiolytics 

that can help manage stress levels (Asmundson et al., 2013). However, engaging in 

physical activity in times of stress may be particularly difficult due to limited motivation or 

perceived barriers (Stults-Kolehmainen & Sinha, 2014). This may be especially true for 

stressed parents who balance many competing demands on their time and resources. 

Without this outlet for managing stress, the cardiometabolic implications of parents’ stress 

may further predispose stressed parents to health issues. Specifically, positive energy 

balance may enhance adipose tissue dysregulation and cardiovascular health may 

deteriorate without moderate or vigorous physical activity.  

Family stress may also interfere with children’s physical activity levels. A recent 

systematic review of maternal stress and children’s weight-related behaviours (O’Connor 

et al., 2017) found evidence of lower physical activity among children of stressed mothers 

in five of the seven studies (one mixed results, one positive association) and greater 

sedentary behaviour in six of nine studies (two mixed results, one null association). 

Household chaos has also been linked with greater preschool-aged children’s screen time 

(Emond et al., 2018; Tang et al., 2021), a notable contributor to sedentary behaviours. To 

encourage parents and children to meet physical activity recommendations and reduce 
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sedentary time, health promoters should consider stress management supports as 

opportunities for intervention.  

1.6.3 Stress and Sleep 

Disrupted sleep is common among parents of young children. It is estimated that, 

during their child’s early years, parents lose 80 hours of sleep annually due to nighttime 

caregiving demands (Hagen et al., 2013). A national survey of British adults found that 

men’s sleep duration was inversely associated with number of children in the home 

(Groeger et al., 2004) and American women with children in the home were less likely to 

meet sleep recommendations compared to women without children at home (Carson et 

al., 2018). Sleep problems are associated with a range of health conditions, including 

cardiovascular disease, hypertension, excess adiposity, and reduced quality of life 

(Chaput et al., 2011; Ford, 2014; Groeger et al., 2004; Smiley, King, & Bidulescu, 2019; 

Smiley, King, Harezlak, et al., 2019). Among highly stressed parents, this deprivation 

could be greater; psychosocial stress can disrupt sleep quality and duration (Åkerstedt, 

2006; Saxbe et al., 2018) and contribute to allostatic load (Juster & McEwen, 2015). 

Reciprocally, insufficient sleep may contribute to greater psychosocial stress. In a study 

of mothers of toddlers, mothers with greater sleep problems experienced more stress and 

those with greater stress reported more sleep problems (McQuillan et al., 2019). The 

same study showed that poor sleep was associated with less responsive or supportive 

interactions with their child. Further, parents’ disrupted sleep patterns may converge on 

other health behaviours, such as reduced energy or motivation to prepare healthful meals 
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for the family, engage in physical activity, or encourage their children to do so (Bellows-

Riecken & Rhodes, 2008; Saxbe et al., 2018). 

Among children, disruptive home environments may be more likely to disturb sleep 

and less likely to facilitate bedtime routines. Having a regular bedtime routine is an 

important determinant of children’s sleep. A study of 3-5 year old children found that 

household chaos was adversely associated with children’s sleep quality (Boles et al., 

2017). Among young children with asthma, greater likelihood of waking in the night was 

predicted by negative parent mood, perceived parenting hassles, and disrupted bedtime 

routines (Fiese et al., 2007). Reciprocal associations between children’s sleep problems 

and parents’ stress levels are also possible. A cross-sectional pilot study of mother-child 

dyads (child age range: 3 to 14 years) found that children’s sleep problems predicted 

mothers’ sleep quality, which in turn, predicted mothers’ stress (Meltzer & Mindell, 2007). 

Many overlaps between family stress, parent sleep, and children’s sleep likely exist, which 

is further magnified by the extent that sleep problems may spill over onto other health 

behaviours and parenting practices. Encouraging adequate sleep and sleep routines 

among parents and children may benefit family stress levels, and reciprocally, families 

with lower stress levels may be more well-rested. Family health researchers should 

consider stress, sleep, and other health behaviours to be highly intertwined.  

1.7 Family Psychosocial and Physical Health Promotion Programs: Current 

Landscape 

Parent engagement in children’s health promotion programs is seen as a 

cornerstone of the program’s efficacy (Hendrie et al., 2012; Hingle et al., 2010). As a 
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complement to the Family Stress Model, whereby external stressors may have parent-

mediated impacts on children’s health and wellbeing, some family health promotion 

interventions have strategically targeted parents to address upstream determinants of 

children’s health. The Two Generation Model of health promotion focuses primarily on 

families with few economic resources and aims to address children’s achievement gaps 

by supporting parents, thereby relieving burden or providing resources for them to engage 

more fully in their children’s health promotion (Smith, 1995). Head Start programs are a 

prominent example of this model in practice. In a network of bidirectional pathways, the 

Two Generation Model posits that supports for parents paired with resources for young 

children have early impacts on children’s health, social and cognitive development, and 

long-term benefits for future life achievements. For parents, resources contribute to 

improved parenting practices towards children and culminate in greater overall life 

stability and better functioning family systems (Smith, 1995). The degree of overlap 

between children’s and parents’ determinants of health highlights the need to use a 

family-wide lens when approaching children’s health promotion and, simultaneously, the 

needs of parents cannot be overlooked.   

Family health promotion programs typically focus on supporting healthful dietary, 

physical activity, screen time, and sleep practices; generally, the primary aim is to reduce 

adiposity or risk of overweight and obesity. A number of systematic reviews and meta-

analyses on this subject are available (Brown et al., 2016; Hendrie et al., 2012; Knowlden 

& Sharma, 2012; Marsh et al., 2014; Snuggs et al., 2019; Swanson et al., 2011). Mental 

health is often not among the primary foci of family health promotion programs; few 
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resources are available that combine physical and mental wellbeing strategies for 

families. One noteworthy study by Webber and colleagues (2016) investigated the 

comparative efficacy of a 20-week behavioural weight management program and a stress 

management program among American adults (not specifically parents) and found that, 

while the weight management program did produce greater weight loss and reduced 

depression, those in the stress management program sustained improvements to weight, 

systolic blood pressure, depression, and perceived stress throughout the 20-week 

program. It is unknown how this may apply to families. Parent mental health programs 

have generally been found to be effective at reducing stress among mothers and fathers 

(Barlow et al., 2014) and this format of intervention benefits child emotional and 

behavioural problems as well (Barlow et al., 2016). Indirect benefits to child health through 

improved parenting confidence and lower parent stress may exist within these family 

intervention programs, as may family stress levels be reduced by virtue of a health 

promotion program’s implementation of family routines around mealtimes, bedtimes, and 

active play. However, limited programs exist that explicitly combine physical and 

psychosocial health. One report by Miller and colleagues (2014) did find improvement to 

inflammatory biomarkers among participants who had taken part in a family-based 

psychosocial intervention eight years prior, indicating that there may be some long-lasting 

health benefits of family support programs. Future family health researchers should 

consider these multidimensional and long-term implications of support programs.  

Parent stress may also serve as a barrier to participation in family health promotion 

programs if parents feel overwhelmed or unable to manage the changes or additional 
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responsibilities associated with participation. In this way, addressing family stress in 

health promotion programs may improve recruitment, retention, and engagement of 

participating families. While the evidence supporting the need for stress-inclusive family 

health promotion programs is widespread, a one-size-fits-all approach is cautioned 

against. It is not likely that any one approach will be universally suited to all families 

(Gilmer et al., 2016); flexibility to tailor programs to the specific needs of families will likely 

increase overall efficacy.  

1.8 Family Health in the Era of Coronavirus  

Global mental health has been challenged in historically defining ways during the 

2019 novel coronavirus (COVID-19) pandemic as many have been forced into social 

isolation, economic instability, and health uncertainty. The American Psychological 

Association has deemed this a “mental health crisis” (2020). Research from the first year 

of the pandemic indicates heightened mental distress among the global general 

population (American Psychological Association, 2020; Phiri et al., 2021; Salari et al., 

2020; Statistics Canada, 2020). Additionally, reports of increased processed food 

consumption, increased screen time, greater sleep disturbances, and reduced time spent 

outdoors or being physically active signal substantial lifestyle adjustment and poor outlook 

for long-term consequences of the non-communicable aspect of the pandemic (Adams et 

al., 2020; Carroll et al., 2020; S. J. Lee & Ward, 2020b; López-Bueno et al., 2020; Sharma 

et al., 2021; ten Velde et al., 2021).  

For families, physical distancing protocols restricted access to many direct support 

systems, including schools, daycares, community organizations, and extended family. 
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Parents of young children faced sudden increased caregiving burden and disruptions to 

work in addition to hardships such as job or income loss and household illness. These 

stressors were associated with significantly worse mood during the pandemic (Gassman-

Pines et al., 2020). These disruptions often resulted in a disproportionate redistribution of 

domestic labour and childcare tasks to mothers, often at the sacrifice of paid work 

responsibilities (Landivar et al., 2020; Power, 2020). Children were also negatively 

impacted by the pandemic; profound disruption to routines, social disconnection from 

friends, restricted opportunity for outdoor play, fear for personal health, and limited 

capacity to understand the pandemic were among the challenges that children faced 

(Buheji et al., 2020; Ghosh et al., 2020; J. J. Liu et al., 2020).  

There were, however, a few silver linings of the pandemic for some families; 

spending more time at home facilitated more home cooking and involvement of children 

in meal preparation as well as less fast food or takeout food consumption (Adams et al., 

2020; Carroll et al., 2020) and decreased food waste (R. F. Rodgers et al., 2021). Some 

families reported spending more quality time together (Carroll et al., 2020; S. J. Lee & 

Ward, 2020a) and fathers in particular reported feeling closer and more meaningfully 

engaged with their children (Weissbourd et al., 2020). The net impact of these collective 

changes will likely be a function of the pandemic’s duration and it remains to be seen 

which effects will be sustained after the pandemic subsides. Retrofitting existing effective 

family health promotion strategies to the ongoing and post-pandemic contexts, such as 

virtual engagement with participants or contact-free assessment of health outcomes, will 

require creative and savvy problem solving. Now more than ever, integrating mental 
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health supports for families will be an essential bridge between behavioural and 

physiological factors to promote family health and wellbeing.   

1.9 Conclusion  

In conclusion, there is a wealth of research that suggests that families may be 

adversely impacted by chronic family stress. Stress is complexly interwoven with 

metabolic and behavioural systems, and these synergistic influences should be 

considered when discussing the cardiometabolic implications of family stress on parents 

and children. Additionally, the ways in which stress may impair parenting efficacy or 

encouragement of children’s health-related behaviours such as meeting sleep and 

physical activity recommendations.  To address these issues, biopsychosocial supports 

integrated into evidence-based family health promotion programs would encourage 

healthy and resilient families. However, there is limited focus on dual mental and physical 

health promotion programs for families despite the interconnected nature of family stress, 

parenting practices, and children’s health. Mental wellbeing is an area in need of 

improvement for many people today, particularly in this era of global uncertainty. Future 

family health researchers should consider the potential reciprocal benefits of supporting 

families to healthfully manage stress levels and reducing the risk of chronic disease. Early 

childhood is a particularly advantageous opportunity for these resources because this 

critical window of development is a large determinant of future risk of preventable chronic 

illness.  
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CHAPTER 2 

2 Thesis Rationale, Objectives, and Hypotheses 
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2.1 Rationale  

Parenting is a difficult job that bridges both extremes of incomparable joy and 

immense frustration. Comedian Jessica Fostekew offers a compelling metaphor for this 

duality when describing her love for her 3-year-old son: “Without a second’s thought, I 

would jump in front of a car for him. But also, some days, because of him” (BBC Two, 

2019). Stress associated with the broad range of roles and responsibilities that parents 

embody may adversely influence cardiometabolic health and risk of chronic disease, 

either directly through the metabolic consequences of chronic stress, or indirectly through 

the adverse impact on health behaviours. Similarly, stress within the home may be a risk 

factor for children’s chronic illness. Past research has indicated that children living in 

stressful home environments may be at increased risk of overweight and obesity (Lumeng 

et al., 2014; Tate et al., 2015), poorer dietary quality (Fulkerson et al., 2019; Martin‐

Biggers et al., 2018), or receiving less supportive parenting such as increased access to 

screen time (Tang et al., 2021; Walton et al., 2014) and less encouragement for active 

play (Walton et al., 2014). This thesis examines associations between family-based stress 

and cardiometabolic health among preschool-aged children and their parents. Findings 

from this thesis have direct relevance to clinical health promotion efforts for families. For 

children, it is especially important to identify these preventable early-life risk factors for 

chronic illness before trends are solidified in adulthood.  

2.2 Objectives and Hypotheses 

The overall aims of this thesis are to explore cross-sectional associations between 

stress and cardiometabolic health among families with preschool-aged children and the 
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longitudinal changes in stress among families participating in a general health intervention 

program. To address these aims, three independent studies were conducted, detailed as 

follows.  

Study 1: Cardiometabolic Correlates of Household Chaos among Preschool-Aged 

Children and their Parents 

The specific objectives of Study 1 were to: 

1. Investigate associations between household chaos and indices of adiposity and 

blood pressure among preschool-aged children and their parents.  

2. In a sub-analysis, investigate associations between household chaos and blood 

biomarkers of inflammation as well as lipid and glucose metabolism.   

Within study 1, it was hypothesized that: 

1. Home chaos would be adversely associated with cardiometabolic biomarkers 

among parents and children.  

2. Associations may differ between males and females; specifically, females may be 

more prone to health issues related to stress.   

Study 2: Associations between Family-Based Stress and Dietary Inflammatory 

Potential among Families with Preschool-Aged Children 

The specific objectives of Study 2 were to: 

1. Investigate cross-sectional associations between parents’ dietary inflammatory 

potential, as assessed by the Dietary Inflammatory Index (DII®), with depressive 

symptoms, parenting distress, household chaos, and family functioning. 
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2. Investigate cross-sectional associations between preschool-aged children’s 

dietary inflammatory potential, as assessed by the Children’s Dietary Inflammatory 

Index (C-DII™), with parent-reported household chaos and family functioning. 

Within study 2, it was hypothesized that: 

1. Among parents, greater levels of depressive symptoms, parenting distress, and 

household chaos and lower levels of family functioning would be associated with 

more proinflammatory DII scores. 

2. Among children, greater levels of household chaos and lower levels of family 

functioning would be associated with more proinflammatory C-DII scores. 

3. Among parents and children, associations may differ between males and females; 

specifically, females may be more susceptible to stress-related dietary 

inflammation.  

Study 3: Parent Stress as a Consideration in Childhood Obesity Prevention: 

Results from the Guelph Family Health Study, a Pilot Randomized Controlled Trial 

The specific objectives of Study 3 were to: 

1. Investigate differences between the GFHS intervention groups with respect to 

parent-reported general life stress, depressive symptoms, parenting distress, 

household chaos, and family functioning at post-intervention (6 months post-

baseline) relative to baseline. 

2. Investigate differences between the GFHS intervention groups with respect to 

parent-reported general life stress, depressive symptoms, parenting distress, 



 

 

33 

 

household chaos, and family functioning at 1-year follow-up (30 months post-

baseline) relative to baseline. 

Within study 3, it was hypothesized that: 

1. Stress levels among families in the intervention groups would be significantly 

different from those in the control group at post-intervention and 1-year follow-up 

timepoints, either favorably (perhaps because the intervention provided additional 

structure and reassurance to families) or adversely (perhaps due to the 

intervention program altering household dynamics).  

2. Alternatively, it was hypothesized there may not be significant differences between 

intervention and control groups at either timepoint, given that this intervention did 

not aim to modify stress levels. The lack of existing literature in this domain 

precluded more specific hypotheses.  

As a latent concept, perceived stress is difficult to precisely capture with a single 

survey. The studies in this thesis used multiple scales to investigate different dimensions 

of stress within the families. The conceptual definitions and scale structures of all stress 

measures used in this thesis are provided in Table 2.1 and full scale information is shown 

in Appendix A. The methodologies and results for each of these studies are detailed in 

the following chapters.  

Together, these research questions form a composite that includes cardiometabolic 

biomarkers, dietary behaviours, and opportunities for stress reduction within family-based 

health interventions. These findings help elucidate how health of parents and children is 
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influenced by stress in the home and to inform future family health promotion and stress 

management strategies.  

 

Table 2.1: Conceptual definitions and scale properties of the stress measures used in this thesis.  

Measure Concepts Measured 
Structure and 

Scoring 
Utilization 

Household Chaos 
(Matheny et al., 
1995) 

Noisiness, confusion, and disorganization 
of a home, e.g., absence of routines, 
presence of interpersonal conflicts. 

15 items 
4-point Likert 

Sum of responses 
(15-60 points) 

Studies  
1-3 

Family Functioning 
(Epstein et al., 
1983) 

Interpersonal dynamic and cohesiveness 
among family members, e.g., cooperation, 

trust, communication. 

12 items 
4-point Likert 

Mean of responses 

Studies  
2 and 3 

Depressive 
Symptoms 
(Andresen et al., 
2013) 

Presence of common symptoms of 
depressed mood state over the past week, 
e.g., restless sleep, effort to complete basic 
tasks, fearfulness. Not intended to diagnose 

clinical depression. Not exclusive to 
parenting or families. 

10 items 
4-point Likert 

Sum of responses 
(0-30 points) 

Studies  
2 and 3 

Parenting Distress 
(Abidin, 2012) 

Frustrations and worries specifically related 
to the role of parent, e.g., perceived ability 

to meet child’s needs, loss of friends. 

12 items 
5-point Likert 

Sum of responses 
(12-60 points) 

Studies  
2 and 3 

General Life Stress 
(Parks et al., 2012) 

Composite of everyday stresses and 
frustrations about life in general over the 

past year, nonspecific to any one domain. 
Not exclusive to parenting or families. 

Single item 
10-point scale 

Study 3 
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3.1 Abstract 

Objective: Household chaos may disrupt health behaviours within a home, leading to 

adverse cardiometabolic changes among parents and children. The objective of this study 

was to examine cross-sectional associations between household chaos and adiposity and 

blood pressure as well as a sub-analysis of blood biomarkers of cardiometabolic health 

among preschool-aged children and their parents. Potential differences between males 

and females were also explored.  

Methods:  Data were collected from 319 families participating in the Guelph Family Health 

Study. Associations between household chaos and fat mass percentage (%FM), waist to 

height ratio (WHtR), and blood pressure were explored among 506 parents (278 mothers, 

228 fathers) and 384 preschool-aged children (201 girls, 183 boys) using linear 

regressions, accommodating for shared variance between family members using 

generalized estimating equations. The same technique was used for a sub-analysis of 

176 parents (93 mothers, 82 fathers) and 69 children (30 girls, 39 boys) from 113 families 

to examine associations between household chaos and blood levels of triglycerides, high-

density lipoprotein cholesterol, low-density lipoprotein cholesterol, plasma glucose, and 

hemoglobin A1c. Logistic regression was used to calculate odds ratios (OR) for C-reactive 

protein (CRP; < 1.0 mg/L and ≥ 1.0 mg/L). Models were adjusted for age, household 

income, and ethnicity.  

Results: Household chaos was found to be positively associated with parents’ %FM (β = 

0.170; 95% CI: 0.026, 0.314; p = 0.05), WHtR (β = 0.001; 95% CI: 0.0002, 0.003; p = 
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0.02), and CRP (OR = 1.049; 95% CI: 1.002, 1.098; p = 0.04). No associations were 

found among children. 

Conclusions: Household chaos is adversely associated with parents’ adiposity and 

inflammation. Supporting families to healthfully cope with household stress may reduce 

the risk of chronic disease among parents and children. 

3.2 Introduction 

Life with preschool-aged children is full of many delights, but sometimes, families 

can feel stressed. The home environment is an important determinant of health and 

wellbeing for parents and children. Good interpersonal dynamics, general organization, 

and structure through routines can support the health of all members of the family. 

Household chaos is a conceptualization of the home environment as disorganized, noisy, 

or crowded (Matheny et al., 1995), independent of the quality of parenting or care within 

these chaotic homes. Chaos may manifest as lack of routines, feelings of unpredictability, 

or confusion. Household chaos is considered an exposure to environmental stress. 

Parents in chaotic homes may have increased cognitive load and reduced rest and 

relaxation, and there is evidence that parents experiencing high home chaos have a 

greater risk of depression (Weder et al., 2014), all of which may spill over onto children’s 

health through less effective parenting practices. Research has demonstrated that 

children in stressed homes may be at greater risk of overweight and obesity (Jang, Owen, 

et al., 2019; Tate et al., 2015) and health-related behaviours like physical activity, sleep, 

and dietary practices may be disrupted by stress (Jang et al., 2021; Martin‐Biggers et al., 
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2018; O’Connor et al., 2017; Webb et al., 2018). This evidence indicates that stress may 

be an important determinant of family health.  

Further, chronic stress has been shown to have direct cardiometabolic implications. 

The stress response activates a chain of biochemical events that promotes lipolysis, 

glycogenolysis, and increased cardiac activity that enables energy mobilization and 

muscular readiness to “fight or flight”. With frequent or prolonged stress, the risk of 

dyslipidemia, insulin resistance, and hypertension increases (Kuo et al., 2019), alongside 

any additional maladaptive stress coping mechanisms. As such, increased risk of chronic 

disease is an additional concern for highly stressed individuals.  

Cardiometabolic issues may present as individual problems or as complexly 

interwoven comorbidities. The metabolic syndrome, for example, is a multifaceted cluster 

of cardiometabolic issues including abdominal obesity, hypertension, dyslipidemia, and 

dysglycemia (Alberti et al., 2006). Those with metabolic syndrome are at increased overall 

risk of type 2 diabetes, coronary disease, stroke, and other issues. An estimated 25% of 

the global adult population have metabolic syndrome (Cameron et al., 2004; Ford et al., 

2002; O’Neill & O’Driscoll, 2015), which is associated with a five-fold increased risk of 

type 2 diabetes (Ford, 2005). These adults are three times as likely to have and twice as 

likely to die from cardiovascular complications compared to those without metabolic 

syndrome (Eckel et al., 2005; Isomaa et al., 2001). Cardiometabolic issues are becoming 

increasingly common among children, and these issues can persist into adulthood to 

increase risk for chronic disease later in life (Katzmarzyk et al., 2001). Inflammatory 

markers have been shown to be elevated among stressed individuals (Schmeer & Yoon, 
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2016; Schreier et al., 2014), which suggests a physiological nexus between chronic 

stress, cardiometabolic health, and inflammation. 

Despite extensive research on cardiometabolic health and, separately, the health 

effects of chronic stress, relatively little is known about the metabolic implications of stress 

in the home environment. This stress may contribute to metabolic and inflammatory 

processes among families with young children. The first objective of this study was to 

examine associations between household chaos, a latent concept of a home’s busyness, 

disorganization, and noisiness, and anthropometric indicators of cardiometabolic health 

among preschool-aged children and their parents. The second objective was to examine 

associations between chaos and blood biomarkers of cardiometabolic health among a 

subsample of families with preschool-aged children. It was hypothesized that greater 

levels of home chaos would predict increased cardiometabolic risk among parents and 

children.  

3.3 Methods 

3.3.1 Study Participants 

This study used baseline data from participating families in the Guelph Family Health 

Study (GFHS) pilots and full study cohorts. The GFHS is a longitudinal cohort study 

designed to identify early-life risk factors for chronic disease and to test a family-based 

health promotion intervention (Haines et al., 2018). To be eligible to participate, families 

had to have at least one child aged 18 months to 5 years, be able to respond to 

questionnaires in English, and live in Wellington County, Ontario, Canada with no plans 

to relocate in the following year. Baseline data were collected between September 2014 
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and December 2016 for the pilot cohorts, and between April 2017 and March 2020 for the 

full study cohort. The GFHS was approved by the University of Guelph Research Ethics 

Board (REB14AP008).  

3.3.2 Data Collection 

3.3.2.1 Household Chaos 

Participants completed online (n = 495) or paper (n = 79) questionnaires. 

Household chaos was evaluated using the Confusion, Hubbub, and Order Scale 

(CHAOS), which captures the busyness, disorganization, and noisiness of a home 

(Matheny et al., 1995). The scale consists of 15 items such as “We almost always seemed 

to be rushed” and “It’s a real zoo in our home”, to which participants responded on a 4-

point Likert scale from 1 (very much like your own home) to 4 (not at all like your own 

home). A total score out of 60 was obtained by summing the responses, where higher 

scores indicate greater home chaos. To minimize participant burden in multi-parent 

families, only the first parent to register for the study (of whom, 89% were mothers) was 

asked to complete this survey and the score was applied to all family members. 

Cronbach’s α was 0.79, indicating acceptable internal consistency among responses.  

3.3.2.2 Adiposity 

Adiposity was assessed using waist to height ratio (WHtR) and percent fat mass 

(%FM) by trained researchers at the University of Guelph Body Composition Laboratory. 

Unlike the more commonly-used measure body mass index (BMI) which is based only on 

height and weight, WHtR better describes central adiposity which is more clinically 
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meaningful for metabolic health (Ashwell et al., 2012; Browning et al., 2010). %FM further 

adds metabolic relevance by differentiating fat tissue from lean tissue (Fields et al., 2015).  

Waist circumference was measured to the nearest 0.1 cm using a Gulick II 

measuring tape (Country Technology Inc., Gay Mills, Wisconsin) over the top of the iliac 

crest over bare skin or thin clothing in the pause between breath exhalation and 

inhalation, as recommended by Statistics Canada and the National Health and Nutrition 

Examination Survey (Centres for Disease Control and Prevention, 2007; Patry-Parisien 

et al., 2012). Two measures were taken and averaged; if measures differed by more than 

0.5 cm, a third was taken and the two closest measures were used. Height was measured 

using a wall-mounted stadiometer during mid-respiration while participants were standing 

barefoot or in socks. Two measures were taken and averaged; if measures differed by 

more than 0.5 cm, a third was taken and the two closest measures were used. WHtR was 

then calculated as waist circumference (cm) divided by height (cm). 

For parents, %FM was assessed indirectly using a BOD POD, an air displacement 

plethysmograph (COSMED Inc., Concord, California). The BOD POD measures body 

volume and calculates body density using weight. Weight was measured in kilograms 

using the BOD POD digital scale, which has demonstrated high reliability meaning that 

only one measurement was needed (Fields et al., 2002). The BOD POD then used the 

Siri equation (1961) to convert body density to fat mass. Body volume was measured 

while participants wore tight-fitting clothing (e.g., bathing suit) and a bathing cap to 

minimize air trapping. All jewellery, glasses, and other accessories were removed. 

Participants were instructed to sit as still as possible and to breathe normally. Predicted 
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thoracic gas volume was used to calculate %FM. The BOD POD was calibrated twice in 

the morning of each data collection day, once with an empty test chamber and again with 

a 49.980 litre calibration cylinder in the chamber. %FM measurement reliability testing 

showed intraindividual day-to-day variation of 2.1% and intra-operator variation of 2.6%, 

within reference ranges (Fields et al., 2002). Participants were instructed to refrain from 

eating, drinking, and physical activity for at least 30 minutes before the assessment.  

For children, %FM was assessed indirectly using a bioelectrical impedance 

analysis (BIA), a validated and practical technique for children (National Institute of 

Health, 1996; Talma et al., 2013; Wells & Fewtrell, 2006). A tetrapolar supine single 

frequency (50kHz) BIA device (Quantum IV BIA Analyzer System, RJL Systems, Clinton 

Township, MI) was used to measure resistance (ohms). Single-use electrodes (RJL 

Systems; cut in half due to the child’s small size) were affixed to the child’s right hand and 

foot. Participants were instructed to remove all jewellery and metal in clothing (e.g., 

buttons) and to refrain from eating, drinking, and physical activity for at least 30 minutes 

before assessment. Children were asked to lie down with their head on a pillow and to 

remain as still as possible and excessive movements were noted by researchers. A 

parent confirmed that the child did not have an artificial pacemaker or implantable 

cardioverter-defibrillator before the assessment began. Assent was obtained from 

children throughout the process and researchers used child-friendly explanations (e.g., “I 

am going to put some stickers on your hand and on your foot and attach these special 

cables. All you need to do is lie still like a star and count to 10.”). Resistance was 

measured in duplicate and averaged; if measures differed by more than 5%, a third 
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measure was taken, and the closest two measures were used. Inter-rater variation and 

reliability were 1.8 and 0.79, respectively, and intra-rater variability and reliability were 

0.96 and 0.99, respectively. Weight was measured using the BOD POD digital scale, as 

for parents. For 47 children, weight was measured while the child was in their parent’s 

arms and then parent weight was subtracted. The equation of Kushner et al (1992) was 

used to convert resistance to total body water. Total body water was then converted to 

fat-free mass using the age and sex-appropriate hydration constants of Fomon et al 

(1982). FM was then calculated from the difference between body weight and fat-free 

mass, expressed as a percentage of total body mass to give %FM.  

3.3.2.3 Blood Pressure 

Blood pressure was measured from the right brachial artery using an automated 

oscillometric device (OMRON HBP-1300 or HEM-907XL, Mississauga, Ontario) with 

various cuff sizes based on arm circumference. Systolic and diastolic measures were 

obtained via automatic reading while participants were seated upright with their arm 

resting on the chair arm or their lap. Children were permitted to sit in their parent’s lap, if 

preferred. Measures were conducted in triplicate and averaged.   

3.3.2.4 Blood Biomarkers 

A 20 mL sample of blood was collected intravenously from trained phlebotomists 

at LifeLabs Medical Laboratory Services® in Guelph and analysed by LifeLabs 

technicians. Samples were analysed for lipid biomarkers, specifically plasma 

triglycerides, total cholesterol, and high-density lipoprotein cholesterol (HDL-c), using an 

enzymatic colorimetric test using a Roche Cobas c701 analyser (Roche Diagnostics, 
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Switzerland). Low-density lipoprotein cholesterol (LDL-c) was calculated by LifeLabs 

using the Friedewald equation (1972).  

Hemolyzed whole blood samples were analysed for serum glucose using an 

enzymatic reference method with hexokinase UV test on a Roche Cobas c701 system 

(Roche Diagnostics, Switzerland). An additional indicator of glucose metabolism, 

glycosylated hemoglobin A1c (Hb1Ac), was quantified using a turbidimetric inhibition 

immunoassay with a tetradecyltrimethylammonium bromide detergent and analysed 

using a Roche Cobas c513 system (Roche Diagnostics, Switzerland). C-reactive protein 

(CRP), a biomarker of inflammation, was assessed using a particle enhanced 

immunoturbidimetric assay on a Roche Cobas c701 analyser (Roche Diagnostics, 

Switzerland). Participants were instructed to fast for 12 hours before assessment; 

however, this was unfeasible for some participants (n = 18 parents, 6 children). These 

nonfasted data were retained in the analytic sample and self-reported hours of fasting 

was added as a covariate to blood biomarker models, except for HbA1c and CRP which 

are not affected by fasting. 

3.3.3 Data Exclusions  

Participants were included in the analytic sample if they had complete chaos data 

as well as at least one of the health measures under investigation; sample sizes for each 

of these analyses vary due to data availability. Of the 329 families (574 parents, 439 

children) enrolled in the GFHS, 9 families (17 parents, 11 children) did not complete all 

items of the chaos scale and were removed from the overall analytic sample. Further, n 

= 8 parents and n = 44 children declined to participate in any health measures and were 
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thus excluded from the analytic sample. The health measures under investigation in this 

study do not have well-established interpretations for pregnant or breastfeeding mothers; 

43 pregnant or breastfeeding mothers were excluded from analyses for this reason. This 

yielded a final overall analytic sample of 506 parents (278 mothers, 228 fathers) and 384 

children (201 girls, 183 boys) from 319 families. Additional exclusions were made for the 

parent %FM analyses only due to equipment errors (n = 99), violations to the standard 

operating procedure (e.g., wearing loose clothing or eating before the assessment; n = 

65), or because the participant declined (n = 12). Two parents’ %FM values were deemed 

implausibly low and removed from analyses. Separately, exclusions were made for n = 3 

WHtR and n = 1 blood pressure values due to equipment errors and interrupted 

assessment, respectively. For children, exclusions were made due to excessive 

movement during the test (%FM: n = 17, WHtR: n = 13, blood pressure: n = 10), 

equipment errors (%FM: n = 5, WHtR: n = 1, blood pressure: n = 36), violations to 

standard operating procedure (%FM: n = 2), or because the participant declined (%FM: 

n = 38, WHtR: n = 5, blood pressure: n = 71). One child’s %FM value was deemed 

implausibly low and removed. Results are presented with exact analytic sample sizes 

used for each test.  

The opportunity to participate in blood sample testing was extended to all families, 

of whom, 176 parents (93 mothers, 82 fathers) and 69 children (30 girls, 39 boys) from 

113 families in the analytic sample described above were included in this sub-analysis. 

There were no differences in household income or chaos between participants who opted 

to provide blood samples and those that did not. Of note, a blood sample processing error 



 

 

46 

 

affected sample sizes for serum glucose (1 mother and 1 father missing), HbA1c (one girl 

and two boys missing), and CRP (one boy missing). Triglyceride levels were too high to 

reliably calculate one father’s HDL-c and two fathers’ LDL-c. These sample size 

discrepancies are noted in the results tables.   

3.3.4 Statistical Analyses 

Many guidelines exist for interpreting biomarkers with respect to chronic disease 

risk. However, despite the generally similar guidelines, there is some suggestion that 

these differences can lead to different clinical interpretations for the same person (C. M. 

Y. Lee et al., 2008; Reinehr et al., 2007). Further, there is no consensus agreement on 

guidelines for young children, and guidelines for each of the individual criteria are not 

widely available for children in this preschool age range. Where guidelines have been 

proposed, they are often based on population percentiles (Ahrens et al., 2014; Viner et 

al., 2005; Zimmet et al., 2007) which may reflect relative risk for chronic illness but do not 

identify individual-level pathologies. Moreover, there is some suggestion that any 

definition of cardiometabolic abnormality among children of this age range may not 

adequately predict future diagnoses nor overall health (Magge et al., 2017). As such, this 

study focused on trends among each of the separate health measures to give a broad 

picture of the cardiometabolic profiles for parents and children. An exception was made 

for CRP, described further below.   

Statistical analyses were conducted using the statistical software R version 4.0.5 (R 

Core Team, 2020). Parent and child data were analysed in separate models. For the 

analysis of anthropometric indicators, linear regression coefficient estimates (β) and 95% 
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confidence intervals (CI) were calculated using generalized estimating equations in the R 

package “geepack” (Halekoh et al., 2006) to account for couples and sibling clusters. All 

models were adjusted for age (years) and parent-reported annual household income (5 

categories: less than $50,000; $50,000 to $99,999; $100,000 to $149,999; $150,000 or 

more; did not disclose), and ethnicity (5 levels: Eastern, Southern, Southeastern, or 

Western Asian; mixed ethnicity; white; other ethnicities; did not disclose).  

In the sub-analyses of blood biomarkers, parent triglyceride and child serum glucose 

models were further stratified by sex after evidence of significant chaos × sex interaction 

terms (results not shown), suggesting a moderating role of sex. Triglyceride, HDL-c, LDL-

c, and serum glucose models included self-reported hours of fasting before blood 

sampling as an additional covariate. CRP data was analysed using odds ratios (OR) from 

logistic regression because some values were too low to be quantified by the analyser; 

groups of ≥ 1.0 mg/L and < 1.0 mg/L (reference group) were used, consistent with 

guidelines from The American Heart Association and US Centers for Disease Control and 

Prevention (Pearson et al., 2003). Values of p ≤ 0.05 were considered statistically 

significant for all tests. 

3.4 Results 

3.4.1 Family Characteristics 

Table 3.1 displays the characteristics of the families in the analytic sample. 

Average age was 35.5 (± 4.4) years for mothers, 36.8 (±4.9) for fathers, 3.6 (± 1.2) for 

girls, and 3.7 (± 1.3) for boys. Household income (before taxes) for the 319 families was 

as follows: 44 families (13.8%) less than $50,000; 105 families (32.9%) between $50,000 
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and $99,999; 92 families (28.8%) between $100,000 and $149,999; 62 families (19.4%) 

$150,000 or more; 16 families (5.0%) did not disclose income. This is comparable to the 

national median $93,800 (after-tax) income for younger families (Statistics Canada, 

2014). Almost all parents were married or living with a partner and the majority of parents 

had completed a postsecondary education program or more. Most parents had two or 

more children. The CHAOS scale ranges from 15 to 60 points; the mean score for this 

sample was 31.20 (± 6.95), indicating that families experienced moderate levels of 

household chaos.  

Tables 3.2 and 3.3 display means for all the health measures under investigation 

in this study. The GFHS is a nonclinical health-promotion program aimed at children, 

and thus, families were generally in good health.  
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Table 3.1: Family demographic characteristics (n = 890 participants from 319 families). 

Characteristic Mothers 
n = 278 

Fathers 
n = 228 

Girls 
n = 201 

Boys 
n = 183 

Age (years), mean (SD) 35.5 (4.4) 36.8 (4.9) 3.6 (1.2) 3.7 (1.3) 

Ethnicity, n (%) 

Eastern, Southern, Southeastern, or 
Western Asian 

22 (7.9) 21 (9.2) 10 (5.0) 12 (6.6) 

Mixed ethnicity 7 (2.5) 11 (4.8) 23 (11.4) 22 (12.0) 

White 230 (82.7) 175 (76.8) 159 (79.1) 142 (77.6) 

Other ethnicities (including Black and 
Latin American) 

14 (5.0) 14 (6.1) 6 (3.0) 3 (1.6) 

Did not disclose 5 (1.8) 7 (3.1) 3 (1.5) 4 (2.2) 

Martial status, n (%) 

Married or living with partner 262 (94.2) 226 (99.1) - - 

Single, divorced, or separated 16 (5.8) 2 (0.9) - - 

Education, n (%) 

Some postsecondary education or less 26 (9.4) 51 (22.4) - - 

Postsecondary graduate 137 (49.3) 103 (45.2) - - 

Postgraduate training or degree 111 (39.9) 69 (30.3) - - 

Did not disclose 4 (1.4) 5 (2.2) - - 

Number of children, n (%) 

1 79 (28.4) 68 (29.8) - - 

2 150 (54.0) 122 (53.5) - - 

3 or more 49 (17.6) 38 (16.7) - - 
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Table 3.2: Associations between household chaos and adiposity and blood pressure among parents and 
preschool-aged children (n = 319 families) 1. Results presented as means (SD) with linear regression 
coefficient estimates (β) using generalized estimating equations with 95% confidence intervals (CI) and p-
values (significant findings shown in bold). 

Biomarker 

Parents (n = 503) Children (n = 384) 

Mean (SD), n 
β (95% CI)  
p-value 

Mean (SD), n 
β (95% CI)  
p-value 

Fat mass (%) 2 29.70 (9.70) 
n = 322 

0.170 
(0.026, 0.314) 

p = 0.05 

29.43 (5.54) 
n = 317 

-0.030 
(-0.113, 0.053) 

p = 0.48 

Waist to height 
ratio 3 

0.55 (0.09) 
n = 494 

0.001 
(0.0002, 0.003) 

p = 0.02 

0.52 (0.04) 
n = 364 

0.0002 
(-0.001, 0.0004) 

p = 0.54 

Systolic blood 
pressure (mmHg) 

119.71 (12.09) 
n = 496 

0.036 
(-0.104, 0.176) 

p = 0.61 

101.05 (14.26) 
n = 265 

 

0.155 
(-0.071, 0.381) 

p = 0.18 

Diastolic blood 
pressure (mmHg) 

74.48 (9.28) 
n = 496 

0.018 
(-0.100, 0.133) 

p = 0.76 

62.40 (15.57) 
n = 265 

0.156 
(-0.100, 0.411) 

p = 0.23 

1 Sample sizes vary due to data availability. Models were adjusted for age, household income (5 levels: 
less than $50,000; $50,000 to $99,999; $100,000 to $149,999; $150,000 or more; did not disclose), and 
ethnicity (5 levels: Eastern, Southern, Southeastern, or Western Asian; mixed ethnicity; white; other 
ethnicities; did not disclose).  
2 Calculated using air displacement plethysmography (BOD POD) for parents, bioelectrical impedance 
analysis for children.  
3 Calculated as height (cm) divided by waist circumference (cm). 
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Table 3.3: Associations between household chaos and blood biomarkers among parents and preschool-
aged children (n = 113 families) 1. Results presented as means (SD) with linear regression coefficient 
estimates (β) using generalized estimating equations with 95% confidence intervals (CI) and p-values 
(significant findings shown in bold). 

Biomarker 

Parents (n = 176) Children (n = 69) 

Mean (SD), n 
Β (95% CI) 
p-value 

Mean (SD), n 
Β (95% CI) 
p-value 

Triglycerides 2 

(mmol/L) 

Mothers: 1.05 (0.78) 
n = 94 

Mothers: 0.007 
(-0.011, 0.025) 

p = 0.43 0.73 (0.35) 
n = 69 

-0.014 
(-0.029, 0.002) 

p = 0.08 Fathers: 1.65 (1.78) 
n = 82 

Fathers: 0.036 
(-0.016, 0.087) 

p = 0.17 

HDL cholesterol 
(mmol/L) 

1.36 (0.40) 
n = 175 

-0.007 
(-0.014, 0.001) 

p = 0.07 

1.32 (0.28) 
n = 69 

0.003 
(-0.007, 0.012) 

p = 0.59 

LDL  
cholesterol 
(mmol/L) 

2.71 (0.72) 
n = 174 

0.005 
(-0.009, 0.019) 

p = 0.47 

2.33 (0.64) 
n = 69 

-0.017 
(-0.038, -0.004) 

p = 0.12 

Serum glucose 3 

(mmol/L) 
4.93 (0.51) 

n = 174 

-0.0001 
(-0.013, 0.011) 

p = 0.86 

Girls: 4.36 (0.30) 
n = 30 

Girls: 0.010 
(-0.008, 0.028) 

p = 0.28 

Boys: 4.41 (0.45) 
n = 39 

Boys: -0.019 
(-0.040, 0.002) 

p = 0.07 

Hemoglobin 
A1c (%) 

5.28 (0.30) 
n = 176 

0.003 
(-0.004, 0.011) 

p = 0.36 

5.06 (0.27) 
n = 66 

0.009 
(-0.004, 0.021) 

p = 0.18 

C-reactive 
protein (mg/L) 4 

<1.0: n = 84 (48%) 
≥1.0: n = 92 (52%) 

OR = 1.049 
(1.002, 1.098) 

p = 0.04 

<1.0: n = 50 (74%) 
≥1.0: n = 18 (26%) 

OR = 1.060 
(0.948, 1.185) 

p = 0.31 

1 Sample sizes vary due to data availability. Models were adjusted for age, household income (5 levels: 
less than $50,000; $50,000 to $99,999; $100,000 to $149,999; $150,000 or more; did not disclose), and 
ethnicity (5 levels: Eastern, Southern, Southeastern, or Western Asian; mixed ethnicity; white; other 
ethnicities; did not disclose). Triglycerides, HDL cholesterol, LDL cholesterol, and serum glucose models 
also adjusted for hours fasted before blood sampling. Child models analysed with generalized estimating 
equations to account for sibling clusters.  
2 Parent triglyceride models analysed as stratified by sex due to significant sex × chaos interaction terms 
(results of moderation analysis not shown). Fathers’ model not adjusted with generalized estimating 
equations because no family clusters remained in this analytic sample. Child models did not have 
significant interaction terms and were thus not stratified.  
3 Child serum glucose models analysed as stratified by sex due to significant sex × chaos interaction 
terms (results of moderation analysis not shown). Parent models did not have significant interaction terms 
and were thus not stratified. 

4 C-reactive protein analysed as odds ratios (OR) using logistic regression due to some participants’ 
levels being too low to detect; data was grouped as < 1.0 mg/L (reference group) and ≥ 1.0 mg/L. 
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3.4.2 Adiposity  

While no specific recommendations for optimal %FM exist, some sources support 

lowest risk of chronic disease for %FM between 20-32% for adult females and 10-22% 

for adult males (Heo et al., 2012; Kelly et al., 2009). Mothers in this sample had a %FM 

of 33.18 (± 8.70); an equal proportion of mothers would be classified as within %FM 

guidelines as above guidelines. Among fathers, mean %FM was 24.92 (± 8.94); 81 would 

be classified as above %FM recommendations versus 58 classified as within 

recommendations. For preschool-aged children, there are no consensus guidelines for 

optimal %FM levels for health. Among children, girls’ mean %FM was 31.12 (±5.51) and 

boys’ mean was 27.40 (±4.89) (Table 3.2).   

WHtR is an approximation of visceral fat tissue around the abdomen, typically 

considered a risk factor for overweight and obesity-related chronic diseases. For reduced 

risk of chronic disease, WHtR recommendations for adults  are <0.5, indicating that a 

person is at least twice as tall as their waist circumference (Ashwell et al., 2012; Browning 

et al., 2010). Parents in this sample had WHtR means of 0.55 (± 0.09 for mothers, ± 0.08 

for fathers) which is slightly above recommendations; the majority of mothers (67%) and 

fathers (71%) were classified as higher cardiometabolic risk based on this measure. 

Among children, means were 0.52 (±0.05) for girls, 0.51 (±0.04) for boys (Table 3.2).   

Associations between household chaos and parents’ adiposity are presented in 

Table 3.2. Positive associations were found between home chaos and parents’ %FM (β 

= 0.170; 95% CI: 0.026, 0.314; p = 0.05) and WHtR (β = 0.001; 95% CI: 0.0002, 0.003; p 

= 0.02). No associations were identified among children.  
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3.4.3 Hypertension 

Hypertension can be defined as systolic pressure ≥ 130 mmHg and/or diastolic 

pressure ≥ 85 mmHg (Alberti et al., 2006). Mothers in this sample had relatively low 

prevalence of elevated blood pressure (8% had elevated systolic, 9% had elevated 

diastolic). Conversely, 35% of fathers had elevated systolic pressure and 17% had 

elevated diastolic. Mean systolic and diastolic pressures among children were within 

relatively normal ranges, although guidelines vary somewhat (Ahrens et al., 2014; Zimmet 

et al., 2007). No significant associations were detected between chaos and blood 

pressure (Table 3.2). 

3.4.4 Lipid Metabolism 

Lipid metabolism in this sub-study was evaluated using triglyceride, HDL-c, and 

LDL-c levels. Per the National Cholesterol Education Program Adult Treatment Panel III 

(Ford, 2005), those with triglyceride levels ≥ 1.70 mmol/L or LDL-c > 3.34 mmol/L are at 

greater cardiovascular risk, as are women with HDL-c < 1.3 mmol/L and men with HDL-c 

< 1.0 mmol/L. Using these guidelines, 9% of mothers and 30% of fathers had elevated 

triglycerides. For HDL-c, 32% of mothers and 22% of fathers had lower than optimal 

levels. For LDL-c, 12% of mothers and 31% of fathers would be classified as increased 

cardiovascular risk. Among children, mean triglycerides, HDL-c, and LDL-c (mmol/L) for 

girls were 0.78 (±0.36), 1.25 (±0.22), and 2.42 (±0.65), respectively. For boys, 0.70 

(±0.34), 1.37 (±0.31), and 2.27 (±0.64), respectively.  

Associations between household chaos and lipid biomarkers are shown in Table 

3.3. Due to significant sex × chaos interaction terms in preliminary parent models (results 
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not shown), parents’ triglycerides data was stratified by sex. Child models did not have 

significant sex × chaos interaction terms and were thus not stratified by sex. No 

statistically significant associations were found among parents or children. Weak 

associations were suggested among parents’ HDL (β = -0.007; 95% CI: -0.014, 0.001; p 

= 0.07) as well as children’s triglycerides (β = -0.014; 95% CI: -0.029, 0.002; p = 0.08) 

and LDL (β = -0.017; 05% CI: -0.038, -0.004; p = 0.12).  

3.4.5 Glucose Metabolism 

Mean glucose levels and associations with chaos are shown in Table 3.3. Among 

this sample, 9% of mothers and 17% of fathers’ glucose levels were above the 5.60 

mmol/L recommended by the International Diabetes Federation (Alberti et al., 2006). 

Mean glucose was 4.36 (±0.30) mmol/L for girls and 4.41 (±0.45) for boys (Table 3.3). 

Diabetes Canada and the World Health Organization (WHO) classify adults’ HbA1c levels 

of <5.5% as normal, 5.5-5.9% as at-risk of diabetes, 6.0-6.4% as prediabetes, and 6.5% 

as indicative of diabetes (Punthakee et al., 2018; WHO, 2011). Among parents, 21% of 

mothers and 40% of fathers had HbA1c levels above 5.5%. Means among children were 

5.07% (±0.30) for girls and 5.05% (±0.25) for boys (Table 3.3). Due to significant sex × 

chaos interaction terms in preliminary children’s models (results not shown), children’s 

serum glucose data was stratified by sex. Parent models did not have significant sex × 

chaos interaction terms and were thus not stratified by sex.  No statistically significant 

associations were identified among parents or children (Table 3.3).  
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3.4.5.1 Inflammation 

Inflammation has been suggested as a pathway by which different cardiometabolic 

symptoms connect to one another (Esposito & Giugliano, 2004; Maury & Brichard, 2010). 

The American Heart Association and US Centers for Disease Control and Prevention 

classify CRP levels as follows: low risk <1.0mg/L, moderate risk 1.0-3.0 mg/L, high risk 

>3.0 mg/L (Pearson et al., 2003). Due to some participants having levels too low for the 

blood analyser to precisely quantify, all participants were analysed as either <1.0 mg/L or 

≥1.0 mg/L. The proportions of participants above recommendations were 48% of mothers, 

57% of fathers, 20% of girls, and 32% of boys. Associations between household chaos 

and CRP are shown in Table 3.3. Parents in more chaotic homes had greater likelihood 

of elevated CRP (OR = 1.049; 95% CI: 1.002, 1.098; p = 0.04). No associations among 

children were found.  

3.5 Discussion 

 This study investigated associations between household chaos and 

cardiometabolic biomarkers among a sample of preschool-aged children and their 

parents. No associations were identified among children; however, these results partially 

support the hypothesis that household chaos is positively associated with increased 

cardiometabolic risk for parents, specifically elevated indices of adiposity and 

inflammation. Proportions of parents being classified as above/below recommendations 

varied substantially among these adiposity, lipid, and glucose metabolism biomarkers. 

For example, 8 mothers were identified as having elevated triglycerides versus 30 

mothers having higher-risk HDL-c levels. This variability lends support to our decision to 
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use multiple biomarkers to form a more composite cardiometabolic profile and to 

investigate trends rather than clinical diagnoses.  

Adiposity, as assessed using WHtR and %FM from air displacement 

plethysmography, was positively associated with household chaos among parents. 

Family health literature largely focuses on the factors influencing children’s health status, 

and thus, relatively little is known about how family-specific stress is associated with 

parent health. Even more uncommon is the inclusion of fathers because most family 

health research is limited to mother-child dyads (Davison et al., 2018; Macfadyen et al., 

2011). Among the little literature that does exist, findings have been mixed. Mothers’ BMI 

was not found to be cross-sectionally associated with family stress in studies by Cyril 

(2016), Payas (2010), and their colleagues, albeit the children were older than those in 

this sample. However, Olstad (2016), Richardson (2015) and their colleagues found 

positive associations between socioeconomically disadvantaged mothers’ stress and 

BMI. More research is needed to further explore these relationships, particularly among 

fathers.  

Contrary to predictions, child adiposity was not found to be associated with home 

chaos among this sample. Several systematic reviews have explored associations 

between the home environment and child health indices (Bates et al., 2018; Jang, Owen, 

et al., 2019; Marsh et al., 2020), predominantly featuring BMI as an adiposity proxy, 

among other themes of cognitive, socio-emotional, and behavioural outcomes. A meta-

analysis of mother’s stress and child adiposity revealed overall positive associations (Tate 

et al., 2015), however, some inconsistencies in these associations have also been 
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reported (Baskind et al., 2019; Parks et al., 2012). This suggests that many factors may 

influence children’s health. Bates and colleagues (2018) as well as Jang and colleagues 

(2019) suggest that failure to account for potential differences between males and 

females may limit the conclusions that can be drawn in this field. We identified sex as a 

potential moderator of these associations and although the sub-study’s blood biomarker 

models had significant stress and sex interaction terms, no evidence of moderation by 

sex was suggested among the anthropometric data which led to our decision to not stratify 

those analyses.  

No significant associations were found between chaos and children’s lipid or 

glucose biomarkers. Other research has demonstrated that home stress is associated 

with unfavourable dietary patterns, which may lead to dyslipidemia or impaired glucose 

metabolism. For example, Fulkerson and colleagues found that stressed families were 

more likely to report perceived barriers to meal preparation and less likely to have 

healthful food options within the home or to consume meals together as a family (2019). 

More specifically, family stress is associated with greater children’s fast food consumption 

(Baskind et al., 2019; Bauer et al., 2012; Parks et al., 2012) and sugar-sweetened 

beverage intake (Bauer et al., 2012), as well as lower fruit and vegetable consumption 

(Martin‐Biggers et al., 2018). The exact mechanisms by which children’s dietary and 

metabolic factors may be influenced by family stress requires further investigation. Others 

have noted inconsistencies in both plasma glucose and HbA1c’s utility among pediatric 

populations (Kapadia, 2013; M. S. Kim et al., 2019), which may be a factor to consider in 

interpreting the non-significant results seen here.  
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Parents’ CRP levels were positively associated with home chaos, whereas no 

associations were found among children. This finding is comparable to a sub-study of the 

Multi-Ethnic Study of Atherosclerosis by Shivpuri and colleagues (2012), wherein women 

with sympathetic caregiving stress had greater CRP levels, although that study found  no 

difference in CRP due to type of stress among men. Limited other research has 

investigated inflammatory health among stressed parents, which limits the 

contextualization of the present findings. Similarly, for children, biochemical processes 

such as lipid and glucose metabolic processes have received less attention than 

adiposity. In a study of children aged 3-18 years, poorer quality home environments (i.e. 

hazards, clutter, crowding) was associated greater CRP levels (Schmeer & Yoon, 2016) 

and there is some suggestion that chaotic or stressful home environments are associated 

with inflammatory markers among adolescents (Fuligni et al., 2009; Schreier et al., 2014). 

Exploratory research has suggested that these proinflammatory processes may be 

dampened by positive coping mechanisms (Low et al., 2013) or support from parents (E. 

Chen et al., 2011). Continued examination of children’s trends may reveal long-term 

associations not detected in the present study.  

It is possible that these children are sensitive to home chaos, but it manifests as 

other factors like behaviours and cognitive skills without impacting metabolism. For 

example, a study by Riley and colleagues (2020) found that the positive associations 

between BMI z-scores and household chaos among boys were tempered by self-

regulation, suggesting that coping mechanisms can help to buffer family stress. 
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Alternatively, it may be that some families have greater tolerance to household chaos or 

interpret it not as stressful, but rather as vibrancy within the home (Hale, 1981).  

This study was aimed to help fill the gap in stress and health literature focused on 

families with preschool-aged children. The inclusion of fathers in this sample is 

noteworthy because many family health studies exclude or underrepresent fathers’ 

perspectives (Davison et al., 2018; Macfadyen et al., 2011). Our results demonstrate that 

fathers’ health is meaningfully associated with home environment stress, as is mothers’. 

Another strength of this study was the choice of biomarkers. We used WHtR as a more 

metabolically meaningful adiposity proxy compared to the more commonly used BMI, as 

well as the more advanced fat tissue assessment methods BIA and air displacement 

plethysmography. Further, our use of multiple biomarkers adds detail to the trends 

observed in this field.  

There are several limitations that should be considered when interpreting these 

findings. This study was constrained by using secondary data from a cohort study not 

designed for fully powered blood sample analyses and thus, some important effects may 

not have been identified. There is also a risk of false discovery among these results due 

to our decision to not adjust for multiple comparisons. This study’s power was limited by 

lack of available blood samples, particularly among children. Given the low participation 

rate in these optional blood sample steps (35% of parents in the cohort, 18% of children), 

a wide margin of potential nonparticipation is recommended when planning recruitment 

for future studies, especially for children. A less invasive or proxy measure of lipid and 

glucose biomarkers may be advantageous for future research among this population. 



 

 

60 

 

Data for these analyses were collected from generally healthy families participating in a 

health promotion intervention, and thus, a relatively narrow range of variability may have 

prevented underlying associations from being observed. Child-perceived stress was 

inferred from parents’ survey report, but physiological measures of stress such as cortisol 

levels would provide a less subjective indicator. While preschoolers represent a narrow 

age-range (18 months to 5 years, in the present study), it may be that the youngest 

children in our sample were not directly comparable to the older children. Factors such 

as autonomy to engage in self-directed health behaviours, cognitive development to 

perceive and cope with household chaos, and physical development including adiposity 

rebound (i.e. the marked increase in BMI between ages 3 and 7 years) may have 

influenced the associations investigated here that extend beyond our inclusion of age as 

a covariate in these statistical models (Cole, 2004). This sample consisted of 

predominantly white participants in high-income families which limits the generalizability 

of these findings. Future research should also consider exploring potential causal 

mechanisms that this cross-sectional study could not identify, particularly among a larger 

and more socio-demographically and ethnically diverse sample than the present study. 

3.6 Conclusions 

This study demonstrated that household chaos is associated with some 

cardiometabolic biomarkers among parents but not children. Identifying opportunities for 

chronic disease risk reduction in early life is important for enabling children to build 

healthful habits that will persist into adulthood and to the next generation. Supporting 
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families to manage stress and promote healthful coping mechanisms is an important area 

for public health promotion initiatives.  
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4.1 Abstract 

 Chronic stress is known to influence dietary choices, and stressed families often 

report poorer diet quality; however, little is known about how family-based stress is linked 

with dietary patterns that promote inflammation. This study investigated associations 

between family-based stress and the inflammatory potential of the diet among preschool-

aged children and their parents. Parents (n = 212 mothers, n = 146 fathers) and children 

(n = 130 girls, n = 123 boys; aged 18 months to 5 years) from 241 families participating 

in the Guelph Family Health Study were included in the analyses. Parents reported levels 

of parenting distress, depressive symptoms, household chaos, and family functioning. 

The inflammatory potential of parents’ and children’s diets was quantified using the 

Dietary Inflammatory Index (DII®), adjusted for total energy intake (i.e., the E-DIITM). E-

DII scores were regressed onto family stress using generalized estimating equations to 

account for shared variance among family clusters. Compared to those in homes with low 

chaos, parents in chaotic homes had significantly more proinflammatory dietary profiles 

(β = 0.973; 95% CI: 0.321, 1.624, p = 0.003). Similarly, compared to those in well-

functioning families, parents in dysfunctional families had significantly more 

proinflammatory dietary profiles (β = 0.967; 95% CI: 0.173, 1.761, p = 0.02). No 

significant associations were found between parents’ E-DII scores and parenting distress 

or depressive symptoms, nor were any associations found for children’s E-DII scores. 

Results were not found to differ between males and females. Parents in chaotic or 

dysfunctional family environments may be at increased risk of chronic disease due to 

proinflammatory dietary profiles. Children’s dietary inflammatory profiles were not directly 
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associated with family stress; however, indirect connections through family food-related 

behaviours may exist. Future research should prioritize elucidating these mechanisms. 

4.2 Introduction  

Mental and physical health are often considered to be independent phenomena; 

however, growing evidence supports the many degrees to which these domains intersect 

and interact to determine overall health status. Dietary intake may be a key factor 

influencing the ways in which mental well-being and metabolic health are connected 

(Bremner et al., 2020). Accumulating evidence indicates that dietary patterns may play 

neuroactive roles, meaning that they influence neurological function and, by extension, 

cognition and mood. The Mediterranean diet, for example, has long been lauded for 

cardiovascular benefits, and more recently has been associated with lower levels of 

psychological distress (Hodge et al., 2013), better cognitive function (Martínez-Lapiscina 

et al., 2013), and heightened self-perceived mental health status (Muñoz et al., 2009). 

Likewise, dietary patterns consisting mostly of fruit, vegetables, lean proteins, and low 

intake of refined grains are associated with lower rates of major depression and anxiety 

(Lassale et al., 2019; Molendijk et al., 2018). Conversely, low-quality and Westernized 

dietary patterns higher in saturated and trans fats, refined grains, processed sugar, and 

fast food have been associated with poorer mental health statuses (Akbaraly et al., 2009; 

Sánchez-Villegas et al., 2012). 

Neuroinflammation and oxidative stress are implicated in the pathogenesis of 

several mental health disorders, including depression and anxiety (Berk et al., 2013; 

Fedoce et al., 2018). Suggested mechanisms through which inflammation affects mental 
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health outcomes include decreased neurotransmitter production, impaired hormone 

synthesis, and dysregulated synaptic plasticity (Khairova et al., 2009; Raison et al., 2006). 

Diet may further contribute to these dysregulations, as evident in cross-sectional research 

showing that proinflammatory dietary patterns are associated with increased risk of 

mental health disorders (Firth et al., 2019). However, within this emerging branch of 

research, less is known about how subclinical psychological distress such as chronic 

stress may contribute to these phenomena. 

Families with young children are a group of particular interest for several key 

reasons. First, parents of young children are likely to experience high levels of stress: 

reduced sleep, additional responsibilities, children’s dependency on parents to meet basic 

needs, managing children’s challenging behaviours, balancing demands of parenting with 

work or other life domains, and financial costs of children all contribute to demands on 

parents’ time and resources (Berryhill & Durtschi, 2017; A. Y. Rodgers, 1998). Abundant 

evidence shows that perceived stress promotes the consumption of sugary and fatty 

foods (Torres & Nowson, 2007; Yau & Potenza, 2013), often displacing more healthful 

options such as fruits, vegetables, and other foods rich in dietary fibre (Oliver & Wardle, 

1999). Research has shown that family stress is positively associated with parents’ 

dietary fat intake (MacRae et al., 2017), and indices of adiposity (Hruska et al., 2020), 

and negatively associated with family meal preparation and meal healthfulness (Bauer et 

al., 2012; Neumark-Sztainer et al., 2014). As a modifiable source of inflammation, further 

research is needed to better understand how dietary patterns and food-related behaviours 

can be used to protect the health of stress-vulnerable individuals. 
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Parents serve as gatekeepers to their children’s health practices; this enables 

stress to act multigenerationally to influence children’s health outcomes and behaviours. 

Parent stress has been shown to be associated with children’s poorer overall diet quality 

(Parks et al., 2012), adiposity (Parks et al., 2012; Tate et al., 2015), and health-related 

behaviours such as screen time and active play (O’Connor et al., 2017). Additional 

importance is placed on families as a study group because young children are in a critical 

window of development during which these patterns may be solidified into trends that 

persist to adulthood (Nicklaus et al., 2004). Family health optimization begins with a better 

understanding of both parent and child perspectives. 

This study aimed to explore whether family-based stress is associated with 

inflammatory dietary patterns among families with young children. Given evidence 

demonstrating a sex-dependent influence of stress on dietary behaviours (Torres & 

Nowson, 2007), this study also examined whether any associations between stress and 

inflammatory dietary patterns differed between males and females. 

4.3 Materials and Methods 

4.3.1 Study Participants 

Data were collected from families participating in the Guelph Family Health Study, 

a family-based longitudinal study investigating early life risk factors for obesity and chronic 

disease and family-based approaches for health promotion (Haines et al., 2018). To be 

eligible, families had to have had at least one child aged 18 months to 5 years at the time 

of recruitment; reside in Wellington County, Ontario, Canada, with no plans to move in 
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the following year; and have a parent who could respond to questionnaires in English. 

The study was approved by the University of Guelph Research Ethics Board 

(REB14AP008). Data collection took place between April 2017 and March 2020. 

4.3.2 Data Collection 

4.3.2.1 Family Stress Measures 

Several measures, assessed via online surveys, were used to provide a composite 

picture of stress within the home. First, stress relating specifically to the role of being a 

parent was evaluated using the 12-question Parental Distress subscale of the Parenting 

Stress Index Short Form (Abidin, 2012). On a 5-point Likert scale from 1 (strongly 

disagree) to 5 (strongly agree), participants responded to statements such as “I often 

have the feeling that I cannot handle things very well”, “I feel trapped by my 

responsibilities as a parent”, and “Having a child has caused more problems than I 

expected in my relationship with my spouse (or male/female friend)”. A total score out of 

60 was obtained by summing the responses with higher scores indicating greater parental 

distress. The midpoint of the scale was used to create “high distress” (≥36 points) and 

“low distress” groups. Standardized Cronbach’s alpha for this survey in our sample was 

0.80. 

Parental depressive symptoms were examined using a 10-item short form of the 

Centre for Epidemiologic Studies Depression scale (Andresen et al., 2013). On a 4-point 

scale from 0 (less than one day last week) to 3 (5–7 days), participants responded to 

statements such as “Everything I did was an effort” and “My sleep was restless”. A final 

score was calculated as the sum of responses. As per clinical guidelines (Andresen et 
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al., 1994), scores of 10 points or higher were considered “high depressive symptoms”, 

and scores less than 10 points were grouped as “low depressive symptoms”. 

Standardized Cronbach’s alpha for this survey in our sample was 0.81. 

Home environment chaos was evaluated using the Confusion, Hubbub, and Order 

Scale (CHAOS), a quantification of a home’s disorganization, noisiness, and busyness 

(Matheny et al., 1995). Because this scale evaluates the home environment as a whole, 

only one parent was asked to respond on behalf of the family; the GFHS defaults to the 

first parent to contact the study regarding enrolment as the primary contact person for the 

family, of whom, 88% were mothers. For CHAOS, the primary parent responded to 15 

statements such as “We almost always seemed to be rushed” and “It’s a real zoo in our 

home” on a 4-point Likert scale from 1 (very much like your own home) to 4 (not at all like 

your own home). A total score out of 60 was obtained by summing the responses, where 

higher scores indicate greater home chaos; this total score was applied to all members 

of the family. The midpoint of the scale was used to create “high chaos” (≥37.5 points) 

and “low chaos” groups. Standardized Cronbach’s alpha for this survey in our sample 

was 0.78. 

Family functioning was examined using the 12-item general functioning subscale 

of the McMaster Family Assessment Device (Epstein et al., 1983; Kabacoff et al., 1990). 

This scale consists of items such as “Planning family activities is difficult because we 

misunderstand each other” (reverse-scored) and “Making decisions is a problem for our 

family” (reverse-scored); participants responded on a 4-point Likert scale from 1 (strongly 

agree) to 4 (strongly disagree). The final score was calculated as a mean of the items, 
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with greater scores indicating greater family dysfunction. A cut-point of ≥2.17 points was 

used to classify “high family dysfunction” because it has previously been shown to 

discriminate between healthy and unhealthy functioning in families with young children 

(Epstein et al., 1983; Kabacoff et al., 1990). Similar to CHAOS, the primary parent was 

asked to respond on behalf of the family. Standardized Cronbach’s alpha for this survey 

in our sample was 0.88. 

4.3.2.2 Dietary Measures  

Dietary assessment was conducted by the parents for themselves and on behalf 

of their children using the National Cancer Institute’s Automated Self-Administered 24-

Hour (ASA24) Dietary Assessment Tool 2016-Canadian version (National Cancer 

Institute, 2019), an online 24 h recall program validated for use among adults (Kirkpatrick 

et al., 2014) and children (Wallace et al., 2018). The program is based on a modified 

version of the United States Department of Agriculture’s Automated Multiple-Pass Method 

for interviewer-led 24 h recalls. Food and drink terms were derived from the National 

Health and Nutrition Examination Survey. ASA24 includes a bank of food images to assist 

respondents with portion size estimation, and the database includes nutrient content of 

nearly 4000 foods, beverages, and supplements. Energy intake and nutrient intakes were 

quantified by the ASA24 program. 

The inflammatory potential of the diet was examined using the Dietary 

Inflammatory Index (DII®). The development and validation of the DII has been explained 

in detail elsewhere (Hébert et al., 2019; Shivappa et al., 2014). Briefly, the DII is a 

measure of the inflammatory potential of the diet with respect to circulating inflammatory 
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markers such as c-reactive protein; tumor necrosis factor α; and interleukins 1β, 4, 6, and 

10. Thus, the DII estimates the influence of diet on systemic inflammation. Inflammatory 

effect scores (the pro- or anti-inflammatory effect magnitude of a nutrient) were calculated 

using meta-analysis of nearly 2000 peer-reviewed articles. A total of 45 dietary 

parameters (including whole foods, spices, micro- and macronutrients, vitamins, trace 

minerals, and various other bioactive compounds) were identified as significantly 

impacting systemic inflammation based on a review of over 1900 peer-reviewed articles 

linking diet to key inflammatory biomarkers (Shivappa et al., 2014). Parent DII scores 

were calculated based on intake quantities of 28 nutrients obtained from ASA24: total fat, 

saturated fat, monounsaturated fat, polyunsaturated fat, omega-3 polyunsaturated fatty 

acids, omega-6 fatty acids, trans-fat, carbohydrates, fibre, protein, cholesterol, iron, 

vitamin A, vitamin C, vitamin D, vitamin E, niacin, thiamin, riboflavin, vitamin B6, vitamin 

B12, folic acid, magnesium, zinc, selenium, alcohol, and caffeine. Participants’ DII score 

was calculated as the sum of the nutrient parameter intakes (standardized to global intake 

means as a z-score) as a function of the nutrient’s inflammatory effect score. The 

standardization of nutrients to global intake amounts better reflects the diversity of typical 

dietary patterns across the world. Scores range from −9 (most anti-inflammatory) to +8 

(most proinflammatory). To control for the effect of total caloric intake, energy-adjusted 

DII (E-DIITM) scores were adjusted for energy by calculating nutrient amounts per 1000 

calories of food consumed and then compared with the energy-standardized world 

databases (Shivappa et al., 2014), in a manner identical to that used for the DII. The exact 

scoring protocol has been described in detail elsewhere (Hébert et al., 2019; Shivappa et 
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al., 2014). The DII and E-DII are scored similarly and scaled identically; thus, scores are 

comparable across studies. 

Children’s DII scores were calculated using the adapted children’s protocol, the 

Children’s Dietary Inflammatory IndexTM (C-DIITM) (Khan et al., 2018). The C-DII differs 

from the adult DII in that calculations are based on children’s intake databases, but the 

development protocols are otherwise virtually identical and described in detail elsewhere 

(Khan et al., 2018). C-DII scores were similarly adjusted for total energy intake. C-DII 

scores range from −8 (most anti-inflammatory) to +8 (most proinflammatory). As with the 

DII and E-DII, the C-DII scores are comparable to the other studies. 

4.3.3 Covariates 

Parent models were adjusted for sex, age, body mass index (BMI), self-reported 

annual household income (5 categories: <$30,000; $30,000–59,999; $60,000–99,999; 

$100,000+; and “did not disclose”), self-identified ethnicity (6 categories: Northeast or 

Southeast Asian; South Asian; white; mixed ethnicity; other ethnicity; and “did not 

disclose”), and education (3 categories: no postsecondary degree; postsecondary 

graduate; postgraduate training). Household income, ethnicity, and education information 

was obtained via an online questionnaire. If parents from the same household reported 

different pooled annual incomes, the response from Parent 1 was used for both. Parents’ 

ages were calculated in years from their birthdate and the date that the ASA24 was 

completed. 

Children’s models were adjusted for BMI z-score, sex, and age (in years) at the 

time that the ASA24 was completed. 
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4.3.3.1 BMI and BMI Z-Score Calculations 

BMI was calculated using researcher-measured height and body mass at the 

University of Guelph Body Composition Lab. Height was measured while in a standing 

position at the apex of an inhaling breath to the nearest 0.1 cm using a wall-mounted 

stadiometer (Medical Scales and Measuring Devices; Seca Corp., Ontario, CA, USA). 

Two height measures were taken and averaged to give a final data point. If measures 

differed by more than 0.5 cm, a third measure was taken, and the final data point was an 

average of the two closest measures. For two child participants, a second measure was 

refused and so height from only the first measure was used. Measures from children who 

dissented or could not remain still were not used. 

Participant body mass was measured in kilograms using a digital scale (Cosmed 

Inc., Concord, CA, USA), which was quality-control tested using two standardized 10 kg 

weights prior to participant measurements. Body mass was measured only once due to 

the precision and accuracy of the scale (Fields et al., 2002). For 20 children, body mass 

was measured while in their parent’s arms and parent weight was subtracted to yield the 

child’s body weight. BMI values were calculated for parents as weight (kg) divided by 

height (m2). For children, BMI-z scores were calculated as per the WHO Child Growth 

Standards using the statistical software R package “zscorer” version 0.3.1 (Myatt & 

Guevarra, 2019), which includes adjustment for child age and sex. 

4.3.3.2 Data Exclusions and Statistical Analyses 

A total of 246 families (427 parents, 322 children) were enrolled in the GFHS 

cohort; of these, 37 parent and 30 child participants were excluded from these analyses 
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due to missing dietary data. An additional 15 child participants were excluded from these 

analyses because they were breastfed and intake amounts could not be verified. Further, 

four parent and three child participants were excluded from the analyses because their 

total energy intakes were identified as mathematical outliers (>1.5 times the interquartile 

range below the 25th or above the 75th percentile) and were implausible based on a 

detailed examination of the ASA24. Finally, 28 parent and 21 child participants were 

excluded due to missing or incalculable BMI or BMI z-score data, used as covariates in 

these analyses, including 17 pregnant parent participants for whom BMI values are not 

validated. This yielded a final analytic sample of 358 parent participants (212 mothers, 

146 fathers) and 253 child participants (130 females, 123 males) from 241 families. 

Additional exclusions were made for participants who responded “I am not 

comfortable answering this question” to a stress-scale item because of which a final score 

could not be calculated. These exclusions were made on a scale-by-scale basis; no 

participants were missing responses for multiple scales, and so they were retained in the 

completed scale samples. The PSI scoring protocol allows for up to one missing response 

to be replaced by the mean of the other 11 responses (Abidin, 2012); this was done for n 

= 1 participant, who was retained in all analytic samples. No similar imputations were 

recommended by the other scale scoring protocols. For depressive symptoms, two 

participant records were incomplete; sample size for depression analyses was n = 356 

parent participants. For CHAOS, records for five families (8 parents, 3 children) were 

incomplete; the sample size for CHAOS analyses was 350 parent and 250 child 

participants. For family functioning, records were incomplete for three families (3 parents, 
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4 children); the sample size for family functioning analyses was 355 parent and 250 child 

participants. 

Statistical analyses were conducted using SAS University Edition version 3.8 (SAS 

Institute Inc., 2018). Linear regression coefficient estimates (β) and 95% confidence 

intervals (CI) were calculated using generalized estimating equations. The generalized 

estimating equation approach allows for shared variance between cohabitating and/or 

biologically related participants to be taken account using family groupings (Liang & 

Zeger, 1986). Independently, the parent E-DII scores were regressed onto each of the 

stress variables. Separately, C-DII scores were regressed onto the household chaos and 

family functioning variables. Parent and child models were separated due to different DII 

scoring protocols for adults and children. Parent models were adjusted for BMI, annual 

household income (5 categories: <$30,000; $30,000–59,999; $60,000–99,999; 

$100,000+; did not disclose), ethnicity (6 categories: Northeast or Southeast Asian; South 

Asian; white; mixed ethnicity; other ethnicity; did not disclose), education (3 categories: 

no postsecondary degree; postsecondary graduate; postgraduate training), sex and age. 

Child models were adjusted for BMI z-score, sex, and age. We also fit models that 

included interaction terms (e.g., chaos × sex) to examine whether the associations 

between these family stress factors and E-DII (or C-DII) differed by parent or child sex, 

respectively. We found no evidence of interaction by parent’s or child’s sex (results not 

shown); therefore, we report only results from the main effect model. p ≤ 0.05 was 

considered statistically significant for all tests. 
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4.4 Results 

4.4.1 Family Characteristics  

Table 4.1 displays the demographic characteristics of the parents and children. 

Among parent participants, the average age was approximately 35 years for mothers and 

36 years for fathers. Most parent participants were white (mothers: 82%, fathers: 79%), 

married (mothers: 83%, fathers: 74%), university or college educated (mothers: 92%, 

fathers: 73%), and families had relatively high annual household income (nearly 50% 

earned $100,000 Canadian or more per year). Among child participants, the average age 

was 3.57 (±1.10) years for females and 3.76 (±1.11) years for males. 

4.4.2 E-DII and C-DII Scores 

Table 4.2 displays the mean intakes for the nutrients included in the E-DII and C-

DII calculations as well as mean scores. For adults, E-DII scores range from -9 (most 

anti-inflammatory) to +8 (most proinflammatory). The mean E-DII scores for mothers 

indicate a slightly anti-inflammatory dietary profile (-0.71 ± 0.15), whereas fathers’ mean 

E-DII was relatively neutral (-0.03 ± 0.17). For children, C-DII scores range from -8 (most 

anti-inflammatory) to +8 (most proinflammatory). Both girls’ and boys’ C-DII means 

indicated relatively neutral inflammatory profiles (0.04 ± 0.14 and -0.05 ± 0.15, 

respectively). 

4.4.3 Family Stress Scores 

Table 4.3 displays the number of participants in the high- and low-stress groups 

as well as the mean scores within the groups. Approximately 20% of the parent sample 
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was classified as having high parenting distress or high depressive symptoms. 

Specifically, for parenting distress, parents in the high-distress group scored within the 

90th percentile of the scale manual (Abidin, 2012), compared to parents in the low-

distress group who scored within the 57th percentile. Among parents and children, 

approximately 10% of the sample was classified as having high household chaos and 

high family dysfunction, respectively. Most (77–91%) families were considered “low 

stress”, as indicated by scores below clinical guidelines or the midpoint of the scale (Table 

4.3). These results suggest that parents feel some strain associated with their role in the 

family and that families live in moderately busy, noisy, and/or disorganized homes but 

maintain good intrafamily cooperation and communication overall. 

4.4.4 Linear Regression Results 

Models were not stratified by sex after no statistically significant moderation by sex 

was detected for parents or children, as evidenced by nonsignificant sex and stress 

interaction terms (data not shown). Table 4.3 shows the results of the linear regressions, 

adjusted using generalized estimating equations to account for shared variance among 

family clusters. Compared to those with low household chaos (<37.5 points), parents with 

high household chaos had significantly higher E-DII scores (β = 0.973; 95% CI: 0.321, 

1.624, p = 0.003), indicating a more proinflammatory dietary profile. Similarly, parents in 

dysfunctional families (≥2.17 points) had significantly higher E-DII scores compared to 

parents in well-functioning families (β = 0.967; 95% CI: 0.173, 1.761, p = 0.02). No 

significant associations were found between parents’ E-DII scores and parenting distress 

or depressive symptoms, nor were any associations found for C-DII scores.  
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Table 4.1: Family demographic characteristics (n = 611 participants from 241 families). 

Characteristic Mothers 
n = 212 

Fathers 
n = 146 

Girls 
n = 130 

Boys 
n = 123 

Age (years), mean (SE) 35.16 (0.32) 36.46 (0.40) 3.57 (0.10) 3.76 (0.11) 

BMI (kg/m2), mean (SE) 26.80 (0.46) 26.93 (0.43) 0.48 (0.08) 1 0.54 (0.08) 1 

Ethnicity, n (%) 

Northeast or Southeast Asian (e.g., 
Chinese, Korean, Japanese, 
Vietnamese, Cambodian, Filipino, 
Malaysian, Laotian, etc.) 

11 (5.19) 6 (4.11) 4 (3.08) 5 (4.07) 

South Asian (e.g., East Indian, 
Pakistani, Sri Lankan, etc.) 

6 (2.83) 7 (4.79) 4 (3.08) 4 (3.25) 

Other (e.g., Black, West Asian, Latin 
American) 

15 (7.08) 9 (6.16) 6 (4.62) 3 (2.44) 

White 174 (82.08) 115 (78.77) 103 (79.23) 88 (71.54) 

Mixed ethnicity 5 (2.36) 7 (4.79) 10 (7.69) 18 (14.63) 

Did not disclose 1 (0.47) 2 (1.37) 3 (2.31) 5 (4.07) 

Education, n (%) 

No postsecondary degree 21 (9.91) 35 (23.97) - - 

University or college graduate 105 (49.53) 71 (48.63) - - 

Postgraduate training or degree 86 (40.57) 40 (27.40) - - 

Annual household income, n (%) 

Less than $30,000 9 (4.25) 3 (2.05) - - 

$30,000 to $59,999 24 (11.32) 24 (16.44) - - 

$60,000 to $99,999 67 (31.60) 38 (26.03) - - 

$100,000 or more 102 (48.11) 73 (50.00) - - 

Did not disclose 10 (4.72) 8 (5.48) - - 

Number of children, n (%) 

1 62 (29.95) 44 (28.77) - - 

2 116 (54.72) 79 (54.11) - - 

3 or more 34 (18.48) 25 (17.12) - - 

1 BMI z-score, calculated per World Health Organization Child Growth Standards, adjusted for age and sex.  
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Table 4.2: Summary of nutrient intakes used in E-DII and C-DII calculations and mean scores 1, stratified 
by sex. Intake assessed using the ASA24 self-reported online dietary recall program. 

Nutrient 
Mothers 
n = 212 

Fathers 
n = 146 

Girls 
n = 130 

Boys 
n = 123 

Total Energy (kcal) 2020.08 (48.86) 2540.31 (79.62) 1378.04 (33.41) 1481.98 (36.92) 

Protein (g) 83.37 (2.33) 105.20 (3.83) 56.26 (1.76) 56.76 (1.99) 

Carbohydrates (g) 234.99 (6.39) 284.04 (9.04) 175.62 (4.84) 197.04 (5.57) 

Total fat (g) 84.92 (2.74) 102.69 (4.23) 52.98 (1.66) 54.97 (1.92) 

Saturated fatty acids (g) 27.33 (1.01) 33.59 (1.61) 19.69 (0.79) 19.44 (0.80) 

Monounsaturated fatty acids (g) 31.34 (1.10) 38.50 (1.62) 18.23 (0.60) 19.60 (0.74) 

Polyunsaturated fatty acids (g) 18.85 (0.78) 21.42 (1.09) 10.04 (0.43) 10.86 (0.54) 

Sodium (mg) 3222.27 (90.80) 
4164.60 
(148.83) 

1992.24 (60.30) 2121.98 (71.45) 

Alcohol (g) 3.27 (0.62) 13.94 (3.35) - - 

Fibre (g) 22.68 (0.81) 22.56 (0.78) 14.62 (0.50) 15.63 (0.58) 

Cholesterol (mg) 293.31 (14.20) 393.60 (27.81) 184.38 (9.93) 181.56 (11.88) 

Niacin (mg) 22.16 (0.69) 30.62 (1.23) 13.16 (0.55) 13.90 (0.61) 

Thiamin (mg) 1.84 (0.09) 2.44 (0.11) 1.17 (0.05) 1.32 (0.06) 

Riboflavin (mg) 2.12 (0.05) 2.66 (0.10) 1.53 (0.05) 1.55 (0.05) 

Vitamin B6 (mg) 1.79 (0.06) 2.32 (0.11) 1.16 (0.04) 1.18 (0.04) 

Vitamin B12 (μg) 3.85 (0.18) 6.18 (1.18) 3.11 (0.17) 2.97 (0.16) 

Iron (mg) 13.86 (0.41) 17.63 (0.68) 8.90 (0.33) 9.69 (0.36) 

Magnesium (mg) 360.15 (10.05) 391.03 (13.58) 220.10 (7.51) 230.05 (7.55) 

Zinc (mg) 11.44 (0.40) 14.49 (1.00) 7.67 (0.27) 7.60 (0.29) 

Selenium (μg) 117.84 (4.08) 161.74 (8.25) 78.19 (2.69) 79.99 (2.93) 

Vitamin A (μg) 879.52 (37.69) 881.96 (49.58) 622.99 (30.52) 600.20 (31.53) 

Vitamin C (mg) 103.29 (5.85) 101.23 (7.05) 75.12 (4.53) 82.66 (6.15) 

Vitamin E (mg)  11.27 (0.46) 12.98 (0.75) 5.98 (0.23) 6.57 (0.35) 

Folic acid (μg)   110.36 (6.20)  170.79 (11.70) 79.30 (4.82)  95.84 (6.81) 

Beta carotene (μg) 
4845.70 
(350.35) 

3968.31 
(389.87) 

2282.77 
(226.64) 

2332.66 (233.88) 

Dietary Inflammatory Index 
score1, mean (SE) 

−0.71 (0.15) −0.03 (0.17) 0.04 (0.14) −0.05 (0.15) 

Anti-inflammatory profile  
(i.e., scores <0), n (%) 

144 (67.9) 73 (50.0) 73 (56.1) 65 (52.9) 

Proinflammatory profile  
(i.e., scores >0), n (%) 

68 (32.1) 73 (50.0) 57 (43.9) 58 (47.2) 

1 Adjusted for total energy intake. Separate adult and child scoring protocols. Data are means (SE) unless 
otherwise indicated.  
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Table 4.3: Associations between family stress levels and Dietary Inflammatory Index scores 1 among 
preschool-aged children and their parents (n = 241 families). Results presented as means (SE) with linear 
regression coefficient estimates (β) using generalized estimating equations with 95% confidence intervals 
(CI) and p-values (significant findings shown in bold). 

Stress Measure High Stress 
Mean (SE) 

n (%) 

Low Stress 
Mean (SE) 

n (%) 

β (95% CI) 
p-Value 

Parents 

Parenting Distress 
(High ≥ 36 points) 

39.56 (0.34) 
n = 68 (19.0%) 

26.48 (0.33) 
n = 290 (81.0%) 

−0.107 (−0.713, 0.498) 
p = 0.73 

Depressive Symptoms 2 
(High ≥ 10 points) 

13.64 (0.42) 
n = 83 (23.3%) 

4.30 (0.15) 
n = 273 (76.7%) 

0.234 (−0.329, 0.797) 
p = 0.42 

Household Chaos 3 
(High ≥ 37.5 points) 

40.93 (0.47) 
n = 40 (11.4%) 

28.43 (0.26) 
n = 310 (88.6%) 

0.973 (0.321, 1.624) 
p = 0.003 

Family Dysfunction 4 
(High ≥ 2.17 points) 

2.42 (0.0.04) 
n = 31 (8.7%) 

1.55 (0.0.02) 
n = 324 (91.3%) 

0.967 (0.173, 1.761) 
p = 0.02 

Children 

Household Chaos 3 
(High ≥ 37.5 points) 

40.73 (0.49) 
n = 30 (12.1%) 

28.88 (0.32) 
n = 219 (88.0%) 

0.221 (−0.450, 0.893) 
p = 0.52 

Family Dysfunction 4 
(High ≥ 2.17 points) 

2.39 (0.04) 
n = 24 (9.6%) 

1.57 (0.02) 
n = 226 (90.4%) 

0.036 (−0.624, 0.696) 
p = 0.92 

1 Parent models adjusted for body mass index (BMI), annual household income (<$30,000; $30,000–
59,999; $60,000–99,999; $100,000+; did not disclose), ethnicity (Northeast or Southeast Asian; South 
Asian; white; mixed ethnicity; other ethnicity; did not disclose), education (no postsecondary degree; 
postsecondary graduate; postgraduate training), sex, and age. DII calculations adjust for total energy 
intake. Child models adjusted for BMI z-score, sex, and age. Child DII scoring protocol used, which includes 
adjustment for total energy intake.  
2 Two parents did not complete all items of the depression survey, n = 356 parents.  
3 Five families did not complete all items of the chaos survey, n = 350 parents and 250 children.  
4 Four families did not complete all items of the family functioning survey, n = 355 parents and 250 children.  
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4.5 Discussion 

The purpose of this study was to investigate associations between the home 

environment and dietary patterns linked to inflammation among a sample of families with 

preschool-aged children in the Guelph Family Health Study. These results suggest that 

chaotic or dysfunctional family environments are associated with more proinflammatory 

dietary profiles for parents but not for children. No clinical guidelines for dietary 

inflammatory profiles exist; however, an anti-inflammatory profile is considered more 

health protective (Hébert et al., 2019; Khan et al., 2018; Shivappa et al., 2014). 

The majority of work on the DII and mental health among adults has posited that 

proinflammatory DII scores contribute to mental health status. For example, research has 

shown that low DII scores (indicating an anti-inflammatory diet) are associated with nearly 

20% lower risk of depressive symptoms over time (Molendijk et al., 2018). Additionally, 

greater DII scores (indicating a proinflammatory diet) were associated with greater 

likelihood of mood disorders and psychological distress in a number of cross-sectional 

studies (Firth et al., 2019). These findings do support a cross-sectional association 

between parents’ proinflammatory dietary profiles and their levels of household chaos 

and family dysfunction; however, no significant associations were found for parenting 

distress or depressive symptoms. The current study frames the problem slightly differently 

from past research by suggesting that stressful home environments may serve as barriers 

to healthful food-related behaviours, and thus busy families may trend towards 

proinflammatory diet profiles. Additionally, more proinflammatory dietary profiles may 

impair resilience to stress, thus creating a vicious cycle. For parents, home chaos and 
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family conflict have been linked with indices of poor diet quality such as lower fruit and 

vegetable consumption (Martin‐Biggers et al., 2018), which is consistent with the results 

of the present study. Although DII scores are not directly indicative of nutritional 

healthfulness, DII scores are inversely correlated with other diet quality indices such as 

the Healthy Eating Index (Wirth et al., 2016) and positively correlated with glycaemic 

index scores (Y. Kim et al., 2018). Further, extensive work has demonstrated that higher 

DII scores pose an adverse risk on cardiometabolic health and chronic disease risk, 

including increased risk of cardiovascular disease (Namazi et al., 2018; Ruiz-Canela et 

al., 2016), metabolic syndrome (Ruiz-Canela et al., 2016), obesity (Farhangi & Vajdi, 

2020), and cancer (Fowler & Akinyemiju, 2017). Our finding that home chaos and family 

dysfunction are associated with greater inflammatory potential of the diet suggests that 

parent diet quality as well as chronic disease risk are of concern for stressed parents. 

This study hypothesized that children in stressed families could have more 

proinflammatory dietary patterns. The suspected mechanisms driving this hypothesized 

association were children’s stress-eating and indirectly though parent-mediated 

behaviours such as fewer family meals among stressed families. Family meals are an 

important nutritional and social event for children; however, stressful home environments 

may be perceived by parents as barriers to meal preparation (Fulkerson et al., 2019) and 

are inversely associated with family meal frequency (Bauer et al., 2012; Fulkerson et al., 

2019) as well as healthful food availability in the home (Fulkerson et al., 2019), which has 

an immediate spillover to children. Although past research has linked stressful home 

environments to poorer children’s diet quality (Martin‐Biggers et al., 2018) and elevated 
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inflammatory markers in children (Schmeer & Yoon, 2016), the results of the present 

study do not support a direct link between family stress and dietary sources of 

inflammation despite some significant associations found among parents. 

As the C-DII is a recently developed tool, there is limited available research with which 

to compare our C-DII results. Early applications of the C-DII have focused on children’s 

risk for cardiometabolic disease and overweight/obesity. Most relevant to the present 

study is the Irish Lifeways Cross-Generation Cohort Study, which found that 5-year-old 

children in the highest tertile of C-DII scores had a 27% greater likelihood of being 

overweight or obese and had a 32% increased likelihood of obesity at age 9 compared to 

children in the lowest C-DII tertile (Navarro et al., 2020). Interestingly, Navarro and 

colleagues (2020) found that children who consumed family meals at the table less than 

once a week had nearly twice the likelihood of having a higher C-DII score than children 

who ate family meals at the table every day; this finding is consistent with the family meals 

research discussed above. Hours spent watching TV was also positively associated with 

C-DII scores, which is in line with other research has linked higher family stress with less-

regulated children’s screen time (O’Connor et al., 2017). Taken together, these findings 

help to elucidate the potential mechanisms by which family stress may contribute to 

adverse health effects for children despite the lack of direct associations to dietary 

sources of inflammation found in the present study. 

4.5.1 Strengths and Limitations 

This study contributes to the literature by examining the physiological 

consequences of chronic stress from a different perspective and in the under-researched 
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context of family health. This study was able to explore associations between family 

stress and dietary inflammatory profile among both parents and children. Further, the 

inclusion of fathers rather than the typical mother–child dyad is another strength of this 

study. This comprehensive view of the family is paired with a multidimensional approach 

to stress measurement; examining multiple measures of stress better quantifies the many 

facets of an individual’s stress level. The E-DII and C-DII are extensively validated and 

literature-based tools that are able to powerfully conceptualize inflammation as an 

extension of dietary intake. These tools not only provide additional windows into 

inflammatory health, but they also circumvent the common barrier that blood sampling 

poses to participation, especially for children. 

Although this study adds novel insight into the DII and mental health literature, 

there are several limitations that should be considered when interpreting these results. 

To minimize participant burden in multiparent families, household chaos and family 

functioning were assessed only based on the primary parent to enroll in the study and 

those scores were extrapolated to the entire family. In this sample, the primary parents 

were predominantly mothers. Although some past work indicates similar family-based 

stress perception among mothers and fathers of young children (Hruska et al., 2020), 

there is the potential for different family members to report family functioning differently 

(Sawyer et al., 1988). This bias towards mothers’ perspectives is pervasive in the family 

health literature (Davison et al., 2018). 

The E-DII and C-DII data can only be as accurate as the dietary intake assessment 

methodology. While practically advantageous for both researchers and participants, the 
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self-administered nature of ASA24 may have limited the accuracy of the dietary intake 

assessment that must be considered in combination with the potential response bias of 

any nonsupervised reporting of dietary intake. This may be of particular concern where 

parents are reporting on children’s intake and may be deflecting criticism by reporting a 

more favourable diet than is actually being consumed, perhaps particularly among 

mothers (Hébert et al., 1997). Unfortunately, there is very little evidence about bias in 

proxy reporters. These concerns are tempered by ASA24’s reputation as a validated 

dietary assessment tool. An additional limitation is that ASA24 did not allow for the 

quantification of all 45 food parameters for optimal E-DII calculations. It is also possible 

that, despite adjustment for energy intake, the young children in this sample did not 

consume a sufficient quantity of food to allow us to detect underlying associations. 

Additionally, many factors, such as medical conditions, medications, injury, and 

environmental exposures, determine the circulatory levels of inflammatory markers. 

Although the E-DII and C-DII were designed to reflect inflammatory markers (Hébert et 

al., 2019; Khan et al., 2018; Shivappa et al., 2014), there is the potential for a difference 

between individuals’ DII scores and their actual serum inflammatory profile. 

The relationship between stress and dietary intake is complex; it is conceivable that 

poor diet can negatively impact stress levels (Hébert et al., 2015). It is possible that testing 

multiple hypotheses may have increased the risk of type 1 error; however, the narrow 

confidence interval seen here supports the integrity of these findings. Further replication 

of this work, particularly among a more sociodemographically diverse sample than in the 

present study, is recommended. Additional work should also address this cross-sectional 
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study’s inability to confirm any causal mechanisms underlying these results. Future 

research should also aim to investigate how physiological measures of chronic stress, 

such as hair cortisol concentrations, could increase our understanding of these stress 

and health dynamics. 

4.6 Conclusions 

The findings from the present study make an important contribution to our 

understanding of mental well-being and physical health in the family context. These 

results suggest that stressful home environments and family dynamics are associated 

with more proinflammatory dietary profiles among parents but not among preschool-aged 

children. Inflammatory pathways are implicated in a number of chronic health outcomes; 

as modifiable factors, a deeper understanding of the role that stress and dietary patterns 

may play in inflammation will help to inform health promotion strategies for families. 
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5.1 Abstract 

Parents’ stress is independently associated with increased child adiposity, but 

parents’ stress may also interfere with childhood obesity prevention programs. The 

disruptions to the family dynamic caused by participating in a behaviour change 

intervention may exacerbate parent stress and undermine overall intervention efficacy. 

This study explored how family stress levels were impacted by participation in a home-

based obesity prevention intervention. Data were collected from 77 families (56 fathers, 

77 mothers) participating in the Guelph Family Health Study (GFHS), a pilot randomized 

control trial of a home-based obesity prevention intervention. Four measures of stress 

were investigated: general life stress, parenting distress, depressive symptoms, and 

household chaos. Multiple linear regression was used to compare the level of stress 

between the intervention and control groups at post-intervention and 1-year follow-up, 

adjusted for baseline stress. Analyses for mothers and fathers were stratified, except for 

household chaos which was measured at the family level. Results indicate no significant 

differences between intervention and control groups for any stress measure at any time 

point, indicating a neutral effect of the GFHS intervention on family stress. Future work 

should investigate the components of family-based intervention protocols that make 

participation minimally burdensome and consider embedding specific stress-reduction 

messaging to promote family health and wellbeing. 

5.2 Introduction 

Childhood overweight and obesity are associated with several health concerns such 

as increased risk of chronic illnesses like cardiovascular disease, type 2 diabetes, cancer, 
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and reduced overall lifespan, as well as increased risk of being bullied and developing 

disordered eating habits due to societal bias against those in larger bodies (Lobstein et 

al., 2004; Pont et al., 2017; Tsiros et al., 2009; WHO, 2009). While there is a well-

recognized genetic predisposition to body composition, the main focus of childhood 

obesity prevention has been on health behaviours such as dietary patterns, physical 

activity, sedentary or screen-based time, and sleep quality. There appears to be a critical 

window of development in early childhood where lifelong health behaviour patterns are 

largely established (Moore et al., 1995; Singer et al., 1995). This presents an especially 

advantageous target for programs to focus on prevention in early life to maximize the 

preventative benefit of healthful behavioural patterns. Parental involvement has 

repeatedly been demonstrated to play a key role in the success of childhood obesity 

prevention programs (Favaro & Santonastaso, 1995; Hendrie et al., 2012; Lindsay et al., 

2006; Wang et al., 2015). These family-based behaviour change interventions typically 

focus on changing parenting practices and/or family behaviours such as eating meals as 

a family or group physical activities. However, parents engaged in a home-based 

childhood obesity prevention program manage several roles; they are participants making 

changes to their own behaviours plus being the taskmaster for their child’s compliance, 

as well as the many other roles that they serve outside of the intervention context. The 

competing demands on parents’ time and resources are numerous and dynamic, making 

it especially complex to effectively engage them in childhood obesity prevention 

programs. 
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Parents’ stress may be an additional key consideration for family-based childhood 

obesity prevention programs for two key reasons. First, past research has established 

cross-sectional associations between parent stress or household dysfunction and several 

child health outcomes, including behaviours such as increased screen viewing (Walton 

et al., 2014), fast food consumption (Parks et al., 2012) as well as overall child weight 

status (Bates et al., 2018; Halliday et al., 2014; Parks et al., 2012; Tate et al., 2015). The 

second consideration is that parents who are overwhelmed may have difficulties adhering 

to an obesity prevention program, thus undermining the program’s efficacy. It is well-

understood that family routines are an important contributor to family well-being and 

positively influence children’s development (Everhart & Fiese, 2013; Fiese et al., 1993, 

2002; Markson & Fiese, 2000), but participation in a family-based childhood obesity 

prevention program is likely to impose substantial changes in the families’ typical routines 

and activities. This perturbation of existing habits, even if intended for healthful changes, 

may inadvertently disrupt balances within the home. Alternatively, it is possible that 

promoting new behaviours as part of healthful routines could help families to establish 

more order and regularity within the home, thus decreasing overall family stress. The 

impact of health promotion programs on parents’ wellbeing has not been widely explored. 

In addition, dominant expectations of parenting place much more responsibility on 

mothers than fathers for active management of children’s health and health behaviours 

(Beagan et al., 2008; Ristovski-Slijepcevic et al., 2010). Studies in Canada, the US, and 

Europe consistently demonstrate that, despite men’s increasing involvement, women 

take on the bulk of responsibility for house and family work, including assuming 
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responsibility for the health and well-being of family members, organizing their children’s 

lives, and planning and preparing meals (Beagan et al., 2008; Ristovski-Slijepcevic et al., 

2010). Thus, family-based health interventions may inadvertently reinforce the gendered 

division of labour and could result in an enhanced level of stress among mothers as 

compared to fathers. Additionally, perceptions and consequences of stress have 

repeatedly been demonstrated to differ between males and females (Ayanian et al., 2009; 

M. R. Lee et al., 2014; Meshefedjian et al., 2019; Shivpuri et al., 2012; Steptoe et al., 

2007), thus making gender an important consideration when exploring how participation 

in a family-based intervention may influence family stress. 

The purpose of this study was to investigate the longitudinal changes in parents’ 

perceived general life stress, parenting distress, depressive symptoms, and household 

chaos as a function of participation in a family-based health promotion intervention 

program among a cohort of Canadian mothers and fathers of young children. This study 

also examined whether these changes in family stress were moderated by parent gender.  

5.3 Materials and Methods 

5.3.1 Study Participants 

This study used the Pilot phase 1 and 2 studies of the Guelph Family Health Study 

(GFHS), a pilot randomized control trial of a home-based obesity prevention intervention 

(clinical trials registration number NCT02223234, University of Guelph Research Ethics 

Board REB14AP008). The primary aim of the pilot studies was to test the feasibility of the 

intervention and assessment protocols. Detailed procedures of the pilot are published 

elsewhere (Haines et al., 2018) and briefly summarized below. Participants were recruited 
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using posters and rack cards displayed at local family health team and early childhood 

education centres as well as posts to these agencies’ social media accounts. To be 

eligible to participate, families had to have at least one child between the ages of 18 

months to 5 years of age, live in Wellington County, Ontario, Canada, with no plans to 

move in the following year, and have at least one parent able to respond to surveys in 

English.  

Data for these analyses were collected at baseline, 6-months (post-intervention) 

and 18-months (1-year post-intervention). Participating families received grocery gift 

cards as compensation at each time point of assessment.  

5.3.2 Exclusions and Losses to Follow-Up 

As shown in Figure 5.1, 151 parent participants from 86 families met eligibility 

criteria and were enrolled in the study, though three families (three mothers, one father) 

later declined to participate before completing baseline assessment. The remaining 83 

families (147 parents; 83 mothers, 64 fathers) were randomized to the three treatment 

groups: two home visits with a health educator (2HV), four home visits with a health 

educator (4HV), and a minimal-attention control, the protocols of which are explained 

further below. One family (one mother) randomized to the 4 HV group later declined to 

receive the intervention and was eventually lost to follow-up. The remaining 82 families 

(146 parents) completed all components of the intervention program, though five families 

(five mothers, six fathers) were later lost to follow-up, resulting in a 92.8% retention rate 
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of the GFHS Pilot 1 and 2 cohorts at 1-year post-intervention. No harms of the intervention 

were detected.  

In addition to the 11 participants who were lost to follow-up, two fathers did not 

complete baseline stress measures and were therefore excluded from this analytic 

sample. Thus, a final analytic sample of 133 parent participants (77 mothers, 56 fathers) 

from 77 families was used for these analyses.  

 

Figure 5.1: Study design and participant flow of the analytic sample from the Guelph Family Health Study 
Pilot Phase 1 and Phase 2 parent participants. 
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5.3.3 GFHS Intervention 

The GFHS was designed as a home-based childhood obesity prevention program, 

informed by the Family Systems (Ackerman, 1958) and Self Determination (Ryan & Deci, 

2000) theories. The program used motivational interviewing, a collaborative and client-

centred counselling technique that increases the likelihood of successful behaviour 

change by providing families with a sense of autonomy, confidence, and support with 

respect to health goals that the families set for themselves. Suggested goals in the GFHS 

included increasing fruit and vegetable intake, replacing sugar-sweetened beverages with 

water, reducing screen time, establishing a bedtime routine to promote adequate sleep, 

encouraging physical activity, or another goal of the family’s own creation. The 

intervention program was delivered by a health educator, a registered dietitian trained in 

motivational interviewing, who worked with the families to develop personalized and self-

directed health goals and provided support throughout the 6-month intervention period. 

These sessions were held in the family’s home and typically were an hour in duration. 

Complementary to the home visits were a series of emails and mailed materials tailored 

to the family’s goals, such as colourful plates to encourage more family meals or children’s 

books to encourage regular sleep routines. Full details of the intervention protocol have 

been published previously (Haines et al., 2018). 

All participants completed the baseline assessment, including a series of surveys 

and health visits at the University of Guelph, where measurements such as height, weight, 

blood pressure, and body composition were taken by trained research assistants. After 

baseline assessment families were randomized by the study coordinator into one of three 
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parallel groups (in Pilot 1) or into one of two parallel groups (in Pilot 2) using a pseudo-

random number generator. The three groups in Pilot 1 consisted of a minimal-attention 

control group (general health advice through monthly emails, such as current Canadian 

physical activity guidelines), a two home visit intervention group (home visits with a health 

educator, weekly emails, and monthly mailed incentives), and a four home visit 

intervention group (differing only in number of visits from the two home visit group). In 

Pilot 2, families were randomized to control or four home visits based on early feedback 

from Pilot 1 participants that two home visits were not preferred. Baseline data were 

collected between December 2014 and November 2016 at the University of Guelph, 

Ontario, Canada; follow-up data collection was completed by November 2018. 

5.3.4 Stress Measures 

Four different types of stress (general life stress, parenting distress, parental 

depression, and household chaos) were assessed via paper (n = 152) or online (n = 238) 

surveys. Data collection was conducted at baseline, then repeated at post-intervention (6 

months from baseline) and at 1-year post-intervention (18 months from baseline).  

General life stress was examined with the question “Using a scale from 1 to 10, 

where 1 means ‘no stress’ and 10 means ‘an extreme amount of stress’, how much stress 

would you say you have experienced in the last year?”(Parks et al., 2012).  

Levels of stress specific to the role of being a parent were examined using the 12-

item Parent Distress subscale of the Parenting Stress Index (PSI) (Abidin, 2012). 

Participants were asked to respond on a 5-point Likert scale from 1 (strongly disagree) to 

5 (strongly agree) to items such as “I often have the feeling that I cannot handle things 
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very well”, “I feel trapped by my responsibilities as a parent”, and “Having a child has 

caused more problems than I expected in my relationship with my spouse (or male/female 

friend)”. For parents who completed the paper version of the surveys, the response 

options were on a 4-point Likert scale (i.e., the neither disagree nor agree option was not 

included). This discrepancy in the response options between the paper and online 

surveys was managed by recoding the paper survey response options as 1 = strongly 

disagree, 2 = disagree, 4 = agree, and 5 = strongly agree. Analyses with the paper and 

online survey data together showed similar results to when only the online survey data 

were used; thus, results for the paper and online survey were combined for these 

analyses. A total score out of 60 was calculated by summing the responses; higher scores 

indicate greater parental distress. Standardized Cronbach’s alpha for mothers in this 

sample at baseline, was 0.86; for fathers, 0.78. The PSI has been validated for use among 

both mothers (Abidin, 2012) and fathers (McKelvey et al., 2009) of young children.  

Parental depressive symptoms were assessed with the Andresen short form of the 

Centre for Epidemiological Studies Depression Scale (CES-D) (Andresen et al., 2013). 

Sample items include “My sleep was restless”, “Everything I did was an effort”, and “I felt 

fearful”, and were scored as 0 (less than one day last week), 1 (1–2 days), 2 (3–4 days), 

or 3 (5–7 days). A total score out of 30 was calculated by summing the responses; higher 

scores indicate greater depressive symptoms. Standardized Cronbach’s alpha for 

mothers in this sample at baseline was 0.87; for fathers, 0.80. 

Household dynamic and chaos were examined using the 15-item Confusion, 

Hubbub, and Order Scale (CHAOS) (Matheny et al., 1995). This scale conceptualizes 
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noisiness, disorganization, and confusion within the home environment. Participants 

responded to items such as “We almost always seemed to be rushed” or “It’s a real zoo 

in our home” on a 4-point Likert scale from 1 (very much like your own home) to 4 (not at 

all like your own home). The CHAOS survey was asked only of Parent 1 in this sample 

(the first parent to sign up for the study, of whom 76% were female), and this was used 

as a family wide measure. Standardized Cronbach’s alpha for this scale at baseline was 

0.88.  

5.3.5 Statistical Methods 

In intent-to-treat complete case analyses, we used multiple linear regression models 

to examine differences between the study groups (control, 2HV, and 4HV) for post-

intervention and for 1-year follow-up stress measures after controlling for baseline. 

Results for the 2HV and 4HV groups were not substantively different (see Table A1), thus, 

we present results with the two intervention groups combined. General stress, parenting 

distress, and depressive symptoms were analysed for each participant; household chaos 

was considered to be a shared variable among family measures and was analysed at the 

household-level. Data from males and females were analysed separately to account for 

potential gender-based differences in stress perception (Ayanian et al., 2009; M. R. Lee 

et al., 2014; Meshefedjian et al., 2019; Shivpuri et al., 2012; Steptoe et al., 2007) and to 

better compare these results to the predominantly mother-focused parenting research in 

the field (Davison et al., 2018). Household chaos was examined as one observation per 

family, regardless of the gender of the parent who reported it. No demographic covariates 

were included in the model. The use of a randomized design would mean that any 



 

 

100 

 

difference in demographic characteristics across study groups would be due to chance. 

Statistical analyses were performed using SAS University Edition Version 3.6 (SAS 

Institute Inc., 2018). A p-value of < 0.05 was considered statistically significant for all 

analyses. 

5.4 Results 

5.4.1 Descriptive Data 

As shown in Table 5.1, this analytic sample contained 56 fathers (42%) and 77 

mothers (58%). The average age of participants at baseline was 35 years. Over 80% of 

participants identified as white and over 40% had received postgraduate education. Of 

the 77 participating families, approximately 85% had parents who were married, nearly 

80% contained two or more children, and 45% had an annual household income of 

$100,000 or more. Baseline characteristics (Table 5.1) and levels of stress (Table 5.2) 

were similar among the intervention and control groups.   
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Table 5.1: Baseline characteristics of parent participants in the Guelph Family Health Study. 

Characteristic (Individual) Overall 
n = 133 parents 

Control 
n = 44 parents 

Intervention 
n = 89 parents 

Baseline age (years), mean (SD) 35.5 (4.6) 34.8 (4.8) 35.9 (4.6) 

Relation to child, n (%) 

Father 56 (42.1%) 19 (43.2%) 37 (41.6%) 

Mother 77 (57.9%) 25 (56.8%) 52 (58.4%) 

Ethnicity, n (%) 

White 109 (82.0%) 37 (84.1%) 72 (80.9%) 

Other (e.g., Chinese, Latin American, 
South Asian, West Asian) 

22 (16.5%) 5 (11.4%) 16 (18.9%) 

Not reported 2 (1.5%) 2 (4.5%) 0 (0.0%) 

Education, n (%) 

College diploma or less 30 (22.6%) 7 (15.9%) 23 (25.8%) 

Some university or degree 35 (33.8%) 14 (38.1%) 31 (34.8%) 

Postgraduate training 56 (42.1%) 21 (47.7%) 35 (39.3%) 

Did not disclose 2 (1.5%) 2 (4.5%) 0 (0.0%) 

Marital status, n (%) 

Married 66 (85.7%) 22 (88.0%) 44 (84.6%) 

Other (i.e., living with partner, divorced) 11 (14.3%) 3 (12.0%) 8 (15.4%) 

Annual household income, n (%) 

< $60,000 16 (20.8%) 5 (20.0%) 11 (21.2%) 

$60,000 to $99,999 24 (31.2%) 5 (20.0%) 19 (36.5%) 

$100,000+ 34 (44.2%) 14 (56.0%) 20 (38.5%) 

Not reported 3 (3.9%) 1 (4.0%) 2 (3.8%) 

Number of children, n (%) 

1 17 (22.1%) 7 (28.0%) 10 (19.2%) 

2 45 (58.4%) 15 (60.0%) 30 (57.7%) 

3 or more 15 (19.5%) 3 (12.0%) 12 (23.1%) 
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Table 5.2: Linear regression results comparing intervention and control groups with respect to stress levels at post-intervention and at 1-year follow-
up after controlling for baseline, stratified by parent gender. Household chaos model analysed at the family level (one observation per household). 

Measure 
Intervention 

Group 
Baseline Mean 

(SD) 

Post-
Intervention 
Mean (SD) 

Difference from 
Control 1 

β (95% CI) 
p value 

1-Year Follow-
Up Mean (SD) 

Difference from 
Control 1 

β (95% CI) 
p Value 

Analysis of mothers in the home visit groups (n = 52) compared to the control group (n = 25) 

General Stress 
Intervention 6.60 (2.02) 6.02 (2.10) −0.60 

(−1.47, 0.27) 
0.18 

6.55 (1.89) −0.15 
(−1.13, 0.83) 

0.76 Control 6.32 (2.12) 6.63 (1.69) 6.63 (1.92) 

Parenting Distress 
Intervention 28.04 (9.70) 26.80 (8.91) −0.62 

(−4.90, 3.65) 
0.77 

28.49 (8.91) −1.92 
(−5.37, 1.53) 

0.27 Control 29.68 (6.64) 28.13 (9.28) 30.91 (8.26) 

Depressive 
Symptoms 

Intervention 6.78 (5.39) 5.98 (5.23) −0.57 
(−2.98, 1.84) 

0.64 

6.00 (4.48) −0.92 
(−2.87, 1.04) 

0.35 Control 6.80 (4.34) 6.67 (5.01) 6.73 (4.73) 

Analysis of fathers in the home visit groups (n = 37) compared to the control group (n = 19) 

General Stress 
Intervention 6.78 (1.86) 6.72 (1.63) 0.56 

(−0.43, 1.56) 
0.26 

6.03 (2.14) −0.90 
(−2.08, 0.27) 

0.13 Control 6.26 (2.10) 5.88 (2.20) 6.57 (2.06) 

Parenting Distress 
Intervention 29.03 (8.03) 27.81 (7.16) −1.28 

(−4.60, 2.04) 
0.44 

28.03 (8.12) −0.41 
(−4.56, 3.74) 

0.84 Control 27.53 (5.50) 28.65 (5.72) 27.57 (4.38) 

Depressive 
Symptoms 

Intervention 7.19 (5.25) 6.13 (4.63) −0.91 
(−3.48, 1.67) 

0.48 

6.57 (4.31) −0.70 
(−2.98, 1.58) 

0.54 Control 7.63 (3.39) 7.06 (4.38) 7.86 (3.23) 

Analysis of families in the home visit groups (n = 52) compared to control group (n = 25) 

Household Chaos Intervention 31.02 (8.39) 30.92 (8.07) 0.65 
(−3.06, 1.77) 

0.60 

30.29 (7.89) −2.57 
(−5.34, 0.21) 

0.07  Control 31.04 (6.31) 31.74 (6.45) 33.00 (6.20) 

1 Linear regression coefficient after controlling for baseline. 
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5.4.2 Mean Stress Levels 

As shown in Table 5.2, mothers and fathers reported moderate levels of stress on all 

measures at all time points and across all treatment groups. Across the three timepoints, 

mothers’ general stress means ranged from 6.0 to 6.6 out of a maximum score of 10. 

Fathers’ general stress scores ranged from 5.9 to 6.8. Mothers’ parenting distress mean 

scores ranged from 26.8 to 30.9 out of a maximum score of 60, which ranks between the 

59th and 68th percentiles of the PSI scoring reference (Abidin, 2012). Fathers’ parenting 

distress scores ranged from 27.5 to 29.0, which falls within the 62nd and 64th percentiles. 

Mothers’ depressive symptoms scores ranged from 6.0 to 6.8; fathers’ scores ranged 

from 6.1 to 7.9. While these CES-D means may seem low in relation to the maximum 

score of 30 points, they should be interpreted as moderate given that a CES-D score of 

10 or greater indicates significant depressive symptomology consistent with clinical 

diagnosis (Andresen et al., 2013). Household chaos means ranged from 30.3 to 33.0 out 

of a maximum score of 60 points.  

5.4.3 Post-Intervention 

No intervention effect was observed for any of the stress measures among 

mothers or fathers at post-intervention after controlling for baseline measures. Among 

mothers randomized to the intervention, there was a non-significant difference of −0.60 

(95% CI: −1.47, 0.27) compared to control, after adjustment for baseline. Among fathers, 

there was a non-significant difference of 0.56 (95% CI: −0.43, 1.56) in the intervention 

compared to control, after adjustment for baseline. For parenting distress, mothers 

randomized to the intervention had a non-significant difference of −0.62 (95% CI: −4.90, 
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3.65) to control, after adjustment for baseline. Among fathers in the intervention, there 

was a non-significant difference of −1.28 (95% CI: −4.60, 2.04) compared to the control 

after adjustment for baseline. Differences in depressive symptoms followed a similar 

trend; no significant differences were found for either mothers or fathers. Among mothers 

randomized to the intervention, there was a non-significant difference of −0.57 (95% CI: 

−2.98, 1.84) compared to the control, after adjustment for baseline. As was found for 

mothers’ depressive symptoms scores, there was no significant difference between 

fathers in the intervention compared to those in the control after controlling for baseline 

(−0.91, 95% CI: −3.48, 1.67).  

At the family level, household chaos scores were similar at baseline and post-

intervention. The difference of 0.65 (95% CI: −3.06, 1.77) was not statistically significant.  

5.4.4 1-Year Follow-Up 

Similar to the results at post-intervention, no intervention effect was observed for 

any of the stress measures among mothers or fathers at 1-year follow-up after controlling 

for baseline (Table 5.2). Specifically for general stress, the difference between the 

intervention and control was not significant (−0.15, 95% CI: −1.13, 0.83) after controlling 

for baseline. Among fathers, there was a non-significant difference in general stress at 1-

year post-intervention after controlling for baseline (−0.90, 95% CI: −2.08, 0.27). The 

mean parental distress score at 1-year follow-up among mothers randomized to the 

intervention compared to the control yielded a non-significant difference of −1.92 (95% 

CI: −5.37, 1.53). Likewise, for fathers, the mean parental distress among those 

randomized to the intervention was not significantly different from the control at 1-year 
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after controlling for baseline (−0.41, 95% CI: −4.56, 3.74). Among mothers randomized 

to the intervention, the mean depressive symptoms score was not significantly different 

from mothers randomized to the control (-0.92, 95% CI: −2.87, 1.04) after controlling for 

baseline. Among fathers, comparison of mean depressive symptoms scores at 1-year 

follow-up for the intervention and control resulted in a non-significant difference of −0.70 

(95% CI: −2.98, 1.58) after controlling for baseline.  

At 1-year follow-up, mean household chaos among families randomized to the 

intervention compared to the control resulted in a non-significant difference of −2.57 (95% 

CI: −5.34, 0.21) after controlling for baseline.  

5.5 Discussion 

The purpose of this study was to investigate differences in family-based stress 

between intervention and control groups at post-intervention and 1-year follow-up in a 

sample of Canadian mothers and fathers participating in the GFHS, a home-based 

obesity prevention randomized control trial. Our results suggest no harmful impact of the 

intervention program on the family environment across the four dimensions examined.  

The GFHS pilot studies demonstrated success in increasing children’s fruit and 

vegetable consumption (Mirotta et al., 2018) and at post-intervention, children and 

parents had lower indices of body fat (Haines et al., 2018; Krystia et al., 2019). This 

suggests that the GFHS intervention program did meaningfully change some family 

behaviours, but until the present study, it was unknown how these changes could impact 

families’ stress levels.  
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The program may have encouraged families to implement more structured, 

organized behavioural patterns focused around these health goals, thus calming the 

home environment and increasing parenting confidence; however it is also possible that 

the program may have caused conflict or confusion from the disruptions to the families’ 

typical behaviours. Our results suggest that family stress levels were not different when 

comparing intervention to control families, despite evidence that behavioural changes did 

indeed occur among both parents and children (Haines et al., 2018; Krystia et al., 2019; 

Mirotta et al., 2018).  

There are several potential explanations for these results. Careful planning and 

consideration went into designing the GFHS intervention to have a minimal burden on 

participants, such as the health educator visits occurring within the family’s home instead 

of at a research centre, the use of online surveys to allow for more convenient completion, 

and financial compensation for the family’s time. Thus, participation in the study may not 

have been particularly burdensome to families. In addition, the use of motivational 

interviewing, a client-centred counselling technique that empowers participants to choose 

their own goals and strategies to achieve them (O’Kane et al., 2019), may have helped 

to relieve the burden from the participants compared to other more expert-led intervention 

techniques. The exact characteristics of the intervention protocol that contributed to these 

effects would require further research to disentangle but likely all factors had an influence.  

The current body of evidence on household stress is based mostly on clinical 

populations such as children with behavioural problems, developmental delays, or chronic 

illness (Barroso et al., 2018; Hayes & Watson, 2013; Levine et al., 2007; Rao & Beidel, 
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2009), or special interest family situations such as parents who are military 

servicemembers or incarcerated (Besemer & Dennison, 2018; Dekel et al., 2005; Malia, 

2007), including the few studies that have examined family stress over the course of an 

intervention program (Lester et al., 2016; Rickards et al., 2009; Schwichtenberg & 

Poehlmann, 2007; Toth et al., 2015). This study extends evidence in the literature by 

providing insight into the impact of a home-based health intervention on the family 

environment in a community-based non-clinical sample of families. Additionally, our 

inclusion of both mothers’ and fathers’ perceptions addresses a substantial gap in the 

literature (Davison et al., 2018). The present study also includes follow-up beyond the 

post-intervention period to better understand the nature of these associations.  

Despite this study’s many strengths, there are some limitations that merit 

consideration. First, these analyses are based on a small cohort of families because the 

GFHS pilot was not designed as a fully powered study; thus, there is a risk that important 

effects were not identified. Second, with respect to the general stress measure, a single 

item may not be sufficient to capture the many dimensions of everyday stress. Third, our 

protocol is to ask only Parent 1 (defined as the first parent to enrol in the study) items 

relating to the household; as such, it is possible that perceptions of the home environment 

chaos may differ between cohabitants. Fourth, the majority of families in our sample 

identified as white and nearly half had an annual household income of over $100,000, 

which limits the generalizability of our results. Additional research with a diverse sample 

of families is needed because the socio-cultural environment, including ethnic and 

economic factors, is an important consideration for parenting practices and family stress 
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(Harkness & Super, 1996; Hoff et al., 2002; Nomaguchi & House, 2013). Finally, while it 

is most likely that any differences in stress due to the intervention would be evident in the 

post-intervention period, it is possible that the true nature of these associations requires 

a longer follow-up period to be discovered. Continued longer-term monitoring of the 

participants’ stress may be an important consideration for our participants’ retention in the 

study. Indeed, any family-focused or home-based intervention program should consider 

how disruptions to the family dynamic may influence participants’ willingness to adhere 

to the program.  

5.6 Conclusions 

The GFHS has several behaviour change goals aimed at preventing childhood 

obesity; however, reducing family stress levels was not among the primary intentions of 

the program. While these results show no differences in family stress between the 

intervention and control groups, the overall mean stress levels seen here indicate that 

families may benefit from intervention strategies specifically aimed at reducing family 

stress. Program designs that integrate family physical and mental health promotion 

should be further investigated. In conclusion, these results demonstrate a need for 

continued research into how home-based health interventions influence the family 

environment. In particular, there is a need for intervention programs that incorporate 

specific stress-reduction messaging into family health programs. 
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CHAPTER 6 

6 Integrative Discussion 
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6.1 Thesis Objectives 

It has been suggested that chronic stress within the home environment is associated 

with poorer health and wellbeing among both parents and children, compared to their less 

stressed counterparts. More specifically, parents and children in stressful home 

environments may have greater risk of cardiovascular health issues and chronic disease, 

either directly through the metabolic consequences of chronic stress perception or 

through stress adversely impacting health behaviours. The overall aim of this thesis was 

to explore family-based stress among parents and young children, focusing specifically 

on associations with cardiometabolic health. To accomplish this aim, three independent 

studies were conducted among Canadian families with preschool-aged children 

participating in the Guelph Family Health Study (GFHS). 

Study 1 aimed to investigate household chaos and a range of cardiometabolic 

biomarkers, including adiposity, blood pressure, lipid and glucose metabolism, and 

inflammation. The results of Study 1 indicated that family stress may have an influence 

on cardiometabolic health, particularly among parents. However, the mechanisms by 

which these associations occur requires additional research. Study 2 expanded upon the 

findings of Study 1 by exploring additional types of stress and implications for 

inflammatory health. Additionally, Study 2 capitalized upon a dietary proxy of inflammation 

to circumnavigate the limited sample sizes available for blood samples among this cohort. 

The analyses conducted in Study 3 explored how an established health promotion 

intervention for families may have additional spillover benefits to families’ stress levels. 

Conversely, it was also important to consider how participation in such an intervention 
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program may adversely impact families’ stress levels, such that efforts to improve 

children’s health may be at the expense of additional hassles or disruptions to existing 

family routines. Persistence of these trends beyond the initial post-intervention period is 

another important consideration that this study aimed to explore. The following is a 

discussion of the collective interpretation of the findings in this thesis, with overall 

conclusions and recommended directions for future research.   

6.2 Summary and Discussion of Major Findings 

6.2.1 Family Stress Levels 

This thesis conceptualized family stress as household chaos (Studies 1, 2, and 3) 

and family dysfunction (Study 2), evaluated by self-report from one parent per family. 

Additionally, all parents reported their individual level of parenting distress and depressive 

symptoms (Studies 2 and 3) as well as general life stress (Study 3). Together, these 

measures form a multidimensional view of stress in the family environment.  

Household chaos is indicative of disorganization, lack of routines, and commotion 

within a home environment. Families in these studies reported moderate levels of 

household chaos; mean scores were near the midpoint of the 60-point scale. This is 

similar to the levels of home chaos reported by other studies using with similar samples 

of young children (Boles et al., 2017; Emond et al., 2018; Larsen & Jordan, 2020). Family 

dysfunction indicates low levels of communication, trust, and cooperation between family 

members. Means among these samples were generally similar to other reports 

(Boterhoven de Haan et al., 2015; Cooke et al., 2015) and few families were classified as 

dysfunctional per clinical guidelines. Taken together with chaos, these results indicate 
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that families in these studies lived in somewhat chaotic homes, but families were 

generally well-functioning. Family systems theories would suggest that family functioning 

and effective parenting practices would help to mitigate the influence of family stress on 

children’s health, which may help to explain the non-significant associations for children’s 

health outcomes observed in this thesis. Future research into the factors underlying the 

buffering between family stress and children will help to clarify these mechanisms.  

One of the aims of this thesis was to investigate how participation in the GFHS, a 

home-based health promotion intervention program, was associated with changes in 

family stress. No significant differences between intervention and control groups were 

detected, which indicates that the program was manageable for families but that stress-

specific resources would be needed to promote benefits to stress levels. Studies 1 and 2 

investigated associations between stress and health outcomes at baseline, and so it is 

unknown how the features of the GFHS program may help to offset these outcomes we 

investigated over time. For example, the GFHS has reported benefits to children’s fruit 

and fibre intake (Mirotta et al., 2018), children’s body composition (Haines et al., 2018) 

and parents’ body composition (Krystia et al., 2019) among families in the intervention 

groups compared to the control group, thus indicating that family behaviours were indeed 

changed, but these benefits may be enhanced by including stress management as an 

additional goal. Similar to the Head Start models of family health promotion, other 

resources such as childcare or parenting support programs may confer stress-

management benefits (Smith, 1995). Evidence-based recommendations for such stress-
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inclusive family health promotion program designs are limited by a paucity of research in 

this field.  

6.2.2 Implications for Parent Health 

Studies 1 and 2 investigated several measures of parent-reported stress and found 

that household chaos was adversely associated with parent cardiometabolic biomarkers 

and dietary inflammatory profile. Scant literature exists on fathers’ family-based stress 

and health. The studies in this thesis help to address this gap in the literature and provide 

critical insight into which areas are most in need of improvement. Comparatively, more is 

known about mothers’ experiences of the home environment and the findings from this 

thesis generally support other literature that suggests an adverse impact of family stress 

on maternal health (Marsh et al., 2020; Martin‐Biggers et al., 2018; Olstad et al., 2016; 

Richardson et al., 2015). Specifically, Studies 1 and 2 identify that adiposity and 

inflammation may be priority concerns for parental health.    

Adipose tissue serves vital roles as surplus energy storage and an active 

endocrine organ essential for metabolism (Agrawal et al., 2017). When coordinated 

properly, adipose tissue may expand to accommodate additional storage capacity without 

disrupting metabolic function. Such is the case for the metabolically healthy obese, an 

estimated 10-25% of the obese population who retain metabolic functionality and thereby 

may not be at increased risk of cardiometabolic diseases (Stefan et al., 2008). Thus, 

excess adiposity is not inherently pathological if functioning appropriately, but the risk of 

adipose tissue dysregulation cannot be overlooked because it may disrupt whole-body 

homeostasis. Failure of adipocytes to expand and extracellular matrix to remodel 
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appropriately may lead to adipocyte cell death and the release of lipids into the plasma 

or as ectopic depots within other tissues, thereby increasing the risk of cardiovascular 

disease (Agrawal et al., 2017). Similarly, failure of adipose tissue to retain insulin 

sensitivity may lead to systemic hyperglycemia and unregulated secretion of free fatty 

acids (Groop et al., 1989; Y. S. Lee et al., 2018). The results of Study 1, despite showing 

positive associations between chaos and adiposity, did not find evidence of metabolic 

disruption that would indicate a direct pathological link between stress and 

cardiometabolic health among parents, however these biomarkers should continue to be 

observed to proactively address any future complications.  

Despite extensive research on obesity prevention, this remains a key area of global 

public health concern. The bulk of research attention has been paid to diet and exercise 

as preventative or therapeutic strategies, but these avenues have not resulted in 

universally successful solutions (Holmes et al., 2009). Though commonly used 

synonymously, there is a distinction between obesity prevention and health promotion 

programs. Given that obesity is not always accompanied by metabolic dysregulation, and 

conversely, that a clinically recommended level of adiposity is not alone a guarantee of 

metabolic health, continued emphasis on health promotion strategies that are inclusive of 

a wide range of functional health endpoints is recommended. Broadening our approach 

to include stress as one of many modifiable factors that influence cardiometabolic health 

may provide new opportunities to understand chronic disease prevention and 

therapeutics. For example, in a comparative study of a weight reduction program and a 

stress management program, both programs resulted in weight loss but the stress 
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management one also provided benefits to blood pressure, depression, and perceived 

stress (Webber et al., 2016). These interdisciplinary approaches combine expertise from 

multiple domains to best tackle these complex and multifactorial public health quandaries.  

Investigating inflammatory-related correlates of family stress was a primary goal of 

this thesis. Study 1 indicated that parents’ CRP was positively associated with household 

chaos and Study 2 found trends of more proinflammatory dietary patterns among parents 

in chaotic and dysfunctional home environments. Dietary sources of inflammation are an 

easily modifiable preventative strategy; encouraging parents to maintain healthful dietary 

patterns in times of stress may help to manage this issue. With regards to Study 1’s 

finding that parents may be particularly at-risk of stress-associated inflammation, there 

are several possible mechanisms that may help to understand these results. First, it may 

be that inflammation increases in parallel with adiposity; obesity is considered a low-grade 

inflammatory state (Agrawal et al., 2017), and although parents in this sample would not 

overall be considered clinically obese, there may be some increased inflammatory activity 

as adipose tissue increases. Alternatively, the reverse of this mechanism may have 

occurred; just as chronic stress may promote proinflammatory states through metabolic 

and behavioural pathways, chronic low-grade inflammatory states may precipitate mental 

health symptoms (Dowlati et al., 2010; A. H. Miller & Raison, 2016; Raison et al., 2006). 

Causation cannot be discerned from this cross-sectional study, and so further research 

targeting these underlying mechanisms is warranted.  

Chronic stress is distinct from clinical mental health disorders such as anxiety and 

depression, however, a substantially greater likelihood of developing these disorders is 
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found among those that have experienced chronic stress (Brady & Sinha, 2005; B. 

McEwen, 2000; Patriquin & Mathew, 2017). In addition to the potential metabolic 

consequences discussed throughout this thesis, chronically stressed individuals may 

have lower quality of life and functional health compared to their less stressed 

counterparts (Juster et al., 2010). Mental health-related issues have an estimated 1.5 

times the disease burden of all cancer types combined (Ratnasingham et al., 2012) and 

impact the Canadian economy by an estimated $51 billion per year in the form of 

healthcare expenditures, workforce absences, and health-related quality of life (Lim et al., 

2008; Smetanin et al., 2011). Stress is a modifiable risk factor for these preventable 

issues.  

Collectively, this thesis confirms the critical role of the home environment on 

parents’ health and reiterates the importance of including fathers in family-based health 

research. This thesis stands apart from other research that investigates the broad 

implications of chronic stress on health among the general adult population, even though 

many adults are parents. Consistent reports of psychological distress among the general 

population are concerning but identifying which domains of life contribute to these levels 

is an essential component of addressing this growing public health concern. For example, 

job-related stress is among the most well-researched domains of life and findings from 

that research has been applied to countless employee mental and physical health support 

programs, such as workplace recreation programs and mental wellness education 

programs. Family is another substantive domain of many adults’ lives, and as such, close 
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inspection of these family-based stressors is integral to determining how the home 

environment can be most conducive to parents’ health and wellbeing.  

6.2.3 Implications for Children’s Health  

Studies 1 and 2 did not find substantial associations between family stress and 

children’s health. Two non-significant associations between household chaos and 

children’s lipid biomarkers (triglycerides: β = -0.014; 95% CI: -0.029, 0.002; p = 0.08; LDL-

c: β = -0.017; 95% CI: -0.038, 0.004; p = 0.12) were suggested in study 1, but no 

associations with cardiometabolic health biomarkers reached statistical significance. 

Neither chaos nor family functioning was found to predict children’s dietary inflammatory 

potential among this sample. Our null findings for health outcomes add to the mixed 

literature in this field, particularly for adiposity (Bates et al., 2018; Jang, Owen, et al., 

2019; Riley et al., 2020; Tate et al., 2015). However, it was notable that our dietary 

analysis, albeit a relatively novel proxy for inflammatory biomarkers, were not consistent 

with other research indicating lower quality diets among children in stressed homes. The 

trends of lower fruit and vegetable consumption and greater fast food and sugar 

consumption among other stressed families appear to not have translated into more 

proinflammatory diet patterns among this sample of children, nor directly to biomarkers 

of cardiometabolic health.   

Analyses for Studies 1 and 2 included an investigation of moderation by sex, which 

led to the decision to stratify the children’s glucose analyses in Study 1 to account for 

potential differences between girls and boys, as evidenced by significant stress and sex 

interaction terms in both studies. Although no other sex moderation was detected in other 
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Study 1 models or in Study 2, there is some suggestion that young girls and boys may 

perceive and respond to family stress differently. For example, Ferretti and Bub (2014) 

found differential influence of family routines on child emotional development by child sex. 

Additionally, a study of first grade children indicated that boys may benefit more than girls 

from lower levels of chaos in the classroom (Ponitz et al., 2009). These differences in 

environmental stress perception or coping are also implicated the results of a study of 

toddlers by Riley and colleagues (2020), which detected associations between home 

chaos and BMI z-score among boys, but not girls. Other factors not examined in this 

thesis may contribute to the cognitive processing of stress and the subsequent coping 

behaviours. For example, the study by Riley and colleagues found that self-regulation 

mediated the relationship between boys’ stress and BMI z-score.  

Another possibility is that these children are too young for these cumulative effects 

to be discernable. Children’s susceptibility to chronic stress varies by age and 

developmental stage. Extensive neurological brain development occurs during early 

childhood and again at adolescence, which may enhance children’s ability to perceive 

environmental stressors as they mature (Andersen, 2003; B. S. McEwen, 2011). Puberty 

is another factor to consider among children. Others have noted substantive differences 

between children’s physiological stress response before and after puberty (Barra et al., 

2015; Blumenthal et al., 2014; Romeo, 2013) and again between adolescents and adults 

(Zhang et al., 2016), indicating that the stress system is sensitive to changes throughout 

the life course. Hormonal changes associated with puberty may pair the increased 

physiological response to stress with more novel social environments that children begin 
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to explore with their increasing independence. The children in this thesis were preschool-

aged; their susceptibility to family stress may have been mitigated by limited autonomy, 

less exposure to additional stressors such as school or peer networks, and absence of 

puberty-related developmental changes. These biological and psychosocial 

developmental factors may explain why our findings differ from other research among 

older samples. Continued monitoring of these trends as the children age may reveal 

associations that these studies did not detect.  

The home environment is also an important early life exposure when considering 

children’s health. Parent stress has been linked with parenting practices that have indirect 

health implications for children. For example, among the GFHS cohort, parents’ stress 

was associated with methods parents used to manage their children’s screen time; 

specifically, stressed parents used more of the behaviours linked with greater overall 

children’s screen time, such as using screens in front of children or during mealtimes 

(Tang et al., 2021). Additionally, stressed parents may be less likely to encourage 

children’s active play (O’Connor et al., 2017; Walton et al., 2014), adequate sleep (Boles 

et al., 2017; Meltzer & Mindell, 2007), or healthful dietary practices (Fulkerson et al., 2019; 

Martin‐Biggers et al., 2018; Parks et al., 2012; Webb et al., 2018). Together, these 

pathways may lead to greater overall risk of chronic health issues for children, including 

malnutrition and decreased physical fitness, that the studies in this thesis did not detect.  

Other research suggests that, despite environmental stressors in the family, 

supportive parenting practices such as emotional warmth may ameliorate health 

detriments for children (E. Chen et al., 2011).  Family systems frameworks that 
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conceptualize children’s health status as partially influenced by parents’ ability to cope 

with stressors and maintain effective parenting practices (e.g., Conger’s Family Stress 

Model or McCubbin and Patterson’s ABCX model) would support this interpretation of 

these results. Despite homes being somewhat chaotic, as observed in this sample, 

adequate levels of family functioning may help to offset any disruption stress has on 

children’s health practices. The findings of this thesis suggest that, although parents may 

be adversely influenced by family stress, children seem to be largely unaffected, perhaps 

because of compensatory parenting behaviours. The relationship between family stress 

and children’s health, both short- and long-term, is complex and likely involves many 

overlapping factors that should be explored in future research.  

6.3 Strengths and Limitations 

This research adds several novel findings to the family health and stress literature. 

Studies 1 and 2 examine family-wide implications of stress, including parents and 

children. Our investigation of more precise body fat indices and independent biomarkers 

(versus a composite score or broad disease outcome) addresses a specific gap in the 

literature about children’s stress and cardiometabolic health. To our knowledge, Study 3 

is the first report of its kind on the secondary impacts of a family health promotion 

intervention on family stress. Our use of multiple measures of stress provides a broad 

lens to view these associations and better captures the many dimensions of family life 

than any one measure alone. Despite increasing involvement of fathers in daily childcare 

responsibilities and evidence supporting their role in healthful children’s development, 

family health research is largely focused on mothers’ perspectives (Davison et al., 2018; 
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Macfadyen et al., 2011). The inclusion of mothers and fathers is a notable strength of this 

thesis and contributes to bridging this gap in family health research.  

Notwithstanding the contributions that this thesis makes to the field, some limitations 

should be considered when interpreting these results. Firstly, the family-level stress 

measures investigated here may not most accurately represent all of the family 

environments that a child may experience; children raised in multi-home co-parenting 

situations or with additional caregivers such as grandparents may be exposed to multiple 

home environments not captured by our measures. Secondly, perceived stress is a latent 

concept that is difficult to quantify and there are inherent biases in self-report 

methodologies, such as recall bias and social desirability response bias. There is also the 

potential for perceived stress levels to differ from physiological biomarkers of stress 

response activation. Further, any cut-points used to classify high and low stress 

perception should be interpreted as inherently subjective, despite best practices.  

As noted earlier, the inclusion of fathers’ perspectives is a rarity in family health 

research; this extends to the development of family stress tools, which have been 

predominantly validated amongst mothers. There is the potential that these scales have 

different psychometric performance among fathers or other caregivers, as some other 

studies have noted (Cooke et al., 2015; Piskernik et al., 2019). Further, there is the 

potential that different members of the family perceive stress in the home environment 

differently, which is a limitation of our decision to minimize survey burden by only asking 

one parent to report household chaos and family functioning. Our use of sex as a potential 

moderating factor in these analyses may oversimplify the nuances of the psychosocial 
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and biological mechanisms at play. The lack of more participants from throughout the 

gender spectrum precluded more diverse analyses. Also, parents in these samples 

identified predominantly as white and heterosexual, and families had relatively high 

annual household income; these results may not be generalizable to the diverse range of 

other types of parents and families.  

Our use of a dietary proxy for inflammatory biomarkers in Study 2 was a thrifty 

approach to capture inflammation-related data from participants in the absence of blood 

sampling, particularly among children. However, a limitation of this approach is that it 

does not consider the other factors associated with dietary intake, including overall trends 

in intake, multi-nutrient interactions, or concurrent behaviours such as eating meals as a 

family or while watching television, etc., which may add to the contextualization of dietary 

intake beyond the sum of isolated nutrients. Likewise, the health measures in Study 1 

may require further contextualization in terms of overall trends in biomarkers, progression 

to clinically diagnosed health issues, quality of life, and perceived health status. As with 

all cross-sectional research, identification of causal mechanisms underlying the 

associations observed here is not possible. Although there is support for the hypothesis 

that stress may have contributed to the health outcomes discussed here, reverse-

causation of poor health leading to greater stress is also possible, as is the potential for 

a cyclical stress and health pathway.  

6.4 Recommendations for Future Research 

This thesis demonstrates the connections between family stress and cardiometabolic 

health among parents and children. Thus, it is recommended that future health promotion 
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interventions include specific stress management supports for families to address both 

the mental wellbeing of families and the consequences of stress on health. There is a 

finite amount of funding and capacity available to launch and sustain family health 

promotion interventions, and as such, it is important for these programs to aim for multiple 

goals. Integration of evidence-based stress-reduction strategies within family health 

promotion programs has the potential to benefit physical and mental wellbeing and may 

even support greater benefits to physical health if families have more mental capacity to 

fully engage in the program. More precise identification of which factors within the home 

ecology contribute specifically to stress levels may also be helpful in targeting these 

strategies, such as establishing routines, communication, or difficult child behaviours. 

Further investigation of these mechanisms among a larger and more socio-

demographically diverse sample will help better elucidate opportunities for improvement.  

The use of child-perceived stress measures, either by self-report or physiological 

biomarkers of stress response activation, will better discern which factors within the home 

environment are most relevant to children’s stress levels. Additionally, little is known 

about how perceived stress may differ between members of the same family environment; 

insights into this will help to inform future participant assessment methods. Continued 

examination of these trends throughout the life course and potential intergenerational 

relationships would also help to better understand the long-term implications of family 

stress.  

At the time of writing this thesis, the 2019-novel coronavirus pandemic is ongoing and 

there are widespread reports of the adverse physical and mental health consequences of 
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physical isolation on families. Factors such as restricted access to childcare, financial 

instability, isolation form social support systems, and unequal distribution of household 

labour are among the areas that highlight where parents need support (Carroll et al., 

2020; Gassman-Pines et al., 2020; Landivar et al., 2020; Power, 2020). Continued 

observation of these substantial stressors for families as well as the long-term 

biopsychosocial impacts of the pandemic will be an important area of research and future 

emergency response systems policies.  

6.5 Conclusions 

Together, the findings of the studies in this thesis demonstrate the connections 

between mental and cardiometabolic health and highlight the importance of supporting 

families in managing stress within the home environment. Although further examination 

is needed to identify specific sources of stress and which behavioural pathways can be 

targeted to mitigate these health consequences, these findings have direct clinical 

relevance to family health and support the need to assist families with healthful stress 

management techniques. Addressing these issues early in childhood has the potential to 

support long-term risk reduction for chronic illness and to promote health and happiness 

for parents and children.   
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Appendix A: Stress Scales 

A.1 Household Chaos 

Please indicate how much you agree or disagree with each of the statements below using 

the following options:  

□ Very much like your own home environment (1) 

□ Somewhat like your own home environment (2) 

□ A little bit like your own home environment (3) 

□ Not at all like your own home environment (4) 

□ I am not comfortable answering this question. 

1. There is very little commotion in our home. 

2. We can usually find things when we need them.  

3. We almost always seem to be rushed.*  

4. We are usually able to stay on top of things.  

5. No matter how hard we try, we always seem to be running late.*  

6. It's a real zoo in our home.*  

7. At home we can talk to each other without being interrupted.  

8. There is often a fuss going on at our home.*  

9. No matter what our family plans, it usually doesn't seem to work out.*  

10. You can't hear yourself think in our home.*  

11. I often get drawn into other people's arguments at home.*  

12. Our home is a good place to relax.  

13. The telephone takes up a lot of our time at home.*  

14. The atmosphere in our home is calm.  

15. First thing in the day, we have a regular routine at home. 

*Indicates reverse-scored items. 

Source: Matheny, A. P., Wachs, T. D., Ludwig, J. L., & Phillips, K. (1995). Bringing order 

out of chaos: Psychometric characteristics of the confusion, hubbub, and order scale. 

Journal of Applied Developmental Psychology, 16(3), 429–444. 

https://doi.org/10.1016/0193-3973(95)90028-4 



 

 

161 

 

A.2 Family Functioning  

Please answer the following questions about how your family's general functioning.  

□ Strongly agree (1)  

□ Agree (2)  

□ Disagree (3)  

□ Strongly disagree (4)  

□ I am not comfortable answering this question.  

 

1. Planning family activities is difficult because we misunderstand each other.*  

2. In times of crisis we turn to each other for support.* 

3. We cannot talk to each other about the sadness we feel.  

4. Individuals are accepted for what they are.  

5. We avoid discussing our concerns and fears*.  

6. We can express feelings to each other.  

7. There are lots of bad feelings in the family.*  

8. We feel accepted for what we are.  

9. Making decisions is a problem for our family.* 

10. We are able to make decisions about how to solve problems.  

11. We don't get along well together.*  

12. We confide in each other. 

*Indicates reverse-scored items. 

Source: General Functioning subscale of the McMaster Family Assessment Device. 

Epstein, N. B., Baldwin, L. M., & Bishop, D. S. (1983). The McMaster Family 

Assessment Device. Journal of Marital and Family Therapy, 9(2). 

https://doi.org/10.1111/j.1752-0606.1983.tb01497.x 
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A.3 Parenting Distress  

Please indicate how much you agree or disagree with each of these statements using the 

following options:  

□ Strongly disagree (1)  

□ Disagree (2)  

□ Neither disagree nor agree (3)  

□ Agree (4)  

□ Strongly agree (5)  

□ I am not comfortable answering this question 

1. I often have the feeling that I cannot handle things very well. 

2. I find myself giving up more of my life to meet my children’s needs that I ever 

expected. 

3. I feel trapped by my responsibilities as a parent.  

4. Since becoming a parent, I have been unable to do new and different things.  

5. Since becoming a parent, I feel that I am almost never able to do things that I like 

to do.  

6. I am unhappy with the last purchase of clothing I made for myself.  

7. There are quite a few things that bother me about my life.  

8. Having a child has caused more problems than I expected in my relationship with 

my spouse (or male/female friend).  

9. I feel alone without friends.  

10. When I go to a party, I usually expect not to enjoy myself.  

11. I am not as interested in people as I used to be.  

12. I don’t enjoy things as I used to.  

Source: General Distress subscale of the Parenting Stress Index. Abidin, R. R. (2012). 

Parenting Stress Index Professional Manual (4th ed.). Par Inc. 
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A.4 Depressive Symptoms  

Below is a list of some ways you may have felt or behaved. Please indicate how often 

you have felt this way during the last week. 

□ Rarely or none of the time (less than 1 day) (0)  

□ Some or a little of the time (1 to 2 days) (1)  

□ Occasionally or a moderate amount of the time (3 to 4 days) (2)  

□ Most or all of the time (5 to 7 days) (3)  

□ I am not comfortable answering this question. 

During the past week: 

1. I was bothered by things that usually don't bother me.  

2. I had trouble keeping my mind on what I was doing.  

3. I felt depressed. 

4. I felt that everything I did was an effort.  

5. I felt hopeful about the future.* 

6. I felt fearful.  

7. My sleep was restless.  

8. I was happy.*  

9. I felt lonely.  

10. I could not get going. 

*Indicates reverse-scored items. 

Source: Andresen, E. M., Byers, K., Friary, J., Kosloski, K., & Montgomery, R. (2013). 

Performance of the 10-item Center for Epidemiologic Studies Depression scale for 

caregiving research. SAGE Open Medicine, 1, 205031211351457. 

https://doi.org/10.1177/2050312113514576 
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A.5 General Life Stress 

Using a scale from 1 to 10, where 1 means ‘no stress’ and 10 means ‘an extreme amount 

of stress,’ how much stress would you say you have experienced in the last year? 

□ 1  

□ 2  

□ 3  

□ 4  

□ 5  

□ 6 

□ 7 

□ 8 

□ 9 

□ 10 

□ I am not comfortable answering this question. 

Source: Parks, E. P., Kumanyika, S., Moore, R. H., Stettler, N., Wrotniak, B. H., & Kazak, 

A. (2012). Influence of stress in parents on child obesity and related behaviors. Pediatrics, 

130(5), e1096–e1104. https://doi.org/10.1542/peds.2012-0895 
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Appendix B: Study 3 Supplementary Table 

Table B.6.1: Linear regression results comparing intervention (two home visit and four home visit groups) and control groups with respect to stress 
levels at post-intervention and at 1-year follow-up after controlling for baseline, stratified by parent gender. Household chaos model analysed at the 
family level (one observation per household). 

Measure 
Intervention 

Group 
Baseline 

Mean (SD) 

Post-
Intervention 
Mean (SD) 

Difference from Control 1 
β (95% CI), p Value 

1-Year 
Follow-Up 
Mean (SD) 

Difference from Control 1 
β (95% CI), p Value 

Analysis of mothers in the 2 home visit (n = 14) and 4 home visit (n = 37) groups compared to the control (n = 25) 

General 
Stress 

Control 6.32 (2.12) 6.63 (1.69) −1.07 (−2.27, 0.13), p = 0.08 6.64 (1.92) −0.34 (−1.68, 1.01), p = 0.62 

2HV 5.92 (2.33) 5.21 (2.01) 6.29 (2.33) 

4HV 6.84 (1.88) 6.33 (2.08) −0.42 (−1.35, 0.51), p = 0.37 6.66 (1.71) −0.08 (−1.13, 0.97), p = 0.88 

Parenting 
Distress 

Control 29.68 (6.64) 28.13 (9.28) 0.71 (−5.31, 6.72), p = 0.81 30.91 (8.26) −3.01 (−7.74, 1.73), p = 0.21 

2HV 23.07 (5.86) 26.14 (8.20) 25.36 (6.06) 

4HV 29.92 (10.25) 27.06 (9.27) −1.10 (−5.65, 3.45), p = 0.63 29.74 (7.57) −1.52 (−5.18, 2.14), p = 0.41 

Depressive 
Symptoms 

Control 6.80 (4.34) 6.67 (5.01) −0.50 (−3.80, 2.79), p = 0.76 6.73 (4.73) −0.35 (−1.67, 0.97), p = 0.60 

2HV 4.71 (4.38) 5.43 (4.57) 4.57 (2.53) 

4HV 7.58 (5.58) 6.19 (5.51) −0.60 (−3.19, 2.00), p = 0.65 6.57 (4.97) 0.06 (−1.00, 1.12), p = 0.91 

Analysis of fathers in the 2 home visit (n = 11) and 4 home visit (n = 26) groups compared to the control (n = 19) 

General 
Stress 

Control 6.26 (2.10) 5.88 (2.20) 0.32 (−1.01, 1.66), p = 0.63 6.57 (2.06) −0.57 (−2.13, 0.99), p = 0.46 

2HV 6.82 (1.78) 6.60 (1.58) 6.33 (2.29) 

4HV 6.77 (1.69) 6.77 (1.69) 0.66 (−0.41, 1.74), p = 0.22 5.90 (2.11) −1.05 (−2.31, 0.22), p = 0.10 

Parenting 
Distress 

Control 27.53 (5.50) 28.65 (5.72) −1.62 (−6.07, 2.83), p = 0.47 27.57 (4.38) −1.24 (−6.77, 4.29), p = 0.65 

2HV 28.27 (9.33) 27.10 (4.89) 27.33 (6.36) 

4HV 29.35 (7.59) 28.14 (8.07) −1.12 (−4.74, 2.49), p = 0.54 28.33 (8.89) −0.06 (−4.52, 4.41), p = 0.98 

Depressive 
Symptoms 

Control 7.63 (3.39) 7.06 (4.38) −0.78 (−4.26, 2.71), p = 0.66 7.86 (3.23) −0.10 (−1.97, 1.78), p = 0.92 

2HV 5.82 (3.52) 5.70 (3.89) 4.00 (2.35) 

4HV 7.77 (5.80) 6.32 (5.01) −0.97 (−3.78, 1.84), p = 0.49 7.67 (4.53) −0.61 (−2.11, 0.89), p = 0.42 

Analysis of families in the 2 home visit (n = 14) and 4 home visit (n = 36) groups compared to control (n = 24) 

Household 
Chaos 

Control 31.04 (6.31) 31.74 (6.45) -0.43 (-3.66, 2.81), p = 0.79 33.00 (6.20) -3.42 (-7.16, 0.32), p = 0.07 

2HV 30.50 (8.48) 31.00 (8.17) 29.54 (8.08) 

4HV 31.22 (8.47) 30.89 (8.14) -0.74 (-3.33, 1.86), p = 0.57 30.57 (7.92) -2.22 (-5.19, 0.73), p = 0.14 
1 Linear regression coefficient after controlling for baseline. 


