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Abstract
Objectives: This study examined the relationships between dog ownership, dog walking, and the emotional bond with a dog to neighborhood engagement and life satisfaction among those over age 50. 
Methods: Using data from the Health and Retirement Study (N=476), two path analysis models were conducted to test the research hypotheses. 
Results: Findings indicated that dog ownership did not have a direct or indirect relationship on life satisfaction. However, time spent in dog walking was associated with frequency of social interactions, which itself had a positive association with life satisfaction. The bond with a dog was not directly associated with life satisfaction but was associated with dog walking.
Discussion: Dog walking is a promising strategy for simultaneously promoting better health and social engagement, and these factors in turn can promote greater life satisfaction of older adults.
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Neighborhood Engagement, Dogs, and Life Satisfaction in Older Adulthood
Contact with neighbors may have a positive impact on older adults’ well-being. The overall subjective experience of well-being is often conceptualized as life satisfaction (Diener et al., 1985). Therefore, understanding how to promote both neighborhood engagement and life satisfaction in this growing population is necessary. The relationship with one’s dog may be one way to support neighborhood engagement and thereby foster well-being in the lives of older adults. Therefore, the aim of this study was to examine the relationship between dog ownership, dog walking, and the emotional bond with a dog to contact with neighbors and life satisfaction in a nationally representative sample of adults in the United States over the age of 50.
Neighborhood Engagement and Life Satisfaction in Older Adulthood
        	Social contact with neighbors is an important aspect of social engagement for many older
adults. Interactions with neighbors have been shown to be positively associated with well-being for those over the age of 70 (Cramm et al., 2013; Gardner, 2011). A longitudinal analysis found adults age 40-70 who experienced high levels of social contact with neighbors reported higher levels of psychosocial well-being than those who experienced low or declining levels of social contact over the ten-year period (Greenfield & Reyes, 2015). Another longitudinal analysis of adults age 65+ found that higher levels of informal social contacts were associated with less impairment in cognitive physical functioning over time (Janke et al., 2008). The desire for social contact can be a significant motivator for older adults to leave their home and walk in their neighborhood even when there are physical (e.g., pain, mobility issues) and/or environmental (e.g., temperature, physical obstructions) barriers (Gardner, 2014). Social contact with neighbors may be particularly supportive or important for those who live alone (Bromell & Cagney, 2014), have less contact with family members (Shaw, 2005), have lower levels of physical functioning (Choi & Matz-Costa, 2018), or live in rural areas (Mair & Thivierge-Rikard, 2010).
Social engagement has been positively associated with life satisfaction in older adulthood. The level of social engagement positively predicted older adults’ levels of life satisfaction, and appeared to be of increasing importance for those 65+ (Huxhold et al., 2013). The positive association between social engagement and life satisfaction was stronger for community dwelling older adults age 60-84 with a disease or disability than those without (Jang et al., 2004). Therefore, engaging with others appears to positively impact life satisfaction. 
In addition, life satisfaction may positively impact physical health. Higher life satisfaction was associated with reduced mortality risk in a large sample of adults age 50+ (Boehm et al., 2015). Life satisfaction was also associated with reduced risk for metabolic syndrome in a longitudinal study using data from the Survey of Midlife in the U.S. of individuals age 35-86 (Boylan & Ryff, 2015). Furthermore, life satisfaction was associated with college students’ performance of protective health behaviors (e.g., not smoking, regular physical activity; Grant et al., 2009). This subjective construct’s robust associations with physical outcomes have led experts to call for its inclusion as a measure of public health (Barile et al., 2013; Diener & Chan, 2011), particularly in older adulthood (Steptoe et al., 2015). Identifying aspects of daily life that promote neighborhood engagement as well as life satisfaction may promote older adults’ well-being. Dogs may present such an opportunity.
[bookmark: _Hlk40138586]The impacts of dogs. Evidence strongly suggests that dogs facilitate neighborhood interpersonal interactions (e.g., McNicholas & Collis, 2000; Putnam, 2001; Wood et al., 2015). Dogs’ ability to provide a common, dynamic point of focus and promote conversation has been labelled by the human-animal interaction literature as dogs functioning as a social lubricant (McNicholas & Collis, 2000). Dogs were found to act as catalysts for social interactions in adulthood (McNicholas & Collis, 2000) and in older adulthood (over age 65; Rogers et al., 1993). Dog ownership was found to promote their owners’ social capital (i.e., the resource of normalized interpersonal connections and reciprocity as described by Putnam, 2001; e.g., Wood et al., 2015). Therefore, dog ownership and dog walking are likely to provide unique opportunities to interact with other people outside of the home.
        	Dog walking has long been associated with more friendly conversations with people in public settings such as parks (Messent, 1983) and neighborhoods (Wood et al., 2015). Companion dogs’ promotion of interpersonal interactions through dog walking has been found to be of particular importance to older adults’ (age 50+) psychosocial well-being (Knight & Edwards, 2008; Toohey et al., 2013). While there is strong evidence for a positive association between dog ownership and social engagement in older adulthood, the impact of dogs on life satisfaction is less understood.
The evidence for the impact of a pet on life satisfaction is mixed. Himsworth and Rock (2013) found living with a pet was negatively associated with life satisfaction for adults ages 65 and older; however, individuals who lived alone and were divorced were more likely to experience a benefit from pet ownership than other demographic groups. Their study found no relationship between pet ownership and satisfaction for those who lived alone, were single, or widowed. Meanwhile, Irani et al. (2006) found that lung transplant recipients who lived with a pet had higher life satisfaction than those who did not. Irani et al.’s findings may reflect the increased social support that pets provide when physical health declines. While the literature exploring the relationship between life satisfaction and dog ownership is limited, there is a large body of literature supporting the positive impact of the emotional bond with a pet on older adults’ psychosocial well-being.
        	 The emotional bond with a pet has repeatedly been found to be the most relevant aspect of the relationship for adults age 64+ (Chur-Hansen et al., 2009; Peretti, 1990). Having a pet was found to mitigate loneliness for adults age 60+ living alone (Stanley et al., 2014) and provide a social and emotional coping resource for community-dwelling women over 55 (Krause-Parello, 2012). The studies highlight the salience of the bond people establish with their pets. The bond has also been positively associated with dog walking behavior (Curl et al., 2017).
The present study
        	The primary objective of this study was to examine the contributions of dog ownership and dog walking on contact with neighbors and life satisfaction. We hypothesized that dog owners would have more contact with neighbors and greater life satisfaction than non-owners. Next, we wanted to know whether dog walking was associated with these outcomes. Finally, we examined the impact of the emotional bond with one’s dog on dog walking and the outcome variables.
Methods
Data
	The data came from the 2012 wave of the Health and Retirement Study (HRS), which is conducted by the University of Michigan and sponsored by the National Institute on Aging (grant number NIA U01AG009740) and the Social Security Administration. The present study used publicly-available and de-identified secondary data from the 2012 Core and Module 9, which included an experimental Human-Animal Interaction (HAI) module (HRS, 2014). This was the only wave which included the HAI module. The data file was created by merging the HAI data file with the version P of the HRS data prepared by the RAND Corporation (Bugliari et al., 2016; RAND Center for the Study of Aging, 2016). Human subjects’ approval was obtained through the Miami University (Ohio) Institutional Review Board (approval number: 01911e).
For inclusion in this study, individuals had to respond to the 2012 HRS Core interview, the Leave Behind Questionnaire and the HAI module, and be over the age of 50. Cases were excluded if the data were provided by a proxy respondent, or if the respondent had become a non-pet owner within the year before the interview. Finally, only respondents who had complete data for the study variables were retained. These sample selection criteria resulted in a final sample size of 476 cases (188 dog owners and 288 non-pet owners).
Measurement
Social engagement. A measure for the average number of social contacts per week was created using responses from the survey question about how often respondents get together with any neighbors or members of their institutional setting just to chat or for a social visit and the unit of time (e.g., week, month; 7x/week and 30x/month were both coded as interacting daily). 
Life satisfaction (outcome measure). Life satisfaction was assessed using a single global measure that asked respondents to think about their life-as-a-whole and rate their level of satisfaction (0=not at all satisfied to 4=completely satisfied).
Dog ownership, amount of dog walking, and degree of pet bonding. Individuals owning one or more dogs were coded as 1 (0=non-pet owners). Amount of dog walking was created by multiplying the number of times that the person walked their dog(s) by the average amount of time the dog(s) was walked each time (0-60+ minutes per day; top-coded due to the small number walked dogs more than 60 minutes). For degree of bonding, the HRS modified the Pet Attachment Scale (Garrity et al., 1989) into six dichotomous items (1=yes, 0=no). Items included “Do you consider your pet a friend?” and “Do you talk to others about your pet?” Responses were summed together, for a possible range of 0-6 (higher scores = more pet bonding). In the subsample of dog owners, the reliability of pet bond items is .64 (standardized Cronbach’s alpha), which is less than the desired minimum recommended criterion of .70 (Nunnally & Bernstein, 1994). Pet bonding has a high degree of face validity, as it asks about one’s relationship with the pet (e.g., consider the pet a friend, talk and play with the pet), and interactions with others (i.e., talk about one’s pet with others). 
Control variables. Five measures were used as control variables in this study: education (0-17+ years), age (centered by subtracting 51 from all responses), marital/partnership status (1=living with spouse/partner), household income, and self-rated health. Total (annual) household income summed all sources of income earned by the respondent and his/her spouse/partner (if applicable). To address issues of non-normality, household income was transformed by adding $100 to all values and then taking the natural log. Self-rated health was assessed using a single global item that asked “Would you say your health is excellent, very good, good, fair, or poor?” (reverse coded; 0=poor to 4=excellent).
Data analysis
Univariate means, standard deviations and frequencies were examined to determine the distribution of the data prior conducting multivariate analyses. To test for significant differences in demographic characteristics between dog owners and non-pet owners, independent samples t-tests and chi-squares were utilized. An alpha level of .05 was selected as the criterion for determining statistical significance for all analyses.
To test the research hypotheses, we ran Structural Equation Modeling (SEM) path analysis models in IBM SPSS AMOS 25.0. Model specification and identification procedures were conducted, starting with a fully identified model. In order to improve the model fit, both theoretical and empirical suggestions were considered. To evaluate model fit, Bentler Comparative Fit Index (CFI), the Steiger-Lind Root Mean Square Error of Approximation (RMSEA), and the Standardized Root Mean Square Residual (SRMR) were checked (Kline, 2016). Based on these indices, models were trimmed to construct the best fitting model. 
<Insert Figure 1 about here>
Using the entire sample of dog owners and non-pet owners, the first model tested whether dog owners had better life satisfaction than non-pet owners, as well as the mediation effect of dog ownership on life satisfaction through the variable of social contact with neighbors (see Figure 1). Mahalanobis distance results suggest that there were non-normal observations, so the Bollen-Stine Bootstrap approach was utilized to evaluate model fit of this model with a 90% bias-corrected confidence interval (Curran et al., 1996). The null hypothesis for this approach is that the model is correct, so a better fitting model would not be statistically significant (Kim & Millsap, 2015). 
For the second model, we used a subsample that included only dog owners (N=188) to examine whether the amount of dog walking predicted degree of life satisfaction, and whether amount of dog walking had an indirect effect on life satisfaction through frequency of social contacts with neighbors. We also tested whether pet bonding had an effect on life satisfaction through the amount of dog walking and frequency of social contacts. Since bootstrap estimates for models with smaller sample sizes are more biased, for the second model we used maximum likelihood estimation and report the result of the chi-square test. Similar to the Bollen-Stine Approach, a model that fits the data well would have a p-value greater than .05.
Results
	The mean age for the sample as a whole was 68.97 (range 52-101), with an average of 13.10 years of education and a mean annual household income of $64,427. Almost two-thirds (64.1%) lived with a spouse or partner. Table 1 presents the demographic characteristics of the sample, separated by dog ownership status. Independent samples t-tests and chi-square tests indicate that dog owners were more likely to be younger and have higher household incomes than non-pet owners.  
< Insert Table 1 about here >
	Results of this first path analysis model (see Figure 1) with the full sample (dog owners and non-pet owners) found that dog ownership was associated with direct and indirect effects that operated in different directions, although neither effect was statistically significant. Dog ownership was associated with a negative direct effect (B=-.05, ns), but a positive indirect effect (B=.002, ns) through social contacts, for a total of standardized effect of -.05, ns.
Statistically significant predictors of higher life satisfaction included older age (B=.14, p<.01), living with a spouse or partner (B=.15, p<.01), higher self-rated health (B=.29, p<.01), and more frequent social contacts with neighbors (B=.11, p<.05). For the first model, three model fit indices supported the model: RMSEA=.044, CFI=.967, and RMR=.526, but overall goodness-of-fit statistics suggested that the structural model did not fit the data well based on the Bollen-Stine Bootstrap index (p=.048). 
<Insert Figure 2 about here>
	For our second path analysis, we restricted our sample to dog owners (117 dog walkers and 71 non-dog walkers) to examine the direct and indirect effects of pet bonding and the amount of time spent dog walking (see Figure 2). We found that higher levels of pet bonding was associated with more minutes spent dog walking (B=.20, p<.01), more time spent in dog walking was associated with more frequent social contacts with neighbors (B=.14, p<.05), and more frequent social contacts with neighbors was associated with higher life satisfaction (B=.16, p<.05). The standardized total (direct and indirect) effect of amount of dog walking on life satisfaction is .001. In our subsample of dog owners, older age (B=.14, p<.05) and higher self-rated health (B=.31, p<.01) were significant predictors of higher life satisfaction. Fit indices for the second model indicate that the data fit the model well: χ2=24.855, p=.21, df=20, χ2 /df=1.243, RMSEA=.036, CFI=.969, and RMR=2.619.
Discussion
Our results suggest that merely living with a dog is not likely to impact life satisfaction; instead, it is the relationship with a dog that may impact a person’s behavior and consequently their well-being. While people who do not walk their dogs may experience other benefits from living with a dog (e.g., companionship, emotional support), the social lubricant effect described by McNicholas and Collis (2000) is most likely to occur when interacting with people outside of the home.
Our models suggested that dog walking is associated with increased opportunities for social engagement. Further, the more time someone spent dog walking, the higher the frequency of social interactions with neighbors. This is consistent with previous literature, which has found that pet owners are more likely to interact with neighbors than those without animals (Wood et al., 2015). According to Antonacopoulos and Pychyl (2014), people who talk to others while on dog walks report less loneliness than dog walkers who do not talk to others during their walks. We also found that having a stronger bond with one’s dog indirectly increased the frequency of social contacts by increasing the length of time spent dog walking, and that more frequent social interactions were associated with greater life satisfaction.
Dog Ownership
Non-pet owners were older and reported lower annual household incomes than the dog owners in our sample. Older adults commonly cite worries about being physically and financially able to care for a dog, or dying before the dog as reasons to not live with one (Bibbo et al., 2019; Chur-Hansen et al., 2008). Older adults may decide against dog ownership after careful consideration of the dog’s well-being despite wanting a dog. There were no significant differences between dog owners and non-pet owners in self-rated health, frequency of social contacts, or life satisfaction. 
Dog Walking
	While other studies have found health benefits associated with dog walking (e.g., Curl et al., 2017), not all dog owners walk their dogs. Just over sixty percent of our dog-owner subsample walked their dogs. The reasons for not walking a dog vary (e.g., having a fenced yard, an individual’s physical limitations). Dog characteristics such as poor health, lower energy levels, not walking well on a leash, being overweight, or aggressive behavior toward other people or animals could make dog walking less feasible or enjoyable (e.g., German et al., 2017; Lim & Rhodes, 2016; Westgarth et al., 2016). Individuals who want to engage in dog walking should take these factors into account when acquiring a dog. Further research needs to assess and better understand the barriers to dog walking, and ways to reduce these barriers. 
The conceptual model
Our proposed model of dog ownership, bonding, social engagement and life satisfaction was partially supported by our findings, particularly in terms of the interaction effects. However, further testing of the model is warranted through prospective studies. For example, it would be useful to study social engagement and life satisfaction before older adults adopt a dog and then monitor changes that may subsequently occur over time. Similarly, it would be beneficial to study health in response to adoption of and bonding with a dog. Adoption of a pet was attributed to improvement in general health in an adult sample of previous non-owners; however, this was not a sample of older adults (Serpell, 1991). More recently, companion dogs and cats were found to positively impact the daily lives of older adults living with chronic pain (Janevic et al., 2019). Janevic and colleagues found that pets not only had an impact on mood, daily routines, and activities to manage pain, but also to engage in socializing with other people. Longitudinal research is needed to determine whether these relationships alter as one’s physical and/or cognitive ability changes over time.
Life satisfaction is a complex construct, with over 173 identified domains (Cummins, 1996). These domains include satisfaction with religion, friendships, family life, spare time, neighborhood, work, health, and finances – to name a few (Hsieh, 2003). People often experience a meaningful bond with their pets, and pets can listen and provide emotional support for their owners; however, this may not replace the need for human confidants when considering one’s overall life satisfaction. This suggests the need for future research to investigate the specific domains of life satisfaction that dogs (and other types of pets) might influence. For example, dogs may serve as a topic of conversation across generations within families, between friends, and in neighborhoods.
	Our study raises questions about who benefits most from dog walking, in terms of social interactions. For example, extroverts may be more inclined to talk to other people that they encounter while dog walking than introverts. On the other hand, individuals who are introverted or shy may be approached by others because of the dog’s presence and thus engage in social interactions that may not have otherwise occurred. There is literature to suggest that individuals’ personality characteristics (including introversion/extroversion) are associated with the species of pet they identify with (e.g., Gosling et al., 2010) and can mediate the relationship between pet ownership and well-being outcomes (Bao & Schreer, 2016). This is beyond the scope of the present study but poses interesting avenues for future research using complex theoretical models.
Limitations
There are a number of limitations in this study. First, since the pet-related questions are only available in one wave of the HRS, our study is cross-sectional. As such, results must be interpreted with caution. Nonetheless our results pose useful associations that warrant testing with prospective studies. Second, our sample is fairly small because it was limited to those selected to complete the Human-Animal Interaction module. However, this issue is attenuated by the HRS sampling methodology and the random selection for the HAI module. Third, ideally our models would have controlled for social support, but unfortunately HRS only asks these questions for half of the participants in 2012 and this would have dramatically lowered our sample size. Fourth, our models do not account for dog characteristics, such as poor health or aggressive behavior, which might limit the ability to engage in dog walking or in stopping to talk with other people while dog walking. Fifth, we did not account for neighborhood characteristics which may have had an impact on our results (Kim et al., 2020).
Sixth, measurement of life satisfaction, pet bonding and social interaction variables were less than ideal. For example, life satisfaction was assessed using a single 5-point item asking about overall satisfaction rather than domain-specific satisfaction, such as satisfaction with one’s level of social engagement. In addition, while pet bonding was assessed using six items, these were items were dichotomous which limited variability in the pet bond, and the scale had a relatively low internal consistency. Further, the measure for frequency of social contact was limited to face-to-face interactions with neighbors. Research using the same HRS dataset indicated that participation on social network websites can be a significant form of social engagement for older adults (Yu et al., 2016), but our models were not able to account for this type of communication. 
Study Implications
Given the link between social isolation, poor health and well-being (e.g., Janke et al., 2008), social isolation is a public health concern. Local governments can work to reduce isolation of older adults by promoting neighborhood walkability, including dog-walkability (Chen et al., 2019; Mendes de Leon et al., 2009). In turn, dogs increase the friendliness of the neighborhood as a whole, and increase feelings of safety of residents in the broader community (Wood et al., 2007), and dog parks are associated with higher perceived neighborhood social cohesion (Gómez et al., 2018). Neighborhoods’ physical and environmental characteristics have been found to impact older adults’ health and well-being (Oswald et al., 2011; Spring, 2018; Yen et al., 2009) and possibly the likelihood of being a dog owner. Safety may also impact the degree to which older individuals engage in their neighborhoods (Choi & Matz-Costa, 2018). 
Communities can promote dog walking by offering dog walking programs and events that increase the awareness of dog walking as a physical activity. They can also create opportunities for dog-related social engagement, such as human interactions at dog parks. Models for dog walking volunteer programs have been published and can be used as guides for their development and implementation (Zeltzman & Johnson, 2011). Community-based initiatives such as Petsercise can help to encourage people and pet health and exercise (http://www.pethealthcouncil.co.uk/petercise/news.html).
Conclusion
Few studies have used large, nationally representative US samples to investigate the variables that we studied. Our findings contribute to the body of knowledge about dog ownership and bonding among older adults. We found that dog ownership is not associated with life satisfaction, but that dog walking is associated with greater social engagement. Dog walking is a promising strategy for simultaneously promoting better health and social engagement, and these factors in turn can promote greater life satisfaction among older adults. 
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Table 1
Demographic Sample Characteristics, for Dog Owners & Non-Pet Owners (N = 476)
	
	Dog Owners
(N=188)
% or M (SD)
	Non-Pet Owners (N=288)
% or M (SD)
	Statistical Test of Group Differences

	Age
	65.81 (8.85)
	71.03 (9.91)
	t(474)=5.86**

	Annual household income
	$71,558 ($67,166)
	$59,772 ($59,926)
	t(474)=2.00*

	Education (0-17+ years)
	13.11 (2.49)
	13.18 (2.59)
	t(474)=.30, ns

	Live with spouse/partner (1=yes)
	68.6%
	61.1%
	x2(1, 476)=2.78, ns

	Pet bonding (0-6; higher=more)
	5.63 (.86)
	n/a
	n/a

	Freq. Social Contacts (0-7 days)
	1.86 (2.24)
	1.79 (2.37)
	t(474)=.31, ns

	Self-rated healtha (0-4)
	2.26 (1.07)
	2.26 (1.04)
	t(474)=.03, ns

	Life satisfactiona (0-4)
	2.78 (.85)
	2.91 (.86)
	t(474)=1.60, ns

	Note. aHigher = better. 
*p < .05. **p < .01.
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Figure 1. A path analysis of dog ownership, social interactions, and life satisfaction. 
*p < .05. ** p <.01. 



[image: https://lh3.googleusercontent.com/0B_Oy4L43NyK5KY1SWpTFwptJiOEyRSIt5zCKg6LDfxwrGIgjUqRUM1tRwlI0qs2A7myLK9C9V6qmY4DUA1pIY6D9hhGJyGu3Nd_1DfpEQ6XygKjLj-1onqqBAXahCtdqG1yEfN0]
Figure 2. A path analysis of amount of dog walking, pet bonding, social interactions, and life satisfaction among dog owners.
*p < .05. ** p <.01. 
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