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Abstract

Animals interact with humans in multiple ways, including as therapy and service animals, 

commercially as livestock, as wildlife, and in zoos. But the most common interaction is as 

companion animals in our homes, with an estimated 180 million cats and dogs living in US 

households. While pet ownership has been reported to have many health benefits, the findings are 

inconsistent. Cardiovascular risk factors such as lipids, glucose, obesity, and heart rate variability 

have improved, worsened, or remained the same in the limited number of studies considering 

companion animals. Physical activity increases have more consistently been linked with dog 

ownership, although whether this reflects antecedent motivation or direct benefit from the dog is 

unclear. Allergies and asthma also are variably linked to pet ownership and are confounded by 

family history of atopy and timing of exposure to pet dander. The benefits of companion animals 

are most likely to be through reduction in depression, anxiety, and social isolation, but these 

studies have been largely cross-sectional and may depend on degree of bonding of the owner with 

the animal. Positive relationships show measurably higher oxytocin with lower cortisol and alpha-

amylase levels. Finally, pet ownership is also a marker of better socioeconomic status and family 

stability, and if companion animals are to provide cardiovascular risk benefit, the route should 

perhaps be through improved education and opportunity for ownership.
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Introduction

Animals interact with humans in multiple ways, including as therapy and service animals, 

commercially as livestock, as wildlife, and in zoos. But the most common interaction is as 

companion animals in our homes. The American Veterinary Medical Association [1] 
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estimated that in 2012, 36.5 % of the US households owned dogs, 30.4 % owned cats, 3.1 % 

owned birds, and 1.5 % owned horses; this translates to almost 70 million dogs and 74 

million cats living with us. Of the most common pets, 30 % of owners have at least two dogs 

and 54 % of owners have at least two cats [2].

These companion animals play multiple roles in our lives and may affect human health. In 

2013, the American Heart Association published a Scientific Statement about pet ownership 

and cardiovascular risk [3••], concluding that pet ownership, particularly dog ownership, is 

probably associated with decreased cardiovascular disease (CVD) risk, and that pet 

ownership, particularly dog ownership, may have some causal role in reducing CVD risk. 

However, both of these conclusions were based on limited populations and were derived 

either from a single randomized trial or nonrandomized studies. CVD risk was defined as 

systemic hypertension, hyperlipidemia, physical inactivity, obesity, autonomic function and 

cardiovascular reactivity, and survival in patients with or without established CVD. The 

most compelling evidence was on dog ownership and recreational physical activity, but the 

statement found that this benefit was not consistent and may only be via behavioral 

intention, motivation or social support rather than directly due to dog ownership. The 

committee's recommendations were that pet ownership, particularly dog ownership, may be 

reasonable for reduction in CVD risk, but that pet adoption should not be done with the 

primary purpose of reducing CVD risk.

Given this background, this review will summarize existing evidence briefly and discuss 

recent evidence of the role of pets in CVD risk, focusing on clinical CVD, current findings 

on CVD risk factors, depression, markers of stress and emotional attachment, and 

immunoglobulins and asthma.

Clinical Cardiovascular Disease

Some of the earliest reports relating to health benefits of companion animals have been in 

patients who have survived coronary heart disease. Friedmann et al. [4] looked at the effects 

of social isolation and social support in 92 white survivors of myocardial infarction or 

angina pectoris, and found that among pet owners, the one-year survival was 94 % as 

compared to 72 % among those who were not pet owners. The authors found that the 

benefits of pet ownership extended beyond physical activity among dog walkers and 

attributed the reduced mortality to emotional effects of companionship, with associated 

improvement in depression. They later replicated the results in 424 patients after acute 

myocardial infarction [5]. Friedmann et al. [6] extended their results to 460 participants 

enrolled in the international Psychosocial Responses in the Home Automated External 

Defibrillator Trial (PR-HAT) who were followed for a median of 2.8 years. In multivariable-

adjusted Cox regression models, pet ownership was associated with lower mortality and was 

also part of a borderline statistically significant interaction with depression such that the 

inverse association between pet ownership and mortality was strongest in depressed patients.

Cardiovascular benefits of pets have also been shown with physical and psychological stress. 

Allen et al. [7] examined the influence of having friends, spouses, and pets in 240 married 

couples, half with pets and half without, on mental arithmetic and cold pressor tests. They 

found that pet owners had lower heart rates and blood pressure at rest, and recovered faster 
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from stress. Heart rate variability has been shown to be higher among post-myocardial 

infarction patients who also owned pets, including 5-minute averages and successive 

differences in normal-to-normal intervals. These effects were strongest for dog owners [8]. 

A more recent study examined 191 patients, mean age 69 years, with lifestyle-related 

conditions (diabetes, hypertension, and/or hyperlipidemia) [9] to determine if pet ownership 

was associated with cardiac autonomic nervous activity imbalance. Pet owners were defined 

by current pet ownership for at least 6 months prior to enrollment. Heart rate variability was 

recorded by 24-h Holter electrocardiogram, and 43 % of the sample had pets. After 

multivariable-adjustment, the pet owner group had statistically significantly higher high-

frequency components for 24 h, daytime and nighttime as well as greater entropy, and lower 

low-frequency/high-frequency ratios at all times compared to nonowners. The authors 

concluded that pet ownership modulates cardiac autonomic nervous activity in patients 

without clinical cardiovascular disease but with lifestyle-related conditions. However, the 

data were cross-sectional and differences in patients who had pets compared to nonowners 

such as walking, type of pet, and bond with the pet could not be assessed due to small 

sample size. A more recent study designed to evaluate the effects of touching a dog, a 

stuffed dog or a person during a working memory task as a stressor [10] found no difference 

in heart rate variability in healthy university students ages 18 to 41 years.

Qureshi et al. [11] reported on risk of death due to myocardial infarction, combined 

cardiovascular disease (myocardial infarction or stroke), stroke and all-cause mortality over 

a 20-year follow-up using National Health and Nutrition Examination Study (NHANES II) 

Follow-up Study data. They identified 4435 participants who reported any kind of allergy 

and were subsequently asked about pet ownership. Of these, 2435 (55 %) were current or 

past owners of cats. Past cat ownership was associated with a statistically significant 37 % 

lower risk of fatal myocardial infarction after controlling for age, gender, race/ethnicity, 

systolic blood pressure, cigarette smoking, diabetes, cholesterol, and body mass index. The 

authors postulated that the protective effect may have been due to a relaxing effect on 

autonomic reactivity, or that personalities of cat owners may be protective toward 

cardiovascular disease. While intriguing, there were no associations of current cat ownership 

or dog ownership with fatal myocardial infarction, nor were there associations with stroke; 

the sample was derived only from those with self-reported allergies, limiting 

generalizability.

CVD Risk Factors

If the associations between pet ownership and cardiovascular disease are not directly related 

to the pet itself, then finding a potential pathway of companion animals that mediates risk 

factor reduction may be an alternate explanation, particularly given the potential that a 

lifestyle factor is likely to produce small improvements in modifiable risk factors affecting 

large numbers of people (Fig. 1). This would commonly produce changes in healthy 

individuals rather than in clinical cases with comorbidities and numerous medications for 

their conditions.

The earliest studies on risk factor reduction associated with pet ownership were related to 

hypertension. A study of 48 hypertensive individuals in high-stress professions examined 
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systolic blood pressure, diastolic blood pressure, heart rate, and plasma renin activity 

responses to mental stress delivered as a standard mental arithmetic task and speech [12]. 

Participants were assigned to pet ownership plus lisinopril (20 mg/day) or lisinopril only. 

Before drug therapy, responses to mental stress were the same in the two groups. ACE 

inhibitor therapy lowered resting blood pressure in both groups, but responses to mental 

stress were statistically significantly lower in pet owners compared to those who only used 

lisinopril, including blood pressure, heart rate, and plasma renin activity. The authors 

concluded that pet ownership increased social support and therefore lowered blood pressure 

response to mental stress. A more recent study on the presence of pets in older (50–83 years) 

pet owners with pre- to mild hypertension who were living independently used ambulatory 

monitoring to assess blood pressure at baseline, and after 1 and 3 months when pets were 

present or not present [13]. In 32 pet owners (24 dog owners, 11 cat owners), the presence of 

a dog was associated with lower systolic and diastolic blood pressure, and cats were 

associated with lower diastolic but higher systolic blood pressure. Both types of pets were 

associated with greater self-reported happiness and lower anger, frustration, and annoyance 

when the pet was in the room versus not.

Other risk factors have been linked to pet ownership, although less consistently. Levine et al. 

[3••] summarized evidence for previous lipid changes over the past 20 years or so, and 

reported on a cross-sectional study with modest in differences in total cholesterol (201 

versus 206 mg/dL) and triglycerides (108 versus 125 mg/dL) in male dog owners compared 

to nonowners, with no differences observed among female dog owners. Other studies have 

also been cross-sectional and small in size, and results have been inconsistent, with higher 

cholesterol and diabetes in dog owners reported in one study and beneficial results 

attenuated with control for BMI. Pet ownership has also not been consistently associated 

with reduced obesity. The underlying hypothesis is that dogs provide social support and 

motivation to make changes in lifestyle habits. It is difficult for observational studies to 

determine causality—do dog owners purchase dogs to help motivate them to exercise and 

lose weight? In that case, dog owners will likely be heavier, have a higher prevalence of 

diabetes, and be more sedentary than nonowners. A study that examined short-term 

interactions between ten female dog owners and their Labrador dogs found that when 

owners stroked, petted, and talked to their dogs for 3 minutes, their insulin levels went down 

in the first hour afterward. Insulin levels also went down in the control owners (no dogs 

present), but went up in the dogs themselves [14], suggesting differences in short-term 

hormone levels between humans and dogs, although heart rates decreased only in the owners 

and cortisol increased in the dogs.

Schreiner [15] found that there were no consistent cross-sectional differences in a wide array 

of cardiovascular risk factors, including lipids, blood pressure, diabetes, and inflammatory 

markers, between current dog owners, current cat owners, and past/never owners of either 

among middle-aged participants in the CARDIA Study. However, additional cross-sectional 

analyses did show that dog owners were more likely to engage in moderate physical activity 

such as walking even though there was no impact on either current weight or 25-year change 

in weight [16].
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The one relatively consistent health benefit of pet ownership on cardiovascular risk is 

walking with dogs. Inactive dog owners in an intervention study that provided information 

about health benefits to both humans and dogs of walking compared to usual walking habits 

[17] walked more either with or without the dog, but those who were told about health 

benefits for the dogs had greater numbers of steps. Older participants, ages 71 to 82, in the 

Health, Aging and Body Composition Study (Health ABC) walked more, increased their 

walking speed over time, and had improved mobility compared to nonowners of dogs [18], 

and the RESIDential Environment (RESIDE) project also found that dog owners walked 

more than nonowners [19]. In both studies, however, only 36 % walked their dogs at least 

three times per week (Health ABC) or 23 % walked their dogs at least five times per week 

(RESIDE). Lentino et al. [20] examined 916 people over the age of 18 years recruited online 

who walked their dogs, owned dogs and did not walk them, or did not own dogs; dog owners 

were asked to recruit non-dog owners to try to balance sociodemographic characteristics. 

This cross-sectional study composed largely of educated white women showed that those 

who did not own dogs had greater odds of self-reported diabetes (OR = 2.53, 95 % CI (1.17–

5.48)), hypertension (OR = 1.49 (1.03–2.83)), hypercholesterolemia (OR = 1.72 (1.06–

2.81)), and depression (OR = 1.49 (1.09–2.05)) after controlling for age and moderate-to-

high physical activity compared to those who regularly walked their dogs. Therefore, while 

dog ownership is associated with greater amounts of walking, the improvement is not 

universal and may reflect either greater motivation in the owners, better health or other 

markers of greater socioeconomic advantage, or a stronger bond with the pet. All of these 

may lead to health benefits that are not directly linked to the dog.

Depression and Psychological Characteristics

The INTERHEART study reported that psychological stress accounts for more than 30 % of 

the attributable risk for acute myocardial infarction [21], and that stress, depression, 

hostility, anxiety, and isolation are potent cardiovascular risk factors leading to chronic 

autonomic imbalance, abdominal obesity, increased cortisol, and other adverse physiological 

effects. One of their recommended cardioprotective responses is pet ownership, which 

provides social connectedness and altruistic benefits of caring for another life. Much of the 

research on the benefits of pets in the elderly has been in animal-assisted therapy and trials 

without controls, although any kind of pet has been shown to improve loneliness scores [22•] 

and has long been associated with better diet quality such as consuming more vegetable 

servings and eating at more regular intervals [23]. Pet ownership is most likely to benefit 

humans through reductions in depression, anxiety, and social isolation that lead to increased 

activity of the sympatho-adrenal-medullary system and the hypothalamic-pituitary-adrenal 

axis [24]. But to be effective, pets may need to alter the owners’ perceptions of the situations 

and people that are stressful, which also requires a bond, and lifestyle may drive the 

selection of the pet rather than the pet providing change.

While companion animals are thought to be largely beneficial, they are not without adverse 

psychological effects. A study of 177 clients from 14 randomly selected veterinary practices 

found that pet death was associated with severe grief in 30 % of the participants. One of the 

main factors was attachment to the pet, which is also one of the characteristics that provide 

health benefits [25]. Grief was characterized by sleeplessness, loss of appetite, and 
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depression; however, most could maintain daily activities such as going to work, eating, 

sleeping, and parenting. In a Finnish cross-sectional study of a population-based random 

sample of over 21,000 people stratified by gender and age groups 20–24, 30–34, 40–44, and 

50–54, pet owners had higher BMIs and were older, and lower social class [26]. Depression, 

panic attacks, migraines, and rheumatoid arthritis were more common in women pet owners, 

but social class explained most of these relatively weak associations. The authors concluded 

that a pet may help with coping of difficult life situations, and that cross-sectional data 

cannot determine causality. In a study of 17 men and women ages 62–88 years who had 

survived a stroke, animals provided both physical and psychosocial motivation for recovery 

after the stroke to walk dogs, to provide companionship to their animals, and as a social 

lubricant to encourage interaction with others [27]. But the fear of losing companion 

animals, being unable to take care of a new pet, and the accompanying grief among the 

elderly who live alone was also noted as a strong adverse effect.

Cortisol, Oxytocin, and Alpha-amylase: Markers of Stress and Emotional Attachment

Physical and psychological stress can be measured with biomarkers from blood, urine, and 

saliva. Salivary cortisol has been used as a measure of the hypothalamus-pituitary-adrenal 

(HPA) axis response to stressors. Cortisol has large diurnal variation and may be associated 

with longer latency between the stressor and its response [28]. Elevated cortisol has been 

associated with risk of glucose intolerance, insulin resistance and type 2 diabetes [29] as 

well as endothelial damage, visceral fat accumulation, and impaired lipid metabolism in 

individuals with subclinical hypercortisolism [30]. As a measure, salivary cortisol has been 

shown to detect individual differences in activity of the HPA axis, to be reduced with 

positive touch, and to be increased with distinct stressors such as depression, social or 

economic hardship, and acute stressors such as math challenges. As an established measure, 

cortisol has been validated against instruments that measure stress. While cortisol is widely 

used, concerns with the measure include its variation by age, sex, food, and pregnancy, as 

well as marked diurnal variation.

Acting in conjunction with the HPA axis is the sympatho-adrenal-medullary (SAM) system, 

which is the sympathetic response to stressors. The biomarker that has recently been 

measured to assess SAM activity is alpha-amylase. Alpha-amylase shows heightened 

autonomic nervous system activity similar to the hormone norepinephrine, is increased in 

response to both physiological and psychological stress, and is measurable in saliva. Unlike 

cortisol, salivary alpha-amylase (sAA) is relatively constant across the day, and measures 

sympathetic activation for conditions such as chronic pain and state anxiety. The two 

measures capture different components of the stress response, and studies that have used the 

beta-blocker propranolol to suppress stress responses have shown an effect on sAA without 

affecting cortisol [31]. Compared to salivary cortisol, sAA represents short-term latency to 

stressors [28, 32, 33]. Its levels are also increased with exercise and caffeine intake and are 

correlated with norepinephrine levels during short duration response to psychological stress. 

sAA is thought to be a marker of autonomic dysregulation, with levels higher in atopic 

diseases such as asthma and dermatitis [34].
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Both salivary cortisol and sAA levels may be reduced based on positive associations with 

companion animals [14], and sAA reactions to acute psychological stressors may be 

attenuated by bonding with pets. However, given the transitory nature of these stress 

biomarkers, and the variety of relationships that people have with animals sharing their 

environments, determining these associations is extremely difficult.

The latest salivary marker of stress that has been linked to the human-animal bond is 

oxytocin, a hypothalamic hormone that is a neuromodulator of emotional attachment, 

positive physical contact, and social cognitive processes [35]. Oxytocin is increased with 

lactation, parturition, sexual activity, touch, and warmth. Higher levels have been associated 

with lower heart rate, depression, and perception of pain. Like cortisol and sAA, oxytocin is 

associated with both acute and chronic stimuli, and like sAA, does not appear to exhibit 

diurnal variation.

Inhaled oxytocin enhances trusting behavior and emotional bonding when introduced as a 

nasal spray in dogs compared to saline spray [35]. Intranasal oxytocin decreases stress 

hormone levels, is anti-inflammatory, decreases pain perception, and increases with touch 

[36]. Oxytocin is increased in humans with petting animals, particularly with bonded dogs 

[14]. In a study that examined the role of bonded dogs with workplace stress assessed by 

either interacting with dogs at the end of a day or reading nonfiction materials, Miller et al. 

[37] found statistically significant increases in oxytocin among women interacting with their 

dogs, but not among men, suggesting either an estrogen effect or differences in interpersonal 

relationships that were not measured in the study.

Others have suggested that while the biochemistry of responding to stressors should be the 

same in men and in women, there may be differences in perception through the sympathetic 

nervous system via the hypothalamus, with increases in heart rate and blood pressure, as 

well as triggering different releases of corticotrophin-releasing factor from the 

paraventricular nucleus and concomitant cortisol increase [38]. In rats, oxytocin leads to 

reductions in sympathetic activity and blood pressure. As described above, in humans, much 

of the research has been experimental rather than in companion animals, and the results have 

been positive, negative, and neutral. In married couples that did and did not own pets, those 

with pets had lower baseline blood pressure and heart rates than those without pets, and 

stressors such as the cold pressor test and arithmetic challenges were associated with smaller 

blood pressures increases and faster recovery in those with pets. These differences were 

small, in the order of 6 mmHg and 3 beats/min for blood pressure and heart rate, 

respectively, but statistically significant. The impact of pets was greater than that of a friend 

or a spouse, reflecting the potential lack of critical judgment by the pet. A review by Beetz et 

al. [39•] suggests that oxytocin may be the underlying mechanism behind the human-animal 

interaction effects, which in turn may be driven by the degree of bonding.

Allergies, Asthma, and Immune Response

The hygiene hypothesis, attributed to Strachan [40], states that lack of early childhood 

exposure to infectious agents, certain microbiota, and parasites can increase susceptibility to 

future allergies and asthma by suppressing the natural development of the immune system. 

Allergies and asthma may be directly associated with CVD risk through greater levels of 
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inflammation or indirectly through lower levels of physical activity, more social isolation, 

depression, and obesity. Wegienka et al. [41•] found that exposure to dogs during the first 

year of life was associated with a relative risk of 0.50 (0.27, 0.92) for sensitization (defined 

as animal-specific IgE ≥ 0.35 kU/L) at age 18 for boys. This association was not found in 

girls, perhaps reflective of the different prevalence of asthma and allergies in boys and girls, 

as well as different pet interactions. They found that for both sexes, early exposure to cats 

was associated with a 48 % lower relative risk of sensitization at age 18. Cumulative 

exposure or other ages of exposure to pets were not associated with reduced sensitization. 

Sensitization is linked to recurrent asthma exacerbation and suggests a role for pets in 

reducing asthma incidence in susceptible children.

The allergen found in cat dander protein, Fel d 1, and that found in dog saliva, Can f 6, are 

potent allergens that provoke severe allergic responses. They belong to a group of allergen 

immunomodulatory proteins that promote airway hypersensitivity reactions such as asthma, 

making the potential of avoiding or reducing sensitization appealing [42]. Individual 

response to these allergens, as well as susceptibility, is still poorly understood, but may be 

modulated by Toll-like receptor 4 (TLR4) and its gene, which are responsible for pathogen 

recognition and immune system activation. TLR4 may help to explain the wide variability in 

response to dander and why atopy appears in families.

The association of pets with asthma has been hindered by methodological issues, most 

prominently the selective avoidance or removal of cats because of allergic symptoms or 

family history of allergies. Pet ownership's effects on immune function and asthma appear to 

be a combination of genetic susceptibility and timing of exposure, and that sensitization in 

both childhood and adulthood can lead to future asthma, inflammation, and multiple 

allergies.

Asthma prevalence differs greatly by race, with data from NHANES III on 18,825 US adults 

ages 20 years and greater reporting a 4.5 % prevalence of current asthma, but a 5.1 % 

prevalence among non-Hispanic blacks [43]. After controlling for multiple risk factors, 

including self-reported pet ownership, the odds of asthma in blacks compared to whites was 

9 % higher but no longer statistically significant. A report by the Pet Food Institute [44] 

found that 22 % of black households had dogs or cats compared to 61 % of white 

households. Schreiner [45] found that in the CARDIA cohort, cat ownership was positively 

related to white race and lower age in cross-sectional multivariable models, while white 

race, having children, physical activity, working full-time, and being married were positively 

associated with dog ownership. Other factors such as BMI, smoking, education, and sex 

were not independently associated with either cat or dog ownership. Socioeconomic 

opportunity may certainly be tied to asthma through the environment and through access to 

health care as well as discretionary income, which also may impact the ability to own or 

retain a companion animal. All of these may contribute to CVD risk.

Conclusions

While cardiovascular disease epidemiology tends to focus on high-risk individuals, those 

with high relative risk of events represent a small proportion of the population. Pet 
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ownership, on the other hand, is a common lifestyle factor among free-living individuals. As 

such, while the impact of any type of pet ownership is likely to be small, the population-

attributable risk may be large. Pets provide both positive (exercise, companionship, 

structured lifestyle and health habits) and negative (allergies, grief over their loss) impact on 

lives. Some of this depends on why a person chooses to adopt a pet, the level of bonding that 

an individual has with the pet, or the underlying personality of the pet owner. Herzog [46] 

states that research on the health effects of animals is inconclusive because of difficulties 

determining why people choose to live with pets, and that pets may not cause individuals to 

be happier or healthier. Many studies rely on self-report rather than objective measures of 

health, and there are a lack of appropriately designed studies that address the biases 

associated with both investigator belief in the benefits of human-animal interaction and 

participation by animal-friendly volunteers.

Nonetheless, improvement in depression and social support can impact immune response 

and motivation to make positive health changes. Data from the UK Biobank in almost 

500,000 participants [47] have confirmed what we have seen repeatedly in public health: that 

self-reported quality of life measures are some of the strongest predictors of all-cause 

mortality, including CVD. If pet ownership is associated with improved quality of life 

through social support, reduced depression, and other psychosocial predictors of health, 

perhaps the question is not whether to get a pet or not, but how to make pets more available 

to those with financial or housing limitations.
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Fig. 1. 
Conceptual model of how pet ownership may be related to cardiovascular disease through 

risk factors and lifestyle
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