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Pet ownership and maintenance 
of cognitive function 
in community‑residing older adults: 
evidence from the Baltimore 
Longitudinal Study of Aging (BLSA)
Erika Friedmann 1*, Nancy R. Gee 2, Eleanor M. Simonsick 3, Melissa H. Kitner‑Triolo 3, 
Barbara Resnick 1, Ikmat Adesanya 1, Lincy Koodaly 1 & Merve Gurlu 1

Pet ownership has been associated with reduced deterioration in physical health as older adults age; 
little research focused on deterioration in cognitive function. We examine the relationship of pet, 
dog, cat ownership, and dog walking to changes in cognitive function among 637 generally healthy 
community‑dwelling older adults (185 pet owners) aged 50–100 years (M = 68.3, SD = 9.6) within the 
BLSA. Cognitive assessments every 1–4 years over 1–13 years (M = 7.5, SD = 3.6) include the California 
Verbal Learning (Immediate, Short, Long Recall); Benton Visual Retention; Trail‑Making (Trails A, B, 
B‑A); Digit Span; Boston Naming (Naming); and Digit Symbol Substitution (Digit Symbol) Tests. In 
linear mixed models, deterioration in cognitive function with age was slower for pet owners than non‑
owners (Immediate, Short, Long Recall; Trails A,B,B‑A; Naming; Digit Symbol); dog owners than non‑
owners (Immediate, Short Recall; Trails A,B; Naming; Digit Symbol); and cat owners than non‑owners 
(Immediate, Short, Long Recall; Naming), controlling for age and comorbidities. Among dog owners 
(N = 73) walkers experienced slower deterioration than non‑walkers (Trails B, B‑A; Short Recall). All 
ps ≤ 0.05. We provide important longitudinal evidence that pet ownership and dog walking contribute 
to maintaining cognitive function with aging and the need to support pet ownership and dog walking 
in design of senior communities and services.

Memory1–5 and selected cognitive  functions2,3 decline as adults age with steeper declines in advanced  age2,4, even 
in the absence of dementia. As the proportion of older age cohorts increase over the next few decades the need to 
address care and health needs of older adults will  increase6. Promotion of successful aging is intended to reduce 
the current five to seven-year gap between high quality of life and overall life expectancy. to enable people to 
function their best for as long as  possible7. Many strategies can help minimize the cognitive decline including 
treating sleep apnea, improving diet, and increasing  exercise8. The current study examines the potential of pet 
ownership as a strategy to slow the decline in cognitive function with aging in generally healthy community-
residing older adults.

The biopsychosocial model can be applied to explain the potential contribution of pet ownership to health 
and successful  aging9,10. In this model, health is viewed as a continuous outcome, influenced by challenges to 
and promoters of the biological, social, and psychological realms. Each realm impacts the others, with all three 
combining dynamically over personal and historical time to construct overall individual health.

Human-animal interaction and pet ownership commonly are conceptualized as components of the social 
realm. Social support from a pet can impact other components within the social realm, as well as those in the 
biological and psychological  realms11. Influence of pets on the biological realm can include decreases in biological 
stress indicators such as cortisol, blood pressure, and heart  rate10. The biological and psychological realm impacts 
often are closely intertwined. for example, interacting with a dog can decrease anxiety, reflected by changes in 
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stress biomarkers. Interacting with a companion animal can provide social support as well as a source of bonding 
and attachment all of which promote better psychological health.

Research suggests that by providing social support, pet ownership has the potential to contribute to the main-
tenance of cognitive function within the psychological realm and thus promote successful  aging9,12. Research 
supports that among older adults human–animal interaction can provide social support, increase social interac-
tion, and decrease  loneliness13, which are associated with maintaining cognitive  function14. The differences in 
social isolation and loneliness among older adults according to pet ownership largely occur in socially isolated 
 individuals15. Socially isolated older adults often turn to their pets as sympathetic  ears16. Ample evidence sup-
ports the notion that the presence of an animal encourages social interaction. For example, The presence of a 
dog catalyzed social interactions by increasing approaches by strangers, even those who appeared  unkempt17. 
Even in individuals with dementia, visits from a friendly dog improved both the quantity and the quality of social 
interaction in residents of care  facilities18.

Social relationships have been related to slower cognitive decline among older  adults14. Research examining 
the relationship of human-animal interaction to human cognition suggests that human-animal interaction may 
enhance cognitive functioning by reducing stress. Improvements in executive function for university students 
at-risk of academic failure occurred when the students had multiple opportunities to interact with dogs com-
pared with when they had access to formalized academic stress management  content19. Both animal assisted and 
yoga interventions reduced children’s stress similarly and improved their spatial abilities more than a control 
 condition20. A number of other studies with small sample sizes also demonstrated improvements in aspects of 
cognition when individuals, including older adults, interacted with  dogs21.

A few cross-sectional studies directly examine the relationship of pet ownership to cognitive function in older 
adults. In a community sample of older adults in the Health and Retirement Study, individuals aged 65 and older 
who had owned pets for more than five years had better overall cognition and verbal memory than individuals 
who did not own  pets22. In a small sample (N = 88) of community-residing homebound older adults pet owners 
had better executive function than non-owners and executive function did not differ between dog and cat owners 
in unadjusted  analysis23. In a similarly sized study of community residing older women, the majority of whom 
exhibited mild cognitive impairment, cat ownership was not related to executive function without adjustment 
for other demographic  variables24. In contrast, among a larger group of healthy community-residing older adults, 
pet ownership and dog ownership within the past ten years were related to better verbal learning, memory and 
visual perception after controlling for  age25.

Dog and cat owners interact differently with their pets which might be associated with differences in ageing-
related changes in cognitive function. A recent longitudinal study examined cat ownership in relation to changes 
in cognitive status from unimpaired to impaired in community-residing older adults. Cat ownership was not 
related to the development of mild cognitive impairment after adjustment for potential  confounders26.

In addition to examining the contribution of overall pet ownership, the current study examines the independ-
ent associations of dog ownership and cat ownership with changes in cognitive function in generally healthy 
community-dwelling older adults. Few studies investigated the differential contributions of ownership of indi-
vidual pet species to cognitive status. Most intervention studies that demonstrate effects on cognitive status 
evaluated only dog-based  interventions21.

Owning pets, especially dogs has been related to physical activity, which is expected to support health. Data 
from the Health ABC Study and the Health and Retirement Study (HRS) support these relationships. Older 
adult dog owners exercised more than non-owners27–29. Compared with older adults who don’t own pets, dog 
walkers had lower body mass, said they could complete more activities of daily living, and made fewer visits to 
health care  professionals27.

The current study is the first longitudinal examination of the relationship of dog walking to changes in cogni-
tive function. In a national epidemiological cohort study of older adults that controlled for confounders, more 
baseline physical activity was related to better maintenance of executive function, memory, and semantic and 
letter fluency over an average of 3 years. Baseline physical activity was also related to lower odds of developing 
cognitive impairment after controlling for potential  confounders30. A large body of research supports the benefits 
of exercise programs for maintaining cognition in older adults with cognitive  impairment31 or specific  illnesses32. 
For example, in a randomized controlled trial for individuals whose cognition was mildly impaired due to mul-
tiple sclerosis, cognition (symbol digit modalities test) improved with an exercise  program33. We expect that dog 
walking will be related to slower deterioration in cognition with aging in this population.

The current study examines the relationship of pet ownership to incremental changes in cognitive function 
over 1 to 13 years (M = 7.5, SD = 3.6) in generally healthy community-dwelling older adults. We asked:

1. Is pet ownership related to slower deterioration of cognitive function with aging?
2. Is dog ownership or cat ownership related to slower deterioration of cognitive function with aging?
3. Is dog walking related to slower deterioration of cognitive function with aging?
4. Is cognitive status related to deterioration in cognitive function with aging?

Methods
Design. This cohort study used data collected from the BLSA, the United States’ longest-running scientific 
study of human aging, initiated in 1958. The BLSA addresses crucial questions about the normal and pathologi-
cal age-related changes using a longitudinal observational design. At each 3-day visit from March 2017 to March 
2020 to the BLSA participants completed a standardized battery of cognitive assessments. Frequency of BLSA 
visits increases with aging and ranges from every 4 years for the youngest participants to annually for those 
aged 80 years and older. The BLSA study and the addition of the human-animal interaction questionnaire were 
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approved by the National Institutes of Health Intramural Research Program Institutional Review Board (IRB). 
All participants provided written informed consent prior to participation. Study procedures were conducted in 
accordance with the Helsinki Agreement and all relevant US human subjects’ guidelines and regulations.

The current study uses data from participants who were aged 50 years and above when they completed their 
first human-animal interaction assessment (index visit) and who had completed at least one BLSA assessment in 
the previous ten years or completed a second BLSA assessment prior to March 2020. The index visit data includes 
both pet ownership (retrospective) and BLSA (contemporaneous) cognitive function up to ten years before the 
survey visit. Time from the index visit to the survey visit ranged from one to ten years during which the par-
ticipants completed BLSA visits at regularly scheduled intervals. Participants also performed cognitive function 
assessments during their regularly scheduled BLSA visits for 3 years after the survey visit. Thus, participants’ 
cognitive function data were available for from one to 13 years. Cognitive data from the index visit serve as the 
baseline for examination of changes in cognitive function with aging.

Measures
Pet ownership measures. Multiple sets of questions elicited information about pet ownership including 
a ten-year pet ownership history questionnaire and dog walking behavior from the pet ownership module of 
the Health and Retirement Study (HRS)34,35. These questions were administered during BLSA visits from March 
2017 through March 2020. Questions for pet ownership “Do you currently have any pets?” and “What kind of 
pets are these?” Separate questions asked numbers of each species of pets, with species listed including cats, dogs, 
birds, small mammals, fish, reptiles, and others. To obtain pet ownership history for ten years prior to the survey 
visit, participants were asked to complete a grid that requested they check “What type of pet was owned “1 year 
ago, 2 years ago, 3 years ago,” through 10 years ago. For each year participants were asked to check “yes” or “no” 
for specific species including cat, dog, bird, and other animal. The dog walking behavior question used in this 
study was “Do you walk your dog?”.

Cognitive function measures. The assessment uses a standardized neurocognitive battery of reliable and 
well validated tests that are sensitive to small changes in cognitive function. The BLSA cognitive assessment 
includes tests of several large cognitive function domains including executive function and language function as 
well as more specific domains of executive function: processing speed, verbal, non-verbal, and working memory, 
and attention.

The California Verbal Learning  Test36 is a test of verbal learning and memory. Participants were read 16 shop-
ping items, four from each of 4 sematic categories, over five learning trials. Three measures were derived and 
used in this study: Immediate Recall (total number of items recalled across the five learning trials); short-delay 
free recall (Short Recall: number of items recalled immediately after being read an interference shopping list), 
and long-delay free recall (Long Recall: number of items recalled after a 20-min delay). Higher scores indicate 
better recall.

The Benton Visual Retention Test (Visual Recall)37 is a measure of short-term non-verbal (figural) memory 
and visuospatial ability. Participants studied line drawings (designs) of one to three geometric figures, for ten 
seconds each. They then immediately drew the design from memory. The designs become more difficult over 
the ten designs. The total number of errors provided the score for Visual Recall. Lower scores indicate better 
performance.

Executive function refers to a set of cognitive control processes that facilitate goal-directed behavior and are 
considered to be essential to navigating nearly all aspects of human life including occupational and career success, 
interpersonal relationships, physical and mental health, and day-to-day  functioning38. Psychomotor speed and 
processing speed are domains within executive function. Psychomotor speed is required to manipulate and/or 
maintain information over brief periods of time and to allocate attentional resources as needed to various  tasks39. 
Processing Speed is the time it takes for a person to perform a mental task. Trail Making A (Trails A) and B (Trails 
B)40 are tests of perceptuomotor speed, visuomotor scanning (Trails A and Trails B), attention (Trails A), and 
concentration and set shifting (Trails B). In Trails A participants drew a line to connect randomly arranged num-
bers from 1 to 25 in sequential order. In Trails B participants drew a line to connect alternate randomly arranged 
numbers 1–13 and letters A-L in sequential order (e.g., 1-A-2-B...). Participants were asked to be as quick and 
accurate as possible. Scores represent the number of seconds it took for completion; lower scores indicate better 
performance. A lower difference between the two scores (Trails B-A) also indicates better performance.

Digit Span Test (Digits) Forward (Digits Forward) and Backward (Digits Backward)41 are measures of short-
term memory span (Digits Forward) and executive function, specifically working memory (Digits Backward). 
With Digits Forward, participants were read increasingly longer lists of digits which they repeated in forward 
order. With Digits Backward participants were read increasingly longer lists of digits which they repeated in 
reverse order. The scores for forward and backward were the total scores with a maximum of 14 in each direction. 
Higher scores indicate better performance.

Digit Symbol Substitution Test (Digit Symbol)41 is a measure of psychomotor speed, executive function 
and visual-perceptual integration. Participants were given a code sheet with numbers from 1 to 9 with symbols 
matched to each. They used the codes to insert the symbols below each number. The number of correct symbols 
placed below the numbers within 90 s provides the score with higher scores indicating better performance.

The Boston Naming Test (Naming)42 is a measure of language function including confrontational naming 
and semantic recall. Participants were asked to identify and name a series of 60-line drawings of objects. The 
drawings begin with common objects and end with infrequent ones. Incorrect answers were cued by providing a 
stimulus cue for perceptual errors and a phonemic cue for semantic errors. The score on the test was the number 
of items identified correctly without cues, thus higher scores indicate better naming.



4

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14738  | https://doi.org/10.1038/s41598-023-41813-y

www.nature.com/scientificreports/

Covariates. Aging and comorbidities are typically associated with decreasing or impaired cognitive 
 function43. These variables were chosen a priori as potential confounders to the relationship between pet owner-
ship and cognitive function as pet owners were younger and had fewer comorbidities than non-owners. Comor-
bidity scores represent how many of eight conditions [heart disease (including angina pectoris, myocardial 
infarction, heart failure, angioplasty, coronary artery bypass graft), diabetes, pulmonary disease, cerebral vascu-
lar disease, lower extremity arthritis, lower extremity pain, minor functional difficulty, and exertional pain while 
walking] the participant affirmed  experiencing25.

Cognitive impairment. An 11 item mini mental state examination (MMSE) was used to assess overall cog-
nitive status at each study  visit44. Scores ≤ 24 are generally considered to indicate a degree of cognitive  impaired45.

Statistics. Descriptive statistics were used to portray the participants and their baseline characteristics. 
Characteristics of pet owners and non-owners at initial human-animal interaction assessment within the BLSA 
and at the first time for which both pet ownership and BLSA functional data are available were compared using 
t-tests for normally distributed continuous variables, Wilcoxon rank sum test for non-normally distributed 
continuous variables, and chi square tests for categorical variables. Differences in baseline cognitive function 
between cat and dog owners and dog owners who walked and did not walk their dogs were examined similarly.

Changes in cognitive function according to pet ownership could be examined beginning with contemporane-
ously recorded historic records of cognitive assessments in the BLSA within the ten-year period covered by the 
retrospective pet ownership history section of the human-animal interaction assessment. Pet ownership history 
was matched with cognitive assessments for the ten years prior to the BLSA survey visit and with simultaneous 
human-animal interaction and cognitive function assessments from March of 2017 through March of 2020. Pet 
ownership history follow-up ranged from ten to 12.6 years zero.

Prior to multivariable analysis, data were cleaned and examined for outliers and normality. Trails B was 
natural log transformed, Trails A and Trails B-A were Winsorized at a high of 150 s and a low of 0 s, respectively, 
and natural log transformed, Naming was reflected by subtracting raw scores from 61 (maximum score plus one) 
and then natural log transformed to attain normality. Intraclass correlations indicated considerable dependence 
ranging from 0.51 (Trails B-A) to 0.88 (Naming; Supplemental Table 3).

Linear mixed models (LMMs) with random intercepts and repeated measures for participants were used 
to examine changes in cognitive outcomes with aging and to compare the changes according to pet ownership 
status. Pet ownership status was included as a time varying predictor by associating status at the time of each 
cognitive assessment with similarly timed outcome measures over up to 13 years [mean (M) = 7.5, standard 
deviation (SD) = 3.59]. Age and comorbidities were included as covariates in all LMM analyses. Separate LMMs 
were used to examine the association of pet ownership, dog ownership, and cat ownership with changes in each 
cognitive function outcome with aging. LMMs that simultaneously included cat ownership and dog ownership 
were used to examine the independent associations of cat and dog ownership to longitudinal changes in each 
cognitive function outcome. A third series of LMMS was used to compare the associations of cat ownership 
versus dog ownership with longitudinal changes in cognitive function outcomes. Similar LMMs were employed 
to examine the relationship of dog walking to overall cognitive function outcomes and changes in the cognitive 
function outcomes. Lastly, LLMs examined differences in changes in cognitive function outcomes according to 
pet ownership between those who were and were not cognitively intact.

We calculated Cohen’s d effect sizes (ES) for the significant interactions of aging and pet ownership status. We 
calculated the difference in change in outcomes over ten years between pet owners and non-owners and divided 
this by the raw baseline outcome standard deviation. For transformed variables, the standard deviation (SD) 
of the transformed variable was used in the calculation. Analyses were conducted with SPSS 28 (IBM, Armonk 
NY) and Stata SE 16 (College Station, Tx).

Results
A total of 637 BLSA participants met the inclusion criteria. Ages when they at the survey visit ranged from 
50.8 to 100.80 years (mean = 75.09 years, SD = 10.15). Most participants were White (66.98%) with smaller 
percentages of Blacks (28.12%), Asians (1.26%), and Hawaiian/Pacific Islanders (0.32%); 53.89% were women. 
Participants were highly educated; most (67.03%) held a postgraduate degree. The sample predominantly was 
married (61.89%), lived with at least one other person (56.62%), resided in a single-family house (78.74%), and 
had an annual income greater than $50,000 (83.39%). Of the 637 participants at the survey visit 185 (29.0%) kept 
pets; 67 (10.52%) kept cats, and 84 (13.19%) kept dogs, with few people keeping other animals. Most of the dog 
owners (69.05%) stated that they walked their dogs.

At the index visit (Table 1), participants were generally in good health with a mean of 0.96 (SD = 1.17) comor-
bidities; and only a small percentage of the entire sample (1.3%, N = 8) had MMSE scores indicating the possibility 
of some degree of cognitive impairment. One hundred eighty-eight (29.51%) of the 637 participants kept pets; 67 
(10.52%) kept cats and 84 (13.19%) kept dogs; few people kept other animals. Among the dog owners, 58 (79.5%) 
reported walking their dogs. Pet owners were significantly younger and had fewer comorbidities than non-owners 
(Table 1). Pet owners were less likely than now-owners to be Black (15.96% vs 32.96%) and more likely to married 
(76.47% vs 63.53%), to live with one or more others (81.18% vs 71.3%), to work (60.43% vs 49.66%), and to live 
in a single-family home (95.16% vs 77.85%). Notably, 8 people lived in foster or assisted living communities and 
none of them kept pets. MMSE scores did not differ significantly according to pet ownership status.

At the index visit, unadjusted cognitive function measure scores differed between pet owners and non-owners. 
Immediate Recall, Short Recall, Long Recall, Digits Forward, Digits Backward, and Digit Symbol were higher 
and Visual Recall (number of errors), Trails A (seconds to complete), and Naming (number correct, reflected 
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prior to normalization) were lower for pet owners than non-owners (Table 1), indicating better performance on 
these measures for pet owners. Trails B and Trails B-A did not differ.

At the index visit assessment, individuals who owned dogs but not cats (dog owners exclusively) and individu-
als who owned cats but not dogs (cat owners exclusively) shared similar demographic characteristics (Table 2). 
Cat owners exclusively had significantly more comorbidities (M = 1.05, SD = 1.25; M = 0.75, SD = 1.15) and had 
been in the study for a longer time (M = 7.71, years SD = 3.38; M = 6.16 years, SD = 4.29) than dog owners exclu-
sively. Index visit cognitive function variables did not differ significantly between cat owners exclusively and 
dog owners exclusively.

Changes in cognitive function with aging. All cognitive function outcomes in unadjusted analyses 
deteriorated significantly as participants aged (Table  3). Pet ownership moderated the changes in cognitive 
function as participants aged after controlling for age and comorbidities (Table 4). Pet owners experienced sig-
nificantly different trajectories of change than non-owners with pet owners demonstrating less deterioration 
in Immediate Recall (ES = 0.23), Short Recall (ES = 0.15), Long Recall (ES = 0.13), Trails A(ES = − 0.25), Trails 
B (ES = − 0.29), Trails B-A (ES = − 0.14), Naming (ES = 0.21) and Digit Symbol (ES = 0.14) compared to non-
0wners (see Fig. 1).

Dog ownership, cat ownership, and changes in cognitive function. In separate analyses control-
ling for age and comorbidities, both dog ownership and cat ownership were related to changes in cognitive func-
tion (Table 4). Dog owners experienced significantly less deterioration in Immediate Recall (p = 0.019, ES = 0.21), 
Short Recall (p = 0.049, ES = 0.13), Trails A (p = 0.025, ES = − 0.22), and Trails B (p = 0.009, ES = − 0.24), than 

Table 1.  Demographic and pet ownership characteristics of respondents at the time of the BLSA index visit 
(follow-up = 0 years). ln: natural log transformed; rln: reflected then natural log transformed; wln: Winsorized 
then natural log transformed; Immediate Recall: California Verbal Learning Test-Immediate Recall; Short 
Recall : California Verbal Learning Test-short delay free recall; Long Recall: California Verbal Learning Test-
long delay free recall; Visual Recall: Benton Visual Retention Test; Trails A: Trail Making Test-A; Trails B: Trail 
Making Test-B; Trails B-A : Trail Making Test B-Trail Making Test A; Digits Forward: WAIS-R Digits Span 
Test-maximum Digits Forward; Digits Backward: WAIS-R Digits Span Test-maximum Digits Backward; Digit 
Symbol: WAIS-R Digit Substitution Test; Naming: Boston Naming Test Score. 1 Chi-Square test; 2Fischer’s exact 
test; 3Student’s t-test; 4Wilcoxon rank sum test. *Naming was reflected so higher scores indicate worse function. 
That bold indicates statistical significance p < .05 is appropriate.

Characteristic

Overall (n = 637)
Pet non-owner 
(n = 449) Pet owner (n = 188)

Value pN or M (%) or (SD) N or M (%) or (SD) N or M (%) or (SD)

Dog owner, N (%) 84 (13.19) 0 n/a 84 (44.68)

Cat owner, N (%) 67 (10.52) 0 n/a 67 (35.64)

Age in years (yrs.), M (SD)3 68.25 (9.64) 69.47 (9.67) 65.33 (8.97) 5.03  < 0.001

Black, N (%)1 178 (27.94) 148 (32.96) 30 (15.96) 19.03  < 0.001

Female, N (%)1 281 (44.11) 200 (44.54) 81 (43.09) 0.11 0.735

 < College Graduate, N (%)1 80 (12.62) 66 (14.47) 14 (7.49) 6.40 0.042

Married or partnered, N (%)1 427 (67.35) 284 (63.53) 143 (76.47) 10.03 0.002

Lives alone, N (%)1 163 (25.79) 128 (28.70) 35 (18.82) 6.70 0.009

Single family housing, N (%)1 525 (82.94) 348 (77.85) 177 (95.16) 25.33  < 0.001

Family income exceeds 50 K, N (%)1 508 (81.94) 349 (80.41) 159 (85.48) 2.32 0.127

Currently works, N (%)1 335 (52.84) 222 (49.66) 113 (60.43) 6.00 0.014

Currently volunteers, N (%)1 372 (58.68) 263 (58.84) 109 (58.29) 0.001 0.991

MMSE, M (SD)3 28.72 (1.43) 28.64 (1.29) 28.87 (1.69) 1.06 0.292

Comorbidities, M (SD)4 0.95 (1.17) 0.99 (1.15) 0.85 (1.22) 0.030

Immediate recall, M (SD)3 52.65 (11.53) 51.96 (11.77) 54.34 (10.75) − 2.35 0.019

Short recall, M (SD)3 10.51 (3.33) 10.29 (3.35) 11.05 (3.20) − 2.60 0.010

Long recall, M (SD)3 11.17 (3.28) 10.93 (3.30) 11.75 (3.15) − 2.85 0.005

Visual recall, M (SD)3 6.85 (4.81) 7.15 (4.94) 6.12 (4.38) 2.44 0.014

Trails A(wln), M (SD)3 3.35 (0.32) 3.37 (0.33) 3.31 (0.30) 2.27 0.023

Trails B(ln), M (SD)3 4.26 (0.41) 4.28 (0.43) 4.22 (0.36) 1.77 0.077

Trails B-A(wln), M (SD)3 4.48 (0.35) 4.49 (0.38) 4.46 (0.27) 0.96 0.336

Digits forward, M (SD)3 6.68 (1.26) 6.60 (1.27) 6.84 (1.22) − 2.17 0.031

Digits backward, M (SD)3 5.11 (1.32) 5.05 (1.32) 5.28 (1.31) − 1.97 0.049

Naming(rln)*, M (SD)3 2.76 (0.29) 2.78 (0.31) 2.69 (0.24) 2.60 0.010

Digit symbol, M (SD)3 47.51 (11.18) 46.86 (11.25) 49.05 (10.86) − 2.28 0.023
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people who did not own dogs. Dog owners experienced significantly different trajectories of Naming (p = 0.024, 
ES = 0.17), and Digit Symbol (p = 0.018, ES = 0.15) than non-owners; owners’ scores increased (improved) while 
non-owner’ scores decreased (deteriorated). Cat owners exhibited significantly different trajectories in Immedi-
ate Recall (p = 0.021, ES = 0.20) and Naming (p = 0.016, ES = 0.17) than individuals who did not own cats, with 
cat owner scores improving and non-owners scores deteriorating. Cat owners experienced less deterioration in 
Short Recall (p = 0.042, ES = 0.18) and Long Recall (p = 0.014, ES = 0.22) than non-owners. The trajectories of 
changes with aging were generally in the same directions for dog owners and cat owners, with dog and cat own-
ers experiencing less deterioration in cognitive function than non-owners.

A combined analysis including both dog ownership and cat ownership as independent predictors allowed 
for simultaneous comparisons with individuals who owned neither cats nor dogs. This adjusted analysis yielded 
results like those for the separate analyses (Supplemental Table 1).

Index visit pet ownership and changes in cognitive function (sensitivity analysis). The rela-
tionship of pet ownership at index visit to changes in cognitive function with aging produced generally similar 
results to those obtained with pet ownership at the time of each cognitive assessment used as the independent 
variable in the analysis. The relationships of index visit cat ownership and dog ownership to changes in cogni-
tive function produced different results (Supplemental Table 2). The differences in trajectories of changes in 
cognitive function, according to pet ownership status after controlling for age and co-morbidities were like 
those reported in Table 4. Taking the pet ownership results together, pet owners exhibited less deterioration in 
cognitive function than non-owners. However, examining the independent relationships of cat ownership and 
dog ownership to changes in cognition did not show an association of either dog or cat ownership with changes 
in cognitive function.

Table 2.  Demographic and pet ownership characteristics of pet owners comparing those who own cats 
exclusively (without owning dogs) to those who own dogs exclusively (without owning cats) at index visit. 
ln: natural log transformed; rln: reflected then natural log transformed; wln: Winsorized then natural log 
transformed; Immediate Recall: California Verbal Learning Test-Immediate Recall; Short Recall: California 
Verbal Learning Test-short delay free recall; Long Recall: California Verbal Learning Test-long delay free recall; 
Visual Recall: Benton Visual Retention Test; Trails A: Trail Making Test-A; Trails B: Trail Making Test-B; Trails 
B-A: Trail Making Test B-Trail Making Test A; Digits Forward: WAIS-R Digits Span Test-maximum Digits 
Forward; Digits Backward: WAIS-R Digits Span Test-maximum Digits Backward; Digit Symbol: WAIS-R Digit 
Substitution Test; Naming: Boston Naming Test Score; Digit Symbol: WAIS-R Digit Substitution Test. 1 Chi-
Square test; 2Fischer’s exact test; 3Student’s t-test; 4Wilcoxon rank sum test. *Naming was reflected so higher 
scores indicate worse function. That bold indicates statistical significance p < .05 is appropriate.

Characteristic

Overall (n = 141) Cat owners n = 62) Dog owners(n = 79)

Value pN or M (%) or (SD) N or M (%) or (SD) N or M (%) or (SD)

Age in years (yrs.), M (SD)3 65.99 (9.22) 66.60 (8.58) 65.52 (9.72) − 0.69 0.489

Black, N (%)1 26 (18.44) 10 (16.13) 16 (20.25) 0.39 0.531

Female, N (%)1 77 (54.61) 37 (59.68) 40 (50.63) 1.15 0.284

 < College graduate, N (%)2 8 (5.71) 4 (6.45) 4 (5.13) 0.441

Married or partnered, N (%)1 108 (77.14) 49 (79.03) 59 (75.64) 0.23 0.635

Number of others in household, N (%)1 25 (17.86) 9 (14.52) 16 (20.51) 4.41 0.221

Single family housing, N (%)2 132 (94.96) 60 (98.36) 72 (92.31) 0.135

Family income exceeds 50 K, N (%)1 120 (86.96) 53 (86.89) 67 (87.01) 0.001 0.982

Currently works, N (%)1 84 (60.00) 35 (56.45) 49 (62.82) 0.58 0.445

Currently volunteers, N (%)1 79 (57.25) 39 (63.93) 40 (51.95) 2.00 0.158

MMSE, M (SD)3 28.96 (1.73) 29.39 (0.66) 28.65 (2.17) 1.59 0.117

Comorbidities, M (SD)4 0.8 (1.20) 1.05 (1.25) 0.75 (1.15) 0.041

Follow-up yrs., M (SD)3 6.84 (3.98) 7.71 (3.38) 6.16 (4.29) − 2.33 0.021

Immediate Recall, M (SD)3 54.43 (10.96) 55.66 (11.12) 53.47 (10.81) − 1.15 0.252

Short Recall, M (SD)3 10.93 (3.27) 11.34 (3.08) 10.61 (3.39) − 1.30 0.197

Long Recall, M (SD)3 11.64 (3.28) 12.05 (2.90) 11.32 (3.54) − 1.29 0.198

Visual Recall, M (SD)3 6.18 (4.59) 5.48 (4.26) 6.75 (4.79) 1.62 0.108

Trails A(wln), M (SD)3 3.34 (0.30) 3.33 (0.28) 3.34 (0.33) 0.10 0.924

Trails B(ln), M (SD)3 4.25 (0.38) 4.21 (0.34) 4.28 (0.41) 1.21 0.229

Trails B-A(wln), M (SD)3 4.48 (0.30) 4.43 (0.31) 4.51 (0.29) 1.55 0.123

Digits forward, M (SD)3 6.90 (1.22) 7.05 (1.17) 6.79 (1.27) − 1.25 0.214

Digits backward, M (SD)3 5.30 (1.31) 5.38 (1.14) 5.24 (1.43) − 0.61 0.545

Naming(rln)*, M (SD)3 2.71 (0.24) 2.69 (0.25) 2.72 (0.24) 0.53 0.596

Digit symbol, M (SD)3 48.15 (11.31) 48.77 (11.44) 47.63 (11.25) − 0.59 0.557
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Differences between dog owners exclusively and cat owners exclusively in Changes in cogni‑
tive function. Comparison of changes in cognitive function of dog owners exclusively (own only dogs) and 
cat owners exclusively (own only cats) with aging adjusted for age and comorbidities (Table 5) demonstrated 
only one significant difference between the groups. Dog owners exclusively had greater deterioration (increase 
in errors) with aging in Visual Recall than cat owners exclusively (p = 0.007, ES = 0.43; Fig. 2).

Dog walking and changes in cognitive function. More than half of dog owners indicated they walked 
their dogs. At the index visit demographic characteristics and number of comorbidities of the dog owners who 

Table 3.  Outcome of bivariate linear mixed models showing changes in cognitive function as individuals aged 
(N = 637). ln: natural log transformed, rln: reflected then natural log transformed, wln: winsorized then natural 
log transformed, Immediate Recall: California Verbal Learning Test-Immediate Recall, Short Recall: California 
Verbal Learning Test-short delay free recall, Long Recall: California Verbal Learning Test-long delay free recall, 
Visual Recall: Benton Visual Retention Test, Trails A: Trail Making Test-A, Trails B: Trail Making Test-B, Trails 
B-A: Trail Making Test B-Trail Making Test A, Digits Forward: WAIS-R Digits Span Test-maximum Digits 
Forward, Digits Backward: WAIS-R Digits Span Test-maximum Digits Backward, Digit Symbol: WAIS-R Digit 
Substitution Test, Naming: Boston Naming Test Score. *Naming was reflected so higher scores indicate worse 
function.

Outcome Estimate se p

Immediate recall − 0.192 0.030  < 0.001

Short recall − 0.083 0.009  < 0.001

Long recall − 0.085 0.009  < 0.001

Visual recall 0.604 0.014  < 0.001

Trails A(wln) 0.014 0.001  < 0.001

Trails B(ln) 0.017 0.001  < 0.001

Trails B-A(wln) 0.012 0.001  < 0.001

Digits forward − 0.025 0.004  < 0.001

Digits backward − 0.026 0.004  < 0.001

Naming(rln)* 0.004 0.001  < 0.001

Digit symbol − 1.103 0.022  < 0.001

Table 4.  Changes in cognitive function variables with aging according to pet ownership, dog ownership, and 
cat ownership, adjusted for age and comorbidities (n = 637). Reference category is not-ownership. ln: natural 
log transformed; rln: reflected then natural log transformed; wln: Winsorized then natural log transformed; 
Immediate Recall: California Verbal Learning Test-Immediate Recall; Short Recall: California Verbal Learning 
Test-short delay free recall; Long Recall: California Verbal Learning Test-long delay free recall; Visual Recall: 
Benton Visual Retention Test; Trails A: Trail Making Test-A; Trails B: Trail Making Test-B; Trails B-A: Trail 
Making Test B-Trail Making Test A; Digits Forward: WAIS-R Digits Span Test-maximum Digits Forward; 
Digits Backward: WAIS-R Digits Span Test-maximum Digits Backward; Digit Symbol: WAIS-R Digit 
Substitution Test; Naming: Boston Naming Test Score. *Naming was reflected so higher scores indicate worse 
function. That bold indicates statistical significance p < .05 is appropriate.

Outcome

Pet ownership interaction 
with years of aging

Dog ownership 
interaction with years 
of aging

Cat ownership 
interaction with years 
of aging

Est se p Est se p Est se p

Immediate recall 0.264 0.071  < 0.001 0.239 0.102 0.019 0.231 0.099 0.021

Short recall 0.051 0.021 0.018 0.060 0.031 0.049 0.061 0.030 0.042

Long recall 0.043 0.021 0.040 0.043 0.030 0.151 0.071 0.029 0.014

Visual recall − 0.002 0.032 0.959 0.098 0.047 0.035 − 0.058 0.045 0.199

Trails A(wln) − 0.008 0.002  < 0.001 − 0.007 0.003 0.025 − 0.004 0.003 0.185

Trails B(ln) − 0.012 0.003  < 0.001 − 0.010 0.004 0.009 − 0.005 0.004 0.155

Trails B-A(wln) − 0.005 0.003 0.042 − 0.007 0.004 0.072 − 0.001 0.004 0.763

Digits forward 0.010 0.009 0.269 − 0.002 0.013 0.871 0.002 0.013 0.878

Digits Backward 0.017 0.010 0.072 0.018 0.014 0.178 − 0.010 0.013 0.466

Naming(rln)* − 0.006 0.001  < 0.001 − 0.005 0.002 0.024 − 0.005 0.002 0.016

Digit symbol − 0.155 0.050 0.002 − 0.172 0.073 0.018 − 0.082 0.070 0.243



8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14738  | https://doi.org/10.1038/s41598-023-41813-y

www.nature.com/scientificreports/

walked their dogs and those who did not did not differ (Table 6). Dog owners who walked their dogs performed 
better on the Trails A Test (p = 0.027, ES = 0.29) in unadjusted analysis (Table 6) than those who did not.

Dog walking was related to changes in cognitive function with aging controlling for age and comorbidities 
(Table 5). Dog owners who walked their dogs experienced significantly different trajectories of changes in Short 
Recall (p = 0.015, ES = 0.54), Trails B (p < 0.001, ES = − 0.81) and Trails B-A (p < 0.001, ES = − 1.07) than those 
who did not. Cognitive function improved for dog walkers and deteriorated for non-walkers (Fig. 3).

Cognitive status, pet ownership and changes in cognitive function. In the current study the par-
ticipants were generally cognitively functional. All except 41 of the 637 participants (93.6%) were deemed to be 
cognitively intact, six of the participants (0.94%) were determined to have dementia, 30 (4.7%) to have mild cog-
nitive impairment, and five (7.8%) to have potential cognitive impairment due to strokes or other causes. At the 
index visit in unadjusted analyses, pet ownership, dog ownership, and cat ownership did not differ significantly 
between participants who were cognitively intact and those who were not (cognitively intact pet owners = 30.6%, 
not cognitively intact pet owners = 17.6%, χ2 = 3.33, p = 0.068; cognitively intact dog owners = 12.8%, not cog-
nitively intact dog owners = 9.8%, χ2 = 0.313, p = 0.576; cognitively intact cat owners = 12.9%, not cognitively 

Figure 1.  Changes in selected measures of cognitive function with aging: comparison of pet owners and non-
owners. Note (ln) in axis label indicates a natural log transformation was applied.

Table 5.  Estimates for interaction parameters from linear mixed models a) comparing changes in cognitive 
function outcomes between dog owners exclusively (who do not own cats) and cat owners exclusively (who 
do not own dogs) with aging, adjusted for age and comorbidity (n = 141) and b) examining the contributions 
of dog walking status to changes in cognitive function variables with aging, adjusted for age and comorbidity 
(n = 73). Reference categories are cat ownership, and dog owners who do not walk their dogs. ln: natural 
log transformed; rln: reflected then natural log transformed; wln: Winsorized then natural log transformed; 
Immediate Recall: California Verbal Learning Test-Immediate Recall; Short Recall: California Verbal Learning 
Test-short delay free recall; Long Recall: California Verbal Learning Test-long delay free recall; Visual Recall: 
Benton Visual Retention Test; Trails A: Trail Making Test-A; Trails B: Trail Making Test-B; Trails B-A : Trail 
Making Test B-Trail Making Test A; Digits Forward: WAIS-R Digits Span Test-maximum Digits Forward; 
Digits Backward: WAIS-R Digits Span Test-maximum Digits Backward; Digit Symbol: WAIS-R Digit 
Substitution Test; Naming: Boston Naming Test Score. *Naming was reflected so higher scores indicate worse 
function. That bold indicates statistical significance p < .05 is appropriate.

Outcome

Cats vs dogs with years of aging
Dog walking vs non-walking with years 
of aging

Estimate se p Estimate se p

Immediate recall 0.067 0.143 0.468 0.238 0.247 0.334

Short recall − 0.027 0.045 0.542 0.182 0.075 0.015

Long recall − 0.030 0.040 0.460 0.027 0.071 0.703

Visual recall 0.188 0.069 0.007 0.085 0.120 0.479

Trails A(wln) − 0.003 0.004 0.493 0.010 0.007 0.156

Trails B(ln) − 0.003 0.005 0.585 − 0.034 0.010 0.001

Trails B-A(wln) − 0.001 0.005 0.802 − 0.032 0.008  < 0.001

Digits forward − 0.008 0.019 0.686 − 0.025 0.034 0.471

Digits backward 0.020 0.021 0.342 0.031 0.356 0.385

Naming(rln)* 0.0003 0.003 0.920 − 0.002 0.004 0.670

Digit symbol 0.103 0.110 0.348 0.054 0.192 0.780
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Figure 2.  Comparison of changes in number of errors on the Benton Visual Retention Test with aging: 
comparison of dog owners with cat owners.

Table 6.  Demographic, pet ownership, and cognitive function characteristics of dog owners comparing those 
that walk their dogs to those that don’t walk their dogs (n = 73). ln: natural log transformed; rln: reflected then 
natural log transformed; wln: Winsorized then natural log transformed; Immediate Recall: California Verbal 
Learning Test -Immediate Recall; Short Recall: California Verbal Learning Test-short delay free recall; Long 
Recall: California Verbal Learning Test-long delay free recall; Visual Recall: Benton Visual Retention Test; 
Trails A: Trail Making Test-A; Trails B: Trail Making Test-B; Trails B-A : Trail Making Test B-Trail Making Test 
A; Digits Forward: WAIS-R Digits Span Test-maximum Digits Forward; Digits Backward: WAIS-R Digits Span 
Test-maximum Digits Backward; Digit Symbol: WAIS-R Digit Substitution Test; Naming: Boston Naming Test 
Score. 1 Chi-Square test; 2Fischer’s exact test; 3Student’s t-test; 4Wilcoxon rank sum test. *Naming was reflected 
so higher scores indicate worse function. That bold indicates statistical significance p < .05 is appropriate.

Characteristic N or M (%) or (SD) N or M (%) or (SD) N or M (%) or (SD) Value p

Age in years (yrs.), M (SD)3 64.48 (9.89) 64.11 (9.36) 65.92 (12.00) 0.63 0.532

Black, N (%)2 12 (16.44) 10 (17.24) 2 (13.33) 1.000

Female, N (%)1 38 (52.05) 27 (46.55) 11 (73.33) 3.43 0.064

 < College graduate, N (%)2 3 (4.17) 1 (1.75) 2 (13.33) 0.541

Married or partnered, N (%)2 55 (76.39) 41 (71.93) 14 (93.33) 0.100

Lives alone, N (%)2 14 (19.72) 10 (17.86) 4 (26.67) 0.475

Single family housing, N (%)2 66 (91.67) 53 (92.98) 13 (86.67) 0.598

Family income exceeds 50 K, N (%)2 62 (87.32) 48 (84.21) 14 (100) 0.189

Currently works, N (%)1 47 (65.28) 38 (66.67) 9 (60.00) 0.23 0.629

MMSE, M (SD)3 28.63 (2.07) 28.60 (2.35) 28.43 (1.27) 0.18 0.855

Comorbidities, M (SD)4 0.68 (1.17) 0.50 (0.80) 1.40 (1.92) 0.175

Follow-up yrs., M (SD)3 5.46 (4.31) 5.44 (4.41) 5.51 (4.06) 0.06 0.955

Immediate recall, M (SD)3 53.07 (10.96) 53.93 (9.92) 49.71 (14.29) − 1.29 0.201

Short recall, M (SD)3 10.48 (3.40) 10.60 (3.36) 10.00 (3.64) − 0.59 0.560

Long recall, M (SD)3 11.19 (3.53) 11.35 (3.46) 10.57 (3.88) − 0.73 0.468

Visual recall, M (SD)3 6.68 (4.86) 6.39 (4.44) 7.79 (6.28) 0.96 0.341

Trails A(wln), M (SD)3 3.31 (0.34) 3.27 (0.32) 3.48 (0.37) 2.26 0.027

Trails B(ln), M (SD)3 4.26 (0.42) 4.23 (0.40) 4.40 (0.48) 1.45 0.152

Trails B-A(wln), M (SD)3 4.51 (0.30) 4.49 (0.28) 4.57 (0.35) 0.91 0.368

Digits forward, M (SD)3 6.87 (1.28) 6.89 (1.26) 6.77 (1.42) − 0.31 0.761

Digits backward, M (SD)3 5.34 (1.44) 5.36 (1.44) 5.23 (1.48) − 0.3 0.768

Naming(rln)*, M (SD)3 2.72 (0.25) 2.70 (0.24) 2.79 (0.26) 1.09 0.281

Digit symbol, M (SD)3 46.43 (11.09) 48.891 (11.28) 43.64 (11.27) − 1.56 0.135
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intact cat owners = 2.4%, χ2 = 3.51, p = 0.061). In LMMs controlling for age and comorbidities, cognitive impair-
ment did not moderate the relationships between pet ownership and changes in most of the cognitive function 
outcomes, the exception being Long Recall. Long Recall improved among pet owners who were not cognitively 
intact but not in other subgroups.

Discussion
In this study using data from the Baltimore Longitudinal Study of Aging, pet ownership, dog ownership, and cat 
ownership and dog walking were related to the maintenance of executive function and language function, and 
memory, except working memory, in generally health community-residing older adults as they aged. The use of 
measures of specific cognitive domains enables examination of the relationship of pet ownership to changes in 
specific types of cognition. This contrasts with a longitudinal study of community-residing older adults in which 
cat ownership was not related to the development of the dichotomous outcome of developing mild cognitive 
impairment after adjustment for potential  confounders26. In addition, the current study explores changes specific 
to dog ownership and cat ownership as well as to overall pet ownership.

In the current study, pet ownership, dog ownership, and dog walking were related to slower deterioration in 
all large domains and all subdomains of executive function except working memory. All three Trails measures 
revealed reduced deterioration in executive function for pet owners; two of these measures (Trails A, Trails B) 
also deteriorated more slowly for dog owners than non-owners. Psychomotor speed (Trails tests) and processing 
speed (Digit Symbol) deteriorated more slowly for pet owners and dog owners than non-owners.

Further, pet ownership, dog ownership, and cat ownership were related to slower deterioration in language 
function. Only cat ownership was related to slower deterioration in verbal memory.

One mechanism for the slower deterioration in cognition among pet owners, dog owners, and dog walkers 
is reduction in stress when an animal is present. Evidence supports a relationship of pet ownership with stress 
biomarkers and psychological perceptions of stress. Chronic stress contributes to cognitive decline in older 
 adults46. Elevations of cortisol due to disruptions in the HPA axis may impinge on hippocampal function associ-
ated with cognitive  function47–49.

The presence of pets is well known to decrease stress in experimental studies using both stress 
 biomarkers19,48,50–52 and subjective  scales53–55. Most of these studies documented the positive influence of dogs, 
but do not include cats. Evidence for pets reducing stress biomarkers in older adults during their normal daily 
lives is derived from ecological momentary assessment, of blood pressure in adults with pre-hypertension to 
mild hypertension. Pet owners’ blood pressures in their homes were lower when their dogs were present than 
when they weren’t present. Cats’ presence was associated with higher systolic as well as lower diastolic blood 
 pressures56. These differences in stress biomarkers may be related to differences in interaction of cat owners and 
dog owners with their respective pets and relate to the observed differences in the deterioration in executive 
function between dog and cat owners as they age.

Two mechanisms, increased exercise and increased social interaction or social support, could explain the 
relationship of dog walking to slower deterioration in cognition with aging. Previous research showed that 
within the biological realm increased physical activity improved cognitive function or decreased deterioration 
in cognitive  function31,32. Walking a dog also affects the social realm by increasing social interactions of the dog 
 walkers57–59 and improves community social  capital60.

Differences in deterioration in executive function according to pet and dog ownership and dog walking sug-
gest changes in processing and psychomotor speed. Dog owners may use these skills more frequently to care for 
pet dogs. Monitoring dog behavior both within the home and on walks, and reacting quickly to environmental 
concerns (e.g., another dog approaching, a delivery at the door) or other sudden movements all require greater 
physical and executive skills than are needed to provide homes to more independent cats. Perhaps pet owners 
need to think and act quickly to care for their pets or prevent their pets from being injured. This may be more 
important for dog than cat owners, doing this repeatedly could lead to less deterioration with aging.

Figure 3.  Comparison of changes in selected measures of cognition with aging: comparison of dog owners who 
do and do not walk their dogs. Note (ln) in axis label indicates a natural log transformation was applied.
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In the current study, there was no evidence that pet ownership, dog ownership, or cat ownership was related 
to deterioration in working memory (Digits Forward, Digits Backward). These results contrast with evidence 
from an experimental study where the presence of a dog was associated with better memory performance in 
preschool  children61.

Within the psychological realm, aging leads to reductions in the ability to attend to stimuli and capacity to 
inhibit irrelevant  stimuli62. Deterioration in attention (Trails A) was slower among pet owners and dog owners 
than non-owners, but not related to cat ownership. The tasks required to care for a pet may force older adults 
to attend to some, while inhibiting other stimuli thus providing additional use and practice in this cognitive 
domain. Attention switching requires that you quickly shift your focus between multiple processes, another 
function that may be used more in activities related to caring for a dog or dog walking than to caring for a cat. In 
general, caring for a pet mandates the ability to direct one’s focus externally and thereby limits the time available 
for cognitively draining perseveration, worry and anxiety, or rumination. Dog ownership may require a higher 
level of practice and implementation of goal-directed behaviors and attention shifting consistent with slowing 
the deterioration of executive function.

In the current study pet ownership, dog ownership, and cat ownership were related to slower deterioration in 
long-term and verbal memory. Long-term memory is a vast storehouse of information that a person may retain 
over extended periods of time and has been conceptualized as a permanent  repository63. The verbal component 
of this storehouse includes words, labels, and sounds associated with verbal information, whereas the nonverbal 
component stores information such as images and spatial relationships. All measures of long-term memory 
(Naming, Short Recall, Long Recall) and most measures of verbal memory (Naming, Immediate Recall, Short 
Recall, Long Recall) deteriorated more slowly over the ten-year period for pet owners, dog owners, and cat 
owners. While no studies addressed the relationship of pet ownership to memory, the relationship of chronic 
stress to poor memory is well  established64. Furthermore increased social interactions with other humans which 
occur when individuals have pets may help maintain memory by using it to remember people and their animals.

In the current study, non-verbal memory, assessed with Visual Recall, did not change differently with aging 
according to pet ownership or cat ownership. Dog ownership was associated with faster deterioration in non-
verbal memory. Non-verbal memory deteriorated faster among dog owners than cat owners, suggesting that 
some aspects of non-verbal memory may be related to cat ownership specifically. The games people play with 
their cat may require more verbal memory than activities with a dog.

In the current study the measure of language function, Naming, deteriorated more slowly for pet owners, dog 
owners and cat owners than non-owners with aging. It is likely that language function is used specifically in pet 
ownership-related tasks, so keeping pets of all kinds confers an advantage. Lower stress and more opportuni-
ties for social interaction may support language function similarly to the way they support executive function.

In the current study dog walking was associated with less deterioration in the psychological realm variables 
of executive function, specifically short-term recall, and psychomotor speed. Dog walking was not associated 
with changes in other aspects of executive function or language function.

Our findings complement the changes in the social realm demonstrating that dog walking in the community 
was associated with less loneliness during the COVID-19 pandemic for socially isolated older  adults65.

In our previous analysis of BLSA physical function data, dog walking was not associated with reduced dete-
rioration in physical  function66. The physical exercise associated with dog-walking is not a likely explanation for 
the observed differences in deterioration of cognition with aging among pet owners.

In the current study, moderation analyses did not demonstrate an association of cognitive impairment with 
the relationship of pet ownership to deterioration in cognitive function with aging. However, almost all the 
participants were cognitively intact. By reducing stress, pet ownership may minimize deterioration in cognition, 
more for those who are mildly cognitively impaired than those who are not. Higher chronic stress was associated 
with faster cognitive decline in individuals with moderate cognitive impairment but not in cognitively normal 
participants over 3  years64. People with worse cognitive function may have already relinquished their pets. 
However, most of the participants in the BLSA are high functioning and have few comorbidities suggesting an 
ability to care for pets. Similarly, those who are most frail may have been forced to give up their pets due to living 
restrictions. However, the relationship of pet ownership to reduced aging-related deterioration was consistent 
whether pet ownership was categorized at the beginning of the ten years or at the time of each cognitive assess-
ment. One would expect a substantial reduction in pet ownership if deterioration in cognitive function led to 
discontinuation of pet ownership. This expectation was not achieved; more people obtained a pet (N = 43) than 
discontinued pet ownership (N = 30) during the follow-up considered in our analysis.

It is important to note that the current study examines the relationship of pet ownership to longitudinal 
changes in cognitive function in community-residing older adults as they age. This is distinct from therapeutic 
changes in cognition that might occur with interventions in care homes or other venues. Our findings do not 
include the presence of the pet during the assessment or an evaluation of how the relationship with the pet may 
influence the relationships we found.

Limitations. It is important to note that the current study was conducted on a select group of aging adults. 
While the study included a relatively balanced sample of men and women, the high socio-economic status, high 
proportion of majority ethnic/racial groups, and high cognitive function limits the generalizability of the find-
ings to other groups. This also prevents in depth analysis of the role of social determinants of health. Further 
the large percent of individuals who live with others may not represent the overall older adult population. The 
generalizability of the negative findings with respect to differences in trajectories of change between dog and cat 
owners also is limited by the small sample sizes. The contributions of other pet species could not be evaluated 
due to the small number of individuals who owned pets other than cats or dogs. It is possible that pet ownership 
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will be differentially associated with maintenance of cognitive function according to where the individual lies 
on the continuum of cognitive function/impairment. While moderation analysis provided little evidence sup-
porting the relationship of cognitive impairment to the association of pet ownership with changes in cognitive 
function outcomes over time, this is worth further exploration in a more varied population. This study does not 
investigate whether any of the nuances of pet ownership including pet attachment and pet health or other owner 
participant characteristics such as marital status or living alone are related to changes in cognitive function, 
although both being married and not living alone are more common for pet owners than non-owners.

Conclusion
The current study provides important longitudinal evidence for the contribution of pet ownership to the main-
tenance of cognitive function in generally health community-residing older adults as they age. Older adult pet 
owners experienced less decline in cognitive function as they aged, after considering both their pre-existing 
health and age. Memory, executive function, language function, psychomotor speed, and processing speed dete-
riorated less over ten years among pet owners than among non-owners and among dog owners than non-owners. 
Cat owners experienced less deterioration in memory and language function. Dog walking also was associated 
with slower deterioration in cognitive function. Explanations for the effects reported include decreased stress, 
increased relaxation/affiliation, increasing external focus for attention, and inhibition of irrelevant thoughts; 
definitive answers require additional investigation.

This study provides the first longitudinal evidence relating pet ownership and dog walking to reduced deterio-
ration in cognitive function with aging for generally healthy older adults residing in community settings. Policy 
makers can use these findings to support inclusion of pets in care plans, designing housing and neighborhoods 
for seniors that are friendly for dog  walking67–69 and developing programs to support pet ownership and care 
for older adults’ pets while they are temporarily unable to do  so13.

Data availability
The datasets generated for this study will not be made publicly available. The study is ongoing, and the data are the 
property of the National Institutes on Aging. Baltimore Longitudinal Study of Aging data are available through 
an application process available through their website (https:// www. blsa. nih. gov/ how- apply).

Received: 21 April 2023; Accepted: 31 August 2023

References
 1. Lamar, M., Resnick, S. M. & Zonderman, A. B. Longitudinal changes in verbal memory in older adults: Distinguishing the effects 

of age from repeat testing. Neurology 60, 82–86 (2003).
 2. McCarrey, A. C., An, Y., Kitner-Triolo, M. H., Ferrucci, L. & Resnick, S. M. Sex differences in cognitive trajectories in clinically 

normal older adults. Psychol. Aging 31, 166–175 (2016).
 3. Ritchie, K., Touchon, J., Ledesert, B., Leibovici, D. & Gorce, A. Establishing the limits and characteristics of normal age-related 

cognitive decline. Rev. Epidemiol. Sante Publique 45, 373–381 (1997).
 4. Sinnett, E. R. & Holen, M. C. Assessment of memory functioning among an aging sample. Psychol. Rep. 84, 339–350 (1999).
 5. Small, S. A., Stern, Y., Tang, M. & Mayeux, R. Selective decline in memory function among healthy elderly. Neurology 52, 1392–1392 

(1999).
 6. Vespa, J. The Greying of America: More older adults than kids by 2035, https:// www. census. gov/ libra ry/ stori es/ 2018/ 03/ grayi ng- 

ameri ca. html (2018).
 7. Beltrán-Sánchez, H., Soneji, S. & Crimmins, E. M. Past, present, and future of healthy life expectancy. Cold Spring Harb. Perspect. 

Med. 5, a025957. https:// doi. org/ 10. 1101/ cshpe rspect. a0259 57 (2015).
 8. Zhao, C. et al. Dietary patterns, physical activity, sleep, and risk for dementia and cognitive decline. Curr. Nutr. Rep. 7, 335–345 

(2018).
 9. Friedmann, E. & Gee, N. R. Critical review of research methods used to consider the impact of human-animal interaction on older 

adults’ health. Gerontologist 59, 964–972. https:// doi. org/ 10. 1093/ geront/ gnx150 (2018).
 10. Friedmann, E. In Handbook on Animal Assisted Therapy, Theoretical Foundations and Guidelines for Practice (ed Fine, A. H.) 79–100 

(Academic Press, 2019).
 11. Gee, N. R., Rodriguez, K. E., Fine, A. H. & Trammell, J. P. Dogs supporting human health and well-being: A biopsychosocial 

approach. Front. Vet. Sci. https:// doi. org/ 10. 3389/ fvets. 2021. 630465 (2021).
 12. Gee, N. R. & Mueller, K. K. A systematic review of research on pet ownership and animal interactions among older adults. Anthro-

zoös 32, 183–207. https:// doi. org/ 10. 1080/ 08927 936. 2019. 15699 03 (2019).
 13. Fine, A. H. & Friedmann, E. Involving our pets in relationship Building–Pets and elder Well–Being. In Social Isolation of Older 

Adults: Strategies to Bolster Health and Well-Being (eds Kaye, L. W. & Singer, C. M.) 136 (2018).
 14. Piolatto, M. et al. The effect of social relationships on cognitive decline in older adults: An updated systematic review and meta-

analysis of longitudinal cohort studies. BMC Public Health 22, 1–14 (2022).
 15. Kretzler, B., König, H.-H. & Hajek, A. Pet ownership, loneliness, and social isolation: A systematic review. Soc. Psychiatry Psychiatr. 

Epidemiol. 57, 1935–1957 (2022).
 16. Fine, A. H. Our Faithful Companions: Exploring the Essence of Our Kinship with Animals (Alpine, 2014).
 17. McNicholas, J. & Collis, G. M. Dogs as catalysts for social interactions: Robustness of the effect. Br. J. Psychol 91(Pt 1), 61–70 (2000).
 18. Bernabei, V. et al. Animal-assisted interventions for elderly patients affected by dementia or psychiatric disorders: A review. J. 

Psychiatr. Res. 47, 762–773 (2013).
 19. Pendry, P., Carr, A. M., Gee, N. R. & Vandagriff, J. L. Randomized trial examining effects of animal assisted intervention and stress 

related symptoms on college students’ learning and study skills. Int. J. Environ. Res. Public Health 17, 1909 (2020).
 20. Brelsford, V. L., Dimolareva, M., Rowan, E. I., Gee, N. R. & Meints, K. Can dog-assisted and relaxation interventions boost spatial 

ability in children with and without special educational needs?. PLoS ONE 10, 886324 (2022).
 21. Gee, N. R. & Fine, A. H. In Animal Assisted Therapy: Theoretical Foundations and Guidelines for Practice (ed Fine, A. H.) 271–284 

(Academic Press, 2019).
 22. Applebaum, J. W., Shieu, M. M., McDonald, S. E., Dunietz, G. L. & Braley, T. J. The impact of sustained ownership of a pet on 

cognitive health: A population-based study. J. Aging Health 35, 230–241 (2023).

https://www.blsa.nih.gov/how-apply
https://www.census.gov/library/stories/2018/03/graying-america.html
https://www.census.gov/library/stories/2018/03/graying-america.html
https://doi.org/10.1101/cshperspect.a025957
https://doi.org/10.1093/geront/gnx150
https://doi.org/10.3389/fvets.2021.630465
https://doi.org/10.1080/08927936.2019.1569903


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14738  | https://doi.org/10.1038/s41598-023-41813-y

www.nature.com/scientificreports/

 23. Branson, S., Boss, L., Cron, S. & Kang, D. H. Examining differences between homebound older adult pet owners and non-pet 
owners in depression, systemic inflammation, and executive function. Anthrozoös 29, 323–334 (2016).

 24. Branson, S. M. Biopsychosocial factors and cognitive function in cat ownership and attachment in community-dwelling older 
adults. Anthrozoös 32, 267–282. https:// doi. org/ 10. 1080/ 08927 936. 2019. 15699 08 (2019).

 25. Friedmann, E. et al. Pet ownership patterns and successful aging outcomes in community dwelling older adults. Front. Vet. Sci. 
https:// doi. org/ 10. 3389/ fvets. 2020. 00293 (2020).

 26. Branson, S. & Cron, S. Pet caretaking and risk of mild cognitive impairment and dementia in older US adults. Anthrozoös 35, 
203–217 (2022).

 27. Curl, A. L., Bibbo, J. & Johnson, R. A. Dog walking, the human–animal bond and older adults’ physical health. Gerontologist 57, 
930–939 (2017).

 28. Bibbo, J., Curl, A. L. & Johnson, R. A. Pets in the lives of older adults: A life course perspective. Anthrozoös 32, 541–554 (2019).
 29. Thorpe, R. J. Jr. et al. Dog ownership, walking behavior, and maintained mobility in late life. J. Am. Geriatr. Soc 54, 1419–1424. 

https:// doi. org/ 10. 1111/j. 1532- 5415. 2006. 00856.x (2006).
 30. Zhu, W. et al. Objectively measured physical activity and cognitive function in older adults. Med. Sci. Sports Exerc. 49, 47 (2017).
 31. Biazus-Sehn, L. F., Schuch, F. B., Firth, J. & de Souza Stigger, F. Effects of physical exercise on cognitive function of older adults 

with mild cognitive impairment: A systematic review and meta-analysis. Arch. Gerontol. Geriatr. 89, 104048 (2020).
 32. da Silva, F. C. et al. Effects of physical exercise programs on cognitive function in Parkinson’s disease patients: A systematic review 

of randomized controlled trials of the last 10 years. PLoS ONE 13, e0193113 (2018).
 33. Sandroff, B. M. et al. Randomized controlled trial of physical activity, cognition, and walking in multiple sclerosis. J. Neurol. 261, 

363–372 (2014).
 34. NCHS. Health and Retirement Study Questionnaire on Your Everyday Life and Well-being, https:// hrs. isr. umich. edu/ sites/ defau lt/ 

files/ meta/ 2020/ core/ qnaire/ online/ 2020_ SAQ_ v13. pdf (2020).
 35. NIA. HRS Module 9. University of Michican Institute for Social Research (2012)., https:// hrson line. isr. umich. edu/ modul es/ meta/ 

2012/ core/ qnaire/ online/ HRS20 12_ Modul e9. pdf (2012).
 36. Delis, D., Kramer, J., Kaplan, E. & Ober, B. California verbal learning test research edition manual (The Psychological Corporation, 

1987).
 37. Benton, A. L. Visual Retention Test (Psychological Corporation, 1974).
 38. Ng, G., Ng, W. Q. & Yang, H. Executive functions predict the trajectories of rumination in middle-aged and older adults: A latent 

growth curve analysis. Emotion 23, 776–786 (2022).
 39. Wager, T. D. & Smith, E. E. Neuroimaging studies of working memory. Cogn. Affect. Behav. Neurosci. 3, 255–274 (2003).
 40. Reitan, R. M. Trail Making Test: Manual for administration and scoring (Reitan Neuropsychology Laboratory, 1986).
 41. Wechsler, D. Wechsler Adult Intelligence Scale-Revised Manual (Psychological Corporation, 1981).
 42. Kaplan, E., Goodglass, H. & Weintraub, S. Boston Naming Test 2nd edn. (Lea & Febiger, 1983).
 43. Earl Robertson, F. & Jacova, C. A systematic review of subjective cognitive characteristics predictive of longitudinal outcomes in 

older adults. Gerontologist https:// doi. org/ 10. 1093/ geront/ gnac1 09 (2022).
 44. Folstein, M. F., Folstein, S. E. & McHugh, P. R. “Mini-mental state”: A practical method for grading the cognitive state of patients 

for the clinician. J. Psychiatr. Res. 12, 189–198 (1975).
 45. Creavin, S. T. et al. Mini-Mental State Examination (MMSE) for the detection of dementia in clinically unevaluated people aged 

65 and over in community and primary care populations. Cochrane Database Syst. Rev. 2016, CD011145 (2016).
 46. Aggarwal, N. T. et al. Perceived stress and change in cognitive function among adults aged 65 and older. Psychosom. Med. 76, 80 

(2014).
 47. Ortiz, J. B. & Conrad, C. D. The impact from the aftermath of chronic stress on hippocampal structure and function: Is there a 

recovery?. Front. Neuroendocrinol. 49, 114–123 (2018).
 48. Friedmann, E., Katcher, A. H., Thomas, S. A., Lynch, J. J. & Messent, P. R. Social interaction and blood pressure: Influence of animal 

companions. J. Nerv. Ment. Dis. 171, 461–465 (1983).
 49. McEwen, B. S., Nasca, C. & Gray, J. D. Stress effects on neuronal structure: Hippocampus, amygdala, and prefrontal cortex. Neu-

ropsychopharmacology 41, 3–23 (2016).
 50. Allen, K., Blascovich, J. & Mendes, W. Cardiovascular reactivity and the presence of pets, friends and spouses: The truth about 

cats and dogs. Psychosom. Med. 64, 727–739 (2002).
 51. Allen, K. M. Pet dogs attenuate cardiovascular stress responses and pain among women with rheumatoid arthritis. Psychophysiology 

44, S89 (2007).
 52. Friedmann, E., Zuck Locker, B. & Lockwood, R. Perception of animals and cardiovascular responses during verbalization with an 

animal present. Anthrozoös 6, 115–134 (1990).
 53. Barker, R. T., Knisely, J. S., Barker, S. B., Cobb, R. K. & Schubert, C. M. Preliminary investigation of employee’s dog presence on 

stress and organizational perceptions. Int. J. Workplace Health Manag. 5, 15–30 (2012).
 54. Barker, S. B., Barker, R. T., McCain, N. L. & Schubert, C. M. A randomized cross-over exploratory study of the effect of visiting 

therapy dogs on college student stress before final exams. Anthrozoös 29, 35–46 (2016).
 55. Barker, S. B., Knisely, J. S., McCain, N. L. & Best, A. M. Measuring stress and immune response in healthcare professionals follow-

ing interaction with a therapy dog: A pilot study. Psychol. Rep 96, 713–729 (2005).
 56. Friedmann, E., Thomas, S. A., Son, H., Chapa, D. & McCune, S. Pet’s presence and owner’s blood pressures during the daily lives of 

pet owners with pre- to mild hypertension. Anthrozoös 26, 535–550. https:// doi. org/ 10. 2752/ 17530 3713X 13795 77553 6138 (2013).
 57. Antonacopoulos, N. M. D. & Pychyl, T. A. An examination of the possible benefits for well-being arising from the social interac-

tions that occur while dog walking. Soc. Anim. 22, 459–480. https:// doi. org/ 10. 1163/ 15685 306- 12341 338 (2014).
 58. Bould, E., Bigby, C., Bennett, P. C. & Howell, T. J. More people talk to you when you have a dog–dogs as catalysts for social inclu-

sion of people with intellectual disabilities. J. Intellect. Disabil. Res. 62, 833–841. https:// doi. org/ 10. 1111/ jir. 12538 (2018).
 59. Brown, B. B. & Jensen, W. A. Dog ownership and walking: Perceived and audited walkability and activity correlates. Int. J. Environ. 

Res. Public Health https:// doi. org/ 10. 3390/ ijerp h1704 1385 (2020).
 60. Wood, L., Giles-Corti, B. & Bulsara, M. The pet connection: Pets as a conduit for social capital?. Soc. Sci. Med. 61, 1159–1173. 

https:// doi. org/ 10. 1016/j. socsc imed. 2005. 01. 017 (2005).
 61. Gee, N. R., Church, M. T. & Altobelli, C. L. Preschoolers make fewer errors on an object categorization task in the presence of a 

dog. Anthrozoös 23, 223–230 (2010).
 62. Commodari, E. & Guarnera, M. Attention and aging. Aging Clin. Exp. Res. 20, 578–584 (2008).
 63. Atkinson, R. C. & Shiffrin, R. M. Psychology of Learning and Motivation Vol. 2, 89–195 (Elsevier, 1968).
 64. Peavy, G. M. et al. Effects of chronic stress on memory decline in cognitively normal and mildly impaired older adults. Am. J. 

Psychiatry 166, 1384–1391 (2009).
 65. Carr, D. et al. Dog walking and the social impact of the COVID-19 pandemic on loneliness in older adults. Animals 11, 1852. 

https:// doi. org/ 10. 3390/ ani11 071852 (2021).
 66. Friedmann, E. et al. Pet ownership and maintenance of physical function in older adults-evidence from the Baltimore Longitudinal 

Study of Aging (BLSA). Innov. Aging 7, 1–14. https:// doi. org/ 10. 1093/ geroni/ igac0 80 (2023).

https://doi.org/10.1080/08927936.2019.1569908
https://doi.org/10.3389/fvets.2020.00293
https://doi.org/10.1111/j.1532-5415.2006.00856.x
https://hrs.isr.umich.edu/sites/default/files/meta/2020/core/qnaire/online/2020_SAQ_v13.pdf
https://hrs.isr.umich.edu/sites/default/files/meta/2020/core/qnaire/online/2020_SAQ_v13.pdf
https://hrsonline.isr.umich.edu/modules/meta/2012/core/qnaire/online/HRS2012_Module9.pdf
https://hrsonline.isr.umich.edu/modules/meta/2012/core/qnaire/online/HRS2012_Module9.pdf
https://doi.org/10.1093/geront/gnac109
https://doi.org/10.2752/175303713X13795775536138
https://doi.org/10.1163/15685306-12341338
https://doi.org/10.1111/jir.12538
https://doi.org/10.3390/ijerph17041385
https://doi.org/10.1016/j.socscimed.2005.01.017
https://doi.org/10.3390/ani11071852
https://doi.org/10.1093/geroni/igac080


14

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14738  | https://doi.org/10.1038/s41598-023-41813-y

www.nature.com/scientificreports/

 67. Toohey, A. M., McCormack, G. R., Doyle-Baker, P. K., Adams, C. & Rock, M. J. Dog-walking and sense of community in neighbor-
hoods: Implications for promoting regular physical activity in adults 50 years and older. Health Place 22, 75–81. https:// doi. org/ 
10. 1016/j. healt hplace. 2013. 03. 007 (2013).

 68. McCormack, G. R., Graham, T. M., Christian, H., Toohey, A. M. & Rock, M. J. Supportive neighbourhood built characteristics 
and dog-walking in Canadian adults. Can. J. Public Health 107, e245–e250 (2016).

 69. Koohsari, M. J. et al. Dog ownership and adults’ objectively-assessed sedentary behaviour and physical activity. Sci. Rep. 10, 1–7. 
https:// doi. org/ 10. 1038/ s41598- 020- 74365-6 (2020).

Acknowledgements
Data for these analyses were obtained from the Baltimore Longitudinal Study of Aging (BLSA), a study performed 
by the NIA. NIA IRP NIH Investigators were involved in all aspects of this manuscript, including the design and 
conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or 
approval of the manuscript; and the decision to submit the manuscript for publication.

Author contributions
E.F. conceived the protocol and analysis and interpretation. E.M.S. and M.H.K.-T. facilitated collection of the 
data. E.F. and M.G. analyzed the data. EF and NRG wrote the manuscript. I.A. and M.G. prepared the figures 
and tables. All authors participated in refinements of protocol and/or analyses, contributed to the revision of the 
manuscript, and approved the final version of the manuscript for submission.

Funding
This research was funded in part by the WALTHAM™ Centre for Pet Nutrition Human-Animal Interaction 
Collaborative Research Award number 55091. This study was supported in part by the Intramural Research 
Program (IRP), National Institute on Aging (NIA), National Institutes of Health (NIH). Data for these analyses 
were obtained from the Baltimore Longitudinal Study of Aging (BLSA), a study performed by the NIA. NIA 
IRP NIH Investigators were involved in all aspects of this manuscript, including the design and conduct of the 
study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the 
manuscript; and the decision to submit the manuscript for publication.

Competing interests 
At the time the project was funded, NRG was employed by WALTHAM. Neither NRG nor WALTHAM were 
involved in data collection or analysis. The remaining authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 41813-y.

Correspondence and requests for materials should be addressed to E.F.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1016/j.healthplace.2013.03.007
https://doi.org/10.1016/j.healthplace.2013.03.007
https://doi.org/10.1038/s41598-020-74365-6
https://doi.org/10.1038/s41598-023-41813-y
https://doi.org/10.1038/s41598-023-41813-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Pet ownership and maintenance of cognitive function in community-residing older adults: evidence from the Baltimore Longitudinal Study of Aging (BLSA)
	Methods
	Design. 

	Measures
	Pet ownership measures. 
	Cognitive function measures. 
	Covariates. 
	Cognitive impairment. 
	Statistics. 

	Results
	Changes in cognitive function with aging. 
	Dog ownership, cat ownership, and changes in cognitive function. 
	Index visit pet ownership and changes in cognitive function (sensitivity analysis). 
	Differences between dog owners exclusively and cat owners exclusively in Changes in cognitive function. 
	Dog walking and changes in cognitive function. 
	Cognitive status, pet ownership and changes in cognitive function. 

	Discussion
	Limitations. 

	Conclusion
	References
	Acknowledgements


