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Abstract

Objective: Older persons with HIV (PWH) are particularly susceptible to life-space restrictions. 

The aims of this study included: 1) using global positioning system (GPS) derived indicators as an 

assessment of time spent at home among older adults with and without HIV; 2) using ecological 

momentary assessment (EMA) to examine real-time relationships between life-space, mood 

(happiness, sadness, anxious), fatigue and pain; and 3) determining if number of daily social 

interactions moderated the effect of life-space on mood.

Methods: Eighty-eight older adults (PWH n=54, HIV-negative [HIV−] n=34) completed 

smartphone-based EMA surveys assessing mood, fatigue, pain, and social interactions four 

times/day for two weeks. Participants’ smartphones were GPS enabled throughout the study. 

Mixed-effects regression models analyzed concurrent and lagged associations among life-space 

and behavioral indicators of health.

Results: PWH spent more of their time at home (79% vs 70%, z=−2.08; p=.04) and reported 

lower mean happiness (3.2 vs 3.7; z=2.63; p=.007) compared to HIV− participants. Controlling for 

covariates, more daily social interactions were associated with higher ratings of real-time 

happiness (b=0.12; t=5.61; df = 1087.9; p< 0.001). Similar findings were seen in lagged analyses: 

prior day social interactions (b=0.15; t=7.3; df = 1024.9; p<.0001) and HIV status (b=−0.48; t=
−2.56; df= 1026.8; p=0.01) attenuated the effect of prior day time spent at home on happiness.

Conclusions: Accounting for engagement in social interactions reduced the significant effect of 

time spent at home and lower happiness. Interventions targeting social isolation within the context 

of constricted life-space may be beneficial for increasing positive mood in older adults, and 

especially relevant to older PWH.

Keywords

remote assessment; mobile health; mood; well-being; isolation; aging

Objective

Life-space, defined as the geographical area in which a person lives their daily life, is a 

gerontological concept most commonly assessed via self-report1–4. A more constricted life-

space (i.e. spending more time within the constraints of one’s home or near home) is 

associated with poorer physical and mental health in older age1,5,6 and higher levels of 

social isolation7. Social isolation itself is associated with a variety of mental and physical 

health issues as well an increased risk of morbidity and mortality8,9. As individuals age, 

medical issues, relocation, and death of people in their networks increase the risk for social 

isolation. These associations might be particularly problematic for older people living with 

HIV (PWH).

Medical advancements such as combination antiretroviral therapy (ART)10 have become 

more widespread, resulting in decreased mortality, increased life expectancy and thus, an 

increase in the numbers of older PWH in the U.S. Older PWH may be especially vulnerable 

to age-associated social network changes, which can decrease adaptive coping and increase 

their risk of depressive symptoms11, especially for heterosexual PWH or those of color12. 
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Emlet (2006) assessed the risk of social isolation based on social network patterns and found 

that the risk of social isolation in older PWH was greater than 38%, which was greater than a 

25% risk for younger PWH (ages 20–39). In terms of objective measures of life-space, few 

currently exist in the literature for PWH. Prior findings by our group13 showed preliminary 

evidence that older PWH may have a constricted life-space as they spent the majority of 

their time at home (74%)13 and alone (63%)14, which was concurrently associated with 

lower ratings of happiness. This estimate is likely to increase given that millions have been 

instructed to ‘shelter-in-place’ and to refrain from in-person social interactions, especially 

for older adults and those with underlying health conditions, due to the spread of COVID-19 

around the globe15.

While studies rely heavily on retrospective self-report, valid and reliable methods using 

mobile technologies can quantify real-time daily activity. One method is ecological 

momentary assessment (EMA), which has demonstrated higher reliability and greater 

sensitivity to change compared to laboratory-based based reporting13,16. Furthermore, 

Global Positioning System (GPS)-indicators are a valid form of life-space assessment 

compared to other measures of geographical activity18 and have been associated with mood 

in clinical samples20. Utilizing GPS-indicators in combination with EMA methodology may 

provide a more objective, time-sensitive, and non-invasive method of obtaining information 

on how the size of life-space is associated with behavioral indicators of health (e.g., mood, 

fatigue, pain).

Very little is known about life-space among older PWH and its associations with mood, in 

comparison to a HIV− group, as compared to other gerontological samples1,2,5–7,17,18. 

Using GPS indicators, we aimed to compare the percent of time spent at home vs outside the 

home between older PWH and HIV−. Given previous findings that older PWH spend the 

majority of their time at home13 and alone14, we hypothesized that PWH would spend more 

time at home than HIV−. We also aimed to examine concurrent and lagged (i.e., responses 

from one day to predict mood or life-space the next day) between- and within-persons 

relationships between life-space and mood, fatigue, and pain among older adults, and if 

these relationships were moderated by HIV serostatus. We hypothesized that spending more 

time at home would be associated with lower ratings of real-time positive mood (i.e., happy 

mood), higher ratings of real-time negative mood (i.e., depressed, anxious) and increased 

fatigue and pain for the overall sample. We hypothesized the within-person relationships 

would associations would be stronger for PWH compared to those living without HIV and 

exist at the concurrent and next day levels of analyses. Finally, we aimed to determine if the 

relationship between number of social interactions per day and mood moderated the effect of 

life-space on mood in the overall sample.

Methods

Participants

A total of 54 PWH and 34 HIV− community-dwelling participants were included in this 

study. Data was collected between 2016 and 2019. Participants were recruited from a 

participant pool at the University of California San Diego (UCSD) HIV Neurobehavioral 

Research Program (HNRP) or through the community (HIV clinics, flyers and community 
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centers). Inclusion criteria included: aged 50+, ability to provide written informed consent 

and English fluency. Participants were excluded if they had a non-HIV neurological disorder 

(i.e. stroke), head injury with loss of consciousness ≥30 minutes, serious mental illness (e.g., 

schizophrenia), or indication of a severe learning disability (as indicated by a score of <70 

on The Wide Range Achievement Test 4th Edition Reading21. Participants with a positive 

urine toxicology result on day of testing (any drugs with the exception of marijuana) or 

alcohol breathalyzer test were rescheduled for a different day. Those with less than seven 

days of GPS data (N=2) and any day with less than 24 samples were excluded from 

analyses. UCSD’s Institutional Review Board approved this study, and all participants 

demonstrated decisional capacity to consent for research and provided written, informed 

consent22.

Materials and Procedures

All participants completed a comprehensive in-person baseline assessment consisting of 

neuromedical and neurobehavioral evaluations. Participants were given a Samsung Galaxy S 

4.2 YP-GI1 8GB smartphone with 4G Android Operating system equipped with GPS logger 

(https://gpslogger.app/). They were provided an individualized, face-to-face tutorial with a 

trained research associate on how to complete EMA surveys and operate/troubleshoot the 

smartphone, and were sent home with a smartphone operating manual. Participants were 

compensated for both in-person study visits at a rate of $15/hour (standard rate at the 

HNRP). Bonus compensation ($1/survey) was provided for each EMA survey participants 

completed, with an option of $1/survey × 56 surveys = $56. Participants were provided with 

an additional $15 for returning the study mobile devices.

HIV disease characteristics

An HIV/HCV antibody point-of-care rapid test (Miriad-MedMira™) was administered to all 

participants to assess HIV serostatus and confirmed by the Western Blot Test. For PWH, 

self-report data were obtained regarding HIV characteristics, such as estimated duration of 

infection, Nadir CD4, and medications. Viral load detectability (<50 copies/mL) and current 

CD4 count was measured in blood plasma.

Psychiatric/substance use assessments

All participants were administered the Composite International Diagnostic Interview (CIDI 

version 2.1), a semi-structured clinical interview23,24, which allowed for the assignment of 

current and lifetime histories of Diagnostic and Statistical Manual-Fourth Edition (DSM-IV) 

diagnoses for Major Depressive Disorder (MDD), and Substance Use Disorders (SUD; 

abuse and/or dependence) for any of the following substances: alcohol, cannabis, opioids, 

methamphetamine, cocaine, sedatives and hallucinogens. Current depressive symptoms were 

assessed using the Beck-Depression Inventory, 2nd Edition (BDI-II)25. Self-report measures 

of social support (i.e. Duke Social Support Index26 and Medical Outcomes Survey (MOS) 

Social Support Survey27) were also administered.
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14-Day EMA and GPS Tracking

Following their baseline visit, participants completed 14-days of mobile health data 

collection. Participants were asked to respond to four smartphone-based EMA surveys per 

day for 14-days for a maximum possible of 56 total observations per individual; these 

surveys were spaced to occur in the morning, midday, afternoon, and evening approximately 

3–4 hours apart according to each participant’s sleep-wake schedule. The study phone alert 

sounded to signal participants to complete each survey; alarms could be silenced for 10-

minute intervals, and a reminder alarm sounded every two minutes during this 10-minute 

window. If the phone was lost or stolen, the study phone’s operating system was encrypted, 

and the study phones were locked so the survey program could not be exited. Data was 

downloaded when the phone was returned.

EMA surveys asked a variety of questions regarding mood, fatigue, pain, and social 

interactions. Mood (happy, depressed, anxious, worried) and fatigue questions (e.g., “I feel 

tired…”) were assessed via a 5-point scale (1=not at all to 5=very much). Responses for 

anxious and worried were highly correlated and therefore averaged to create a measure of 

“anxious.” To assess pain, participants were asked What is your pain level right now? 
(1=minimal or no pain to 10=severe pain). Participants were also asked how many times 

they socialized with someone else (“spent more than 5 minutes talking/communicating with 

someone else”) since the last alarm. During the baseline visit, research staff clarified this 

item included talking via the phone or video but not text communication (e.g., email, texting, 

social media). Response choices were assessed via a 5-point scale (0=no interactions to 

4=four or more interactions), and averaged per study day, per participant. Overall, the 88 

participants provided a total of 4,423 EMA responses. Aggregate mood ratings were 

significantly correlated with baseline measurements: Happiness (Spearmen’s r(86)=−0.43, 

p<.0001) and depression (r(86)=0.65, p<.0001) with Beck Depression Inventory-II scores, 

anxiety with Beck Anxiety Inventory-II scores (r(86)=0.38, p=.0003), fatigue with the 

Profile of Mood States Fatigue subscale (r(83)=0.59, p<.0001).

GPS data collection

The mobile application GPS logger was installed on the study phones, which logged the 

location information of participants locally on the device and produced one XML-based 

GPS Exchange Format file for every 24-hour sampling periods. Longitude, latitude, 

timestamps, speed, direction, and altitude were recorded at a 5-minute interval, producing a 

maximum of 288 samples per day. All daily XML files were pre-processed with Python 

scripts for error cleaning and noise filtering.

Distance between coordinate points were measured by the great-circle distance, which 

applied the Haversine formula28 to each serially sampled GPS coordinate, producing the 

shortest distance over the earth’s surface from one point to the other. Density-Based Spatial 

Clustering of Applications with Noise29, was used to estimate participants’ home location 

by applying it to at least an hour of sleep-time (2–5am) data points with the search radius of 

100 feet and minimal of 12 data points (for further details, see Text, Supplemental Digital 

Content 1).
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After the home location computed, for each data point five great-circle distance classes were 

calculated: (a) at home (within 100 meters from estimated home center), (b) not at home 
(>100 meters from home), (c) around home (>100 meters and <=800 meters from home), (d) 

in neighborhood (>100 and <=1,600 meters from home), and (e) away from home (>1,600 

meters from home)19.

Despite efforts to encourage regular charging of the devices, review of the raw data 

demonstrated that in some cases the device recorded less than the anticipated 288 samples 

per day. Participants with more than 14 days of data were truncated, excluding past the first 

14 days the participant had the device. The number of samples per day, per participant, was 

calculated and used to adjust the average distance calculations in order to limit errors 

introduced by sample frequency variances. Total GPS points at home were divided by the 

total GPS points collected per day to create percent at home, both daily and overall average, 

per person, over the time enrolled in the study. The same set of identifiers for participants 

were assigned to the GPS data and thus available days of EMA survey data were matched to 

correspond with available days of GPS data.

Statistical Analyses.—Group differences in demographic and psychiatric characteristics 

were carried out using independent t-tests, χ2 tests, and Fisher’s exact tests as appropriate. 

Group differences in average EMA survey results and GPS points across the two-week 

period were calculated using Mann-Whitney Test, and related non-parametric effect sizes 

reported30. Associations between mean levels of mood, social interactions, and life-space 

were conducted using Spearman’s r. Linear mixed-effects models (LMM) with subject-

specific random intercepts controlling for study day were conducted for all analyses. First, 

relationships between concurrent mood and life-space measures were assessed for the 

overall sample. Pain, anxious, and depressed mood ratings with highly skewed distribution 

were log10 transformed to improve normality of distribution prior to fitting LMM. In 

addition, multiple testing for the related outcomes (i.e., EMA mood ratings) was corrected 

using the Benjamini-Hochberg (BH) procedure (k=5, the number of the multiple tests 

performed). Next, for the significant concurrent relationships in the overall sample, 

interactive effects of HIV status and life-space, and social interactions and life-space on 

mood were investigated with concurrent and lagged analyses. If interactions were p>.05, 

they were removed from the model and rerun. Estimates and confidence intervals are 

expressed according to a 25% change in life-space. JMP version 13.0.0 and SPSS version 

26.0.0.0, α <.05, were used for analyses, and R version 3.5.0 was used to create figures.

Results

Participant characteristics

Table 1 demonstrates the participants’ clinicodemographic characteristics by HIV group. 

Groups were matched on age, education, and ethnicity; there were significantly more men in 

the PWH group. PWH were more likely to: have low-income, never have been married, on 

disability, and live alone. There were no differences in levels of perceived social support 

(Table 1). PWH were more likely to have a diagnosis of lifetime MDD and current 

depressive symptomatology (although average BDI-II scores for the PWH group is within 
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the minimal range [0–13]), lifetime or current psychiatric diagnosis, and lifetime alcohol, 

cannabis, or other substance use disorder.

Adherence to mobile technology protocol

Sixty-six participants (75%) had completely matched days of EMA and GPS data collected 

for all 14 days of the study, 19 participants (21.6%) had 10–13 days, while the remaining 

three individuals (3.4%) had 8–9 days of complete data.

Life-space and EMA measures by HIV status

Table 2 compares life-space and EMA mood and social interactions measures averaged 

across study time (i.e., 2-week maximum) by HIV status. Compared to HIV− participants, 

PWH spent more of their overall time at home, had significantly lower happiness ratings, 

higher depressed mood and pain ratings, and fewer daily social interactions, with small 

effect sizes (Mann-Whitney effect size calculations, |0.16| to |0.28|). Supplemental Table 1 

depicts Spearman’s r correlations between life-space and EMA ratings averaged across 

study time for the entire sample are show.

Linear mixed model results of concurrent daily percent of time spent at home predicting 
daily mood ratings

Across the entire sample, daily percent of time spent at home significantly only predicted 

concurrent daily happiness ratings within persons (b= −0.08, t= −3.3, df= 1096.8, p=0.001, 

after BH correction, p = 0.005, CI=−0.13 to −0.03), such that controlling for time, a 25% 

percent increase in time spent at home one day resulted in a 0.08-unit lower concurrent 

happiness rating. No other mood ratings were significantly associated with percent of time 

spent at home across the entire sample.

Next, we included HIV status and the interaction effect between HIV status and daily 

percent of time spent at home for only daily happiness (Table 3). There was no significant 

interaction of daily percent time spent at home and HIV status, and thus the interaction was 

removed and the model rerun. Figure 1 depicts the association of time spent at home and 

happiness by HIV status. More time spent at home was significantly associated with lower 

happiness (t = 3.20, df = 1097.4, p=0.001, CI=−0.13 to −0.03), such that for every 25% 

percent increase of time spent at home, concurrent happiness ratings were lower by 0.08 

units (Figure 1). Furthermore, PWH had lower happiness ratings than HIV− (t=2.75, df = 

85.1, p=0.007, CI=0.15 to 0.91), such that PWH rated their concurrent happiness 0.53-units 

lower than HIV−.

Results of a multivariable model predicting daily happiness with time spent at home, 

controlling for demographic differences between HIV groups (i.e., sex, receiving disability, 

source of income, and whether or not they lived alone) and number of daily social 

interactions is shown in Table 4 (a model without number of daily social interactions is 

shown in Supplemental Digital Content, Table 2). The interaction between number of daily 

social interactions and life-space was not significant, thus removed from the model and re 

run. There was only a significant main effect within persons, such that an additional social 
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interaction per day was associated with a 0.12 increase in concurrent happiness ratings 

(Table 4).

Lagged relationships between daily time spent at home and happiness ratings

As our concurrent analyses indicated that the only EMA mood variable related to time spent 

at home was happiness, we only investigated lagged relationships between daily percent of 

time spent at home and happiness. The relationship between daily happiness ratings and next 

day percent of time spent at home across the entire sample was not significant (b=−084; CI=

−2.55 to 0.87; t=−0.966; df= 921.6; p=0.34). Table 5 Model A illustrates that for every 25% 

percent increase of time spent at home, happiness ratings the next day were lower by 0.05 

units across the entire sample (Table 5, Model A). However, this relationship was no longer 

significant when controlling for significant main effects of HIV status, study day, and 

number of social interactions from the previous day (Table 5, Model B). HIV− participants 

had significantly higher next day happiness ratings than PWH over the duration of the study, 

and participants significantly rated their happiness lower every day (Table 5, Model B). 

Additionally, more social interactions from the previous day resulted in significantly higher 

next day happiness ratings (Table 5, Model B). The significant main effect of number of 

social interactions on next day happiness ratings by HIV status, controlling for daily percent 

of time spent at home and study day, is depicted in Figure 2.

Conclusions

Our study found that 1) older PWH were more likely to have lower ratings of happiness, live 

alone, and spent more time at home than older HIV− individuals, and 2) increased time 

spent at home based on a GPS derived indicator and living alone were associated with lower 

concurrent happiness in both PWH and HIV− participants. However, when controlling for 

the number of social interactions on concurrent and next day ratings of happiness, increased 

time spent at home was no longer significantly associated with lower happiness ratings. In 

fact, only social interactions resulted in a significant increase in daily and next day happiness 

ratings, accounting for other significant demographic factors. Therefore, although spending 

more time at home was related to lower happiness ratings, this effect appeared to be 

explained by social interactions with others, for both PWH and HIV− groups.

In prior work from our group using EMA ratings of mood, we found that PWH were happier 

when they were with others, even though they reported increases in pain and fatigue14. This 

study uses GPS data to add an important layer of daily time spent at home, which places one 

at risk for low social interaction and lower happiness. Our findings lend support to 

empirically-validated interventions such as behavioral activation for depression, aimed to 

increase engagement in pleasurable daily life activities31,32. Our results suggest mental 

health interventions for older adults should include components focused on increasing social 

activity. While we did not have additional data on the type or quality of social interactions, 

this piece is also critical to investigate. Previous studies have identified quality of social 

network as more important to mental health than quantity/size33. While in-person 

interventions for increasing social activity could be made more accessible by utilizing 

community health workers34, home-based, virtual intervention methods (e.g., via computer) 
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represent another possible and effective way to improve social activity among vulnerable 

older populations35,36.

Additionally, while our study showed no differences in levels of perceived social support at 

baseline between groups, PWH were less likely to participate in social interactions per day. 

Given that studies show social support may moderate the effect of stress on mood37, actively 

working this pathway by intentionally staying in contact with others may provide daily 

emotional relief. This is especially important among older PWH, who are more likely to 

already be staying at home, are more likely to live alone, and are at high risk for social 

isolation and feelings of loneliness12, 38. Although many interventions to reduce loneliness 

and social isolation exist for the general population of older adults39, there have been no 

interventions studies to our knowledge that address social barriers specific to PWH. For 

example, HIV-related stigma and discrimination40,41, shrinkage of social network due to 

HIV-related early mortality42, and earlier onset and greater accumulation of physically and 

emotionally debilitating geriatric syndromes43 each present unique HIV-specific barriers to 

social engagement and building social support.

Our findings are particularly important for older adults and older PWH during the ongoing 

COVID-19 pandemic, which has heightened stress and loneliness44. Older PWH are more 

likely to already be staying at home, who may live alone, and are more vulnerable to 

physical health consequences of the COVID-1945. Furthermore, housing arrangement, 

home-care conditions, and substance use may further impact life-space and social interaction 

patterns of older adults. While we did not have detailed information on these variables, data 

gathered during the COVID-19 pandemic should address underlying mechanisms that may 

promote protective effects. While our study informs what types of behaviors may be most 

beneficial, more research on use of mobile technologies, consideration of confidentiality, 

ethics, and large-scale feasibility in non-research settings is still needed.

Our study lends additional validity to the use of unobtrusive mobile technologies in research 

settings for understanding life-space among older adults with and without HIV. We did not 

find any significant associations between daily percent of time spent at home and concurrent 

depression, anxiousness, or fatigue, likely due to participants reporting overall lower levels 

of negative mood and fatigue, with limited variability. Additionally, while increased time 

spent at home was not associated with lower ratings of pain across the two groups, 

longitudinal studies have shown significant associations between indicators of pain and 

social functioning46,47 in the general population. As PWH reported higher levels of pain, 

future studies should investigate interactive relationships between daily percent of time spent 

at home and mood on multidimensional, real-time indicators of reported pain (e.g., the 

McGill Pain Questionnaire) rather than a single dimension assessment (pain intensity)48. 

Additionally, future studies should assess the role of frailty, as previous studies have shown 

frailty is associated with decreased social functioning and increased pain49,50. We also did 

not find a significant association between happiness ratings and next day time spent at home, 

only the reverse. This may be due to several others factors that likely are better predictors of 

next-day time spent at home and mood relationships which our study did not measure (e.g., 

sleep, planned activities, getting good news). Finally, while PWH may be more likely to be 

living alone, our finding that living alone was marginally associated with lower ratings of 
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happiness when accounting for number of social interactions warrants further research. 

Understanding the type (e.g., in-person or with remote technologies) and quality of social 

interactions51 within proven strong and important social networks of PWH52 could 

potentially highlight the mechanism behind a protective effect for those living alone.

Our study’s strengths include the use of objective indicators of movement and real-time 

measures of daily mood for demographically matched HIV− and PWH older adults in 

research settings. Several limitations of our study should be considered. Our HIV− sample 

was relatively healthy and we were underpowered to investigate differences in mood or time 

spent at home by medical or psychiatric comorbidities. In terms of GPS indicators, there 

may be further linear or non-linear associations between mood, percent of time spent at 

home, and increased distance one travels, especially for individuals who have longer 

commutes to work53. Additionally, future studies would benefit from understanding reasons 

for being alone (e.g., preferences, access to social activities) as they may moderate the 

relationship between time spent at home and daily happiness. Lastly, as our sample of PWH 

was majority male, further exploration of sex differences is needed, as well as among race/

ethnicity and the intersectionality of demographic factors on mood, life-space, and social 

networks12. Future research should focus on how the built and societal environment may 

influence daily fluctuating mood, restrict life-space and increased virtual social gatherings 

are impacting the overall health of our aging population.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

What is the primary question addressed by this study?

Our study elucidated the relationship between constricted life-space, mood, fatigue, and 

pain, and social engagement among older adults living with and without HIV.

What is the main finding of this study?

Older adults living with HIV are more likely to spend more time at home, have lower 

ratings of daily happiness, and have fewer social interactions per day than HIV−. For 

older adults, regardless of HIV status, while spending less time at home is associated 

with higher ratings of happiness, participating in social interactions reduces this 

relationship (i.e. having more social interactions is associated with being happier, same 

day and next day).

What is the meaning of the finding?

In this time of COVID-19 precautions, staying in contact with others and maintaining 

social interactions may provide daily emotional support, particularly important for people 

living with HIV.
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Figure 1: 
The association of time spent at home and concurrent happiness by HIV status, controlling 

for study day, shaded areas represent 95% Confidence Intervals.
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Figure 2: 
The association of number of daily social interactions and next day happiness by HIV status, 

controlling for study day, shaded areas represent 95% Confidence Intervals.
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Table 1.

Participant characteristics (N = 88) by HIV status: People Living with HIV (PWH) and HIV-individuals.

Mean (SD), Median [IQR], or Count (%)

PWH (n = 54) HIV− (n = 34) t, z, χ2 df p-value

Demographics

Age 60.0 (6.34) 59.5 (6.74) −0.31 66.9 0.75

Education 14.04 (2.51) 14.97 (2.58) 1.55 69.0 0.12

Male 44 (82%) 18 (53%) 8.16 1 0.008

Sexual Orientation <.0001

 Gay/Bisexual 38 (70.4%) 8 (24.2%)

 Heterosexual 14 (25.9%) 25 (75.8%)

 Other 2 (3.7%) 0

Ethnicity 0.88

 NH White 35 (65%) 22 (65%)

 NH Black 12 (22%) 6 (18%)

 Hispanic 5 (8%) 4 (12%)

 Other 2 (4%) 2 (6%)

Psychosocial Characteristics

Income Level 0.02

 Low 32 (60%) 10(29%)

 Medium 16 (30%) 13 (38%)

 High 3 (6%) 8 (24%)

 Don’t Know 3 (6%) 3 (9%)

Source of income 0.0005

 Employment 14 (26%) 15 (44%)

 Disability 23 (43%) 2 (6%)

 Retirement/Savings/Other 17 (33%) 17 (50%)

Employment Status 3.4 1 0.07

 Currently Employed 15 (28%) 16 (47%)

 Currently not Employed 39 (72%) 18 (53%)

Marital Status 0.002

 Married/Marriage-like Relationship 5 (9%) 11 (32%)

 Divorced 10 (19%) 11 (32%)

 Separated 1 (2%) 2 (6%)

 Widowed 4 (7%) 2 (6%)

 Never Married 34 (63%) 8 (24%)

Living alone 32 (59%) 12 (35%) 4.8 1 0.05

Currently on Disability 31 (57%) 3 (9%) <.0001

Duke Social Support Scale 8.5 (1.9) 8.4 (1.3) −0.02 82.2 0.98

MOS Overall Support Scaled Score 3.6 (1.1) 3.7 (1.1) 0.42 70.3 0.67

Beck Depression Inventory - II 7.5 [2.14] 2 [0,4] 3.92 86 0.0002

Psychiatric Characteristics
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Mean (SD), Median [IQR], or Count (%)

PWH (n = 54) HIV− (n = 34) t, z, χ2 df p-value

LT MDD 39 (72%) 7 (21%) 22.3 1 <.0001

Current Any Psychiatric Dx 11 (20%) 1 (3%) 5 1 0.03

LT Any Substance Dx 39 (72%) 16 (47%) 5.6 1 0.02

Current Any Substance Dx 2 (4%) 1 (3%) 1.2 1 1

HIV Disease Characteristics

AIDS Status 38(44%) -- -- -- --

Estimated years of infection 25.2 [18;29] -- -- -- --

Current CD4 count 714 [559;899] -- -- -- --

Nadir CD4 count 145 [42;275] -- -- -- --

ARV Status (on ART) (N=54) 50 (95%) -- -- -- --

 Plasma viral load undetectable
a 45 (96%) -- -- -- --

Months exposure to ART

231.5 [153;278] -- -- -- --

Note: ART = Anti-Retroviral Therapy; ARV = Anti-Retroviral; BMI = Body Mass Index; Dx = Diagnoses; HCV=Hepatitis C virus; 
IQR=interquartile range; LT= Lifetime; MDD = Major Depressive Disorder; MOS = Medical Outcomes Survey; NH = non-Hispanic.

a:
Among those on ART, defined as <50 copies/mLch,

p-values were calculated using independent t-tests, χ2 tests, and Fisher’s exact tests as appropriate. Bolded p-values indicate p < .05.
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Table 2:

Comparison of life-space, EMA mood ratings, and social interactions averaged across study time (i.e. 2 weeks 

maximum) by HIV status.

Measures
Mean (SD) PWH (n = 54) HIV− (n = 34) z p-value Effect Size

Mean % time at home 79.0 (15.1) 70.6 (20.7) −2.08 .04 −0.22

Mean Happy 3.20 (0.9) 3.72 (0.8) 2.63
0.017

a 0.28

Mean Depressed 1.55 (0.8) 1.21 (0.4) −2.48
0.017

a −0.26

Mean Anxious 1.53 (0.9) 1.19 (0.5) −1.31
0.19

a −0.14

Mean Pain Level 2.96 (2.1) 1.98 (1.5) −2.49
0.017

a −0.27

Mean Fatigue Level 2.11 (0.7) 1.87 (0.6) −1.49
0.16

a −0.16

Mean Number of Social Interactions 1.69 (0.9) 2.09 (0.8) −2.23 0.03 −0.24

Note: p-values were calculated using Mann-Whitney Test, Effect Size calculation: z/√(88); EMA: Ecological Momentary Assessment; bolded p-
values indicate p < .05;

a:
p-value was corrected for multiple testing of EMA mood ratings with Benjamini-Hochberg (BH) procedure method.
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Table 3.

Linear mixed-effects model results of interaction effect of HIV status and daily percent of time spent at home 

on daily happiness ratings, controlling for time (study days).

Daily Happy Coefficient (95% CI) t, df p-value

Daily % at home −0.08 (−0.15 to −0.008) −2.18, 1086.8 0.03

HIV status [HIV−] 0.59 (0.99 to 1.08) 2.37, 216.1 0.02

HIV by daily % at home −0.02 (−0.13 to 0.08) −0.38, 1099.5 0.71

Note: Bolded p-values indicate p < .05; estimates and confidence intervals for life-space are expressed according to a 25% increase in daily % at 
home.
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Table 4.

Linear mixed-effects model results of daily mobility predicting daily happy ratings, controlling for covariates 

and time (i.e., study days).

Coefficient (95% CI) t, df p-value

Daily Happy

 Daily % at home (t = −1.95, df= 1095.4)

−0.05 (−0.10 to 0.0003) 0.05

 HIV Status [HIV−] (t = 0.81, df= 79.9)

0.18 (−0.27 to 0.63) 0.42

 Disability [NO] (t = 0.24, df= 79.8)

0.06 (−0.45 to 0.58) 0.81

 Sex [F] (t =1.73, df= 79.9)

0.36 (−0.05 to 0.77) 0.09

 Source of Income [Disability] (t = −0.72, df= 79.8)

−0.21 (−0.77 to 0.36) 0.47

 Source of Income [Employment] (t =0.37, df= 79.9)

0.08 (−0.35 to 0.51) 0.71

 Not living alone (t = 1.82, df= 80.4)

0.35 (0.04 to 0.73) 0.07

 Number of Daily Interactions (t = 5.61, df = 1087.9)

0.12 (0.08 to 0.16) <0.001

Note: Bolded p-value indicates p < .05; estimates and confidence intervals for life-space are expressed according to a 25% increase in daily % at 
home.
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Table 5.

Lagged linear mixed-effects model results of A) daily percent of time spent at home predicting next day 

happiness ratings, B) daily percent of time spent at home across HIV status, controlling for study day and 

number of interactions the previous day.

Model A Coefficient (95% CI) t, df p-value

Next day happiness rating

 Daily % time at home
a −0.05 (−0.10 to −0.0002) (t = −1.97, df= 1029.2) 0.049

Model B

Next day happiness rating

 Daily % time at home
a −0.03 (−0.08 to 0.02) (t = −1.15, df= 1026.8) 0.25

 HIV Status [HIV−] 0.48 (0.11 to 0.85) (t = 2.56 df = 85.2) 0.01

 Study Day −0.02 (−0.02 to −0.009) (t = −4.33, df = 967.9) <.0001

 Number of Interactions 0.15 (0.11 to 0.19) (t = 7.33. df = 1024.9) <.0001

Note: Bolded p-value indicates p < .05;

a:
estimates and confidence intervals for life-space are expressed according to a 25% increase in daily % at home.
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