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Background and Purpose: An active lifestyle is important for health maintenance and disease prevention. This study was to 
examine what factors predict an active lifestyle in HIV+ and HIV- adults from the United States Deep South.
Methods: The sample included 279 participants (174 HIV+ and 105 HIV-) who completed a comprehensive assessment. An active 
lifestyle composite was created using variables of employment status, level of social support, level of physical activity, and diet. 
Correlations and regression analyses were conducted between the active lifestyle composite and possible predictors for all (HIV+ and 
HIV-), HIV+, and HIV- participants, respectively.
Results: Lower levels of depression, higher socioeconomic status (SES), and younger age were significant predictors of a more active 
lifestyle for the full sample, HIV+, and HIV- participants, respectively.
Conclusion: SES and depression represent important factors influencing engagement in an active lifestyle in PLWH. Such factors 
should be considered when developing and implementing lifestyle interventions.
Keywords: AIDS, health behaviors, HIV-associated neurocognitive disorders, HAND mental health, personality

Introduction
According to HIV Surveillance Report 2018 (updated), there are over 1 million people living with HIV (PLWH) in the 
United States (US) and the total number of PLWH is increasing as there are nearly 40,000 newly diagnosed cases 
each year.1 At the same time, combination antiretroviral therapy has substantially extended the lifespan of PLWH, which 
is comparable to that seen in HIV seronegative individuals.2 Not surprisingly, the percentage of PLWH who are 50 years 
older is expected to approach 70% by 2030.3 Success in cART has substantially extended the lifespan of PLWH and 
shifted the focus of care from extending lifespan to improving their quality of life. Unfortunately, advanced age,4 

incomplete virologic suppression,5 food insecurity,6 and allostatic load7 represent some known risk factors for poor 
health outcomes of PLWH. Up to 28% of elderly PLWH could be identified as frail, which puts them at risk for many 
morbidities and increased mortality.8,9 Furthermore, HIV-related stigma contributes to a high prevalence of mental 
disorders in PLWH.10

Emerging studies suggest that engaging in an active lifestyle may allow PLWH to maintain health as they age, or in 
contrast, that an inactive lifestyle may be associated with poorer health outcomes. Factors comprised of an active lifestyle 
such as employment, physical activity, and social activity are associated with better global cognitive performance as well 
as a lower prevalence of HIV-associated neurocognitive disorders (HAND).11 By contrast, lower rates of physical activity 
are associated with an increased cardiometabolic disease risk12 as well as poorer cognitive functioning13–15 among 
PLWH. Further, specific dietary approaches have demonstrated positive effects on cognitive functioning in PLWH.16 
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Among PLWH with poor health literacy, a composite of a more healthy diet and exercise positively predicted higher HIV 
medication adherence.17 Further, the health of HIV+ adults could be improved with interventions for addressing 
financial, nutritional (related to diet), and social (related to social support) barriers to care engagement.18 Moreover, 
employment status negatively predicted the number and intensity of clinical symptoms (pain, depression, etc.) being 
experienced by PLWH.19 In other words, PLWH who work showed fewer and less intense clinical symptoms than their 
unemployed counterparts.

Therefore, for PLWH, beyond adhering to medication regimens,20 engaging in an active lifestyle including main-
taining a healthy diet, exercising regularly, working, and maintaining a satisfying social support system may promote 
better health outcomes. An active lifestyle comprised of healthy behaviors may prevent and/or reduce the incidence and 
prevalence of many diseases. On the other hand, evidence across populations demonstrates that many health problems 
develop from either a passive lifestyle (eg, being sedentary), poor health behaviors (eg, poor diet), or failing to take 
proper preventive measures (eg, maintaining a healthy body mass index).21,22

Given the impact of engagement in an active lifestyle on health outcomes, it is important to understand what 
factors can effectively predict such behaviors in PLWH. Thus, the purpose of this study was to examine if and 
how an active lifestyle is associated with possible prediction factors with a sample of HIV+ and HIV- adults (40+ 
years) from the US Deep South. Compared to other places, the US Deep South (Alabama, Georgia, Louisiana, 
Mississippi, and South Carolina),23 is characterized by a: 1) higher rate of poverty; 2) lower level of education; 3) 
high percentage of the Black population; and 4) higher percentage of people living in the rural counties.24 

According to the 2018 Behavioral Risk Factor Surveillance System, people in the Deep South States have an 
unhealthier lifestyle than other States (https://www.cdc.gov). In 2013, 40% of PLWH lived in the Deep South, 
which is only 28% of the US population.25 More alarmingly, the Deep South has the highest death rates from 
AIDS in the US.25

Methods
Overview
This study was conducted according to the ethical guideline of the Declaration of Helsinki. We received ethical approval 
from the University of Alabama at Birmingham Institute Review Board.

In this cross-sectional, secondary data analysis, data were collected from a combined cohort of participants from an 
R01 cognitive training clinical trial with PLWH and an R00 study examining successful aging with HIV. HIV+ 
participants were recruited for the R01 clinical trial, and a subset participated in the R00 observational study. HIV- 
participants were also recruited for the R00 study and they completed identical study measures.

Participants and Procedure
The current study included a total of 279 participants (174 were HIV+ and 105 were HIV-). HIV+ participants were 
recruited from an HIV/AIDS clinic affiliated with the University of Alabama at Birmingham, whereas HIV- 
participants were recruited via flyers and an online advertisement. Eligibility was assessed over the phone before 
the assessment visit. Participants were excluded if they had a major comorbid condition that affects cognition or 
participation in the study (ie, dementia, head injury, current radiation or chemotherapy, blindness, deafness); this 
was determined via a telephone screening. The age cutoff for HIV+ participants was 40+ as compared to that of 50+ 
for HIV- participants. Participants were mailed the IRB-approved consent form several days before their assessment 
appointment. On the day of the assessment, the consent form was explained to the participants with an opportunity 
to ask questions; then the participant and the research assistant signed the consent form. After obtaining verbal and 
written consent from each participant, a comprehensive research battery was performed and information was 
collected on demographic, HIV serostatus (+ versus -), depressive symptomatology, personality, health literacy, 
and active lifestyle factors. The descriptive statistics for relevant study variables for all participants are shown in 
Table 1.
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Demographic and Clinical Information
Basic demographic information was gathered from all participants: age (in years), sex (0 = female; 1 = male), race (0 = 
non-white/non-Caucasian; 1=White/Caucasian), education (1 = 1st grade; 12 = higher school/high school equivalency 
diploma; 16 = bachelor’s degree; 18 = master’s degree; 20 = doctoral degree), and income (low = $0–$20,000; other = 
$20,001–$100,001 and above). A socioeconomic status (SES) variable was created using a sum of z scores of the level of 
attained education, income as well as the Wide Range Achievement Test (WRAT-4). The WRAT-4 measures an 
individual’s ability to read, comprehend, spell, and compute. Health literacy was captured with the Test of Functional 
Health Literacy in Adults (TOFHLA)26 Reading Subtest, which consists of a 50-item reading comprehension. For HIV+ 
participants only, medical records (at the baseline) were used for verifying their HIV status, duration of infection (in 
years), current and nadir CD4+ lymphocyte count {median [interquartile range (IQR)]}, current viral load (RNA copies), 
and if they were on an antiretroviral therapy.

Center for Epidemiological Studies – Depression Scale
The Centers for Epidemiological Studies Depression scale (CES-D) was used for assessing the level of depression.27 

Participants completed the full 20-item CES-D. Items focused on how often a participant had specific thoughts, feelings, 
and behaviors in the last 7 days. Responses were 0 = 0 days, 1 = 1–2 days, 2 = 3–4 days, and 3 = 5–7 days. For this scale, 
scores range from 0 to 60, with a score of 16 or higher indicating possible depression.

Personality
The Big Five Inventory is a 44-item self-report measure that assesses the five traits of personality: extraversion (eg, 
gregariousness, assertiveness), agreeableness (eg, trust, empathy), conscientiousness (eg, orderliness, self-discipline), 
neuroticism (eg, anxiety, depression), and openness.28,29 Forty-four brief descriptive phrases (eg, “(I see myself as 

Table 1 Sample Characteristics for HIV+ and HIV- Participants

Variable HIV+ (n=174) HIV- (n=105) P (2-Tailed)

Age 51.3 ± 7.03 60.1 ± 7.07 <0.001
Sex (% Men) 62.1% 40% <0.001

Race (% African American) 83.33% 63.81% =0.001

Education 12.56 ± 2.16 13.83 ± 2.45 0.034
Income (% with annual income≤ $20,000) 81.03% 50.96% <0.001

Work Status (% employment) 20.11% 39.05% =0.001

Estimated Duration of Infection (years) 16.72 ± 8.48
Current CD4 (Median [IQR]) 605.5 (378.75–857.75)

Nadir CD4 (Median [IQR]) 165 (22.5–415.5)
Plasma Viral Load (% undetectable) 65.75%

Currently Prescribed Antiretroviral Therapy 93.9%

Health Literacy Score 13.67 14.87 <0.001
Verbal IQ 52.52 56.65 0.001

Agreeableness 36.67 37.77 0.123

Conscientiousness 34.86 36.88 0.006
Extraversion 26.36 26.89 0.436

Neuroticism 22.58 19.05 <0.001

Openness 35.81 36.44 0.428
Depression Score 17.37 ± 10.67 11.7 ± 10.20 <0.001

Physical Activity Score 5120.32 ± 6929.55 6546.50 ± 11174.20 0.34

Diet Score 6.91 ± 2.12 7.57± 2.59 0.011
Social Support Score 2.17 ± 1.34 2.11 ± 1.29 0.37

Active Lifestyle Composite −0.3 ± 2.04 0.5 ± 2.31 0.003

Abbreviations: P, P value; Verbal IQ, Wide Range Achievement Test-4th version (WRAT-4) score.
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someone who) is generally trusting”; “(I see myself as someone who) worries a lot”) are rated by the participant on 
a 5-point Likert response scale ranging from 1 (“strongly disagree”) to 5 (“strongly agree”) with the mid-point 
representing “neither agree nor disagree.” Scores for each of the five traits are obtained by calculating the mean of the 
items associated with each of the five personality traits. Higher scores indicate higher levels of that personality trait.

Active Lifestyle Composite
In order to operationalize an active lifestyle, we created a composite including multiple variables across domains: cognitive 
activity, physical activity, social activity, and diet, using an approach similar to that in a prior study.11 Specifically, for cognitive 
activity, we used work status (working full time was coded as “1”, part time as “0.5” and unemployment as “0”) as a proxy. 
Physical activity level was determined using the standard scoring for the total metabolic equivalent tasks (MET) minutes per 
week from the International Physical Activity Questionnaire (IPAQ).30 For social activity, the average score of the Duke 
Social Support Index was used.31 For diet, the Mediterranean-DASH Diet Intervention for Neurodegenerative Delay (MIND) 
questionnaire score was used.32 We then calculated the lifestyle composite by summing the Z scores of the above four 
variables (work status, physical activity level, social support, and diet). Compared to the lifestyle composite variable used in 
a previous study,11 the variable of diet was added to the formula of calculation since diet choice is also an essential component 
of an active lifestyle. For the lifestyle composite variable, a higher score indicates a more active lifestyle.

Statistical Analysis
SPSS (version 27) was used to run all the data analyses. Differences between HIV+ and HIV- groups were examined 
using t-tests or Chi-square tests. A Spearman’s Rho correlation analysis was performed between the lifestyle composite 
variable and demographic, personality, and health variables listed in Table 2, for the total sample, and for HIV+ 
participants, HIV- participants individually. Then a multivariate linear regression was performed by incorporating all 
significant predictors from the bivariate correlation analyses for all participants, HIV+ participants, and HIV- partici-
pants, respectively. An alpha level of p < 0.05 was considered statistically significant for all analyses.

Results
The HIV+ group was significantly younger than the HIV- group. Compared with the HIV- group, the HIV+ group was 
composed primarily of men and Black/African American participants (Table 1). The HIV+ group had a lower level of 
education, lower employment rate, and a higher percentage with annual income ≤ $20,000 than the HIV- group (Table 1). 
The HIV+ group had a higher average depression score and a lower diet score (ie, less healthy diet) than the HIV- group. 
The HIV+ and HIV- groups had comparable average level of physical activity and social support. Of note, the HIV+ 
group had an average active lifestyle composite (z-score) of −0.3 ± 2.04, which was significantly lower than the HIV- 
group of 0.5 ± 2.31 (p=0.003) (Table 1).

Table 2 Spearman’s Rho Correlations Between Active Lifestyle and Study Variables

Variable R (All Participants) P (2-Tailed) R (HIV+ Participants) P (2-Tailed) R (HIV- Participants) P (2-Tailed)

Age −0.017 0.78 −0.068 0.37 −0.22 0.024

Sex −0.03 0.619 0.114 0.134 −0.144 0.142

Race 0.087 0.147 0.043 0.575 0.053 0.589

Socioeconomic Status 0.26 <0.001 0.264 <0.001 0.173 0.079

Depression Score −0.312 <0.001 −0.293 <0.001 −0.261 0.008

Healthy Literacy Score 0.175 0.004 0.128 0.093 0.209 0.035

Agreeableness 0.208 0.001 0.161 0.038 0.249 0.012

Conscientiousness 0.237 <0.001 0.214 0.005 0.213 0.032

Extraversion 0.183 0.002 0.082 0.287 0.288 0.003

Neuroticism −0.235 <0.001 −0.245 0.001 −0.137 0.169

Openness 0.157 0.009 0.079 0.307 0.246 0.012

Note: When the correlation is statistically significant (P < 0.05), the R is bolded. 
Abbreviations: HIV, human immunodeficiency virus; P, P value; R, Correlation Coefficient.
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As seen in Table 2, for the total sample (HIV+ and HIV- combined), the active lifestyle composite variable was 
significantly correlated with SES (r=0.26, p<0.001), depression (r=−0.312, p<0.001), healthy literacy (r=0.175, p=0.004), 
as well as five personality traits: agreeableness (r = 0.208, p=0.001), conscientiousness (r=0.237, p<0.001), extraversion 
(r=0.183, p=0.002), neuroticism (r=−0.235, p<0.001), and openness (r=0.157, p=0.009) (Table 2). Then a multivariate 
linear regression model was conducted by incorporating HIV status along with all significant possible predictors (SES, 
depression, healthy literacy score, five personality traits) for the active lifestyle composite variable (Table 3). The multi-
variate linear regression analysis showed a significant omnibus model (F=4.44, p<0.001, R2= 0.142). For all participants 
(HIV+ and HIV-), only the depression score was significantly associated with an active lifestyle (p=0.011).

For the HIV+ participants, the active lifestyle composite was significantly correlated with SES (r=0.264, p<0.001), 
depression (r=−0.293, p<0.001) as well as three personality traits: agreeableness (r=0.161, p=0.038), conscientiousness 
(r=0.214, p=0.005), and neuroticism (r=−0.245, p=0.001) (Table 2). From these possible predictors (SES, depression, 
agreeableness, conscientiousness, and neuroticism), a multivariate linear regression analysis showed a significant omni-
bus model predicting the active lifestyle composite (F=4.841, p<0.001, R2= 0.136). For HIV+ participants, SES was the 
only significant predictor of an active lifestyle (p=0.017).

For the HIV- participants, the active lifestyle composite variable was significantly correlated with age at baseline (r=−0.22, 
p=0.024), depression (r=0.261, p=0.008), healthy literacy (r=0.209, p=0.035) as well as four personality traits: agreeableness 
(r=0.249, p=0.012), conscientiousness (r=0.213, p=0.032), extraversion (r=0.288, p=0.003), and openness (r=0.246, p=0.012) 
(Table 2). For all the possible predictors (age at baseline, SES, healthy literacy, agreeableness, conscientiousness, extraversion, 
and openness), the multivariate linear regression showed a significant omnibus model (F=2.53, p=0.046, R2= 0.204). For HIV- 
participants, age at baseline was the only significant predictor for an active lifestyle (p=0.021).

Discussion
This study examined predictors of an active lifestyle with a sample of HIV+ and HIV- adults (40+ years) from the US 
Deep South. First, we found that HIV+ participants had lower scores on the active lifestyle composite. Next, we found 
among both HIV+ and HIV- participants, a greater level of depression was associated with a less active lifestyle, which is 
consistent with prior research findings. From a study with 1300 adult participants (aged 20 to 80 years old) of the 
National Health and Nutrition Examination Survey (2007–2014), the level of physical activity was found to be strongly 
and inversely associated with depression.33 Moreover, major depression was found to be associated with a more than 
3-fold increase in the odds of smoking and 37% decrease in the odds of staying physically active.34 Therefore, depression 
may lead to a passive lifestyle, which may exacerbate the existing depression which perpetuates itself (ie, depression ➔ 
passive lifestyle ➔ more depression). The depression symptoms such as lack of motivation, negative self-view, and 
learned helplessness are commonly seen in PLWH, which would prevent them from engaging in an active lifestyle.35 By 
contrast, exercise has been shown as an effective approach for improving depression and quality of life in PLWH.36

Table 3 Multiple Linear Regression Between Active Lifestyle Composite and Significant Correlates

Participants Variable All B P R2/DF HIV+B P value R2/DF HIV-B P R2/DF

HIV Status −0.091 0.163 0.142/9 0.136/5 0.204/7
Age −0.236 0.021

Socioeconomic Status 0.074 0.371 0.199 0.017

Depression Score −0.21 0.011 −0.159 0.099 −0.225 0.051
Healthy Literacy Score 0.067 0.387 0.115 0.289

Agreeableness 0.057 0.428 0.052 0.547 0.064 0.598

Conscientiousness 0.025 0.733 −0.024 0.833
Extraversion 0.041 0.558 0.094 0.439

Neuroticism −0.024 0.776 −0.117 0.232
Openness <0.001 0.995 0.008 0.933 0.118 0.279

Abbreviations: B, Standardized Beta Coefficient; DF, Degrees of Freedom; P, P value; R2, R Square.
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Our data supported that a higher SES is positively associated with an active lifestyle in HIV+ participants. 
Specifically, within the HIV+ sample, SES was associated with active lifestyle engagement. Low SES often comes 
with practical limitations of time and financial support for engaging in a healthy active lifestyle. In addition, low SES has 
been found to be associated with a high prevalence of depression in different geographic areas.37–39 Therefore, 
interventions targeting active lifestyle engagement among PLWH may need to consider both SES and depression as 
well as their interaction when designing the programs. Within our HIV- sample, we found age was the only significant 
predictor for an active lifestyle such that the older the age, the less likely it is for a person to have an active lifestyle. Prior 
work has shown that older adults may be less likely to engage in an active lifestyle than their younger counterparts.40 

These findings may also reflect the fact that our HIV- group was older than the HIV+ group.
Although personality and health literacy were significantly correlated with the active lifestyle composite in unadjusted 

analyses, neither significantly predicted an active lifestyle in our multivariable models. Our SES variable, in contrast, significantly 
predicted an active lifestyle for HIV+ participants, which suggests that the broader construct of SES may be more influential to 
activity engagement than health literacy. Indeed, healthy literacy is closely related to the quality of education, which was part of 
the SES composite. Similarly, our personality variables no longer emerged as predictors in the context of SES, suggesting the 
dominant role of SES in determining active or inactive lifestyle behaviors. Unfortunately, our cross-sectional data did not allow for 
understanding the nuanced temporal associations between these factors and engagement in an active lifestyle.

Several limitations are associated with our current study. First, internalized and externalized HIV stigma as well as 
other types of stigma (homophobia and sexual discrimination, racial discrimination) are a threat to the quality of life and 
possibly to an active lifestyle.41 Those who experience HIV-related stigma are more vulnerable to psychological distress 
and may have less social support.42 Unfortunately, our study did not include measures of HIV-related stigma. Second, our 
data analysis was cross-sectional, limiting our ability to establish causal relationships. Third, our operationalization of an 
active lifestyle was based upon self-report measures at one time point. Future work would benefit from using objective 
measurement (eg, actigraphy, diet logs) and contextual data collection methods such as the experience sampling method 
(ESM) to understand factors that promote or hinder PLWH from engaging in an active lifestyle. Last, substance abuse 
and trauma experiences may also play important roles in one’s lifestyle choice. Future studies can look at the possible 
correlations between them. On the other hand, several study strengths are also noted. First, our data were collected from 
both HIV+ and HIV- participants, so direct comparisons were made between these two independent populations. The 
findings could potentially be used to optimize care to individuals based on their clinical HIV infection status, SES, and 
other comorbidities. For example, it is important to know the status of depression in order to improve health-related 
quality of life.43 Second, all questionnaires for the current study had been used and validated by previous studies. 
Therefore, the data generated from these questionnaires were reliable. Third, our sample represents people in the US 
Deep South, the epicenter of the AIDS epidemic. Our findings are meaningful for both HIV+ infected persons living in 
the US Deep South and the general care of PLWH.

Implications for Practice and Research
Our findings have the potential to inform and be integrated into clinical practice and public health intervention. While 
improving SES may be an effective way for one to adopt a more active lifestyle, this is often associated with factors that 
are not easily or quickly modifiable. For example, low SES most commonly relates to unemployment or underemploy-
ment status, which can often be a significant barrier to overcome. Community-based interventions may be helpful 
although the strength of such findings in economically disadvantaged adults is currently tenuous at best,44 but continued 
research is warranted.

Depression is a risk factor for an inactive lifestyle. Psychotherapy is an effective treatment for depression.45 

Additionally, there is evidence that exercise, when paired with either psychopharmaceutical or psychotherapeutic 
approaches to treating depression, can further reduce depression.46 However, further research investigating this in 
PLWH is needed to support this hypothesis. In fact, HIV infection status is an important factor to consider for its 
potential additive or synergistic effects with age, SES, and depression on a healthy lifestyle choice. In conclusion, our 
findings have potential clinical implications for delivering individualized care for the PLWH in the US Deep South and 
beyond.
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Data Sharing Statement
1. We will share deidentified individual participant data as well as data dictionaries.
2. All of the individual participant data collected during the trial will be shared after de-identification.
3. Other documents available for being shared: study protocol, statistical analysis procedure, informed consent form, 

clinical study report, and analytic code.
4. The data will be shared directly with the researcher(s) who requested by following the data sharing policy from the 

University of Alabama at Birmingham.
5. The data will be available immediately after publication with no ending date.

Consent for Publication
All participants have given informed consent for their data being analyzed and published.
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